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What is microbiome?

• The collection of all genomes of microbes in an ecosystem.

Gough et. al., 2018 BioSerendipity
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Who am I in a systematic view ?



4
How our microbes make us who we are

https://www.ted.com/talks/rob_knight_how_our_microbes_make_us_who_we_are

https://www.ted.com/talks/rob_knight_how_our_microbes_make_us_who_we_are
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The gut microbiota is associated with various diseases in humans.

Yong fan and Oluf Pedersen, 2020, Nature Reviews Microbiology Schroeder, et. al. 2016 Nature Medicine
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Microbial messengers regulate host metabolism

Yong fan and Oluf Pedersen, 2020, Nature Reviews Microbiology Schroeder, et. al., 2016, Nature Medicine
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Identification and validation of biomarker signature

Haller et. al., 2019 Nature Reviews



8
Microbiota-changing interventions

Yong fan and Oluf Pedersen, 2020, Nature Reviews Microbiology
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Personalized Nutrition by Prediction of Glycemic 
Responses

Zeevi et al., 2015, Cell

800 individuals cohort
15 years

https://www.daytwo.com/en/

以色列威兹曼科学院2位Eran+科学计划+Cell10佳论文+

创业者+4800万美元→ DayTwo
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How to properly construct ML models?

Combined Algorithm Selection and Hyperparameter Optimization (CASH) problem
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Outline

• How to automatically select the optimized model for microbiome 
data?

1. mAML (an ML model-building pipeline and web-server)

2. GMrepo ML repository

• Why balance-based disease predictions?

1. Disease prediction models repository 

2. GBDAD (Gut Balance-Disease Association Database) for microbe-
disease associations inference
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mAML: an automated machine learning pipeline

http://lab.malab.cn/soft/mAML/index.html

http://lab.malab.cn/soft/mAML/index.html
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How microbiome data differs from data from other fields?

• Microbiome data are high-dimensional 
low-sample size

• The OTU tables/microbiome 
abundance data are sparse

• Microbiome data are often unbalanced 
and biased

• Compositionality: proportions add to 
one, the change of a single microbe 
will also change the proportions of the 
remaining microbes.
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Microbiota data

Species abundance: otu_table.xls

Sample mapping file:
sample_data.xls

Taxonomic  ranks: tax_table.xls
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mAML pipeline for microbiome data

scikit-learn (13 classifiers and 10 feature preprocessing 
methods, and 4  feature subset methods)

http://39.100.246.211:8050/Server
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Performance of mAML

Baseline datasets:
https://knights-lab.github.io/MLRepo/
https://microbiomejournal.biomedcentral.com/articles/10.1186/2049-2618-1-11#Sec14

https://microbiomejournal.biomedcentral.com/articles/10.1186/2049-2618-1-11#Sec14
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Steps for microbiome data preprocess
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Combine algorithm selection and hyperparameter optimization
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GMrepo ML repository

GMrepo ML repository (GMrepo Machine Learning 

repository) was developed to facilitate the application of 

mAML, which expands the microbiome learning repository 

related with human disease. 

Totally, the repository involves 12,429 metagenomic samples 

covering 49 disease phenotypes and 38,643 amplicon 

samples referring to 71 disease phenotypes.
http://39.100.246.211:8050/Dataset

http://39.100.246.211:8050/Dataset


20
Outline

• How to automatically select the optimized model for microbiome 
data?

1. mAML (an ML model-building pipeline and web-server)

2. GMrepo ML repository

• Why balance-based disease predictions?

1. Disease prediction models repository 

2. GBDAD (Gut Balance-Disease Association Database) for microbe-
disease associations inference



GutBalance
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http://lab.malab.cn/soft/GutBalance



Why Balance?
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James T. Morton et. al., 2017, MSystems
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What is GutBalance?
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Balance datasets and LR models Repository 

The GutBalance models repository contains 91
balances-based Logistic Regression (LR) models for 
human gut microbiome-associated diseases 
prediction, 37 for shotgun metagenomic data, and 
54 for amplicon data.

Performance of the models

http://39.100.246.211:8051/balance/models/
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Disease Risk Prediction

Upload data file, select diseases and predict risks
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Gut Balance-Disease Association Database (GBDAD)

microbe-disease association scoreLR coefficients

GBDAD
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How to infer microbe-disease associations based on GBDAD?
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Literature supports for association inferences

18 of 26 inferences with literature support
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Microbe-disease association inference from species abundance
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Balance: 中庸之道

东晋葛洪《肘后备
急方》，也就是启
发屠呦呦先生提取
青蒿素的古代医方，
当中记载：用大粪
久放之后发酵及沉
淀，得到上清液，
治疗重度肠道疾病。



31
How the web-server was build?

https://github.com/yangfenglong/mAML1.0django

https://github.com/yangfenglong/mAML1.0
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