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Human holobiont studies

(and other environments)
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Holobiont = host + its symbiotic microbes

Kevin R. Theis et al. mSystems 2016

The Holobiont concept
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The Human Genome : February 2001

Lander, E., Linton, L., Birren, B., Nusbaum, C., Zody, M., Baldwin, J., Devon, 
K., Dewar, K., Doyle, M., FitzHugh, W., Funke, R., Gage, D., Harris, K., 
Heaford, A., Howland, J., Kann, L., Lehoczky, J., LeVine, R., McEwan, P., 
McKernan, K., Meldrim, J., Mesirov, J., Miranda, C., Morris, W., Naylor, J., 
Raymond, C., Rosetti, M., Santos, R., Sheridan, A., Sougnez, C. et al. (2001)

Initial sequencing and analysis of the human genome. Nature, 409:860-921.

[doi: 10.1038/35057062]

Venter, J., Adams, M., Myers, E., Li, P., Mural, R., Sutton, G., Smith, H., Yandell, 
M., Evans, C., Holt, R., Gocayne, J., Amanatides, P., Ballew, R., Huson, D., 
Wortman, J., Zhang, Q., Kodira, C., Zheng, X., Chen, L., Skupski, M., 
Subramanian, G., Thomas, P., Zhang, J., Gabor Miklos, G., Nelson, C., Broder, 
S., Clark, A., Nadeau, J., McKusick, V., Zinder, N. et al. (2001)

The sequence of the human genome. Science, 291:1304-1351.

[doi: 10.1126/science.1058040] 

http://dx.doi.org/10.1038/35057062
http://dx.doi.org/10.1126/science.1058040


 Eric Pelletier  –  CEA / Genoscope  –  CNRS  –  Université Paris Saclay

Julian Davies
Science 23 March 2001:
Vol. 291. no. 5512, p. 2316

« I would like to point out that we 
depend on more than the activity of 
some 30,000 genes […]. Our existence 
is critically dependent on the activity of 
upmosts of 1000 bacterial species […]. 
Thus [...] human life depends on 
additional 2 to 4 million genes, mostly 
uncharacterized. Untill the synergistic 
activities between human with their 
obligatory commensals has been 
elucidated, an understanding of human 
biology will remain incomplete. »

The Human Genome : February 2001
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V1 : 
124 subjects
3.3 millions genes

Last version (2014)
1267 subjects
9.9 millions genes

2010 : Our “second genome”
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The Human companions :
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https://www.genome.gov/sequencingcostsdata/

Sequencing technologies : a game changer

* Human Genome * Human Microbiome

1st gen 2nd gen 3rd gen 4rd gen



Wastewater plants

Human microbiome

Soils

Oceans

Almost all environments have been studied

Air
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Who is there, with who ?
what are the organisms present in my sample
in which quantities

What can they do ?
what are their genes
what is their functional repertoire 

What do they do ?
what are the expressed functions
how do they interact (with the others and
with the environment)

The environmental genomics Trinity
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Sample

DNARNA

Proteins

Metabolites

Transcriptomics BarcodingGenomics

Clone libraries

Functional screening

The multi meta’omics approach

Who is there What can they do What do they do

Phenotypes

Environmental descriptors
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Usual strategies 1 - Barcoding

Reads

Clusters / swarms

Classification

Taxonomical analysis

Reference

DNA
PCR amplification (marker gene)
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Usual strategies 2
Genomics / Transcriptomics

Reference

Assembly

Genes prediction

Reads

Sequence analysis

Taxonomic assignation + Functional classification

DNA / RNA
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Genes 
Catalog

MetaT readsets

MetaG readsets

Reads mapping

→ Occurrence 
of each gene in 
each sample

Getting quantitative
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Samples ...

Genes
...

Occurrences matrix

● Functions
● Taxonomy

● Environmental parameters

Uses of the occurrences data
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Functional analysis – metabolism reconstruction

Qin et al. Nature 2010
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From genes toward genomes : MetaGenomic Species

Gene clustering based on 
co-abundance variation 
profiles

Allows reconstruction of 
high-quality complete 
microbial genomes from 
unknown organisms

Deep sequencing
and de novo

gene assembly

Abundance
profiles of gene

catalog

Nonredundant
gene catalog

Canopy
clustering by

co-abundance
MGS

Random
seed gene

MGS

+

MGS

+ +

CAG

+

MGS-specific reads

MGS augmented assembly

Sequence reads
from sample x

HQ genome
Standard genome

assembly
Matching reads

to MGS
Nielsen et al., Nature Biotech (2014)
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HYDROLYSIS
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Global metabolic reconstruction and modelisation

Example from a wastewater anaerobic digester
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Integration with phenotype data
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Forslund et al., Nature, 2015

Type 2 diabetes and 
metformin treatment impact 
on human gut microbiota

Cross analysis of taxonomy 
distribution, functions, and 
phenotypic parameters



 Eric Pelletier  –  CEA / Genoscope  –  CNRS  –  Université Paris Saclay

Heintz-Buschart & Wilmes, Trends in Microbiology, July 2018

Discovery by integration of heterogeneous data
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Stephens et al., PloS Biology, 2015

A (big) challenge for the HPC/HTC and HPDA

● Huge amount of raw data,

● Expanding during analysis

● Long life span

● Some analyses require huge in-
memory space
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Micro-Obes Micro-Age 

Human Genome Project


