
Microbiome and Metagenomics, 
Clinical, Terrestrial, and in Space

Christopher E. Mason, Ph.D.
Professor

Director, WorldQuant Initiative for Quantitative Prediction
Department of Physiology and Biophysics &

The Institute for Computational Biomedicine (ICB),
Meyer Cancer Center, Feil Family Brain and Mind Research Institute,

at Weill Cornell Medicine,
Fellow of the Information Society Project, Yale Law School

March 30th, 2021

@mason_lab



Conflicts





Jacobs Institute Runway Program at 
Cornell Tech 

• First of its kind – academic/business hybrid program 
accepts new PhDs to commercialize cutting-edge 
research.

• Provides 1-3 years of support. 
• Niamh is in 3rd cohort – now accepting applications for 

5th cohort.
• Mini MBA – take business classes along with Cornell 

Tech master’s students and have access to 
widespread business mentorship and investor 
network.



http://www.biotia.io/

Biotia



FDA EUA for NGS-capture assay

https://www.the-scientist.com/the-scientist/twist-bioscience-and-biotia-receive-u-s-
fda-emergency-use-authorization-for-first-hybridization-capture-based-next-
generation-sequencing-sars-cov-2-assay-68608/amp



https://www.onegevityhealth.com/

https://www.onegevityhealth.com/


(0)
Background



The fastest-ever technological pace



Every Day

is the 
Best Day



But!

There is more
than one genome:



In your body’s cellular democracy, 

YOU are a minority party:

>50%-90% of your cells are bacterial cells 

(Zhu et al., 2010, Sender et al, 2016)



https://vimeo.com/90059732
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200 pounds

3-5 pounds   bacteria
195-97 pounds human





36% 
of the small molecules 

in your blood 
transit the microbiome 



https://www.nature.com/articles/nature25979

24% of the drugs with human targets, 
including members of all therapeutic classes, 
inhibited the growth of at least one strain in 
vitro



Many organisms work on your behalf!

http://cen.acs.org/articles/92/i39/Mining-Microbiome-Therapeutics.html



http://thepowerofpoop.com/

Fecal Microbiota Transplants (FMT)



95% success rate for C. diff
70-80% success rate for ulcerative colitus
- David Shepard, MD http://thepowerofpoop.com/







Sharing
=

Caring







learn.genetics.utah.edu/content/microbiome/disease/



http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1005413



Genomic Classification gives more 
granularity of species present



But!

Are we any good at measuring?

Can we reach precision metagenomics?



(1)
Measurements 

are lenses



FDA’s Mission and Personalized Medicine

• MicroArray Quality Control (MAQC) Project
– MAQC-I: Differentially expressed genes (2006)
– MAQC-II: Predictive models, GWA, CNV (2010)
– MAQC-III (SEQC: Sequencing Quality Control), 

(2014)
– SEQC-II/MAQC-IV: FDA’s Precision and 

Personalized Medicine: 2014-2019

SEQC2: Metagenomics and epigenomics



Many methods for sequencing a sample

2014. 2018

http://www.nature.com/nbt/focus/seqc/index.html



16S rRNA / 18S rRNA / ITS 

Internal transcribed spacer (ITS)
Intergenic spacers (IGS) https://gutfloraomics.creative-proteomics.com/16s-18s-its-amplicon-sequencing.htm



16S rRNA is limited

Lan Y, Rosen G, Hershberg R.  “Marker genes that are less conserved in their sequences are useful for predicting genome-
wide similarity levels between closely related prokaryotic strains.”  Microbiome. 2016.

“16s rRNA predicts genome-wide levels of similarity very well for distantly related prokaryotes, 
but not for closely related ones.”



https://www.nature.com/articles/s41598-017-06665-3



Metagenomics can expand the microbiome 
to query across kingdoms

Data Type 16S 18S ITS Shotgun
Taxonomic Classification Yes Yes Yes Yes

Prokaryotes Yes No No Yes
Archaea Yes No No Yes

Eukaryotes No Yes Yes Yes
Parasites No Yes No Yes
Plasmids No No No Yes
Phages No No No Yes

Human Ancestry No No No Yes
Biosynthetic Gene Clusters No No No Yes

Antimicrobial Resistance (AMR) Markers No No No Yes
Kingdom Specificity Yes Yes Yes No

Approximate Raw Cost / Sample $100 $100 $125 $300

From https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5359768/



Many methods to analyze 
a metagenomic sample

IMMSA (2018):
At least 71 tools available for profiling microbial communities using WGS 

microbialstandards.org/index.php/bioinformatic-resources





Precision = false positive rate = TP/(TP+FP)
Recall = sensitivity = TP/(TP+FN)

F1 score = 2(precision*recall)/(precision+recall)
AUPR = area under the precision recall curve 

Performance profiles across 35 datasets



With FDA/NIST
International Standards Being Tested

https://www.nist.gov/mml/bbd/immsa-mission-statement



Zymo Research: ZymoBIOMICS Microbial Community Standard

https://www.zymoresearch.com/zymobiomics-microbial-community-standard-ii-log-distribution



Zymo BioOMICs testing



No standards yet for THIS!

Ken McGrath



Or THIS!

Gowanus Canal EPA SuperFund site
Brooklyn, NY



Or THIS!







1. Swab (3 min)

Data 
Entry

2.  Annotate 3.  GPS-tag/timestamp

Upload

Afshinnekoo E, Meydan C, et al., Cell Systems, 2015.



Unknown&
Organisms&
48.313%'

Bacteria'
46.927%'

Eukaryota'
0.771%'

Ambiguous'
4.184%'

Viruses'
0.032%'

Archaea'
0.003%'

Plasmids'
0.001%'

1. Swab (3 min)

Data 
Entry

2.  Annotate 3.  GPS-tag/timestamp

Extract DNA (n=1,457 samples)

96-plex TruSeq/Qiagen Libraries

10.2 billion 125x125 DNA Seqs.

Quality Trim (Q20)

MegaBLAST-LCA alignment

Confirm with MetaPhlAN

Upload

Pseudomonas Density
Half of the world 
under our fingertips is unknown



Hurricane-Flooded,

Staphylococcus aureusEnterococcus faecium

All species
575

52

Specific species
10

Pseudoalteromonas haloplanktis

Species diversity varies 
by area of the city



Hurricane  Sandy



Hurricane Sandy



The Day After Tomorrow (2004)



A tale of
two cities



A persistent “molecular echo” of the 
cold, ocean water



Shewanella frigidimarina

Frolova, G. M.; Gumerova, P. A.; Romanenko, L. A.; Mikhailov, V. V. (2011). "Characterization of 
the lipids of psychrophilic bacteria Shewanella frigidimarina isolated from sea ice of the Sea of 
Japan". Microbiology 80 (1): 30–36

An Antarctic species with the ability to produce eicosapentaenoic acid. It grows anaerobically by 
dissimilatory Fe (III) reduction.[1] Its cells are motile and rod shaped

EPA is obtained in the human diet by eating 
oily fish or fish oil, e.g. cod liver, herring, 
mackerel, and salmon.





Replicated!



Note:

Does not apply during pandemics.



Unknown	
Organisms	
48.313%	

Bacteria	
46.927%	

Eukaryota	
0.771%	

Ambiguous	
4.184%	

Viruses	
0.032%	

Archaea	
0.003%	

Plasmids	
0.001%	

Afshinnekoo E, Meydan C, et al., Cell Systems, 2015.

Who is there, and what are they making?



(2)
What have we 
been missing?



http://gcgh.grandchallenges.org/grant/global-distribution-and-epigenetic-stratification-antimicrobial-resistance



A B

C

D

Significant Diversity, More to be Discovered



3 Goals:
1. Geospatial Metagenomic and Forensic Maps
2. Anti-microbial resistance (AMR) marker tracking by genetics and epigenetics
3. New Biosynthetic Gene Clusters (BGCs); new drugs

www.metasub.org



NGS on sewage in Florida, Wisconsin, 
and New York

https://taggs.hhs.gov/Detail/AwardDetail?arg_AwardNum=U01DA053941&arg_ProgOfficeCode=114



Worldwide MetaSUB 
collection
2016 = 6,058 samples
2017 = 7,309 samples
2018 = 6,104 samples
2019 = 9,320 samples
2020 = >5,000 samples



3X increase in size of the tree of life, 
including 10,928 new viruses 

(vs. JGI/NCVBI)

https://www.nature.com/articles/s41564-017-0012-7
https://www.biorxiv.org/content/10.1101/724526v1

https://www.nature.com/articles/s41564-017-0012-7
https://www.biorxiv.org/content/10.1101/724526v1


And >800K new CRISPR arrays



>4.3M putative novel peptides
metasub city sum_contig_size protein_cnt metasub c95 ratio metasub c80 ratio
new_york_city 23,237,773,149 10,424,821 44.3% 8.4%
london 11,698,381,507 5,453,860 47.2% 11.0%
ilorin 12,083,747,553 5,173,133 47.6% 11.5%
(blank) 4,877,902,237 2,450,185 46.8% 12.8%
rio_de_janeiro 2,594,610,094 1,199,482 41.6% 16.8%
hong_kong 1,900,750,111 1,169,336 53.9% 9.8%
tokyo 1,862,832,603 959,027 73.5% 54.9%
bogota 1,518,739,125 778,938 56.9% 26.4%
hamilton 1,690,325,223 708,354 37.5% 7.4%
fairbanks 1,486,245,088 680,871 51.8% 19.6%
berlin 1,145,162,542 583,137 58.4% 33.5%
porto 839,222,657 443,986 66.5% 37.2%
auckland 811,476,604 352,826 47.1% 10.5%
ofa 802,189,444 345,587 41.4% 9.7%
santiago 446,643,762 252,230 63.0% 35.6%
oslo 187,649,603 96,419 49.7% 10.2%
sacramento 75,398,186 37,901 66.3% 17.1%
Grand Total 67,259,049,488 31,110,093 47.9% 14.0%

>1.5kb compared to JGI/NCBI, with Arbor Biotechnology, and Jonathan Gootenberg / Omar Abudayyeh



Can we predict where you are from?
Yes.

• R implementation of t-
Distributed Stochastic 
Neighbor Embedding (t-SNE)

• Perplexity 50

• K = 2

• Only features from Kaiju with 
relative abundance of at 
least 0.5% in at least 1 
sample

Feargal J Ryan



More data helps, but species are the 
better markers



Environment, city, and population drive 
these features



City-specific antibiotic use & ARG profiles
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Pearson’s correlation is significant



https://metagraph.ethz.ch/graphs

Global K-mer index

https://metagraph.ethz.ch/graphs


Planetary Genomics









NASA/JPL



Feb 18, 2021





https://www.jpl.nasa.gov/missions/mars-sample-return-msr/

ETA: 2032



https://hirise.lpl.arizona.edu/

https://hirise.lpl.arizona.edu/


NASA/JPL-Caltech/MSSS Additional processing: S Atkinson



View from Curiosity rover, evening of January 31, 2014 (Mars year 32, late spring)
Earth-Mars distance: 180 million km (112 million mi)
JPL

A New View
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