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Genomic Diversity

Enumerating soil biodiversity
Anthony et al (2023) PNAS. 
doi:10.1073/pnas.2304663120

“… soil is likely home to 
59% of life … making it the 
singular most biodiverse 
habitat on Earth.”



Genomic Data Science Community Network
Promoting education and research in 
genomic data science at HBCUs, HSIs, 
TCUs, CCs, and other underserved 
institutions

https://www.gdscn.org/

https://www.gdscn.org/


GDSCN Needs & Resources

“Diversifying the Genomic Data Science Research Community.” Genome Research (2022).  doi:10.1101/gr.276496.121

https://genome.cshlp.org/content/32/7/1231.full
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Foundations 
of GRADS-4C GRADS-4C: Genomic Research and Data Science Center 

for Computation and Cloud Computing
Our Mission is to develop an educational and hands-on research training network 
with resources in computational genomics, data sciences, and cloud computing 
(CGDS) to investigate and improve human health, as well as develop the future 
CGDS workforce, particularly among underserved populations

Trust

Growth Model 
Infrastructure Development

Knowledge 
Transfer and 
Sustainability

Partnership

Website: GRADS4C.ncat.edu

Kristen  
Rhinehardt



BioDIGS: What can we learn from the soil?

o Microbiology & Metagenomics

• What’s there? How does the genomic composition 
change in time and space?

o Genomics & Bioinformatics

• Optimal approaches for metagenome assembly and 
classification? Merits of short- vs long-read sequencing?

o Agriculture & Environment

• How do characteristics of the soil & soil microbiome 
modulate plant & animal development?

o Public Health

• How does the soil microbiome influence the human 
microbiome & human health outcomes? 



BioDIGS Sampling Protocol

Cadmium
Lead

Arsenic

Soil Testing
DNA Sequencing Analysis

Select Site

Snap photo
+ GPS + Field notes

Pool + 
homogenize soil 

Repeat:
+4 Sites

Gather Test 
Samples

Organics
pH

Apply for permit



BioDIGS Analysis

Katherine Ulbricht

Nia Davis

Ayalew lab
Spelman College



BioDIGS Analysis

Genomic 
Diversity

Environmental 
Associations

Human Health 
& Disease



BioDIGS Analysis

Genomic 
Diversity

Environmental 
Associations

Human Health 
& Disease



DC+Baltimore pilot study sampling

Montgomery Co.
24 samples
(students from MC)

Interactive map at: http://biodigs.org

Stony Run (near JHU)

Lake Needwood

Gwynns Falls Trailhead

Baltimore
24 samples

(students from 
NDMU, MC, and CSM)

http://biodigs.org


Sampling & Sequencing
● Zymo DNA/RNA shield

● Qiagen DNeasy PowerSoil Pro kit 

● 2x150bp @ NovaSeq SP 

● ~20M reads / site

DC+Baltimore Data

Soil Testing

● Routine soil testing: Soil pH, Organic matter, 
Mehlich 3 extractable nutrients (P, K, Ca, Mg, Mn, 
Zn, Cu, Fe, B, S, Na and Al), Phosphorus Saturation 
Ratio

● Heavy metals: Arsenic, Cadmium, Chromium, 
Copper, Nickel, Lead,  Zinc



Taxonomic classification
● Mostly common soil 

microbes; Several 
species associated 
with nitrogen fixation 

Improved metagenomic analysis with Kraken 2
Wood, Lu, Langmead (2019) Genome Biology do:10.1186/s13059-019-1891-0



Taxonomic classification

Improved metagenomic analysis with Kraken 2
Wood, Lu, Langmead (2019) Genome Biology do:10.1186/s13059-019-1891-0

● Mostly common soil 
microbes; Several 
species associated 
with nitrogen fixation 

● Several hits to the 
genus Streptomyces, 
which produce many 
naturally occurring 
antimicrobials

● Certain species of 
Verrucomicrobia are 
important human 
probiotics for GI 
metabolism 
(Akkermansia)



Species classification



SMAG catalogue: 40,039 soil MAGs

A genomic catalogue of soil microbiomes boosts mining of biodiversity and genetic resources
Ma et al (2023) Nat Communication https://doi.org/10.1038/s41467-023-43000-z



Genomic Diversity

Metagenome profiling and containment estimation through abundance-corrected k-mer sketching with sylph
Shaw and Yu (2023) bioRxiv. doi:10.1101/2023.11.20.567879
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Heavy metal concentration

Iron Lead Arsenic



Heavy metal associations



Heavy metal associations

EU LimitVT Limit
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Soil metagenomes and human health



Enter long reads…

Oxford Nanopore
PromethION

N: 14.82M
Total Yield: 70.2Gb

10kbp+: 8.3Gb
Read N50: 5,788bp

PacBio HiFi
Sequel IIe

N: 1.31M
Total Yield: 5.9Gb

10kbp+: 0.1Gb
Read N50: 5,180bp

PacBio HiFi
Revio

N: 9.97M
Total Yield: 85.2Gb

10kbp+: 39.5Gb
Read N50: 9,600bp



Assembly Results

Revio HiFi

Nanopore

Sequel HiFi

Illumina

Total: 10.9 Gb 
10kb+: 5.4 Gb
metaMDBG

Total: 4.3 Gb 
10kb+: 3.5 Gb
metaFlye

Total: 0.4 Gb 
10kb+: 0.04 Gb
metaMDBG

Total: 0.07 Gb 
10kb+: 0.001 Gb
megahit
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Assembly Results

Revio HiFi

Nanopore

Sequel HiFi

Illumina

Total: 10.9 Gb 
10kb+: 5.4 Gb
metaMDBG

Total: 4.3 Gb 
10kb+: 3.5 Gb
metaFlye

Total: 0.4 Gb 
10kb+: 0.04 Gb
metaMDBG

Total: 0.07 Gb 
10kb+: 0.001 Gb
megahit

Complete Genomes

Easy to bin Novel genes, plasmids, 
low abundance species



PacBio HiFi - MAG Analysis 

Analysis: Dan Portik, PacBio
https://github.com/PacificBiosciences/pb-metagenomics-tools

Out of 158 MAGs (55 HQ), only 1 could be 
assigned to a known species

- 27 single contig genomes!
- ~25x more HQ MAGs / site than short reads
- Archaea are highly represented



Antimicrobial Resistance

https://github.com/tseemann/abricate
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Antimicrobial Resistance

https://github.com/tseemann/abricate

vanR



Metabolites in Humans & Microbes

The neuroactive potential of the human gut microbiota in quality of life and depression
Valles-Colomer et al. (2019) Nature Microbiology. doi:10.1038/s41564-018-0337-x



Metabolites in Humans & Microbes

Serotonin
mood, digestion, and sleep

GABA
chief inhibitory neurotransmitter

Dopamine
neurotransmitter for “pleasure”

Norepinephrine
Fight or flight response

Acetylcholine
Motor neuron neurotransmitter

Butyrate
host immune homeostasis

The neuroactive potential of the human gut microbiota in quality of life and depression
Valles-Colomer et al. (2019) Nature Microbiology. doi:10.1038/s41564-018-0337-x



Metabolites in Humans & Microbes

Serotonin
mood, digestion, and sleep

GABA
chief inhibitory neurotransmitter

Dopamine
neurotransmitter for “pleasure”

Norepinephrine
Fight or flight response

Acetylcholine
Motor neuron neurotransmitter

Butyrate
host immune homeostasis

The neuroactive potential of the human gut microbiota in quality of life and depression
Valles-Colomer et al. (2019) Nature Microbiology. doi:10.1038/s41564-018-0337-x



GABA pathway abundances
Analysis: Kelly Moffat, CosmosID

Species-level functional profiling of metagenomes and metatranscriptomes (HUMAnN 2.0)
Franzosa et al (2018) Nature Methods. doi: doi.org/10.1038/s41592-018-0176-y



Summary

- Exploring the interaction between soil,            
metagenomic diversity, and human health

- Discover new genomes and genes 
- Discover new antimicrobial resistance genes,                   

neurotransmitters present in the soil
- Orders of magnitude improvements from long reads 

- Empower the next generation of scientists
- Teach state-of-the-art genomics & data science
- Provide open access data & compute for community research



Summary

- Exploring the interaction between soil,            
metagenomic diversity, and human health

- Discover new genomes and genes 
- Discover new antimicrobial resistance genes,                   

neurotransmitters present in the soil
- Orders of magnitude improvements from long reads 

- Empower the next generation of scientists
- Teach state-of-the-art genomics & data science
- Provide open access data & compute for community research

- Next Steps: Dynamics across space & time!
- More institutions, longitudinal analysis 
- Exposures, Climate, Health data, etc
- Training materials

We 
need 
your 
help!
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Thank you!
http://biodigs.org




