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Figure 2. MicroPower Plus functionality conceptual overview. Input-data are OTU or ASV tables selected from curated, published 
microbiome studies of various human body-sites from which effect size has been pre-calculated for several common sample-sizes using 
complementary methodologies. The user can then use the interactive, graphical output to explore the relationships between effect-size, 
sample size and statistical power to use as a quick reference for their own experimental planning.

Figure 3. MicroPower Plus power-calculation interface. The user selects the sample type, the sample size for each group and a 
distance measure. When the user moves the power slider, the estimated effect-size graph (red) changes to the minimum effect size required 
to attain the given power level. The gray bars reference effect sizes calculated from the indicated sources. By comparing the estimated 
effect size to the reference effect sizes, the user can get a sense of how large a difference would have to be between their samples to detect 
significance using different experimental designs.

A lack of information led to relatively few rules for handling 
and disposing of chemicals in the first part of the 20th century, 
which resulted in the random release of these hazardous chemi-
cals and toxins into the environment. Knowledge of toxic waste 
dumps and their associated human health and environmen-
tal health consequences received national attention in the late  
1970’s14. In response to public outcry, Congress created “Super-
fund” in the 1980’s to fund toxic waste clean-up at industrial 

sites14,15. Superfund sites require long-term remediation efforts,  
and sites are evaluated for eligibility on a point-based system 
requiring a preliminary assessment and site-inspection (known as 
the Hazard Ranking System, or HRS)16. Reporting from the public 
or an agency is also considered in assessing a site for the quali-
fication. Superfund sites are prioritized by HRS score onto the 
National Priority List (NPL)16. Currently there are 1335 NPL sites  
around the U.S., each having specific chemical contaminations.
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our results, we propose comprehensive sampling of host traits 
in future microbiome studies, which may yield new and unex-
pected patterns of microbial community organization serving as a  
baseline for deeper investigations.

Lessons learned
Throughout this process we identified several areas where 
improvements could be made for future disease-focused hacka-
thons. A few of these are described below.

Collaboration across domains requires extensive communica-
tions with minimum use of jargons, and active learning from 
diverse backgrounds. We aimed to further expand on the tradi-
tional foundation of codeathons, and we generated novel tools by 
leveraging research strengths of the local community. However, 
there has been some challenges in the six teams to efficiently 
work together, with barriers in communicating the feasibility and 
significance of particular problems. In-depth and succinct expla-
nation of the technical problems are critical for the successful  
operations.

Scalability of R has been called into question during the proto-
type development. For large dataset computations, more effi-
cient implementation can be developed once the prototype has 
proven to be useful for the community. However, the granu-
larity of solutions available in R make it the preferred tool for  
designing and experimenting with different solutions.

Meticulous documentation of each analysis step remains cru-
cial for effective dissemination of our approach and results. These  
necessary components of any project are also excellent opportu-
nities to apply the skillsets of non-coders, as well as to heighten 
engagement of trainees by reinforcing project rationale. Good 
documentation, including simple flowcharts, are very useful  
tools for keeping focus. Non-coding participants who want to 
gain some experience can often quickly learn markdown language  
and be vital contributors to repositories.

Conclusion and next steps
Interdisciplinary collaborations have proven to be very produc-
tive as shown by our six working prototypes addressing broad 
microbiome related challenges, ranging from power calculations,  
AI classifiers, GIS integration and large data set visualizations. 
Although working across fields has been a challenging task, 
we found that parsing a complex question into distinct parts can 
help different domain-experts to work together and accomplish 
tasks none of the individuals could accomplish in isolation. The 
codeathon workflow is thus a useful research model for many 
urgent societal problems that suffer from knowledge-transfer and  
communication issues. We have made all data and code publicly 
available for further exploration of these tools. Importantly, we 
are developing impactful projects to further pursue intersectional 
research spurred by this event, including microbiome-related 
machine learning, and data mining across archaeological time  
and geography.

Data availability
All data underlying the results are available as part of the article  
and no additional source data are required.

Software availability
Team 1
Source code available from: https://github.com/USFOneHealth-
Codeathon2020/Team1_MicroPowerPlus.

Archived source code at time of publication: https://doi.
org/10.5281/zenodo.40317708.

Table 4. PERMANOVA F scores and p-values of metadata 
variables significantly associated (p<0.05) with cluster 
groupings.

Metadata Variable F Score p value

Simpson diversity 135.93 7.71E-51

Shannon diversity 85.60 4.30E-34

Digestive habitat type (intestine,fecal,for
egut,stomach)

43.29 1.75E-18

Faith’s phylogenetic diversity 33.94 8.14E-15

Host phylum 28.96 7.99E-13

Host phylogeny (nDMS proxy) 28.95 8.03E-13

Immune complexity (ordinal score) 27.31 3.67E-12

Observed OTUs 26.29 9.49E-12

Lifestage (larvae,juvenile/pupae, infant, 
adult)

20.40 2.40E-09

Chao1 diversity 20.26 2.76E-09

Preservation method (ethanol, freezing, 
RNAlater, others)

17.91 2.55E-08

Maximum temperature of the warmest 
month

17.38 4.25E-08

Host family 14.50 6.68E-07

Longitude 11.64 1.06E-05

Body mass 10.50 3.19E-05

Mean diurnal temperature range 10.46 3.33E-05

Surrounding habitat (freshwater, 
terrestrial)

5.55 0.004051

Host order 5.24 0.005518

Mean temperature of the driest quarter 5.08 0.006419

Maximum longevity 3.73 0.024552

Precipitation seasonality 3.39 0.034152

DNA extraction method (DNeasy 
Powersoil, EZna Stool Dna Kit, 
PowerFecal, QIAamp DNA Stool Mini Kit, 
ZR Fecal DNA Miniprep Kit)

3.16 0.042965

Vegetation index (NDVI MODIS) 3.14 0.043888
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License: GNU General Public License 3.0.

Team 2
Source code available from: https://github.com/USFOneHealth-
Codeathon2020/Team2_GEO

Archived source code at time of publication: https://doi.
org/10.5281/zenodo.403446620.

License: GNU General Public License 3.0.

Team 3
Source code available from: https://github.com/USFOneHealth-
Codeathon2020/projectZer0.

Archived source code at time of publication: https://doi.
org/10.5281/zenodo.403178026

License: GNU General Public License 3.0.

Team 4
Source code available from: https://github.com/USFOneHealth-
Codeathon2020/Team-YOLO 

Archived source code at time of publication: https://doi.
org/10.5281/zenodo.403177628

License: GNU General Public License 3.0.

Team 5
Source code available from: https://github.com/USFOneHealth-
Codeathon2020/Team5_MinhRays

Archived source code at time of publication: https://doi.
org/10.5281/zenodo.403178541.

License: GNU General Public License 3.0.

Team 6
Source code available from: https://github.com/USFOneHealth-
Codeathon2020/Team6_LimSharma

Archived source code at time of publication: https://doi.
org/10.5281/zenodo.403177858.

License: GNU General Public License 3.0.
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