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Microbiomes of human excrement composting: initial experiment
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We observe significant:

e increases in abundances of soil-
associated microorganisms, and

e decreases in abundance of fecal-

associated microorganisms.
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The “gut-to-soil microbiome axis” in three buckets.
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All buckets progress along the gut-to-soil trajectory, though at different rates and to

different extents.
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All buckets progress along the gut-to-soil trajectory, though at different rates and to
different extents.
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Most of the microbes involved in composting do not appear to be present in the
source samples (fecal and bulking materials).

Where do they come from?
Would the reaction proceed without them?
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Fraction of microbes observed by week that are not
observed in the source materials.
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Bass Becking hypothesis of
microbial biogeography (1934):
“everything is everywhere: but
the environment selects”.

Fraction of microbes observed by week that are not
observed in the source materials.

Bucket 1 Bucket 2 Bucket 3 Bucket 4
e e I e aaacame e v 0 AL AL s i e,
cos WW o soo co
506 S 06 506 =06
% % % 2
B < £ =
§ § § §
2 g 2 g
3oa 304 3oa 304
Y g ¥ o
H H g H
z g g g
So2 So2 So2 So2
0.0 0.0 00 0.
o 10 20 30 40 50 10 20 30 40 50 0 10 20 30 a0 50 o 10 20 30 40 50
Week Number Week Number Week Number Week Number
Bucket 5 Bucket 6 Bucket 7 Bucket 9
10 10 10 10
cos cos cos W\,\M coe
S06 S 06 S 06 S 06
< 2 < 2
§ § § §
2 g 2 g
3oa 3 o4 Zoa 304
¥ g ¥ Y
H H H H
2 g 2 g
So2 So2 So2 So2
00 00 00 o
0 10 20 30 40 50 o 10 20 30 40 0 0 10 20 30 40 50 0 10 20 30 40 50
Week Number Week Number Week Number Week Number
Bucket 10 Bucket 11 Bucket 12 Bucket 13
10 10 10 < 10
ool WYY M
S 06 S 06 S 06 Sos6
2 3 7 @
Z < < -1
H £ 2 2
304 304 Zos 304
H g E g
So2 Soz2 Soz2 So2
00 0.0 00 00
0 10 20 30 a0 50 o 10 20 30 40 50 0 10 20 30 a0 50 o 10 20 30 40 50
Week Number Week Number Week Number Week Number
Bucket 14 Bucket 15 Bucket 16
10 10 10
so8 508 508
S 06 S 06 S o6
2 3 Z
= = =
2 H 2
304 304 Zos
H g E
So2 Soz2 So2
0.0 0.0 00
o 10 20 30 a0 50 o 10 20 30 40 50 0 10 20 20 a0 50

Week Number

Week Number

Week Number




Bass Becking hypothesis of
microbial biogeography (1934):
“everything is everywhere: but
the environment selects”.

xon (ASV)

This is useful for conceptualizing i.

microbial dispersion on Earth.
But if we want to compost off-
Earth, we should bring the
microbes who drive the reaction.

Fraction of microbes observed by week that are not
observed in the source materials.
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Bucket 5: Unique species relative to source samples by week of composting

(or, a space composting packing list)
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Many of these appear to be uncharacterized organisms, or “microbial dark matter”
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On-going experiments

e Thermophilic composting of eight
biological replicates with microbial
activity tracking (microbial
metatranscriptomics).
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On-going experiments

e Thermophilic composting of eight
biological replicates with microbial
activity tracking (microbial
metatranscriptomics).

e Vermicomposting (i.e., worm-
based composting), including
sequencing of worm gut
microorganisms.

e Plant growth experiments in
simulated lunar and martian
regolith.
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Image source: https://www.nasa.gov/humans-in-space/scientists-grow-
plants-in-lunar-soil/
UF/IFAS photo by Tyler Jones
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On-going experiments

Thermophilic composting of eight
biological replicates with microbial
activity tracking (microbial
metatranscriptomics).
Vermicomposting (i.e., worm-
based composting), including
sequencing of worm gut
microorganisms.

Plant growth experiments in
simulated lunar and martian
regolith.

Sequencing with Oxford Nanopore
sequencing technology, as
deployed on ISS.

Image source:
https://nanoporetech.com/products/sequence/minion



On-going experiments

e Thermophilic composting of eight
biological replicates with microbial
activity tracking (microbial
metatranscriptomics).

e Vermicomposting (i.e., worm-
based composting), including
sequencing of worm gut
microorganisms.

e Plant growth experiments in
simulated lunar and martian
regolith. ;

e Sequencing with Oxford Nanopore §
sequencing technology, as i A
deployed on ISS. T i e g

e What else? We are seeking NAU Compost Research Applications Program
collaboration!




Extensive options for amplicon sequencing analysis.
Learn more at: https://amplicon-docs.qgiime?2.org
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https://amplicon-docs.qiime2.org

End-to-end metagenome data
analysis, including options for both
read-based and assembly-based
analysis.
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Learn more at: https://moshpit.qiime2.org

MOSHPIT: accessible, reproducible
metagenome data science on the QIIME
2 framework

Michal Ziemski', Liz Gehret?, Anthony Simard?, Santiago Castro Dau', Vinzent Risch', Doriela
Grabocka', Christos Matzoros', Colin Wood?, Paula Momo Cabrera', Rodrigo
Hernandez-Velazquez', Chloe Herman?, Keegan Evans?, Michael S. Robeson I3, Evan Bolyen?,
J. Gregory Caporaso®, Nicholas A. Bokulich™

' Department of Health Sciences and Technology, ETH Zurich, Switzerland

2Pathogen and Microbiome Institute, Northern Arizona University, USA

3University of Arkansas for Medical Sciences, Department of Biomedical Informatics, Little Rock, AR,
USA

* Translational Genomics Research Institute, Flagstaff, AZ, USA L R °
*Corresponding author: Nicholas A. Bokulich. nicholas.bokulich@hest.ethz.ch lo x lv

Taxonomic | —— =
classification

/Kraken 2DB

Bracken DB

Kaiju DB\

classify-kraken2

classify-kaiju
el estimate-bracken

Taxonomic
assignments

Species X C\

/
(‘) (‘ Species Y
Species Z \'/

 C

%

~ Reads

-~

summarize
ro

trim-paired

filter-reads

Filtered reads

assemble-megahit
assemble-spades

-«

—_ Conti = i
CO gsevaluate-quast Functlonal
l annotation
l index-contigs QQC @
l map-reads-to-contigs /EggNOG DB
l bin-contigs-metabat
eggnog-annotate
/ MAGs =
’ ( ‘L evaluate-busco
YO |
. N
i C
i dereplicate QQ
\J
“ Dereplicated
(*) MAGs
Functional

annotations

-
Downstream genea (. Jgened

analyses


https://moshpit.qiime2.org

Nearing a decade of free, high-
quality support on the

&Illlmz 2f0 rum

https://forum.giime2.org
Community Code of Conduct

Top ten contributing moderators.

7 Mederator r;vieilv:?is ;ad-ir:'lrge 'cre;::}ics c'r'ea'l::qs
nicholas_bokulich 27 32d 40 333
. colinbrislawn 1 20d 30 109
g ebolyen 1 11d 26 71
§ iwdebelius 1 11d 70 66
@_ mehrbod_estaki — 21d 38 106
) lizgehret 6 6d 2 38
& soilrotifer — 18d 10 87
9 timanix — 11d 31 o7
G gregcaporaso 1 4d 83 70
482 cherman2 2 7d 9 13

~ Posts
created

7608

351

3205

2550

2141

2037

1624

1504

986

965

all categories » Hal\ tags » | Latest
P d + New Topic

Category

Announcements

Announcements related to QIIME 2 releases, publications,
workshops, etc.

User Support

Post to this category if you need help understanding output

produced while running QIIME 2. Examples of this include help

understanding plots labels, techniques that are used in QIIME
2, etc. Posts in this category will be triaged by a QIIME 2
Moderator and responded to promptly.

Technical Support

Post to this Category if you are experiencing a technical

New (149)

Topics

109

10 unread

6.6k
79 unread

65 new

2.2k
24 unread

48 new

difficulty while running QIIME 2. Examples of difficulties include
installation errors, help deciphering error messages, etc. Posts

in this category will be triaged by a QIIME 2 Moderator and
responded to promptly.

Community Plugin Support

Post to this category if you have a question about a community

plugin (bug report, technical detail, etc.). Community plugins
are plugins not distributed in the QIIME 2 Core Distribution.
Ple: note, in the future we are planning on moving away
from the notion of a “Core Distribution,” where all pl...

General Discussion

Post to this category if you have a general question about
microbiome science, bicinformatics, or other general
questions, ideas, or topics to discuss. Examples of posis
include study design, paper discussion, etc. Posts in this
category will not be triaged by a QIIME 2 Moderator.

Developer Discussion

Post to this category if you are a developer and have a
questions, idea, or suggestion. Posts in this category will be
triaged by a QIIME 2 Moderator and responded to promptly.

Community Contributions

Post to this category if you have a contribution related to
QIIME 2. Examples include tutorials, plugins, doc translation,
etc. Posts in this cateaorv will not be triaced bv a QIIME 2

616
11 unread

5 new

1.1k
24 unread

18 new

269
10 unraad

2 new

156
14 unread

1 new

Unread (211) Top  Bookmarks My Posts

Latest

How to get the KO count from predicted
functional profiles
M Other Bicinformatics Tools

picrust

Amplicon sequencing on NextSeq 600
cycle kits

M General Discussion JeHICY]

Patterns in merging using DADA2

M General Discussion dada?2 merge

q2-feature-classifier for PR2 dataset

M Technical Support  taxonomy feature-classifier

Question about ANCOM BC2
M Other Bioinformatics Tools

longitudinal ancom-bc2

Killed giime feature-classifier fit-classifier-
naive-bayes
M Technical Support  feature-classifier

error on giime dada2 denoise-paired
M Technical Support

Only pielou evenness resulting empty
values
M User Support &+ Oddant1

taxa collapse and Greengenes2 taxonomy
confusion
M User Support

® $# T ¢ 0T O =

taxonomy greengenes2

Can we use extracted reference reads to
calculate expected amplicon sizes?
M General Discussion = best-of-the-forum


https://forum.qiime2.org
https://forum.qiime2.org/t/qiime-2-community-code-of-conduct/9057

Microbiome marker gene [w]
analysis with QIIME 2

L?an microbiome d_ata science Totorile . Microbiome marker gene analysis with
with the “gut-to-soil QIIME 2

Moving Pictures tutorial §

I ' is” tutorial
m I c ro b I o m e ax I s u O rI a . Gut-to-soil axis tutorial &« Welcome! . J This is the primary documentation introducing the use of QIIME 2 for marker gene (i.e.,

amplicon) based microbiome analysis.
How To Guides

Teaches microbiome concepts
and data science skills in the References

Back Matter

CO ntext Of h u m a n Waste our website analytics, so the most frequently accessed content is already here. If you're looking

for content from the old QIIME 2 user documentation, you can find it at https://docs.qiime2.org

co m posti n g m i c ro b i o m e d ata ] /2024.10/ (but please consider letting us know what that content is, as we're trying to transition

everything that’s needed to this site).

(D Transition from “the old docs™

As of April 2025, this site replaces the old QIIME 2 user documentation, https://
docs.qgiime2.org. We've prioritized content to transition from the old documentation based on

A A V" V'

| d eal fo r Se |f—Stu d y, Cl aSS roo m S Based on ogr w-'ebsite analytics, these are the questions that most frequently drive readers to our
learning, workshops, and study
groups.

I'm completely new to QIIME 2. Where should | start?
We recommend that all newcomers read Getting started with QIIME 2 for a high-level discussion

about what QIIME 2 is, an introduction to concepts that will help you understand QIIME 2 quickly,
and references to resources you can use for learning.

How can | analyze my data with QIIME 27
How do I install QIIME 2?

Where can I find reference materials or other resources?

https://amplicon-docs.qiime2.org

How should | prepare my metadata?

[«


https://amplicon-docs.qiime2.org
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gPCR assays show E. coli below our limit of detection in all buckets by end of experiment.
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gPCR assays show spore former C. perfringens remains detectable at end of experiment.
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