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Today’s purpose: to empower 
food scientists to understand the 

microbiome data they will 
increasingly see in presentations 

and publications and interpret their 
significance (or lack thereof)



• Defining the microbiome and thinking ecologically about the gut

• Amplicon sequencing methods, sequence processing, and analysis

• Interpreting phylogenetic trees

• Measuring and comparing diversity

• Statistical tests in microbiomes

• Metagenomics
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DiBaise J. K., et al. (2008) Mayo Clin Proc. 83:460-469



Donaldson, et al. (2016) Nat. Rev. 
Microbiol. 14:20-32



All attempts to use food 
or food components to 

modulate the 
microbiome’s 

composition or function 
for improved health are 

fundamentally 
ecosystem 

management.
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https://www.fs.usda.gov/features/role-vegetation-ecologist

The work of 
an ecologist 
begins with 
identifying 
how 
populations 
change over 
time and 
across 
different 
management 
regimes.



• Polymerase chain reaction 
(PCR) is an iterative cycle of 
three steps:
• Denaturation (95°C): 

separates two strands of 
DNA

• Annealing (usually 45 –
60°C): Allows a specific 
primer to bind to each strand

• Extension (72°C): 
Polymerase synthesizes a 
new complementary strand 
for each initial strand



7/10/2020
Yarza, et al (2014). Nat. Rev. 
Microbiol. 12: 635-645



https://help.ezbiocloud.net/16s-rrna-and-16s-rrna-gene/



https://www.idtdna.com/pages/education/decoded/article/16s-rrna-indexed-
primers-amplify-phylogenic-markers-for-microbiome-sequencing-analysis



• 16S amplicon sequencing is most 
typically performed using an Illumina 
MiSeq

• Illumina sequencing works by 
sequencing an indexed fragment of 
DNA first from one direction (“forward”) 
and then the other (“reverse”) – for 
more info, check out this video: 
https://www.youtube.com/watch?v=fCd
6B5HRaZ8

• Illumina outputs the sequences in a file 
type called FASTQ, which provides 
quality scores.

https://www.youtube.com/watch?v=fCd6B5HRaZ8


• Overall poor quality reads – errors 
in known regions (primer, barcode)

• Incorrect base calls – if in 
overlapping region, selecting the 
base that has the higher quality score

• Off-target amplification – remove 
reads that don’t align to the correct 
region using a reference of known 
16S genes

• Chimeric reads – check using a 
chimera detection algorithm

https://genome.cshlp.org/content/21/3/494



OTUs

ASVs

Operational Taxonomic Unit (OTU): A computational
analog of a species, generated using clusters of sequences
that are similar to each other (97% identity is common).

Alternate sequence variant (ASV): Individual observations
(reads) of amplicons.

https://www.zymoresearch.com/blogs/blog/microbiome-informatics-otu-vs-asv



https://help.ezbiocloud.net/16s-rrna-and-16s-rrna-gene/





• Because sequence 
observations 
frequently do not 
match references, 
classification is 
always subject to 
uncertainty

• This uncertainty 
means that some 
OTUs/ASVs can only 
be classified at higher 
taxonomic ranks (e.g. 
“Lachnospiraceae
unclassified”)



Chen, et al (2016) PeerJ 4:e1514



Cantu-Jungles, et al (2018) Carbohydrate Polymers 183: 219-229

• Abundances are 
relative to one 
another – not 
absolute (i.e. what 
percentage of the 
total belongs to each 
category)

• Organisms that grow 
faster than average 
will be seen to 
increase in relative 
abundance, those 
growing slower will 
decrease

• Declines do not mean 
organisms are dying



• Three key questions to 
ask when interpreting 
bar charts describing 
community composition:
• Are the data for ASVs, 

OTUs, or from a 
taxonomic summary?

• At what taxonomic 
classification are the 
data presented?

• What fraction of the 
sequence data are the 
authors summarizing 
here?

Yao, et al, 
in revision



• Represent relative abundances using 
a color scale (usually cool colors 
indicate low abundances, warm 
colors indicate high abundances)

• Often, abundances are log2- or log10-
transformed so that the scale can 
display organisms with ranging 
abundances

• More useful at displaying differences 
in a single taxon/OTU across several 
conditions than between OTUs

Tuncil, et al, mSphere
5(3): e00180-20
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• Relationships between observed 
sequences can be represented 
phylogenetically

• In these ”trees,” organisms more 
closely resemble each other form 
“clades”

• “Nodes” represent hypothetical 
last common ancestors between 
taxa

• Branches represent time/distance 
between two taxa – only 
horizontal distances count!

“Outgroup”



https://www.ridom.de/seqsphere/ug/v20/MLVACompare%
253APhylogenetic_tree_window.html
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• Alpha diversity is diversity within a 
sample and is composed of two key 
properties: richness and evenness.
• Richness: a measurement of how 

many different species are observed 
in an ecosystem

• Evenness: a measurement of how 
evenly distributed the population 
sizes of the species are

• Some calculators combine both 
richness and evenness to aid inter-
comparison among studies

• Requires sampling effort be 
normalized (here, subsampling).
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https://drive5.com/usearch/manual/rare.html



Oh, et al (2015) PLoS ONE 
https://doi.org/10.1371/journal.pone.0131468.g001



https://awbrooks19.github.io/vmi_microbiome_bootcamp/rst/4_concepts_of_community_analysis.html



Richness Combined Evenness Combined Combined

Tuncil, et al, mSphere 5(3): e00180-20



https://awbrooks19.github.io/vmi_micr
obiome_bootcamp/rst/4_concepts_of_
community_analysis.html



• In PCoA, the variation among 
samples is represented by variables 
derived from the data (“principal 
components”) – these don’t 
represent any one taxon, but are 
created to help visualize the 
variability.

• Beta diversity is calculated using one 
of many formulas. Distances 
between points reflect their beta 
diversity differences.

• Loadings represent the amount of 
variability each principal component 
represents (axes are not equal!).

Thakkar, et al, (2020) 
Front. Microbiol. 11:1009



https://i.stack.imgur.com/gZMOV.png
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• Testing for statistically-
significant differences in 
population sizes is typically 
done using Student’s t tests 
with correction for multiple 
comparisons.

• Linear discriminant analysis 
is used to identify the 
taxa/OTUs that most strongly 
differentiate the different 
sample categories 
investigated

Tuncil, et al, mSphere
5(3): e00180-20



• Tests to determine whether two 
conditions/treatments are indeed 
different from one another as two 
key questions:
• Are the centroids of two clusters 

significantly different from one 
another? 
• Analysis of Molecular Variance 

(AMOVA)
• Permutational Analysis of Variance 

(PERMANOVA)
• Are the clusters different in 

size? 
• Homogeneity of Molecular 

Variance (HOMOVA)

Lavirinenko, et al, (2018) Microbiome 6: 209
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Seske, et al, (2017) Front. Microbiol. 8:2029

• PRO:
• Gain functional gene 

content
• All kingdoms of life
• No PCR biases

• CON:
• References not nearly 

as good as 16S (many 
more unidentifiable 
sequences, less 
resolution)

• What genes go 
together?

• $$$$$$



https://elizabethmcd.github.io/research/



https://microbiomejournal.biomedcentral.com/articles/10.1
186/s40168-018-0541-1/figures/7



Q: How do we use microbiome 
composition data to identify 
beneficial health effects?

A: We don’t. Yet.
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