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SCHEDULE

9.15-12.00 – Microbiome sequencing and analysis (with 10 min break @ 10.45)
12.00-13.15 – Lunch

13.15-17.00 – Multi-omic network analysis (with 15 min break @ 15.00)
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So you have to listen to me talk for a total of 
approximately 6 hours today…

I am so sorry.



ABOUT ME

¡ PhD at Oregon State University

¡ Computational biology

¡ Microbiology

¡ Pharmacology

¡ Systems biology

¡ Main research topic: Using 
computational biology to 
identifying specific microbes that 
influence disease 3



QUICK DISCLAIMER

I will not know EVERYTHING there is to know about all techniques and software out there.

This lecture is designed to introduce you to the common techniques and software that many people in the 
field use, but there are always new tools being released!

I will do my best to answer any questions there are, but I cannot guarantee I will have a perfect answer for 
all of them, so please bear with me!
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INTRODUCTION TO THE MICROBIOME

¡ Microbiome: A community of microscopic organisms that live together and 
interact with one another in an environment 

¡ Consists of viruses, fungi, and bacteria

¡ Historically, we were limited to visual identification of microbes and 
simple in vitro/in vivo techniques for analysis

¡ In this class, we will focus on analyzing the bacterial population from a 
bioinformatics perspective
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WHY SHOULD WE CARE ABOUT THE MICROBIOME?

https://www.microbiomesupport.eu/microbes-are-everywhere-in-the-foodsystem/
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MICROBES IN HEALTH AND DISEASE

¡ The body consists of many different 
microbiomes

¡ These microbiomes are composed of 
different families/species/strains and thus 
contribute differently to disease

https://www.nature.com/articles/s41392-022-00974-4 7



MICROBES IN HEALTH AND DISEASE

¡ The gut microbiome has been of particular interest in the past couple decades

https://www.sciencedirect.com/science/article/abs/pii/S0271531723000143
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MICROBES IN HEALTH AND DISEASE

https://www.nature.com/articles/s41392-022-00974-4
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16S SEQUENCING

¡ 16S rRNA is a region of the 
30S subunit of the ribosome 
in bacteria

¡ The 16S rRNA gene consists 
of both variable and 
conserved regions

¡ Question: Which regions do 
you think we should target 
for taxonomic identification of 
microbes? Why?

https://microbenotes.com/16s-rrna-gene-sequencing/
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SHOTGUN SEQUENCING
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¡ We capture MUCH more 
information with shotgun 
sequencing

¡ Does not just rely on the 16S 
subunit, but rather the whole 
genome

¡ Question: Why is this not the 
standard in the field at this 
point then? What are the 
drawbacks of it? https://blog.crownbio.com/understanding-the-microbiome-using-genomic-sequencing-and-analysis



16S SEQUENCING WORKFLOW
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1. Extract DNA from organism 
of interest

2. PCR amplification, where 
primers bind to conserved 
regions

3. Perform sequencing
4. Quality control
5. Taxonomic assignment

6. Create feature table



COMMON EXPERIMENTAL DESIGN FOR GUT MICROBIOME STUDIES

¡ How does the gut microbial community differ in individuals on medication Z when compared to 
individuals who are not on the medication?
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QIIME2

¡ QIIME2 is a common microbiome analysis software
¡ Takes as input single- or paired-end FASTQ files, along with a barcode file for demultiplexing and a metadata file

¡ Performs taxonomic identification of features

¡ Performs basic statistical analyses of samples, including plotting of results

¡ Outputs a feature table, which we can use in other software

14
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https://docs.qiime2.org/2024.10/tutorials/overview/#useful-points-for-beginners

QIIME2 STEPS



QIIME2 DATA FORMATS

¡ FASTQ: Contains the sequence ID, sequence itself, and quality information for each position

¡ QIIME2 artifact files

¡ Intermediate files that are required by QIIME2

¡ These contain both data and metadata

¡ QIIME2 visualization files

¡ Stored in .qzv format

¡ Contain the resulting plots from your QIIME2 analysis

¡ Can be viewed in a web browser at https://view.qiime2.org

16

https://view.qiime2.org/


FASTQ DATA FORMAT

Each sequence consists of four main lines:

¡ Identifier: Unique ID for that sequence

¡ Sequence: The sequence itself

¡ A plus sign

¡ Quality scores
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https://www.researchgate.net/figure/A-sample-of-the-FASTQ-file_fig2_309134977



FASTQ QUALITY SCORES

¡ Each ASCII character in the fourth line is associated with a Phred score, which is a score that denotes 
the accuracy (or quality) of that position

¡ The Phred score (Q) is calculated using the following formula, where P is the probability of the base 
being incorrectly called:

¡ Question: Let’s assume the probability of the base being called incorrectly is 1/100. What would the 
Phred score be?

18

Q = -10 * log10(1/100) = 20



FASTQ QUALITY SCORES

¡ We then cross-reference this Phred score (Q) 
with this ASCII table, which tells us that the 
ASCII character denoting it would be ‘5’

¡ Question: What is the relationship between 
the error probability and Phred score?

19



FASTQ QUALITY SCORES

¡ Question: What would the order of ASCII 
characters be (from most accurate to least 
accurate) for the following sequence then?

20

Answer: hgfedb’^][YX

Note how in general, the original sequence started off 
at good quality, then degraded towards the end



THE DEGRADATION IN QUALITY IS WHAT WE CAPTURE IN OUR 
FASTQC PLOTS

21

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
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QIIME2 LEARNING OUTCOMES

1. Be able to install QIIME2

2. Understand the format of the QIIME2 input files

3. Perform the preprocessing steps for 16S data, including quality control

4. Perform taxonomic classification using QIIME2

5. Export the feature table

22



QIIME2 INSTALLATION
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¡ QIIME2 can be ran a few different ways, but I prefer the command line interface
¡ Also can be ran via Jupyter notebook and the Galaxy web server

1. Install miniconda in your bash environment if you have not already done so
2. Create a new conda environment using your desired QIIME2 distribution

conda env create -n qiime2-amplicon-2024.10 --file 
https://data.qiime2.org/distro/amplicon/qiime2-amplicon-2024.10-py310-linux-conda.yml 

3. Activate your conda environment

conda activate qiime2-amplicon-2024.10



QIIME2 STEP 1 – IMPORTING DATA

24
https://docs.qiime2.org/2024.10/tutorials/overview/#useful-points-for-beginners



THE QIIME2 MOVING PICTURES TUTORIAL

¡ For this class, we will be following the simple and easy-to-understand “Moving Pictures” tutorial on the 
QIIME2 website

¡ I highly encourage you to work through this tutorial on your own time, but I will summarize the key points 
in this talk

25

https://docs.qiime2.org/2024.10/tutorials/moving-pictures/ 

https://docs.qiime2.org/2024.10/tutorials/moving-pictures/


THE QIIME2 MOVING PICTURES TUTORIAL
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This tutorial uses data formatted as EMP single end sequences, but you will need to check what format 
your data is by discussing whoever performed the sequencing. The commands will change slightly for this 
first step, but then everything later on will be the same.

If your data is in a different format, the commands for importing can be found here 
(https://docs.qiime2.org/2024.10/tutorials/importing/) 

https://docs.qiime2.org/2024.10/tutorials/importing/


QIIME2 STEP 1 – IMPORTING DATA
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Let’s first take a look at the supplied tutorial data. One of our supplied 
FASTQ files looks like the following.

Questions: 
1. Do you think it’s the barcode file or the 16S sequence file? How 

can you tell?
2. What does the indicated line in the file tell us? 
3. The sequence at the indicated line shows up many times in this 

file. Is that an issue? Why/why not?



QIIME2 STEP 1 – IMPORTING DATA
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Now let’s look at the head of the other FASTQ file. 

Question: Would you be concerned about the quality of any of these sequences?



QIIME2 STEP 1 – IMPORTING DATA
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Finally, let’s look at the 
head of the metadata. 

This study wanted to 
describe the normal 
microbial populations 
across different regions in 
the body, at different time 
points



QIIME2 STEP 1 – IMPORTING DATA
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Use the following command to import your data, assuming it is in an EMP single-end sequenced format

Note here that our output is a .qza file, so it is an artifact, but we can still view its contents with the 
online page https://view.qiime2.org. It’s just not all that exciting.

This is the name of the directory that contains all your input files

https://view.qiime2.org/


31
https://docs.qiime2.org/2024.10/tutorials/overview/#useful-points-for-beginners

QIIME2 STEP 2 – DEMULTIPLEXING SEQUENCES



QIIME2 STEP 2 – DEMULTIPLEXING SEQUENCES
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We sequence multiple samples together at the same time, all in one 
lane

Each sequence gets a barcode that we can reference back to each 
sample, in a process called demultiplexing

Question: Why do we bother multiplexing sequences? Wouldn’t it be 
less confusing and less work if we just sequenced everything 
individually?

https://awbrooks19.github.io/vmi_microbiome_bootcamp/rst/3_sequences_to_composition.html



QIIME2 STEP 2 – DEMULTIPLEXING SEQUENCES
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This is the name of the column containing the barcode



QIIME2 STEP 2 – DEMULTIPLEXING SEQUENCES
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This will output two qza files, each of which, again, are not very useful to look at 



QIIME2 STEP 2 – DEMULTIPLEXING SEQUENCES
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We can also view our results of the demultiplexing step by using the demux.qzv file



36
https://docs.qiime2.org/2024.10/tutorials/overview/#useful-points-for-beginners

QIIME2 STEP 3 – QUALITY CONTROL



QIIME2 STEP 3 – QUALITY CONTROL
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The demux.qzv file will also contain information 
on sequence quality

Note that in Illumina, sequence quality will 
sometimes be a bit lower for the first few reads, 
then increase. This is normal and is generally not 
a cause for concern.

Bases that are of lower quality can choose to be 
trimmed from the sequence for downstream 
analysis.

¡ Trimming can occur at the beginning or end of 
a sequence



QIIME2 STEP 3 – QUALITY CONTROL

38

Question: If we want to ensure 99.9% accuracy for all positions in our 
sequences, which Phred score should we use as a threshold? And which 
base should we use to trim to from the right-hand side in the below plot?



QIIME2 STEP 3 – QUALITY CONTROL
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We will use the DADA2 tool (part of QIIME2) to perform the trimming



QIIME2 STEP 3 – QUALITY CONTROL
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¡ During PCR amplification, there are inherent errors 
that occur.

¡ DADA2 then models these sequencing errors and 
uses the error rates within the data to infer sample 
composition
¡ DADA2 = Divisive Amplicon Denoising Algorithm 2

¡ Utilizes the Needleman-Wunsch algorithm to align 
sequences. Then, based on the alignment and error 
model it creates, it determines whether a read is 
truly a unique read, or if it is simply a mistake that 
was made in the sequencing step

https://www.toolsbiotech.com/news_detail.php?id=81



OTU  VS  ASV… SO MANY ACRONYMS! 

We can obtain multiple types of output data 
from 16S sequencing

¡ OTU: Observational Taxonomic Unit
¡ Bins samples based on sequence similarity

¡ ASV: Amplicon Sequence Variant
¡ Achieves features that differ at single 

nucleotide resolution

41

https://es.linkedin.com/pulse/otu-vs-asv-steven-criollo-msc-3icoe

Questions: 
1. Why does nearly everyone use ASVs today instead of OTUs?
2. If someone was to generate an OTU/ASV in their dataset, then another group generates an 

OTU/ASV at a later time in a different dataset, would they be comparable to one another? 



QIIME2 STEP 3 – QUALITY CONTROL
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And then we can create the .qzv file to visualize the results of DADA2

This will just give you basic information on how many sequences per sample were filtered out



43
https://docs.qiime2.org/2024.10/tutorials/overview/#useful-points-for-beginners

QIIME2 STEP 4 – CREATING THE FEATURE TABLE



QIIME2 STEP 4 – CREATING THE FEATURE TABLE
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Next we can create two of the most important files in QIIME2: 



QIIME2 STEP 4 – CREATING THE FEATURE TABLE

45

Let’s first look at table.qzv

This contains both sample-based information as well as feature-based information. 

Specifically, let’s look at the “Feature Detail” tab.

Question: What do you think these strings of characters represent?



QIIME2 STEP 4 – CREATING THE FEATURE TABLE

46

Now let’s take a look at ref-seqs.qzv

This contains information on the unique sequences identified with DADA2. At this point, we can 
call these Amplicon Sequence Variants (ASVs)

Question: Why is our minimum, mean, and maximum read length the same?



QIIME2 STEP 4 – CREATING THE FEATURE TABLE

47

ref-seqs.qzv also contains the actual sequence we can use for identifying the microbe

Question: What is it that this sequence represents in the bacterial genome?



48
https://docs.qiime2.org/2024.10/tutorials/overview/#useful-points-for-beginners

QIIME2 STEP 5 – TAXONOMIC CLASSIFICATION



QIIME2 STEP 5 – TAXONOMIC CLASSIFICATION
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Now that we have our features, we need to know which microbes they are! 

In QIIME2, we use taxonomic feature classifiers to perform this task
¡ A classifier is an algorithm used in machine learning that assigns “features” to categories
¡ In our case, we are assigning our 16S sequences to taxonomic labels

As stated in the QIIME2 docs (https://docs.qiime2.org/2024.10/tutorials/feature-classifier/), to create a good feature 
classifier, we need reference sequences and the taxonomic classifications of these sequences
¡ Both can be obtained from the QIIME2 website
¡ SILVA reference sequences can also be obtained from there 

https://docs.qiime2.org/2024.10/tutorials/feature-classifier/


QIIME2 STEP 5 – TAXONOMIC CLASSIFICATION
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Training the classifier

Step 1: Import the reference and taxonomy files to create qza files



QIIME2 STEP 5 – TAXONOMIC CLASSIFICATION
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Training the Naïve Bayes classifier

Step 2: Extract the reference reads that are from the exact location used in your sequencing. This is to ensure 
the classifier is trained on the specific region of DNA that you sequenced.

Forward and reverse primer sequences you selected for sequencing
Number of nucleotides you truncated to in the DADA2 step



QIIME2 STEP 5 – TAXONOMIC CLASSIFICATION
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Training the Naïve Bayes classifier

Step 3: Train the classifier

Note: This is the new ref-seqs.qza from the previous step, not the original one



QIIME2 STEP 5 – TAXONOMIC CLASSIFICATION
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Training the Naïve Bayes classifier

Step 4: Test to ensure the classifier works



QIIME2 STEP 5 – TAXONOMIC CLASSIFICATION
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We see that the step did work and we can now map the feature we got previously to the taxon!

Question: How do you read these Taxon labels? What’s up with the ones that just have 
something like “g__”?



QIIME2 STEP 5 – TAXONOMIC CLASSIFICATION
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Reminder: Katy Perry Came Over For Good Soup

Ideally, we want all our ASV assignments to be at 
the species (or even strain) level

¡ Realistically though, this is not reasonable

¡ There are a lot of unknown bacteria!
Adapted from 
https://kids.britannica.com/students/
article/biological-
classification/611149/media?assembl
yId=166807

Strain!



USING BLAST TO (POSSIBLY) GET BETTER RESOLUTION

¡ BLAST: Basic Local Alignment Search Tool

¡ Input a sequence of nucleotides and it will search a database for an organism with the closest 
sequence match

¡ Let’s take this FASTA 16S sequence, for example, and BLAST it to see if we can find a match

56

CTGCGGCGTGCCTAATACATGCAAGTCGAGCGAGCTTGCCTAGATGAATTT
GGTGCTTGCACCAGATGAAACTAGATACAAGCGAGCGGCGGACGGGTGAG
TAACACGTGGGTAACCTGCCCAAGAGACTGGGATAACACCTGGAAACAGAT
GCTAATACCGGATAACAACACTAGACGCAT 



USING BLAST TO (POSSIBLY) GET BETTER RESOLUTION

57

16S sequence

https://blast.ncbi.nlm.nih.gov/Blast.cgi?
PROGRAM=blastn&PAGE_TYPE=Bla
stSearch&LINK_LOC=blasthome 

Make sure to check this box

Select this option in 
the drop-down

I prefer to remove 
uncultured samples

GO!

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome


USING BLAST TO (POSSIBLY) GET BETTER RESOLUTION

58

¡ We can see that the sequence is that of Lactobacillus gasseri

Question: We also see there are other Lactobacillus here in the output though. Why? 



QIIME2 STEP 6 – EXPORTING THE FEATURE TABLE
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We can now export our original feature table we made, then modify it so it’s easier to work with downstream



QIIME2 STEP 6 – EXPORTING THE FEATURE TABLE
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This should produce a file in the resulting directory that looks something that looks like the following, where 
the rows are the ASV IDs and the columns are the sample names. 



QIIME2 STEP 6 – EXPORTING THE FEATURE TABLE
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At this point, I would suggest converting the ASV IDs into something more manageable. JUST MAKE 
ABSOLUTELY SURE TO SAVE A MAPPING FILE FOR THIS.

Note: I did not do this in this example, but in hindsight I should have also included the 16S sequence in this 
file that corresponds to each ID

I prefer to stop with QIIME2 at this point and use alternative software for normalization and downstream analysis



PREPROCESSING THE FEATURE TABLE

I have condensed this feature table to only 
contain a handful of ASVs, but keep in mind 
that a real table will be much larger.

Questions: 
1. What do you notice about this table? 
2. Do you spot any issues with the data that 

may affect our downstream analysis?
3. How may we go about addressing 

this/these issue(s)?



PREPROCESSING THE FEATURE TABLE

¡ In a typical 16S sequencing run, you may have more than 1,000 unique ASVs in your feature table. 

¡ Many of these are lowly abundant, with there only being a single instance of it in a single sample.

63

¡ What we can do is remove these microbes with a low abundance

Question: What impact does removing low-abundance microbes have in our analysis? Is it safe to 
assume that microbes with a low abundance do not play a significant role in your study?



PREPROCESSING THE FEATURE TABLE

64

¡ We can first identify which 
ASVs have a low abundance 
by calculating the cumulative 
abundance of all ASVs 
(column CA in the table)

¡ Then, we choose a threshold 
we wish to use
¡ 99%

¡ 99.5%

¡ 99.9%

¡ Etc.



NORMALIZATION OF 16S DATA

There are MANY types of normalization methods for microbiome data, but we will focus on some of the 
more common ones

¡ Rarefication

¡ Total sum scaling

¡ Log transformation

¡ Quantile normalization

¡ Upper quartile normalization

¡ DESeq2’s median of ratios
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RAREFACTION

¡ Tries to account for differences in sequencing 
depth by ensuring even sequencing depth 
among all samples

¡ Employs drawing without replacement

66

Question: The use of rarefaction is highly debated 
in the field. What do you think the reason is for this?



TOTAL SUM SCALING

¡ Converts reads to relative abundances

¡ Divides each read by the sum of all reads in the sample

¡ Can be performed after rarefaction

67Note that each column sums to 1



QUANTILE NORMALIZATION

Normalizes data into their quantiles by first ranking each ASV per-sample, then finding the average 
abundance value for the ranks, and shifting the raw values to that average
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https://www.youtube.com/watch?v=ecjN6Xpv6SE



LOG TRANSFORMATION

¡ Applied to right-skewed data

¡ Meaning lots of samples with smaller expression/abundance and fewer with larger 
expression/abundance

¡ Typically, we do log(value)+1 since the data is zero-inflated, and you cannot take the log of 0

69

https://dataalltheway.com/posts/001-data-transformation/index.html



UPPER QUARTILE NORMALIZATION

Finds the value of an upper quartile (commonly 75%) and divides all features by that value

Question: How is this different from total sum scaling? What will the resulting range of values look like at 
the end?

70



DESEQ2’S MEDIAN OF RATIOS

DESeq2 calculates a scaling factor based on both read depth and the entire library composition

1. For each gene (row), calculate the geometric mean of the gene across all samples (columns)

2. In each sample, divide the raw value of this gene by the calculated geometric mean of that gene. 

3. For each sample, find the median of the ratios and divide each value by that median

71

Calculate GeoMean

Divide

Calculate median of ratios

Divide

Normalized values



SO WHICH DO I USE?

¡ In practice, there is no one single best answer for this, and I am certainly not qualified to tell you the 
best option

¡ Explore your data and work with experts in the field to determine the best course of action for you!

72



BASIC MICROBIOME ANALYSIS TECHNIQUES

¡ Species diversity
¡ Alpha diversity

¡ Beta diversity 

¡ Functional analysis

¡ Pathway-based analysis

¡ Machine learning approaches

¡ Network-based techniques

73



ALPHA DIVERSITY

¡ A measure of the species richness and species evenness in a community
¡ Species richness: the number of species in a community

¡ Species evenness: a measure that takes into account the presence/absence of individuals as well as their 
abundance

74

https://old-ib.bioninja.com.au/options/option-c-ecology-and-conser/c4-conservation-of-biodiver/biodiversity.html



ALPHA DIVERSITY METRICS

¡ Note that in ecological terms, we are using the term 
“species” to belonging to a single feature, but in 
microbiome analysis, this is what we refer to as an ASV

¡ Shannon diversity index (H)

¡ Accounts for both presence and abundance of 
species

¡ Simpson’s index (D) also accounts for the same, but 
just uses a different formula

¡ Note: Shannon index values are high in communities 
with high evenness, while Simpson’s values are heavily 
influenced by a few dominant species

¡ In practice, neither is necessarily better than the other. 
Just understand the underlying assumptions of each 

75

Proportion of individuals belonging to species i



BETA DIVERSITY

¡ While alpha diversity explains the diversity of species within a single community, beta diversity is used 
to compare two communities

¡ Dysbiosis: the abnormal change in microbial composition 

¡ Described using different metrics
¡ Bray-Curtis dissimilarity

¡ Weighted UniFrac

¡ Unweighted UniFrac

¡ Jaccard distance

76



BRAY-CURTIS DISSIMILARITY

¡ Scaled from 0 to 1, where 0 means they are identical and 1 means 
they are completely dissimilar

1. Count the number of each species in each sample

2. For each species that is shared between samples, sum up the 
minimum of each species

3. Plug the values into the formula

77

Sum of minimums

Number of species in each community

Adapted from https://docs.onecodex.com/en/articles/4150649-beta-diversity



BRAY-CURTIS DISSIMILARITY
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Sum of minimums

Number of species in each community
= 3 = 1 = 5 = 3 = 2 = 4

Community 1 Community 2

Question: By just looking at these two communities, do 
you think there is much dissimilarity between them? 

BCij = 1 – (2 * (3+1+4)) / ((3+1+5) + (3+2+4)) 
BCij = 1 – 16/(9 + 9)

 BCij = 1 – 16/18
 BCij = 0.11



BRAY-CURTIS DISSIMILARITY
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Sum of minimums

Number of species in each community

Community 1 Community 2

Question: Now consider these communities. What 
would be the dissimilarity score between them?

BCij = 1 – (2 * (3+2+1)) / ((2+1+5) + (3+5+4)) 
BCij = 1 – 12/(8 + 12)

 BCij = 1 – 12/20
 BCij = 0.4



BRAY-CURTIS DISSIMILARITY

¡ Note that for BC dissimilarity, it is highly dependent on the number 
of species! A small change in the composition of a small 
community can drastically change the BC value 

80

Sum of minimums

Number of species in each community



UNIFRAC METRICS

¡ UniFrac metrics takes into consideration phylogenies, scaling the dissimilarity score based on 
branch lengths between species

¡ Unweighted UniFrac does not depend on microbial abundance

¡ Weighted UniFrac does depend on microbial abundance

81



JACCARD DISTANCE

¡ Does not depend on microbial abundance, just presence of species

82

Community 1 Community 2
Jaccard = 1 – 3/4 = 0.25

Question: How does keeping low-abundant 
microbes in your preprocessing step affect 
this score?



PCA/PCOA PLOTS

¡ 16S data is high dimensional (many features)

¡ PCoA: Principle coordinates analysis
¡ PCA is a type of PCoA that uses Euclidean distances

¡ We tend to visualize beta diversity by using PCoA in microbiome studies

¡ PCoA plots are limited in their interpretability 

83



PCA/PCOA PLOTS

84

Question: In this study by Liu et al., 
they researchers were interested in 
what the differences were in gut 
microbiota composition between 
individuals with major depressive 
disorder (MDD) and healthy 
controls (HC). What can this plot tell 
us about their microbial 
populations?

https://www.researchgate.net/publication/358622955_Gut_Microbiome_Composition_Linked_to_Inflammato
ry_Factors_and_Cognitive_Functions_in_First-Episode_Drug-Naive_Major_Depressive_Disorder_Patients



RELATIVE ABUNDANCE PLOTS

85

https://www.yanh.org/2021/01/01/microbiome-r/



DIFFERENTIAL ABUNDANCE TECHNIQUES

¡ t-test

¡ Assumes a normal distribution in samples, which is not always a good assumption to make

¡ Mann-Whitney

¡ Does not assume normality in sample distributions

¡ Compares the abundance/expression of features based on their ranks instead of their raw values

¡ R packages: DESeq2, edgeR, metagenomeSeq (will not cover in-depth today)

¡ ANCOM-BC

¡ Machine learning methods

¡ LEfSe (Linear discriminant analysis Effect Size) (Not the food)

¡ Random forest models 86



ANCOM-BC

¡ Lin and Das Peddada, 2020

¡ “Analysis of Compositions of Microbiomes 
with Bias Correction”

¡ A new method that takes into account the 
sampling fraction 

¡ In the image to the right, both subjects 
were identified as having the same relative 
abundance of red microbes, but in reality 
there is a significant difference in the 
microbial populations between the two 
ecosystems

¡ Introduces a per-sample offset term in a 
linear model, which it calculates based on 
the observed data

87



LEFSE 

¡ Linear discriminant analysis (LDA) effect size

¡ Available as a Galaxy module 
(http://galaxy.biobakery.org/) 

¡ Finds the ASVs that are most likely to describe 
the differences between your groups

¡ Employs prior knowledge of biology, differential 
abundance tests (Kruskal-Wallis), and LDA to 
estimate the effect size of each feature

88
https://pmc.ncbi.nlm.nih.gov/articles/PMC3218848/

http://galaxy.biobakery.org/


RANDOM FORESTS 

¡ Utilize decision trees in their classification steps

¡ Randomly select samples from the original dataset

¡ Randomly select features and make many random 
decision trees to see which best separate individuals 
into their known classifications

¡ Make many, many trees, using this method and see 
which one most accurately classifies your samples 
that were not used as input

¡ These also provide the importance of each feature 
in the model, which is measured by taking the 
reduction in accuracy of the model if the feature is 
removed
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https://www.researchgate.net/figure/Demonstration-of-the-random-Forest-methodology_fig1_322098019



SOFTWARE FOR DOWNSTREAM MICROBIOME ANALYSIS

¡ PICRUSt 2.0 and Tax4Fun2 (will only discuss PICRUSt today)

¡ HUMAnN 3.0

¡ Vegan (R package, not discussed in detail in this lecture)

¡ MicrobiomeAnalyst (one of my favorites!)
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PICRUST

¡ Estimates the gene families and function based on 16S data

¡ Each species has a different functional potential, depending on the proteins they can produce and 
their metabolism of lipids

¡ Very easy to use, but make sure not to overinterpret results

¡ Results are suggestive only

¡ https://huttenhower.sph.harvard.edu/picrust/ 
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PICRUST
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Langille et al., 2013



PICRUST

93

Langille et al., 2013



PICRUST VS TAX4FUN
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¡ According to Sun et al., who compared PICRUSt, PICRUST 2.0, and Tax4Fun:

¡ They all work relatively well on human samples, but struggle with other organisms

¡ They perform well for housekeeping gene functions, not so great for other genes

¡ All have similar performance, do not recommend using one over another



HUMANN 3.0

¡ https://learn.gencore.bio.nyu.edu/metgenomics/shotgun-metagenomics/functional-analysis/ 

¡ Similar to PICRUSt/Tax4Fun, but specifically for metagenomic data

¡ Predicts gene family abundance, pathway abundance, and pathway coverage
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https://learn.gencore.bio.nyu.edu/metgenomics/shotgun-metagenomics/functional-analysis/


MICROBIOMEANALYST

¡ https://www.microbiomeanalyst.ca/ 

¡ Online tool that takes as input the feature table and taxonomic information and performs many types of 
analyses

¡ Free, easy to use, and is frequently updated

¡ Also allows for raw data processing, like what we did with QIIME2 previously

¡ Let’s pause here and take a look at MicrobiomeAnalyst
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https://www.microbiomeanalyst.ca/


MICROBIOMEANALYST LEARNING OBJECTIVES

1. Familiarize yourself with the input to MicrobiomeAnalyst

2. Explore what happens as you vary the rarefaction threshold and perform different pre-processing steps

3. Perform alpha- and beta-diversity analyses

4. Identify features that are differentially abundant between treatment groups
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PUTTING ALL THIS INTO PERSPECTIVE
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FINALLY, WE GET TO NETWORKS, WHICH WE WILL 
DISCUSS AFTER LUNCH!


