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Introduction



Which is our question?

» Who is in there?
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Which is our question?

» Who is in there?
» What they can do?
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Which is our question?

» Who is in there?
» What they can do?

» What are they doing?
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Which is our question?

» Who is in there?

» What they can do?

» What are they doing?

» Are they really doing it?



Molecular barcoding
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Molecular barcoding
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Molecular barcoding
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Molecular barcoding
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Metabarcoding
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Metabarcoding
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Metabarcoding
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General workflow

Sample collection

DNA extraction

PCR amplification of our target
Adaptor ligation

Sequencing

ok W=

Data analysis



DNA extraction



Different methods

» Organic solvents




Different methods
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Different methods

» Organic solvents Corbosyite Mosiied
Polymer Coating

» Spin columns
» SPRI beads

Polystrene Core

Magnetite



Different methods

» Organic solvents
» Spin columns
» SPRI beads

» Many other (CTAB, ...



Technical considerations

» DNA extraction introduces a

bias in the final dataset
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Technical considerations

» DNA extraction introduces a
bias in the final dataset

» A recent investigation on
322 studies shows they used
72 different methods. 14 did
not report such info!



QC - Nanodrop

pipet tip
\ 4

i aamele




QC - Nanodrop

Solvents,
Salt RNA

» DNA concentration ng/ul
» Ratio 260,/230
> Ratio 260,/280




QC - Qubit

Qubit* 3.0
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QC - Gel Electrophoresis
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QC - Gel Electrophoresis

Verification of DNA on gel

gDNA

mitochondrial DNA
3kb

1kb
broken pieces of DNA

500

300

ladder
DNA




PCR



PCR

PCR Components PCR Process (ONE Cycle)

DNA Sample

Tag polymerase

y
~

Primers

;

Mix Buffer

Thermal Cycler
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Nucleotides

PCR Tube

=

PCR Cycle

li

l 95°C - Strands separate 1. Denaturing

|

l §5°C - Primers bind template 2. Annealing

|

l 72°C - Synthesise new strand 3. Extension

.
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Thermocycler




Technical considerations

P> Target gene
» Who is our target? Bacteria, fungi, insects, fish, specific genus
> Is the resolution optimal for our question?
» Are PCR primers available or we have to design them?
> Is the taxonomy database available or we have to build a
custom one?
» PCR bias
» Use a Hi-Fi polymerase
» Use optimal annealing temperature
» Do not exaggerate with PCR cycles
» Run multiple PCRs on the same sample

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp
v1 v2 v3 v4 V5 Vé v7 v8 vo

CONSERVED REGIONS: unspecific applications
VARIABLE REGIONS: group or species-specific applications




Technical considerations

5
o don

=
el aesorm
e
— piz ]
— B
e
'338F-700R 33&5;3&
N
i
— T A
—
i 536F-907R S30F-1100R
B
i
T
Ee ™ m

N - -

B B OB

BR150R

336 1492R

70015208



Metabarcoding workflow






Control samples

» Negative control 1. Run molecular biology grade water
throughout the pipeline. Pool it with the other samples even
if you do not see amplification.



Control samples

» Negative control 1. Run molecular biology grade water
throughout the pipeline. Pool it with the other samples even
if you do not see amplification.

> Negative control 2. This is the negative control from your
first PCR. If you see a band, discard the entire batch of
samples and start again. If no band is observed, sequence
anyway.



Control samples

» Negative control 1. Run molecular biology grade water
throughout the pipeline. Pool it with the other samples even
if you do not see amplification.

> Negative control 2. This is the negative control from your
first PCR. If you see a band, discard the entire batch of
samples and start again. If no band is observed, sequence
anyway.

» Mock community. Pre-built or custom.



Library preparation



Multiplexing

Dual indexed paired-end library

[
Inde2 Readl Read2
seq seq

Complete sequencing template Index1
Peiica Ellonen FIMM 2013




Multiplexing

[ Index Read 2 )

(o Sequencing Primer 1 Read 1 | @ Sequencing Primer Index Read 1
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same cluster after turn-around
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Flow cell

Flow cell
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Paired End



Multiplexing

Predispense
Setup

I— Plate with 700
'

VRN Series Primers
RN RRRERARA correctly dispensed
Lo

Complete
PCR Primer Plate

Dispense 700 Series Primer
(Notip change required)

Dispense 500 Series Primer
@ Tip change IS REQUIRED

00000000
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Index hopping

Library Preparation = Library 1 Index

—LibI 2 Indé
o o i
7 1 7 5 w== Library 1 DNA Fragments
v e Library 2 DNA Fragments

—— Library 1 Sequencing Reads
Pool —— Library 2 Sequencing Reads
—
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Equimolar pooling

Goal: guarantee that all samples are sequenced at the same depth
1. Qubit
2. Calculate nM

3. Pool according to sample concentration



Final quality control

» Bioanalyzer / Tapestation
» gPCR
» Qubit

[FU]
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T T T
35 150 300

TTTT T TT
500 1000 10380{bp]

Overall Results for sample 3 : dil3

Number of peaks found: 23

Noise: 12

Corr. Area 1: 2,193.1

Region table for sample 3 : dil3

From To Corr. % of Average Size Conc. Molarit Co

[bp] [bp] Area Total Size distribution [pg/pl y lo
[bp]l  inCV[%] ] [pmol/I r

200 1,000 2,193.194 477

128 1,496614,8232



[llumina sequencing technology



lllumina sequencing platforms
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lllumina sequencing technology
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DNA fragments Primers

DNA strands are attached
to cell surface at one end

Ends are attached to surface
by complimentary primers

Enzymes create double strands

Denaturation forms two
separate DNA fragments

Repetition forms clusters
of identical strands




lllumina sequencing technology

€ SOLEXA technology
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lllumina sequencing technology




lllumina sequencing technology




lllumina sequencing technology

unbiased sample

W P

$

low complexity sample

o8P0
‘A |G fag |58 ||y

cycle i1 E 3 4

<
<«

@E*
.
:
e A
i \ H
LN
M
[«]
-
N o
- \
’l 1
| /
‘~__/-
~D

v

cluster calling




Technical considerations
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Sequencing run



Run Folder: Q:\170214_K00150_0166_AHHJJHBBXX ‘w

Analysis | Imaging | Summary | Indexing
Status
Extracted: 166 Called: 166 Scored: 166

Flow Cell Chart Data By Cycle (> ascore Distribution )
"
Intensity  ay Sutocos. B HHJJHBBXX Al Lanes
S AN W >0
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€ - C | [ www.hpc.oicr.on.ca/archive/h801/130328_SN801_0102_BDIWODACXX/Data/Status._Files/Summary.htm

%3] Fotal: 208 [Extracied

cored: 209 [Copied: 209] 130328_SN801_0102_BD1WODACXX

[ Runinfo |[Tile status | charts || summary | Plots: [Cluster Density |[Data By Cyci
Read #1
Lane Tiles  Clu.Dens. (fimm?) % PF Clusters | Clusters PF (fimm?) | % Phas./Proph. ;CYSI%% . Aligned % Error Rate *fs";d":" "755";::" “’fn"‘;;g:" 15t Cycle Int *;'d".":,"
196 6S1K+.T32K 9244224 6012K+-60.57K  0.135/0220 100 0,634/ 0.043 0,10 +1- 0,018 2154 +1-171.1 2088 +1- 1301
2 96 [S96K+L702K 02141172 |S4B5K+-5051K 043610217 100 .75 4+1-0.0260.21 +1- 0.043 |0.10 +/- 0.030 |0.16 +/- 0.043 |0.21 +1- 0.043 3322 +1- 469.7| 140.5 +1- 21.52
396 BITK+LBOSK  88.641-348 7T208K+-6212K  0431/0214 100 0.414/-0.020 0.25 +1- 0.040 0.1 +/- 0.044 019 +/- 0.037 0.25 +/- 0.040 5464 +1- 344.6 78.9 +/- 1.42
4 96 SEOK+-7BIK 4241174 5265K+-61.52K  0427/0219 100 0.78.4+/-0.046 0.21 +/- 0.048 011 +/- 0.070 021 3500 79.5 +/- 1.45
5 96 4SK+-682K (9564127 A33K+-6151K 0.137/0228 100 1.00 +1- 0.054|0.19 +/-0.034 0.0 +/- 0.026  0.14 +/- 0.023 |0.19 +/- 0.034 | 5867 +/- 342.8 7.0 +/-1.38
6 96 492K+L724K 95341152 4GB.AK+-6424K 043810225 100 0.97 4+1-0.050 0.20 +1- 0.045 | 0.10 +/- 0.028 |0.15 +1- 0.027 | 0.20 41 1.7 79.1 41-1.22
7 96 TSAK+L928K 90241311  6784K+-G0.A7K  0442/0215 100 0.47 +1-0.032 0.24 +1- 0.072 0.1 +/- 04 .07 0.24 +1- 0. 3506 76.4 +1-1.43
8 96 65TK+-BGOK  92.341-244  605.2K+-69.96K  0.45/0219 100 0.60 +/-0.027 0.22 +1- 0.048 0. 0.17+1-0.038 3003 77.241-1.29
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Primary data analysis

» Primary analysis

>

| 4
>
>
>
>

From image to base calling

Cluster detection (4th cycle)

Cluster intensity correction

Base calling

Clusters are filtered (CPF, 25th cycle)
Q scores are assigned to each base

Sequencing
Machine
(llumina HiSeq, ...)

Image Analysis Base Caller
(Firecrest, ...) (Bustard, BayesCall, ...)

I File

Image Flle
(.4if)




Primary data analysis

» Primary analysis
» From image to base calling
» Cluster detection (4th cycle)
» Cluster intensity correction
» Base calling
» Clusters are filtered (CPF, 25th cycle)
» Q scores are assigned to each base

> CASAVA

» Demultiplex
» Create fastq files



Secondary data processing



Workflow
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De-multiplexing

Reads pre-processing
Dereplication
Clustering of variants
Filtering of artefacts
Alignment to references
Taxonomy annotation

Downstream analysis



First choice!

» OTUs (Operational Taxonomic Unit)
» AVSs (Amplicon Sequence Variant)



Remember: bias is everywhere!

A) Bulk sample@I B) Amplicons W C) Sequences E' D) OTUs
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Which is our goal?

Metadata
1 sampleid Treatment Years OTU table
2 AM-165-1 maize-mono 1999
3 AM-165-2 maize-mono 1999
4 AM-165-3 maize-mono 1999
5 AM-165-4 push-pull 1999
6  AM-165-5 push-pull 1999

Phylogenetic tree

Taxonomy

ASV148428
ASV212114 100).

ASV9620  Bacteria(100);Proteobacteria(100):Alphaproteobacteri
ASV147186  Bacteria
ASV89359  Bacteria(]

L SR SE 57N
©oo000%
© 000"
0 000"

ASV1061  Bacteria(;
ASV328581
ASV86104




What do we have?

Raw data

Metadata

sampleid  Treatment
AM-16S-1 maize-mono
AM-165-2 maize-mono
AM-165-3 maize-mono
AM-165-4  push-pull
AM-165-5 push-pull

Years
1999
1999
1999
1999
1999




* fastq files

Identifier ——® @SRR566546.970 HWUSI-EAS1673_11067 _FC7070M:4:1:2299:1109 length=50
Sequence ——® TTGCCTGCCTATCATTTTAGTGCCTGTGAGGTGGAGATGTGAGGATCAGT
' sign —-@ +
Quality scores ——® hhhhhhhhhhghhghhhhhfhhhhhfffffe‘ee[‘X]bld[ed  [Y["Y
Identifier ——® @SRR566546.971 HWUSI-EAS1673_11067 _FC7070M:4:1:2374:1108 length=50
Sequence ——@® GATTTGTATGAAAGTATACAACTAAAACTGCAGGTGGATCAGAGTAAGTC
+' sign —-@ +
Quality scores ——@ hhhhgfhhcghghggfcffdhfehhhhcehdchhdhahehffffde ‘bVd
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Demultiplexing

A B
Library Preparation Pool
o
t indexs 1 ~7 —
(CATTCG) T
o I
t Index 2 t / /
(AACTGA)

——— Library 1 Barcode
—— Library 2 Barcode

~— Sequencing Reads
- DNA Fragments
— Reference Genome

C

Sequence

—

==
~/

!

Sequence Output
to Data File

CATTCGACGGATCG
AACTGAGTCCGATA
AACTGATCGGATCC
CATTCGTGGCAGTC
AACTGAACCTGATG
AACTGAGATTACAA
CATTCGCAGTTCATT
CATTCGAACTTCGA

D

Demultiplex

(]
CATTCGACGGATCG
CATTCGTGGCAGTC
CATTCGCAGTTCATT
CATTCGAACTTCGA

(2]
AACTGAGTCCGATA
AACTGATCGGATCC
AACTGAACCTGATG
AACTGAGATTACAA

DA



Merge PE reads

Forward read
oo | a3 | 06 (a2 |4 oo [ R
G(A|T|T|A|C|A
Hliumina sequencing construct T|IT|A AlA
Adapter | Fwd primer Biological sequence (165, ITS etc) [ Revprimer | Acapter h a0 | a0 aBMmz a0
Forwardresd R) — |

Reverse read
Merged read !

G(A|T|[T|A[C|A|A

Q20 | Q35 | Q19 ( Q40 [ Q36 | Q26 | Q40

\ / / |
/ / / |
No overlap Match . 4 " No overlap
same Q higher Q it same Q
lowerQ
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Remove suspicious reads

>GQY1XTO01A6MUA

AATGGTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTCATACAGTTTCCAATG

>GQY1XTOO01BTRWS
AATGGTACCCGTCAATTCCTTTGATCTTGCGGGCCGTTTACGGCGTGGACTACCAGTCGCACTCGAGCTGCACAGTTTCCAAAGCAGTTCCGGGGTTGGG
>GQY1XTO001AK4J0
|TCTAGCCGCACAGT TTCAAAAGCACTCCCAGGGTT I

>GQY1XTO01BBPBR

AATGGTACCCGTCAATTCATTTGACGTTGCCCCCCGTTTACTGTGCGGACTACCAGTCGCACTCAAGGCCCCCAGTTTCAACGG

>GQY1XT001BDDEY

AATGGTACCCGTCAATTCCTTTAATCTTGCGGGTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTTACACAGTTTCCAGAG

>GQY1XTOO01CIUF3
AATGGTACCCGTCAATTCCTTTGATCTTGCGGGCCTTTACGGCGTGGACTACCAGGCGCCCTCCAGCCCGGCAGTTTCCAGTGCAGTCCCGGGGTT
>GQY1XT001BKRPS
mux 'CTCTCCCCCTTTCCCCCCCCCCCCCTTTCCCCCCCCCCCCCTTTCCCCCCCCCC |
>GQY1XT001B44ZE
AATGGTACCCGTCAATTCATTTAACCTTGCGGGGTTTTACCGCGTGGACTACCAGGCGCCCTCAAGAAGAACAGTTTTGAACGCAGCTATGGGTT
>GQY1XT001CIW3P

AATGGTACCCGTCAATTCATTTGACGTTGCCTCTCGTTTACTGCGTGGACTACCAGTCGCACTCAAGGCCCCCA

>GQY1XT001A731D

AATGGTACCCGTCAATTCATTTAACGTTGCCCCCGTTACTGCGTGGACTACCAGGGGCAATCAAGACTGCCA
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Trimming same length

>GQY1XTO01A6MUA
AATGGTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTCATR ACTTTCCAAT
>GQY1XTOO01BTRWS
AATGGTACCCGTCAATTCCTTTGATCTTGCGGGCCGTTTACGGCGTGGACTACCAGTCGCACTCGAGCTGCR ACTTTCCAAA
TC T
>GQY1XT001BBPBR
AATGGTACCCGTCAATTCATTTGACGTTGCCCCCCGTTTACTGTGCGGACTACCAGTCGCACTCAAGGCCCH
>GQY1XTO01BDDES

'CCGTCAATTCCTTTAATCTTGCGGGTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTTACH
>GQY1XT001CIUF3
AATGGTACCCGTCAATTCCTTTGATCTTGCGGGCCTTTACGGCGTGGACTACCAGGCGCCCTCCAGCCCGGY
> RPS

AATGGTACCCGTCAATTCATTTAATCTCTCCCCCTTTCCCCCCCCCCCCCTTTCCCCCCccccceeTTrecdececcee

>GQY1XT001B44ZE

AATGGTACCCGTCAATTCATTTAACCTTGCGGGGTTTTACCGCGTGGACTACCAGGCGCCCTCAAGAAGARQC CAG! 5GGTT
>GQY1XT001CIW3P

AATGGTACCCGTCAATTCATTTGACGTTGCCTCTCGTTTACTGCGTGGACTACCAGTCGCACTCAAGGCCCE A

>GQY1XT001A731D

'CCGTCAATTCATTTAACGTTGCCCCCGTTACTGCGTGGACTACCAGGGGCAATCARGACTGCC,

u}
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i
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Dereplication

>GQY1XTO01A6MUA
AATGGTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTCATA
>GQY1XTO01BTRWS
AATGGTACCCGTCAATTCCTTTGATCTTGCGGGCCGTTTACGGCGTGGACTACCAGTCGCACTCGAGCTGCA
>GQY1XTO01BBPBR
AATGGTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTCATA
>GQY1XTO001BDDEY
AATGGTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTCATA
>GQY1XTO001CIUF3
AATGGTACCCGTCAATTCCTTTGATCTTGCGGGCCGTTTACGGCGTGGACTACCAGTCGCACTCGAGCTGCA
>GQY1XTO001B44ZE
AATGGTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTCATA
>GQY1XTO01CIW3P
AATGGTACCCGTCAATTCCTTTGATCTTGCGGGCCGTTTACGGCGTGGACTACCAGTCGCACTCGAGCTGCA
>GQY1XT001A731D
AATGGTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTCATA

u}
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I
i
i
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Dereplication

>GQY1XTOO1A6MUA DEPTH = 5

AATGGTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGTCATA
>GQY1XTO01BTRWS DEPTH = 3

AATGGTACCCGTCAATTCCTTTGATCTTGCGGGCCGTTTACGGCGTGGACTACCAGTCGCACTCGAGCTGCA

AATGGTACCCGTCAATTCA
>GQY1XTO01CIUF3
AATGGTACCCGTCAATTCCTTTGATCTTGCG
>GQY1XTO001B44ZE

GTACCCGTCAATTCATTTGATCTTGCGGTTCGTTTACGGCGTGGACTACCAGTCGCACTCCAGT!



Cluster variants

>*516-0000006
TACGTTTATCGCGTT-AGCTTCGCCAAGCACAGCATCCTGCGCTTAGCCAACGTACATCGTTTAGGGTGTGGACTAA
>#516-0000046
TACGTTTATCGCGTTTAGCTTCGCCAAGCACAGCATCCTGCGCTTAGCCAACGTACATCGTTTAGGGTGTGGACTAA
>#516-0000241
TACGTTTATCGCGTT-AGCTTCGCCAAGCACAGCATCCTGCGCTTAGCCAACGTACATCGT-TAGGGTGTGGACTAA
>#516-0000375
TACGTTTATCGCATT-AGCTTCGCCAAGCACAGCATCCTGCGCTTAGCCAACGTACATCGTTTAGG-TGTGGACTAA
>*516-0000001
GGCACTTAAAGCGTTAGCTACGGCGCAGAAACCACGGGTGG~CCCCCACACCTAGTGCCCAACGTTTACAGCGTGGT
>#816-0000209
GGCACTTARAGCGTTAGCTACGGCGCAGAAACCACGGGTGGTCCCCCACACCTAGTGCCCAACGTTTACAGCGTGGG
>#516-0000667
GGCACTTAARAGCGTTAGCTACGGCGCAGAAACCACGGGTGG-CCCCCACACCTAGTGC-CAACGTTTACAGCGTGGT
>*516-0000004
TCGACTTAACGCGTTAGCTCCGGAAGCCACGCCTCAAGG-GCACAACCTCCAAGTCGACATCGTTTACGGCGTGGAT
>#516-0000625
TCGACTTAACGCGTTAGCTCCGGAAGCCACGCCTCAAGG-GCACAACCTCCAAGTCGACATCGT-TACGGCGTGGAT
>#516-0000673
TCGACTTAACGCGTTAGCTCCGGAAGCCACGCCTCAAGGGGCACAACCTCCAAGTCGACATCGTTTACGGCGTGGAT

u}
o)
I
i
it



Cluster variants

>*$16-0000006 DEPTH + 3
TACGTTTATCGCGTT-AGCTTCGCCAAGCACAGCATCCTGCGCTTAGCCAACGTACATCGTTTAGGGTGTGGACTAA
>*$16-0000001 DEPTH + 2
GGCACTTAAAGCGTTAGCTACGGCGCAGAAACCACGGGTGG-CCCCCACACC! 'CCAACGTTTACAGCGTGGT
>*S16-0000004 DEPTH + 2
TCGACTTAACGCGTTAGCTCCGGAAGCCACGCCTCAAGG-GCACAACCTCCAAGTCGACATCGTTTACGGCGTGGAT

16-0000046

TACGTTTATCGCGTT-
>#516-0000375
TACGTTTATCGCATT-AGCTTCGCCAAI
>#s16-0000209
GGCACTTAAAGCGTTAGCTACGGCGCAGAAACCA
>#516-0000667
GGCACTTAAAGCGTTAGCTACG!
>#516-0000625

TCGCCAAGCACAGCATCCTGCGCTTAGCCAACGTAC. -TAGGGTGTGGACTAA

GCATCCTGCGCTT., CGTACATCGTTTAGG-TGTGGACTAA
CCCCACACCTAGTGCCCAACGTTTACAGCGTGGG
GAAACCACGGGTGG-CCCCCACA! GTGC-CAACGTTTACAGCGTGGT

GCTCCGGAAGCCACGCCTCAAGG-GCACAACCTCCAAGTCGACAT <JTACGGCGTGGAT




Filtering artefacts

» PCR errors
» Most Taq polymerases introduce point mutations (error) at a
rate of 1 every 1000 bases
» Solution: use Hi-Fi polymerases with lower error rates ($$$)



Filtering artefacts

> PCR errors
» Most Tag polymerases introduce point mutations (error) at a

rate of 1 every 1000 bases
» Solution: use Hi-Fi polymerases with lower error rates ($$9)

» Chimeras
» Chimeras are sequences formed by two or more biological
sequences joined together
» Solution: reduce number of PCR cycles and increase
annealing temperature

l Biological sequence X l

‘ Biological sequence Y ‘

Chimera formed from X and Y



Filtering artefacts

>*16S-0000011 | depth=44 | freg=2.42
TTCAGTCGCTCCCCTAGCTTTCGCACTTCAGCGTCAGTTGCCGTCCAGTGAACTATCTTCATCATCGGCATT
CCTGCACATATCTACGMT’I‘TCHECTC’I‘ACTCGTGCAGTTCCGTCCACCTCTCCAGCACTCTAGCCAAACAG
>*16S-0000076 | depth=33 | freq=1.82
TTCAATGTTTGCTCCCCACGCTYTCGAGCCTCAGCGTCAGTTACAAGCCAGAGAGCCGCTTTCGCCACCGGT
GTTCCTCCATATATCTACGCATYTCACCGCTACACATGGAATTCCACTCTCCCCTCTTGCACTCAAGTTAAA
>*165-0000052 | depth=32 | freq=1.76
TTCACGATACCCGCACCTTCGAGCTTAAGCGTCAGTGGCGCTCCCGTEAGCTGCCTTCGCAATCGGAGTTCT
TCGTCATATCTAAGCATTTCACEGCTACACGACGAATTCCGCCAACGITGTGCGTACTCAAGGARACCAGTA
>*165-0000141 | depth=15 | freq=0.83
TTCAACGTTCGCTCCCCTGGCTPTCGCGCCTCAGCGTCAGTTTTCGTCEAGARAGTCGCCTTCGCCACTGGT

00098 d_ptn—lu T Ireq=0.55
TTTAGTCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTAACGGCCCAGAGACCCGCCTTCGCCACC

GGTGTTCTTCCTGATATCTGCGCATTCCACCGCTACACCAGGAGTTCCAGCCTCCC]
T depth=2 | freq=0.11

GCATCAGCGTCAGTTGCGCTACAGTAAGCTG!
‘GGCGCACTCAAGCCCCCCAGTT

Contaminations

[TTCACGATACCC.
[TCGTGATATCTAAGCATTTCACCG
>#165-0000021 | depth=1 | fre
[TTCAACGTTCGCTCCCC ‘GCCTCAGCGTCAGTTTTCGT!

CGCCTTCGCCACTGGT




Phylogenetic tree!




OTU table!

Vara

§ © 00

§ 0 0 0




Align to reference

>*¥165-0000002 | depth=42 | freq=2.31
T’I’CMCCTTGCGGTCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCGGCACTAAACCCCGGAAAGGGTCTMCACCTAGCACTCATCGTT
TACGGCGTGGACTA TAATCCTGTTTGCT CACGCTTTCGAGCCTCAGCGTCAGTTACAAGCCI ,CCGCTTTCGCCACCG
GTGTTCCTCCATATATCTACGCATTT \.ACCGCTACACATGGAATTCCACTCTCCCCTCTTGCACTCAAGTTAAACAGTTTCCAAAGCGTACTATG
GTTAAGCCACAGCCTTTAACTTCAGACTTATCT

>*165-0000019 | depth=12 | freq=0.66
TTCAGCCTTGCGGCCGTACTCCCCAGGCGGATTACTTATCGCATTCGCTTCGGCACAGACAGTCTTCCTGCCCACACCCAGTAATCATCGTTTAC
GGCCGGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCCGGCTTTCGCACTTCAGCGTCAGTTACCGTCCAGTGAACTATCTTCATCATCGGCA
TTCCTGCACATATCTACGAATTTCACCTCTACTCGTGCAGTTCCGTCCACCTCTCCGGTACTCCAGCCTATCAGTTTCAAAGGCAGGCCTGCGGT
TGAGCCGCAGETTTTCACCCCTGACTTGARAGG

VS.

green
/Vﬂ\\\v

16S rRNA gene database and
workbench compatible with ARB
greengenes.|bl.gov




Assign taxonomy

S

Y053482.1 tax=k:Bacteria,p:Firmicutes,c:Bacilli,o:Lactobacillales f:S

g:Streptococcus,s:pseudopneumoniae

Sequence ID: [cl|Query_210570 Length: 1429 Number of Matches: 1
Range 1: 565 to 882 Graphic

treptococcaceae.
S
Score Expect Identities
588 bits(318) 7e-172 318/318(100%)

Gaps

Strand
0/318(0%)

Plus/Minus




Taxonomy!

ASV148428
ASV212114
ASV9620
ASV147186
ASV89359
ASV1061
ASV328581
ASVB6104

Bacteria;

Bacteria(100).Cy

1a(100):C)

Bacteria;
Bacteria|
Bacteria(;
Bacteria;




Data analysis



What we will use?

Amplicon Sequencing. Exactly.




What do we need to start?

phyloseq-class experiment-level object
otu_table() OTU Table: [ 43879 taxa and 289 samples ]

sample_data() Sample Data: [ 289 samples by 9 sample variables ]
tax_table() Taxonomy Table: [ 43879 taxa by 7 taxonomic ranks ]
phy_tree() Phylogenetic Tree: [ 43879 tips and 43878 internal nodes ]




otu_table()

165.S0I.41 165.S0I.48 165.S0I.18 165.S0I.46 165.S0I.59 165.S0I.34 165.R00.57 165S.R00.43 165.R00.58
denovo7709 1 1 ] 0 ] ] ] 0 L]

denovo7708 ] ] 1 1 1 ] o 0 o
denovo22216 ] ] ] 0 ] 1 [ 0 L]




sample_data()

1
2
3
4
5
6
7
8
9

A

SamplelD
16S.APH.1
16S.APH.2
16S.APH.3
16S.APH.4
16S.APH.5
16S.APH.6
16S.APH.7
16S.APH.8
16S.APH.9
16S.APH.10
16S.APH.11
16S.APH.12
16S.APH.13
16S.APH.14
16S.APH.15
16S.APH.16
16S.APH.17
16S APH 1R

B C

Community Category

Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Bacterial Experimenta Aphid
Rarterial Fxnerimenta Anhid

D

TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TBR
TRR

E

Sample_type Genotype

F G
Soil Aphid
WHS Present
WHS Present
WHS Present
WHS Present
|WHS _lPresent
WHS Present
WHS Present
WHS Present
WHS Present
WHS Present
MICROB Present
MICROB Present
MICROB Present
MICROB Present
MICROB Present
MICROB Present
MICROB Present
MICROR Present

H

H_defensa
Absent
Absent
Absent
Absent
Absent
Present
Present
Present
Present
Present
Absent
Absent
Absent
Absent
Absent
Present
Present
Present



tax_table()

Rank1l Rank2
"D_0__Bacteria" "D_1__Proteobacteria”
"D_0__Bacteria" "D_1__Proteobacteria”

"D_0__Bacteria" "D_1__Bacteroidetes"
"D_0__Bacteria" "D_1__Bacteroidetes"
"D_0__Bacteria" "D_1__Chloroflexi"




phy—tree()




Terminology

» Quantitative versus qualitative metrics
» qualitative metrics only account for whether an organism is
present or absent
» quantitative metrics account for abundance



Terminology

» Quantitative versus qualitative metrics
» qualitative metrics only account for whether an organism is
present or absent
» quantitative metrics account for abundance

» Phylogenetic versus non-phylogenetic metrics
» non-phylogenetic metrics treat all OTUs as being equally
related

» phylogenetic metrics incorporate evolutionary relationships
between the OTUs



Exploratory plots
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Exploratory plots
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Who is in there?

b




Who is in there?

B) X. saxesenii
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Who is in there?

body_product ¢ UBERON:feces UBERON:mucus * UBERON:sebum
Bacteroidaceae Lachnospiraceae Lactobacillaceae Other
1.0071 ve
0.75+ . .
0.50 . %
il P T i
0.00+ &8 &= - o
Porphyromonadaceae Prevotellaceae Propionibacteriaceae Ruminococcaceae
» 1.001
o s
£ 0.754 -
oob
T 0.501 “ "
S 0
5 0.257 & °% i .
0.00- ‘ a F | - - “ : ‘.‘ .
Staphylococcaceae Streptococcaceae Veillonellaceae
1.00
0.751 &
0.501 P
0.251 .
o
0.00-Lem 4 R I WS

scientifi

c_name




Does community structure vary between treatments?

» Multivariate statistics
» Dissimilarity matrices

. 0
(Bray-Curtis, Jaccard, 415 0
f 11.02 15.01 0
(W)unl rac) 716 303 1802 0

43772 4749 3280 5041 0

54,37 5823 43.36 6119 1112 0

46.3¢ 50.20 3534 5316 378 803 O
5542 59.27 4442 6223 12.05 112 9.08



Does community structure vary between treatments?

» Multivariate statistics
» Dissimilarity matrices
(Bray-Curtis, Jaccard,
(w)unifrac)
» Ordination plots (PCA,
PCoa, NMDS, ...)

NMDS2

0.01

-0.14

-0.24

-0.34

[ ] o ©
[ ]
.:';..\ ®o0

&?.‘

@
° '~‘

0.25

0.0
NMDS1

025

05




Does community structure vary between treatments?

» Multivariate statistics

» Dissimilarity matrices
(Bray-Curtis, Jaccard,
(w)unifrac)

» Ordination plots (PCA,
PCoa, NMDS, ...)

» Statistical tests
(PERMANOVA,
ANOSIM, ...)

##

## Call:

## adonis(formula = erie_bray ~ Station, data = sampledf)
##

## Permutation: free

## Number of permutations: 999

##

## Terms added sequentially (first to last)

##

## Df SumsOfSqs MeanSqs F.Model R2 Pr(>F)

## Station 2 0.6754 0.33772 2.7916 0.09531 0.003 **
## Residuals 53  6.4118 0.12098 0.90469

## Total 55 7.0872 1.00000

## -

## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '



Does the community diversity vary between treatments?

» Richness refers to how many different types of organisms are
present in a sample

‘Community 1
A:25% B:25% C:25% D:25%

Community 2
A:80% B:5% C:5% D:10%
"




Does the community diversity vary between treatments?

» Richness refers to how many different types of organisms are
present in a sample

» Evenness tells us how even or uneven the distribution of
species abundances are in a given environment

Community 1 Community 2
A:25% B:25% C:25% D:25% A: 80% B:‘5% C:5% D:10%




Does the community diversity vary between treatments?

» Richness refers to how many different types of organisms are
present in a sample

» Evenness tells us how even or uneven the distribution of
species abundances are in a given environment

» Diversity is a measurement of species richness combined with
evenness

) '
%5 ok

Community 1
A:25% B:25% C:25% D:25%

Community 2
A:80% B:5% C:5% D:10%
"




Lots of metrics!

» Observed OTUs: we simply count the OTUs that are
observed in a given sample

» Shannon indexassumes all species are represented in a
sample and that they are randomly sampled

» Simpson index is a dominance index because it gives more
weight to common or dominant species.

» Chaol index gives more weight to the low abundance species,
only the singletons and doubletons are used to estimate the
number of missing species

> PD is computed simply as the sum of the branch length in a
phylogenetic tree that is " covered” or represented in a given
sample.



Does the community diversity vary between treatments?

A B [ Old-growth forest 1001 C o
8000 I Restored forest
e
100
2 0.75
6000 g )
2 75 a3 s
- e g
g B £ 050
£ 4000 @ =
° g« o |
3 r & &
r"s"| >
i 0.25:
2000 2

X. germanus X. saxesenii X. germanus X. saxesenii X. germanus  X. saxesenii



Who differs between treatments?

baseMean log2FoldChange  IfcSE stat pvalue  padj taxon
300+
Clostridium
2920535 191205 013432 1423457 0.00000 000000 oo

difficile et rel.
o
= Mitsuokella
& 5165152 304116 028687 10.60107 0.00000 ~0.00000

multiacida et rel.
>
g =1 Kiebisiella
g 12.39749 183825 0.18531 991994 000000 000000  pneumoniae et
o rel.
o
K Megasphaera
T 4416494 178333 023072  7.72937 0.00000  0.00000 ;
W 004 elsdenil et rel.

100
o
8 66.93783 168345 025330 664609 0.00000  0.00000 Es‘d'e"""a coliet
g rel.
3.63459 153142 023140 661792 0.00000 000000 Weissella et rel.
[ o 5.74035 307334 047848  6.42308 0.00000 000000 Serratia
0.42171 170079 047147 360743 000031 000075 Moraxellaceae

-10 0 10
logFC (males/females)

P

o)

u}
o)
I
i
[
kN
()



More tools



Metagenomics

Sample

magiSEQ™

Functional and taxonomic
assembly




Metagenomics

he Washington Post
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Let's take a step back: genomics

Resequencing

- *
Align reads to reference

genome and identify variants

Construct genome sequence

from overlaps between reads




Let's take a step back: genomics

No box

Frayed

pieces

Lots of
pieces
Dirty
pieces
Missing Multiple
pieces copies
R::;'::\;e No corners

(circular

genomes)



Metagenomics

Run

Unknown taxa

Raw Reads
Primary metagenome
Unknown taxa

Assembled into contigs

Binned metagenome
Known taxonomy

Binned into single taxon assemblies

) S i e e



Metagenomics
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Metagenomics
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Metatranscriptomics

DNA Library Construction

Genomic DNA

Fragmentation PCR

RNA Library Construction

Fragmented DNA Amplicons
Adapter Ligati o
apter Ligation, il
PCR Adapters

——— N — —
——— i — —

Sequencing Library

RNA
Adapter
RT-PCR Ligation
— -
- -
CDNA
A - -
Adapter Ligation,
—— RT-PCR
PCR Adapters

Sequencing Library




Transcriptomics
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Metatranscriptomics
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Questions?



