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505 Ribosome
(235455434 Proteins)

The 16S rRNA gene

aa.+ tRNA
arriving

Part of the ribosome

« Translation mRNA to proteins

* 16S rRNA is an integral part of the 30S subunit

* Very conserved mENA
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16S rRNA is the orange part
of this 30s ribosomal subunit
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Conserved and then again

The 16S rRNA gene
Coding for RNA — non-protein codin
Conserved regions
9 variable regions
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Carl Woese

» Defined Archaea using 16s rRNA
 Invented the concept of a pre-Darwinian threshold

EUKARYOTES
EU BﬂCTE R I ﬁ. animals clliotes fungi

grean
purple nﬂuﬁrﬂ" nen-sulfur
bocteria oo jarg bosterio

plants

flageliotes
cyonobacheria

flavobacteria

microsporidia

Tharmologe

Progenote

sxtramg o ——
holophiles Methanogens exireme thermaophiies

ARCHAEBACTERIA

Horizontal Gene Transfer (HG
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16S rRNA gene amplicon sequencing

* Norman R. Pace in 1985
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 Highly sensitive!
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16S rRNA amplicon sequencing and NGS

« Short read-length
* We cannot amplify whole 16S rRNA
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The History of DNA Sequencing Technology
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Capillary sequencing

Gel-based systems

Automated
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Primers matter!

Nothing is 100% conserved

. . . . 2
» Primer design will affect observations i
« Stick to community standard? ST 1
mF
OR 39 F
- 5 ] .
« Utilize latest technology? 8% o Domain Bacteria -
S E ‘oY |
£
8= " Phylum
w & _~Verrucomicrobia
e 2
€5
s
58
25 -3 Domain Archaea
4

Detection rate of each bacterial group
(prokaryotic universal primer) Log10 (%)
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Laboratory protocol

16S rRNA gene amplicons

PCR amplify template out of genomic DNA using
region of interest-specific primers with overhang adapters

Forward primer overhang adapter:
5 -TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3'
Region of interest-specific primer

Region of interest-specific primer

\ Reverse primer overhang adapter:

5 -GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-3'

@ . P

Attach indices and lllumina sequencing adapters
using the Nextera® XT Index Kit
Ps \

Index 2

%, Index 1
\ P7

Normalize and pool libraries

Sequence

DTU Sundhedsteknologi

is shake & bake

Whole metagenome sequencing

GENOMIC DNA

HEN
W
>z

dapters with
luster Sequence

o

40 Minutes
T rryrred
ENEENEEEEEEEEEEEEEEEER
ADAPTER LIGATION

30 Minutes
ENEEEEEEEEEEEEEEEEE NN (Optional Stop Point)
ENEEEEEEEEENENEEEEEEEEE

OPTIONAL SIZE SELECTION

30 Minutes
ENEEEEEEEEEEENEEEEEEEEN (Optional Stop Point)
SEEEEEEEEEEEEEEEEEEEEEN

PCR

30 Minutes

HER (Optional Stop Point)

BEAD CLEANUP

BRIDGE AMPLIFICATION
(CLUSTER GENERATION)

COMPLEXITY REDUCTION
(SEQUENCE CAPTURE)
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Several different analysis pipelines

* Qiime 2 is easy to use, state-of-the-art and has a large community
« UPARSE is also very popular
» Mothur use to be popular but lacks denoising (we will get back to that)
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https://qiime2.org/
https://drive5.com/uparse/
https://mothur.org/wiki/Main_Page
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Basic data analysis

e 2x300bp
e End overlap
e ~440 bp fragment

e Analyse the ASCII encoded Phred score
e Discard low quality reads
e Chimera removal

e Clustering based on sequence similarity
e General threshold is 97% similar

e Count number of sequnces belonging to a cluster

30. september 2020 DTU Sundhedsteknologi Metagenomics and 16S
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Merging pairs

» This way we utilize all information

e 2x300bp
e End overlap
e ~440 bp fragment

Forward read: 300 bp
EEEEE -> ~440 bp fragment

Reverse read: 300 bp

Forward read

Q20 (G35 | Q6 | Q22 | Q4 | Q40 | Q33

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

T T|A A A
@0 | Q20 |Q: | a2 |ai2 |

Reverse read
Merged read '

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

(20 | Q35 | Q19 | Q40 | Q36 | Q26 | Q40 | Q40

v

h

No overlap
same Q

No overlap Match

e higher & Mismatch

lowerQ

Metagenomics and 16S
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Chimeric sequences

i

| Biological sequence X |

| Biological sequence ¥ |

Chimera formed from X and ¥

de novo: Chimera free database

- Uses current data
to identify chimeras

30. september 2020 DTU Sundhedsteknologi
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Even low error levels leads to problems

Expected error rate:

« Q=2 -> 63% error probability (Q = -10*log(p))
« Q=20 -> 1% error probability

« Sum of errors across read = error probability

Very simple example:
100bp read where all bp Q=20

0.01+0.01...+0.01=1

30. september 2020 DTU Sundhedsteknologi
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Clustering

¢ Clustering based on sequence similarity
e General threshold is 97% similar

Sequence similarity

ARAGGARAARACTCCGCCACCTTGAAGACGGCTGCCGCCAAAACGGCCTCGCCATGACCGTCCAGCGCCGCGTCGTCCTGGACGCCCTTGCGG
AGRATCARAAGCTTCAGGCCCTCGAAGCGGGGTGCCGCARAAMACGGGTTCGCCATGACCGTCCAGCGTCGGGTCATCATGGAGGCACTGGCGG

% * % % * % * * & * * & &k *hk kEkkkkk Ll i E e i i R e R A * %k * & * &k & & * * *hk khk Ak

Member is = 97%

identicalto OTU -+~

</ 0OTUsequences
SOUSTICE g --=="" > arecluster centroids
/ OTUs are =3% different
\ ®e 09

- 3% radius

OTU assignment
ambiguous, can

match>1 OTU
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OTU: Operational Taxonomic Unit

Memberis = 97%

identicalto OTU ~*~

OTU assignment
ambiguous, can

match=>1 OTU

DTU Sundhedsteknologi

OTU seguences

™y arecluster centroids

OTUs are >3% different

S o e e
3% radius

OTU: Operational Taxonomic Unit

Approach a cluster of species
including subspecies

Take into account

Might contain multiple species, with
> 97% similarity on 16S rRNA gene
level

Species split due to subspecies with
< 97% similarity

Artifacts created by read errors and
chimeras

Metagenomics and 16S
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Denoising

|ldentify more real variants with high resolution
CPU intensive

DADAZ2 and Deblur

Produces ASVs or amplicon sequence variants

sample amplicon reads _ OTUs
sequences y .
e °® [} \]
.. .‘.... |\ l,, = -~ "
° : S _ 7 | \
o o...o = \ l
€ e \ /
N _ 4
Errors -
—- Make OTUs
DADA2 |

Callahan, et al. Nature Methods, 2016.
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OTU table
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oTUId  5382d  5370d  5391d  5372b  537@b  5385d >0TU_1

gIH:?SG 25 e oo i 28 o CCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGC
pll e 2 18 is 99 . GAAAGCCTGATGCAGCGACGCCGCGTGAGCGAAGAAGTA
TU 29 331 36 149 430 1 189

oTu 68 152 1 65 11 0 0 >0TU_2

oo so 24 @ o 2 L CCTACGGGAGGCAGCAGTGGgggATATTGCACAATGGggg
e 4 i ¢ e ¢ o AAACCCTGATGCAGCGACGCCGCGTGGAGGAAGAAGGTT
0TU_1153 21 2 15 52 6 45 >0TU 3

0TU_92 36 5 136 33 2 74 s

oTU84 202 175 131 253 118 03 CCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGggg
8$ﬂ:‘j§ = = b o L b AAACCCTGATGCAGCGACGCCGCGTGGAGGAAGAAGGTC
0TU_11 536 122 [} 27 210 84

0TU_12 1536 91 623 156 490 103 >0TU 4

0TU_18 347 351 106 221 1179 23 y

AAACCCTGATGCAGCGACGCCGCGTGAGCGAAGAAGTATT
AAAGCGTGGGGAGCAAACAGGATTAGATACCCTTGTAGTC

Taxonomic annotation
Quantative analyses
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Taxonomical Classification

« Adding biological information to our data

healthy
solid food
< he healthy
‘ 65 to B0 years
formula-fed
obese ‘
e l
“‘— e
breast-fed malnutrition
antibiotic >100 years
treatment '
Firmicutes
Bacteroidetes
B Actinobacteria
B Proteobacteria
' others
Unborn Baby Toddler Adult Elderly

DTU Sundhedsteknologi
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Taxonomical Databases

U The 16S rRNA Gene Database and Tools

S| lva%i?

high quality ribosomal RNA databases

ﬁ@
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Taxonomical Databases

* Greengenes had latest update in 2013
* RDP had latest update in 2016
» SILVA continously updated

HCEI RODP

o
4571 Eas 0

el

ME " pan S qg ) 120

Genus _ )
-_h 7 .94_5.._ a7

SILVA e Greengenes
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Taxonomical Resolution

» Are you looking at the right variable region?
« Larger databases compound the problem

37_& Bradyrhizobium ganzhouense
100 Bradyrhizobium cytisi

93 L-D Bradyrhizobium lupini

| — Epibacterium ulvae

a3 100 L —mm Shimia marina

100 23 Termisporobacter glycolicus
Lmm Terisporobacter mayombei

100 [ Vallitalea guaymasensis

. 100 @ Vallitalea pronyensis

100 @B Burkholderia fungorum
LmmBurkholderia phytofirmans

56 Alteromonas mediterranea
9 100 E Alteromonas gracilis
@ Alterornonas macleodii

100 —@[@ Pseudoalteromonas mariniglutinosa

——@@ Pseudoalteromonas arabiensis

100
60 _[:D Pseudoalteromonas lipolytica
g

3\ @E Pseudoalteromonas donghaensis
|—I Arcobacter cloacae

100Lm Arcobacter defluvii
T @ FulHength Ev3-va EV5-V6
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Taxonomical Assignment

» Closed-reference, de novo or both
» de novo comparison can be done by various methods
— Blast
— RDP classifier
— UCLUST
— g2-feature-classifier
* naive Bayes methods are fast and precise

30. september 2020 DTU Sundhedsteknologi

Metagenomics and 16S



Phylogeny

HE

>0TU_1
CCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGC
GAAAGCCTGATGCAGCGACGCCGCGTGAGCGAAGAAGTA I
>0TU_2
CCTACGGGAGGCAGCAGTGGgggATATTGCACAATGGggg —_—
AAACCCTGATGCAGCGACGCCGCGTGGAGGAAGAAGGTT —,
>0TU_3
CCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGggg y
AAACCCTGATGCAGCGACGCCGCGTGGAGGAAGAAGGTC

>0TU_4
AAACCCTGATGCAGCGACGCCGCGTGAGCGAAGAAGTATT I
AAAGCGTGGGGAGCAAACAGGATTAGATACCCTTGTAGTC
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Phylogeny

i

Making phylogenetic trees is a course in itself!

Multiple alignment:

« PyNAST
« Infernal (secondary structure)

« Muscle

\CAAAA
\CARAATC
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Phylogeny

i

Making phylogenetic trees is a course in itself!

Building a tree:

« Converting the multiple alignment into distances
« MUSCLE

« RAXML
* Fasttree

30. september 2020 DTU Sundhedsteknologi Metagenomics and 16S
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Summary

* 16S rRNA is great because it contains conserved areas perfect for primers and
hypervariable regions to distinguish bacteria

» 16s rRNA amplicon sequencing is great for looking at microbiome composition
* Primers matter!
* Denoising matters BUT does not change everything

30. september 2020 DTU Sundhedsteknologi Metagenomics and 16S
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