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* Why metabarcoding?

 What is metabarcoding?

* Metabarcoding pipeline

.  Sampling

Il. DNA Extraction

Ill. Target gene choices

IV. PCR amplification/Library Prep
V. Sequencing



Why Metabarcoding?

* Metabarcoding asks the question: who makes up a community?

* Metabarcoding allows us to characterize multiple species and
individuals of a community simultaneously.

* A culture-independent technique

sl \1@m
Sampling DNA Extraction

PCR amplification

Sequencing Bioinformatics and Statistics

Created with BioRender.com



Metabarcoding

Who are they? Which species occur in my sample?

DNA Extraction
PCR amplification

Sequencing

Created with BioRender.com

Taxa A

Taxa B

Taxa C

Taxa D

e e

Abundance of a sequence (relative to the PCR product)

Modified from A. Malacrino



Decisions, decisions!

Run Collect Sample
experiment samples preservation

Study design

If targeted, size of
amplicon
(sequencing
platform or qPCR)

Analysis method If sequencing:
(e.g. sequencing targeted (PCR) or
or gPCR) shotgun?

Extraction
method

Familiarize with
Have a plan for statistics and Quality control of Data pre- Visualize/analyze
data analysis bioinformatic data processing data
software

Publish (and
submit to data
repositories)

Goal: Minimize the sources of error and biasto obtainreproducible results, and maintain statistical power
Mod. from A. Testen
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Sampling — A brief description of our dataset

* Two Rotations —
Corn/Soy vs
Corn/Soy/Wheat
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Sampling and processing (prior to DNA
extraction)

| j > =
/ J ‘/l‘ y
Rhizosphere .
Soil (8 plants) Subsamples combined Homogenized samples
during sieving and f
homogenized were 1rozen

Samples were freeze
dried

Created with BioRender.com
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DNA extraction - efficiency depends on your sample origin and extraction
method

smithsonian.org

Rosell etal 2019



Evaluation of Established Methods

for DNA Extraction and Primer Pairs DNA eXt ra Ction kits

Targeting 16S rRNA Gene for
Bacterial Microbiota Profiling of

Olive Xylem Sap DNA extraction efficiency depends on your sample origin and extraction method
Carmen Haro", Manuel Anguita-Maeso', Madis Metsis?, Juan A. Navas-Cortés' and
Blanca B. Landa™ — __E 1| Characteristics of the DNA axiraction protocoks usad in the study.
IC Protocol Protocol Trademark DMA yield Absorbance Manufacturer's Amplification” Price to 50 Extraction
(gl 260/280 instructions 165 preps® (€) time (min)
procadurs
PowerPlart DMNeasy PowerPlant Pro Kit Cliagen Eati4 1.7 ‘as +++ 4.0 40
Power3oil DNeasy PowerLyzer Cliagen 27 +04 1.7 Yas +— 7.3
PowerSol kit
MoBioSail PowerScil® DMA lzolation Mo Bio E44+28 1.2 Yas + 52
Kit
PureLink PureLink™ Microbiome Invvitrogen BS+34 1.4 Yas + b4 50
DNA Purification Kit
Morgenbicrobiomey Microbiome DNA Izolation Morgan 16+£03 1.3 Yas +—- 4.0 65
kat
MorgenMicrobiome\2 Microbiomea DMNA Isolation Morgen 167 +156 20 Yas, using Binding 44— 4.0 65
kit Buifer B instead of
Binding Buffer |
CluickPick QuickPick ™™ SML Plant Bic-MNobilo 1661041 25 Yas + 23 0
DA
CTAB CTAES 1.0+£05 1.8 Yas +— 1.0 105
MuclecSpinPL1 MuclecSpin® Plant |l Macheray- 31+14 1.4 Yas, using PL1 lysis + 3.2 a0
Magel biwfiier
NucleoSpinPL2 MucleoSpin® Plant |l Machernoy- 1.1 +£07 1.1 Yas, using PL2 lysis + 32 85
Magal buffer
CarvaxSoil High-arPuﬁ'tyTM Soll DMA Canvax Biotech 543y 1.4 o +4- 5.6 70
Isolation Kit
CamaxTissue HighEI'F'LJI‘i‘tyW Tis=ua Canvax Biotech 26404 2.3 Yes +— 24 a5

DMA Purification Kit

#Commarcial kit name. CTAB, cotyftimathylammoniuvm bromido,

P Ralative amplification as measuwed by the infansity of the amplified product affar agarose gal alectrophoresis visualization: (+++) = very good, (++) = good, (+) = waak

CTimes that the cost for each kit is more axpansive than the CTAB cost for axtracting 50 samplas.

P 3ample preparation timeo notf including sap exiraction. Haro et al 2021



DNA Extraction can bias metabarcoding

Alpha diversity

Soil

[ ]
experiments
Arabidopsis Maize Soybean
(@)
° 2
1001 @ - 8 5 i @do|e
e o ||o 3 .
" o o 0 g Extraction Method
© 0 ' g @0 : g © DNeasyPlant
- . © ExtractNAmp
(7]
3.51 = @ PowerSoil
O 3 i
30 o ® E © AQuickDNA
25{8 9 2
1o ©
©8goll_o9,([e8° S 2
20{ ©%9g||88e8 2
Samples
A ,g ' Sample Type
9 ' Arabidopsis Leaf
~
o _ -4 Maize Leaf
N 4
2 ” () Soybean Leaf
i Soil

PC1 (49.1%)

Giangacomoet al, 2021
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Which analysis to use?

(nucleic-acid based)

* Shotgun vs. Targeted
* If targeted: which is your marker gene?
* What level of phylogenetic resolution do you need?

* Which sequencing methodology will be a good fit for your research
question? (Read length/depth of sampling)

* Do you need quantitative data?
* What are potential sources of bias and controls to be used?



What is the target gene?

 Gene of choice

e Taxonomic survey (e.g. gene diversity: rDNA, Btub, rpoB)
* Metabolic diversity (functional genes, e.g. nifh, laccasse)

* Universal or taxa specific? Who is our target?

e Resolution of a short-read?

 What databases are available, or how would you construct your own?
* [s copy number an issue?

* What are potential sources of bias?



Target gene considerations

* Universal primers — If you want to target as many species as possiblein a
metabarcoding experiment

* Use of rRNA region is advantageous because it has alternating conserved and

variable regions é
§ 016, V! TARGET REGION
= 0.14 V3
ﬂ 0.12 V6
3 ;Ll »
: oerl | o ’
% 0.04 J V7 V8 V9
> 0 PRIMER E PRIMER
0 200 400 600 800 1000 1200 1400 1600

Base position in 16S rRNA
Bodilis, Josselin, et al.,
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp 2012
CONSERVED REGIONS: unspecific applications
VARIABLE REGIONS: group or species-specific applications




UAA
10004
§7 1110
1130
720 1080 U “°° CAA 1120

¢
700\GUAGAG 710 €6 UG AAfu ACGAGC CCUUA uccuuuc uGcc cccuc
I A GAA 9 Lo | NP |
" R S OU % 9?62 ucuuc uccucc cccu AéIGAAAC CAAGG Gcel
o GGCGAUGUGGACCUUAAGA P A

>600000

U - G 1070 C A, ¢ 1150 1140
G- C U4 R nso ,u
6% €0 670G — € 30 790 G- §
G- C Xea -6 % 1160
G- ¢ Ay g-p “wg-
G-C d % -Q Q-b
s U | 1060l — A
Bd Eh AE & : €6 1200 "E
GpoG ¢ g c G - Ug
U-A §
~ & © 800 S gu 1170
G [ A
Ay v S - u
G A g
V4 ; g €
< (S
930 640 ] g -8 1020
AAC u ] x 2 5 ;
AACCUGGG UGCAUCUGA 4 A b-y
620—C | | ce e b ﬁ,m »
Ucccccc% GUGUAGACUGAUUGUUUGGCG/‘ & —f
600 590 (9 ) '\ g
A \ \
610 A ~A
A g0
g 6
g
U - A
uug 5“
g8 1250,
€ 1230
ool - § § Eu {
u €8 1w C" gy =
e #— U cany, O LOAn
G °® 00 "5 1290
G
A
G
G
G
U
G
-C
o

CG CGCGU ACGU

380 0" 1320

:1,301-1,542
480 R5:1,051-1,300
1 R4:751-1,050
R3:501-750
R2:251-500
:1-250

e [e00

150

Nature Reviews Microbiology 12, 635-645 (2014) | dei:10.1038/nrmicro3330



Ribosomal markers as taxonomic barcodes

Bacteria (chloroplast, mitochondria)

tRNA
P 168 (RIA 238 5 | t
25 nm S - S - | ——
L» 1500bp

V3-V4

Eukarya (Fungi, Nematodes, Protists, Plants)

18S 28S
nSSU ITs1 |15.88|1ms2 | Thgy)

—— ———— Nilssonetal 2010



Most commonly used bacterial primer set in soil (and plant studies):
515R-806R

Primer name % coverage

Bacteria Archaeae Plant Plant plastids
mitochondria

515F 98.4

Reinhold-Hurek et al 2015

Relative proportion
=]
3

1.00
0.75-
Order
ol = . Bacteria
. Chloroplast
0.25-
0.00 -

Leaf Rout Water




NORMALIZATION TO 1000 READS

B. Chloroplast DNA 799F-1391R 967F-1391R 799F-1193R 341F-785R 68F-783Rabc 68F-518R 341F-783Rabc
Rhizosphere soll oa 0.24+0.3(<0.1)2 02 14+£2(0.1)73 o2 o2 0.24+0.3(<0.1)2
Root oa 786 479 (7T9P 02 86345486  736+£00(74)° 97548 (97)° 270 487 (26)4
Stem 2 + 3(0.2p2 997 4+ 3 (99)° oa 962 + 1 (96)° 993 4 4 (99)° 998 4 1 (99)° 804 £ 36 (80)°
Leaf o2 907 + 35 (91)° o2 910+£20(01)°  894+12(89° 98544 (98)° 518 £ 71 (529
C. Mitochondrial DNA  799F-1391R 967F-1391R 799F-1193R 341F-785R 68F-783Rabc 68F-518R 341F-783Rabc
Rhizosphere soll o2 o2 05+0.5(<0.1)2 (1 B o2 o2 02

Root 0@ oa 941 (1)P 45 +17 (5)° 1545 (1)P 4£105P 13617 (149
Stem 02 o2 19+11 (2P 3541 (4)° 6+3(0.5)2 1+1(0.1)2 173425 (17)°
Leaf 02 o2 114+25(1)° 69 + 16(7)° 20+ 13(2P 6+3(0.5° 196 +53 (20)9
D. Bacterial rDNA 799F-1391R 967F-1391R 799F-1193R 341F-785R 68F-783Rabc 68F-518R 341F-783Rabc
Rhizosphere soil 10004+0(1002 990 +0.26 (99)2 999 0.3 (992 908 +3(99  1000+0(1002 10004+0(1002  999+0.52 (992
Root 1000+£0(1002 414 +79 (21)° 992 41 (99)2 92 + 41 (9P 250 + 88 (25)° 2247 (2F 594 + 72 (60)4
Stem 907 4+ 3 (992 2+3(0.2° 082 + 11 (98) 4+2(0.3P 141(0.1)° 1+£2(<0.1)P 25+12(3P
Leaf 1000 +0(100)2 93435 (9P 089 + 3 (98) 22 +15(2) 85+37 (9P 1046 (1)P 278 425 (28)°

Some alternatives

/

27F-338R 515F-944R

341F-785R

27F-534R

939F-1378R

515F-806R 1115F-1492R

V1 v2 v3 V4 V5 V6 v8
— F | | | | I e L

I IR BN NEE N RS Il In] BaN B

Bl Variable region

Beckers et al 2016

[] Conserved region Il Hypervariable region



Other marker choice
considerations

Primer bias

“The choice of primers dictates
what [taxa] fungi will be
recovered from the sample, and
we recommend spending
substantial time evaluating and
choosing primers”

Nilsson etal 2019 doi: 10.1038/s41579-018-0116-y
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Controls
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Controls to consider

* Negative control 1 — Molecular biology grade water with no
processing.

* Negative control 2 — Run molecular biology grade water through the
entire pipeline, pool with other samples even if you do not see
amplification.

e Positive Control — Mock communities — Homemade vs industry
standard (Zymo, etc), DNA and known cultures



Mock communities
and positive
controls

Product

Microbial Community
Standard

Microbial Community
DNA Standard

Microbial Community
Standard li

Microbial Community
DNA Standard Ii

Spike-in Control |
(High Microbial Load)

Spike-in Control Il
(Low Microbial Load)

HMW DNA Standard

Gut Microbiome
Standard

Catalog #

D6300

D6305/6306

D6310

D6311

D6320/D6320-10

D6321/D6321-10

D6322

D6331

Composition

Even Distribution

Even Distribution

Log Distribution

Log Distribution

Even Distribution

Log Distribution

Even Distribution

Staggered
Abundance

Format

Microbial

Isolated DNA

Microbial

Isolated DNA

Microbial

Microbial

Isolated DNA

Microbial

https://www.zvmoresearch.com/pages/microbiome-standards



Negative controls and identifying contaminants

Contaminantsin low biomass samples

a)

1005
90%
80%
70%
60%
50%
40%

30%

Proportion of total sequences

20%

10%

0%

01 2 3 45
No. of serial dilutions

ICL

|
con

con=template free PCR
http://www.biomedcentral.com/1741-7007/12/87

! Undlassified
TM7 classincertae sedis
Spirochaetes
u Sphingobacteria
¥ Negativicutes
B Gemmatimonadetes
B Gammaproteobacteria
¥ Fusobacteria
® Flavobacteria
B Epsilonproteobacteria
® Deltaproteobacteria
B Deinococci
® Clostridia
B Betaproteobacteria
Bacteroidia
® Bacilli
B Armatimonadia
Alphaproteobacteria
Actinobacteria
Acidobacteria Gp2
Acidobacteria Gp3
m S.bongori

OTUs

Samples

Observation
counts

Davis et al. Microbiome

(2018) 6:226

https://doi.org/10.1186/540168-018-0605-2

METHODOLOGY

Simple statistical identification and removal ®

Microbiome

Open Access

CrossMark

of contaminant sequences in marker-gene
and metagenomics data

Nicole M. Davis', Diana M. Proctor®?, Susan P. Holmes", David A. Relman’*® and Benjamin J. Callahan®”

:..- ..." ' ' '

sample [DNA]

o

. equal, low-level

contaminating DNA

S5
Q —
;s.;:g: . genuine reads
= . contaminant reads
sequence
equimolar total [DNA]
amounts (log10)
well-mixed
total DNA

contaminant DNA correlates
inversely with total DNA



Library Prep

1. PCR amplification -
Amplify region of
interest of our target
gene, add sequencing
specific adaptors

2. Adapter ligation - Add
indexing and sequencing
primers

3. Quantify, normalize,
pool

Hlumina overhang )
) Forward Primer Amplicon PCR
Genomic DNA
5 Region of interest 3
3 CO1 or 185 5’

ﬂ Reverse F'rirner\
b as Mumina overhang
AMPure XP bead purification
PS primer 3

Overlapping region

Index PCR
using lllumina Nextera XT

i5 index ‘ Library Preparation Kit
i N
| e
._':;_; . i7 index
ﬂ Overlapping region
. ) P7 primer
AMPure XP bead purification \

Quantification, Normalization, Pooling

!

Sequencing (lllumina MiSeq)

Bourlat, Sarah J., et al. 2016



PCR also introduces bias PCR and Chimeras

Biological sequence X

* Tag polymerases are error prone — Biologcalseqence ¥
making one error/1000bases —
Solution: Use a Hi-Fi Polymerase

Chimera formed fromXand Y

 Chimeras — Sequences formed by  _________ N
two or more biological sequences
joined together

Aborted extension

.

* To reduce chimeras - Use optimal -7 7=—=--- > Mis-priming
annealing temperatures 3

* Minimize # of PCRcycles oo — Extensior

Chimera




Structure of the amplicon (read) after library preparation

sequencing
adapter primer F gene of interest primer adapter
. ‘
LN _ primer R index
Illuminaflow cell seguencmg
primer
A B C D
Library Preparation Pool Sequence Demultiplex
Sample 1 Sample 2
Bacteria  (RBL000 " ne ,
d DNA isolation { : : - =~ - —
DN BBS-B8S B8-S e, LT =
a PCR iy — B =~ -
165 V3-V4 % = %E 4 . 4 4 = b
i . o —— o
NGS

S— ”~
BN & i~
| ”
AACTGA

Sequence Output
to Data File

Lundbergetal 2013, Caporaso etal 2011,www.illumina.com

Metabarcoding — different indexes allows the sequencing of multiple samples at once https://www.youtube.com/watch?v=mIOFo9kaWqo
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Differences between
sequencing technologies

Sequencing technology choice

Second-generation HTS

Fungal community

. A & ¢
QA Co QS -
'J", =% J /&.* l""‘“’ )
\ ~ -
. , 00 Y
-l '71‘.‘.1;‘.11 -
p— .

T
v . :
e o Q Y
{ %\ u/‘(/A
— N

o s
C <
N L)
& o A
o U

-

/ B .

Sample preparation and
DNA isolation

l

DNA amplification

)

Third-generation HTS

ITS1 ITS2

—_—

SSU = 5.85 — LSU

ITS1 ITS2
— SSuU 5.85
lllumina MiSeq $2300/run

2x300 (12 GB)
384 indexes available
~ 400 bp after quality trimming

NovaSeq $5000/run
2x250 (0.5 TB of data)
~ 400 bp after quality trimming

lllumina NextSeq $2300/run
2x300 (60 GB)

384 indexes available

~ 400 bp after quality trimming

https://www.youtube.com/watch?v=mI0OFo9kaWgo

-~

PacBio $3000/run
Full length ribosomal region
196 indexes available

$1200/run

Full-length ribosomal region kits (bact)
24 indexes available

Oxford Nanopore

Nilsson etal 2019



Bias: Systematic error (vs. random error)

“MGS measurements are biased: The measured relative abundances of the taxa and genes in the
sample are systematically distorted from their true values (Brooks, 2016; Sinha et al., 2017). Bias
arises because each step in an experimental MGS workflow preferentially measures (i.e. preserves,

extracts, amplifies, sequences, or bioinformatically identifies) some taxa over others.”
McLarenet al 2019



DNA dynamics Gb

(~season, system, organism)

Potential
biases

Potential
controls

Sample collection

Undersampling
Contamination from past/neighbouring events
Experimental contamination

DNA
extraction

:

Undersampling
Taxon-specific inefficiency
Experimental contamination

|

DNA
amplification

reagents/aerosols contaminants

:

e

:

6@“

\
:

+ Polymerase errors/chimeras

+ Inappropriate primers

|

High-throughput

sequencing

+ Tag/index jump &
sequencing errors

Bioinformatic
filtering

Inappropriate filtering thresholds
Mis-classifications

- Expected target (or non-target) taxa
- Building of a local reference database
- Pilot experiment
- Biological replicates
- Field negative controls

- Technical replicates
- Extraction negative controls
- Positive controls

L

- Technical replicates
- PCR negative controls
- Positive controls
- Use of multiple primer set
or in silico pre-evaluation of
primers

- Tagging system
negative controls

J

- Filtering/clustering criteria and
threshold adjustments based on
all controls and replicates
- Taxonomic congruence with a
priori expectations

Zinger etal 2019
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