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I DON'T HAVE ANY
UNCONSCIOUS
BIASES...

AT LEAST,
THAT I'M
AWARE OF



https://ar.pinterest.com/liamklenk

» Most biases occurring during PCR well known. What about sequencing biases?

» Quantify the relative importance of biases (e.g. sequencing, PCR) and correct/account for such biases

» Some studies suggest that HTS data should not be analyzed as relative proportions but as binary data instead....
Also suggested by several reviewers ®

» Scientific community is sometimes aware of some/most of the biases, but still several protocols are not optimized
to minimize the risk of biases

» May affect our results... and ecoloqical interpretations?
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Objectives

to study the effect of DNA sequencing on the community composition and
assess associated sequencing biases

to quantify and compare biases introduced by three sequencing platforms
(lllumina MiSeq, PacBio RS I, PacBio Sequel)

to assess combined PCR and HTS biases on the final community

to elaborate a ready-to-use protocol that allows semi-quantitative analysis of
fungal communities



Mock communities

e Excellent tool to assess biases

e Spike-in mock community (ITS MOCK, 10 fragments differing in size length and GC content)

mst ITS2

5 5

Primers

mockl

mock2

» Fragments obtained from H. annosum genome ...

> Length: From 180 (min) to 630 bp (max) \
» GC content: From 45% to 63%
» Primers fITS7-1TS4

base pairs | | | |

...Fragments extracted from plasmids were combined using distinct assemblies to test the sequencing biases,
for PCR and sequencing biases altogether and for PCR biases alone



A)
Plasmid preparation
and amplifications
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B)

Experimental design

Artificial communities
(from purified amplicons)

Separated plasmid amplification
and purification

Single fragments

Size length (bp) ~

e
142 189 243 295 344 395 447 499 548 SN

99650
GLLL

Sequencing

Log copy numbers

1 2 3 4 65 8

PacBio RS I

PacBio Sequel

[llumina MiSeq

(2 x 300 bp)
C) Amplification of artificial communities (from purified plasmids) Sequencing
. . Log copy numbers
Even community Uneven community
Size length (bp) - Size length (bp) ~
142 189 243 295 344 395 447 499 548 591, 142 189 243 295 344 395 447 499 548 591,
PacBio RS Il

[llumina MiSeq
(2 x 300 bp)




Molecular works and bioinformatics .
SCATA pipeline: http://scata.mykopat.slu.se
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Home Jobs Datasets Reference Sequences Tag Sets Parameter Sets Files Logout Help

Quality control

PacBio & lllumina:

* Seq < 100 bp removed

Molecular works

» Screening of primers and tags

fITS7 and ITS4 primers (Ihrmark et al. 2012) « Trimming of sequences with low quality
Both primers tagged using previously validated tags

Use of distinct PCR cycles Alignments and sequence clustering
Purification

, : Usearch (Edgar, 2011)
Equimolar mix

» Genotypes occurring only once in the global data removed
Sequencing adaptor ligated yP gony J

Single linkage clustering (98.5% threshold)
* LULU post-clustering algorithm to merge daughter
OTUs with parent OTUs (MiSeq)
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Communities sequenced with PacBio RSII (Sequel not tested here) resembled

Initial template

=

.
much more to the original community than Illumina MiSeq did
Relative proportions (%)
0.04
Dev‘iteti‘otn [%‘) ftrom gjg
Initial template - 44?8
PacBio RS I E 3 lllumina MiSeq
Fragment length (bases) Si Fragment length (bases) >
142 189 243 295 344 395 447 499 548 591 142 189 243 295 344 395 447 499 548 591
- 012 | 033 | 001 | 077 | 035 | 008 | 182 | 209 - S1 - 004 | 008 | 045 | 045 | 045 | 448 - s1
e e 002 | 002 . 005 | 037 | 026 | 37 | 412 | 52 | 995 | 052 | 004 | 004 | 004 | 045 | 045 | 045 | 448 | 448
25 | T 0 004 | 002 | 002 | 035 | 04 | 043 | 394 | S3 | 49 [F35092 - 004 | 004 | 004 | 045 | 045 | 045 | 448 | S3
-1.82 1.75 13.02 | -11.84 0.07 -0.04 0.01 -0.4 -0.45 -0.29 54 2332 1942 | 1638 | -24 98 -0.04 -0 -0.04 045 -0.45 -0.45 54
011 | 491 | 611 41 | 1427 | 002 | 004 | 007 | -039 | 039 | S5 | 475 - 132 | 878 - 0.04 S5
019 | 094 | 635 | 276 | 558 | 414 | -004 | -004 | -004 | 04 | SB | 1585 | 1285 | 1132 | 802 | 2768 35 S6
016 | 126 | 067 | 572 | 372 | 415 | -1627 | 001 | 004 | -004 | S7 | 2115 | 1815 | 165 | 1422 | 068 S7
007 | 26 138 | 132 | 743 | 289 | 694 | 866 | 004 | 004 | S8 | 6.16 - 615 | 455 | 7.02 S8
015 | 0.09 13 | 043 | 074 | 571 | 077 | 378 | 129 | -004 | So | 1796 | 1546 | 1595 | 1345 | 175 S9
0.06 0.83 044 | 294 1.78 1.88 6.08 124 | 1152 | 2696 | s | 3426 | 2536 | 376 | 2545 | 515 510




Dimension 2

E{!ﬁ Sequencing and PCR biases from unevenly mixed fragments

0.5

0.0
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Communities sequenced with PacBio RSII (Sequel not tested here) resembled more to the original community

than lllumina MiSeq did

MiSeq data also showed high degree of stochasticity or non-explained variation

Procrustes errors (PacBio RS Il)
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Procrustes errors (lllumina MiSeq)
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Variation partitioning

PacBio RS |l
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template | Shared
R2=97.6%
P<0.001 (i

[llumina MiSedq

Initial
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0.0

PCoA 1
method = "bray"
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Linear fitting Linear fitting

P=0.206, R2= 0.09, m= -0.731
P=0.283, R2= 0.03, m= -0.495
P=0.146, R2= 0.16, m= -0.456
P=0.216, R2= 0.08, m= -0.307
P= 0532, R2= 0.07, m= -0.142
P= 0.406, R2= 0.03, m= -0.155

= 35cycles. P<0.001, R2= 0.78, m= -0.056
= 31cycles. P<0.001, R2= 0.85 m= -0.046
== 28 cycles. P<0.001, R2= 0.90, m=-0.032
== 25 cycles. P<0.001, R2= 0.83, m=-0.024
— 22 cycles. P=0.001, R2= 0.70, m= -0.020
= Seqbias. P=0.003, R%=0.65 m=-0.016
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Effect of PCR cycles to the fungal richness
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JL Conclusions

SLU
* (Semi)quantitative analysis of sequencing data is possible; also, possible to account for size length biases

* Length bias is largely the main factor determining total biases during sequencing and PCR

« PacBio Sequel is the sequencing platform that resembled more to the expected communities if biases
would not occur

» Biases during PCR can be minimized using low PCR cycles; technically no biases occurring during PCR

* Non optimized PCR conditions exacerbate biases (size length biases, community distortion and errors), but the
choice of the sequencing platform is more important to minimize biases

« Low sequencing output may result in stochastic results promoting community dispersion in ecologically similar
samples. However, high sequencing depth in lllumina platforms do not alleviate biases

* The message is the need to improve current technologies
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Optimized metabarcoding with Pacific biosciences enables
semi-quantitative analysis of fungal communities

Carles Castano' (%), Anna Berlin' (%), Mikael Brandstrom Dm'liugl ), Katharina Thrmark", Bjorn D. Lindahl® (3 E
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