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Take-home message

1. Choose one of the commonly used pipelines and 

follow it – unless you can fully justify exceptions 

– both in vitro and in silico

2. Process all your samples in EXACTLY the same 

way

3. Ion Torrent PGM is a good and more economic 

alternative for Illumina MiSeq

4. High-throughput sequence data is never perfect



Microbial community analysis –

Microbiome analysis

NOT metagenomics – if you use spesific primers, 
its not (and shouldn’t be called) metagenomics

Bacterial communities
– 16S rRNA gene or 16S rRNA 

Bacterial and archaeal communities
– 16S rRNA gene or 16S rRNA

Fungal communities
– ITS1 region (internal transcribed spacer between 18S 

and 5.8S rRNA genes)



Amplicon sequencing can serve lots

of other purposes too!



What will properly analysed 

microbiomes tell you

Who are there…

…in which proportions of 16S rRNA genes 
(compared to your other samples, or other 
samples processed with the same pipeline)
– Remember! 16S rRNA gene copy numbers vary from 1 

to 15 per bacterial genome

It will not confirm someone is not there or that
someone is there
– sampling depth

– procedures to ensure lack of contamination)



Proportions of gDNA vs. 16S rRNA genes in 

ZymoBIOMICS™ Microbial Community DNA 

Standard



Indication of what 

functions are found 

(based on literature 

and e.g. PICRUSt)



We already know pretty well the 

existing microbial diversity…

Yarza et al. Nature Reviews Microbiology 2014 



…or do we?

Hug et al. 2016. A new view of the tree of life. 

Nature Microbiology 1:16048.  



2012

Microbiome analysis 

results often cohere with 

metagenomics data



How many sequences do you need?

Betadiversiteettiin 1000 ihan hyvin!! Syvempi 

sekvensointi kertoo osaryhmien 

betadiversiteetistä paremmin, mutta vielä 100 000 

sekvenssillä et voi varmistaa että näytteessä 

oikeasti on jotain (tähän tarvitaan aseptinen 

työskentely, rinnakkaiset ja teoria!) tai ei ole jotain 

(otanta esim. grammasta maata kuitenkin 

surkean pieni! ja tähän tarvitaan varmistus, että 

uutto ja monistus toimivat juuri tässä matriisissa 

juuri tälle ryhmälle)



Näytä PCoA vertailut 1000 vs 5000 

vs 10000?



EFFECT OF PCR CONDITIONS



Effect of priming stringency (Mg2+ and annealing

temperature) on amplified community
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Effect of polymerase/master mix

In the work for Mikkonen et al. 2014 FEMS 
Microbiology Ecology, we never got archea to 
amplify with a proofreading polymerase

For amplicon sequencing some laboratories
recommend proofreading polymerase, but most
(e.g. Fierer lab) use Taq polymerase – and 
expect any Taq to be the same Taq



Water sample 1 (0.047 ng/µl) Water sample 2 (0,5 ng/µl)

1/1 1/10 1/100 1/1 1/10 1/100

Acidobacteria 2,25 1,54 1,15 0,08 0,03 1,37

Actinobacteria 1,68 1,04 0,91 27,87 16,45 8,22

Armatimonadetes 0,21 0,15 0,04 0,00 0,00 0,00

BD1-5 0,76 0,62 0,80 0,00 0,00 0,00

Bacteroidetes 10,89 8,86 7,94 30,70 19,29 11,64

Caldiserica 0,53 0,27 0,62 0,05 0,03 0,00

Candidate_division_KB1 0,02 0,02 0,04 0,00 0,00 0,00

Candidate_division_OD1 13,04 13,01 12,14 0,57 0,79 3,42

Candidate_division_OP11 0,87 1,22 0,82 0,05 0,00 0,00

Candidate_division_OP3 0,30 0,32 0,22 0,03 0,03 0,00

Candidate_division_OP8 0,21 0,25 0,33 0,00 0,03 0,68

Candidate_division_SR1 0,72 1,04 0,73 0,05 0,09 0,00

Candidate_division_TM7 0,38 0,22 0,15 0,00 0,00 0,00

Candidate_division_WS3 0,04 0,12 0,13 0,00 0,00 0,00

Chlorobi 1,38 0,77 1,08 0,05 0,03 0,00

Chloroflexi 9,32 11,24 11,25 0,82 0,52 0,00

Cyanobacteria 4,74 6,37 6,10 0,15 0,09 2,74

Elusimicrobia 0,45 0,47 0,53 0,00 0,00 0,00

Fibrobacteres 0,11 0,05 0,04 0,00 0,00 0,00

Firmicutes 1,63 2,06 1,77 0,05 0,09 0,00

Fusobacteria 0,02 0,00 0,00 0,00 0,00 0,00

GOUTA4 0,00 0,02 0,00 0,00 0,00 0,00

Gemmatimonadetes 0,02 0,02 0,02 0,00 0,00 0,00

Lentisphaerae 0,04 0,02 0,00 0,00 0,00 0,00

Nitrospirae 0,09 0,00 0,00 0,00 0,00 0,00

Planctomycetes 0,13 0,02 0,02 0,00 0,00 0,00

Proteobacteria 18,70 19,20 21,53 37,36 60,76 65,75

Spirochaetae 0,68 0,37 0,15 0,03 0,00 0,68

TA06 0,17 0,05 0,20 0,00 0,00 0,00

TM6 2,50 2,19 1,88 0,00 0,09 0,00

Verrucomicrobia 0,06 0,07 0,15 0,00 0,00 0,00

WD272 0,06 0,07 0,07 0,00 0,00 0,00

unclassified 20,76 19,38 19,85 1,83 1,50 4,79

Effect of template concentration

Most groups don’t

quantify and normalise

template DNA 

concentrations - but it is 

HIGHLY recommended



Comparison of sequencing platforms

Salipante et al. AEM 2014

D’Amore et al. BMC Genomics 2016 

DON’T try to merge OTUs or sequences 

from different platforms!                        

Phylotypes are more safe to merge



Comparison of sequencing platforms

with current chemistries

Illumina MiSeq Reagent Kit v3 (2 × 300 bp)
– outsourced to HY-BI, ~50 € / sample

Ion Torrent PGM HiQ View template
preparation and sequencing kits (1 × 400 bp)
– in-house at JYU, ~7 € / sample

Same defined template
– mock community consisting of known strains

V1-V2 region of 16S rRNA genes



ZymoBIOMICS™

Microbial Community DNA Standard

Full 16S rRNA gene sequences available online



Same PCR conditions and           

good amplification efficiency

1st PCR in triplicate, pooled
after amplification

PGM primers just 27F and 338R

MiSeq primers had partial
TruSeq adapter sequences at 5’ 
ends of 27F and 338R

2nd PCR using 2 µl of the 
pooled 1st PCR product as the 
template

Addition of barcodes and 
sequencing adapters

4 barcodes per platform



TapeStation analysis of pool quality

PGM pool

MiSeq pool



Processing the samples according to 

mothur standard operating procedures

454-SOP for Ion Torrent data – without sequence
quality-based filtering
– Allow one barcode and forward primer error, no quality filtering

– Minimum length of 200 bp

MiSeq-SOP for MiSeq data
– Merge R1&R2, quality filtering embedded

– Maximum length of 400

Only the beginning differs, otherwise identical pipeline
(alignment and classification based on Silva v. 128, 
chimera detection with Uchime, clustering with 
OptiClust) 

Error analysis according to 454-SOP



Number of errors per sequence

MiSeq total error 0.22% 
– 706 790 seqs: 169 920-195 581 per barcode

PGM total error 0.47% 
– 122 405 seqs: 27 877-32 380 per barcode



Number of errors per sequence

MiSeq total error 0.22% 
– 706 790 seqs: 169 920-195 581 per barcode

PGM total error 0.47% 
– 122 405 seqs: 27 877-32 380 per barcode



Processing the samples according to 

CLCbio OTU clustering pipeline

Identical processing with default parameters: 

1. Quality trimming and primer sequence removal

2. Trimming to fixed length

3. OTU clustering based on Silva v.123 reference

database, with built-in chimera removal

Only difference that the MiSeq reads (R1&R2) 

were merged before first quality trimming



Classification - MiSeq



Classification - PGM



Coherent result with mothur

PGM – 555 OTUs
– All genera found in 10 most abundant OTUs

– Bacillus split to two OTUs

– Lactobacillus underrepresented

– Quality filtering could improve the situation?

MiSeq -118 OTUs
– All genera found in 8 most abundant OTUs

– more even ratios

– Better merge tool could improve the situation?



ANALYSIS PLATFORMS –

KNOWN ISSUES

Mothur, QIIME/QIITA, CLC, USEARCH… 

and with which parameters?



Merging MiSeq R1 and R2 reads

USEARCH, followed by quality filtering based on 
expected errors, works well

http://www.drive5.com/usearch/manual/exp_errs.html

– but multicore version is not free

Other tools don’t, unless the reads overlap fully
(but few of us settle for just V4…)

http://blog.mothur.org/2014/09/11/Why-such-a-large-distance-
matrix/

MiSeq v3 chemistry is definitely not better than v2

CLC pipeline seems to work pretty well

http://www.drive5.com/usearch/manual/exp_errs.html
http://blog.mothur.org/2014/09/11/Why-such-a-large-distance-matrix/


Quality filtering of PGM reads

Torrent Suite (server) does quality trimming for 
ends

Additional quality window filtering has been used
in mothur

NOT recommended!
– Significantly discriminated genera Nitrospira, 

Cupriavidus, Acidivorax, Curvibacter, Ramlibacter, 
Methylophilus, Zoogloea

…and not absolutely necessary currently



OTU clustering

OTU-splitting (OTU count inflation) is a known 
issue with most OTU clustering algorithms

Usearch seems to perform best
– but multicore version is not free

OptiClust, implemented in mothur v.1.39 
(January 2017), works well and efficiently! 
http://biorxiv.org/content/early/2016/12/23/096
537

http://biorxiv.org/content/early/2016/12/23/096537


Take-home message

1. Choose one of the commonly used pipelines and 

follow it – unless you can professionally fully 

justify exceptions 

– both in vitro and in silico

2. To enable comparison, process all your samples 

in EXACTLY the same way

3. Ion Torrent PGM is a usable and more economic 

alternative for Illumina MiSeq

4. High-throughput sequence data is never perfect



Questions and discussion


