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Next Generation Sequencing  



Plan Plan Plan!!!!  
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Things to consider in your plan… 

 What samples are adequate for biological question(s) and how much 

sample to adequate profile environment ( e.g. soil) 

 Is it covered by ethics and who is collecting 

 Type of extraction method - Extract DNA/RNA or both 

 Adequate aliquots (avoid freeze-thaw cycles) 

 Amount of sample available 

 Starting amount within optimal range of extraction method 

 Extract host versus bacterial DNA/Fungal/viral 

 Amount of organic matter/Potential PCR inhibitors  in sample  

 Randomising order of samples in workflow 

 Ensure consistency and record keeping (operator, equipment, lot numbers) 
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Knight, R.,et al., (2018). "Best practices for analysing 

microbiomes." Nature Reviews Microbiology. 



Why Next Generation Sequencing? 

 

THE PLATE COUNT ANOMALY 

 Culturable fraction < 30%;  



The importance of negative controls in microbiota analysis 
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The effects of Storage 

 Immediate freezing at -20 °C or preservation in RNAlater at room 

temperature results in similar species compositions. 1 

 

 

 

1Voigt et al., 2015. Temporal and technical variability of human gut metagenomes. Genome Biology. 
2Franzosa et al., 2015. Relating the metatranscriptome and metagenome of the human gut. PNAS. 

3Cardona et al., 2012. Storage conditions of intestinal microbiota matter in metagenomic analysis. BMC Microbiol.  

• Degradation also occurred when frozen samples were defrosted for short periods such as 1 h before nucleic acid 
extraction.3 

• DNA and RNA fragment at room temperature for more than 24 hours. 2 

 

 

 
• Bahl et al, 2011 showed no consistent differences in DNA yield between fresh and frozen samples using 3 different 

extraction protocols, however they also observed differences in the community composition of frozen samples. 

• Maukonen et al, 2011 also reported that the DNA extraction did not affect the diversity, composition, or quantity of 
Bacteroides spp., but found that after a week’s storage at 20 °C, the numbers of Bacteroides spp. were decreased.  
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Illumina MiSeq 

Ion Proton 

Ion PGM 

Minion 

Illumina NextSeq 

PacBio 

Illumina HiSeq 

SoliD 



Which Sequencer to choose? 

 Cost 

 What question are you asking 

 Time 

 Availability  

 Local expertise – sample prep and 

downstream analysis 

10 



What can we do ?  

Compositional 
metagenomics  

Functional      
metagenomics   

Transcriptomics 

Who is in 

there? 

What can 

they do? 

What are 

they 

doing? 

Whole Genome Shotgun Analysis 

 

• Sequence and functionally  annotate 

bacterial genome 

 

• Can be used to speciate 

 

• Elucidate potential functions on 

chromosome 

 

• Safety assessment  



NGS – METAGENOMICS 

16S gene Sequencing 
Sample  

DNA extraction Shotgun Sequencing 

16S specific PCR 

Composition Functional Potential 

Randomly shear 
DNA 



cDNA synthesis 

Microbial composition analysis  

16S quantification of rRNA gene 

WHAT IS THERE? 

Metagenomic shotgun 

sequencing 

genes present 

WHAT CAN THEY DO?  

 

Metatranscriptomic  

cDNA/RNA  

genes expressing 

WHAT ARE THEY DOING?  

 

NGS – METATRANSCRIPTOMICS 

Metatranscriptomics 

RNA extraction RNA extraction 

Fragmentation 

Gene expression Gene expression 



 assembling of reads in to contigs 

and contigs are ordered in a genome   

WHOLE GENOME SEQUENCING 

      Reads              Contigs  

454 reads 

200 - 300 bp 

Contigs & Scaffold 

assembly 

Sequence quality 

assessment 

Functional annotation 

De novo sequence 

454 example: 

Gaps of the genome 

closed by PCR 



Which type of sequencing?  

1) What question are you asking? 

2) How much money do you have? 

3) Access to computing power 

4) Level of bioinformatic support  

15 



How to use metadata 

• Metadata is data about your data 
 
 

• Making your data avaliable and accessible for others 
 
 

• Metadata forces you to document better 
 

 
Planning metadata will allow you to use cohorts from 

other studies 
• Methodology matters! 
 

Comparing Apples and Oranges?: Next Generation Sequencing and Its Impact 

on Microbiome Analysis (Teagasc & APC) 



Importance of Metadata  
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•Powerful if kept consistent and clear 

•please keep names consistent! 

•most algorithms are case sensitive 

 

•for 300 samples, sample 1 should be numbered 001, not 1 

 

•in excel, coloured cells and ambiguous comments are rarely suited for 

processing 

 

•Be careful with spaces, underscores, full stops. 

 

•Bioinformaticians should be involved from initial experimental design 

 

•Good metadata may be difference between a good paper and a great paper 

 



What is amplicon sequencing? 
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Traits of a marker gene  
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Before you start!  

 

Teagasc Presentation Footer 20 



Sample Workflow  



• Amplicon Cons 
• Different primers will have different detection efficiencies. 
• Sequencing errors may artificially inflate the diversity of 

the sample. 
• Functional potential can only be predicted indirectly. 
• Often difficult to integrate multiple Amplicon datasets 

 

• Whole shotgun metagenomic Cons 
• Large datasets (Storage) 
• Large datasets (Computation time) 
• Large datasets (Analysis and statistical significance) 
• Cost 

Amplicon or Shotgun Metagenomics? 



Shotgun 



Downstream analysis tools 

 

• Compositional analysis:  

• Kraken  

• kaiju 

• MetaPhlAn2  

 

• Functional analysis: 

• HUMAnN2 

• SUPER-FOCUS 

 

• Strain-level 

• StrainPhlAn  

 

• Genome reconstruction/assembly 

• MetaBAT 

• Meta-velvet 

 

•Antibiotic resistance –resistome 

•Phageome 

•Virome 

 

**NB** unlike amplicon sequencing there is no standardised methods  



Intraspecific variation 

 Species-level was the best we were able to achieve, until recently 

 

 However, genetic content often varies even within a species 

 

 

 

 

 

 

 

 

 Ideally, we want to characterise microbes at the strain-level 

E. coli Nissle 1917 E. coli O157:H7 



Strain-level analysis 

 

 

 Tools for strain-level analysis from shotgun metagenomics: 

• PanPhlAn (10.1038/nmeth.3802) 

• MetaMLST (10.1093/nar/gkw837) 

• StrainPhlAn (10.1101/gr.216242.116) 

• StrainEst (10.1038/s41467-017-02209-5) 

 

https://doi.org/10.1038/nmeth.3802
https://doi.org/10.1093/nar/gkw837
https://doi.org/10.1093/nar/gkw837
https://doi.org/10.1093/nar/gkw837
https://doi.org/10.1101/gr.216242.116
https://doi.org/10.1038/s41467-017-02209-5
https://doi.org/10.1038/s41467-017-02209-5
https://doi.org/10.1038/s41467-017-02209-5
https://doi.org/10.1038/s41467-017-02209-5
https://doi.org/10.1038/s41467-017-02209-5
https://doi.org/10.1038/s41467-017-02209-5
https://doi.org/10.1038/s41467-017-02209-5


Points to ponder  

 You will get different answers using 

different software and databases 

 Consistency again is key 

 Still get a large number of unassigned 

 Assembly may be the key 

 Environment is a big factor 
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Importance of databases  

 Some are better curated than others  

 Be consistent 

 Update regularly 

 Always put date of homology search in 

manuscripts  
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Ecological Diversity 
 Great place to begin getting to know your data 

 

 Alpha Diversity 

 -Biodiversity within a sample or community 

 

 Beta Diversity 

 -Difference between samples or communities 
Robert Whittaker 

Human Microbiome Consortium, Nature, 2012 



Alpha Diversity 

 Biodiversity within a sample or community 

 

 

 

 

 

 

 

 

 

 High diversity is linked to ecosystem health 

  Increased stability 

  Resistant to disturbance 

High Diversity Low Diversity 



 Alpha Diversity Metrics  



Beta Diversity 
 

 

Human Microbiome Project Consortium, Nature, 2012 



Beta Diversity metrics in QIIME 
 abund_jaccard  

 binary_chisq 

 binary_chord 

 binary_euclidean  

 binary_hamming 

 binary_jaccard  

 binary_lennon  

 binary_ochiai  

 binary_otu_gain 

 binary_pearson  

 binary_sorensen_dice 

 bray_curtis  

 bray_curtis_faith 

 bray_curtis_magurran  

 canberra  

 chisq  

• chisq  

• chord  

• euclidean  

• gower 

• hellinger  

• kulczynski  

• manhattan  

• morisita_horn  

• pearson  

• soergel  

• spearman_approx  

• specprof  

• unifrac  

• unifrac_g  

• unifrac_g_full_tree  

• unweighted_unifrac  

• unweighted_unifrac_full_tree  

• weighted_normalized_unifrac  

• weighted_unifrac 

• Binomial 

• Mountfor 

• Raup 

• Cao 

• Minkowski 

• G-Unifrac 

• Unifrac-VAW 

• DPCoA 

• JSD 



Spore Detection in the Food Chain 
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• Sporulate and remain dormant during processing, and equipment cleaning 

• Germinate and proliferate in favourable conditions (i.e moisture and heat)  

• Pathogenic? 

• Associated with poor hygiene 



Traditional detection methods 

 Phenotypic assays 

 Plate counts 
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Processing   microbiota? 

16S rRNA Amplicon 

Sequencing 
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3 populations of mesophilic spore-

formers identified 



Putatively pathogenic B. cereus 

toxin gene analysis 
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Putatively pathogenic B. cereus 

strain analysis 
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Conclusions 

 Functional metagenomics has the 
potential to be used to delve deeper into 
the understanding of spore-formers in 
food-processing 
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