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NGS Technologies 

Next Generation Sequencing Platforms 
 
• Cheap and fast alternatives to Sanger sequencing methods 

 
• Prone to error production 

 
• Provides a huge amount of data that can be used to establish the validity of variation observed 

Metzer 2010 – Sequencing technologies – the next generation 



Raw Data 

@InstrumentName : RunId : FlowCellId : Lane : TileNumber : X-coord : Y-coord PairId : Filtered? : Bit 
 
CGCGTTCATGTGCGGCGCCGGCGCTGGTTTCCATCGGTCGATTCGGACGGCAAACATCGACCGCAGGATCCGCCGTACCATGTCCGACA
GGCGCCCCTTGGGTAGATTGCCGTCGGCGTAGGCGGCACGCAGGCGGACGGAGAGTGCTTCCGAGTGCCACGGCGCTGAATCGATCCG
CGCCGCGCACCTTTGGTCCAGGGCGGCCAGCGCGCACTCCCAGCTGGGTGTTTCGGCCCCATCCGCACTCACCC 
 
+ 
 
1>1>>AA1@333AA11AE00AEAE///FH0BFFGB/E/?/>FHH/B//>EEGE0>0BGE0>//E/C//1<C?AFC///<FGF1?1?C?-<FF-@??-
C./CGG0:0C0;C0-.;C-?A@--.:?-@-@B@<@=-9--9---:;-9///;//-----/;/9----9;99///;-9----@;-9-;9-9-;//;B-9/B/9-;9@--@AE@@-;-
;-BB-9/-//;A9-;B-/--------9------//;-- 

FASTQ File 

Cock et al. 2010 – The Sanger FASTQ file format for sequences with quality scores, and the Solexa/Illumina FASTQ variants 



Raw Data 
FASTQC 

Andrews 2010 – FastQC: A quality control tool for high throughput sequence data 



Trimming 

ATGATAGCATAGGGATTTTACATACATACATACAGATACATAGGATCTACAGCGC 
 
 
 
ATGATAGCATAGGGATTTTACATACATACATACAGATACATAGGATCTACAGCGC 

Fabbro et al. 2013 – An extensive evaluation of read trimming effects on Illumina NGS data analysis 



Raw Data 
FASTQC 

Andrews 2010 – FastQC: A quality control tool for high throughput sequence data 



Alignment 

Li et al. 2008 – Mapping short  DNA sequencing reads and calling variants using mapping quality scores 
Li et al. 2009 – The sequence alignment MAP format and SAMtools 

Garnier et al. 2003 – The complete genome sequence of Mycobacterium bovis 

TGATCATTGGGATATTACATACATACATAGAGATACATAGCATAGT 
TGTTCATAGGGATTTTACATACATACATACAGATACATAGGATAG 



Selecting Variant Sites 

Biek et al. 2012 – Whole genome sequencing reveals local transmission patterns of Mycobacterium bovis in sympatric Cattle and Badger populations 
Sampson 2011 – Mycobacterial PE/PPE proteins at the host-pathogen interface 

Read Depth   Mapping Quality 
 
High Quality Base Depth Allele Support 
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Bishop 2014 – Bioinformatics and Data Analysis in Micobiology 

Variant Sites 

# NEXUS 
 
 
BEGIN DATA; 
DIMENSIONS NTAX=3 NCHAR=40; 
FORMAT MISSING=N GAP=- DATATYPE=DNA; 
MATRIX; 
IsolateId_Year CGTACGCGTAGCGTGCACAGTGCCTAGTTGTGATCTGTCA 
ExampleA_2009 GGTACGCCTTGCGTGGACAGTCCCTAGTTCTGATCAGTCT 
ExampleB_2005 CGTACGCGTTGCGTGCACAGTGCCTAGTTCTGATCAGTCA 
; 
END; 
 

NEXUS File 

Maddison et al. 1997 – NEXUS: an extensible file format for systematic information 



BEAST 

Bayesian Evolutionary Analysis by Sampling Trees 

Drummond and Rambaut 2007 – BEAST – Bayesian evolutionary analysis by sampling trees 
Bouckaert et al. 2014 – BEAST2 – A software platform for bayesian evolutionary analyses 
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Bayes Theorem 
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Bayes Theorem 
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Bayes Theorem 



14 

Bayes Theorem 
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Bayes Theorem 
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Bayes Theorem 
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Bayes Theorem 
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Bayes Theorem 



BEAUti 

Bayesian Evolutionary Analysis Utility 

NEXUS file: 
Isolate Variant Sites 

Isolate Traits file: 
Isolate Epidemiological data 

BEAUti 
Tool for Designing 
Analyses for BEAST 

BEAST: 
Tool for Bayesian 
Phylogenetic 
Analyses 



BEAUti - Input 

traits  Species Location  Latitude Longitude CATTLE 
ExampleA_2009 BOVINE WHATAROA -42.345 170.998  BOVINE 
ExampleB_2005 POSSUM WESTPORT -41.543 171.321  NONBOVINE 

Isolate Traits File 

# NEXUS 
 
 
BEGIN DATA; 
DIMENSIONS NTAX=3 NCHAR=40; 
FORMAT MISSING=N GAP=- DATATYPE=DNA; 
MATRIX; 
IsolateId_Year  CGTACGCGTAGCGTGCACAGTGCCTAGTTGTGATCTGTCA 
ExampleA_2009 GGTACGCCTTGCGTGGACAGTCCCTAGTTCTGATCAGTCT 
ExampleB_2005 CGTACGCGTTGCGTGCACAGTGCCTAGTTCTGATCAGTCA 
; 
END; 

NEXUS File 



BEAUTI 

Import Data… 



BEAUTI 

last 

“_” 



BEAUTI 



BEAUTI 





Substitution Model 

A C G T 

A ? ? ? 

C ? ? ? 

G ? ? ? 

T ? ? ? 

Transitions 
Transversions 

Jukes-Cantor   JC 1969 n=0 
Hasegawa-Kishino-Yano HKY 1985 n=4 
Tamura-Nei  TN 1993 n=5 
Generalised Time-Reversible GTR 1986 n=8 

Jukes & Cantor 1969 – Evolution of protein molecules 
Hasegawa et al. 1985 – Dating of the human-ape splitting by a molecular clock of mitochondrial DNA 

Tamura & Nei – Estimation of the number of nucleotide substitutions in the control region of the mitochondrial DNA in human and chimpanzees 
Tavare 1986 – Some probabilistic and statistical problems in the analysis of DNA sequences 

ExampleA_2009 GGTACGCCTTGCGTGGACAGTCCCTAGTTCTGATCAGTCT 
ExampleB_2005 CGTACGCGTTGCGTGCACAGTGCCTAGTTCTGATCAGTCA 



HKY 

Estimated 

Gamma 



BEAUTI 



Discrete Traits  

Pagel et al. 2004 – Bayesian estimation of ancestral character states on phylogenies 



BEAUTI 

Asymmetric 
substitution 
model 



BEAUTI 



Clock Model 

Drummond et al. 2006 – Relaxed phylogenetics and dating with confidence 



Clock Model 

Drummond et al. 2006 – Relaxed phylogenetics and dating with confidence 



Exponential relaxed clock (Uncorrelated) 



BEAUTI 



Population Model - Coalescent Theory 
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A phylogeny can be thought of as 
describing a random series of 
coalescence events. 
 
The frequency and timings of 
coalescence events can be used to 
infer underlying population 
dynamics. 
 
Coalescence events are likely to occur 
more frequently in smaller 
populations. 

Inter-coalescence 
period 

Volz & Frost 2014 – Sampling through time and phylodynamic inference with coalescent and birth-death models 



Population Model 

Ho & Shapiro 2011 – Skyline-plot methods for estimating demographic history from nucleotide sequences 



Population Model 

Ho & Shapiro 2011 – Skyline-plot methods for estimating demographic history from nucleotide sequences 



Population Model 

Ho & Shapiro 2011 – Skyline-plot methods for estimating demographic history from nucleotide sequences 



Population Model 

Ho & Shapiro 2011 – Skyline-plot methods for estimating demographic history from nucleotide sequences 



BEAUTI 

Coalescent: GMRF Bayesian SkyGrid 



BEAUTI 



Substitution Model 



Clock Model 



BEAUTI 

Discrete Trait Analysis 



0.005 
0.005 

1 



BEAUTI 

500 000 000 

50 000 

50 000 

NZ_1_28-08-15_HKY_Relaxed-Exponential_Skygrid_Cattle-Wildlife 



BEAUTI 



BEAUTI Import Trace File… 



BEAUTI 



BEAUTI 



BEAUTI 



Clock Rate 



Trait Transitions 



BEAUTI 

1000 



BEAUTI 



BEAUTI 



NON-BOVINE 
BOVINE 



Summary 

RAW DATA 
NGS 

DATA PROCESSING 
Trimming 
Alignment 

Variant Calling 

VARIANT SITES 

BEAUTI 
Model 

Specification 

BEAST 
Running Bayesian 

analyses 

TRACER 
Assess Convergence of 
Parameter Estimates 

TREE ANNOTATOR 
Find and Annotate 

Representative Tree 

FIGTREE 
Visualise Tree 
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