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Introduction to DNA-Sequencing

Part 1: DNA/RNA Sequencing Course, Westmead
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Introduction to DNA sequencing

Group activity: Reference mapping

Genome assembly pipeline

Hands-on activity: Reference mapping on Galaxy
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Part B: Group activity — The DNA detectives in a jam

Farmer McSweetie has a problem. He grows the world’s sweetest strawberries but
something has gone badly wrong. His latest crop taste terrible and no-one will buy them.

What could have happened?

He has had his strawberries tested and discovered that they don’t have enough of the right
sort of sugar to make them sweet. An enzyme called Acid Invertase converts normal sugar
(sucrose) to extra sweet fruit sugar (fructose) but it doesn’t seem to be working properly and
he doesn’t know why.

It's time to call in the DNA detectives (that is you, by the way) to try to unravel the mystery of
what is wrong with McSweetie’s strawberries.

First, we will get the DNA sequence from the mutant strawberries. (A mutation is just a
change in the DNA sequence compared to normal). Unfortunately, we can’t read all of it at
once so we have to read lots of smaller fragments and put them together so they overlap
and we can get the whole sequence. A picture of some students doing this is shown below.

See how each bit of DNA sequence overlaps with the next one so we can read the whole
thing.

When we have built our sequence we can compare it to what it should be. We will use a
program to search through all the known DNA sequences for strawberry. We need to be
very careful as we copy the A’s, C’s, G’s and T’s as just one letter out of place could spell
disaster.

When you have got your DNA sequence assembled to make a long molecule (called a
contig), carefully read off the DNA letters in order.



Here is the sequence for a juicy strawberry. Find the base in your sequence that is different
and circle it. Write the letter you find underneath.

TATCATTTCCAGCCTTGCAAGAATTGGATGAACGATC
CTAATGGGCCAATGGTTTACAAGAACGTATACCATCA
TTTTTATCAATATAATCCCGATGGT

Let’s learn more about this DNA sequence.
In a web browser go to:

Web BLAST

Basic Local Alignment Search Tool

BLAST finds regions of similarity between biological sequences. The program
compares nucleotide or protein sequences to sequence databases and
calculates the statistical significance. Learn more

https://blast.ncbi.nlm.nih.gov/Blast.cqi?PROGRAM=blastn& PAGE TYPE=BlastSear
ch&LINK LOC=blasthome

Copy your sequence (the above sweet strawberry DNA sequence, modified with the
variant you identified) and paste it into the ‘Enter Query Sequence’ box:

Enter accession number(s), gi(s), or FASTA sequence(s) &

Then press CBLAST D

A comparison with DNA sequences in the NCBI BLAST database your sequence is
similar to:


https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
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Part C: A genome assembly pipeline in Galaxy

Case study

Whole-genome sequencing for analysis of an outbreak of
meticillin-resistant Staphylococcus aureus: a descriptive study

Simon R Harris*, Edward | P Cartwright™, M Estée Tarok, Matthew T G Holden, Nicholas M Brown, Amanda L Ogilvy-Stuart, Matthew | Ellington,
Michael A Quail, Stephen D Bentley, Julian Parkhillt, Sharon | Peacockt

Summary

Background The emergence of meticillin-resistant Staphylococcus aureus (MRSA) that can persist in the community
and replace existing hospital-adapted lineages of MRSA means that it is necessary to understand transmission
dynamics in terms of hospitals and the community as one entity. We assessed the use of whole-genome sequencing
to enhance deteclion of MRSA transmission belween these sellings.

Methods We studied a putative MRSA outbreak on a special care baby unit (SCBU) at a National Health Service
Foundation Trust in Cambridge, UK. We used whole-genome sequencing lo validate and expand findings from an
infection-control team who assessed the outbreak through conventional analysis of epidemiological data and
antibiogram profiles. We sequenced isolates from all colonised patients in the SCBU, and sequenced MRSA isolates
from patienls in the hospilal or community with the same antibiotic susceptibility profile as the outbreak strain.

Findings The hospital infection-control team identified 12 infants colonised with MRSA in a 6 month period in 2011,
who were suspected of being linked, bul a persisient outbreak could not be confirmed with conventional methods.
With whole-genome sequencing, we identified 26 related cases of MRSA carriage, and showed transmission occurred
within the SCBU, between mothers on a postnatal ward, and in the community. The outbreak MRSA type was a new
sequence kype (ST) 2371, which is closely related to ST22, but conlains genes encoding Panton-Valentine leucocidin.
Whole-genome sequencing data were used to propose and confirm that MRSA carriage by a staff member had allowed
the outbreak to persist during periods without known infection on the SCBU and after a deep clean.

Interpretation Whole-genome sequencing holds great promise for rapid, accurate, and comprehensive identification
of bacterial transmission pathways in hospital and community settings, with concomitant reductions in infections,
morbidily, and cosls.

Lancet Infectious Diseases, 2013, 13(2):130-136
https://dx.doi.org/10.1016/S1473-3099(12)70268-2



https://dx.doi.org/10.1016/S1473-3099(12)70268-2

Background

A potential outbreak of MRSA in the Special Care Babies Unit (SCBU) was indicated

by three babies having similar antibiotic susceptibility profiles and who were admitted

within days of each other.
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Figure 1. (A) Antibiogram and (B) epidemiology of three possinie outoreak cases In

the SCBU.

Infection control responded to the outbreak by performing a deep clean,
implemented weekly MRSA screening, and reinforced infection control. 13 (+3)
babies with MRSA were identified within 6 months prior to the 3 outbreak cases. 1
case was identified after the deep clean of the SCBU. Infection control investigated
17 cases: 12 cases were classified as part of the outbreak and 5 cases were

classified as unrelated to the outbreak.

[

L —1_ - L
Community / a4 it
_______________ / SUUNNY 2. SN I I
Maternity ward o
MRSA screen ‘{ oy
negative| ol /|l Ll
SCBU MRSA ot .-
screen negative o# L i
""""" V20 B S I 35 = T
days %ys .8-‘days'/
- !
SCBU \ — &
MRSA ay
screen =
positive -
e
L)
"
=}
v SO
I
0 50 100 150 200 250 300 350
Time (days)

Figure 2. Epidemiology of patients in the SCBU and other patients with linked MRSA

infection detected in the community.

Whole Genome Sequencing

Did the outbreak extend over 6 months?

How accurate was the infection control investigation?

Reference mapping
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(approach used by Harris et al.)
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Figure 3. (A) Creating a draft genome by reference mapping vs de novo assembly.
(B) A missing plasmid found in samples when compared to the reference. (C)
Phylogenetic tree based on core single nucleotide polymorphisms (SNPs), including
P1 and P3 who infection control had initially excluded from the outbreak based on
their antibiogram.

Pipelines



Genome assembly and annotation

Workflow Canvas | annotation-summer-school-2018 &

& FastQC x

Short read data from your current 2. Check quality

histary 4
Contaminant list / Of Input reads
Submodue and L specting fle_

1. Raw forward o g 4. Assemble reads
and reverse — into draft genome
sequencing reads #rasiac x

Short read data from your current
histary

Contaminant list 5 & An notate d I'aft

Submodule and Limit specifing file

htmi_file (html) » genome
text_file (txt) F SPAdes x
Libraries 1 > Files 1 > Forward
reads
Input dataset X% /& Trimmomatic x o -
Libraries 1 > Files 1 > Reverse reads °
utput Input FASTQ file (R1/first of pair) c
| AsTa e 2/ o PacBio CLR reads ontigs to annotate
nput e (R2/second o
Input dataset x p;‘]ﬂ Nanopore reads Optional FASTA file of trusted proteins
to first annotate from (--proteins)
output Sanger reads
fastq_out_paired out_aff (gf) .
fast it d Trusted contigs
. astq_out_unpaire: uut,gbk (1)
i Untrusted contigs
3 | Q u al Ity fastq_out_rl_paired & g out_fna (fasta}
4 = ———————— f i s out_contig_stats (tabular)
trimming o pered ° out aa st
fe out_scaffold_stats (tabular)
astq_out_rl_unpaired - . out_fin (Fasta)
Facbm sk =B smemadead . nut eon tine (Facral N L

Pangenome-based phylogeny
7. Make

6. Compare genes phylogenetic tree
(core gene alignment) /

# FastTree x

Aligned sequences file (FASTA

format)

output (nhx) &
/~ Roary x

log (txt)

select gff inputs to Roary

sumstats (tabular) -
core_gene_aln (fasta) &
gene_p_a (csv)

acc_bin (fasta)
acc_bin_new (nhx)
acc_graph (dot)
acc_head_embl (embl)
acc_tab (tabular)

blast_frea (txt)

These workflows can be found here:
https://galaxy-mel.genome.edu.au/galaxy/workflow/list published



https://galaxy-mel.genome.edu.au/galaxy/workflow/list_published

Results

This is the phylogenetic tree produced by the pipeline and viewed in Phandango
(Hadfield, et al. Bioinfomatics, 2017).

https://jameshadfield.github.io/phandango

Here we are focusing on the ermC gene (rRNA adenine N-6-methyltransferase,
confers Erythromycin resistance).
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https://jameshadfield.github.io/phandango

Notice that 3 samples, P1, P5, and P24 have the ermC gene. However, the paper
reports that P24 was susceptible to Erythromycin and was missing the plasmid
carrying ermcC.

Table S1. Antimicrobial susceptibility pattern of MRSA isolates.

QN &Y g .
<> S D . 3 S
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ealthcare
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Red means resistant and white means susceptible to a given antibiotic. Green, initial result
proved incorrect on repeat testing and changed designation from susceptible to resistant. A
healthcare worker had twenty MRSA colonies taken from the primary plate; the blue box for
erythromycin signifies that some colonies were susceptible to this antibiotic (n=18) and

some were resistant (n=2).

Let’s explore this.
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Part C. Reference mapping in Galaxy

Galaxy

This part will be based on a web-based platform called Galaxy. It is a useful tool for
biologists to perform analysis workflows and contains a lot of common bioinformatics
tools. Registered users can use 100Gb of space for free.

We will use Galaxy (Melbourne instance) for aligning reads to the plasmid carrying
the ermC gene (CP002148).

e Go to the Melbourne Galaxy Server (in Firefox, Chrome or Safari):
http://galaxy-mel.genome.edu.au/galaxy

e |If you haven’t already, register (click User > Register), then log in

Tools

search tools

BASIC TOOLS
Get Data

Send Data
Lift-Over

Operate on Genomic Intervals
Extract Features

STATISTICS AND VISUALISATION
Fetch Sequences

Eetch Alignments

Statistics

Graph/Display Data

NGS COMMON TOOLSETS

Viewing

sopeOowe = N & ~mF

Welcome to Galaxy Melbourne

This Galaxy service is maintained by the Life Sciences Computation
Centre at the VLSCI

We provide this Galaxy instance to:

« provide bioinformatics infrastructure to the Melbourne life sciences
community

« give researchers tools to do their own analysis

« help improve general bioinformatics skills

« provide a platform for tutorials and other training

IMPORTANT NOTE:

Disk Quotas

Registered users get 100GB of disk space.

If you require more space, please contact the service
administrators by email

Storage
This server is designed for data analysis and not long term data
ctaranas

History

search datasets

Unnamed history
(empty) e

© This history Is empty. You can
load your own data or get data
I
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https://www.ncbi.nlm.nih.gov/nuccore/CP002148
http://galaxy-mel.genome.edu.au/galaxy

Part C1. Import your data

1. Open the public histories:
https://galaxy-mel.genome.edu.au/galaxy/history/list published

2. Click on SIH_DNASeq_Mapping

Published Histories

search name, annotation, owner, and tags Q

Advanced Search

Name Annotation Owner

SIH_DNASeg Mapping sih.training

3. Import the dataset into your ‘history’

= Galaxy / GVL 4.0.0 Shared Data
Published Histories | sih.training | SIH_DNASeq_Mapping Import history | About
- Make a copy of this history and

SIH_DNASeq_Mapping switch ta it ¢
1.02 GB sih.trai
Q) | Relau
All pub
Dataset Annotation Publish
8: P24 reads mapped to plasmid-BAM @ Ratin'
Commt
7: P1 reads mapped to plasmid-BAM - (0 rating

6; Plasmid-CP002148-1.gbk ) vours
Taas

Importing history "SIH_DNASeq_Mapping'

Enter a title for the new history:

imported: SIH_DNASeq_Mapping

Cancel Import

= Galaxy / GVL 4.0.0 Analyze Data
Tools oY History <%0
) )
BASIC TOOLS imported: SIH_DNASeq_Mapping
8 shown
Gerate Welcome to Galaxy Melbourne
Send Data 1.02 GB A X
Lift-Over
8: P24 reads mappedto. ® 4 x
Text Manipulation plasmid-BAM
Filter and Sort
7:P1 reads mapped to pl
Join, Subtract and Group i ® 4 X
Convert Formats
Operate on Genomic Intervals This Galaxy service is ined by the Life Sciences C ion Centre at the VLSCI ;s;_:m&cm ® 4 x
Extract Features We provide this Galaxy instance to:
STATISTICS AND VISUALISATION « provide bioinformatics infrastructure to the Melbourne life sciences community ® 4 x
Fetch Sequences . givle (esean:hers toollst:p dt; their own avralysis Ba
Fe Gavants * hel p.lmpruve general bioin ?rmallcs skills . 4: P24 2.fastq ® 4 %
« provide a platform for tutorials and other training
Statistics 3:P24_1fastq ® & x
Graph/Display Data
X 2:P1 2.fastq ® &S X
NGS COMMON TOOLSETS IMPORTANT NOTE:
FASTA manipulation Disk Quotas A 7t
NS Dicard Ranictarad ticare nat 100CR af dick cnara

Part C2. Perform the reference mapping task
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https://galaxy-mel.genome.edu.au/galaxy/history/list_published

1. In the left “Tools’ pane, type in ‘BWA-MEM’, and click on ‘Map with BWA-MEM'.

= Galaxy / GVL 4.0.0

Tools :n

(" BWA-MEM 0)
NGS: Picard

FilterSamReads include or exclude
aligned and unaligned reads and
read lists

NGS: SAM Tools

Stats generate statistics for BAM
dataset

NGS: Mapping
Map with BWA - map short reads

genome

Map with BWA-MEM - map
medium and long reads (> 100
bp) against reference genome

2. Select ‘Use a genome from history and build index’
CP002148-1.fasta

then select ‘Plasmid-

Map with BWA-MEM - map medium and long reads (> 100 bp) against reference genome (Gal ersion 0.7.15.1) & Versions v Options

Will you select a reference genome from your history or use a built-in in

Use a genome from history and build index
Built-ins were indexed using default options. See ‘Indexes” section of help below
Use the following dataset as the reference sequence

O @& [ | 5:Plasmid-CP002148-1.fasta

Wiis dnar s lae e PR ONR s s vt i il B D T i s !

3. Select ‘Paired-Ends’

&

4. For forward read selection, click the multiple datasets button and using
(ctrl on Windows, command on Mac) select both P1_1.fastqg and P24 _1.fastq.

Single or Paired-end read

Paired
Select between paipegd and single end data

Select first s&t of reads

O & | O | 4 P24_2.fastg
1: P1_l.fastq

&% This is a batch mode input field. Separate jobs will be triggered for each dataset selection.
Specify dataset with forward reads

5. For reverse read selection, click the multiple datasets button e and select
both P1_2.fastq and P24 2.fastq.



4: P24_2.fastq

3: P24_1.fastq

1: P1_1.fastg

& This is a batch mode input field. Separate jobs will be triggered for each dataset selection.

Specify dataset with reverse reads

Execute: Map with BWA-MEM
6 C"Ck (0.7.15.1)

10. The mapping jobs will be submitted to the Galaxy cluster for processing — Be
Patient! — a key lesson in Genomics.

History C # D]
o 2 jobs have been successfully added to the queue - Iting in the foll di |
(%)
9: Map with BWA-MEM on data 2, data 1, and data 5 (mapped reads in BAM format)
imported: SIH_DNASeq_Mapping
10 shy
10: Map with BWA-MEM on data 4, data 3, and data 5 (mapped reads in BAM format) il
1.02 GB ICA X

You can check the status of queued jobs and view the resulting data by refreshing the History pane. When the job has been run the status will
change from 'running' to 'finished' if completed successfully or ‘error' if problems were encountered.

<"+ 10: Map with BWA-M @ 4 x
EM on data 4, data 3, an

d data 5 (mapped reads in BAM form
an

' 9: Map with BWA-ME @ 4 x
Mon data 2, data 1,and

data 5 (mapped reads in BAM format
)

Part C3. Visualise the results the Integrated Genomics Viewer (IGV)

6: Plasmid-CP002148-1. @ 4 x

1. Click on the name e

o
2. Click the save icon to download the Plasmid genbank file to your desktop.

6: Plasmid-CP002148-1. @ 4 %
gbk

112 lines

format: genbank, database: ?

uploaded txt file

o L ? > e
CPOG2148.1
DEFINITION Staphylococcus aureus stra

sequence.
ACCESSION  CP@02148.1
VERSION CPo@2148.1

3. Click on ‘9 Map with BWA-MEM on data 2, data 1, and data 5 (mapped reads in
BAM format)’

14



display with IGV web current@ocal

4. Click on “web_current” next to “display with IGV”. Save the ‘igv.jnlp’ file and
double click the file to open it.

5. IGV will open, defaulting to the Human (hp19) genome. Go to Genome -> Load
Genome from File.

IGV 2.4 File m View Tracks Regions Tools GenomeSpace

@® Load Genome from File... IGV

And select the Plasmid.gbk (genbank) file

@ @® Load Genome

[ 1 galaxy-mapping-exercise E

Name ~

Galaxy6-[Plasmid-CP002148-1.gbk].gbk

Galaxy6-[Plasmid-CP002148-1.gbk].genbank.fai

6. In Galaxy, select ‘display with IGV local’ for both:

9 Map with BWA-MEM on data 2, data 1, and data 5 (mapped reads in BAM format)
And

10 Map with BWA-MEM on data 4, data 3, and data 5 (mapped reads in BAM format)

9: Map with BWA-MEMo @ 4 x
n data 2, data 1, and dat

a 5 (mapped reads in BAM format)
98.1 MB

format: bam, database: ?

[bwa_index] Pack FASTA... 0.00 sec
[bwa_index] Construct BWT for the
packed sequence...

[bwa_index] 0.00 seconds elapse.
[bwa_index] Update BWT... 0.00 sec
[bwa_index] Pack forward-only
FASTA... 0.00 sec

[bwa_index] Construct SA from’ BWT
and Occ... 0.00

O ?
display with IGV local

display in IGB View

e |

Binary bam alignments file

7. Navigate back to IGV, you will see the reads that mapped to this plasmid
containing the Erythromycin gene. P1 has a lot of coverage, whereas P24 does not
have enough coverage to support it containing this plasmid.

15



P002148.1 n CP002148.1 CP002148.1:1,131-1,342 Go

o 200 bp 400 bp 600 bp 800 bp 1,000 bp 1,200 bp 1,400 bp 1,600 bp 1,800 bp 2,000 bp 2,200 bp 2,400 bp
I I | 1 I I I 1 I | | | I I

galaxy_c0986d485162311 bam C
rage

galaxy_c0966d495(623f11 bam

galaxy_d4414bc554c08a65.bam
rage

galaxy_d4414bc554c08a65.bam

Annotations

§ racks loaded |®lfcrooziae 2 366 T [Froam or aasm
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Part C4. Further investigation

The assembly and annotation pipeline created a draft genome for P24 by denovo
assembly. When looking for the ermC gene in the chromosome (as we did not find it
on the plasmid), we see a transposase and IS protein around the ermC gene.

Discussion: Did the ermC gene move from the plasmid to the chromosome

through a transposase?

Transposase/IS
protein

=p24 X aﬁ%\

e erreE pa—
m ‘”bﬁf‘}ﬂ
draft
PROKKA_02581
dfrA aacA-aphD, yncA_2 SpXA llrps
5 2,7 2.7Vvﬁ_ﬂﬂﬂ_‘

765 000

|» Sequence Settings
¥ LOCK numbers

Hide labels
Lock labels

raft
PROKKA_02587,

!trDS TRNA \ PROKKA_ 02583{
8,000 76 :
PPROKKA_02591
PR,
PROKKA ozsss.

PROKKA_02590 PROKKA_02593, KKA_02595
PROKKA_OZSSZ PROKKA_| 02594 PROKKA_02596
2.771.000 : 72 QE : :

PROKKA_02598,
PROKKA_02599,
\PROKKA_0259

PROKKA_02596)

PROKKA_02602, \PROKKA_02604
ermC PROKKA_02601, PROKKA_02603
1

S e label

q
Name
Annotation lay... Annotation ty. =

Show annetations

Position Next to sequence

Offset Little offset

Label Stacked ]
show arrovs Find ermC in
Use gradients B
Restriction sites AnBOtatlon

Motifs O

2 ?c onn 2 776 000 < 77 000 Residue coloring [
draft Nucleotide info O
PROKKA_02606 Find -
PROKKA_02609,
PROKKA_02605, | ermC
PROKKA_02607, PROKKA_02612 PROKKA_02613 Gz
PROKKA_02608, PPROKKA_02611 \PROKKA_02614 g
PROKKA 02604 PROKKA_02610 PROKKA_02615 » Advanced search parameters
© Annotation
77.nﬂn 7700 0,000 _> 8 Include translations
draft Position
[PROKKA_02621 "
PROKKA_02618 Find
SN RS PROKKA_02620 PROKKA 02622 Text format O
Eou @ B [ [}Q‘-.:@:..;EE =] Help Save View...
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Thank you

Sydney Informatics Hub — Research Computing team
bioinformatics, modelling, simulation

The Sydney Informatics Hub is a Core Research Facility. We provide support, training,
and advice on research data, analyses and computing. We also collaborate on grants
and projects. Talk to us about your computing infrastructure, digital tools and data
governance needs. Contact sih.info@sydney.edu.au for more information.
https://informatics.sydney.edu.au

THE UNIVERSITY OF

SYDNEY

Sydney
Informatics Hub
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