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1. Introduction to genomics

➢ Genome: The entire DNA content (and thus all the genes) of an organism. It contains all

information necessary for reproduction, development and physiology of an organism

➢ Genomics is the study of all genes present in an organism
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Types of the Genomics

(DOI: 10.1007/978-981-97-3169-5_1) 4



2. How is genome sequenced?

Today cost:

$1000/genome
1st draft completed in 2001

13-year-long, $2.7 billion
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Genomics research workflow

An example of high-throughput sequencing for pathogen detection in urban water systems
(DOI: 10.1016/j.scitotenv.2023.165867) 6



The evolution of sequencing technology

(https://www.pacb.com/blog/the-evolution-of-dna-sequencing-tools/) 7



Sanger sequencing

Three Basic Steps of Automated Sanger Sequencing (https://www.sigmaaldrich.com/).

https://www.youtube.com/watch?v=dVRB4CaLizc
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Next Generation Sequencing (NGS)
- Short Reads Become Fast and Efficient
Illummina sequencing:  https://www.youtube.com/watch?v=womKfikWlxM

• Illumina are used more commonly

• Based on the Sequencing By Synthesis principle

• Advantage of technology: Cost-effective 

• Disadvantage of technology: Short reads & Long run time

(https://microbenotes.com/illumina-sequencing/) 9

https://www.youtube.com/watch?v=womKfikWlxM


Oxford Nanopore sequencing

https://www.youtube.com/watch?v=E9-Rm5AoZGw

(+): Fast sequencing, Long reads 

(-): High error rates 10



Completeness of the genome sequence

• Contigs: longer continuous sequences formed by merging overlapping reads

• Scaffolds: Ordered and oriented collections of contigs connected by gaps (a run of N’s)
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Challenges of Short-Read & Long-Read Sequencing

• Difficulty resolving repetitive sequences

• Gaps and fragmented genome assemblies

• Error rates

• Cost

• Computational resources 12



Hybrid Genome Assembly: 
Integrating Short- & Long-Read Sequencing

(DOI: https://doi.org/10.1016/j.synbio.2023.03.001) 13

https://doi.org/10.1016/j.synbio.2023.03.001


Dominguez Del Angel V, Hjerde E, Sterck L et al. Ten steps to get started in Genome Assembly 
and Annotation [version 1]. F1000Research 2018, 7:148 (doi: 10.12688/f1000research.13598.1)

General steps in a genome assembly workflow
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Coverage/Sequencing depth

Coverage/Sequencing depth: the average number of sequencing reads that align to each base position in 

the reference genome.

reads

Reference genome size, 

e.g. Escherichia coli str. K-12 (~4.6Mb)

Converage =  

Total number of bases 

obtained from reads

Reference genome size

1) Overal genome coverage

2) Coverage of each target region

Reference genome
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Example: Estimating Genome Coverage

Question:

Assume that the E. coli genome sequencing data have the following characteristics:

• Total number of reads obtained: 1,000,000 reads

• Length of each read: 150 bp (paired-end sequencing)

• Genome size of Escherichia coli str. K-12: approximately 4.6 Mb

Calculate the average coverage of the E. coli genome.

Converage =  

Total number of bases 

obtained from reads

Reference genome size
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3. Sequence File Formats 3. Sequence File Formats 
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3.1. Example from Sanger sequences

• File format: ab1 file

• A view of sequence from Sanger sequencing
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FASTA Format

FASTA Definition Line (begin with “>”)

Nucleotide 

sequence or 

amino acid 

sequence

FASTA is a text format used to store biological sequences, such as DNA, RNA, or protein sequences.

19



3.2. Nanopore sequencing data

Raw data files:

FAST5 (Hierarchical Data Format):

• A hierarchical file format for storing large datasets.

• Contains raw signals generated during sequencing.

• Superseded by POD5 starting with MinKNOW v23.04.05.

POD5 (Pore Open Data):

• Smaller file size than FAST5.

• Improved file read/write performance.

Base calling

FASTQ files
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Sequence data file: FASTQ

• Contains nucleotide sequences and per-base quality scores.

• Each read consists of four lines: identifier, sequence, “+” separator, and quality scores.

(DOI:10.1002/smtd.202101251)
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https://doi.org/10.1002/smtd.202101251?urlappend=?utm_source%3Dresearchgate.net%26utm_medium%3Darticle


How to read quality score?

Phred quality score

If Phred assigns a quality score of 30 to a base, the chances that this base is called incorrectly are 1 in 1000.

Phred quality scores Q are defined as a property which is

logarithmically related to the base-calling error probabilities P
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How to read quality score?

ASCII encoded Phred score

ASCII encoding table used to convert numerical quality scores into single characters
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3.3. Sequence File Formats from Illumina sequencing
Each sample has a pair of raw fastq files (forward file & reverse file).

e.g. a fastq file
@A01056:177:HH2T7DSX2:3:1101:1090:1000 1:N:0:ATCCACTG+ACGCACCT

TTAGGGTGGATAGCTTAGACGATGTCGGTGTCAAGCGCGTCGACTAACCGCGCCGTTAAGGTAGGCTGGCGGGCGCGACACTGGAATGCAGATGGAGAATTCTCTGCAAATTAAAACCTTA

TATAGGAAGAGAACACGTCAGAAAAACAGT

+

FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:F,FFFFFFFFFFFFFFFF,

,,:,,,::FFF,:F:FFFF,,:F,:,F:,F

@A01056:177:HH2T7DSX2:3:1101:3694:1000 1:N:0:ATCCACTG+ACGCACCT

GTTATGCGAGGGGTATTGTCACGACTCCTTTCCGAGGTATCGTGGTGGTACTGAGGCACATGGTAACATGATGTGGGGTTGTGTCTTGTGGGTACAGTGGTACACCTCTGATCAGAGTTTA

ATCTATTCGAATAGCCGTACCCGCGGTTAT

+

F,:FFFFFFFFFF,F:FFFFFFFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:FFFFFFFFFF:FFFFFFFFFFFFF,FFFFFFFFFFFFFFFFFFFFFFFFFFF

FFFFFFFFFFFFFFFFFF,:FFFFFFF:F:
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4. Upload Data to UseGalaxy4. Upload Data to UseGalaxy
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Long- and short-read sequencing data from 6 clinical Escherichia coli isolates in Battambang, Cambodia.

Practical Data

Strain ID Oxford Nanopore (ONT)
Illumina WGS

(Paired-end reads)

327 ERR13363302 ERR13363635

368 ERR13363634 ERR13363306

372 ERR13363630 ERR13363307

366 ERR13363633 ERR13363304

364 ERR13363632 ERR13363303

323 ERR13363629 ERR13363281

(Link to sequencing data: https://www.ebi.ac.uk/ena/browser/view/PRJEB77560)
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Option 1: Retrieve selected sequencing data from the SRA

• Create a new history and give it a name e.g. WGS_Ecoli_327

• Search tool: Download and Extract Reads in FASTQ format from NCBI SRA

• Enter SRR accession number e.g ERR13363302, ERR13363635 (for E.coli 327)
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Option 2: Upload sequencing data files to Galaxy

• Create a new history and give it a name.

• Upload data: Choose Upload → Choose local file → Start → Close

1
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Create datasets for paired-end illumina data in Galaxy

Chose Illumina fastq files/Advanced Build List → List of Paired Datasets → Builder

Điền tên set mẫu
e.g. Illumina_WGS
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5. Quality check5. Quality check
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5.1. Assess Illumina sequencing quality using FastQC

Tool: FastQC

Tool Parameters:

• Raw read data from your current history: Select Dataset Collection, then choose the datasets

containing the Illumina sequencing data e.g. Paired-end data (fastq-dump) - ERR13363302

• Select Run Tool
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FastQC results for sequencing data quality assessment

Read the results from the FastQC HTML report (webpage)
32



FastQC Report - Examples
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FastQC Report - Examples
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FastQC Report - Examples
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FastQC Report

GC content of Escherichia coli: ~50% - 51%
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Based on the FastQC results for Read 1 and Read 2 of the Illumina sequencing dataset for Escherichia coli

327, evaluate and report the sequencing data quality according to the following criteria:

1. Raw data statistics: Total number of reads, read length, and GC content (%).

2. Read quality assessment: Analyze the distribution of quality scores across read positions (Per base

sequence quality) and comment on the overall data quality.

3. Assessment of other quality metrics: Evaluate Per sequence GC content, Sequence Length

Distribution, Overrepresented sequences, and Adapter Content, among other relevant indicators.

4. Comparison of Read 1 and Read 2: Identify similarities and differences in quality between the two

reads, and determine which read has better overall quality.

Question: Assessing the quality of Illumina sequencing data
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5.2. Assessing ONT sequencing quality using NanoPlot

• Tool: Nanoplot

• Select Batch (if processing one file)/ Type of file(s) to work on: fastq/ files: select the uploaded ONT

sequencing file.

• Under Specify the bivariate format of the plots, select dots (dot)→ Run Tool

• Batch: Process each file separately.

• Combine: Process multiple input files together
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NanoPlot report results

View the results file: 
HTML report
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Question: 

Based on the NanoPlot results for the ONT sequencing dataset of Escherichia coli 327: 

1. Sequencing quality assessment: Is the overall data quality good or poor? Evaluate read 

length, average quality score, and quality variation along each read.

2. Are the reads long enough and of high enough quality for our downstream analyses? Is 

quality filtering or trimming necessary to improve the results?
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6. Quality filtering (Option)6. Quality filtering (Option)
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Remove low-quality nucleotides (typically those with a quality score below 20).

Quality filtering using fastp (Option)

Tool: fastp- fast all-in-one preprocessing for FASTQ files

It can trim adapter sequences and filter out low-quality reads.

42

@SRR638895.6046 6046 length=76
GTGAAAGACTCTCGTAGCAAACGAAACGTCAAGTCGGTGAGGCCAACTCTTGTCGTAGCCGCGTCCATTGCGCCCT
+SRR638895.6046 6046 length=76
######################EEEEEEEEEEEEEEEEEEEEEEEEEEE###########################

36 22



Run fastp on paired-end Illumina 
sequencing data in Galaxy

• Tool: fastp

• Tool Parameters:

✓ Single-end or paired-end

reads: Paired Collection

✓ Select FASTQ dataset

collection with R1/R2 pair:

Select the raw data from the

dataset collection (e.g.

Paired-end data (fastq-

dump) - ERR13363302).

✓ Qualified quality phred: 20

✓ Unqualified percent limit:20

✓ Length filtering options

-> Length required: e.g 50bp

• Click Run Tool

Trim bases with a Phred quality 

score ≤ 20

Retain only reads that meet the minimum 
length requirement (e.g., 50 bp)

If adapter sequences remain.

At least 80% of bases must meet 

the Q20 quality threshold.
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fastp report results View the results file: HTML report
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Question: Quality-based trimming using fastp

Use fastp to clean short-read whole-genome sequencing data for sample SRR26937092. Apply the following

criteria:

• Remove bases with Phred quality scores ≤ 20, retaining only reads in which at least 80% of bases meet the

Q20 quality threshold.

• Retain reads with a length of > 50 bp after trimming.

• Rerun FastQC for both Read 1 and Read 2 after trimming, and compare the FastQC results before and

after quality filtering.

Question:

Report the quality metrics before and after trimming for both Read 1 and Read 2:

• Basic Statistics: number of sequences (reads), sequence length, and GC content (%GC).

• Percentage (%) of reads retained after trimming.

• Evaluate the changes in Per Base Sequence Quality.
45



SummarySummary

1. Sequencing data: Nanopore and Illumina

• File format: FASTQ (sequence reads and quality scores)

2. Sequencing quality assessment

• FastQC: Quality assessment of short reads (Illumina)

• Nanoplot: Quality assessment of long reads (Nanopore)

3. Quality filtering 

• fastp: trim adapter sequences and filter out low-quality reads.
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