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We have a sequence, now what?



How do we go from sample to actionable data?



Sequencing is likely no longer the 
bottleneck — it is analysis



 

Bioinformatics platforms

Commercial “Point and click”
- CLC Genomics 
- Geneious Prime

Free “Point and Click”
- UGENE 
- MEGA

Web-based pipelines
- Galaxy Server 
- Terra (Google cloud) 
- Illumina Basespace

Command line
Thousands of 
individual programs



RAW SEQUENCE DATA FILES



fastq fast5

Illumina Nanopore Ion Torrent

bam



Line 1 begins with a '@' character and is followed by a sequence identifier and 
an optional description (like a FASTA title line). 

Line 2 is the raw sequence letters. 

Line 3 begins with a '+' character and is optionally followed by the same 
sequence identifier (and any description) again. 

Line 4 encodes the quality values for the sequence in Line 2, and must contain 
the same number of symbols as letters in the sequence.

@SEQ_ID 
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT 
+  
!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65

2
3
4

1

Fastq format



Fastq format

https://www.gdc-docs.ethz.ch/MDA/site/getdata/



1. Fastq header

2. The read sequence

3. Sequence/quality line separator

4. Sequence quality. There is one character for each 
nucleotide. The characters relate to a sequence quality 
score e.g. how likely is the nucleotide correct?  
Known as  Phred score 

Each sequence read is 
represented by 4 lines

Fastq format



The quality (Q), also called Phred score, is the probability (P)  
that the corresponding basecall is incorrect.



fast5 format
Binary file (not human readable) 

Contains: 
- Sequence of a read 
- Raw signal data from pore 
- Additional log files 

Typically convert fast5 to fastq for downstream 
analyses



BAM format for read data

Binary Alignment Map format 

Binary conversion of the Sequence Alignment Map (SAM) file  

Typically convert bam to fastq for downstream analyses



Fasta format

1. Each entry begins with ‘>’

2. Name of sequence directly after ‘>’
3. Everything after name is called Description 

4. Sequence (nucleotides or AA) 

Can be one line or have line break every 
60-80 characters (like here)

File name extensions:  
.fnt (nucleotide)

.fna (nucleotide)

.faa (amino acid)

.fasta

.fa

.fas



Two common paths to generating genome fasta files

fastq files fastq files

map to reference assembly

Fasta genome



GENOME ANNOTATION FILES



Genome annotation files

European Nucleotide Archive (ENA) : EMBL

General Feature File (GFF)

NIH / NCBI : GenBank 



COVID-19 Data Portal — ENA



EMBL format from EBI

Two-character line code 
indicates the type of information 
contained in the line

Annotation

Header

Sequence

Feature 
Key



NIH / NCBI Virus



GenBank format from NCBI

Annotation

Header

Sequence



General Feature File (GFF)



Annotation files can be visualized and explored

Artemis

Integrated Genome Viewer 
(IGV)



Questions?
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Explore NextClade

-utilize SARS-CoV-2 genomes in .fasta format 
- Start building an understanding of looking at 

genome data

Call lineages with Pangolin 
- use web based Pangolin to designate Pango 

lineages

Bioinformatics Module 1

https://domman-genomics.github.io/Oman_NGS/manuals/01_Intro_to_NGS/module_Intro.html

https://domman-genomics.github.io/Oman_NGS/manuals/01_Intro_to_NGS/module_Intro.html

