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Genome sequencing technologies
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1st generation: 

Sequencing by 

cyclic chain 

termination

1977 – 2000s

Let’s watch this video together

https://www.youtube.com/watch?
v=ONGdehkB8jU
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2nd or next-

generation: 

Sequencing by 

synthesis

2005 – 2010s

Let’s watch this video together

https://www.youtube.com/watch?
v=WNM6A9h6GJI

You can also watch this one on 
your own

https://www.youtube.com/watch?
v=CZeN-IgjYCo 
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Important 

variation of 

2nd-generation 

sequencing:

Pair-end 

sequencing

Let’s watch this video together

https://youtu.be/WneZp3fSJIk 
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3rd generation: 

Long-read 

sequencing by 

“direct 

inspection”

2010s and 

ongoing

Let’s watch this video together

https://www.youtube.com/watch?
v=CGWZvHIi3i0 
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GC-bias in sequencing data

7Ross et al., Characterizing and measuring bias in sequence data, Genome Biology 14:R51, 2013

Relative coverage =

Read 
https://doi.org
/10.1146/annu
rev.biophys.30.
1.1 to 
understand the 
chemistry likely 
to be 
underlying this 
phenomenon

https://doi.org/10.1146/annurev.biophys.30.1.1
https://doi.org/10.1146/annurev.biophys.30.1.1
https://doi.org/10.1146/annurev.biophys.30.1.1
https://doi.org/10.1146/annurev.biophys.30.1.1
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Cost per human genome

8



Wong Limsoon, CS4330, AY2025/26

Speed per human genome
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It took 13 years & 
$2.7 billion to 
sequence the 1st 
human genome

Now, a human 
genome can be 
sequenced in 1 day 
at less than $1000

https://med.stanford.edu/news/all-
news/2022/01/dna-sequencing-technique.html
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Sequencing error rates & read lengths
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1st-gen, e.g. Sanger

Error rate ~0.01%, read length 400 – 900 nt

2nd-gen, e.g. Illumina

Error rate ~0.1%, read length 150 – 300 nt

3rd-gen, e.g. PacBio & ONT,

Error rate ~10-15%, read length 5000 - 15000 nt
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Base quality

11

Phred score is log of prob of incorrect base call, P

QPhred = -10 log10(P)

P is assigned by the sequencing machine used

Note that P = 10 –QPhred /10
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Exercise 
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If you don’t know the error rate, how would you derive or 

estimate the Phred score of a sequencing project? 
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Quality control in sequencing data
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Base quality score (Phred score)

Read length distribution

GC content

Adapter contamination

Error rate
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Additional quality control in sequencing 
data when there is a reference genome
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Duplicate removal

Coverage uniformity

Mapping quality

Ref genome consistency
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FastQC, a sequencing quality control tool
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Get FastQC at

https://www.bioinformatics.babraham.ac.uk/projects/fastqc 

https://www.bioinformatics.babraham.ac.uk/projects/fastqc
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Exercise 

18

Suppose these reads are mapped to the 

same loci in a human genome

Is the green G likely an error?

Is the green T likely an error?

Is there likely an error in the red column?

Is the blue C likely an error? 

ACGTAGGTACTG
ACGTACGTACTG
ACTTACGTACTG
ACGTACGTACTG
ACGTACGTACTG
ACCTACGTAGTG
ACCTACGTAGTG
ACCTACGTAGTG
ACCTACGTAGTG
ACCTACGTAGTG
ACCTACGTACTG
ACGTACGTACTG
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Sequencing coverage
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Coverage = # bases sequenced / Size of sequenced region

The value represents how many times, on average, each 

base in the target region has been sequenced
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Good to read

Illumina sequencing technology 
https://www.illumina.com/documents/products/techspotlights/techspotlight_seq
uencing.pdf 

FastQC
https://www.bioinformatics.babraham.ac.uk/projects/fastqc 
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