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Why do genetics and genomics matter?

• Essential for precision medicine
• Better diagnosis of genetic 

diseases
• Better diagnosis == targeted 

therapies

• Examples:
• Treatment of cancer patients
• Treatment of rare genetic disease



Why do geneticists need programming?

• The modern geneticist can’t move 
without being able to process 
information
• The human genome project wouldn’t 

have been able to succeed without 
huge amounts of code to decipher 
the sequence data



Why is object oriented programming relevant?

• Object-oriented programming is 
relevant to all software 
engineering.  Especially as it 
grows in scale.
• Code structure, organization and 

reusability.



You know about modules

• import, from and as keywords
• Code organization, reuse and sharing

from counter import count_letters as cl

example_counts = cl('example')

for letter in example_counts:
    print('Letter: ' + letter + "  Count: " + str(counts[letter]))

You should know about classes too…



An anecdote

ensembl.org



• Cells
• Nucleus
• Chromosomes
• DNA & 

Nucleotides
• Genes
• Mutations & 

Variation
• Disease

Genomes are cellular information systems



Genomes are cellular information systems

The Central Dogma of Molecular Biology



Genetic variation
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Diggers to stay despite UK Iraq move
By Max Blenkin

WORST TOLL: A woman holds the body of her two-year-old grandson in
Baghdad. He was one of 3709 Iraqi civilians killed in October. Picture: AP

Australian troops would remain in
Iraq, at least for much of next
year, despite British plans to hand
over provinces to Iraqi control by
May, Defence Minister Brendan
Nelson said yesterday.

British Foreign Secretary Mar-
garet Beckett’s announcement
has been widely seen as Britain,
for the first time, putting a date on
a major step towards withdrawing
its 7000 troops from the Gulf
country.

It came amid evidence that
President George W. Bush is
rethinking strategy in Iraq,
including a realistic exit strategy
for American forces, after a
crushing United States mid-term
election defeat.

Dr Nelson said the British
decision would have no impact on
Australian plans.

‘‘We are not setting any specific
timeline,’’ he said.

His remarks coincide with a
report from the United Nations
showing 3709 Iraqi civilians were
killed in October, the highest
monthly toll since the American-
led invasion three years ago.

The UN Assistance Mission for
Iraq report highlighted attacks on
journalists, judges and lawyers,
and the worsening situation of

women, violence against religious
minorities and the targeting of
schools.

It said, ‘‘Hundreds of bodies
continued to appear in different
areas of Baghdad handcuffed,
blindfolded and bearing signs of
torture and execution-style kill-
ing. Many witnesses reported that

perpetrators wear militia attire
and even police or army
uniforms.’’

Dr Nelson said Australia’s plan
for the next year was to move for
regional provincial Iraqi control
for the south of Iraq.

‘‘We will expect to have a
continued presence through

much of next year in the south of
Iraq,’’ he said.

‘‘The British are planning to
reduce their numbers and move,
as Australia has done, to provin-
cial Iraqi control in the two
provinces that the British are
primarily responsible for.

‘‘At this stage it doesn’t mean
any change in the short- to
medium-term in the Australian
operations,’’ Dr Nelson said.

‘‘The British will move, along
with Australia, to a regional
overwatch about halfway through
next year if progress is being
made, and that means that
together we’ll be providing sup-
port to the Iraqis in the four
provinces in the south.

‘‘For the moment we have no
intention of withdrawing our
troops until the Iraqis themselves
and our coalition partners — the
British, the Romanians and others
with whom they are working —
are all satisfied that the Iraqis can
take control of their own affairs,’’
Dr Nelson said.

The Australians’ role could
focus more on training Iraqi
forces, to prepare them to take full
security responsibility, he said.

Australia has 500 soldiers based
in Tallil, Dhi Qar province, pro-
viding back-up to Iraqi security
forces across Dhi Qar and Al

Muthanna provinces. At a briefing
on Australian operations in the
Middle East, defence force
spokesman Brigadier Gus Gil-
more refused to comment on
reports that the Government was
considering deploying even more
troops to Iraq.

B r i g a d i e r G i l m o r e t o l d
reporters, ‘‘We are constantly
monitoring the situation both in
Iraq and through the world.’’

Labor and the minor parties
said the British announcement
should be a signal for Australia to
bring its troops back, not send
more.

Labor defence spokesman
Robert McClelland said, ‘‘Cer-
tainly we should be identifying,
which we never have done, what
our precise mission is and when
we can withdraw our troops to
focus on the tremendous amount
of work we need to do in our
region.

‘‘It seems as though everyone
has a plan to change their strategy
for Iraq with a view to getting out,
except Australia.

‘‘At this rate everyone will be
out of Iraq and we will be left
holding the baby without any
security backup for our troops,’’
he said.

— AAP, with The Independent and
Agencies

Mulcahy
keeps lid
on secret
report
By Markus Mannheim
Assembly Reporter
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ACT shadow treasurer Richard
Mulcahy has gagged an inquiry into
alleged misuses of funds during the
time he headed the Australian
Hotels Association.

The prominent Liberal MLA has
also finally received a copy of the
secret audit of the organisation’s
financial records, and rejected its
contents ‘‘with complete confi-
dence’’.

But despite his lawyer’s efforts to
stymie the lengthy report’s release,
a trickle of details from the findings
of the confidential three-year inves-
tigation emerged yesterday.

A preliminary hearing in the
Industrial Relations Commission’s
Melbourne offices was told by Mr
Mulcahy’s barrister that the report
names ‘‘many’’ individuals, includ-
ing the current director of the ACT
Liberal Party, Andrew Wilsmore.

The report also refers to a secret
settlement between the association
and Mr Mulcahy, who left the
organisation in 2003.

But mystery still shrouds the
nature of the report’s contents,
which Mr Mulcahy dismissed last
night as a ‘‘disgraceful and spiteful
attempt to damage the good name
of many decent individuals’’.

And the uncertainty it has created
within Liberal ranks is set to remain
unresolved until well into next year,
with the commission agreeing to
withhold the document until further
notice.

Commission vice-president
Graeme Watson presided over the
first hearing into the report yester-
day, which was written by one of the
tribunal’s former deputy presidents,
former federal Labor minister Joe
Riordan.

The commission is authorised to
investigate the financial practices of
employer associations, such as the
AHA.

The president of the association’s
NSW branch, John Thorpe, who

began investigating the national
office’s finances in 2003 after Mr
Mulcahy and other staff resigned,
has refused to discuss the report’s
contents.

However, in a letter attached to
the document he said its findings
were ‘‘of very considerable con-
cern’’, and claimed that ‘‘substan-
tial breaches’’ of financial rules had
occurred, including the misuse of
funds to benefit several, unnamed
people.

But Mr Mulcahy, who con-
demned the report as a politically
motivated witch-hunt when it was
lodged last week, again attacked it
last night.

‘‘Although I haven’t yet fully
digested the document, I can say
with complete confidence that I can
refute the contents of the document
and I have, indeed, serious issues
with the veracity of the claims in this
report and the processes employed
in its production,’’ he said.

‘‘No procedural fairness whatso-
ever has been extended to either me
or the many others named in the
documents.’’

A barrister representing the MLA
at yesterday’s hearing, Tass Angelo-
poulos, argued the report had
breached natural justice by
presenting allegations without
offering a right of reply to those
involved.

He said that each of the office-
holders and employees named in
the report should have the oppor-
tunity to formally consider its
findings before any further
deliberations.

Asked whether there was anyone
in particular who should be notified,
Mr Angelopoulos named Mr Wils-
more, the Australian Hotels
Association’s former chief financial
officer.

‘‘None of those people have been
given an opportunity’’ to respond,
he said.

Genetic
variation
staggers
scientists
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By Steve Connor

Scientists have discovered a dra-
matic variation in the genetic
make-up of humans that could
lead to a fundamental reappraisal
of what causes incurable diseases
and could provide a greater under-
standing of mankind.

The discovery has astonished
scientists studying the human
genome — the genetic recipe of
mankind. Until now it was
believed the variation between
people was due largely to
differences in the sequences of the
individual ‘‘letters’’ of the genome.

It now appears much of the
variation is explained instead by
people having multiple copies of
some key genes that make up the
human genome. Until now it was
assumed that the human genome,
or ‘‘book of life’’, was largely the
same for everyone, save for a few
spelling differences in some of the
words. Instead, the findings
suggest that the book contains
entire sentences, paragraphs or
even whole pages that are
repeated any number of times.

The findings mean that instead
of humanity being 99.9 per cent
identical, as previously believed,
we are at least 10 times more
diverse than once thought – which
could explain why some people
are prone to serious diseases. The
studies have found that instead of
having just two copies of each
gene – one from each parent –
people can carry many copies, but
just how many can vary between
one person and the next. They
suggest variations in the number
of copies of genes is normal and
healthy. But the scientists also
believe many diseases may be
triggered by an abnormal loss or
gain in the copies of some key
genes.

Another implication of the
finding is that we have a greater
divergence from our closest living
relative, the chimpanzee, than
previously assumed from earlier
studies. Instead of being 99 per
cent similar, we are more likely to
be about 96 per cent similar.

The findings, published simul-
taneously in three leading science
journals by scientists from 13
different research centres in Brit-
ain and America, have been
described as ground-breaking.

A world authority on medical
genetics at the Baylor College of
Medicine in Houston, Texas, Pro-
fessor James Lupski, said, ‘‘I
believe this research will change
for ever the field of human gen-
etics.’’

Ponting puts the English in their place

TAKE THAT: Australian captain Ricky Ponting celebrates after hitting his century. He was 137 not out. Picture: AP

By John Coomber
Senior Sports Writer

ROAD TO 
REDEMPTION
Ponting smashes timely ton
Reports, pictures, Pages 30, 32

England started its Ashes defence
with a wide that brought gasps from
the Barmy Army.

It was about as noisy as the
England supporters got on a day
utterly dominated by Australia
before a record Gabba crowd of
39,288.

By splitting England’s ticket
allocation, whether by design or
otherwise, ground officials managed
to divide and conquer the Barmy
Army, which was noticeably silent on
a boisterous, steamy first day. They
even had their bugle confiscated.

On the field, Australian captain
Ricky Ponting led from the front with
an imposing 137 not out and guided
his team to stumps at 3-346.

Ponting’s 32nd Test century
equalled the tally of his predecessor
Steve Waugh (in 62 fewer Tests) and
he now sits behind only Sachin
Tendulkar (35), Brian Lara and Sunil
Gavaskar (both 34) on the all-time
list.

With solid contributions from
Justin Langer (82) and Michael
Hussey (63 not out) Australia already
appears to have a stranglehold on
the opening Test.

England’s worst fears were
realised when fast bowler Steve
Harmison, who rattled Australia’s
cage so effectively last year, had one
of his notorious off days.

After Ponting had won the toss and
batted on a beautiful Gabba wicket, a
nervous Harmison opened with a
dismal wide that cannoned straight
into captain Andrew Flintoff’s hands
at second slip.

The England spearhead bowled
only 12 overs in the day and never
recovered from his nerves.

His waywardness allowed
Australia to get off to a flyer, with the
first seven scoring shots all reaching
the boundary.

Ponting said he sensed the
England players were a bit stage-
struck and he was happy that his
team was able to take advantage of it.

‘‘The first ball showed England
were nervous,’’ he said.

But he wasn’t about to write off
England’s chances of holding on to
the urn.

‘‘We got on top and put the
England bowling under pressure
from the start, which is something
we couldn’t do through the last
series.

‘‘But it’s only one day,’’ he said.
England left-arm spinner Ashley

Giles, who had a successful return to
Test cricket after a 12-month gap
because of injury, said his team
would bounce back.

‘‘You lose the toss on a wicket like
that and it’s going to be a hard day,’’
he said.

‘‘The guys will keep their heads up.
This side doesn’t lie down.’’ — AAP
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Diggers to stay despite UK Iraq move
By Max Blenkin

WORST TOLL: A woman holds the body of her two-year-old grandson in
Baghdad. He was one of 3709 Iraqi civilians killed in October. Picture: AP

Australian troops would remain in
Iraq, at least for much of next
year, despite British plans to hand
over provinces to Iraqi control by
May, Defence Minister Brendan
Nelson said yesterday.

British Foreign Secretary Mar-
garet Beckett’s announcement
has been widely seen as Britain,
for the first time, putting a date on
a major step towards withdrawing
its 7000 troops from the Gulf
country.

It came amid evidence that
President George W. Bush is
rethinking strategy in Iraq,
including a realistic exit strategy
for American forces, after a
crushing United States mid-term
election defeat.

Dr Nelson said the British
decision would have no impact on
Australian plans.

‘‘We are not setting any specific
timeline,’’ he said.

His remarks coincide with a
report from the United Nations
showing 3709 Iraqi civilians were
killed in October, the highest
monthly toll since the American-
led invasion three years ago.

The UN Assistance Mission for
Iraq report highlighted attacks on
journalists, judges and lawyers,
and the worsening situation of

women, violence against religious
minorities and the targeting of
schools.

It said, ‘‘Hundreds of bodies
continued to appear in different
areas of Baghdad handcuffed,
blindfolded and bearing signs of
torture and execution-style kill-
ing. Many witnesses reported that

perpetrators wear militia attire
and even police or army
uniforms.’’

Dr Nelson said Australia’s plan
for the next year was to move for
regional provincial Iraqi control
for the south of Iraq.

‘‘We will expect to have a
continued presence through

much of next year in the south of
Iraq,’’ he said.

‘‘The British are planning to
reduce their numbers and move,
as Australia has done, to provin-
cial Iraqi control in the two
provinces that the British are
primarily responsible for.

‘‘At this stage it doesn’t mean
any change in the short- to
medium-term in the Australian
operations,’’ Dr Nelson said.

‘‘The British will move, along
with Australia, to a regional
overwatch about halfway through
next year if progress is being
made, and that means that
together we’ll be providing sup-
port to the Iraqis in the four
provinces in the south.

‘‘For the moment we have no
intention of withdrawing our
troops until the Iraqis themselves
and our coalition partners — the
British, the Romanians and others
with whom they are working —
are all satisfied that the Iraqis can
take control of their own affairs,’’
Dr Nelson said.

The Australians’ role could
focus more on training Iraqi
forces, to prepare them to take full
security responsibility, he said.

Australia has 500 soldiers based
in Tallil, Dhi Qar province, pro-
viding back-up to Iraqi security
forces across Dhi Qar and Al

Muthanna provinces. At a briefing
on Australian operations in the
Middle East, defence force
spokesman Brigadier Gus Gil-
more refused to comment on
reports that the Government was
considering deploying even more
troops to Iraq.

B r i g a d i e r G i l m o r e t o l d
reporters, ‘‘We are constantly
monitoring the situation both in
Iraq and through the world.’’

Labor and the minor parties
said the British announcement
should be a signal for Australia to
bring its troops back, not send
more.

Labor defence spokesman
Robert McClelland said, ‘‘Cer-
tainly we should be identifying,
which we never have done, what
our precise mission is and when
we can withdraw our troops to
focus on the tremendous amount
of work we need to do in our
region.

‘‘It seems as though everyone
has a plan to change their strategy
for Iraq with a view to getting out,
except Australia.

‘‘At this rate everyone will be
out of Iraq and we will be left
holding the baby without any
security backup for our troops,’’
he said.

— AAP, with The Independent and
Agencies

Mulcahy
keeps lid
on secret
report
By Markus Mannheim
Assembly Reporter
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ACT shadow treasurer Richard
Mulcahy has gagged an inquiry into
alleged misuses of funds during the
time he headed the Australian
Hotels Association.

The prominent Liberal MLA has
also finally received a copy of the
secret audit of the organisation’s
financial records, and rejected its
contents ‘‘with complete confi-
dence’’.

But despite his lawyer’s efforts to
stymie the lengthy report’s release,
a trickle of details from the findings
of the confidential three-year inves-
tigation emerged yesterday.

A preliminary hearing in the
Industrial Relations Commission’s
Melbourne offices was told by Mr
Mulcahy’s barrister that the report
names ‘‘many’’ individuals, includ-
ing the current director of the ACT
Liberal Party, Andrew Wilsmore.

The report also refers to a secret
settlement between the association
and Mr Mulcahy, who left the
organisation in 2003.

But mystery still shrouds the
nature of the report’s contents,
which Mr Mulcahy dismissed last
night as a ‘‘disgraceful and spiteful
attempt to damage the good name
of many decent individuals’’.

And the uncertainty it has created
within Liberal ranks is set to remain
unresolved until well into next year,
with the commission agreeing to
withhold the document until further
notice.

Commission vice-president
Graeme Watson presided over the
first hearing into the report yester-
day, which was written by one of the
tribunal’s former deputy presidents,
former federal Labor minister Joe
Riordan.

The commission is authorised to
investigate the financial practices of
employer associations, such as the
AHA.

The president of the association’s
NSW branch, John Thorpe, who

began investigating the national
office’s finances in 2003 after Mr
Mulcahy and other staff resigned,
has refused to discuss the report’s
contents.

However, in a letter attached to
the document he said its findings
were ‘‘of very considerable con-
cern’’, and claimed that ‘‘substan-
tial breaches’’ of financial rules had
occurred, including the misuse of
funds to benefit several, unnamed
people.

But Mr Mulcahy, who con-
demned the report as a politically
motivated witch-hunt when it was
lodged last week, again attacked it
last night.

‘‘Although I haven’t yet fully
digested the document, I can say
with complete confidence that I can
refute the contents of the document
and I have, indeed, serious issues
with the veracity of the claims in this
report and the processes employed
in its production,’’ he said.

‘‘No procedural fairness whatso-
ever has been extended to either me
or the many others named in the
documents.’’

A barrister representing the MLA
at yesterday’s hearing, Tass Angelo-
poulos, argued the report had
breached natural justice by
presenting allegations without
offering a right of reply to those
involved.

He said that each of the office-
holders and employees named in
the report should have the oppor-
tunity to formally consider its
findings before any further
deliberations.

Asked whether there was anyone
in particular who should be notified,
Mr Angelopoulos named Mr Wils-
more, the Australian Hotels
Association’s former chief financial
officer.

‘‘None of those people have been
given an opportunity’’ to respond,
he said.

Genetic
variation
staggers
scientists
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By Steve Connor

Scientists have discovered a dra-
matic variation in the genetic
make-up of humans that could
lead to a fundamental reappraisal
of what causes incurable diseases
and could provide a greater under-
standing of mankind.

The discovery has astonished
scientists studying the human
genome — the genetic recipe of
mankind. Until now it was
believed the variation between
people was due largely to
differences in the sequences of the
individual ‘‘letters’’ of the genome.

It now appears much of the
variation is explained instead by
people having multiple copies of
some key genes that make up the
human genome. Until now it was
assumed that the human genome,
or ‘‘book of life’’, was largely the
same for everyone, save for a few
spelling differences in some of the
words. Instead, the findings
suggest that the book contains
entire sentences, paragraphs or
even whole pages that are
repeated any number of times.

The findings mean that instead
of humanity being 99.9 per cent
identical, as previously believed,
we are at least 10 times more
diverse than once thought – which
could explain why some people
are prone to serious diseases. The
studies have found that instead of
having just two copies of each
gene – one from each parent –
people can carry many copies, but
just how many can vary between
one person and the next. They
suggest variations in the number
of copies of genes is normal and
healthy. But the scientists also
believe many diseases may be
triggered by an abnormal loss or
gain in the copies of some key
genes.

Another implication of the
finding is that we have a greater
divergence from our closest living
relative, the chimpanzee, than
previously assumed from earlier
studies. Instead of being 99 per
cent similar, we are more likely to
be about 96 per cent similar.

The findings, published simul-
taneously in three leading science
journals by scientists from 13
different research centres in Brit-
ain and America, have been
described as ground-breaking.

A world authority on medical
genetics at the Baylor College of
Medicine in Houston, Texas, Pro-
fessor James Lupski, said, ‘‘I
believe this research will change
for ever the field of human gen-
etics.’’

Ponting puts the English in their place

TAKE THAT: Australian captain Ricky Ponting celebrates after hitting his century. He was 137 not out. Picture: AP

By John Coomber
Senior Sports Writer

ROAD TO 
REDEMPTION
Ponting smashes timely ton
Reports, pictures, Pages 30, 32

England started its Ashes defence
with a wide that brought gasps from
the Barmy Army.

It was about as noisy as the
England supporters got on a day
utterly dominated by Australia
before a record Gabba crowd of
39,288.

By splitting England’s ticket
allocation, whether by design or
otherwise, ground officials managed
to divide and conquer the Barmy
Army, which was noticeably silent on
a boisterous, steamy first day. They
even had their bugle confiscated.

On the field, Australian captain
Ricky Ponting led from the front with
an imposing 137 not out and guided
his team to stumps at 3-346.

Ponting’s 32nd Test century
equalled the tally of his predecessor
Steve Waugh (in 62 fewer Tests) and
he now sits behind only Sachin
Tendulkar (35), Brian Lara and Sunil
Gavaskar (both 34) on the all-time
list.

With solid contributions from
Justin Langer (82) and Michael
Hussey (63 not out) Australia already
appears to have a stranglehold on
the opening Test.

England’s worst fears were
realised when fast bowler Steve
Harmison, who rattled Australia’s
cage so effectively last year, had one
of his notorious off days.

After Ponting had won the toss and
batted on a beautiful Gabba wicket, a
nervous Harmison opened with a
dismal wide that cannoned straight
into captain Andrew Flintoff’s hands
at second slip.

The England spearhead bowled
only 12 overs in the day and never
recovered from his nerves.

His waywardness allowed
Australia to get off to a flyer, with the
first seven scoring shots all reaching
the boundary.

Ponting said he sensed the
England players were a bit stage-
struck and he was happy that his
team was able to take advantage of it.

‘‘The first ball showed England
were nervous,’’ he said.

But he wasn’t about to write off
England’s chances of holding on to
the urn.

‘‘We got on top and put the
England bowling under pressure
from the start, which is something
we couldn’t do through the last
series.

‘‘But it’s only one day,’’ he said.
England left-arm spinner Ashley

Giles, who had a successful return to
Test cricket after a 12-month gap
because of injury, said his team
would bounce back.

‘‘You lose the toss on a wicket like
that and it’s going to be a hard day,’’
he said.

‘‘The guys will keep their heads up.
This side doesn’t lie down.’’ — AAP
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Precision Medicine

• All good, but we 
presently only 
solve 30-40% of 
cases
• The problem is 

that there is SO 
MUCH variation in 
a human genome



• Massive quantities of sequence data.  Not just from one person, but 
very many people.  100k+

• Writing computational pipelines to analyse data, even just for counting 
sequence variation and prioritising disease-causing mutations

• Sequence aligners and variant callers
• Prediction of functional effects of sequence variation
• Data integration and annotation, such that significance of sequence 

variation is better understood
• Common software tools in genomics (mostly open-source):

• Genome Analysis Toolkit (GATK), SAMTools, BWA, VCFtools, SpliceAI, Variant 
Effect Predictor (VEP), BioMart, EnsEMBL, Bowtie, Bbmap, BLAST, …. and 
many more

What is the computation in genomics?



3+ Gigabases of this



But we know a common pattern for genes

From Thompson & Thompson (2016) Genetics in Medicine, Ch. 3



And this allows predicted gene structures…
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And then sequencing technology had a step 
change • Can sequence 18000 whole genomes a year

• ~10X faster than current machines at 1/3 the cost
• Assuming 250Gb per 30x genome = 4.5Pb pa

Data production monsters



Don’t laugh!



What is the data?
• Fastq data:

• SAM/BAM data: text or binary, aligned to reference 
genome sequence

• VCF/BCF: variant calls between personal genome and 
reference genome

@HWI-EAS209_0006_FC706VJ:5:58:5894:21141#ATCACG/1 
TTAATTGGTAAATAAATCTCCTAATAGCTTAGATNTTACCTTNNNNNNNNNNTAGTT
TCTTGAGATTTGTTGGGGGAGACATTTTTGTGATTGCCTTGAT +HWI-
EAS209_0006_FC706VJ:5:58:5894:21141#ATCACG/1 
efcfffffcfeefffcffffffddf`feed]`]_Ba_^__[YBBBBBBBBBBRTT\]
][]dddd`ddd^dddadd^BBBBBBBBBBBBBBBBBBBBBBBB

##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Read Depth"> 
##FORMAT=<ID=HQ,Number=2,Type=Integer,Description="Haplotype Quality"> 
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT Sample1 Sample2 Sample3 
2 4370 rs6057 G A 29 . NS=2;DP=13;AF=0.5;DB;H2 GT:GQ:DP:HQ 0|0:48:1:52,51 
1|0:48:8:51,51 1/1:43:5:.,. 2 7330 . T A 3 q10 NS=5;DP=12;AF=0.017 
GT:GQ:DP:HQ 0|0:46:3:58,50 0|1:3:5:65,3 0/0:41:3 2 110696 rs6055 A G,T 67 
PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ 1|2:21:6:23,27 
2|1:2:0:18,2 2/2:35:4



It is no longer sensible to code stuff up alone!

• Current largest public datasets of genomes are 100k+ individuals
• Output of analysis tools is complicated

• And your home-made VCF parser probably isn’t as good as the community 
tools

• Use and contribute to open software libraries – which are most likely 
written in python.
• This isn’t genomics-specific.  Just about every scientific community 

with large datasets have open source libraries for handling this 
information.
• Doing otherwise is like being a machine learning researcher who still 

implements everything from scratch, rather than using SciKit-Learn, 
Keras or TensorFlow
• So you need to know about classes…



Classes
COMP1730/6730

Reading: Chapter 8, Sundnes, Introduction to Scientific Programming 
with Python

Also recommended: Chapter 10, Lubanovic, Introducing Python, 2nd 
Edition (2019)



Python is object-oriented
• You may hear repeatedly that everything in python is an object

• The handling of lot of these objects is hidden by python syntax
• What is an object?

• An object is a data structure that contains:
• data (or values – sometimes called attributes)
• code (functions – called methods in classes) 

• An object is defined by a class
• Why should you care?

• In python, a lot of the time, you don’t really need to care
• Objects and the classes that define them can be a powerful way to organize code
• The code libraries that make python particularly useful are implemented as 

classes
• instantiate classes as objects when you use them

• Code that is large and/or complex is best implemented with classes



Classes (Introducing Python Ch10)

• You have seen modules and importing useful code from these
• At an introductory level, classes are just an extra formalism that 

makes things neater and more elegant.

• Object oriented coding is built on the class, but beyond the scope 
of this course
• But – knowing what a class is, and maybe how to write some 

simple ones for yourself, will make it easier to understand what 
external software libraries are all about.



Class vs module?
• When to use which?

• Do you just need to import a function?  Use modules
• Do you need functions to operate in the context of some data? Use a class

• Instances: modules only allow a singleton.  Classes can have multiple 
instances, that can all hold different attributes
• A class:

• Can be instantiated with specific parameters
• Is easily instantiated as many times as necessary
• Contains methods that run on the particular instance of that class
• Supports inheritance, polymorphism and all the object oriented stuff

• Modules become annoying if you:
• Need to pass lots of data arguments to the function
• Need to call many functions on the same parameter data



class definition syntax
• class keyword and a class name followed by a code block of a single 

line is the bare minimum (this does nothing, of course):

• Then you instantiate an object of this class with:

• These are distinct objects, from each instantiation.  They have 
separate memory addresses

Lubanovic (2019) Introducing Python, Ch. 10



A class with one attribute - initialisation

• A class is often initialized at creation (instantiation).  This is done by a 
special function named __init__ :

• The __init__ function is optional, but may be defined to internally 
assign class attributes from parameter values (and many other 
things).

Lubanovic (2019) Introducing Python, Ch. 10



Anatomy of a class definition
• Say that your research interests required you to be able to associate 

quotations with their source:

• You could  the use instances of this class to access this information in 
your programs:

Lubanovic (2019) Introducing Python, Ch. 10

Class Attributes

Class Methods

Parameters

self

Initialisation method



self

• What is self?
• It isn’t strictly a python keyword
• This is a concept broader than python

• Some experimenting:
>>> class WhatIsSelf():
...    def __init__(self, name):
...        self.name = name
...        self.self_id = id(self)

>>> wis = WhatIsSelf('A Name')
>>> type(wis)
<class '__main__.WhatIsSelf'>
>>> id(wis)
140614751849392
>>> wis.self_id
140614751849392



self

• When an object is referring to itself, the self variable name is 
commonly used.  Don’t use self as a variable name elsewhere in 
your code.
• The self variable is always the first (silent) argument in all function 

calls (including __init__) 
•  but it is automatic and implicit
• You don’t need to ever specify
• It is included in method parameters and will therefore be a local variable to 

your function/method

self

self



Attributes

• Attributes are the data or values that an object of a class holds
• Can be parameters copied at initialisation
• Can be default values
• Can be derived values computed with class methods

• There is an open door to access attributes in python
• All object attribute values can be accessed using the dot notation
• Assumes programmers have discipline (or know what they are doing)

Class Attributes

Parameters



The __init__ method

• __init__ is called when a class is 
instantiated
• Initialises class data and can perform 

checks
• Can call class methods at initialization 

Class Attributes

Parameters



Class methods
• Along with the data a class object contains, the benefit is also that 

class methods can be called to do tasks with this information

Class Methods



An example class: PatientMutations
• The best reason to implement a class is to hide some complexity, to 

allow you client code to be simpler and easier to read and write
• This example is a class that imports data (personal genome 

information from a patient) and allows some filtering/retrieval of 
mutations
• patient_mutations class metadata: patient_id
• Genetic variation data table: gene_name, coordinate, mutant, 
homozygous, essential_gene, damage_score
• This data allows filtering of genetic variation data to find the disease-

causing mutation
• With lots of patients with the same disease, we commonly look for 

common mutations in the same gene



Patient mutations data files:

mutations_193864.csv

mutations_239872.csv

mutations_283745.csv

mutations_658192.csv

mutations_947631.csv

Comma-separated values (CSV) file format: 
gene_name, chromosome, coord, ref_nucl, var_nucl, homozygous?, essential_category, 
damage_score  



PatientMutations in Genomics.py

• This illustrates the features 
of a class all together:

• The class definition 
• A Docstring
• __init__ method
• Class attributes
• Class methods



scan_mutations.py



Classes written by other people
• This is really what libraries are (mainly) composed of.  You have all 

used one already:
• robot.py contains several classes
• You imported the robot module:

• Then some magic detected if the robot was plugged in (or the simulation is 
used):

• Initialising the robot (without a robot) instantiated the SimRobot class from 
robot.py.  If you have the robot, the RPCRobot class is instantiated.

• With either of these objects, you could use class methods to:
•  lift_gripper()
•  move_right()
• etc



A look at a Robot 
class:
• This is the RPCRobot class 

that can be found in 
robot.py from the labs
• Class RPCRobot
• Global attribute defaults
• __init__ method
• Methods:

• lift_up
• lift_down
• drive_right
• Etc…



Just the beginning…

• Object-oriented coding is beyond the scope of this course, and could 
take up a whole course by itself
• Introducing classes is a starting point into object-oriented coding
• Further topics:

• Magic methods
• Inheritance
• Polymorphism
• Operator overloading

• You are encouraged to read more about them, if you are interested!


