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Presenter
Presentation Notes
Genomics  has an increasing role in health care. This presentation explores some basic information about the genome, what it is, where we find it and how we study it to help inform us about health and disease.



Genome

Image: National Society of Genetic Counselors

Presenter
Presentation Notes
You can think of your genome like a book, the whole genome being the whole book, the chapters are the chromosomes, and the sentences are the genes.  We will explain these term further in the following slides.
Image source: National Society of Genetic Counselors, Chicago, IL, USA



Cells
Chromosomes - DNA

genes

Your genome

Mitochondrial DNA
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The genome is all of the DNA contained within a cell.
Inside a cell is a compartment called the nucleus where we keep most of the cells DNA, which we see as chromosomes under a microscope. This is the nuclear DNA.
With modern techniques of DNA sequencing we can ‘see’ the sequence of the building blocks of the DNA.
There is also a small amount of DNA in the mitochondria, which are the energy generators for your cells.



Chromosomes

DNA

DNA double helix

Chromosome 46 chromosomes
(2 sets of 23 chromosomes)

Presenter
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Cells have a lot of DNA. Imagine 46 bits of string of varying size- if you joined them end to end would measure 2 meters.  
The DNA coils up into the structures we recognise as chromosomes, which are visible under the microscope. Each chromosome is one long string of coiled up DNA.
Human cells have 46 chromosomes. 
The 46 chromosomes are actually 23 pairs as you see in this photo of the chromosomes from single cell, after the chromosomes have been stained and viewed under a microscope; this arrangement, called a karyotype, is one way to see if you have all the chromosomes, or whole extra copies.

[DNA diagram Redrawn from Medical Genetics. Jorde LB, Carey JC & White RL, 2005]
[Karyotype image - https://upload.wikimedia.org/wikipedia/commons/8/86/Karyotype_%28normal%29.jpg]
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DNA double helix is built of nucleotides 

Complementary base pairs
3 billion "letters" of DNA 
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Presentation Notes
The DNA molecule is a double stranded structure, like a twisted ladder - which is called a helix shape-, hence DNA double helix. The ‘rungs of the ladder’ are building block called nucleotides,  that come in pairs and hold the two strands together. 
The nucleotides are made of smaller parts, and this part called the base, gives us the 4 letters in the DNA , either adenine (A), thymine (T), cytosine (C) or guanine (G). 
One nucleotide is linked to another in a chain to make one strand. 
The opposite strand is built by pairing up C with G and A with T.

When our cells divide and the DNA replicates, these two strands are separated and each strand is copied. Errors can occur in that process, so that an incorrect base is put into the new DNA, introducing a variant.  

DNA diagram (left)- https://upload.wikimedia.org/wikipedia/commons/e/e7/DNA_simple.svg 



Genes
Recipes for proteins

GENE B

chromosome
GENE A

~22,000 genes
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GENES 
Looking more closely at sections of a chromosome we find a gene, then a little further along the chromosome another gene, and so on. 
We have about 22,000 genes spread across our chromosomes. The longest chromosome, number 1, carries nearly 2000 genes

Not all cells turn on all the genes all the time. Different genes  are turned on in different cells at different times of development. That’s part of why a gene variant can affect only certain cells and tissues.




Only 1-2% of the whole genome carries the code for proteins
The protein coding section is called the exome

Image: adapted from National Society of Genetic Counselors

Presenter
Presentation Notes
However, only 1-2% of your whole genome carries the codes or recipes for proteins.
This coding portion is called the EXOME.

This will be important when we look at the types of tests used to study your genome and identify disease causing variants



Gene sequence – human keratin
1  cactcaaggt gtgcaggcag ctgtgtttgt caggaaggca gaaggagttg gctttgcttt aggggaggag acgaggtccc acaacaccct ctgaagggta tataaggagc cccagcgtgc

121  agcctggcct ggtacctcct gccagcatct cttgggtttg ctgagaactc acgggctcca gctacctggc catgaccacc acatttctgc aaacttcttc ctccaccttt gggggtggct

241  caacccgagg gggttccctc ctggctgggg gaggtggctt tggtgggggg agtctctctg ggggaggtgg aagccgaagt atctcagctt cttctgctag gtttgtctct tcagggtcag

361  gaggaggata tgggggtggc atgagggtct gtggctttgg tggaggggct ggtagtgttt tcggtggagg ctttggaggg ggcgttggtg ggggttttgg tggtggcttt ggtggtggcg

481  atggtggtct cctctctggc aatgagaaaa ttaccatgca gaacctcaat gaccgcctgg cctcctacct ggacaaggta cgtgccctgg aggaggccaa tgctgacctg gaggtgaaga

601  tccatgactg gtaccagaag cagaccccaa ccagcccaga atgcgactac agccaatact tcaagaccat tgaagagctc cgggacaaga tcatggccac caccatcgac aactcccggg

721  tcatcctgga gatcgacaat gccaggctgg ctgcggacga cttcaggctc aagtatgaga atgagctggc cctgcgccag ggcgttgagg ctgacatcaa cggcttgcgc cgagtcctgg

841  atgagctgac cctggccagg actgacctgg agatgcagat cgagggcctg aatgaggagc tagcctacct gaagaagaac cacgaagagg agatgaagga gttcagcagc cagctggccg

961  gccaggtcaa tgtggagatg gacgcagcac cgggtgtgga cctgacccgt gtgctggcag agatgaggga gcagtacgag gccatggcgg agaagaaccg ccgggatgtc gaggcctggt

1081 tcttcagcaa gactgaggag ctgaacaaag aggtggcctc caacacagaa atgatccaga ccagcaagac ggagatcaca gacctgagac gcacgatgca ggagctggag atcgagctgc

1201 agtcccagct cagcatgaaa gctgggctgg agaactcact ggccgagaca gagtgccgct atgccacgca gctgcagcag atccaggggc tcattggtgg cctggaggcc cagctgagtg

1321 agctccgatg cgagatggag gctcagaacc aggagtacaa gatgctgctt gacataaaga cacggctgga gcaggagatc gctacttacc gcagcctgct cgagggccag gatgccaaga

1441 tggctggcat tggcatcagg gaagcctctt caggaggtgg tggtagcagc agcaatttcc acatcaatgt agaagagtca gtggatggac aggtggtttc ttcccacaag agagaaatct

1561 aagtgtctat tgcaggagaa acgtcccttg ccactcccca ctctcatcag gccaagtgga ggactggcca gagggcctgc acatgcaaac tccagtccct gccttcagag agctgaaaag

1681 ggtccctcgg tcttttattt cagggctttg catgcgctct attccccctc tgcctctccc caccttcttt ggagcaagga gatgcagctg tattgtgtaa caagctcatt tgtacagtgt

1801 ctgttcatgt aataaagaat tacttttcct tttgcaaata aaaaaaaaaa aaaaaaaaaa a

1861 coding  bases

Presenter
Presentation Notes
Here is an example of a gene sequence.
This is the information the scientists and bioinformaticians use when trying to find variants in the genome.
This is a keratin gene; keratin genes code for a protein called keratin, which makes our hair & nails.
This precise order of letters is needed to make the keratin protein. 

Ref: https://www.ncbi.nlm.nih.gov/nuccore/216548460 



Proteins are …
The molecules that give us our characteristics

Presenter
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Proteins are the molecules that give us our characteristics.

For example:
The keratin protein encoded by the gene we just saw. 
[but certain rare variants contribute to unusual hair type e.g. woolly hair]

Inside and on the surface of your cells 
– proteins on the surface allow nutrients and wastes in and out of the cell, such as 
Sugars and other nutrients that need to enter cells for energy production
Salts that need to be balanced cross the cell surface
Receptors detect hormone signals
enzymes for building and breaking down other substances/molecules inside your cells, like breaking down the proteins you eat into their component parts  for the cell to use for building its own proteins
We  have variation in the code for most proteins – normal variation, not associated with disease.
BUT
Some variants in the code for some proteins can contribute to disease, for example, one of this type of protein [pointing to the light blue one], called the CFTR protein allows chloride across the cell membrane; errors in the CFTR gene prevent the protein from spanning the membrane or stop it working correctly and cause Cystic Fibrosis.
DNA tests that can identify the exact error in the DNA can help find the best treatment for some diseases, like one of the CFTR variants. 
Another example: a different membrane protein [dark blue] is part of a system controlling how much iron is taken up from your diet and stored in liver cells. Errors in this gene, called HFE,  cause too much iron to be stored in cells, causing hereditary haemochromatosis.
The work of many enzymes in cells is also affected by changes in the genes.



Genes ‘turn on’ and ‘turn off’ 

Genes are ‘turned on’ to produce protein only when needed
• Different genes are turned on at different times during

development
• Different genes are turned on in different cell and tissues
• A gene variant might affect only some cells and tissues

‘Regulator’ genes act as ON-OFF switches 
• Variants in the regulators can change how other genes are

turned on or off

EXTRA DETAIL



Genetic variants
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Presentation Notes
DNA changes sometime happen when cells are copying the DNA, for example, the wrong nucleotide is inserted. Environmental factors, such as some types of radiation and chemicals, can also cause changes in DNA. 
These changes produce gene ‘variants’ 
Most changes contribute the usual range of differences between people. 
Some variants might contribute to, or directly cause, a medical condition.
So lets take a look at some types of variants and what the clinical scientists look for when they study your cells.




Single nucleotide variants
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Chromosome variants
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Variants occur as single nucleotide changes, deletions or insertions, or repeated letters
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Chromosome variants
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translocation deletion expansion
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Variants also occur in whole chromosomes, such as:
Parts of chromosomes swapping places (translocation) – as happens in Ewing Sarcoma
A section of chromosome is deleted , as occurs in Di George syndrome
A section of DNA repeats and extends the chromosome (expansion), as happens in fragile X syndrome




Variants can be …

… depending on how they affect the proteins in your cells

Presenter
Presentation Notes
Genetic Variants can be good, bad or neutral depending on how they affect the proteins in your cells 



15

Normal variations in genes
- not linked to disease

Some variants 
lead to cancer

Variants can be…

Some variants cause 
or increase risk of 
inherited disease

benign
Not certain whether it is the 

cause of disease

variant of 
uncertain significance

(VUS)

pathogenic
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Variants are classified as: 
BENIGN if they do not affect the function of the protein or contribute to disease
PATHOGENIC if increase the risk of disease or directly cause inherited disorders or cancers 
VUS, Variant of uncertain significance, meaning that the effect of the variant on proteins and cell and body function is not clear




Variant Curation 
Identify and classify variants

Extract DNA 
Sequence the DNA

Compare patient DNA to 
reference sequence

Identify & classify 
variants

Clinical action
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The process that medical scientists use to find and classify variants is called VARIANT CURATION 
They:
1. Extract and sequence the DNA from the patient sample
2. Compare the patient sample to a reference sequence
3. Gather evidence about the effect of the variant on proteins and cells to classify as BENIGN or VUS or PATHOGENIC
4. The result and classification might provide a diagnosis and inform clinical action




Testing for genetic 
variants
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Presentation Notes
DNA changes happen naturally and due to environmental influences, such as some radiation and chemicals. Any change in the DNA strand produces a ‘variant’
These changes produce normal variation and contribute to our differences. Sometimes, variants contribute to, or directly cause, a disorder. 
Lets take a look at some types of variants and what the clinical scientists look for when they study your cells and genome.




Karyotyping
Changes in 
chromosome number

Examples:

• Down syndrome (trisomy 21)

• Kleinfelter syndrome (XXY)

• Turner syndrome (XO)

Presenter
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Karyotyping of stained chromosomes shows changes in whole chromosome number, such as:
three copies of chromosome 21 in Down syndrome or 
an extra X chromosome in males with Kleinfelter syndrome
A missing X chromosome in Turner syndrome
It also picks up very large deletions and duplications within a chromosome. 
But this method can miss smaller variations in the amount of DNA, such as deletions of a few thousand base pairs, which is small in comparison to the size of the whole chromosome.  



Chromosome 
Microarray
Finds large deletions & duplications 
within chromosomes

Examples: 

common & unknown chromosome change

- Di George syndrome (deletion)

- Intellectual disability

- Developmental concerns

Compare
reference & patient DNA

detect

extra 
patient 
DNA

same 
amount 
of DNA

missing 
patient 
DNA
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Chromosomal microarrays can find deletions, insertions and duplications not detected with a karyotype. 
The technique compares patient DNA to a reference DNA, and shows whether there is more or less of a region in the patient. 
For example, it can detect the delete chromosome region in DiGeorge syndrome.
It is used to screen infant chromosomes for an explanation of developmental problems and intellectual disability.



Single gene 
test
Identify genetic disease 
caused by variants in a 
single gene

Examples:
Cystic fibrosis - CFTR gene
Huntington disease - HTT gene
Haemochromatosis – HFE gene

Image: adapted from National Society of Genetic Counselors
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Presentation Notes
In a Single gene test, one gene known to be the cause of an inherited disease is sequenced to identify the variants.
Examples are: …



Gene panel test

Examples:
• Breast cancer susceptibility

BRCA1, BRCA2 + 12 other genes
• Cardiomyopathy – 62 gene panel

Multiple genes known to 
be associated with a 
particular type of disorder

Image: adapted from National Society of Genetic Counselors

Variants in 
any of these 
genes cause 

similar 
condition

Presenter
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A gene panel test reads multiple genes known to be associated with a particular type of condition.
For example: panels for breast cancer that include the BRCA genes and several other genes; 
or panels for many genes that can cause cardiomyopathy.
Limitations of a gene panel test include a newly identified gene not being in the panel, so a variant might be missed.



Whole exome
sequencing
(WES)
Reading 1-2% of the book
Reading the edited sentences 
i.e. the protein-coding sections

Diagnosis of:
• Rare
• Complex
• Syndromes
• Previously undiagnosed
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Whole exome sequencing is used when a single gene test or a gene panel does not, or is unlikely to, find a variant causing the condition. 
It can identify variants in genes not previously thought to be involved in a condition.

Advantages of exome sequencing include: 
identifying uncommon variants associated with disease 
identifying new genes and variants linked to disease
the genome sequence can be reanalyzed when new information becomes available.
Limitations include: 
not detecting variants in non-coding DNA that can affect other genes



Whole genome
sequencing
(WGS)
Reading the whole 
book

Diagnosis of:
• Rare
• Complex
• Syndromes
• Previously undiagnosed

Presenter
Presentation Notes
Both WES and WGS are used to identify variants that might be causing rare complex syndromes and undiagnosed disorders. 
In comparison to an exome sequence, a whole genome sequence can detect variants in the non-coding and protein-coding DNA.

image: National Society of Genetic Counselors



GWAS

Examples:

• Common traits – hair colour/type, height
• Complex traits – height, IQ, behaviour
• Ancestry – ethnicity
• Multifactorial conditions – obesity, aging
• Disease risk – diabetes, heart disease
• Response to medication - antidepressants

Association between 
common variants (SNPs) 
and traits

Genome Wide Association Study

The NHGRI-EBI GWAS Catalog is a publicly available resource of 
Genome Wide Association Studies (GWAS) and their results 
Source NHGRI-EBI GWAS Catalog

Presenter
Presentation Notes
Another genomic method is the Genome Wide Association Study (or GWAS). This is a study that identifies groups of common variants called SNPs that are associated with a trait. 
SNP is short for a single nucleotide polymorphism, which is a variant that occurs frequently in the genome. 
GWAS is not designed to identify disease-causing variants.
Most SNPs are not directly related to, or cause, disorders. But the studies show that some groups of SNPs are often present in people with a particular trait. 
The trait could be a characteristic like IQ, certain behaviours, an ethnic group, or a medical condition. 
GWAS can sometimes provide information about the risk or chances of developing a medical condition. 

Image source: https://www.ebi.ac.uk/training/online/course/gwas-catalog-exploring-snp-trait-associations/what-tool-name 



Inheriting genetic 
characteristics 
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Presentation Notes
Its important for clinicians to identify the patterns of inheritance of genetic disorders.
The pattern helps identify a gene variant that is causing a disorder 



Germline vs Somatic variants
Somatic variants 
are not inherited

Occur in body tissues
May cause cancer

Germline variants 
are inherited

Present in egg or sperm
Some cause family cancer syndrome
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Clinicians and scientists refer to germline and somatic variants in your DNA.
Germline variants are DNA changes that are present in eggs and sperm, so there is a chance that they are passed on to your children.
Some of the germline variants are associated with increased risk of cancer and cause family cancer syndrome.
Somatic variants are DNA changes that occur in a body tissue and are not passed on to your children. Such variants might cause cancer. All cancers are caused by changes in the DNA that occur in body tissues, but they are not passed on to your children.




Inheriting the genome
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So how do we inherit our genome and the variants? Recall that we have 2 copies of each chromosome in our body cells. 
This cartoon simplifies aspects of inheritance by looking at just 2 pairs of chromosomes. 
Our sperm and eggs carry only one of each chromosome, so in this cartoon – one long yellow and one short green chromosome.
When sperm and egg fuse during fertilisation, the cell that starts a new baby has 2 long yellow and 2 short green chromosomes. As this cell develops into a baby, each cell  in the baby will have 2 copies of each chromosome.




Inheriting the genome
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Now, lets say dad is carrying a variant that causes a disorder.
Half of his sperm will carry the variant, and by chance a sperm with the variant will fertilise the egg. Then the new baby has a 50% chance of inheriting the variant. 





Inheritance patterns

Dominant
Recessive
Sex-linked
Mitochondrial
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Inheritance patterns:
You or the child shows the characteristic depending on the pattern of inheritance and type of variant. The effect of some variants dominates over other characteristics.
With a dominant trait, you only need to inherit one copy of the variant to show the trait
With a recessive trait, you need to inherit 2 copies of the variant to show the trait

Sex-linkage refers to the gene being on the X or Y chromosome.

For mitochondrial inheritance: 
We inherit our mitochondria from the mother’s egg, 
So mitochondrial inheritance comes from the mother.
 If the mother happens to have a variant in the mitochondrial DNA, then the baby inherits that variant.

 




New variants – de novo variant

Presenter
Presentation Notes
There are also new variants that appear during production of the egg or sperm, or very early in development, so the parents don’t have the variant but the child does.  



Thank you
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