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What are genes?

Kerstin Howe




What are Proteins?

essential parts of organisms, participate in virtually every process within cells

* enzymes => ‘factories’ for chemical reactions

* signals => telling the cells where they are / what’s happening

* structural => cell scaffolds, cartilage, hair, nails, feathers, hooves,
» mechanical => muscles

organic compounds made of amino acids in linear chain

folded into globular form

can form complexes

animals can’t make all amino acids themselves, so need to take them up with their diet



Why do children look like their parents?

Aristotle (384-322 BC)

theory of pangenesis: particles (pangenes) from all parts
of the body come together to form the eggs and sperm,

offspring is a thorough mixture

Gregor Mendel (~1860)
factors convey traits from parents to offspring

these factors are units of inheritance and retain their individuality
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=> GENES (term established 50 years later!)



What are genes made of?

1910 T.H. Morgan genes reside on chromosomes
1941 Beadle & Tatum ‘one gene — one protein’ hypothesis
1944 Avery, MacLeod & McCarty DNA (!) is the genetic material
1953 Watson & Crick proposed the DNA structure

=> genes are units of DNA on chromosomes, coding for a protein

= ‘one gene — one protein’ hypothesis seems right



The central dogma of molecular biology (crick 1958)
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The RNA is translated into
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Simple Genes: Translation
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First base of codon

Translation: The Codon Table

Second base of codon
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Mosaic Genes: Exons and Introns
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Alternative Splicing
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How many human genes?

Ensembl/l 23,621 protein coding genes
56
73,516 protein coding transcripts

12,346 pseudogenes
6,407 RNA genes

Only about 2% of the human genome is covered by protein-coding exons!

The rest:

- introns

- regulatory sequence

- repeats ‘structural’ DNA (telomeres, centromeres)
transposons

other



What is a gene?
‘One gene - one protein’ hypothesis?

 a gene can code for many different proteins with different function
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What is a gene?
‘One gene - one protein’ hypothesis?

 a gene can code for many different proteins with different function

* genes can overlap or contain other genes XL-alpha-s
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What is a gene?

‘One gene - one protein’ hypothesis?

 a gene can code for many different proteins with different function

* genes can overlap or contain other genes

» splicing can happen between exons of different genes
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What is a gene?
‘One gene - one protein’ hypothesis?

 a gene can code for many different proteins with different function
* genes can overlap or contain other genes
» splicing can happen between exons of different genes

» some (most?) genes don’t code for proteins at all
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What is a gene?

‘One gene - one protein’ hypothesis? Not really...

 a gene can code for many different proteins with different function
* genes can overlap or contain other genes
» splicing can happen between exons of different genes

» some (most?) genes don’t code for proteins at all

A locatable region of genomic sequence, corresponding to a unit of inheritance,
which is associated with regulatory regions, transcribed regions, and/or other

functional sequence regions

Helen Pearson (2006) Genetics: What is a gene? Nature 441, 398-441



Mosaic Genes: Exons and Introns
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