Tutorial No .6
Evolution by genome duplication
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http://books.nap.edu/books/0309084768/html/235.html

A new function is created by duplicating
an old gene and modifying the copy.
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Drosophilahomeobox genes as example of gene duplicat

Homeotic mutants

Normal fly

Extra set of wings!
Ubx(Ultrabithorax) gene mutant

Antennae are transformed into legs!
Antp (Antennapedia) gene mutant

Carroll S.B. et al. From DNA to Diverst§0() Blackwell Science



Eight homeoboxHox)genes regulate the identity of regions within
the adult and embryo.
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Carroll S.B. et al. From DNA to Diverst§0() Blackwell Science




TheHoxgenes are paralogs with a highly conserved homeobox domain

Multiple alignment of the homeobox domain:
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TheHoxgenes are transcription regulators and the Homeobox domain is-idhAng domain.

Carroll S.B. et al. From DNA to Diverst§0() Blackwell Science



Origin of the zootype on the evolutionary tree

The zool ype
Origin of genes of the Hox cluster lype
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Slack et alNature361 (1993, 490-492



Evolution of Metazoamoxgenes
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Carroll S.B. et al. From DNA to Divers2§0() Blackwell Science



An animal is an organism that displays a particular spatial pattern of gene expression
(zootype)

@ "3)
_:d.“)
Xenopus AbdB @ >/

amphioxus pb

mouse Ubx
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The zootype defines the spatial order of anterior expression limits of the Hox cluster &
some other genes.

Slack et alNature361(1993, 490492



Vertebrates havd Hox clusters

Human chromosomes
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Carroll S.B. et al. From DNA to Diverst§0() Blackwell Science



Susumu Ohno and th2R hypothesis

Alt I s our contention that the atl
mammals have experienced at least one tetraploid evolution

el ther at the stage of fish or at
(1970)

AA mammali an ancestor might have
round of tetraploid ev®r3uti on at
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Cenozoic

65 mya

Cretaceous

145 mya

Jurassic

208 mya

Triassic
245 mya

Permian
290 mya

Carboniferous

363 mya

Devonian
409 mya

Silurian
439 mya

Ordovician

510 rrya

Cambrian

542 mya

Precambrian
=542 mya

Detected genome duplication events

Angioslperms
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Monocots (Core) Eudicots

Angiosperms—moss split

Moss
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Ascomycetes

Land
vertebrates

Fish—land
vertebrates split

Van de Peeet al. Nature Reviews Geneti(2009
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