Project presentations

« All written projects due on Thursday March
10th.
* Student presentation will be on Thursday
March 10th. All in J-280.
— During lecture time Tuesday section will
present
— During lab hours Thursday section will present

* E-mail me your power point presentation by
Thursday March 10th at 11am.

Detecting conserved regions

* Closely related species
* Divergent groups.

23 FHomo sapiens (human) 3 Go
Pan troglodytes (common chimpanzee)
Macaca multta (hesus macaque)
Mus musculs (house mouse) 2.6 Gb
Rattus norvegicus (Norway rat) 2.6 Gb
Canis familars (domestic dog)
Feiis catus (domestic caf)
-Equus caballis (horse)
Sus scrofa (domestio pig)
Bos taurus (domestic cattle)
Ovis aries (domestic sheep)
galus 1260
-Xenopus laevis (Afican clawed frog) 8.1 Gb.
-Xenopus tropicals (iopical clawed frog) 1.7 Gb.
Danio rerio (zebrafish) 1.7 Go
Oryzias latipes (Japanese medaka) 800 Mb
Tetraodon nigroviidis (water fresh pufferfish) 400 Mo
Fugu rubripes (tiger puferfish) 400 Mb
2p— Ciona savignyi (sea squirt) 180 Mb
L Ciona intestinales (sea squirt) 180 Mb
2007] Aedes aegypti (yelow fever mosquito)
250] mosaitc) 230 Mb
1 (fity) 125 Mb
42— Gaenorhabiits elegans (nematods) 100 Mb
L Gaenorhabiis briggsae (nematode) 100 Mb.
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Phylogenetic footprinting

» Alignment of several divergent taxonomic
groups.
 Generate percent identity plots (pips)

* Look for conserved regions across several
levels.

Percent identity plots
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Only 6
substitutions in
120bp enhancer
Over ~1 billion
years

Multiple-species conserved
sequences (MCSs)
* Calibrated so that 5% of sequence fell into
MCS
¢ Found 1,194 elements conserved
* Average 58 base pairs
¢ 32% cover exons
— Identifies 90.4% coding and 27% UTR

¢ 68% outside known exons
— Are these elements functional?

e

Are these MCSs functional?

* Fuse element to 3-galactosidase gene.
— Check expression in embryonic development.

* Mutagenesis of elements

— Compare mouse and human
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Many of conserved elements involved in development
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[ | Gene Molecular function Biological process Reference

1 ‘ I ‘ i ) | ik HOXB4 DNA-binding Embryonic development 19

; I | i % WNT1 Signaltransducer Embryonic developmert 79

oo | 2 SHH Hydrolase and peptidase Embryonic development 80,21

I, SCL (TALT) DNA-binding Cell difierentiation 20
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SOX9 DNA-binding Cell diifferentiation 81
DLLT Protein-binding Embryonic development 82
DLX1,-2,-5and -6 DNA-binding Embryonic development 24,31
HOXA1-13 DNA-binding Embryonic development 83
HOXD cluster DNA-binding Embryonic development 84
e DACH Transcription factor Embryonic development 20
v e parisons, enereted by vis, Hetfy 2 i NEUROGT DNA-binding Embryonic development 25
e e Hoxcs DNA-binding Embryonic development 38
s ssockted i e bl nd). Ad omxe DNA-binding Embryonic development 28
CTGF Growth-factor signalling Cell growth/proliferation 26
PAXE DNA-binding Embryonic development 85
RUNX2 DNA-binding Skeletal development 86

“Between mammals and fish. The molecular function and biological process of each gene were obtained flom the Gene Orttology
Consortium database (see oniine links box).




What type of changes are
observed across these groups

¢ Nucleotide differences
¢ Insertions/deletions

* Complex events

b B Single-nucieotide changes I Large Indels
1 $mall indels 3 Complex events
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Problems with phylogenetic
footprinting
 Alignment difficult between divergent
species.
* Does not take into account phylogenetic
tree information.
* Identification fairly arbitrary.

 Conservation must be across all lineages.

» Will miss lineage specific elements.

Phylogenetic shadowing

Generate data from primates

— Should be easier to align than divergent taxa

Use phylogenetic information to look at rates of

evolution across all lineages

— Results in similar amount of divergence compared to
human - mouse

Classity sites as either rapidly evolving or slowly

evolving

— Statistical estimation versus arbitrary percent identity.

Human

Primate phylogeny

7MY

4 last common ancestor

(Million Years) Chimp, Bonobo

Gorilla

Orang-utan

Gibbons.

Colobinae (Colobus, Langurs)
Old-World Monkeys.

Cercopithecinae (baboons, etc)

New-World Monkeys

Lemurs|
Prosimians
Lorises|

Phvlogenetic shadowing:

L I human

i L L # chimp
baboon
rhesus monkey
green monkey
colobos
dusky titi
spider monkey

Sequence elements conserved across all species:
candidate regulatory element

[ : nucleotide difference with at least one species




Amplification of target sequence from genomic DNA of ~20 primates
(new- and old- world monkeys, hominoids)
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Direct sequence of the PCR product

Multiple sequence alignement with ClustalW:
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Orangutan
Colobus
Douc
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Statistics

* Classify sites based on likelihood of being
fast of slow evolving

* Calculate log(like[fast]/[slow]) - look for
more negative = conserved
—log(0.5) =-0.3
~log(2)=0.3

a

Slow (constrained) rate: Fast (non-constrained) rate:
likelihood (slow) likelihood (fast)
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Exons

* Identify exons from regions with 4 known
intron-exon boundries.
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Prediction of regulatory regions
in primate specific gene

¢ Discover conserved and nonconserved
elements

* Test function of each by gel shift assay




Functional test

* Generate labeled primers of conserved and
non-conserved regions

* Perform gel-shift assay to see if primers
bind proteins.
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Conclusions

* Closely related species can be useful in
identification of conserved regions.

 Alignments are fairly robust

* Classifying sites using likelihood ration
identifies exons and conserved regions
effectively.

Which method should we use?

* Phylogenetic footprinting
— Effective at identifying highly conserved
features across divergent lineages

* Phylogenetic shadowing

— Effective at getting taxon-specific elements.

Which species should we get
genome sequences to increase
power

* Marsupials?

* Reptiles?

* Fish?

* More mammals?

* More primates?




