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A FULL BODIED TRADITIONAL
NORTHERN ALE. DARK AMBER
IN COLOUR WITH A FRUITY
FLAVOUR, STRONG CITRUS
HOP AROMA AND CLEAN
BITTER AFTERTASTE.
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Speciation b () )45 S ail 3

large tree finch

medium tree finch i P e ;
(Camarhynchus pauper) £ & % {Camarhynchus psittacula)
<~ & bt
Ty “ "l.

small tree finch . | A
(Camarbynchus parvulus) \ { mangrove f mch
\ £y (Camarhynchus heliohates)

vegetarian finch ; b =

{Carmarhynchus " et : pu— :

crassirostris) ke «” \ ' woodpecker finch
~0 ~ ' (Carmarhynchus pallidus)

T Jancestraly o Fies
seed-eating ¥ —

oA\ . n warbler finch

large cactus finch Py | M (Certhidea olivacea)

(Geospiza conirostris)
&cos Island finch

cactus finch (Pinaroloxias inornata)

{(Geospiza scandens)

sharp-beaked ground finch ! “ \\ é;nall ground finch
{Geospiza difficilis) {Geospiza fuliginosa)

large qround finch mediurm ground finch
{Geospiza magnirostris) (Geospiza fortis)

© 2005 Encyclopadia Britannica, Inc.
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Rhesus VWestern African Bush
Macaque  Gorilla iU Elephant

Capybara

non-primate primate primate primate non-primate
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LIT-ROBO Rho GTPase-Activating Protein
ormin-binding protein 2 (FNBP2)
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Initial duplication of a single co

Genetic
Exchange
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Reciprocal products
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Technologies
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Selection Technology
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Macroevolution

1. Large-scale changes in
gene frequencies

2. Longer time period

3. At/above level of species

4. Extended microevolution

5. Not directly observed

6. Fossil Evidence
7. More controversial

8. Egreptiles = birds

Microevolution

1. Small-scale changes in
gene frequencies

2. Few generations

3. Within species / population

4. small evolutionary changes

5. Observable

6. Experimental evidence
7. Less controversial

8. Eg Bacterial resistance to
antibiotics
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DNA of Human Genome

B JunkDNA (97-95%)
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It's the junk that makes us human
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Could it be the

non-coding
DNA that makes
us human?

Nature 444:130 2006




2012 b
Results of the massive Encode Project published
Nature 489 (7414): 45-113, September 6, 2012.
Coal G g g 49 DNA (3 a8 228 J S 9 4ldila g 8 aali®i DNA (485 Jual Ja Junk DNA i8I b alad

Now scientists at the University of
Researchers have also I I atu I

Michigan Life Sciences Institute

and the Howard Hughes Medical
found that some IO, e s o st Institute have found that one kind
sequences N the junk o} non-coding DNA, satellite DNA,
DNA act as genetic has a.n essential function in
“switches,” which keeping the genome together.

_ This work has been reported in the
determine where and journal eLife, and shows that
when genes get satellite regions are not
expressed

throwaway sequences, but are

required to bundle chromosomes

\s/gﬂgéz(%“) Ny , properly inside of the cell, which
helps keep it alive.

GUIDEBOOK TO THE HUMAN GENOME

The ENCODE project in print and online
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Epigenetic




What is Epigenetics?

Riggs et al. 1996 °
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* DNA (e.g.methylation) or RNA

* Histone modification (methylation, acetylation, etc.)
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Euchromatin
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Transcriptional repression Transcriptional activation @

K K RKS

14 1718 23 262728
Histone acetyltransferases (HATs)

Histone deacetylases (HDACs)

(B)  H3 histone modification state meaning

Lysine methyltransferases (KMT)
(e.g. MLL, SET1A/B,...)
heterochromatin formation,

Lysine demethylases (KDM) gene silencing
(e.g. LSD1, JARID1...)

Lysine demethylases (KDM)
(e.g. Jmjd3, UTX, ...)

—_— .
gene expression

Lysine methyltransferases (KMT)
(e.g. PRC2:Ezh2,...)

Brgl
(GATA4 ( Tbx5. @

R’& *X GaTAY (Thxs) (2§ . gene expression
\
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Methylated DNA from Zygote to Adult

ACATAGACATACACACTGCTTGATTAGGGAGATAGTGACAGATCCATTACAGCACCATACCATGAT
GTTTTTATTACCAGGATGATCACCATTGGGTACCATTTACCAGGATTACACAGTTTTAGATGACC
AGTAGCTATTAGAGGATTTTAAATTTATTTAGGATTTTATGGGATTGATARAGGGAGATTTAACA
TAGACATACACACTGTTGATTAGGGAG ATAG TGACAGATCCATTACAGCACCATACCATGATGTT
TTTATTACCAGG ATGATCACCATTGGG TACCATTTACCAGCATTACACAGTTTTAGATGACCAGT
AGCTATTAG AGG ATT T TARAT T TATTTAGGATTTTATCGGATTGATAARAGGGAGATTTTTATTAT
AGGACATAG ACATACACACTGTTGATTAGGG AGATAGTGACAGCATCCATTACAGCACCATACCAT
GATGTTTTTATTACCAGGATGATCACCATTG GG TACCATTTACCAGGATTACACAGTTTTAGATG
ACCAGTAGCTAT TAGAGGATTTTAAATTTATTTAGGATTTTATGGCATTGATAAAGGGAGATTTA
ACATAGACATACACACTGTTGATTAGGGAGATAGTGACAGATCCATACAGCACCATACCATGAT

How is the diversity of cell types
created and maintained

in multi-cellular organisms?

ACATAGACATACACACTGTTGATTAGGGAGATAGTGACAGATCCATTACAGCACCATACCATGAT
GTTTTTATTACCAGGATCATCACCATTGGCTACCATTTACCAGGATTACACAGTTTTAGATGACC
AGTAGCTATTAG AGGATTTTARATTTATTTAGCGATTTTATCGGATTCATARAGGGAGATTTAACA
TAGACATACACACTGTTGATTAGGGAGATAGTGACAGATCCATTACAGCACCATACCATGATGTT
TTTATTACCAGG ATGATCACCATTGGG TACCATTTACCAGGATTACACAGTTTTAGATGACCAGT
AGCTATTAGAGG ATTTTAARATTTATTTAGGATTTTATGGGATTGATAAARGGGAGATTTTTATTAT
AGGACATAGACATACACACTGTTGATTAGGG AGATAGTGACAGATCCATTACAGCACCATACCAT
GATGTTTTTATTACCAGGATGATCACCATTGGGTACCATTTACCAGGATTACACAGTTTTAGATG
ACCAG TAGCTATTAGAGGATTTTAAATTTATTTAGGATTTTATGGCCATTGATAAAGGGAGATTTA
ACATAGACATACACACTGCTTGATTAGGGAGATAGTGACAGATCCATTACAGCACCATACCATGAT

Alex Meissner, Henry Stewart Talks




Methylated DNA from Zygote to Adult

Differentiated cells become
more restricted in their potential

Zygote @

U

BN INWTTN Unipotent

Qonet Gere? Gored Gonet

Alex Meissner, Henry Stewart Talks



DNA Methylation Differentiates Totipotent Embryonic Stem Cells from Unipotent Adult Stem Cells

DNA methylation

Pluripotent cell

ctggaggtgcaatggctgtcttgtectggectt
ggacatgggctgaaatactgggttcacccatat
ctaggactctagacgggtgggtaagcaagaact
gaggagtggccecagaaataattggecacacgaa
cattcaatggatgttttaggcteteccagaggat
ggctgagtgggctgtaaggacaggecgagagygg
tgcagtgccaacaggetttgtggtgegatgggg
catccgagecaactggtttgtgaggtgtecggtyg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggceccteocctggggtececgtectaag
ggttgtcctgtccagacgtccccaacctecgte
tggaagacacaggcagatagecgctcgectcecagt
ttcteccacecceccacagetetgetectecaccee
acccagggggceggggecagaggtcaaggetaga
gggtgggattggggagggagaggtgaaaccgt

cctaggtgagecaegtettteccaccaggecceocgg
ctcggggtgeccaccttecceccatggetggacac

Alex Meissner, Henry Stewart Talks

Unipotent cell

@

Ctggaggtgcaatggctgtcttgtecetggectt
ggacatgggctgaaatactgggttcacccatat
ctaggactctagacgggtgggtaagcaagaact
gaggagtggcecceccagaaataattggcacacgaa
cattcaatggatgttttaggectcteccagaggat
ggctgagtgggctgtaaggacaggeccgagaggyg
tgcagtgccaacaggectttgtggtgegatgggg
catccgagecaactggtttgtgaggtgtecggtyg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggcecctcecctggggtceceocgtectaag
ggttgtcectgtecagacgteecccaaccteegte
tggaagacacaggcagatagcgctegectecagt
ttcteccacceccacagetetgetectecaccee
acccagggggcggggecagaggtcaaggetaga

gggtgggattggggagggagaggtgaaaccegt
cctaggtgagecegtettteccaccaggecccecegg

cteggggtgeccaccectteccecatggetggacac




GENETICS EPIGENETICS
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mutations alterations

RN

inherited

germ line

species variability

Figure 3. Genetics Versus Epigenetics

GENETICS: Mutations (red stars) of the DNA template (green helix)

are heritable somatically and through the germ line. EPIGENETICS:
Variations in chromatin structure modulate the use of the genome
by (1) histone modifications (mod), (2) chromatin remodeling
(remodeler), (3) histone variant composition (yellow nucleosome), (4)
DNA methylation (Me), and (5) noncoding RNAs. Marks on the
chromatin template may be heritable through cell division and col-
lectively contribute to determining cellular phenotype.

Epigenetics © 2006 Cold Spring Harbor Laboratory Press
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Epigenetic Imprinting

Genomic imprinting
The unequal expression
of the maternal and paternal alleles of a gene

-

= -

Maternal allele = Paternal allele Maternal allele
Paternal allele

 Imprinted or marked with their gametic (parental) origin




Figure 2a: The gene causing the
condition is always switched

off " (imprinted) when it is passed
to the baby through the egy, It
remains active when passed to
fhe baby through the sperm.

MATERMNALLY INHERITED GEME COPY 15 INACTIVE

HAS THE FALLTY CENE
EUT IS NOT AFFECTED
BECALUSE THE EAULTY CENE
COFY |5 IHPEINTED

DES HOT HAYE THE MUTATED CENE
AND HOT AFFECTED

HAE THE RALLTY CENE
AND'E AFFECTED
BECAUSE THE FAULTY CENE
COPY IS NOT IHFRINTEDR
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Figure 20: The gene copy s
SWitched off if it passes from
father to child and remains

active when passed by the
mother to her children,

PATERMALLY INHERITEDY GENE COFY 15 INACTIVE

HAS THE EAULTY CEME [WES WOT HAWE THE MIUTATED CENE HAS THE EAULTY CENE
BLUT 1% HOT AFFECTED AND HOT AFFECTEDR AND 15 AFFECTED
BEC ALSE THE FAULTY S ENE BEC AUSE THE FAULTY S EME

COFE 15 IMPEINTED COFY B NOT IMPEINTEL



U8 olala e ol

QL\oMJJSu\_}QLqug‘M% °

Cual 0330 G O 1) Ll (i (Aabal (sl (g 1 juudi

BLIND CAVE FISH




BLIND CAVE FISH
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The evolution of cars
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* Natural genetic engineering (NGE)
* James Alan Shapiro



James Alan Shapiro
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* Evolution: A View from the 21st Century

 Natural genetic engineering (NGE)
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TWENTY- FIRST CENTURY MOLECULAR GENETICS
AN ANALOGY FROM AN AUTOMOBILE FACTORY
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MOST LIKELY RESULTS OF RANDOM MUTATIONS

1. SYSTEM FAILURE
2. REDUCED EFFICIENCY
3. MUTATION ELIMINATED BY ERROR-CORRECTION SYSTEM
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Integrated Synthesis

Evo-devo theory

Plasticity &
accomodation

Modern Synthesis
(Neo-Darwinism)

Gene mutation

Epigenetic inheritance

DNA inheritance
ONLY

Darwinism
Variation
Inheritance

Naturjal
selection

Mendelian inheritance

Multilevel selection

Population genetics

Gene selection

ONLY Genomic evolution

Contingency
Niche construction

Genome isolated

Speciation & trends :
Replicator theory

Evolvability




