May 10, 2012

PERSISTENCE: Molecular Mechanisms of Evolulion

Announcements:

+  Please fill out course questionnaire

MMN
-  How do epigenetic modifications of genes change franscription?
- What are the implications of the broad occurrance of transposable

elements?

' DKN
- Caltech connections: extra credit iClicker point opportunity
- Do mutations arise sponlaneocusly, or in response lo their
environment?
- How do mutations form?
- How can we apply the power of bacterial genetics to solve -
problems?

| Bath iClicker Qs at the end
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| GENE STRUCTURE AND TRANSCRIPTION/TRANSLATION IN EUKARYA
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How genes encode for traits.
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Just over 10 years ago, tha full
human genome sequence was
determined.

uman
genome
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Other mysteries:

Identical twins
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HISTONE ACETYLATION

(usually enhances transcription — opens up
the chromatin)
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| EFIGENETICS [N HEALTH AND LISEAGE |
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PERSISTENCE: Molecular Mechanisms of Evolulion

Announcements:

+  Please fill out course questionnaire

MMM
-  How do epigenetic modifications of genes change franscription?
- What are the implications of the broad occurrance of transposable

elements’

DKN

- Caltech connections: extra credit iClicker point opportunity

- Do mutations arise sponlaneocusly, or in response lo their
environment?

- How do mutations form?

- How can we apply the power of bacterial genetics to solve -
problems?

1 Both iClicker Qs af the end
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DISCOVERIES

Among others

Transposition
{this lecture )

Crossing over during
call division

{next lecture)

Barbara McClintock (1902-1882)
MNobel Prize in Physlology/Medicine 1983
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(we now know) a diverse genome
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Mendelian genetics could not explain the phenomenon.

K

pisil |

1840's discovered transposition
-such criticism that didn’t publish
again on the subject aftar 1853
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ransposable element
(TE) inserts

S~

CAN DROP IN ANYWHERE
replicate TE excises
_— ‘I
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NO PHYLOGENETIC PATTERN TO TE LOAD -
significance — higher 'evolvability’?
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\

Non-LTR
retrotransposons

SVA
0.2% -

Others
6.0%

LTR retrotransposons

8.3%

The human genome TE load

rF'rqlEin—mding sequence 2‘1&)

28%

Gocdier and Kozazian, 2008
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A REVOLUTION
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ONE EXAMPLE:

LETTER

Somatic retrotransposition alters the genetic
landscape of the human bran
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PERSISTENCE: Molecular Mechanisms of Evolulion

MMN
- How do epigenetic modifications of genes change transcription?

Through modifications of the DMA and its associated proteins

I . \What are the implications of the broad occurrence of transposable
"' : glements?

We seem to have only discovered the tip of the iceberg. .
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Barbara McClintock (1902-16392)
Nobel Prize in Physiology/Medicine 1983

Transposable Elements - Rediscovered in Bacteria in
Late 1960s &1970s
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PERSISTENCE: Molecular Mechaniams of Evolution

Announcements:

+ Please fill out course questionnaire

MMM

- How do epigenetic modifications of genes change transcription?

-  What are the implications of the broad occurrence of trangposable
elements?

DKN

s - Caltech connections: extra credit iClicker point opportunity

- Do mulations arise spontaneously, or in response (o their
environment?

-  How do mutations form?

- How can we apply the power of bacterial genetics to solve
prablems?

Baoth iChcker Qs at the end
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Examples of Caltech research outside of Biology applying/probing aspects
of the Central Dogma: 2 exlra credit iClicker painl—see websila!

£ 2

Tirel|

Folding,
structure,
funclion
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Examples of Caltech research in Biclogy applying/probing aspects of the
Central Dogma: 2 extra credil iClicker painl—see website!
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What types of mutations are there? an{ rSQ., M'ChQ "Bm
= Single mismatch
(DNA) A AG ACA G [:A‘(] ’”l}f’

(DINA) .. AAE ACA GCA.. (DNA) AAGACT GCA
|HNM.UU9,UG§EGU’ (RNA) UULC cGou
Lys aa Phe TEREN A

3 profem properties v oo tiacasd £V
25l | % e
> DNA Deletion &~ & il s
T T Gwber s
a4 @

- DNA Insertion (insertion alvamems.(lranaeamnab a.‘l«h .P uSehvy)
(ONA) A ﬂG‘ GGGCCCGCCGC '.)ACA GCA

" differences in GC content suggest horizontal gene transfer

GC vs. BT
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How dio mutations form?

“Verlical" inheritance:

DNAPF, RNAP, ribosome mistakes [lower proofreading fidelity)
Chemical, physical mutagens (e.g. UV)
“*Harizantal" gene transfer: 1\
19 2 Transformation (natural, chemical, elecincal “competence’)

‘.QA T Recombination
(f‘&w# be integrates as a spot
ab&b where sequence

_—svviaS matches
- Transfection (phage infection) ONn

= Conjugation (exchange of DNA between bacteria)

pLs™ A pilus O

Vonov- Reciprend
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Why you should care about this: antibiotic resistance!

Dangerous liasons — conjugalive transposons
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Do mutations arise spontaneausly, or in response to their environment?

Darwin ndu{:('glcﬂm Lamarck Mgﬂm\m W\.‘fu*\""ﬂ
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‘Phage group” (almost entirely comprising physicists)

MNobel Prize 1969 Physiology and Medicing (with A. Hershey)
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Why phage and bacteria?

> Simplest brolygieal sysiem B
5 W ““"7—9 ("Mf"‘-’-’ ilodrc >
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p’\ﬂjl- = baclenal vivug

The plaque assay

= A simple assay to measure mulation frequency is to score the numbers of
bacteria that can grow in the presence of the phage (.e. phage resistant)
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Question: Do mutations arise spontanaously, or in response to their
enviranment?

Specifically: Does E.coli acquire resistance to phage T1 by “induced immunity”

or by spontanacus mutation?

Eicell . 5"'?;;' u;m_’l‘kaf
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Luria's key insight at a faculty party = hitting the jJackpot is random

This inspiration provided the basis for a truly elegant experiment...

An Auiobiograpiny

SE. Laria
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Experimental Design:

Resulls: A%
Conclusion: Spm‘llﬂm, —~)

Luria-Delbriick experiment (1943) Fluctuation Test
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= If mutations are spontaneous, what would you expect distribution
frequency to lock like (same or different between A & B sets)? llﬁdh@

- |f they are adaptive, what would you expect? sme_
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AsC ) Besprvaifoy,

How can we apply the power of bacterial genetics to solve problems?

As(‘f7 &“JC.
A{uD erenmo o,
B wric , mdai(3.2

How can we assess whether bacteria are
catalyzing arsenic mobilization into
drinking water?

2 bty g (47,
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Isolating a good "model organism” to find the gene(s) specifically
conferring the ability to respire As(\V)

Snple B
L) Asai’i* SC11)
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=) Shewanedla_

MMA-3
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® =
ANA-3 Is metabolically versatile, and a close relative of
other strains that CANNOT respire As(V)

Why do you think these properties would
help us find the As(V)- respiratory genes?
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Tums out every As(\V)-respiring strain has the arr genes—robust biomarker

= Encode a highly conserved _ -
protein family! \ 3 Wy

- Can detect genes in the S

environment using PCR et 13 e s
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SUMMARY

- Galtech connections: extra credil iIClicker point opportunity
- \What types of mutations are there?
paint mutations, insertions, deletions

-  How do mutations form?
E Verlical inheritance (ODNAP. RNAR nbosomal mistakes)
. — Horizontal inheritance (transformation, transfection, —_—
¥ conjugation) 1

-~ - Do mutations arise spontanaausly, or in response to their
’ environment? /In many instances spontaneously, but there are -t
exceptions (e.q. prions) “

- How can we apply the power of bacterial genetics o solve .
problems? To identify genes controlling a process via
I mutational analysis.




