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What is epigenetics?

* Epigentics:
— epi (GK) upon
— genesis (Gk) generation, birth, origin
» genes (Gk) born
* ‘the interaction of genes with their environment,
which bring the phenotype into being”
(Waddington, Endeavor 1:18,1942)

* ‘heritable changes in gene expression not
attributable to nucleotide sequence variation’
(Murrell et al. Hum Mol Genet 14:R3, 2005)
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I TWO WAYS TO ACTIVATE OR
et g SILENCE GENES

1. Methylation

DA ety lation
WPyl marics added b cerl s
DA baaes rapress pene actawdy

2. Small molecules/ histones

%, S\ |.*:“ Ap— T |\VATED GENE

SILENCED GENE

fEalls | L i 21 % Fhall 1

Folic acid, Vitamin B12, Choline
Hislane madilicatisn \ oLt Ly WITRIINE ]
A enebanadion ol dilesrnl
et es Cae B Lachy b T TaEL"

ol prodeing calied hiatores, Theas
aier Ehe actiwiby of the DMA

arappod arond (am SILENCE GENES
y Resveratrol, quercetin,
curcumin, other small
molecules (histone
deacetylase inhibitors)
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Epigenetics and Gene Activation
for Improved Health and Longevity

Excercise
*BDNF Environment
*Clean air, water
and soil
*No smoking
A , (@) o
Nutritional Factors - : 3,
* Calorie Restriction : S ~ )
*Mediterranean Diet J
*Polyphenols - s:'
Emotional Health
¢ Religion
e Meditation
Anti-Inflammatory * Spirituality

Anti-oxidant, Anti-mutation
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Cell body

LRv:]

socking, tno e W H Fregman

LIFE: THE SCIENCE OF BMOLOGY, Soeanth Edinion, Figure 44.2 Neurcns {Part 3}
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Dendrite
(receiving end) Endoplasmic

reticulum

Golgi body
M= QF K* 0|2, M= 5 Na* 0|22 Secretory
o] ey A|7=| ~ 4 CtH il bodies
= '—IOH - AI:-IHIiE E EO“ 'Q'OI- E:!ily {neurotransm:tters}

M7 -7T0mV(EE|ZE)7} ‘é’éﬂ%ﬁf.

e

Axon
(transmitting
= end)
_-Dendrite Cell body .--_
Dendrite ) _ 2 |
Sensory Neuron 20 xonal tree
ey ' Terminal
"f"\ fibers
-. =. b Direction
o : of impulse

Interneuron

; Cell yE Muscl E

Motor Neuron

Dendrite




Postsymaptic
Reimonm

Presynaptic
neromn

Drendritic §
spines

Svnaptic vesicles

S}'mpric bauton

Mitochondrion

Synaptic cledt
Mitochandrion

Dendritic spine

Synaptic bouton
Synaptic bouten —
Synaplic vesicles = Mitochondrion —

Synaptic vesicles

: e

B i g _'____'___,_,_——
Freeze-fractured scanning EM of synapse Dendritic spine L

2,5 Synapses
Axons may form a synapse upon the cell body or dendrites of a neuron. On
dendrites, synapses may form upon dendritic spines or upon the shaft of a

dendrite. Electron micrographs (insefs) reveal the fine structure of synapses,
Micrographs from Peters, Palay, and Webster, 1991




L. Enzyimes and
precursors for
symithesis of
transmatter,
vesicle wall, etc.,
are transported by
microtubules
Loy the axon
terminals,

3. f
The action potential x

is propagated over the
presynaptic membrane.

Myelin

2. Transmitter is
synthesized and
stored in vesicles,

4. Depolarization of presynaptic
terminal couses influx of Calt,
leading vesicles Lo fuse with
presynaptic membrane and
transmitter to be released into
synaptic cleft.

5. At fast synapses, binding
of transmitter to receptor
molecules in postsynaptc
membrane opens channels,
permitting ion flow and
initiating excitatory or

b, Transmatter
binds auto-

recephors initiat _
i bouton inhibilory postsynaptic
membrane: protenitial.

% Ens . -
nzyme Synapdic : o Transmitber-
present in viesicle ; k i splittin
exfraceliular - =
enFYmes

space splits

excess frans-
Across

Cmitler,
EPSE Transmitter
//—'_‘_‘_—:—— ar receptor
?3‘{?;:: 1Pse 8. Excitatory or inhibitory
dendrife = Active second messenger postsynaplic potentials
A spread passively over

9. Reuplake of transmitter
stops synaptic action and
provides transmitter for
subsequent transmission.

dendrites and cell body
Lo axon hillock.

10, Al slow synapses, sceond
messengers are activated in
poslsvRaplic neuron by
transmitter-receptor combinations.

w Inactivated second
* J Messenger

1L Enzyme inactivates
second messenger.
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6.5 The Source of Opium and Morphine
The opium poppy flower and pod.



6.6 How Caffeine Stimulates
Caffeine stimulates neurons by competing with adeno-
sine for presynaptic sites.
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4.9 Development of Purkinje Cells in the Human Cerebellum
After Zecevic and Rakic, 1976,
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4.16 Cerebral Cortex Tissue in Early Development of Humans
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() In a newborn. (b)) Three months after birth. {¢) Two vears old. Numerals

refer to the six cortical layers. From Conel, 1939, 1941, 1959
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Figure 5. Low-light-level photomicrographs taken from the video monitor show single optical sections through a portion of the dendritic arbo
of four different superior cervical ganglion cells, The pictures were taken about 10 min afier injection of the neuronal cell body with 5(6)
carboxyfl ein. These ples were chosen to show that the terminal portions of the dendritic arbors appear to be filled completely; delicat
terminal branches on the order of | pm in diameter are easily seen. The dendritic arbors observed in this way were not different in appearance
from mouse superior cervical ganglion cells visualized in vitro after filling with HRP (Purves and Lichtman, 1985b).

I

= M Dale Purves, Robert D. Hadley, and James T. Voyvodic

The Journal of Neuroscience
April 15986, 6(4): 1051-1060

Dynamic Changes in the Dendritic Geometry of Individual Neurons
- Visualized Over Periods of Up To Three Months in the
Superior Cervical Ganglion of Living Mice

Department of Anatomy and Neurobiology, Washington University School of Medicine, St. Louis, Missouri 63110
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Abstract
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Remembering a past experience can, surprisingly, cause forgetting. Forgetting arises when other
competing traces interfere with retrieval and inhibitory control mechanisms are engaged to
suppress the distraction they cause. This form of forgetiing is considered to be adaptive because it
reduces future interference. The effect of this proposed inhibition process on competing memories.
has, however, never been observed, as behavioral methods are 'blind' to retrieval dynamics and
neuroimaging methads have not isolated retrieval of individual memories. We developed a
canonical iempiate tracking method to guantify the activation state of individual target memories
and competitors during retrieval This method revealed that repeatedly retrieving target memories
suppressed cortical patterns unique to competitors. Pattern suppression was related to
engagement of prefrontal regions that have been implicated in resolving retrieval competition and,
critically, predicted later forgetting. Thus, our findings demaonstrate a cortical pattern suppression
mechanism through which remembering adaplively shapes which aspects of our past remain
accessible.

Subject terms: Cognitive control - Cognitive neurcscience - Leaming and memory - Psychalogy
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Infant Behavior and Development :

Vaolume 37 Issue 4, November 2014, Pages 752-759

Brief Report

The effects of exposure to dynamic expressions of affect on
5-month-olds’ memory

Ross Flom & &, Rebecca B. Janis, Darren J. Garcia; C. Brock Kirwan

+ Show more

doi: 10.1016/.infbeh2014.09.006 Get nghts and content

Highlights
+ 5 Month-olds showed memory following exposure to affective faces and voices.

+ Positive faces—voices promoted memory following a 5-min delay
= Neutral faces—voices promoted memory following a 1-day delay.

Abstract

The purpose of this study was to examine the behavioral effects of adults’ communicated
affect on 5-month-olds’ visual recognition memory. Five-month-clds were exposedtoa
dynamic and bimodal happy, angry, or neutral affective (face—voice) expression while
familiarized to a novel geometric image. After familiarization to the geometric image and
exposure fo the affective expression, 5-month-olds received either a 5-min or 1-day
retention interval. Following the 5-min retention interval, infants exposed to the happy
affective expressions showed a reliable preference for a novel geometric image
compared to the recently familiarized image. Infants exposed to the neutral or angry
affective expression failed to show a reliable preference following a 5-min delay
Following the 1-day retention interval, however, infants exposed to the neutral
expression showed a reliable preference for the novel geometric image. These results
are the first to demonstrate that 5-month-olds' visual recognition memory is affected by
the presentation of affective information at the time of encoding
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Opposing Effects of Neuronal Activity
on Structural Plasticity

Michael Fauth™** and Christian Tetzfaff<*
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The connectivity of the brain is continuaush adjusted 0 new environmental influences
by several activity-dependent adaptive processes. The most investigated adanive
machanism s activity-dependent functional or synaptic plasticity  requlating  the
tranamizsion efficacy of ewsting synapses. Another important but less prominentsy
ciscussed adaptive process i structural plasticity, which changes the connectivity by
the formation and deletion of synzspses. In this review, vwe show, based on experimantal
evidence, that structural plasticity can be classified simisr to synantio plasticity into two
categories; (i Hebbian strectursl plasticity, which lezsds 1o an increase (decreases] of the
number of synapses during phases of hgh dow) neuronal activity and iy homecstatic
structural plasticity, which balances thess changes by removing and adding synapses.
Furthemmore, based on experimental and theorefical insights, we argue that each type
of structural plasticity fulfile a different function. While Hebbian stroctural changes
enhance memory fifetime, storage capacity, and memaory robusiness, homoostatic
structural plasticity self-organizes the connectivity of the neural rebwaork 10 assurg
stability. However, the link bebween functional synaptic and stroctural plasticity as well as
e detailed intaractions betwaen Hebbian and homaosatatic structural plasticity ang mom
complex, This implies evan richar dynamics requiing furher expanimantal and theoratical
invesTigatians.

Kaywards: struciural plasticity, aschitoctral plasticity, imescales, synaptic plasticity, natwork topology

INTRODUCTION




axon

B3R =

{ =0 {
f":.:’Ji " -J'r O|- Ll El- ~ |'I (
i e || e TR
< 2 = :-1{&::1_'—; I:f'li T d I:; - I ==\l 4§ A I
A f f L\ _E"-'. T
Y :-:_"}:L‘-_l ||II |i‘ *-ﬂw-lr U l"'-._:_h;.__-__.:-f_:l.l'::{l:ll ;II'.-(") ll\b&,j';r
i\ ‘.:’f {:_,;}'r 3 ;;1: f,-"-f % 4
2 L o0 ;
e Nl /
s ;f;"_ e |I|I|III ) lI"'-{:::_:‘._“"«“ | l'-l:'lr ':(
[ 5 - III' \ ."Iﬁ:‘*"‘:é s b 4, | /&'.fﬁ =
sMad | srwor
Ao glofet |\ DY
._,"' ;_. ‘_r,.f-"'f !I
(*)
- - ’

-_II i
L]

xS dE S| Ak 3 A2E APe dof

% 5.25 FX| Yol
SEEH SMO| M TIXIE B S4E SM0| HIHAH AMAZ ChFSic)



A E E

(@) SeNET Qi) (b} s =7 3 oF

J8 528 =718 SE = M=0le) HRYElE
OFFC ARE &2 1 =RDGI0 BHEEIE oI EH0| Seizl WRKD.2t Dy, 383 &ulse| sipol S5 SES 22l S/ Annusl Reviews, Inc, 19583



eeeco G U+ F 2F12:51 1 % 77% @4
npr.org
BOOKS
Guitar Zero

The New Musician And The Science Of Learning
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of Learning

GARY MARCUS

Book Summary

Hardcover, 274 pages, Penguin
Group USA, List Price: $25.95

H purchase

An NYU professor of psychology describes how
he was able to learn to play the guitar in midlife
in spite of a limited musical aptitude, revealing
what he learned about the brain's capacity for

musical proflmency at any time of life and how |
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nature

Here we used DTI to measure white matter changes, and voxel-based morphometry (VBM) to measure
neurOSCIe nce gray matter changes, in a longitudinal study of mdividuals learning a novel visuo-motor skill - juggling 48
healthy adults gave informed consent to participate and were allocated to a training group (n=24) and an

untratned control group (n=24). The tramning group were scanned before (scan 1) and after (scan 2) a six-
week training period and following a subsequent four-week period without juggling (scan 3)

Access (Supplementary Methods). After tratnung, all subjects could perform ar least two continuous cyeles of the
To read this story in full you will need to login or make a payment (se classic “3-ball cascade” (Supplementary Fig. 1).

eburecorm: 3 Aamnndl-bome: > Tablswf Gontents We fitted a diffusion tensor model to DTI data to create whole brain maps of FA which we compared

between time points using Tract Based Spatial Statistics (TBSS) (Supplemeniary Methods). Comparisons

Brief Communication between scan 2 and scan 1 in the trained group revealed significant training-related increases in FA within
white matter underlving the right posterior intraparietal sulcus (IPS) (p=0.03, corrected, twa=3 37, x=31,
Nature Neuroscience 12, 1370 - 1371 (2009) v=-39, z=31) (Fig. 1). We carried out a sertes of post hoc tests to probe this difference further,

Published online: 11 October 2009 | doi:10.1038/nn.2412 demeonstrating that it was specific to the trained group and remained elevated relative to baseline after a

four week period without juggling (Supplementary Results).

Training induces changes in white-matter
architecture

Figure 1

FA increases after juggling training. (a) Colored voxels represent
clusters (corrected p=0.03) of significant FA increase from scan 1 to
scan 2, superunposed on the mean FA map. (b) Mean FA change from
scan 1 from within the cluster shown n (a). ...

Jan Scholz, Miriam C Klein®=, Timothy E ] Behrens*2 & Heidi Johansen-
Berg®

Although experience-dependent structural changes have been
found in adult gray matter, there is little evidence for such changes
in white matter. Using diffusion imaging, we detected a localized
increase in fractional anisotropy, a measure of microstructure, in
white matter underlying the intraparietal sulcus following training
of a complex visuo-motor skill. This provides, to the best of our
knowledge, the first evidence for training-related changes in white-
matter structure in the healthy human adult brain.
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