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Structure of the Workshop

1. Four sessions with each lasting no more than 15 minutes

l. Story telling with real life examples for all major concepts
Il.  Use lay language as much as possible

2.  Two experiments:
l. Compare mouse and human sperm

Il.  Sperm motility activation

3. Q&A session




Where do we come from?

»How are sperm formed?
»How are eggs/oocytes formed?

» Fertilization: Fusion of a sperm and an egg/oocyte

»Embryonic development




What 1s inside sperm?

Histone modification DNA methylation

Genetic materials:
o DNA: double helix, large molecules

o Genetic code: combinations of four bases (A,C,T and G)

Epigenetic information:
o Chemically modified DNA: DNA methylation
o Chemically modified proteins: histone marks
o RNAs: large or small; coding or noncoding
o Chemically modified RNAs: m6A

Nonhistone and nonprotamine proteins Noncoding RNA




Role of genetic materials in sperm

» Embryonic development
» Fetal development

» Preputerbal development
» Puberty

» Adult life




Epigenetic information within sperm
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= Software (epigenetics) for the
hardware/computer (genetics)

= Adaptive and responsive to environment,
diet, physical activities

= Acquired traits: good vs. bad

= Inheritable or not?




Consequences of genetic defects

Prader-Willi Syndrome Angelman Syndrome

» Infertility
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» Abortion
» Birth defects
» Congenital diseases

» Single vs. multiple genetic defects




Effects of epigenetic alterations

THE GREAT FAMINE _
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» Latent/Adult onset

»Intergenerational vs.
transgenerational
inheritance




Acquired Paternal Traits in Offspring

nature =
neuroscience

Parental olfactory experience influences behavior and
neural structure in subsequent generations

Brian G Dias!»? & Kerry ] Ressler! -3

Using olfactory molecular specificity, we examined the inheritance of p. i , aph that has been
frequently nbserved but not understood. We subjected FO mice tn odor fear conditioning before conceptlun and found that

d F1 and F2 i had an i ioral sensitivity to the FO-conditioned odor, but not to
other odors. When an odor (; h ) that a known od ptor (O/fr151) was used to condition FO mlce.
the behavioral sensitivity of the F1 and F2 g tions to acetoph was ted by an enh d
representation of the O/fr151 pathway. Bisulfite sequencing of sperm DNA from conditioned FO males and F1 naive offspring

led CpG hy hyl. in the OIfr151 gene. In addition, in vitro fertilization, F2 inheritance and cross-fostering revealed
that these transgeneratmnal effects are inherited via parental gametes. Our fmdlngs ide a fi k for addressing how
environmental information may be inherited t Ily at beh k ical and epi| tic levels.
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Multigenerational epigenetic adaptation of the hepatic
wound-healing response

Miijdat Zeybel', Timothy Hardy', Yi K Wong?, John C Mathers?, Christopher R Fox', Agata Gackowska',
Fiona Oakley', Alastair D Burt!, Caroline L Wilson', Quentin M Anstee', Matt ] Barter!, Steven Masson',
Ahmed M Elsharkawy', Derek A Mann'- & Jelena Mann'*
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Disruption of histone methylation in
developing sperm impairs offspring
health transgenerationally

Keith Siklenka,* Serap Erkek,**+ Maren Godmann, 't Romain
Lambrot,* Serge McGraw,* Christine Lafleur,* Tamara Cohen,*

Epigenetic germline inheritance
of diet-induced obesity and
insulin resistance

resicaes and associates with her.
fable geoe siencing when pro-
moter  sequences  contalning

Jianguo Xia,** Matthew Suderman,’ Michael Hallett," Jacquetta ~ =*%/pl (70 dinudleotides (o6

ldands; CGlLs) are methylated

Trasler,** Antoine H. F. M. Peters,***§ Sarah Kimmins***§ Likewise, DNA methylation sup-

Peter Huypens' %, Steffen Sass?, Moya Wu'2, Daniela Dyckhoff' 2,
Matthias Tschop?54, Fabian Theis!7, Susan Marschall!.2,
Martin Hrabé de Angelis' *#° & Johannes Beckers! %2

Cell Metabolism

Obesity and Bariatric Surgery Drive Epigenetic
Variation of Spermatozoa in Humans

Graphical Abstract
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Cell Metabolism

Authors

Ida Donkin, Soetkin Versteyhe,
Lars R. Ingorsiov, ...,

Christopher T. Workman,

Juleen R. Zierath, Romain Barrés

Correspondence
barres@sund.ku.dk

In Brief

Donkin et al. show that spermatozoa from
obese men cary a distinct epigenetic
signature compared 1o lean men, in
particular at genes controliing brain
development and function. The sperm
methylome is dynamically remodeled
after gastric-bypass-induced weight loss,
notably at gene regions implicated in the
central control of appetite.

Paternal Psychological Stress Reprograms Hepatic

Gluconeogenesis in Offspring

Graphical Abstract

Prychological Stress
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Authors
Ling Wu, Yan Lu, Yang Jiao, ..., Jieli Lu,
Xuejin Chen, Xiaoying Li

Correspondence
chenxuejin@shamu.edu.cn (X.C.),
lixy@sibs.ac.cn (X.L.)

In Brief

Using a mouse model of restraint stress,

Wu et al. uncover the Intergenaerational

effects of paternal psychological stress

on glucose metabolism in offspring.

Paternal stress epigenatically
mIR-4665-3p

leading to increased PEPCK oxpression

and hepatic gluconeogenesis in

hyperglycemic F1 mice.




Our genome constantly interacts with
environments

Gene- “Book of Life” Environment

* Food

¢ Movement
* Stress
* SNP’s * Toxins
* Genome * Sleep
* Epigenome * Social
Connection

* Meaning
* Microbiome
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-Aging and the methylome

“Growth ring” in humans

12/18/19 2:24:13 PM



Representative Clinical Conditions with Epigenetic Origins

*Type 2 DM and Metabolic Syndrome
eCoronary artery disease

e Autoimmune Diseases

eCancer

eAllergic Disorders

*Depression

eNeurologic: Alzheimer’s, PD, ALS, Autism

e|nfertility




Lifestyle/Behavioral Factors Shown to Have Health-Promoting
Epigenomic Influences

ePlant-based, unprocessed foods
*Movement

*Mindfulness

*Bonding-social connection

eReduction in environmental toxin
exposure

e Microbiome




Evolution Theories
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Lamarck

Darwin

4 Use and disuse

¢ Transmission of
acquired characteristics

4 Increasing complexity
% Mo extinction

< Variation
4 Inheritance

< Differential
survival

<+ Extinction
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Life style =

Genetics




