C-H-O-‘R-1

Children’s Hospital Oakland Research Institute

Effects of methyl
donors on the germline
epigenetic stability of
the AW allele




Epigenetics refers to the study of
reversible and heritable alterations

IN gene expression that occur
iIndependently of DNA sequence



Chromatin: the epigenetic material

 DNA associates with histones and other
proteins to form chromatin; the
fundamental unit is the nucleosome,
which is DNA complexed with a histone
octamer

 Changes in the structure of chromatin
have profound affects on gene expression

« Elaborate modifications ensure that
transcription initiation __ is suppressed
except at certain sites




Cytosine (CpG) methylation
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«Covalent modification of DNA

*Dependent on methylation of histone H3 lysine 9 (at least)
*Recruits histone deacetylase activity

«Strongly associated with suppression of transcription initiation




By their nature, epigenetic modifications
are susceptible to outside influence: their
Interposition between genes and the
environment provides a way In which the
environment can exert heritable

iInfluences on phenotype.



“Controlling elements”

*Transposable elements that are capable of disrupting normal gene
regulation in the vicinity of their integration sites (McClintock). Numerous
examples have been characterized in plants and animals.

*The epigenetic (i.e. transcriptional) state of a controlling element
determines its ability to “control” transcription of a nearby gene - usually
It is the active state that produces disruption. Integration alone - when
the element is silent - often has no effect.

«Control may involve either inappropriate activation or suppression of
the controlled gene through a variety of mechanisms.

*Because the transposable element is subject to epigenetic silencing,
controlling elements can act in a great a variety of patterns - mosaic,
tissue-specific, heritable, inducible (McClintock, Brink, and others).

sMammalian genomes contain vast numbers of “potential” controlling
elements, which may have a pervasive influence on phenotypic variation
(Whitelaw and Martin, Nat. Genetics 2001).




Agouti viable yellow (A W): an example of a
mammalian controlling element
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*An endogenous retrovirus (IAP type) is inserted upstream of agouti.

A cryptic promoter in the 5’ LTR transcribes in an antisense orientation,

and usurps transcriptional control of agouti: the tight tissue-specific pattern

of agouti expression is converted to a constitutive pattern.

*Ectopic expression of agouti signaling protein produces a characteristic
phenotype.

«Stochastic epigenetic silencing of the IAP results in a spectrum of
mosaic phenotypes .

*The epigenetic state is weakly stable in the germline.




Spectrum of AY phenotypes
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eDramatic variation in an isogenic background is an example of
disease risk that is entirely epigenetic .

*The epigenotype is stable in somatic cells, but unstable in the
germline.

«Coat color can be used as a surrogate for genotype and epigenotype
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Germline epigenetics of AW

*The epigenetic state of AW is highly unstable in the
germline.

*Nevertheless there is weak retention of the epigenetic state
In the female germline (but this does not stabilize over
generations).

*Other highly similar IAPs are almost uniformly
epigenetically silent - this may reflect a germline state, but
we have no idea how germline epigenetic silence might be
maintained.

o|s it possible to induce stabilization of the silent state of the
IAP in AW?



Dietary supplementation with methyl donors
shifts the somatic epigenetic state of A%

control

supplemented

Waterland and Jirtle
MCB 23(15):5293-5300
2003

Cooney et al.,
J Nutr 132:52393-2400
2002




Methyl donor supplementation

ad libitum NIH-31 diet supplemented NIH-31 plus (per kg) :
159 choline

159 betaine

7.5g L-methionine
150mg zinc

15mg folic acid
1.5mg vitamin B,

Supplementation of the dam was started two weeks before mating and
continued throughout pregnancy and lactation. We observe no evidence
that this diet is toxic: the average number of litters did not differ
significantly between supplemented and controls; the average number of
AY mice per litter also did not differ significantly.



Phenotype Scoring
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Epigenetic effect of methyl-donor supplementation is
parent of origin specific

Cropley et al., PNAS 103:17071-2, 2006




Inheritance of methyl-donor induced
epigenetic change at AW:
experimental strategy
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Methyl donor supplementation can silence AVY
after early embryogenesis

Cropley et al., PNAS 103:17071-2, 2006

?

NB: we breed only pseudoagouti mice to study inheritance. Only these mice
are likely to have a high proportion of silent AYY epialleles in their germ cells -

and it Is inheritance of the silent state that we are studxing.




The epigenetic effect of methyl donor
supplementation is heritable

Cropley et al.,
PNAS 103:17071-2, 2006
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The altered epigenetic state is

retained through gametogenesis, fertilization, and the
epigenetic resetting events of early embryogenesis

Cropley et al., PNAS 103:17071-2, 2006




Strategy for studying cumulative effects
of methyl donor supplementation:

The AW allele is maintained in the male
germline.

*Methyl donor supplementation begins 2
weeks before first mating, and is
continuous thereatfter.

In each generation, phenotypes of all mice
are scored, then pseudoagouti males are
bred to produce the next generation.

«Continue until the pattern of inheritance
stabilizes.
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Phenotype Scoring
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OFO 58% 14% 29%

EF1 47% 18% 35%

CF2 43% 19% 38%

JF3 41% 13% 46%

[(IF4 30% 19% 51%
*Apparent steady increase in proportion of the more * silenced” phenotypes.

*Raises the possibility that we may eventually be ab  le to effect stable
extinction of the AW phenotype.

\What is the mechanism?



How do methyl donors silence  A%W?

Methyl-donor pathway:

unmethylated DNA
unmethylated proteins

methylated DNA
methylated proteins

Do methyl donors act directly to increase cytosine methylation of DNA
and hence silence AW?




Methyl donor silencing of AYY correlates with
an increase in methylation of the IAP

But:

did methylation
Induce silencing

or

silencing induce
methylation?

Waterland and Jirtle
MCB 23(15):5293-5300, 2003




Bisulphite modification for methylation analysis

Cm5S > CmS — > C

sodium

bisulphite PCR




Methylation analysis of the A% allele: bisulphite allelic sequencing

 PCR on bisulphite-treated DNA
* Subclone and sequence individual alleles

Provides methylation data for A" alleles
In individual cells




The AW IAP is incompletely methylated when silent
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Pseudoagouti mouse Randomly selected IAP promoters

(silent Avy 1AP) are nearly 100% methylated
66% methylation




Does methyl donor supplementation drive increased
methylation of the IAP?
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Control

Pseudoagouti AYY mice: no
Increase in methylation
density with methyl donor
supplementation
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The effect of methyl donor supplementation
on A%

AY allele is

vy '
hypomethylated A" allele is

hypermethylated

*Shifts the spectrum of phenotypes, i.e. the proportion of somatic cells
iIn which the IAP controlling element is silent.

*Does not increase methylation of the silent IAP - merely makes it
more likely that it will become methylated.

*This is consistent with an effect on the stochastic choice of epigenetic
states in early embryogenesis - which could be mediated by a variety
of mechanisms.
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What will happen to methylation
density If this trend continues?
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