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COLOUR CODE USED THROUGHOUT THESE NOTES

MATERNAL PATERNAL EPIGENETICS SIGNALLING CLINICAL

LEARNING OBJECTIVES — tick off as you go

[0 Describe the maternal-to-zygotic transition.

[0 Explain the two waves of epigenetic reprogramming.

[0 Describe X-inactivation and its clinical consequences.

[ Explain genomic imprinting and the main imprinting disorders, UPD and moles.
[0 Name lineage transcription factors, HOX genes and the main signalling pathways.

[ Apply to ART, mosaicism, PGT and developmental programming.

1 Maternal-to-Zygotic Transition

IN ONE LINE: The egg's stored RNA and protein run the first divisions; the embryo's own genome takes over
at the 4-8-cell stage (~Day 2-3).

Maternal-to-zygotic transition

ZGA
4-8 cells
~Day 2-3

mmms MATERNAL mRNA + protein (stored in the oocyte)
me 7YGOTIC transcription (embryo's own genes)

zygote 2-cell 4-cell 8-cell morula blastocyst

Failure of ZGA — cleavage arrest (seen in some IVF embryos). Key human ZGA factors include DUX4.

Figure 1. Handover from maternal to zygotic control.
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2 Epigenetic Reprogramming

Two waves of epigenetic reprogramming (schematic)

WAVE 1 — after fertilisation WAVE 2 — primordial germ cells
c
=]
= de novo
= DNMT3A/B
=
=
W
E new imprifits
‘21 in egg / sperm
(a1
blastocyst low point
fertilisation blastocyst implantation PGC migration gametes
mmmm=  paternal genome — ACTIVE demethylation (TET) ==+ IMPRINTS — protected
mmms  maternal genome — PASSIVE (dilution with replication) s germ cells — everything ERASED (incl. imprints), then RESET by sex
Figure 2. Two waves of DNA methylation reprogramming.
Wave ‘ What happens ‘

Genome-wide demethylation - totipotency. Paternal: active (TET: 5mC >
1 — after fertilisation 5hmC - 5fC - 5caC -> base-excision repair). Maternal: mainly passive (dilution
with replication). Imprints protected

From implantation, lineage-specific de novo methylation (DNMT3A/B); DNMT1

Re-methylation L L
y maintains patterns at each division

PGCs erase everything, including imprints, then set new sex-specific imprints

2 — germ cells . .
during gametogenesis

3 X-Chromosome Inactivation

X-chromosome inactivation — dosage compensation in females

B XIST IncRNA coats the X in cis
— Polycomb (PRC2) — H3K27me3 + DNA methylation; TSIX blocks XIST on the active X
XIST @ @ @ @ @ B ~15-25% of genes ESCAPE

ANDOM c?oice, incl. pseudoautosomal regions — why 45X (Turner) has a phenotype

then inherited @ @ @ @ @
[l SKEWED inactivation

® @ @ @ @ manifesting carriers (DMD, haemophilia); Rett (MECP2) mainly girls
early female embryo:

both X active
adult female = MOSAIC (patches with the maternal or paternal X active)

grey dot = BARR BODY (inactive X)

Figure 3. X-inactivation makes every female a mosaic.

e Timing in humans is around implantation (human early embryos show XIST on both X chromosomes first).
Imprinted inactivation of the paternal X in extra-embryonic tissue is clear in mice; in the human placenta it
appears largely random.

¢ Klinefelter (47,XXY): one X inactivated; extra escape-gene and PAR dosage contribute. Turner (45,X):
missing escape-gene dosage.
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4 Genomic Imprinting

¢ Parent-of-origin, one-allele expression, set in the gametes by methylation of imprinting control regions
(ICRs), kept for life, reset in the germline. Many imprinted genes control growth — the 'conflict' idea:
paternal genes push growth, maternal genes restrain it.

Locus Maternally expressed Paternally expressed ‘ Disorders

15q11-q13 UBE3A SNRPN, NDN, MAGEL2 Loss of paternal - Prader-Willi; loss
of maternal - Angelman

11p15.5 H19, CDKN1C IGF2, KCNQ10T1 Beckwith-Wiedemann (overgrowth)
/ Silver—Russell (undergrowth)
Paternal over-expression >

6q24 o PLAGLL, HYMAI transient neonatal diabetes

14932 MEG3 DLK1 Temple (mat UPD14) / Kagami—

Ogata (pat UPD14)

Same region, opposite parent — 15q11-q13 imprinting (white dashed = missing / silent)

PRADER-WILLI ANGELMAN
loss of PATERNAL genes (SNRPN, NDN...) loss of MATERNAL UBE3A (brain)

= —\ ) '

i : 15q11-q13 H | 15a11-q13

I 1

-/ _/ —/ -

paternal 15  maternal 15 paternal 15  maternal 15
paternal deletion ~70% « MATERNAL UPD ~25% « imprinting defect ~1-5% maternal deletion ~70% « UBE3A mutation ~10% e PATERNAL UPD  imprinting defect
hypotonia + poor feeding — HYPERPHAGIA, obesity, hypogonadism severe |earning disability, ataxia, seizures, happy demeanour

Figure 4. Prader—Willi vs Angelman.

11p15.5 — one locus, two opposite growth syndromes (simplified)

ICR2 ICR1
green = expressed

PATERNAL 11p15.5 @, KcraioTi IGF2 H19 grey = silent
filled diamond = methylated ICR

MATERNAL 11p15.5 COKN1C Ol

BECKWITH-WIEDEMANN (overgrowth) SILVER-RUSSELL (undergrowth)
too much IGF2 / too little CDKN1C — too little IGF2 — ICR1 LOSS on the
ICR2 loss on maternal allele (commonest), paternal allele; maternal UPD7
paternal UPD11, ICR1 gain — FGR, relative macrocephaly,
—» macrosomia, macroglossia, omphalocele, triangular face, asymmetry

hypoglycaemia, Wilms tumour o 1 after ART

Figure 5. 11p15.5 — BWS and SRS.
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MNEMONIC / MEMORY HOOK

'Paternal Prader, Maternal Angelman' — the syndrome is named by the parent whose genes are MISSING.
PWS = no paternal 15q11-13 (deletion or maternal UPD); Angelman = no maternal UBE3A.

¢ Moles: complete mole = androgenetic diploid (paternal only) = trophoblast overgrowth, no fetus; partial =
diandric triploid — showing paternal genomes drive trophoblast.

5 Transcription Factors and Signalling

Decision Key factors ‘
Trophectoderm vs ICM CDX2 vs OCT4 / NANOG
Epiblast vs hypoblast OCT4, NANOG, SOX2 vs GATA6, GATA4, SOX17

Endoderm SOX17, FOXA2 e mesoderm BRACHYURY (T), MIXL1 * ectoderm

Germ layers SOX1, PAX6

HOX genes pattern the head-to-tail axis
a HOX cluster (4 clusters: HOXA, B, C, D — different chromosomes)

3 n n n n n n 5 COLINEARITY

3' genes — earlier + more ANTERIOR
5' genes —» later + more POSTERIOR

Retinoic acid shifts Hox codes —
why isotretinoin is teratogenic

o ()
HOXA13 — hand-foot-genital syndrome

embryo axis: each gene switches on from its own level to the tail HOXD13 — synpolydactyly

Figure 6. HOX colinearity.

Pathway Where Roles / defects ‘

Ventral neural tube, digit pattern; loss >

SHH Notochord, floor plate, limb ZPA
holoprosencephaly

WNT Dorsal neural tube, many sites Axis, limb growth, organogenesis

BMP Roof plate, ventral mesoderm Dorsal fates, bone; skeletal/cardiac anomalies

FGF Limb AER Limb outgrowth; FGFR3 - achondroplasia

NODAL Node, left side Left—right asymmetry

NOTCH Presomitic mesoderm Somite <Elock , heurogenesis (spondylocostal
dysostosis)

R Mesonephros, paraxial Hox codes, female meiosis onset; excess
Retinoic acid . . .
mesoderm (isotretinoin) teratogenic

e Apoptosis sculpts (e.g. digit separation — failure - syndactyly); Polycomb/Trithorax keep chromatin
states; telomerase is highly active in early embryos and germ cells.
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Uniparental disomy via trisomy rescue — also a clue in confined placental mosaicism

e |

TRISOMY

RESCUE

I l I {one lost)

TRISOMIC zygote

(maternal non-disjunction)

~2/3 chance: biparental — NORMAL

~1/3 chance: maternal UNIPARENTAL DISOMY

harmless for most chromosomes — a syndrome if IMPRINTED (6, 7, 11, 14, 15, 20)

examples: maternal UPD15 — Prader-Willi « maternal UPD7 — Silver-Russell « maternal UPD14 — Temple

Figure 7. Uniparental disomy through trisomy rescue.

ART AND IMPRINTING

Small relative increase in BWS, Angelman, SRS
after ART

Absolute risk stays low — counsel accordingly

Possible causes: culture, stimulation, underlying
subfertility

DEVELOPMENTAL PROGRAMMING

Diet, smoking, stress alter fetal methylation
Dutch Hunger Winter: altered IGF2 methylation
decades later

Barker / DOHaD: fetal environment > adult
disease

% PEARL
Imprints survive wave 1 but are wiped in wave 2 — that is how each generation re-sets them by sex.

MOSAICISM + PGT

Early cleavage errors - mosaicism; confined
placental mosaicism can cause discordant NIPT
PGT-A / PGT-M / PGT-SR on trophectoderm
biopsy

Some embryos are mosaic; mosaic embryos can
still give healthy babies

X-LINKED EXAM POINTS

Manifesting carriers from skewed inactivation
(DMD, haemophilia, fragile X)
Rett (MECP2) — nearly all girls

Turner / Klinefelter phenotypes reflect escape
genes

UPD only matters for imprinted chromosomes (6, 7, 11, 14, 15, 20) — or if it makes a recessive mutation
homozygous.

7 MRCOG Exam Pearls — Last-Minute Page

Numbers to know

4-8 cells ~Day 2-3
Zygotic genome activation ZGA timing
~70% ~25%

PWS/AS from deletion PWS from maternal UPD

© PIPADOR.co.uk

Reprogramming waves

2 15-25%

X genes escaping

4 6,7,11, 14,15, 20

HOX clusters Imprinted chromosomes
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HIGH-YIELD CHECKLIST

Maternal RNA drives early cleavage; ZGA at 4-8 cells.

Wave 1: paternal active (TET), maternal passive; imprints protected.
Wave 2 in PGCs: imprints erased and reset by sex.

XIST coats the inactive X = Barr body; random choice - mosaic females.
~15-25% of X genes escape; skewing - manifesting carriers.

PWS = no paternal 15q11-13; Angelman = no maternal UBE3A.

11p15.5: BWS (overgrowth,  after ART) vs SRS (undergrowth).

6924 paternal over-expression = transient neonatal diabetes.

CDX2 vs OCT4/NANOG; Brachyury mesoderm; SOX17/FOXA2 endoderm.
HOX colinearity; SHH, WNT, BMP, FGF, NODAL, NOTCH, retinoic acid.
UPD via trisomy rescue; CPM and discordant NIPT.

Y I i o O 0

Self-assessment — cover the right-hand column
Question ‘ Answer
When is the embryonic genome activated in humans?  4-8-cell stage (~Day 2-3)

Which genome is actively demethylated after

fertilisation? Paternal (TET enzymes)

When are imprints erased? In primordial germ cells (wave 2)
Which RNA silences the inactive X? XIST
Why are female carriers sometimes affected? Skewed X-inactivation

Prader—Willi mechanisms? Paternal deletion, maternal UPD15, imprinting

defect
Angelman gene? Maternal UBE3A
Imprinting disorder linked to omphalocele and ART? Beckwith—Wiedemann
Genetic make-up of a complete mole? Diploid, all paternal (androgenetic)
How does UPD arise most often? Trisomy rescue
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