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Mainstream genomics in clinical neurology
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Paroxysmal CNS disorders
Mitochondrial disorders
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Researcher (particularly in rare & ultra rare diseases; drug
development; bioinformatics)
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Learning Outcomes

« Gain an understanding of the basics of
genetics and genomics

- Explore the impact of genetics and W
genomics in providing healthcare. «

* The role of nurses in the genomic
medicine era. ’
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Genetics

« Genes: function & composition
« Heredity: inheritance

* Variation: Difference in DNA
sequences between individuals
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has the condition
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condition
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Genetics

Genomics Fun Facts

If all the

DNA =~
cells

were laid out in a line,
it would reach to the

SUuIl 70

and back around
times

Fundamentals of Genetics and Genomics (Genomics Nursing)

DNA distance
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Genomics

« Complete set of genetic
Information

« 20000 to 25000 genes

Fundamentals of Genetics and Genomics (Genomics Nursing)

Chromosomes

Human
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Genomics

Genomics Fun Facts Genetic differences

Your genome is only around

0.1%

different from any
other person’s,

but that equates to

3 million

differences in your DNA

South East every time
Genomic Medicine Service Alliance
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Genetics vs Genomics

Fundamentals of Genetics and Genomics (Genomics Nursing)
St George’s University Hospitals NHS Foundation Trust

Genomics

The study of an

organism’s complete set
of genetic information.

The genome includes
both genes (coding) and
non-coding DNA.

‘Genome’: the complete
genetic information of
an organism.

VS

Genetics

The study of heredity

The study of the
function and
composition of
single genes.

‘Gene’: specific
sequence of DNA
that codes for a
functional molecule.

NHS
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Central Dogma of Biology

Transcription
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From DNA to RNA to Amino Acid

DNA _ Nucleus

_Cytoplasm

Transcription

Protein

°
Translation /000. 2 //‘}7&/ \(“\\A\\\ - tRNA
’ AN l@
e

Ribosome ~
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Deoxyribonucleic acid (DNA)

* Double stranded s
b
\, ” ' ' 4 Base pair
- Y Y UK
* Nucleotides Y oL .
Giis  Adenine (A) . Cytosine(C)
Thymine (T) S Guanine (G)
* Double helix
¥ @genomicsedu www.genomicseducation.hee.nhs.uk f /genomicsedu
Sugar-phosphate
backbone
e Sugar & phosphate groups
Base pairs
Fundamentals of Genetics and Genomics (Genomics Nursing) Outstanding care
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Genetic Code

Strand 1

Strand 2

Guanine
Cytosine
Adenine
Thymine
Deoxyribose sugar

Phosphate group

Copyright © 2018 Elsevier Ltd. All rights reserved.

Fundamentals of Genetics and Genomics (Genomics Nursing)
St George’s University Hospitals NHS Foundation Trust
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Chromosomes

Cell Chromosomes Gene

Each chromosome is A gene is a segment of DNA
composed of one large that encodes a protein product.
continuous DNA molecule.

Nucleotides

= Adenine
= Thymine

mm» Guanine
% Greenwood
Genetic Center CytOSI ne
Fundamentals of Genetics and Genom m Outstanding care
St George’s University Hospitals NHS Foundation Trust South East % every time
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Chromosome Staining & Karyotyping
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Figure 1: Chromosome banding revealed by different staining techniques.

Different chromosomal staining techniques reveal variations in chromosome structure. Cytogeneticists use these patterns to recognize the
differences between chromosomes and enable them to link different disease phenotypes to chromosomal abnormalities. Giemsa banding (a),
Q-banding (b), R-banding (c) and C-banding (d) are shown

© 2001 Nature Publishing Group Rowley, J. Chromosome translocations. Nature Reviews Cancer 1, 246; Stamatoullas, A. ef al.
Conventional cytogenetics of nodular lymphocyte-predominant Hodgkin's lymphoma. Leukemia 21, 2065; Vega, H. ef al. Roberts syndrome
is caused by mutations in ESCO2, a human homolog of yeast ECO1 that is essential for the establishment of sister chromatid cohesion

Nature Genetics 35, 469 (2001). All rights reserved. €9

Fundamentals of Genetics and Genomics (Genomics Nursing)
St George’s University Hospitals NHS Foundation Trust
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Sex Chromosomes
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Figure 2.2 The human chromosome (a) Chromosome smear (b) Human karyotype
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Protein Synthesis

DNA _ Nucleus

_Cytoplasm

Transcription

Protein

o’
Translation 8909 /77/ \(‘\'\A\\\\ -~ tRNA
WA ;a

Ribosome —
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Messenger Ribonucleic Acid (mMRNA)

Incoming
nucle?tides

DNA strands separated

DNA strand used to make mRNA Adzpted from Campbell NA (ed). Biology, 2nd ed, 1990

Copyright © 2018 Elsevier Ltd. All rights reserved.
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Transcription

RNA polymerase

Coding strand
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Translation

Second letter
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Translation

Ribosome reading mRNA

Direction of movement of ribosome
along mRNA molecule
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Amino acids in
cell cytoplasm
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Growing protein chain
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From DNA to Protein
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Mitochondrial DNA

Nuclear vs. Mitochondrial DNA

Chromosomes

Mitochondrion (Nuclear DNA)

Mitochondria

PTTT I

L
o

Mitochondrial DNA

Cell
Nucleus
® Greenwood
Genetic Center
W @penomicsedu www.genomicseducation.hee nhsuk f /genomicsedu
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Parent cell (diploid) 23

C e I I D iVi S i O n before chromosomes have replicated

Mitosis Meiosis
(one division) (two divisions)

Chromatids
(replicated chromosomes)

X /
Exchange of genes
Centromere (crossing over)

End of first

meiotic division
End of second
meiotic division

Two identical diploid Four haploid daughter cells, genetically
daughter cells different from each other and the parent cell

* Maternal chromosome { Paternal chromosome

Copyright © 2018 Elsevier Ltd. All rights reserved.
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Genetic Basis of Inheritance

Autosomal Dominant Inheritance
Autosomal Recessive Inheritance

Parents
Parents
Gametes
Gametes
At
conception

Affected Unaffacted

¥ @genomicsedu www.genomicseducation.heenhs.uk f /genomicsedu ¥ @genomicsedu www.genomicseducation.heenhs.uk f /genomicsedu
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Sex-Linked Inheritance

Paremts

W @genomicsedu

Fundamentals of Genetics and Genomics (Genomics Nursing)
St George’s University Hospitals NHS Foundation Trust

X-linked inheritance where the mother is a carrier

Mother
(Carrier)

]

Daughter
(Carrier)

(Affected)

www.genomicseducation.hee.nhs.uk

f /genomicsedu

NHS

South East

Genomic Medicine Service Alliance
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Case Study

* History of presenting iliness:

» 2 ylo male presenting with abnormal body movement for 3 days.

» Onloff fever for 2 days; up rolled eyes with vacant stare, open mouth, drooling
of saliva; stiffening and abnormal movement of right upper & lower limb; lip
smacking; urinary incontinence.

» First seizure at 2 months of age. Observed seizure lasted for more than 10
minutes. Used to have up to 24 seizures per day. Was on Levetiracetam.

« Family & social Hx:
> Patient is 2" child of non-consanguineous parents; term but delivered via CS
due to fetal distress. Did not cry at birth. Birthweight and head circumference
were normal at the time. Normal milestones until 18 months of age.
» 1stchild — fit and well
» Mother — Hx of hydatidiform mole; had 3 successive spontaneous abortions
after 15t child.

Fundamentals of Genetics and Genomics (Genomics Nursing) Outstanding care
St George’s University Hospitals NHS Foundation Trust ) o _South_ East every time
Genomic Medicine Service Alliance
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Case Study

 Clinical examination
» V/S: PR - 142 bpm; RR - 28 bpm; BP - 100/70 mmHg; T — 37.9 C; SpO2 99%
» Pallor
» Global developmental delay; no head control; neg finger grasp or reaching for
objects; delayed motor movements
» Head circumference 46.5 cm; weight - 10kg; height — 83cm
» Alternating hemiclonic, generalised tonic-clonic seizure & status epilepticus
which later followed by absence seizures.

Fundamentals of Genetics and Genomics (Genomics Nursing) Outstanding care
St George’s University Hospitals NHS Foundation Trust ) o _South_ East every time
Genomic Medicine Service Alliance
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Case Study

* Lab — normal
« EEG - no significant findings

* MRI — prominent extra-axial CSF
spaces with proportionate dilatation of
the ventricles consistent with global
cerebral atrophy

FIGURE 1

(A) FLAIR (B) T1 weighted showing proportionate dilatation of the ventricles

and moderate cerebral atrophy

Fundamentals of Genetics and Genomics (Genomics Nursing) m Outstanding care
St George’s University Hospitals NHS Foundation Trust ) o _South_ East every time
Genomic Medicine Service Alliance


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9069364/

Case Study

Genetics: SCN1A mutation positive
(Dravet Syndrome)

Inheritance pattern: autosomal dominant
(1:2 or 50% chance)

(?) to test parents — no information about
the health history.

Possible de novo mutation (i.e. new).

Referral to clinical genetics for genetic
counselling.

Fundamentals of Genetics and Genomics (Genomics Nursing)
St George’s University Hospitals NHS Foundation Trust

Parents

Gametes

At
conception

¥ @genomicsedu

Autosomal Dominant Inheritance

www.genomicseducation.heenhs.uk
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Case Study

In UK, single gene testing is available

provided there is clear phenotype (i.e.

signs & symptoms) associated with
Dravet.

If the phenotype is heterogenous (i.e.
syndromic) — may need chromosome
testing (microarray) and/or whole
genome sequencing.

Fundamentals of Genetics and Genomics (Genomics Nursing)
St George’s University Hospitals NHS Foundation Trust

R59 Early onset or syndromic epilepsy 30

Testing Criteria

Unexplained epilepsy with clinical suspicion of a monoganic cause including:

1. Onsetlunder 2 years, OR

2. Clinical feafures suggestive of specific genetic epilepsy, for axample Dravet syndrome, OR

3. Additional clinical features: intellectual disability, autism spectrum disorder, structural abnormality (e.g.
dysmarphism, congenital malformation), unexplained cognitive’meamary decling

Tesling may occasionally be appropriate where age of onsat is batween 2 and 3 years and following clinical

agraement by a specialist MOT.

Overlapping indications

+ R110 Segmental overgrowth disorders — Deep sequencing test should be used where megalencephaly
is presant 1o allow detection of somalic mosaic mutations

NOTE: If a metabolic disorder is suspected, testing should be carried out either using RE9 or R98 or under an
alternative metabolic-related clinical indication

Refarrals for testing will be triaged by the Genomic Laboratory; testing should be targated at those whare a
ganalic or ganomic diagnosis will guide managameant for the proband or family.
Where in Pathway
Al presantation
Requesting Specialties
+  Clinical Genelics
«  Metabaolic Medicine

*  Meurology
Specialist Service Group
*  Meurology

Associated Tests

Please nobe all the tests below will be undertaken for RS9 Clinical Indication requests, unless clinical presentafion and/or
initial rasults indicate all lests are nol necassary

Code | Hame Optimal Family | Scopeds) Target Type Target Hams Wethod
Structhare
RE8.2 | Genomewids Singleton Genomeaide | Genomewids Genomewide Microamay
Microsmay CHVa
RS8.3 | Epilepsy - early Trio or singleton | Exon level Panel of genes or | Genatic epllepsy syndromes WS
orEEt ofF Syniromic CHvaE, Small | loci (4]
WES (phase 1) weriants, 3TRs

m Outstanding care

South East every time
Genomic Medicine Service Alliance


https://www.england.nhs.uk/wp-content/uploads/2018/08/rare-and-inherited-disease-eligibility-criteria-v5-april-2023.pdf

Case Study

Pre- hospital

Treat fever if present

In- hospital

*  Treat fever or infection
or other trigger factors

*  Avoid Glucose
perfusions after
controlling serum
glucose level in order
to initiate KD in centre
using this therapy in
ICu

FIGURE 1 Proposed protocol for the treatment of prolonged seizures in association with Dravet syndrome. buc, buccal; ICU. intensive care

 diazepam IR/ midazolam buc 0,3-0,5mg/kg

» Second dose diazepam/midazolam

"

¢ midazolam 0.1 mg/kg/h or clonazepam load 0.05 mg/kg’
then 0,1mg/kg/6h

-

-
« |V valproic acid (40 mg/kg) or |V levetiracetam (40—60
mg/kg) or IV (Fos)phenytoin (15 mg/Kg/d)
y
* Other agents, ketamine, phenobarbital,....

unit; IR, intrarectal; IV, intravenous; KD, ketogenic diet: M. minute [Color figure can be viewed at wileyonlinelibrary.com|

Fundamentals of Genetics and Genomics (Genomics Nursing)
St George’s University Hospitals NHS Foundation Trust

NHS

South East
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https://onlinelibrary.wiley.com/doi/epdf/10.1111/epi.16334
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Case Study

FIGURE 2 Treatment algorithm for
Dravet syndrome as outlined by the North
American consensus panel. Published with
permission from Wirrell et al."” #*Ketogenic 1
diet is not suitable for all patients; its use

is not required before moving to third-line
therapies. “Agreed upon by moderate
CONSEnsus. hﬁgﬂﬂl upon by strong
consensus. “Stiripentol is not approved for
use in all jurisdictions. AED, antiepileptic
drug; sz, seizures

Fundamentals of Genetics and Genomics (Genomics Nursing) % Outstanding care
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Case Study

Fundamentals of Genetics and Genomics (Genomics Nursing)
St George’s University Hospitals NHS Foundation Trust

Valproate y  avop
/ arbamazepine

Oxcarbazepine

Fenfluramine, Stiripentol
or Clobazam

FIGURE 2 Therapeutic algorithm for maintenance therapies
for management of seizures in Dravet syndrome. There was
consensus for use of valproic acid as first-line therapy, and for use
of clobazam, fenfluramine, or stiripentol as first- or second-line

therapy. There was also consensus for contraindicated medications.

**Phenytoin may be helpful for status epilepticus. "Other” includes
vagal nerve stimulation, levetiracetam, zonisamide, bromides,
clonazepam, and ethosuximide (for absences)

South East
Genomic Medicine Service Alliance
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Useful Links

= Southeast Genomics — Rare Disease WGS
= Genomics Education Programme

Fundamentals of Genetics and Genomics (Genomics Nursing) % Outstanding care
every time
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Contact Detalls

Email: mark.menciasQ@stgeorges.nhs.uk
mark.mencias@nhs.net

You can also find me on:

m LinkedIn @markmencias

RG ResearchGate

Fundamentals of Genetics and Genomics (Genomics Nursing) Outstanding care
% every time


mailto:mark.mencias0@stgeorges.nhs.uk
mailto:mark.mencias@nhs.net
https://www.linkedin.com/in/mark-philipp-mencias-28857b44/
https://twitter.com/markmencias
https://www.researchgate.net/profile/Mark-Mencias
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« The Lilly Foundation

* Genetic Alliance UK
 Medical Research Councill
« MD-UK & CMT-UK

« Epilespy Action
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Dr. Tootie Bueser RN PhD

Andrea Foreman CGC

Heidi Brandon CGC

Atkinson Morley Regional Neurosciences
Medical and Nursing Staff

St George’s Hospital NHS Foundation Trust.
SGH Clinical Research Facility

Genomics Education Programme

Health Education England

St George’s, University of London

King’s College London

Patient Advocacy Groups
Patients
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