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Introduction

On 26th February 2013, the PHG Foundation organised
a conference, on behalf of the UK Genetic Testing
Network (UKGTN), the objective of which was to raise
awareness of the latest developments in genetic testing
for neurological conditions. Invitees included NHS
Consultant neurologists, specialist registrars (trainees)
in neurology and interested general paediatricians from
across the UK. This report summarises the details of the
presentations, the discussions that took place and the
key feedback points from participants.

It performs a range of activities to support this aim
including:

The UKGTN was established in 2001 and aims to promote
high quality, equitable laboratory services for patients
and their families who require genetic advice, diagnosis
and management in the NHS. It is a collaborative
organisation working with clinical scientists, clinicians,
patient support groups and NHS commissioners and
includes a network of 31 genetic testing laboratories. The
UKGTN aims to promote equity of access to high quality
genetic testing for people with rare conditions based on
clinical need.
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•

Strategic: to inform future service and purchasing
policy within the NHS

•

Commissioning support: to advise on medical
genetics service developments and undertake
specific projects to promote equity of access to
clinical genetic services

•

Laboratories: to provide assurance on the quality of
testing services and promote services that are fit for
purpose, comparable and efficient

•

Evaluation of new genetic tests: evaluate new
genetic tests including clinical utility and make
recommendations to NHS commissioners

•

Provide information resources: to all users of NHS
genetic testing services

1

The UKGTN Genetic Test
Evaluation (Gene Dossier)
Process
The Gene Dossier process was developed by the UKGTN
in 2003 as a tool to evaluate new genetic tests for rare
conditions for NHS service. Recommended tests are
included on the NHS Directory of Genetic Disorders/
Genes for Commissioning and considered for funding
under local commissioning arrangements. The Directory
lists disorders and associated genes for which there are
tests that have been agreed as appropriate for clinical
use. The tests actually provided and the laboratories
providing them are available from the online database
on the UKGTN website. The purpose of the Directory is
to allow equity in access to genetic testing across the
NHS. The process ensures that the decision regarding
the recommendation of a test is explicit, transparent and
based on evidence. The gene dossier documents and a
description of the process can be found at www.ukgtn.
nhs.uk.
A gene dossier must be submitted to the UKGTN for
any new genetic test that a UKGTN laboratory member
wishes to provide and have listed on the NHS Directory
of Genetic Disorders/Genes for Commissioning. Prior to
April 2013, for gene dossier purposes a genetic test
was defined as any test for NHS service provision by
a UKGTN member laboratory which required funding
by specialised commissioning arrangements as
supporting provision of clinical genetics services
as defined in the national definition set for medical
genetics services. From April 2013 the UKGTN has
expanded the remit for evaluation to all genetic
tests that are part of a prescribed specialised service
commissioned by NHS England (previously NHS
Commissioning Board).
If a laboratory wishes to offer testing for disorders and
genes that are currently listed on the NHS Directory but
the laboratory is not shown as a provider on the UKGTN
website, then an additional provider form must be
submitted. The additional provider form is a shortened
version of the gene dossier.

2

UKGTN advocates that laboratories complete Gene
Dossiers in collaboration with clinical colleagues.
The dossier is submitted by the laboratory director to
the UKGTN and the UKGTN Genetic Test Evaluation
Working Group - GTEWG (formerly Gene Dossier working
group) undertakes the evaluation of the dossier. The
membership of this group includes professionals from
clinical genetics, clinical laboratory genetics, public
health, commissioning, Department of Health and
patient groups.
The Gene Dossier was developed based on the ACCE
model of genetic test evaluation. The model takes its
name from the four components evaluated: analytical
validity, clinical validity, clinical utility and the ethical,
legal and social implications of genetic testing. The
analytical validity of a genetic test defines its ability to
measure accurately and reliably the genotype of interest.
Clinical validity defines its ability to detect or predict the
presence or absence of the phenotype or clinical disease.
Clinical utility refers to the likelihood that the test will lead
to an improved outcome and includes financial costs.
The evaluation is based on agreed evaluation criteria
summarised below:
(1) The seriousness of the condition
(2) The prevalence of the condition
(3) The purpose of the test – diagnosis, treatment,
prognosis and management, presymptomatic
testing, risk assessment
(4) The technical details of the test
(5) The context in which the test is to be used – defined
population groups
(6) The characteristics of the test – the analytical and
clinical sensitivity, specificity and positive and
negative predictive value
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(7) The clinical utility of the test – how it adds to patient
management and the availability of alternative
diagnostic procedures

group and endorsed by the Clinical & Scientific Advisory
Group prior to April 2013, were submitted to the
Specialised Commissioning Groups in England and to
devolved administrations, with the recommendation
that they should be considered for funding as an NHS
service. From April 2013 these recommendations will be
shared with the relevant Clinical Reference Groups in
England.

(8) Ethical, legal and social considerations specific to the
test
(9) The NHS price of the test
In 2006, the Gene Dossier was developed further to
include the mandatory requirement of ‘testing criteria’.
The testing criteria in essence define the appropriateness
of a genetic test referral, and it is intended that the test
is only carried out in accordance with the criteria set out
in the Gene Dossier and approved by the UKGTN. Testing
criteria should include only those data that are specified
within the Gene Dossier, and should not be confused with
any other information that a provider laboratory may
wish to have for research or any other reasons. A testing
criteria form is available to ensure the appropriateness
of referrals. Any test request not fulfilling the criteria
may not be performed unless the clinician can prove
to the providing laboratory that the test is appropriate.
The additional benefit of testing criteria is that they can
inform clinicians’ decisions about which investigations
are suitable for their patients.

There are a number of the tests on the NHS Directory
of Genetic Disorders/Genes which do not have testing
criteria. In order to develop testing criteria for some of
these, the UKGTN project team organises conferences/
workshops on specific disorders for scientists, clinicians
and public heath consultants. Consensus testing criteria
are produced for all genetic laboratories to use. This
promotes a consistent approach to genetic test provision
for these conditions throughout the UK. The UKGTN has
used this approach to develop testing criteria for Cystic
Fibrosis, Fragile X and Marfan’s Syndrome.
The UKGTN also has a process to monitor the number
of tests performed for all approved tests to compare
these figures to the predicted level of testing. If there is
a significant difference then the UKGTN investigates to
establish the reasons for this.

The evaluation process includes both quantitative and
qualitative information. The evaluations carried out
so far have focused on molecular tests for rare genetic
disorders. In many cases this results in limited test data
and service information being available.

In the period 2004 – 2012, the UKGTN evaluated 371 Gene
Dossier submissions and recommended 293. Testing
criteria for 312 approved tests were developed which
include tests that have been evaluated in previous years.
All approved tests are available on the NHS directory and
the details of each test including the testing criteria can
be accessed from the UKGTN website (www.ukgtn.nhs.
uk).

The results of the evaluation are reported to the UKGTN
Clinical & Scientific Advisory Group (prior to September
2011 the UKGTN Steering Group). Those disorders for
which testing has been recommended by the working
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Summary Of Presentations
1. Genetic test panel for cerebral
malformation disorders
Dr J Livingston, Leeds
Introduction

Genetic testing

In the future,
universal exomesequencing will
become routine
and improve
the genetic
testing process
for cortical
malformations.

It is estimated that between 6-8%
of the population in the UK will
experience a rare disease in their
lifetime. Making a diagnosis is
important for prognosis, to enable
life-planning, for support services,
to avoid unnecessary investigations,
for appropriate genetic counselling,
to access treatments as and when
they become available and for
participation in research studies.
The main benefit is that a diagnosis
enables
pro-active
clinical
management. The 2012 classification
of Cortical Malformations includes
conditions with abnormal neuronal
or glial proliferation or apoptosis,
abnormal neuronal migration and
abnormal postmigrational development
postmigrational microcephaly.

including

Genes involved
Genes associated with malformations and which are
tested for in the genetic test panel are PAFAH1B1,
DCX, ARX, GPR56, TUBA1A, TUBB2B, TUBA8 and NDE1.
Phenotypes and MRI findings of cortical malformation
disorders due to various gene mutations were outlined.
4

Genetic
testing
should
be
considered when there are specific
MRI findings such as generalised
cortical malformation, bilateral (but
not necessarily symmetrical) cortical
malformation
(lissencephaly,
polymicrogyria
(PMG)
other),
sub-cortical band heterotopia,
lissencephaly
with
cerebellar
hypoplasia, abnormal basal ganglia
(BG) with ‘absence/dysgenesis’
of anterior limb IC and perhaps
microlissencephaly. The current cost
of a genetic test panel is about £530
which is cheaper than performing
individual genetic tests sequentially.

Challenges
If there is a cortical malformation which has not been
defined before, it may be difficult to decide on which
genetic test should be performed. Though new genes
can be added to the panel for genetic testing, it is
expected that in the future, universal exome-sequencing
will become routine and improve the genetic testing
process for cortical malformations.
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Testing criteria forms | Genetic panel test for cerebral malformation disorders

UKGTN Testing Criteria

Approved name and symbol of disease/condition(s):
Cerebral Malformation Disorders (Lissencephaly [LIS], Polymicrogyria
[PMG], ARX-related disorders [Early infantile epileptic encephalopathy, Xlinked mental retardation with or without seizures, ARX-related, Partington
syndrome, LISX2, hydranencephaly with abnormal genitalia, Proud
syndrome])
Approved name and symbol of gene(s):
PAFAH1B1 (LIS1), TUBA1A, DCX, ARX, GPR56, TUBB2B, TUBA8,
NDE1

OMIM number(s):

308350, 300215, 300067,
300215, 300067, 300419,
309510, 300004, 607432,
611603, 614019, 607432,
606854, 610031, 613180

OMIM number(s):

601545, 602529, 300121,
300382, 604110, 612850,
605742, 609449

Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:

Lab ID:

Referrals will only be accepted from one of the following:
Referrer
Consultant Clinical Geneticists
Consultant Paediatric Neurologists

Tick if this refers to you.

Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:
Criteria
Tick if this patient meets
criteria
Lissencephaly (agyria, pachygyria, subcortical band or laminar heterotopia)
diagnosed by cerebral imaging OR
Polymicrogyria diagnosed by cerebral imaging OR
Hydranencephaly or agenesis of corpus callosum (with abnormal
genitalia)* OR
Partington syndrome* OR
Early infantile epileptic encephalopathy*
Gene Tests Required:
ALL GENES (PAFAH1B1 (LIS1), TUBA1A, DCX, ARX, GPR56, TUBB2B,
TUBA8, NDE1):
Selected genes (please specify)

Tick if required or
specify**

* = consider referral for isolated ARX gene testing; see separate UKGTN gene dossier & testing criteria
** = data for genes unspecified will be collected as part of the testing process but will NOT be interrogated,
recorded or reported.

Additional information:
At risk family members where familial mutation is known do not require a full panel test but should be
offered analysis of the known mutation
If the sample does not fulfil the clinical criteria or you are not one of the specified types of
referrer and you still feel that testing should be performed please contact the laboratory to
discuss testing of the sample.
Approval Date: Sept 2012
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2. Genetic test for limb-girdle
myasthenia
Professor D Beeson, Oxford
Introduction

Genes involved

Limb-girdle myasthenias are subtypes of the congenital
myasthenic syndromes (CMS) that have a genetic basis
but are treatable. Characteristic features of congenital
myasthenic syndromes are fatigable weakness of
muscles, ptosis, ophthalmoplegia and weakness of face/
jaw muscles (affecting swallowing, chewing and smiling),
neck, arms and legs and trunk as well as respiratory
muscles (affecting breathing). Onset is usually at birth or in
infancy, but some forms do not manifest until childhood
or even adulthood. With diagnosis and appropriate
subsequent intervention, the quality of life of the patient
can be dramatically improved. Some videos of the effect
of treatment in patients with myasthenia were shown,
where dramatic improvements in quality of life, such as
walking, were evident.

Mutations in at least 18 different genes may underlie
the congenital myasthenic syndromes and the
characteristics of the condition vary with the type of
gene-mutation. The causes of inherited myasthenias with
a predominantly limb-girdle pattern of muscle weakness
in which facial and bulbar muscles may be spared (limbgirdle congenital myasthenic syndromes), are the most
recent to be identified with mutations in GFPT1, DPAGT1,
ALG2, ALG14, DOK7 found to underlie these disorders.

Genetic testing
Genetic testing may be performed in cases of suspected
CMS, and where proximal muscle weakness predominates,
when there is response to anticholinesterase medication.
If tubular aggregates are found on muscle biopsy
(common), if there is known mutation in the family or
if there is EMG or SFEMG evidence of neuromuscular
transmission disorder then the newly identified CMS
genes, GFPT1, DPAGT1, ALG2, ALG14 would be screened
first. The benefits of genetic testing include a definitive
diagnosis, appropriate treatment, to avoid inappropriate
treatment, for genetic counselling and prenatal diagnosis.
For these conditions, genes are serially tested to identify
a mutation, but this approach may change if new testing
services are developed using exome-gene sequencing.

Discussion
In order to distinguish patients with a genetic cause
from those with a non-genetic cause of myasthenic
condition, a series of differential signs and symptoms
(such as fatigue, fluctuating muscle weakness) must be
observed. Overall one out of 10 patients’ condition may
be genetic. In considering if a neurologist or a geneticist
should order a genetic test, we need to recognise that
both neurologists and geneticists have different roles
to play and both must work together. Though exomesequencing may resolve many complexities and may
be a powerful tool, there will always be the need for
accurate and detailed phenotypic interpretation.

6
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Testing criteria forms | Genetic test for limb-girdle myasthenia

UKGTN Testing Criteria
Approved name and symbol of disease/condition(s):
MYASTHENIA, LIMB-GIRDLE, WITH TUBULAR AGGREGATES

OMIM number(s):
#610542

Approved name and symbol of gene(s):
GLUTAMINE:FRUCTOSE-6-PHOSPHATE
AMIDOTRANSFERASE 1; GFPT1

OMIM number(s):
*138292

Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:

Lab ID:

Referrals will only be accepted from one of the following:
Referrer
Consultant clinical geneticist

Tick if this refers
to you.

Consultant neurologist
Consultant paediatric neurologist
Minimum criteria required for testing to be appropriate as stated in the Gene
Dossier:
Criteria
Congenital myasthenic syndrome with a limb-girdle pattern of
weakness AND at least one of the following:
 anti-cholinesterase responsive
 tubular aggregates muscle biopsy
OR at risk family members where familial mutation is known

Tick if this patient
meets criteria

If the sample does not fulfil the clinical criteria or you are not one of the specified
types of referrer and you still feel that testing should be performed please contact
the laboratory to discuss testing of the sample.

Approval Date: Sept 2012
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3. Genetic panel test for congenital
myopathy
Mr T Cullup, London
Introduction
The clinical presentation of the congenital myopathies
includes non-specific signs such as limb girdle and axial
weakness often with prominent respiratory involvement
but with normal creatine kinase (CK) levels. Specific
symptoms include distal weakness in nemaline myopathy,
external ophthalmoplegia in centronuclear myopathy
and myalgia in central core disease. The severity of
these conditions is extremely variable, ranging from
neonatal lethality (e.g. XL myotubular myopathy) to mild
presentation with variable expressivity and penetrance
(RYR1-related myopathy). Congenital myopathies are
diagnosed through a combination of clinical assessment,
muscle biopsy, muscle imaging and genetic analysis.

Genetic testing
The traditional approach to genetic analysis of these
conditions, by Sanger sequencing, is appropriate for the
testing of most individual genes but is less efficient for
analysis of multiple genes at the same time or for very
large genes. A panel test has been developed, using
SureSelect enrichment followed by Illumina sequencing,
which simultaneously screens for mutations in 22 genes
associated with congenital myopathy.

Criteria for genetic testing
Clinical and histopathological features of a congenital
myopathy with severe neonatal onset, diagnoses of

spinal muscular atrophy (SMA), spinal muscular atrophy
with respiratory distress (SMARD) and neonatal myotonic
dystrophy (DM1) should be considered.
Clinical benefits of genetic testing with the panel test
include faster diagnosis and a higher detection rate.
The turnaround time for this panel test is estimated to
be 12 weeks from the receipt of sample. By comparison,
conventional Sanger sequencing of individual genes
takes 8 weeks per gene. The higher detection rate is
due to the testing of a more comprehensive gene set,
the ability of the panel test to detect deletions and
duplications and the ability to make new genotypephenotype correlations.
The impact of genetic testing is that it allows improved
clinical management of the condition and increased
surveillance for complications (for example of cardiac
involvement).

Challenges
The genetic testing for this condition continues to present
challenges such as the presence of highly polymorphic
and unstudied genes, high numbers of missense variants
and unclear inheritance patterns. Future designs of the
panel can be modified to include newly identified genes.
It may also be appropriate to perform stratified testing
with an initial panel test followed by secondary exomesequencing.

Clinical benefits of genetic testing with the genetic panel
test for congenital myopathy include faster diagnosis and
higher detection rate.
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Testing criteria forms | Genetic panel test for congenital myopathy

UKGTN Testing Criteria
Approved name and symbol of disease/condition(s):

OMIM number(s):

Approved name and symbol of gene(s):

OMIM number(s):

Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:

Lab ID:

Referrals will only be accepted from one of the following:
Referrer
Consultant Paediatric Neurologist

Tick if this refers to
you.

Consultant Neurologist
Consultant Clinical Geneticist
Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:
Criteria

Tick if this patient
meets criteria

Clinical features of a congenital myopathy OR
Histopathological features of a congenital myopathy on muscle biopsy
At risk family members where familial mutation is known do not require a full panel test but
should be offered analysis of the known mutation

If the sample does not fulfil the clinical criteria or you are not one of the specified types
of referrer and you still feel that testing should be performed please contact the
laboratory to discuss testing of the sample.

Approval Date: Sept 2012
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4. Genetic testing in the epilepsies:
SCN1A, PCDH19 & SLC2A1
Dr SM Zuberi, Glasgow
Approximately 60% of all epilepsies have in the past
been termed ‘idiopathic’. It is now known from family
studies and molecular genetic research that these are
primarily genetic in nature. They have therefore been
reclassified by the International League Against Epilepsy
(ILAE) as genetic. Epilepsy is a symptom of many hundred
neurological disorders each of which will have their own
prognosis, treatments and associated co-morbidities. In
the last 15 years several genes for these epilepsies have
been identified and genetic testing is now clinically
helpful for several epilepsy syndromes.

as Stiripentol in combination with Sodium Valproate and
Clobazam have been shown in placebo controlled trials
to be beneficial. There are case series suggesting the
benefit of Bromides, Topirimate and a ketogenic diet.

There is evidence of
improvement in seizure
control with appropriate
medication after genetic
testing for Dravet
syndrome.

SCN1A related epilepsies including Dravet
syndrome & genetic epilepsy with febrile
seizures plus (GEFS+)
Background
Genetic epilepsy with febrile seizures plus (GEFS+)
is a familial genetic epilepsy syndrome with marked
phenotypic heterogeneity. It is predominantly a
condition of the first decade and was first recognized
because of remarkable dominant pedigrees with 5060% penetrance. Generalized spike-wave discharges are
seen in the EEG. GEFS+ encompasses Dravet syndrome,
which is also known as severe myoclonic epilepsy
of infancy (SMEI). However most cases of this severe
epilepsy are due to de novo mutations. Dravet syndrome
is characterised by normal early development, onset
of typically refractory seizures in the first year of life,
psychomotor slowing after 1 year, development of ataxia
and pyramidal signs and poor intellectual outcome.
The incidence of SCN1A mutation-positive Dravet
syndrome is about 1 in 40,000 in the UK. Seizures may be
temperature related e.g triggered by fever and hot baths.
The fever associated with childhood immunisations may
also trigger seizures resulting in the mistaken view that
the immunisation has caused the refractory epilepsy and
learning disability. Certain medications can exacerbate
seizures in Dravet syndrome, while certain drugs can
make the symptoms better. Therefore, early genetic
testing can aid medication choice. Early diagnosis is very
important as with age, there can be more behaviour
problems, increased motor problems and learning
disability. There is evidence of improvement in seizure
control with appropriate medication after genetic
testing for Dravet syndrome. Certain medications such

10

Genetic testing
SCN1A is the most important gene involved in Dravet
syndrome/GEFS+. The UKGTN testing criteria include the
following:
a) Electroclinical phenotype of Dravet syndrome or
clinical sub-types – several seizure types in one
individual with onset in infancy, refractory to
medication with generalised spike and wave on EEG
or,
b) Infants less than 1 year with two or more prolonged
hemiclonic febrile seizures in early infancy.

Epilepsy and mental retardation limited to
females (EFMR) / PCDH19 female limited
epilepsy
Background
This is an X-linked disorder with male sparing, mapped to
Xq22 in 1997. Mutations in the Protocadherin19 (PCDH19)
gene were shown to be the cause of EFMR in 2008.
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PCDH19 is essential for normal brain development in
zebrafish and the PCDH19 protein is localised to synapses
in specific neuronal cell subtypes. Neurons express
distinct combinations of Protocadherins, which may
provide a combinatorial ‘bar code’ uniquely identifying
cell subclasses. Clinical features of PCDH19 mutationpositive epilepsy comprise clusters of brief seizures –
tonic or clonic or mixture of both, clusters lasting a few
days and often fever related. Clusters intervals may be
months with seizures often remitting in teenage years.
There may be variable degrees of learning disability from
severe to none.

Glucose transporter 1 deficiency syndrome
(Glut1DS) / Glut1 encephalopathy

Genetic testing

The index case described by De Vivo et al (1991) had low
CSF glucose and low CSF lactate. ‘Syndrome’ may not be
the right term as it is more of a spectrum of symptoms
associated with the gene defect and the alternative
term Glut1 encephalopathy may be better. Glucose
transporter 1 deficiency syndrome should be
considered in any individual with fluctuating motor
disorder including ‘ataxic cerebral palsy’ with no
obvious cause. The patient may have ataxia, paroxymal
ataxia/dyskinesia, atypical absences and myoclonus.
Patients may also have a history of neonatal apnoea, eye
movement disorder, feeling better after food, always
wanting to snack and a history of clear fluctuation in
symptoms.

UKGTN testing criteria for PCDH19 include the following:
Female with two of these additional features:
•

Clusters of seizures in infancy

•

Epilepsy onset 1 month – 5 years

•

Dravet-like syndrome; no SCN1A mutation

•

Learning disability

Challenges
It is not clear what the best treatment option for PCDH19
mutation-positive epilepsy is. However, establishing the
causative mutation is important for genetic counselling
as there are implications for the patient and the wider
family. The phenotypes associated with this gene are
likely to expand resulting in evolution of the testing
criteria.
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Background
The classical presentation of GLUT1 deficiency syndrome
(encephalopathy) is with infantile drug-resistant
seizures, mild to severe developmental delay and
acquired microcephaly in up to 50% of cases. Hypotonia,
spasticity, ataxia and dystonia are elements of a complex
movement disorder associated with this syndrome.
However, most cases have milder phenotypes with great
variability including a normal head circumference.

GLUT1 protein is exclusively responsible for D-glucose
transport across the blood-brain barrier and its
deficiency leads to inadequate cerebral glucose. Clinical
presentations of Glut1DS are those associated with
symptoms of cerebral brain energy deprivation. These

11

include: “ataxic cerebral palsy”, early onset absences,
generalised epilepsy not responsive to medication,
exercise induced movement disorder, variability of
neurological symptoms, paroxysmal ataxia and migraine.
Patients may or may not have learning disability. It is a
treatable disorder and it is recommended to test early
in those with undiagnosed learning disability and
neurological symptoms.

Genetic testing
Analysis of SLC2A1 gene should be done as an
investigation for Glut1DS. However a negative gene test
does not exclude diagnosis. The UKGTN testing criteria
for Glut1DS includes the following:
•

Infantile onset drug resistant seizures AND
developmental delay,

There is evidence that for Glut1DS, a ketogenic diet is
very helpful. The ketogenic diet provides an alternative
fuel for the brain, and a modified ketogenic (Atkins) diet
may also be as effective and is better tolerated in older
children and adults. There is evidence that this treatment
helps even if started as an adult. There can be a dramatic
improvement in movement disorder, control of epilepsy
and better cognition with such a diet. It is important to
record a video of the patient’s movements before and
after a ketogenic diet to establish any improvement. An
example video was presented at the meeting to show
the benefit of treatment.

Genetics in management of epilepsies

AND one of the following
•

Acquired microcephaly

•

Elements of a complex movement disorder
(hypotonia, spasticity, ataxia and dystonia)

•

Paroxysmal exercise induced dyskinesia +/- epilepsy

•

Lumbar puncture features (low glucose
concentration in cerebrospinal fluid in absence of
hypoglycaemia)

The phenotypes associated with Glut1 encephalopathy
continue to expand therefore the UKGTN testing criteria
will have to be modified accordingly.

12

Treatment

Genetic analysis can help the individual, the wider family
and the physician understand the cause of the epilepsy
and aid psychological adjustment. Genetic testing
can help make a syndromic diagnosis earlier than with
clinical features alone. Genetic testing can also prevent
unnecessary investigations, inform treatment choices,
improve clinical outcomes, improve access to therapies
and can inform genetic counselling. ‘Idiopathic’ epilepsy
has been reclassified as ‘genetic’ epilepsy. 60% of the
childhood epilepsy has a genetic basis. Genetic tests
have increasing clinical utility in the management of
people with epilepsy.
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Testing criteria forms | Genetic testing in the epilepsies: SCN1A, PCDH19 & SLC2A1

UKGTN Testing criteria
Name of Disease(s):
SEVERE MYOCLONIC EPILEPSY OF INFANCY; SMEI (607208)
SODIUM CHANNEL, NEURONAL TYPE I, ALPHA SUBUNIT; SCN1A (182389)
FEBRILE CONVULSIONS, FAMILIAL, 3; FEB3 (604403)
Name of gene(s):
sodium channel, voltage-gated, type I, alpha subunit; SCN1A (182389)
Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:
Lab ID:

Referrals will only be accepted from one of the following:
Referrer
Clinical Geneticists
Paediatric neurologists
Adult neurologists
Consultant epileptologist

Tick if this refers to you.

Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:
Criteria
Electroclinical Phenotype of Dravet Syndrome or clinical subtypes – several seizure types in one individual with onset in
infancy, refractory to medication and with generalised spike and
wave on EEG OR
Infants less than 1 year with 2 or more prolonged hemiclonic
febrile seizures in early infancy

Tick if this
patient meets
criteria

If the sample does not fulfil the clinical criteria or you are not one of the specified types of
referrer and you still feel that testing should be performed please contact the laboratory to
discuss testing of the sample.

Approval Date: Sept 2010
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Testing criteria forms | Genetic testing in the epilepsies: SCN1A, PCDH19 & SLC2A1

UKGTN Testing Criteria

Name of Disease(s): EPILEPTIC ENCEPHALOPATHY, EARLY INFANTILE, 9;
EIEE9 (300088)
Name of gene(s): protocadherin 19; PCDH19 (300460)
Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:
Lab ID:

Referrals will only be accepted from one of the following:
Referrer
Clinical Geneticists
Consultant Neurologists

Tick if this refers to you.

Minimum criteria required for testing to be appropriate as stated in the Gene
Dossier:
Criteria
Tick if this patient
meets criteria
Female with 2 of the following features:
 Clusters of seizures in infancy
 Epilepsy onset : 1month - 5 years
 Dravet-like syndrome with SCN1A
mutation excluded
 Learning disability

If the sample does not fulfil the clinical criteria or you are not one of the specified types of
referrer and you still feel that testing should be performed please contact the laboratory to
discuss testing of the sample.

Approval Date: Sept 2011
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Testing criteria forms | Genetic testing in the epilepsies: SCN1A, PCDH19 & SLC2A1

UKGTN Testing Criteria
Name of Disease(s): GLUT1 DEFICIENCY SYNDROME 1; GLUT1DS1 (606777)
Name of gene(s): solute carrier family 2 (facilitated glucose transporter), member 1;
SLC2A1 (138140)
Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:
Lab ID:

Referrals will only be accepted from one of the following:
Referrer
Clinical Geneticists
Paediatric Neurologists
Adult Neurologists

Tick if this refers to you.

Minimum criteria required for testing to be appropriate as stated in the Gene
Dossier:
Criteria
Tick if this patient
meets criteria
Infantile drug resistant seizures AND Learning disability
plus one of the below
Acquired microcephaly
Elements of a complex movement disorder (hypotonia,
spasticity, ataxia and dystonia.
Paroxysmal exercise induced dyskinesia +/- epilepsy
Lumbar puncture features (low glucose concentration in
cerebrospinal fluid in absence of hypoglycaemia)
OR At risk family members where mutation is known

If the sample does not fulfil the clinical criteria or you are not one of the specified types of
referrer and you still feel that testing should be performed please contact the laboratory to
discuss testing of the sample.

Approval Date: Sept 2011
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5. Genetic panel test for CharcotMarie-Tooth hereditary neuropathy
Dr T Antoniadi, Bristol
Introduction
Inherited peripheral neuropathies (IPN) are a
heterogeneous group of disorders with a prevalence
of 1 in 2,500 and implicating over 50 genes. Standard
clinical tests are manpower-intensive (costly) and usually
unpleasant/invasive for the patient. A genetic diagnosis
can provide accurate genetic risk assessment, help in
defining clinical classification (including clarification of
equivocal cases, where nerve conduction studies alone
are inadequate), guide prognosis, enable an efficient
strategy of investigations and therefore improve the
breadth of care, not only for the individual, but also for
the family.

Genes involved
More than 50 genes have been implicated as the
underlying cause of the different clinical forms of IPN
(including CMT1, CMT2, HNPP, HSAN, HSN and dHMN)
and diagnostic testing is available for less than half of
those. Traditionally genetic testing is performed in a
sequential manner, testing the common genes and
moving towards the more rare ones, resulting in long
delays and increased cost.
When multiple genes are tested simultaneously through
genetic panel tests, there are many advantages compared
to sequential testing. These include a higher diagnostic
yield, faster turnaround time and avoidance of further
clinical investigations in familial cases. Panel testing
overcomes the limitation imposed by basing testing
decisions on the limited available data of genotypephenotype correlation, especially for these rare genes. In
addition, panel testing is not only directly cost effective,
indirect costs are reduced through fewer appointments
and other investigations for patient and family due to
the higher diagnostic yield rates. This panel has been
analytically and clinically validated through a pilot study.

Genetic testing

•

And supportive nerve conduction test result
(defining type I or II according to NCV)

•

And absence of other non-genetic causes (alcohol,
B12 deficiency, diabetes, trauma)

•

And no associated CNS involvement

Testing can be offered to patients meeting the above
criteria and the results will be analysed based on their
clinical phenotype.

Challenges
A genetic panel test does present challenges including
the determination of the clinical significance of novel
variants. This is not a new challenge but the new
element is that there may be more than one variant
due to multiple genes tested. The process to investigate
these new variants includes establishing the type of
mutation and its predicted effect. In order to establish
these characteristics it is necessary to review evidence
from literature reports, mutation-disease databases and
genome databases. Clinical information remains the
key to the interpretation of these results. In the future,
exome-sequencing may be used to identify genetic
causes in large family pedigrees and this is likely to be
recognised as an efficient tool for genetic testing for
many conditions, such as Charcot-Marie-Tooth disease.

A genetic panel
test does present
challenges including the
determination of the
clinical significance of
novel variants.

UKGTN genetic testing criteria include:
•

16

Clinical presentation with progressive weakness in
hands/wrists and/or feet/ankles and/or associated
pescavus or finger flexion contractures and/or
peripheral sensory loss
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Testing criteria forms | Genetic panel test for Charcot-Marie-Tooth hereditary neuropathy

UKGTN Testing Criteria

Approved name and symbol of disease/condition(s):
CHARCOT-MARIE-TOOTH HEREDITARY NEUROPATHY
HEREDITARY MOTOR NEUROPATHY
HEREDITARY SENSORY AUTONOMIC NEUROPATHY
Approved name and symbol of gene(s):
See Table 1 & 2

OMIM number(s):
See Table 1
OMIM number(s):

Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:

Lab ID:

Referrals will only be accepted from one of the following:
Referrer
Consultant Neurologist or Paediatric Neurologist

Tick if this refers to you.

Consultant Clinical Geneticist
Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:
Criteria
‘Idiopathic’ peripheral neuropathy diagnosed by :
1. Clinical presentation with progressive weakness in hands/wrists and/or feet/ankles
AND/OR associated pes cavus or finger flexion contractures AND/OR peripheral
sensory loss
AND
2. Supportive nerve conduction test result (defining type I or II according to NCV)
AND
3. Absence of other non-genetic causes (alcohol, B12 defy, diabetes, trauma)
AND
4. No associated CNS involvement
… giving diagnosis as one of:
Demyelinating neuropathy AD or AR or X-Linked
Axonal neuropathy AD or AR or intermediate
Motor Neuropathy AD or AR

Tick if this
patient meets
criteria

OR

OR

OR

Sensory neuropathy AD or AR
At risk family members where familial mutation is known do not require a full panel test but should be
offered analysis of the known mutation
If the sample does not fulfil the clinical criteria or you are not one of the specified types of referrer
and you still feel that testing should be performed please contact the laboratory to discuss testing
of the sample.
Approval Date: Sept 2012
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Testing criteria forms | Genetic panel test for Charcot-Marie-Tooth hereditary neuropathy

Table 1

recessive forms

Intermediate
forms

CMT type 2

CMT type 1

Phenotype

HMN

X-linked

Gene

Gene MIM

Inheritance

Frequency
per specific type
(1A, 1B etc)

601097

AD

70-80%

159440

AD

10-12%

1A

118220

1B

118200

PMP22
(duplication)
MPZ

1C

601098

LITAF

603795

AD

1-2%

1D

607678

129010

AD

<2%

1E/and deafness

118300

601097

AD

<5%

1F/2E

607734

EGR2
PMP22
(point
mutations)
NEFL

162280

AD

<5%

2A1

118210

KIF1B

605995

AD

2A2

609260

MFN2

608507

AD

2B/HSN

600882

RAB7

602298

AD

2B1

605588

LMNA

150330

AD, AR

2B2

605598

MED25

610197

AD

2C

606071

TRPV4

605427

AD

2E/1F

607684

NEFL

162280

AD

2F

606595

HSPB1

602195

AD

2H

607731

GDAP1

606598

AD

2I

607677

MPZ

159440

AD

2J

607736

MPZ

159440

AD

2K

607831

GDAP1

606598

AD

2L

608673

HSPB8

608014

AD

2N

613287

AARS

601065

AD

2D

601472

GARS

600287

AD

CMT2O

614228

DYNC1H1

600112

AD

CMT DI B/CMT 2M

606482

DNM2

602378

AD

CMT DI C

608323

YARS

603623

AD

CMT DI D

607791

MPZ

159440

AD

CMT RI B

613641

KARS

601421

AR

4A

214400

GDAP1

606598

AR

4B1

601382

MTMR2

603557

AR

4B2

604563

SBF2

607697

AR

4C

601596

SH3TC2

608206

AR

4D

601455

NDRG1

605262

AR

4E/CH

605253

EGR2

129010

AR

4F/DSS

145900

PRX

605725

AR

4H

609311

FGD4

611104

AR

4J

611228

FIG4

609390

AR

CMTX1

302800

GJB1

304040

XL

CMTX5

311070

PRPS1

311850

XL

HMN2B

608634

HSPB1

602195

AD

HMN2C

613376

HSPB3

604624

AD

HMN2A

158590

HSPB8

608014

AD

HMN5 (dSMA V)

600794

GARS

600287

AD

HMN5

600794

BSCL2

606158

AD

HMN6

604320

IGHMBP2

600502

AR

HMN7B

607641

DCTN1

601143

AD

dSMA 4

611067

PLEKHG5

611101

AR

Approval Date: Sept 2012
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Disease MIM

20%

<5%
5%

3%

90%
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Testing criteria forms | Genetic panel test for Charcot-Marie-Tooth hereditary neuropathy

dSMAX3

300489

ATP7A

300011

XL

HSAN1

162400

SPTLC1

605712

AD

HSAN1C

613640

SPTLC2

605713

AD

HSAN2A

201300

WNK1

605232

AR

HSAN2B

613115

FAM134B

613114

AR

HSAN3 (Riley-Day
syndrome)

223900

IKBKAP

603722

AR

HSAN4;anhidrosis,
insensitivity to pain

256800

NTRK1

191315

AR

613708

ATL1

606439

AD

608654

NGFB

152030

AR

256840

CCT5

610150

AR

608236

ARHGEF10

608136

AD

162100

SEPT9

604061

AD

rare forms with additional features

HSN1D
HSAN5, absence of
pain
HSN with spastic
paraplegia
slowed NCV;
hypomyelination
hereditary neuralgic
amyotrophy,HNS,
HNA & symorphic
features
absence of pain

243000

SCN9A

603415

AR

small fiber neuropathy
Giant Axonal
Neuropathy 1
PN with agenesis of
the corpus callosum

133020

SCN9A

603415

AD

256850

GAN

605379

AR

218000

SLC12A6

604878

AR

PCWH syndrome

609136

SOX10

602229

AD

192950

HOXD10

142984

AD

604168

CTDP1

604927

AD

607250

TDP1

607198

AR

HMSN with Congenital
vertical talus
Congenital cataracts,
facial dysmorphism,
neuropathy
Spinocerebellar
ataxia, rec with axonal
neuropathy SCAN1
distal myopathy;
myofibrillar, BAG-3
related;
cardiomyopathy
dilated, but with ephysiol evidence of
Neuropathy

612954/
613881

Approval Date: Sept 2012
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Testing criteria forms | Genetic panel test for Charcot-Marie-Tooth hereditary neuropathy

Table 2
Approved gene
symbol

MIM

exons/ROI

AARS

601065

Alanyl-tRNA synthetase

21

ARHGEF10

608136

Rho guanine nucleotide exchange factor (GEF) 10

30

ATL1

606439

Atlastin GTPase 1

19

ATP7A

300011

ATPase, Cu++transporting, alpha polypeptide

22

BAG3

603883

BSCL2

606158

BCL2-associated athanogene 3
Berardinelli-Seip congenital lipodystrophy 2 (seipin)

15

CCT5

610150

CTDP1

604927

DCTN1

4
12

601143

Chaperonin containing TCP1, subunit 5 (epsilon)
CTD (carboxy-terminal domain, RNA polymerase II, polypeptide A) phosphatase, subunit
1
Dynactin 1

13
39

DNM2

602378

Dynamin 2

22

DYNC1H1

600112

Dynein, cytoplasmic 1, heavy chain 1

78

EGR2

129010

Early growth response 2

4

FAM134B

613114

Family with sequence similarity 134, member B

10

FGD4

611104

FYVE, RhoGEF and PH domain containing 4

24

FIG4

609390

FIG4 homolog, SAC1 lipid phosphatase domain containing

25

GAN

605379

Gigaxonin

4

GARS

600287

Glycyl-tRNA synthetase

19

GDAP1

606598

Ganglioside-induced differentiation-associated protein 1

6

GJB1

304040

Gap junction protein, beta 1

4

HOXD10

142984

Homeobox 4D

2

HSPB1

602195

Heat shock protein 1

2

HSPB3

604624

Heat shock protein 27-like protein

1

HSPB8

608014

Heat shock protein 8

5

IGHMBP2

600502

15

54

IKBKAP

603722

KARS

601421

Immunoglobulin mu binding protein 2
Inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase complex-associated
protein
Lysyl-tRNA synthetase

KIF1B

605995

Kinesin family member 1B

LITAF

603795

Lipopolysaccharide-induced TNF factor

6

LMNA

150330

Lamin A/C

19

MED25

610197

Mediator complex subunit 25

19

MFN2

608507

Mitofusin 2

20

MPZ

159440

Myelin protein zero

6

MTMR2

603557

Myotubularin related protein 2

21

NDRG1

605262

N-myc downstream regulated 1

24

NEFL

162280

Neurofilament, light polypeptide

4

NGFB

152030

Nerve growth factor beta

3

NTRK1

191315

Neurotrophic tyrosine kinase, receptor, type 1

19

PLEKHG5

611101

Pleckstrin homology domain containing, family G (with RhoGef domain) member 5

28

PMP22

601097

Peripheral myelin protein 22

7

PRPS1

311850

Phosphoribosyl pyrophosphate synthetase 1

7

PRX

605725

Periaxin

6

RAB7

602298

RAB7A, member RAS oncogene family

6

SBF2

607697

SET binding factor 2

41

SCN9A

603415

SEPT9

604061

Sodium channel, voltage-gated, type IX, alpha subunit
Septin 9

19

38
15

28

SH3TC2

608206

SH3 domain and tetratricopeptide repeats 2

20

SLC12A6

604878

Solute carrier family 12 (potassium/chloride transporters), member 6

28

SOX10

602229

SRY (sex determining region Y)-box 10

6

SPTLC1

605712

Serine palmitoyltransferase, long chain base subunit 1

16

SPTLC2

605713

Serine palmitoyltransferase, long chain base subunit 2

13

TDP1

607198

Tyrosyl-DNA phosphodiesterase 1

24

TRPV4

605427

Transient receptor potential cation channel, subfamily V, member 4

16

WNK1

605232

WNK lysine deficient protein kinase 1

33

YARS

603623

Tyrosyl-tRNA synthetase

13

Approval Date: Sept 2012
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6. Genetic test for Parkinson disease 6
and 7
Professor H Morris, Cardiff

Introduction
Parkinson disease (PD) is a late onset neuro-degenerative
disorder and patients present with bradykinesia, tremor,
rigidity and a gait disorder. These symptoms are usually
L-DOPA responsive.
Approximately 5% of cases have an age of onset of less
than 45 years. Autosomal recessive early-onset form of
Parkinson’s disease (AR-EOPD) is usually a ‘pure’ PD and
has a long disease course, no dementia, no autonomic
features and prominent L-DOPA induced dyskinesias.

Genes involved
Three well defined autosomal recessive (AR) genes
causing PD have been identified: PARK2 (Parkin), PARK6
(DJ-1), PARK7 (PINK1). The majority of patients with PD do
not have a defined genetic cause. Early age at onset and a
positive family history increase the chance of identifying
a Mendelian genetic factor. Parkinsonism associated

UK Genetic Testing Network | meeting report

with dystonia may be due to conditions such as doparesponsive dystonia (DRD), Wilson disease, or primary
dystonia (DYT1). PD associated with pallido-pyramidal
syndromes may involve the genes PANK2, ATP13A2,
PLA2G6, SPG11 and may have rapid progression,
dementia, eye movement disorder and spasticity.
Neuroimaging showing brain iron accumulation may be
a clue pointing to one of these disorders.

Genetic testing
The usual clinical approach is through taking a history
and by clinical examination; further tests may include
metabolic tests, MRI, Dopamine Transporter (DAT)
imaging and CSF neurotransmitter analysis followed by
trials of L-DOPA and anti-cholinergics. Genetic testing
is indicated for establishing the diagnosis, enabling
genetic counselling for patients and their families and
to help in understanding the disease pathogenesis.
Ultimately, it may be that targeted therapy is based on
patient genotype.
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Testing criteria forms | Genetic test for Parkinson disease 6 and 7

UKGTN Testing Criteria
Approved name and symbol of disease/condition(s):
PARKINSON DISEASE 6, AUTOSOMAL RECESSIVE EARLY-ONSET;
PARK6
Approved name and symbol of gene(s):
PTEN induced putative kinase 1 (PINK1)

OMIM number(s):
605909
OMIM number(s):
608309

Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:

Lab ID:

Referrals will only be accepted from one of the following:
Referrer

Tick if this refers to
you.

Consultant Neurologist
Consultant Clinical Geneticists

Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:
Criteria
Early onset Parkinson Disease (EOPD) (<45 years) AND

Tick if this patient
meets criteria

No evidence of autosomal dominant inheritance AND
PARK2 has been excluded
At risk family members where familial mutation is known
If the sample does not fulfil the clinical criteria or you are not one of the specified types of
referrer and you still feel that testing should be performed please contact the laboratory to
discuss testing of the sample.

Approval Date: Sept 2012
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Testing criteria forms | Genetic test for Parkinson disease 6 and 7

Pink highlighting indicates the test pathway referred to in this gene dossier

Testing pathway –
PINK1 & PARK7
Autosomal recessive/ Early-onset Parkinson
disease

PARK2 – 20%
PINK1 – 4-5%
PARK7– 1-3%

Family members Mutation already
identified

PARK2

Test relevant gene –

PARK2, PINK1 or PARK7

Report result

Sequencing and Dosage analysis by MLPA

PARK2 [-ves]
80%

Combined
report for all
three genes

Report PARK2
positives
(20%)

PINK1 – 4-5%
PARK7 – 1-3%

Sequencing and Dosage
analysis

Report results

Approval Date: Sept 2012
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Testing criteria forms | Genetic test for Parkinson disease 6 and 7

UKGTN Testing Criteria
Approved name and symbol of disease/condition(s):
PARKINSON DISEASE 7, AUTOSOMAL RECESSIVE EARLY-ONSET;
PARK7
Approved name and symbol of gene(s):
Parkinson protein 7 (PARK7)
Synonyms – PARK7/ DJ-1

OMIM number(s):
606324
OMIM number(s):
602533

Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:

Lab ID:

Referrals will only be accepted from one of the following:
Referrer

Tick if this refers to
you.

Consultant Neurologist
Consultant Clinical Geneticists

Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:
Criteria
Early onset Parkinson Disease (EOPD) (<45 years) AND

Tick if this patient
meets criteria

no evidence of autosomal dominant inheritance AND
PARK2 has been excluded
At risk family members where familial mutation is known
If the sample does not fulfil the clinical criteria or you are not one of the specified types of
referrer and you still feel that testing should be performed please contact the laboratory to
discuss testing of the sample.

Approval Date: Sept 2012
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Testing criteria forms | Genetic test for Parkinson disease 6 and 7

Testing pathway –
PINK1 & PARK7
Autosomal recessive/ Early-onset Parkinson
disease

PARK2 – 20%
PINK1 – 4-5%
PARK7 – 1-3%

Family members Mutation already
identified

PARK2

Test relevant gene –

PARK2, PINK1 or PARK7

Report result

Sequencing and Dosage analysis by MLPA

PARK2
80%

Combined
report for all
three genes

Report PARK2
positives
(20%)

PINK1 – 4-5%
PARK7 – 1-3%

Sequencing and Dosage
analysis

Report results

Pink highlighting indicates the test pathway referred to in this gene dossier

Approval Date: Sept 2012
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7. Genetic test for bilateral
frontoparietal polymicrogyria
Professor D Pilz, Cardiff
Introduction

Genetic testing

Polymicrogyria (PMG) are region specific and include
bilateral perisylvian PMG (BPP), which is the most common
form, bilateral frontal PMG (BFP), bilateral fronto-parietal
PMG (BFPP), bilateral parieto-occipital PMG (BPOP) and
bilateral diffuse PMG (BDP). Features can also include
white matter changes and varying degrees of brain stem
and cerebellar hypoplasia.

Genetic testing is indicated for diagnosis, prognosis and
management as well as for prenatal testing.

Genes involved
An autosomal recessive form of bilateral frontoparietal
polymicrogyria maps to chromosome 16q12.2-21. The
gene involved is GPR56. It is expressed in the developing
brain and with collagen III interaction is responsible
for neuronal migration regulation. The clinical
features include moderate to severe developmental
delay, hypotonia, seizures, strabismus and usually
normocephaly. In one study, 9 out of 12 affected families
had consanguineous relationships.

26

GPR56 mutations are associated with BFPP and BDP
with an anterior to posterior severity gradient, and
a cobblestone-like polymicrogyria, usually associated
with white matter and with or without cerebellar/brain
stem abnormalities. Additionally there may be severe
developmental delay, a ‘pseudo-myopathy’ with normal
CK, strabismus, usually normal head circumference and
seizures.
GPR56 mutation testing should be considered where the
cerebral MRI shows polymicrogyria (cobblestone-like) –
bilateral predominant frontoparietal - and patchy white
matter anomalies with or without small brain stem or
small/dysplastic cerebellum, and congenital infection
has been excluded, where possible. Forty-six patients
have been tested in the genetic laboratory in Cardiff
since 2009 and four were identified as having mutations.

Genetic testing for Neurological Conditions Workshop | 26 February 2013

Testing criteria forms | Genetic test for bilateral frontoparietal polymicrogyria

UKGTN Testing Criteria
Name of Disease(s): POLYMICROGYRIA, BILATERAL
FRONTOPARIETAL(606854)
Name of gene(s): G protein-coupled receptor 56; GPR56 (604110)

Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:
Lab ID:

Referrals will only be accepted from one of the following:
Referrer
Consultant Clinical Geneticist
Consultant Neurologist

Tick if this refers to you.

Consultant Paediatric Neurologist

Minimum criteria required for testing to be appropriate as stated in the Gene
Dossier:
Criteria
Cerebral MRI scan to show:
Polymicrogyria – bilateral fronto-parietal AND
White matter anomalies/patchiness
+/- Small brain stem cerebellum
AND Exclusion of congenital infection, where
possible

Tick if this
patient meets
criteria

If the sample does not fulfil the clinical criteria or you are not one of the specified
types of referrer and you still feel that testing should be performed please contact
the laboratory to discuss testing of the sample.

Approval Date: Sept 2009
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8. Genetic test for frontotemporal
dementia, amyotrophic lateral
sclerosis; FTDALS (C9orf72)
Professor K Talbot, Oxford
Introduction
There are approximately 5,000 people living with motor
neuron disease (MND)/amyotrophic lateral sclerosis (ALS)
in the UK and there are about 1,500 new cases per year.
The lifetime risk is 1 in 300-400. There is no cure and
the condition is always progressive. Frontotemporal
dementia (FTD) has a wide clinical spectrum with clinical
and pathological overlap with ALS. FTD has behavioural
(bvFTD) and language (PNFA) variants. ALS and FTD may
appear as combined or separate entities in the same
family, and most ALS genes (except SOD1) can also cause
FTD. There is pathological overlap and most cases can
be considered as ‘TDP43 proteinopathies’, though other
pathological subtypes exist.

Gene involved
The mutation is an expansion of a non-coding GGGGCC
hexanucleotide repeat in C9orf72. Mutant repeat sizes
are likely to be in the range from 400 to 4000, though
the lowest number of repeats which can cause disease
may be much lower (>30). Five per cent of ALS is familial
and mutations in C9orf72 explain approximately 40%
of cases of familial fALS-FTD and 6-7% of sporadic
sALS. Clinical features of C9orf72 related ALS include
an earlier age of onset, equal male to female ratio and
a high rate of cognitive impairment. There is frequently
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a family history of neurodegenerative disease, evidence
of extramotor involvement on imaging and more rapid
disease progression. The penetrance is variable within
and between families.

Genetic testing
Consultant neurologists, consultant clinical geneticists
or consultant neuropsychiatrists can refer for genetic
testing. The benefits of testing include early and
accurate diagnosis, planning of appropriate clinical care,
facilitation of accurate genetic counselling and advice
on prognosis. Testing helps to distinguish cases from
sporadic forms of dementia and can support recruitment
to cohort studies or to pre-motor biomarkers research
studies.

Challenges
However, caution needs to be taken as there is variable
penetrance of the gene and therefore it may be difficult
to interpret and counsel families. It is additionally
challenging due to some unaffected individuals who
also have the expansions and because the range of
neurodegenerative phenotypes associated with the
mutation is expanding. In addition, testing should
always be supported by expert clinical assessment and
interpretation.
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Testing criteria forms | Genetic test for frontotemporal dementia, amyotrophic lateral sclerosis; FTDALS (C9orf72)

UKGTN Testing Criteria
Approved name and symbol of disease/condition(s):
Frontotemporal Dementia and/or Amyotrophic Lateral Sclerosis;
FTDALS

OMIM number(s):
105550

Approved name and symbol of gene(s):
chromosome 9 open reading frame 72; C9orf72

OMIM number(s):
614260

Referrals will only be accepted from one of the following:
Referrer
Consultant Neurologist

Tick if this refers to
you.

Consultant Clinical Geneticist
Consultant Neuropsychiatrist
Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:
Clinical diagnosis of ALS by fulfilling the following criteria:
The presence of:
 Evidence of lower motor neuron (LMN) degeneration by clinical, electrophysiologic, or
neuropathologic examination AND
 Evidence of upper motor neuron (UMN) degeneration by clinical examination AND



Progressive spread of symptoms or signs within a region or to other regions, as
determined by history or examination TOGETHER WITH
The absence of:
 Electrophysiologic and pathologic evidence of other disease processes that might
explain the signs of LMN and/or UMN degeneration AND
 Neuroimaging evidence of other disease processes that might explain the observed
clinical and electrophysiologic signs.
AND Relentless progression of symptoms and signs during follow-up period
Clinical diagnosis of FTD by fulfilling the following criteria:
At least one of the following criteria is required:
EITHER: Behavioural/dysexecutive variant - behavioural and personality changes and
problems in planning and decision making with little or no memory loss
OR: Primary progressive aphasia - word finding difficulty, loss of grammar in speech
OR: Semantic dementia - a loss of the meaning of words, making word errors
OR: Affected relative with molecularly confirmed diagnosis (C9orf72 expansion mutation)
OR for family members of proband with FTD/ALS:
testing of family members if C9orf72 repeat expansion is confirmed in the proband
If the sample does not fulfil the clinical criteria or you are not one of the specified types
of referrer and you still feel that testing should be performed please contact the
laboratory to discuss testing of the sample

Approval Date: Sept 2012
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9. Array CGH test for learning
disability, developmental delay,
congenital anomalies (first line)
Dr C Ogilvie, London
Introduction

reporting time was 21 days from receipt of the sample.

Chromosomal imbalance such as copy number variation
(CNV) may cause learning difficulties, mental retardation,
developmental delay, language delay, dysmorphism and
syndromic disease. Detection of imbalance can be
a) genome-wide, done through karyotyping or array
Comparative Genomic Hybridisation (array CGH)
b) targeted at specific sequence(s) through for
example fluorescence in situ hybridization, FISH (e.g.
microdeletion loci) or
c) multiplex ligation-dependent probe amplification,
MLPA (e.g. subtelomeres).
G-band karyotype analysis has been the traditional
method involving cheap consumables and detects
triploidy and balanced rearrangements. However,
it is limited in its sensitivity to 3-5Mb, is subjective
depending on the skill of the individual analyst and
is labour intensive. The benefits of array CGH over
karyotyping include resolution of down to 20kb,
objective analysis compared to subjective and costs
can be comparable if innovative array CGH testing
strategies are used.

Genetic testing
The purpose and value of genetic testing is to reach a
diagnosis which benefits individuals and their families,
gives information about prognosis and ends the
diagnostic dilemma. It establishes reproductive risks
for proband and family; it also increases knowledge
of genetic pathways and disease aetiology, leading
ultimately to treatment options. There is international
agreement that arrays should replace karyotyping for
genome-wide detection of imbalance.

Challenges
Challenges for array CGH testing include those related to
interpretation, for example due to conflicting information
on inheritance and due to incomplete penetrance. In
addition, complications arise due to incidental findings
such as deletion of tumour suppressor genes or detection
of late onset conditions.
Array CGH is amenable to large batch testing, especially
with robotics, giving low staff costs per sample.
Nevertheless, an array CGH service requires staff with a
detailed understanding of the theoretical basis of the
software algorithms and their limitations. Therefore,
experience of the challenges associated with interpreting
and reporting of results is essential to maintain a robust
and accurate service. For these reasons, commissioning
array CGH in every cytogenetics lab may not be the most
cost-effective approach.

The purpose and value of
genetic testing is to reach
a diagnosis which benefits
individuals and their
families, gives information
about prognosis and ends
the diagnostic dilemma.

First line array CGH testing is available at Guy’s and St
Thomas’ Hospitals and 8,794 tests have been performed.
The CNV detection rate has been 25% of which 33%
of imbalances are definitely pathogenic. Thirty-four
different established genomic disorders were detected
in 430 patients. The most common genomic disorder
was 22q11.2 deletion syndrome (n=64) and the average
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Testing criteria forms | Array CGH test for learning disability, developmental delay, congenital anomalies (first line)

UKGTN Testing Criteria

Name of Disease(s): Learning disability, developmental delay, congenital anomalies
Name of gene(s):
Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:
Lab ID:
Referrals will only be accepted from one of the following:
Referrer
Clinical Geneticists
Consultants in Paediatrics,
Consultants in Neurology
Consultants in Ophthalmology
Consultants in Psychiatry

Tick if this refers to you.

Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:
.
Tick if this
Criteria
Clinical symptoms consistent with a “chromosomal disorder” including
one of the following:
Mental retardation or developmental delay
Syndromic mental retardation or developmental delay with dysmorphism
Congenital anomalies
Prenatal onset growth retardation with multiple congenital abnormalities
Postnatal growth abnormalities (microcephaly short stature, macrocephaly, tall
stature)
Significant speech and learning difficulties ± autism
Exclusion Criteria
Prenatal samples
Recurrent miscarriages or fertility problems
Expectation of balanced rearrangements

patient meets
criteria

If the sample does not fulfil the clinical criteria or you are not one of the specified types
of referrer and you still feel that testing should be performed please contact the
laboratory to discuss testing of the sample.
Approval Date: Sept 2010 (rev Sept 12)
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10. Testing of BSCL2 in neuropathies
and spastic paraplegia
Professor H Houlden, London

Introduction
Hereditary spastic paraplegia (HSP) is genetically
heterogeneous with more than 50 SPG loci/gene. The
UK HSP society defines it as a large spectrum disorder.
It is clinically split into pure versus complex HSP, where
the pure form has a teenage/young adult onset with stiff,
abnormal gait, bladder problems and back pain. The
complex variety additionally has cognitive impairment,
ataxia, eye signs and swallowing problems. The
condition can be diagnosed with a history and family
tree. Examination will help reveal the SPG/CMT type.
However, there may be overlapping phenotypes with
CMT and some atypical PD/NBIA – involving ATP13A2,
PANK2, FA2H genes. MRI of the head and spinal cord
as well as metabolic testing will aid diagnosis. Finally,
genetic testing may be done to confirm diagnosis.

Genes involved
Combination of CMT and HSP clinical features include
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silver syndrome, HMSNV, HSP+, CMT+ and SPG17. The
disease gene is BSCL2 and three mutations exist in exon
4, p.N88S, S90L, S90W. The family history may vary.
BSCL2 testing in research studies showed that the most
common mutation was at p.N88S.

Challenges
There is a place for both large disease panels as well
smaller subgroup panels in case of heterogeous
conditions. Large panels using targeted NGS SureSelect,
run on the HiSeq and are more expensive but more
genes can be tested (e.g. all current CMT genes). This
may be done when the case/family history has not been
assessed in detail or the diagnosis is either a possible CMT
or a possible HSP. On the other hand, smaller MiSeq/Ion
Torrent panels are less expensive but fewer genes can be
tested and it is easier to interpret results. This is preferred
when the case is clinically well defined such as for patient
presenting with CMT1, CMT2, HSAN or HMN.

Genetic testing for Neurological Conditions Workshop | 26 February 2013

Testing criteria forms | Testing of BSCL2 in neuropathies and spastic paraplegia

UKGTN Testing criteria
Name of Disease(s): SPASTIC PARAPLEGIA 17, SPG17 (270685) and a subset of
NEURONOPATHY, DISTAL HEREDITARY MOTOR, TYPE V, HMN 5 (600794)
Name of gene(s): SEIPIN BSCL2 (606158)
Patient name:

Date of birth:

Patient postcode:

NHS number:

Name of referrer:
Title/Position:
Lab ID:

Referrals will only be accepted from one of the following:
(Please indicate with a tick which category refers to the referrer).
Referrer
Neuromuscular specialists
Clinical Geneticists
Adult or Paediatric Neurologist

Tick if this refers to you.

Minimum criteria required for testing to be appropriate as stated in the Gene Dossier:

Criteria

1. Spasticity or UMN signs without other CNS features,
AND
2. Distal amyotrophy or motor neuropathy affecting
hands & feet supported by nerve conduction velocities.
ie. Hereditary spastic paraplegia with amyotrophy (limb
weakness and wasting) / Silver syndrome.
AND
3. Isolated cases or pedigree suggestive of autosomal
dominant inheritance

Tick if this
patient
meets
criteria

If the sample does not fulfil the clinical criteria or you are not one of the specified
types of referrer and you still feel that testing should be performed please contact the
laboratory to discuss testing of the sample.
Approval Date: Sept 2008
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Meeting evaluation report
Feedback about UKGTN

Purpose of attendance

a) General

The following were the purposes defined by participants:

The conference benefited from a high attendance
of registered participants (65). The evaluation was
completed by 46 (70%) of participants, with most filling
in a hard copy on the day and the rest used an online
survey.

•

To broaden and update knowledge on genetic
neurological conditions and genetic testing

•

Understand what tests are available, know the
testing criteria and finding out about current new
genetic testing approval process

About 80% of the respondents to the evaluation form
had not heard of the UKGTN before, and most of those
who had heard of the organisation, had done so through
work or collaborations. None of the respondents had
come across the UKGTN through its reports.

•

Education

•

To learn about the UKGTN

•

To update clinical practice

•

To develop a rational approach for ordering genetic
investigations

Sixty-one per cent of the total number of respondents
had not used the UKGTN website before and about
58% did not know that the UKGTN website provides
information for NHS professionals on new genetic tests
recommended for service.

b) Neurologists
Among the 22 respondents who were neurologists
(including adult and paediatric neurologists as well as
neurology specialists trainees), 68% had heard of the
UKGTN. The majority (60%) had done so through work
and collaborations. Of the neurologist respondents, no
one had ever used the UKGTN website before and only
1 out of 21 neurologist respondents had been aware
that the UKGTN website provides information on genetic
tests for NHS professionals.
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A few attendees thought that the purpose of their
attendance was only partly met because from the
information sent out, the participants thought that the
meeting would be more clinically oriented with case
based discussion and review of inherited conditions.
One participant expressed that he/she felt that it was
confusing as different trusts had different policies for
what tests could be ordered and that funding appears
to be complex.

Feedback about presentations
About 91% of the respondents rated the presentations
highly (4 or 5 out of 5) in terms of quality, content and
relevance. Specific comments indicated that generally
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people enjoyed the meeting and thought that the
programme was ‘well balanced with highly relevant
materials’.

a review of more basic genetic concepts.
•

Suggestions of future topics included: metabolic
disorders, epigenetics, paediatrics, cardiology,
cancer, mitochondrial disorders, Alzheimer’s disease,
Huntingdon’s disease, and dystonias.

•

There were suggestions for bringing in international
speakers (e.g. European) and for the meeting to be
held elsewhere in the country.

•

There was a suggestion from a participant for there
to be ‘something to advertise new tests’ as there are
incidents when an available test was not accessed
since the clinician was not aware. Nevertheless, in
conclusion, many thought that the meeting had a
‘good balance, nice location and good hospitality’.

Feedback about programme
Overall, 93% of respondents highly rated (4 or 5 out of
5) the meeting programme. Most participants were
in favour of having lectures and the majority felt that
the current format of having lectures, discussion and
questions to a panel was appropriate. Some participants
mentioned that workshops could improve audience
participation. Several people thought lectures followed
by a workshop for smaller groups would be helpful.

Feedback about venue
Of the total sample 77% thought that the quality of the
meeting organisation was very high (5 out of 5).

Suggestions
•

Some presentation slides were said to be difficult to
read and a participant expressed that having handouts would have allowed participants to concentrate
better on the speakers.

•

A number of participants thought that some
presentations were too scientific and that there was
‘too much technical detail on laboratory genetics’.
They thought the meeting may have been more
helpful to them if the slide contents were more
clinical, and that clinicians may have benefited from
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Additional comments
A participant suggested that if we wanted to reach out
to a wider audience of neurologists or specialists, we
could consider holding the meeting in specific places
(e.g. along with the ABN meetings which are held twice
a year). It was also reported that the speakers seemed
to be at a distance in the conference room and that it
would be useful to have copies of the presentations later
as printouts or CD. The majority of the people thought
that it was overall a ‘very good conference’.
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Summary
The UK Genetic Testing Network (UKGTN) organised a
conference ‘Genetic Testing for Neurological Conditions’
on 26th February 2013. The conference highlighted a
selection of new genetic tests approved by the UKGTN
for neurological conditions.
The objective of the conference was to raise awareness
among the NHS neurologist consultants and neurology
specialist trainees as well as other NHS clinicians about
new genetic tests for neurological conditions approved
by the UKGTN. In addition, the intention was also to inform
participants about the role and work of the UKGTN. The
programme included an introduction to the UKGTN,
details of the evaluation process for genetic tests and how
to use the UKGTN website. This was followed by a series of
presentations as well as discussion sessions. The speakers
presented details about specific neurological conditions,
genes involved in the condition and their involvement
in biological pathways, the genetic testing criteria
including the process of diagnosis and management
of the patients. The neurological conditions discussed
included: cerebral malformation disorders, limb-girdle
myasthenia, congenital myopathy, conditions of epilepsy,
Charcot-Marie-Tooth hereditary neuropathy, Parkinson
disease 6 and 7, bilateral frontoparietal polymicrogyria,
frontotemporal dementia, amyotrophic lateral sclerosis,
learning disability, neuropathies and spastic paraplegia.
Through the lectures and discussions, it was highlighted
that:
•
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The efficiency of genetic testing could be increased

if there was a shift from serial genetic testing to
genetic panel testing and potentially in the future to
exome-sequencing.
•

There was considerable evidence presented
that for conditions which had treatment options
available, early genetic testing assisted in the early
intervention and management of the condition
with better clinical outcomes. However, there
remain a significant number of conditions for
which a treatment is not available despite access
to genetic tests for diagnosis. Nevertheless, often,
early diagnosis of a neurological condition through
genetic testing, using the UKGTN testing criteria,
may facilitate management interventions such as
accurate genetic counselling.

•

Additional benefits of genetic testing include early
and accurate diagnosis, planning of appropriate
clinical care, and advice on prognosis.

•

Certain challenges need to be considered in
using genetic testing for neurological conditions
including access, cost limitations and incidental
findings. It is apparent that with discoveries of new
genetic contributions to clinical conditions, new
clinical pathways and genetic tests will need to be
developed. The details of these in turn will need to
be disseminated to relevant clinical specialists in a
timely manner.

All the presentations are available from the UKGTN
website.
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Nearly all registered participants attended the meeting.
The feedback received indicated that the meeting
achieved its objectives very well and that the participants
rated the presentations, venue and programme highly.
Most of the attendees had not heard of the UKGTN
before and no one had read UKGTN reports. It appears
from the survey that it is possible that the majority of
clinical neurologists in the UK probably do not use the
UKGTN website nor have read its reports. Most of the
participants had attended the meeting to broaden and
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update their knowledge on genetic causes of neurological
conditions and to inform their clinical practice, and also
to learn more about the role of UKGTN. Suggestions for
future meetings were received and the organisers were
advised to consider a greater clinical focus, possibly with
smaller workshops or focus-group discussion sessions
to accompany the lectures. There was strong support
for further such meetings in the future, covering other
topics.
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Appendix
Conference programme

Genetic testing for
neurological conditions
Tuesday 26 February 2013 | BMA House, London

Programme
Registration & coffee from 9:00
9:30

Dr R Skinner

Introduction to meeting

9:35

Introduction to the UKGTN

Mrs J Westwood

9:50

UKGTN Evaluation process and website

Dr S Mohammed

10:30

Genetic panel test for Cerebral Malformation Disorders

Dr J Livingston, Leeds

11:00

Genetic test for Limb-girdle Myasthenia

Professor D Beeson, Oxford

11:40

Genetic panel test for Congenital Myopathy

Mr T Cullup, London

12:10

Genetic test for Glucose transporter type 1 deficiency syndrome
(Glut1-DS)

Dr S Zuberi, Glasgow

12:20

Genetic test for Dravet Syndrome
(Severe Myoclonic Epilepsy of Infancy)

Dr S Zuberi, Glasgow

12:30

Genetic test for Epilepsy and mental retardation limited to females
(EFMR)

Dr S Zuberi, Glasgow

Coffee

Questions/discussion
Lunch
14:00

Genetic panel test for Charcot-Marie-Tooth Hereditary Neuropathy

Dr T Antoniadi, Bristol

14:30

Genetic test for Parkinson Disease 6 and 7

Professor H Morris, Cardiff

14:40

Genetic test for Bilateral frontoparietal polymicrogyria

Professor D Pilz, Cardiff

14:50

Genetic test for Frontotemporal dementia and/or Amyotrophic
lateral sclerosis; FTDALS (C9orf72)

Professor K Talbot, Oxford

15:00

Array CGH test for Learning disability, developmental delay,
congenital anomalies (first line)

Dr C Ogilvie, London

Testing of BSCL2 in Neuropathies and Spastic Paraplegia

Professor H Houlden, London

15:30

Questions/discussion
Summary and close
16:00
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Dr R Skinner

Finish - Tea
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