MOLECULAR DIAGNOSTIC APPROACHES FOR IMD'S -

GROOTE SCHUUR AND RED CROSS HOSPITAL EXPERIENCE.

March 2009 — Taken from Groote Schuur Hospital
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Molecular diagnostic approaches for IMD's

Cystic fibrosis
Caused by a defect in cAMP-mediated chloride channel that regulates
the ion and water balance across epithelial

Urea cycle defects — OTC
Caused by a defect in the ornithine transcambylase gene in the urea cycle

Glutaric aciduria type 1
Caused by a defect in the glutaryl-CoA dehydrogenase (GCDH) gene in
the pathway for lysine, hydroxlysine and tryptophane

Cystic Fibrosis

Cystic Fibrosis probable

Sweat test = Positive Sweat test not available

Faecal elastase = positive

CF genetic testing
CF genetic testing = 2 mutations

corifirms diagnosis

0 or 1 mutation only

\
Why do a genetic test? Sweattest

Genetic counselling
Confirm diagnosis



Cystic Fibrosis

Spectrum of mutations that affect its function

Exons of CF gene
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Mutations

A In-frame deletion #® Frame-shift mutation
B Missense mutation ¥ Splicing mutation
® Nonsense mutation

Delta F508 was identified 20 years ago and since then more than 1500 mutations are now known

Cystic Fibrosis

+ Initially tested for the two common mutations
AF508 in Caucasian (76%)
3120+1g->a in African race (46%)
AF508 and 3120+1g->a in Mixed race (70%)

» Also possible to sequence the gene but expensive
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OTC defects

Acetyl CoA + glutamate
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OTC gene found on X chromosome

OTC defects

Why do a genetic test?
Provide prenatal testing
Genetic counselling.

Confirm OTC deficiency especially in girls and late onset boys.

Out of the 341 mutations (Hum Mutation 2006 27 626-32)
45% neonatal onset of hyperammonemia.
20% male patients with later onset of hyperammonemia,
35% are affected girls (skewing of X chromosome liver)

20% of patients NO defect be seen ---- Why?



OTC defects

* No orotate test, defect may be CPS or NAGS.

+ Late onset diagnoses may be boarder line

» Technically large deletions in girls difficult to detect.
» Mutations in introns / controlling regions.

+ Liver Biopsy for OTC activity and mRNA analysis

Table 1
Clinical history and laboratory data of the patients described in this study

Patient Sex Ethnic background Age at first symptoms/ Clinical course Liver biopsy OTC activity in miU}
at follow-up mg prat (nomal > 160)

1 Male Turkish 6 months/4} years Very mild movement disorder Needle B84/52

2 Male Saudi Arabian 1 weekj2 years Severely retarded Open 23

3 Male German 2 days Died on day 4 Needle na.

4 Female German Z%yl‘ars_n'B%ycars Well after liver transplantation Needle 70

5 Male German 11 months Died at age 11 months Open (post-mortem) 3a

Since the liver biopsy was repeated in patient 1. two levels of OTC activity are given for this patient. na. not available.
Analysis of mRNA transcripts improves the success rate of molecular testing in OTC deficiency -
Molecular Genetics and Metabolism 2008 94 291-297

» Insertions of intronic sequence in boys.
» Deletion of exons in the girl.

OTC defects

Patients from RXH and GSH over the last 10 years

referred for confirmation and future antenatal analysis, all neonatal boys.

Family 1 —aa 91 Lysine -> Serine

Family 2 —aa 104 Leucine -> phenylannine

Family 3 —aa 141 Arginine -> glycine

Family 4 — aa 195 Glycine -> arginine

Family 5 — deletion “g” in exon 4

Family 6 — deletion exons 6-10 (4 previous deceased sons)
Family 7 — deletion whole gene

No girls or late onset boys referred for genetic analysis - Why?

The incidence of UCDs at least 1:30,000 births.



GA1l

Glutaric aciduria type | (GA-I) is a progressive neurodegenerative disease
caused by a deficiency of glutaryl-CoA dehydrogenase (GCDH)

Lysir?e Urine
Glutarylcarnitine «— Glutaryl-é}oA — Gilutaric acid
Glutaconyl-CoA ——— Glutaconic acid
3-OH-Glutaryl-CoA — 3-OH-Glutaric acid
MS/MS GCDH 7 wews GC/MS
Crotonyl-CoA
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GA1l

Frequency is 1:100,000 infants.
Easily treatable disease with carnitine and amino acid restriction

Early diagnosis in newborns can reduce risk of acute dystonia in 80%.
Why do a genetic test?

Counselling
Understanding mutation spectrum in South Africa

New test 2008



GA1l
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Size of gene - Sequencing
A293T in exon 8, homozygous.

Another 5 African families same mutation.
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Gene frequency?  NBS?

Interaction Comments

Clinician/patient Communication within a hospital good

I Across the country limited

Routine laboratory

Refer for metabolic tests
Small metabolites
Enzyme activity

. d Limited genetic tests for IMD in SA
Genetic analysis

1 Few patients for each disease

Other centres New tests setup regularly



Comparison to UK

UK (NHS) - 300 genetic tests — (70,000 tests in 2003)

SA (NHLS) - 80 genetic tests

Problems
Resources limited on all sides.
No NBS

No one site where all tests are listed.

Progress
Department of Health “Diagnostic Genetic Tests South Africa 2007”

Web page www.madlab.uct.ac.za (Molecular and Diagnostic labs)
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How to fish the easy way

LING BY PERMIT OI
FLY-FISHING ONLY

March 2009 — UCT Upper campus




MLFHLRILLE NAAFRHOHNT
1

38
K
EEIKTMLWLS ADLEFRIKQK
31

B
FALLGGHPCF LTTODIHLGY
101

LAKEASIPII NGLSDLYHPI
151

P VRITW i
LESIMMSARK FOMHLOAATP
201

B
LEAAHGGNVL ITDTWISMGQ
251

R

TRFR L
LECLPREPEE VDDEVFYSER
o

EPKF
351

¥ ]

HVRNFRCGOP LONEVOLEGE DLLTLENFTG

SF EN F
GEYLPLLOGK SLGMIFEKRS TRTIRLSTETG

HESLTDTARY LSSMADAVLA RVYKQSDLDT

H L R
QILADYLTL) EHYSSLEGLT LSWIGDGHNI

L
¥

L] [

EGYEPDASVT GTELLLTHDP

EEEKKKRLQA FQGYQVTHET AKVAASDWTF

SLVFPEACHR KWTIMAVHVE LLTDYSPOLO

« 219 aminoacid changes
« Neonatal presentation are in red

« Late onset presentation are in green

« Not shown 130 deletions, insertions
and exon/intron boundary mutations

Hum Mutation 2006 27 626-32



The human connectin gene (muscle protein) has the largest number
of exons (178), the longest single exon (17,106 nucleotides) and the
longest coding sequence (80,781 nucleotides = 26,927 amino

acids).

The longest primary transcript, however, is produced by the
dystrophin gene (2.4 million nucleotides). It is cytoplasmic protein,
and a vital part of a protein complex that connects the cytoskeleton
of a muscle fibre to the surrounding exiracellular matrix

Smallest genes are most likely the small RNA’s 20-30bp long

Human DNA

Nuclear genome.

3 billion base pairs

1.5% = 20-25,000 protein-coding genes.

98.5% = RNA genes, controlling sequences,

introns and "junk" DNA.

Mitochondrial genome.

16,000 bp

13 proteins coding genes (ETC)

22 genes for transfer RNA
2 for ribosomal RNA.
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Human DNA mutations

Coding region mutations — disease causing

Missense mutations = point mutation that changes the amino acid.
Nonsense mutation_ = point mutation that results in a premature stop codon.

«  Deletions/Insertions = Possible frame shift = incorrect translation.

+ Intron/exon boundary point mutation = loss of an exon or inclusion of intron sequence

= frameshift

Coding region mutations — Normal protein function

Neutral mutation = point mutation that changes the aminoacid = normal function of the protein.

+  Polymorphism = point mutation no change of amino acid.

Coading/Intron region mutations — disease causing

Large or small deletions or inversions of whole or part of the gene.

Intronic mutations can affect control and transcription regions of the gene.

New Born Screening

Problems tandem MS/MS
. Equipment expensive
. Difficult to locate “positive” babies for confirmation in SA.

Founder mutations = DNA approach to NBS attractive

. Screen NB babies
. Screen mums (dads) at antenatal clinic -> heterozygotes
. Screen high risk babies.

Problems

. Only detect babies with “common mutation”.

. Reduce test cost.

. Multiplex - many mutations/diseases in one test.
. Automated using readily available equipment.



