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Prenatal Diagnosis of the Major Mutation of Cvstic Fibrosis

GENETIC APPLICATION

In Australia. one child in every two-thousand is born with Cystic Fibrosis (CF), an autosomal
recessive disease affecting the nature of mucous secretions in the lungs. pancreas and sweat
glands* CF results from mutations in the gene that codes for a transmembrane chioride channel
called the cvstic fibrosis transmembrane conductance regulator (CFTR). The CETR gene 1s 2

protein containing 1480 amino acids in the outer membrane of cells -

Prenatal diagnosis for CF is a method which detects one of the two-hundred mutations. includinz
the prevalent CFTR defective gene known in 70% of cases called deita-F308. on chremesome ~
Althougr this technique 1s relatively fast and simple in detecung the dena-F0¢ mutauon. &

sommeniv scrutinised because of its 73% accuracy rate and abiiizy in lcenuning oniv one of s

many © - omwtations” As such diagnosis is designed 10 detect cne muranion. onr one 1os
perrormec. o mprove us reliability. 11z claimed that PEMICIMING |- 1851¥ wouid oorredt.
alagnose “* o or all CF mutations ~ Yer if these tests are carmad out. there still s 2 109 shan--

that the toets sutters from CF " Such procedures. however. are time-consumm 1@ ang ¢St oun

<100

Testing for this mutation, though not 100% accurate. is carried cut earn in Dregnancy mrough

e use of svithesised gene probes which are able 1o detect CFTR mutatec genes = Ir tne roerus

:s aiagneses with CF, the pregnancy can be terminated. Some 5ay Thal approximaiely one oo

1%

everv thousand foetus tested could be falsely detected a
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and etnical concerns within the community.”

RELEVANT GENETICS
The subunits of chromosome 7 consists of lengths of deoxyribonucleic acid (DNA) which, iike

other autosome chromosomes, control the hereditary characteristic or organisms. The CFTR

' . "Gene Therapy ~ Cystic Fibrosis”, Quantum. ABC-TV, (12/8/92)

* Asquini. L. ct al. Cvstic Fibrosis Resource Kit. Third Edition, Cystic Fibrosis Association of Victoria, 1995, p. 13
?Ibid. p. 13

* Glausiusz. J. “Hidden Benefits”, Medical Watch, 1995, pp. 30-31
* Read, A. ~Cystic Fibrosis: Population Genetics In Action”, Biological Scicnces Review. 1992. p. 19

®Ibid. p. 19

" Ibid. p. 19-20

Asquml L etal op.cit,, p.13-15
° Ibid. p. 13-15
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gene consists of DNA, which contains the genetic information in a coded form. The building
blocks of DNA are called nucleotides. They are chemical units of a base (nitrogen-containing
compound) and a sugar molecule (deoxyribose) joined together Many of these units are linked
through phosphate molecules into a long chain (see Figure 1).

Figure 1
The basic DNA chain
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+he 1our nucieotide sub-unit bases are adenine (A). cvtosine (C). guanine 1G) and thymine (7

wnich are e building biocks o e TTTR gene  Adenifnie can OV join e invmine. ang cuanin:
w2 eytosine. which form complementary bases held by weax nvdrogen pongs (see Figure 2 Tho

structure resembles @ spiral structure where the two continuous sides (sugar-phospnare nack

. ; .. . . S . A — -
oonesj are joined at réguiar intervais DV the pases (see traure )

Figure 2
Two UNA cpains joined in a runctional unit
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Source: Adapted from Kinnear, J. et al. Nature of Biology. Book 2. Jacaranda Press. Victoria. 1993. p. 243

" Harris, A. Cystic Fibrosis: The Facts. Oxford University Press, England, 1991, p. 70
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Figure 3
Double helix model in three dimensions
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Source: Adapied trom Kinnear, J. et al. Nature of Biology. Book 2. jacaranaa #ress. Victoria, 1993, ¢ =7
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37 RIS genetic information to be usetul 1o the ceils. it must se vl inw G form that oan ©
15cC oV the macninery outside the nucleus  To achieve this. the temimiare CFTR DNA srang o
SODied. OF panscribed into a ribonucielc acid (RINA) MOIeCuie. SIieraise <nCWn as messenss
SAmMRNAL The mRNA is used as a blueprnine for the pansiar 7 the TFTR gens o
sroreins (long chains of building blocks. called amino acids. that are ‘oinad together

Tie protein coded by the CFTR gene is the CFTR protein. which spans abour 232,000 unis

Zenelic information.”” It 1S the base sequence in the RNA copv ~7 DNA which direcis e

weatence of the CFTR amino acids in each protein by a transfer R34 RNA) molecuic  3ne

~2mon of the tRNA attaches itselt onto the specific amino acid  The tormanoen in the mRN A s
en cecodea ONlo One <oaon (sequence of three base pairs) ar 1 Lme. SroQucing e shediiic

amune acid sequence tor the CFTR protein. The important coding recions of the DNA 2 s

~ithin the CEFTR genes. [t 1s the coding regions within the genes that are rranscribed i i

mRNA which then goes on to the blueprint for manufacture of the CFTR protem

The delta-F508 mutation is a deletion of three nucleotides from the gene (bases CTT) in the area

k3

between codons F507 and F508, resulting in a loss of the phenylalanine amino acid" (see Figure
4). In turn, an altered form of the protein product — nucleotide ATT at the gene region coding
for the protein’s F508 amino acid, followed by the GGT sequence for the glycine that normally

follows phenylalanine — is made, resulting in the symptoms of CF.

" Ibid. p. 70
" Ibid. p. 71

B Wlach M T ot al “Muctic Fihracic” Criontifia Amacicnn A cancan
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Figure 4
Cystic Fibrosis Gene
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The eniy way of inheriting CF is by recerving the mutated CFTR gene trom each parent to rorm:

homezvaous recessive genotvpe (ce). A heterczveous uenctvpe ({¢) can ot receivs ne i

= A T T VA R S S vy e S SR

Table © snows the ciassic inheritance of the CFTR Jene ITom W carrier p

el parents.

Table i
Cross between to CF heterozygous parents

- P1 phenotypes: Carnier ¥ Carrier ¢ = Normal CFTR vens
; co= -F508 gere

+ P2 genotypes: ; Cex Ce c = delta-FS08 ger:

' P1 gametes: L (A C - Yae) X (A0 - e

' F1 genotype: YiCC+" Ce = 1y ce

Normal CF Carrier CF sufferer -

' F1 phenotyvpes:

~cos o ~zo.
: ; 25%% 50% 395

L i

Source: Asquini. L. ct al. Cvstic Fibrosis Resource Kit. Third Edition. Cystic Fibrosis As
1995, p. 9

sociation of Victora.

Knowing the sequence and order of the CFTR gene has enabled construction of genetic tools,

like gene probes (small piece of DNA with the CFTR gene sequence) to assist in detecting CF.

GENETIC TECHNIQUES

To perform prenatal diagnosis, foetal DNA is obtained from the womb by chorionic villus

Sampling (CVS) which is nerfarmed ahant sioht wwaalra feéa coommm o o ™. - f
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extract the sample DNA by bursting the cell, which releases the nucle; and, subsequently, the

DNA M

. . .. . 15
enzyme, which cuts the CFTR gene at a specific recognition site.

The CFTR gene is isolated so specific testing can occur with the use of a restriction

Amplification of the DNA

extracts is performed using the polymerase chain reaction (PCR).

PCR involves the recycling of three reactions.

heated and denatured into single stands.'°

Firstly, the DNA containing the CFTR gene 1y

The enzyme DNA polvmerase is used to replicate the

DNA_ Short single strands of DNA. called primers, then pair themseives to either end of the

deita-F 308 region. which act as a new starting point for svnthesis of a new sirand

nolvmerase

e gelta-FI0S r

"2¢10n 107 tesling.

region’ (see

Fioure

I

nesy

The DN A

enzvme is finally added and uses nucieotides 1o create e DNA strancs coniaining

This cvcle is repeated untii there s an agequate sneC!
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Jetecung mutant CFTR werce
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source: Adapted from O'Neill. G. “Test identifies silent genes of genetic disease” The Aze. 1S/ T00 T

Following PCR amplification, allele-specific oligonucleotide (ASC} probing is

DNA extract from the amplified cells are made single-stranded and spotted onto 1wo filters

serrormed h

e
iils

is essential so one strand of specific base pairs can attach with the singie-strands probes added

These filters are covered with radioactive gene probes (approximately twenty base pairs long),

which are single stranded pieces of DNA with exposed radioactive bases. Thev are also called

Kmncar J. et al. Nature of Biology, Book 2. Jacaranda Press. Victoria, 1993, p. 230

" Wiesh. M. J, et al. op.cit.. p. 39

' Bains, W. * ‘Disease, DNA and diagnosis”,

" Ibid. p. 32

New Scicntist, May 1989, p. 32
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oligonucleotide probes and contain a normal probe (oligo-N) consisting of a sequence of

nucleotides. which have the CTT codon included. Whereas a mutated probe (oligo-delta-F)

contains a CTT codon deletion (see Figure ).

Figure &

Oligo-N: 3" CTTTTATAGTAGAAACCAC 5
Oligo-delta-F- 2> TTCTTTTATAGTA- - -ACCACAA &

»

“Idenufication of the CF gene: Genetic Anaivsis™. Scientist. Vol. 243 19Xy

Source: Adapted from Kerem. B,
0. 1078
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sequencel. it suggests that the foetus is missing the CT7 in it

"F_angd hence has 2 mutation at that site.

e wila

toosee where ovondisation has taken place. excess DN A is wasneg trom the tfilvers anc nincar
iNto & autoradiograpn.” If any bases mismatch is apparent, the roetus is said to posses the (FTR
mutation
BIOLOGICAL IMPLICATIONS

er the frequency i the delta-F308 CFTR sene witl

Prenatal diagnosis has enabled scientists 10 ait
such techniques as PCR. which enables multiplication of smaii rragments of DNA Cuicke

tha yrge o ,
US¢ T TECSIeTie Gf

Many copies of DN A can be made within a few hours, which eliminates the use

agents for cioning rragments of DNA. It aiso reduces the risk of geneticallv engmeerad nacteria

escaping nte the environment. ™

With knowledge acquired from prenatal diagnosis, ways of preventing the mutated CFTR gene
from being passed on to the next generation is possible. This allows the option of terminating the

foetus with the mutated genotype, which may lead to changes in the gene pool of the entire

" Kerem. B. “Identification of the CF gene: Genetic Analysis”, Scientist. Vol 245, 1989, p. 1078

‘91b1d p. 107¢
* Glausiusz, J. op. cit.. pp. 30-31
“ Ibid. n 31
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population. The human gene pool is the large range of gene combinations and the total genetic
make-up of a particular species in a given population (including those with the normal and
mutated CFTR gene).”* The ability to detect the defective CFTR gene will reduce the number of
aftected people with CF. But, knowing that affected foetuses can be detected might well increase
the number of children in such families and thereby increase the numbers of unaffected carriers of
CF. In the short term, there will probably be no noticeable effect, but in the long term the

number of people carrying the CF mutation could gradualiv increase.

RELEVANT ISSUES

enetic technology available to detect CF prenatallv has raised many ssues within the

il

commumty. Parents with a CF foetus mav feel thev are unabie o tinancially and csvchologicalis
care tor their child’s needs  However. with techniques ke 'S, thev are uiven tne opportuniry

{0 know whether their foetus has Cr'. which gives them time 1o make the decision regarding e

termunation of pregnancy ©  Regardless of their decision. . i3 important cor nareniz o oo
supperted. in tne 1orm or counselling, it thev aesire w0 avort & JF toetus. ™ This il ensure ines
CODE VIR the IMPHCAUONS O eI SiITUaLOn. FOT thoSe TArenis who feel thev Can iove and Jarc

mic. prenatal tesung orfers them the chance to adius
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es

Others argue that the chance of there being 2 mistaken foetal diagnosis is roo great-z-risk 1o rake

no: ATV

as a nheaithy roetus may be terminatec unnecessariiv  Prenaral diagnosis ¢* CF

accurate and has attachea to 1t a smaii risk of miscarriagze ~7 which expected narents need to b

aware ~ Some believe no-one has :he ri

» erminate e under any circumstancea., and cecice

wno ives and who dies, as all individuais nave a 71gnt 10 il

Word Count: 1495 (excluding sources)

~ Bains. W. op. cit.. p. 32

*> Asquini, L. et al. op. cit.. p.40
“ Ibid. p. 40

* Ibid. p. 41

* Ibid. p. 41
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