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Technical Tips 

Multiplex PCR 
for Rapid 
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AF508, the major muta t ion  causing 
cystic fibrosis (CF), (1) occurs on 55.6% 
(297/534) of CF chromosomes in the 
Italian population.  Screening for the 
additional 28 mutat ions  carried out to 
estimate the frequency of more rare 
molecular defects revealed that  1717- 
1 G ~ A  (2) and G542X (3) are also rela- 
tively abundant ,  as they account  for 
11.6% (21/181) and 9.7% (20/207) of 
non-AF508 CF chromosomes,  respec- 
tively. To simplify the analysis of these 
mutat ions,  we have developed a multi- 

plex PCR using allele-specific primers 
for the detection of AF508 and a PCR- 
mediated site-directed mutagenesis 
(PSDM) (4) for the analysis of 1717- 
1G-~A, already described elsewhere/s) 
and G542X (Fig. 1). 

Modified reverse primers (5 ' -CTC- 
TGCAAACTFGGAGAGGTC-3 ' for 
1717-1G~A and 5 ' -CAGTGTGATTCC- 
ACCTTCAC-3' for G542X) conta ining 
a single-base mismatch  were designed 
to create an artificial restriction site 
(AvalI for 1717-1G~A and HphI for 

FIGURE 1 Multiplex PCR for the analysis of AF508, 1717-1G~A and G542X mutations. (A) 
Ethidium bromide-stained NuSieve-agarose gel electrophoresis of PCR products for the identi- 
fication of the AF508 mutation. PCR for AF508 generates a 223-bp fragment, for G542X a 
175-bp fragment, and for 1717-1G-~A a 136-bp fragment. (Lanes la) Samples amplified with 
the allele-specific primer corresponding to the wild-type allele for AF508; (lanes lb) same 
samples, amplified with the allele-specific primer corresponding to the mutated allele for 
AF508. Patient 1, AF508/AF508; Patient 2, control N/N; Patient 3, AF508/1717-1G~A; Patient 
4, AFS08/G542X. (Lane M) pBR322/HaellI molecular weight marker. (B) Ethidium bromide- 
stained PAGE electrophoresis of digested PCR products for the detection of the 1717-1G-~A 
and G542X mutations. The amplified 175-bp fragment for G542X, after HphI digestion, gives 
rise to 162- and 13-bp fragments for wild-type alleles and remains undigested for mutated al- 
leles. The amplified 136-bp fragment for 1717-1G~A, after Avail digestion, gives rise to 116- 
and 20obp fragments for wild-type alleles and remains undigested for mutated alleles. (Lanes 
I-3) Avail digestion; (lanes 4-6) HphI digestion. (Lane I) Patient 3 (AFS08/1717-1G~A): Avail 
digestion produces both a 116-bp fragment, due to the presence of the site in the wild-type 
allele for 1717-1G~A, and the 136obp undigested fragment, due to the presence of 1717- 
1G-~A on the mutated allele. (Lane 2) Patient 4 (AF508/G542X): Avail digestion generates the 
116-bp fragment corresponding to both wild-type alleles for 1717-1G-~A. (Lane 3) Patient 2 
(control N/N): Avail digestion generates the 116-bp fragment corresponding to both wild- 
type alleles. (Lane 4) Patient 3 (AF508/1717-1G~A). HphI digestion generates the 162-bp frag- 
ment corresponding to both wild-type alleles for G542X. (Lane 5) Patient 4 (AF508/G542X): 
HphI digestion generates the 162-bp fragment corresponding to the wild-type allele for 
G542X and leaves undigested the 175-bp fragment, corresponding to the G542X mutated al- 
lele. (Lane 6) Patient 2 (control N/N): HphI digestion produces the 162-bp fragment cor- 
responding to both wild-type alleles. (Lane 7) Undigested control sample. Sizes on the left are 
in base pairs. 
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G542X) which is present in the PCR 
product of a wild-type allele but  is 
lacking in an amplif ied mutated allele. 
Both PSDM reactions employ the for- 
ward primer made available by the CF 
Genetic Analysis Consor t ium to ampli- 
fy exon 11 (5'-CAACTGTGGTTAAAG- 
CAATAGTGT-3')(3) For the detection 
of AF508, the allele-specific forward 
primer (either 5'-GGCACCATTAA- 
AGAAAATATCATCTr-3' for the wild- 
type allele or 5'-GGCACCATTAAA- 
GAAAATATCATTGG-3' for the AF508 
deleted allele) (6) was employed in com- 
b inat ion  with the reverse primer ( 5 ' -  
C A T T C A C A G T A G C T T A C C C A - 3  ' ) 
c o m m o n l y  used to amplify exon 10. (3) 

PCR was performed on 1 ~g of 
genomic purified DNA at the following 
conditions: 10 mM Tris~ (pH 8.3), 
50 mM KCI, 1.5 mM MgCl2, 0.01% gela- 
tin, 200 ~M each dNTP, Taq polymer~ 
ase 1.25 units (Perkin-Elmer Cetus), 50 
pmoles of exon 11 forward primer, 20 
pmoles of exon 10 reverse primer and 
each allele-specific primer for AF508, 
22.5 pmoles of PSDM reverse primer 
for 1717-1G~A and 35 picomoles of 
PSDM reverse primer for G542X in a 
final volume of 50 ~l. Denaturat ion 
was 1 min  at 94~ anneal ing  45 sec at 
55~ and extension 1 rain at 72~ for 
a total of 30 cycles. The last cycle was 
followed by a 7-min step at 72~ 
Alternatively, PCR can be directly per- 
formed on the 1.5-ram spots on Guth- 
rie cards, after 30 rain boil ing extrac- 
t ion in water at 95-97~ of the card 
previously cut into very little slices. 
Amplification of Guthrie cards is better 
achieved at the above-ment ioned con- 
ditions, adjusting the concentrat ion of 
the reagents to a final volume of 100 
~l. 

For the detection of AF508, an ali- 
quot (10 ~l) of the PCR reaction was 
electrophoresed on an e th id ium bro- 
mide-stained NuSieve 1%-agarose 3% 
minigel  at 100 volts for 30 min.  For 
the detection of 1717-1G~A and 
G542X in those samples that had not  
been diagnosed as AF508 homozygous 
by the previous gel, the amplif ied pro- 
ducts were separately digested after 
ethanol precipitation, with either AvalI 
or HphI, under  the condit ions recom- 
mended  by the manufacturers.  Electro- 
phoresis was carried out on a 15% 
PAGE minigel  at 150 volts for 2 hr. The 
reliability of the method  was assessed 

on CF chromosomes carrying either 
the AF508 (40 chromosomes),  or the 
1717-1G-~A or the G542X mutat ion 
(10 chromosomes each), which  had al- 
ready been characterized by different 
techniques such as direct sequencing 
or radiolabeled allele-specific oligo- 
nucleotide hybridization.  

More than  150 different samples 
were analyzed using this me thod  
without  any problem in mult iplex 
amplification. The only  difficulty in 
setting up the mult iplex PCR condi t ion 
was in de termining the right propor- 
t ion in picomoles of each set of primer 
to obtain fragments amplif ied with the 
correct efficiency for generating bands 
of comparable intensity. The possibil- 
ity of employing  mismatched  primers 
to introduce base substitutions creating 
a novel restriction site in the wild-type 
and not in the mutated allelic form, 
coupled with the use of allele-specifc 
primers, allows a mult iplex amplifica- 
tion for the detection of mutat ions  
that are p redominan t  in our popula- 
tion. Because the combined  analysis of 
the AF508, 1717-1G~A, and G542X 
mutat ions  would allow the detection 
of about 65% of the molecular defects 
present in Italy, this test may  con- 
stitute a fast and easy approach for 
adult and neonatal  carrier screening. 
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