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Recent advances in recombinant DNA
rechnology have made possible the ma-
lecular analysis and prenatal dingnosis af
severn] human genetic diseases, Fetal
DNA obtained by amini<entesis or che-
rionic villus sampling ¢an be analyzed by
restriction enzyme digestion, with subse-
quent electropheresis, Southern trans-
fer, and specific hybridization 1o cloned
gene or oligonucleotide prabes. Wwith

This disease results from homozygosity
of the sickle-cell allele B%) at the B-
globin gene locus. The S allele differs
from the wild-type allele (8% by substi-
tution of an A in the wild-type 10 a T at
the second position of the sisth codon of
the { chain gene, resulting in the replace-
ment of 3 glutamic acid by a valine in the
expressed protein, For the prenatal diag:
nosis of sickle cell anemin, DNA ab-

Abstract, Twe new methods were used fe extablith a ropid and kighly sensitive
prenatal diagnostic test for sickle cell arertia. The first invoives the primer-mediaied
engymaric amplification of specific Peglobin rarger sequences in gERDMIC DNA,
resulting in the exponenticl increase 1220000 rimes) of 1arger DNA copies. [n the
second rechmique, the presence of the B4 and B¥ alleles is determined by restriction
endonuclease digestion of an enduobeled oligonucleoride probe hybridized in

solution fo the ampiified B-globin sequences.

The f-globin gemorype can be

determined in less than | day on samples confaining significantly less than |

microgram of genomic DNA.

polymorphic DMA markers linked ge-
netically to a specific disease locus, scg-
regation analysis must be carried out
with restriction fragment length poly-
morphisms (RFLE"s) found to be infor-
mative by sxamining DMA from family
members (I, 2},

Many of the hemoglobinopathies.
however, can be detected by more direet
metheds in which analysis of the fetus
alone is tent for & is. For ex-

tained by amniocentesis or chorionic vil-
lus sampling can be treated with a re-
yriction endonuclease (for example,
Dde 1 and Mst 1) thai recogmzes a
sequence altered by the 5* mutation (8-
11}, This generates B and pspecific
resiriction (ragments thal can be rc-
solved by Southern transfer and hiybrid-
ization with a -globin probe.

We have developed a procedure for

ample. the diagnosis of hydrops fetalis
{hemozygous o-thalassemial can  be
made by documenting the absence of any
a-globin genes by hybridization with an
a-globin probe (3-5). Homozygosity for
certain f-thalassemia alleles can be de-
termined in Southem transfer experi-
ments by using oligoniclentide probes
that form stable duplexes with the nod-
mal B-globin gene but form

the icn of the sickle cell mutation
that is very rapid and is at least two
orders of magnitude more sensitive than
standard Southern blotting, There are
twa special features to this protocel. The
first is a method for amplifying specific
B-globin DNA sequences with the use of
oligonuclectide primess and DMA poly-
merase (12). The second is the analysis
of the @-globin genotype by solulion hy-

i of the lificd DN A with a

unstable hybrds with specific mutanis
6. 7.

Sickle cell anemia can also be diag-
nosed by direct analysis of fetal DNA.
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specific oligonuciectide probe and sub-
sequent digestion with a pestnction en-
donuclease (13}, These two techniques
increase the speed and sensitivity, and

lessen the complexity of prenatal d.Lu.:

sis for sickle cell ancmia: they may alser
be generally applicable to the diagnosis
of other genetic disenses and in the nse.
of DMA probes for infectious disease

Sequence amplification by polymerase
chain reaction, We usc 2 1Wo-sI6p proce-
dure for deteemining the p-globin geng-
1ype of human genomic DNA sampleg,
First, a small portion of the B-ghobin
B nce
Dde [ restriction site diagnostc of the §*
allede is amplified. Mext, the presence or
ahsence of the Dde [ restriction site i
the amplified DNA sample is determined:
by solution hybridization with an end-
labeled complementary oligomer fol
lawed by restriction endonuclease diges-
tion, el is, and i
phy.

The B-globin gene segMment was ampl-
fied by the polymerase chain reaction
(PCR) procedure of Mullis and Faloona
{#2)in which we used 1wo 20-base oligo-
nucleotide primers that flank the region
w be amplified. One primer, PC4, is
complementary to the (+-itrand and the
ather, PCO3, is complementary &o the
{=)strand (Fig. 1), The annealing of
PCO4 1o the (+)-strand of denamured ge-
nomic DNA followed by extension with
1he Klenow fragment of Excherichia colf
DNA polymerase [ and deosymuclcotide

d ates results in the synthesis of
(~Fatrand fragment containing the target
sequence. AL the same time, a similar
reaction occurs with PC03, creating
netw (+)-strand. Since these newly syo-
thesized DMA strands are themschves.
template for the PCR primers, repeated
cycles of denaturation, primer annealiog,
and extension result in the siponential
aceumulation of the L10-base pair region
defined by the primers.

An example of the degree of specific
gene amplification achieved by the PCR
method is shown in Fig. 2A, Samples ol
DNA (1 ug) were amplificd for 20 cycles
and a fraction of each sample, equivalest
to 36 g of the original DNA, was sute
jected to alkaline gel Hmm&hﬂﬂ
wansferred 1o & aylon filter, The filter
was Chen hybridized with a P
s0-base aligonuclectide probe, RS06.
which i3 complementury 1o the Targe
sequence (Fig, 1A} buf not to the PCR
primers. The results, after a 2-hour ame-
radiographic exposure. show that & fr
ment hybridizing with the R506
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