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Enzymatic Amplification of B-Globin
Genomic Sequences and Restriction Site
Analysis for Diagnosis of Sickle Cell Anemia

Randall K. Saiki, Stephen Scharf, Fred Faloona, Kary B. Mullis
Glenn T. Horn, Henry A. Erlich, Norman Arnheim

Recent advances in recombinant DNA
technology have made possible the mo-
lecular analysis and prenatal diagnosis of
several human genetic diseases. Felal
DNA obtained by aminocentesis or cho-
rionic villus sampling can be analyzed by
restriction enzyme digestion, with subse-
quent electrophoresis, Southern trans-
fer, and specific hybridization to cloned
gene or oligonucleotide probes. With

This disease results from homozygosity
of the sickle-cell allele (B%) at the §-
globen gene locus. The S alleke differs
from the wild-type allele (B*) by substi-
tution of an A in the wild-lype to a T at
the second position of the sixth codon of
the @ chain gene, resulting in the replace-
ment of a ghitamic acid by a valine in the
expressed protein, For the prenatal diag-
nosis of sickle cell anemia, DNA ob-

Abstract. Two new methods were used 1o establish a rapid and highly sensitive
prenatal diagnostic test for sickle cell anemia. The first involves the primer-mediated
enzymatic amplification of specific §-globin target sequences in gemomic DNA,
resulting in the exponential increase (220,000 times) of 1arget DNA copies. In the
second technique, the presence of the B* and B* alleles i
endonuclease digestion of an end-labeled oligonucleotide probe hybridize
solution to the amplified @-globin sequences. The Peglobin genotype can be
determined in less than | day on samples conraining significamily less than !

microgram of genomic DNA.

polymorphic DNA markers linked ge-
netically to a specific disease locus, seg-
regation analysis must be carried out
with restriction fragment length poly-
morphisms (RFLP's) found to be infor-
mative by examining DNA from family
members (1, 2).

Many of the hemoglobinopathics,
however, can be detected by more direct
methods in which analysis of the fetus
alone is suflicient for diagnosis. For ex-
ample, the diagnosis of hydrops fetalis
(homozygous a-thalassemia) can be
made by documenting the absence of any
a-globin genes by hybridization with an
- gjnhm probe (3-5). Homozygosity for
certain P-thalassemia alleles can be de-
termined in Southern transfer experi-
ments by using oligonucleotide probes
that form stable duplexes with the nor-
mal f-globin gene sequence but form
unstable hybrids with specific mutants
. 7.

Sickle cell anemia can also be diag-
nosed by direct analysis of fetal DNA.
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tained by amniocentesis or chorionic vil-
lus sampling can be treated with a re-
striction endonuclease (for example,
Dde | and Mst 1) that recognizes a
sequence altered by the 8% mutation (5-
11). This generates - and B*-specific
restriction fragments that can be re-
solved by Southern transfer and hybnid-
i lmn with a g-globin probe,

e have developed a procedure for
the dc(ecuon 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
two special features to this protocol. The
first is & method for amplifying specific
B-globin DNA sequences with the use of
oligonucleotide primers and DNA poly-
merase (/2). The second i the analysis
of the @-globin genotype by solution hy-
bridization of the amplified DNA with a
specific oligonucleotide probe and sub-
sequent digestion with a restriction en-
donuclease (13). These two techniques
increase the speed and sensitivity, and
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lessen the complexity of prenatal diagno-
sis for sickle cell ancmia; they may also
be generally applicable to the diagnosis
of other genetic diseases and in the use
of DNA probes for infectious disease
dingnosis.

Sequence amplification by pelymerase
chain reaction. We use a two-slep proce-
dure for determining the -globin geno-
type of human genomic DNA samples.
First. & small portion of the B-globin
gene sequence spanning the polymorphic
Dde | restriction site diagnostic of the p*
allede 1s amplified. Next, the presence or
absence of the Dde 1 restriction site in
the amplified DNA sample is determined
by solution hybridization with an end-
labeled complementary  oligomer fol-
lowed by restriction endonuclease diges-
uon electrophoresis, and autoradiogra-

Iln. B-globin gene segment was ampli-
fied by the polymerase chan reaction
(PCR) procedure of Mullis and Falooni
(12) in which we used two 20-base oligo-
nucleotsde primers that flank the region
to be amplified. One primer, PCOM, is
complementary to the {+)-strand and the
other, PCO3, is complementary to the
(—)strand (Fig. 1). The annealing of
PCD4 to the (+)-strand of denatured ge-
nomic DNA followed by extension with
the Klenow fragment of Escherichia coll
DNA polymerase 1 and deoxynucleotide
triphosphates results in the synthesis of a
(~)-strand fragment containing the target
sequence. At the same time, a similar
reaction occurs with POO3, creating &
new (+)-strand, Since these newly syn-
thesized DNA strands are themselves
template for the PCR primers, repeated
cycles of denaturation, primer annealing.
and extension result in the exponential
accumuldation of the 110-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 of
DNA (1 ug) were amplified for 20 cycles
and a fraction of each sample, equivalent
to 36 ng of the original DNA, was sub-
jected to alkaline gel electrophoresis and
transferred to a nylon filter. The filter
was then hybridized with a
40-base oligonucleotide probe, RS06,
which s complementary to the target
sequence (Fig. 1A) but not to the PCR
primers. The results, after a 2-hour auto-
radiographic exposure, show that a frag-
ment hybridizing with the RS06 pn)tn:

han are i the Depariment of Hume
Corpocation, 140 _Fifty-Third
Emeryville, Cublorsin U608 The peoa
widress for N.A. Is Departmeat of B
g Universiy s Los Arge-
aX€9.0371,

SCIENCE, YOL. 2%

€ -
HoOeneBckas mpemust

1993



Vicnonb3oBaHue NLIP

Ton Yucno nyonukanui
1985 1

1986 3

1987 8

1988 139

1989 698

1990 2 668

1995 11 890

2000 16 430

2004 20 075




[lpumeHeHune T1LP

+ KnoHmnpoBaHue reHos
+ [[eHOTUNNPOBAHME OpPraHM3MOB

¢ [lMarHoctmka HacneacTtBeHHbIX,
MHMEKLMOHHbBIX N OHKOJIOrMYEeCKnX
3aboneBaHnN

o NpeHTudunkaumsa nMYHOCTU U YCTAHOBJIEHME
POACTBA; KPUMUHANUCTUKA

+ AHaNn3 ApeEBHUX OCTAHKOB, 3BOIOLMOHHAA
bunonorusa

o [etekunsa MO



OcHoBHble atanbl [1LP

+ NEHATYPALIUSA
o OTXKUI MPANMEPA

+ JJIOHTALUA



1) Denatypauna JHK

95°C
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2) OTxur (rmbpungmsayms)
npanmepos

Temnepartypa oTXxura 3aBUCUT OT OJSINHbI U
cocTtaBa npavmepos (50 — 70°C)




3) OnoHrayms
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Ae3okcnpmnbonykneosnarpudocdoTbl
(dATP, dGTP, dCTP, dTTP)
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Puc. 2; CxemaTnyeckoe nsobpaxerne nepsere uvkna NMUP. (1) QeraTypauus npu 94—96 °C. (2) &J
OTs#ur nput 88 °C (hanpumep). (3) 3noxrauns npu 72 °C (P=nonumepasza). (4) 3aKoHYEH NEPBLII LUKN.
Ose nonyynswurecs OHK-uenu cny«aT MaTpULE ANA CNESYIOWEro LHKNa, NO3TOMY KONUYECTBO
maTpuyHol HK B xoge kaxgore yukna ygeaneaeTcs




YBennyeHne aMninMkoHa npomucxoauT B
reoMeTpuruyeckomn nporpeccumn
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4 copics 8 copies 16 copies 32 copies 2 =68 billion copics

(Andy Vicrstracte 1999)




[HK-nonnmepasbl, "CNonb3yemMbie npu
nposeneHun NLP

Termus aquaticus — 6akrepus,

XUBYLLASA B ropsivYnXx UCTOYHUKAX
ennoycToOHCKOro HauMoHarnbHOro napka
CLA npu temneparype, bnunskom 85 °C




[HK-nonnmepasbl, "CNonb3yemMbie npu
nposeneHun NLP

JAHK-nosumepasa

Bpemst akTuBHOCTH
npu 95°C (MuH)

5'-3' 3k30HyKII€a3Has
AKTUBHOCTH (+/-)

3'-5' 3k30HyKII€a3HAs
AKTUBHOCTHD (+/-)

Taq 40 + :
Tth 20 + -
Pfu 120 . +
Vent 400 . +
Deep Vent 1300 - +
UlTma 50 . +
Pwo 120 - +




[Topbop npanmepos

NnvnHa npanmepoB — 18-30 HyK/S1eOoTUAOB
CoanepxaHune GC gomxkHo coctaBndatb 45-55%

Pa3sHuua B TEMNepaTypax oTXkura Mexay
NnpssMbIM U 06paTHbLIM NpanMepoM He 6orsiee
5°C

He nonxHbl opMMUpoBaTb AMMEPLI Ha
3-KOHUaX

57 -ACCGGTAGCCACGAATTCGT-3"

3" -TGCTTAAGCACCGATGGCCA-5"

He nomxXHbl opMMpoBaTh LUMNWIEK Ha
3-KOHUe

57 -GTTGACTTGATA

[T

3 "-GAACTCT



OCHOBHbIE KOMIMOHEHTbI AN
npoeeneHua MNLP

+ JHK-MaTpuua
+ JHK-nonnMmepasa
+ bydep.:
- 10 mM Tris-HCI, pH = 8,0-8,8;
- 50 mM KClI;
- 1,5-2.5 mM MgCl,
+ [MpanmMepbl
o dANTP




[lononHmnTenbHble KOMMOHEHTHLI ANA
npoeeneHua MNLP

AMCO (5%) — ynyuywaet amnnndukaumo GC-
6oraTbiX MaTpUL, U OTKUI NpaliMepoB

CDOpMaMl/I,CI, (1-5%) — ynydweHune
CrneunduyYHOCTN peakummn
[ AnuepuH (1-10%), BCA (0,01-0,1%),

Triton X100 (0.05-0.1) — crabunusaTopsbl
dbepmMmeHTa

(NH4)2504 (1-10%) - ynyuJlleHMe oTxura
npanMepos



NHrnoutopsl MNMLP

HNuarudurop KoHuenTpanus
HHIHOHTOPA

SDS >(0,005%
(heHOIT >(0.2%
3TAHOI >1%

I130IIPOIIAHOT >1%
arieTaT HaTpHId =5 MM
XJTOPUCTHRII HATPUIT >25 MM
EDTA =>0.05 MM
reMOIJIO0H >] Mr/mi
MOU€EeBHHA =20MM




[lporpamma gna nposegeHua NLIP

95°C- 2 MUH (ropsiumii cTapT - AeHaTypauums)
2) 94°C -30 cek (aeHaTtypaums)|

3) 62°C -45 cek (0Txur) 25-40UMKIOB
4) 72°C -40 cek (anoHraums)

72°C -3-5 MUH (KOHeuYHas 3a0Hraums)
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cycle number

+ WcTtoweHmne cybectpaTtoB (ANTP n npanmMepoB)
+ [lapeHne akTnBHoCTU ANTP 1 dpepmeHTa

+ HakonneHune MHrmMbmutopos, HanpuMmep,
nupodocdartos n AHK-aynnekcos

+ KOHKypeHUus 3a peareHToB Hecrneunpuyecknmmn
NpoAyKTaMun Unu npanMep-anMmepamu

+ KoHueHTpauma cneundunyeckoro npoayKra u

HEeMosIHasa AeHaTypauus npu BbICOKOM KOHLEHTpaLuum
NpoAyKTOB aMnandukaumn.



