
EP 0 237 362 B1 Description This invention relates to a process for
detecting nucleotide variations, mutations and polymorphisms by amplifying
nucleic acid sequences suspected of containing such mutations or
polymorphisms and detecting 5   them with sequence-specfifc
oligonucleotides in a dot blot format. In recent years, the molecular basis
of a number of human genetic diseases has been elucidated by the
application of recombinant DNA technology. In particular, the detection of
specific polymorphic restriction sites in human genomic DNA associated with
genetic disease, such as sickle-cell anemia, has provided clinically
valuable information for prenatal diagnosis. In these studies, the presence
or absence of a specific site Is 10  revealed by restriction fragment
length polymorphism (RFLP) analysis, a method in which variation in the
size of a specific genomic restriction fragment is detected by Southern
blotting and hybridization of the immoblized genomic DNA with a labeled
probe. RFLP analysis has proved useful in the direct detection of
polymorphic sites that contain the mutation conferring the disease
phenotype (e.g., Mstil and sickle-cell anemia) as well as in linkage
studies where a particular allelic restriction site is linked to a disease
locus within a family but not 15  necessarily,in the general population.
See, for example, Kan and Dozy, PNAS (USA), 75, 5631 (1978), and Rubin and
Kan, Lancet, 1985-1, 75 (1985). See also Geever et al., PNAS (USA), 78,
5081 (1981) and Wilson et al., PNAS (USA), 79 3628 (1982). In a second
method, called "oligomerrestriction", a synthetic end-labeled
oligonucleotide probe is annealed in solution to the targetgenomic
DNAsequence and a restriction enzyme is added to cleave any hybrids formed.
20  This method, the specificity of which depends on the ability of a base
pair mismatch within the restriction site to abolish or Inhibit cleavage,
is described more fully by Salki et al., Biotechnology, 3, 1008-1012
(1985). In addition, the sensitivity of this technique may be enhanced by
utilizing a polymerase chain reaction procedure wherein the sample is first
subjected to treatment with specific primers, polymerase and nucleotides to
amplify the signal forsubsequentdetection. This is described more fully by
Salki etal., Science, 230,1350-1353 (1985). 25      A third method for
detecting allelic variations which is independent of restriction site
polymorphism utilizes sequence-specific syntnetic oligonucleotide probes.
See Conner et al., PNAS (USA), 80, 78 (1983). This latter technique has
been applied to the prenatal diagnosis of [err]-antitrypsin deficiency
(Kidd et al., Nature, 304,230 (1983)) and [err]-thalassemia (Pirastu et
al., N. Engl. J. Med., 309, 284 (1983)). In addition, the technique has
been applied to study the polymorphism of HLA-[err] using Southern blotting
(Angelini et al., PNAS (USA), 83, 30  4489-4493 (1986)). The basis for this
procedure is that underappropriate hybridization conditions a
shortoligonucleotide probe of at least 19 bases (19-mer) will anneal only
to those sequences to which it is perfectly matched, a single base pair
mismatch being sufficiently destabilizing to prevent hybridization. The
distinction between the allelic vari- ants Is based on the thermal
stability of the duplex formed between the genomic DNA and the
oligonucleotide 35  (19-mer) probe. In addition, methods for detecting base
pairmismatches in double-stranded RNA and RNA:DNA heterodup- lexes have
been described using pancreatic ribonuclease (RNase A) to cleave the
heteroduplexes. Winter et al., PNAS (USA), 82:7575-7579 (1985) and Myers et
al., Science, 230:1242-1246 (1985). The principal de- ficiency of this
method is its inability to recognize all types of base pair mismatches. 40
Both the RFLP and oligonucleotide probe stability methods are relatively
complex procedures, requiring restriction enzyme digestion,
gel-fractionation of the genomic DNA, denaturation of the DNA,
immobilization of the DNA either by transfer to a filter membrane or
dessication of the gel itself, and hybridization of a labeled probe to the
electrophoretically resolved array of immobilized genomic restriction
fragments. These steps are necessary, for the oligonucleotide probe
stability method, due to the complexity of human genomic DNA. Res- 45
triction and electrophoresis are necessary to separate the target sequence
("signal") from the rest of the genome ("noise"), and hybridization in the
gel (instead of filter transfer) is necessary to retain as much target
sequence as possible. Even then, detection of a signal in a 10 [err] sample
using a high specific activity kinased probe requires an autoradiographic
exposure of four days. In addition, the approach of Conner et al. requires
at least a 19-mer probe for reasons of specificity (a shor- 50  ter probe
would hybridize to more genomic fragments), as well as possibly
sensitivity. Shorter probes (e.g., 16`-mers), however, would show more
sequence-specific discrimination because a single mismatch would be more
destabilizing. There is a need in the art for a simplified method with
Improved sensitivity and specificity for directly detect- 



ing single-base differences In nucleic acids such as genomic DNA. 55
Accordingly, the present invention provides a method for detecting single
or multiple nucleoide variations in nucleic acid sequence from any source,
for use in detecting any type of disease or condition. The method herein
dirctly detects the sequence variation, eliminating the need for
restriction digestion, electrophoresis, and gel manipulations otherwise
required. In addition, the method herein provides for Improved specificity
and 2    EP 0 237 362 B1 sensitivity of the probe; an interpretable signal
can be obtained with a 0.04 [err] sample in six hours. Thirdly, if the
amount of sample spotted on a membrane is increased to 0.1-0.5 [err],
non-isotopically labeled oligonuc- leotides may be utilized ratherthan the
radioactive probes used in previous methods. Finally, the process herein is
applicable to use of sequence-specific oligonucleotides less than 19mers in
size thus allowing use of more 5   discriminatory sequence-specific
oligonucleotides. Specifically, the present invention provides for a
process for detecting the presence or absence of at least one nucleotide
variation in sequence in one or more nucleic acids contained in a sample,
which process com- prises: (a) treating the sample, together or
sequentially, with four different nucleotide triphosphates, an agent for 10
poymerization of the nucleotide triphosphates, and one oigonucleotide
primerfor each strand of each nuc- leic acid suspected of containing said
variation under hybridizing conditions, such that for each nucleic acid
strand containing each different variation to be detected, an extension
product of each primer is synthesized which is complementary to each
nucleic acid strand, wherein said primer or primers are selected so as to
be substantially complementary to each nucleic acid strand containing each
different variation, such that 15     the extension product synthesized
from one primer, when It Is separated from its complement can serve as a
template for synthesis of the extension product of the other primer; (b)
treating the sample under denaturing conditions to separate the primer
extension products from their templates if the variation(s) to be detected
are present; (c) treating the sample, togetherorsequentially, with said
fournucleotide triphosphates, an agentforpolym- 20      erization of the
nucleotide triphosphates, and oligonucleotide primers such that a primer
extension product Is synthesized using each of the single strands produced
in step (b) as a template, wherein steps (b) and (c) are repeated a
sufficient number of times to result in detectable amplification of the
nuclelc acid con- taining the sequence variations), If present; (d)
affixing the product of step (c) to a membrane; 25     (e) treating the
membrane under hybridization conditions with a labeled sequence-specific
oligonucleotide probe capable of hybridizing with the amplified nudeic acid
sequence only if a sequence of the probe is complementary to a region of
the amplified sequence; and (f) detecting whether the probe has hybridized
to an amplified sequence in the nucleic acid sample. Steps (b) and (c) are
preferably repeated at least five times, and more preferably 15-30 times if
the sample 30  contains human genomic DNA. If the sample comprises cells,
preferably they are heated before step (a) to exp- ose the nucleic acids
therein to the reagents. This step avoids purification of the nucleic acids
prior to reagent addition. In a variation of this process, the primer(s)
and/or nucleotide triphosphates are labeled so that the resulting amplified
sequence is labeled. The labeled primer(s) and/or nucleotide
triphosphate(s) can be present In the 35 reaction mixture initially or
added during a later cycle. The sequence-specific oligonucleotide
(unlabeled) is affixed to a membrane and treated under hybridization
conditions with the labeled amplification product so that hybridization
will occur only if the membrane-bound sequence is present in the
amplification product. In another embodiment, the invention herein relates
to a kit for detecting the presence or absence of at least one nucleotide
variation in sequence in one or more nucleic acids contained in a sample,
which kit com- 40  prises, in packaged form, a multicontainer unit having:
(a) one contalnerforeach oligonucleotide primerforeach nucleic acid strand
containing each different vari- ation being detected, which primer(s) are
substantially complementary to each strand containing each dif- ferent
variation, such that an extension product synthesized from one primer, when
it is separated from Its 



complement can serve as a template for the synthesis of the extension
product of the other primer so as 45     to produce one or more amplified
nucleic acid sequences if the sequence variation(s) are present, (b) a
container for an agent for polymerization; (c) a container for each of four
different nucleotide triphosphates; (d) one containerfor each labeled
sequence-specific oligonucleotide capable of hybridizing with each poss-
ible sequence variation in the ampified nucleic acid sequence; and 50
(e) container(s) for reagents which detect hybridization of the probes to
the amplified sequence. Regarding genetic diseases, while RFLP requires a
polymorphic restriction site to be associated with the disease,
sequence-specific oligonucleotides directly detect the genetic lesion and
are generally more useful for the analysis of such genetic diseases as
hemoglobin C disease, [err]-antitrypsin and [err]-thalassemia which result
from single or multiple base mutations. In addition, the oligonucleotides
can be used to distinguish be- 55  tween genetic variants which represent
different alleles (e.g. HLA typing), indicating the feasibility of a se-
quence-specific oligonucleotide-based HLA typing kit. The term "nucleotide
variation in sequence" refers to any single or multiple nucleotide
substitutions, dele- tions or insertions. These nucleotide variations may
be mutant or polymorphic allele variations. Therefore, the 3    EP 0 237
362 B1 process herein can detect single nucleotide changes in nucleic acids
such as occur in [err]-globin genetic diseases caused by single-base
mutations, additions and deletions (some [err]-thalassemias, sickle cell
anemia, hemog- lobin C disease, etc.), as well as multiple-base variations
such as are involved with a-thalassemia or some [err]- thalassemias. The
process can also detect polymorphisms, which are not necessarily associated
with a 5   disease, but are merely a condition in which two or more
different nucleotide sequences (whether having sub- stituted, deleted or
inserted nucleotide base pairs) can exist at a particular site in the
nucleic acid in the popu- lation, as with HLA regions of the human genome
and random polymorphisms such as in mitochondrial DNA. The polymorphic
sequence-specific oligonucleotide probes described in detail hereinafter
may be used as genetic markers linked to a disease such as
insulin-dependentdiabetes or in forensic applications. If the nucleic 10
acid is double-stranded, the nucleotide variation in sequence becomes a
base pair variation In sequence. The term "oligonucleotide" as used herein
Is defined as a molecule comprised of two ormore deoxyribonuc- leotides or
ribmonucleotides, preferably more than three. Its exact size will depend on
many factors, which In turn depend on the ultimate function or use of the
oligonucleotide. The oligonucleotide may be derived synth- etically or by
cloning. 15      The term "primer" as used herein refers to an
oligonucleotide, whether occurring naturally as in a purified restriction
digest or produced synthetically, which Is capable of acting as a point of
initiation of synthesis when placed under conditions in which synthesis of
a primer extension product which is complementary to a nucleic acid strand
is induced, i.e., In the presence of four different nucleotide
triphosphates and an agent for polym- erization such as DNA polymerase in
an appropriate buffer ("buffer" includes pH, ionic strength, cofactors,
etc.) 20  and at a suitable temperature. The primer Is preferably single
stranded for maximum efficiency in amplification, but may alternatively be
double stranded. If double stranded, the primer is first treated to
separate its strands before being used to prep- are extension products.
Preferably, the primer is an oligodeoxyribonucleotide. The primer must be
sufficiently long to prime the synthesis of extension products in the
presence of the agent for polymerization. The exact 25  lengths of the
primers will depend on many factors, including temperature and source of
primer and use of the method. For example, depending on the complexity of
the target sequence, the oligonucleotide primer typically contains 15-25
nucleotides, although it may contain more or fewer nucleotides. Short
primer molecules gen- erally require lower temperatures to form
sufficiently stable hybrid complexes with the template. The primers herein
are selected to be "substantially" complementary to the different strands
of each specific 30  sequence to be amplified. This means that the primers
must be sufficiently complementary to hybridize with their respective
strands. Therefore, the primer sequence need not reflect the exact sequence
of the template. For example, a non-complementary nucleotide fragment may
be attached to the 5' end of the primer, with the remainder of the primer
sequence being complementary to the strand. Typically, the primers have
exact com- 



plementarity to obtain the best detection results. 35      The term
"sequence-specific oligonucleotides" refers to oligonucleotides which will
hybridize to specific sequences,-whether or not contained on alleles which
sequences span the nucleotide variation being detected and are specific for
the sequence variation being detected. Depending on the sequences being
analyzed, one or more sequence-specific oligonucleotides may be employed
for each sequence, as described further herein- below. 40      As used
herein, the term "thermostable enzyme" refers to an enzyme which is stable
to heat and is heat resistant and catalyzes (facilitates) combination of
the nucleotides in the proper manner to form the primer extension products
which are complementary to each nucleic acid strand. Generally, the
synthesis will be initiated at the 3' end of each primer and will proceed
in the 5' direction along the template strand, until synthesis terminates,
producing molecules of different lengths. There may be thermostable
enzymes, however, which 45  initiate synthesis at the 5' end and proceed in
the other direction, using the same process as described above. A purified
thermostable enzyme is described more fully in Example VIII hereinbelow.
The present Invention is directed to a process for amplifying any one or
more specific nucleic acid sequ- ences (as defined herein to contain one or
more nucleotide variations) suspected of being in one or more nucleic
acids. 50     In general, the present process involves a chain reaction for
producing, in exponential quantities relative to the number of reaction
steps involved, at least one specific nucleic acid sequence given (a) that
the ends of the required sequence are known in sufficient detail that
oligonucleotides can be synthesized which will hyb- ridize to them, and (b)
that a small amount of the sequence is available to initiate the chain
reaction. The product of the chain reaction will be a discrete nucleic acid
duplex with termini corresponding to the ends of the specific 55   primers
employed. Any nucleic acid, in purified or nonpurified form, can be
utilized as the starting nucleic acid or acids, provided it is suspected of
containing the sequence being detected. Thus, the process may employ, for
example, DNA or RNA, Including messenger RNA, which DNAor RNA may be single
stranded or double stranded, In addition, 4    EP 0 237 362 B1 a DNA-RNA
hybrid which contains one strand of each may be utilized. A mixture of any
of these nucleic acids may also be employed, or the nucleic acids produced
from a previous amplification reaction herein using the same or different
primers may be so utilized. The specific nucleic acid sequence to he
amplified may be only a fraction of a larger molecule or can be present
initially as a discrete molecule, so that the specific sequence 5
constitutes the entire nucleic acid. It is not necessary that the sequence
to be amplified be present initially In a pure form; it may be a minor
fraction of a complex mixture, such as a portion of the [err]-globin gene
contained in whole human DNA, or z portion of nucleic acid sequence due to
a particular microorganism which organism might constitute only a very
minor fraction of a particular biological sample. The starting nucleic acid
may contain more than one desired specific 10  nucleic acid sequence which
may be the same or different. Therefore, the present process is useful not
only for producing large amounts of one specific nucleic acid sequence, but
also for amplifying simultaneously more than one different specific nucleic
acid sequence located on the same or different nucleic acid molecules if
more than one of the base pair variations in sequence is present. The
nucleic acid or acids may be obtained from any source, for example, from
plasmids such as pBR322, 15  from cloned DNA or RNA, or from natural DNA or
RNA from any source, including bacteria, yeast, viruses, organelles, and
higher organisms such as plants or animals. DNA or RNA may be extracted
from blood, tissue material such as chorionic VIII or amniotic cells by a
variety of techniques such as that described by maniatis et al., Molecular
Cloning (1982), 280-281. The cells may be directly used without
purification of the nucleic acid if they are suspended in hypotonic 20
buffer and heated to about [err], until cell lysis and dispersion of
intracellular components occur, generally about 1 to 15 minutes. After the
heating step the amplification reagents may be added directly to the lysed
cells. This direct cell detection method may be used on peripheral blood
lymphocytes and amniocytes. Any specific nuclel acid sequence can be
amplified by the present process. It is only necessary that a 



sufficient number of bases at both ends of the sequence be known in
sufficient detail so that two oligonucleotide 25 primers can be prepared
which will hybridize to different strands of the desired sequence and at
relative posi- tions along the sequence such that an extension product
synthesized from one primer, when It is separated from its template
(complement), can serve as a template for extension of the other primer
Into a nucleic acid of defined length. The greater the knowledge about the
bases at both ends of the sequence, the greater can be the specificity of
the primers for the target nucleic acid sequence, and thus the greater the
efficiency of the 30  process. It will be understood that the word "primer"
as used hereinafter may refer to more than one primer, particu- larly In
the case where there is some ambiguity In the information regarding the
terminal sequence(s) of the fragment to be amplified. For instance, in the
case where a nudeic acid sequence is inferred from protein sequ- ence
information, a collection of primers containing sequences representing all
possible codon variations based 35  on degeneracy of the genetic code will
be used for each strand. One primerfrom this collection will be homolog-
ous with the end of the desired sequence to be amplified. The
oligonucleotide primers may be prepared using any suitable method, such as,
for example the organic synthesis of a nucleic acid from nucleoside
derivatives. This synthesis may be performed in solution or on a solid
support. One type of organic synthesis is the phosphotriester method, which
has been utilized to prepare 40 gene fragments or short genes. In the
phosphotriester method, oligonucleotides are prepared that can then be
joined together to form longer nucleic acids. For a description of this
method, see Narang, S. A., et al., Meth. Enzymol, 68, 90 (1979) and U.S.
Patent No. 4,356,270. The patent describes the synthesis and cloning of the
somatostatin gene. A second type of organic synthesis Is the phosphodiester
method, which has been utilized to prepare a 45  tRNA gene. See Brown, E.
L., et al., Meth. Enzymol., 68, 109 (1979) for a description of this
method. As in the phosphotriester method, this phosphodlester method
Involves synthesis of oligonucleotides that are subse- quently joined
together to form the desired nucleic acid. Automated embodiments of these
methods may also be employed. in one such automated embodiment, di ethyl
phosphoramidites are used as starting materials and may be synthesized as
described by Beaucage 50 et al., Tetrahedron Letters (1981), 22:1859-1862.
One method for synthesizing oligonucleotides on a modified solid support is
described in U.S. Patent No. 4,458,066. It is also possible to use a
primerwhich has been iso- lated from a biological source (such as a
restriction endonuclease digest). The specific nucleic acid sequence is
produced by using the nucleic acid containing that sequence as a template.
If the nucleic acid contains two strands, it is necessary to separate the
strands of the nucleic acid 55 before it can be used as the template,
either as a separate step or simultaneously with the synthesis of the
primer extension products. This strand separation can be accomplished by
any suitable denaturing method including physical, chemical or enzymatic
means. One physical method of separating the strands of the nucleic acid
involves heating the nudeic acid until it is completely (>99%) denatured.
Typical heat denaturation may 5    EP 0 237 362 B1 involve temperatures
ranging from about 80 to 105Cfor times ranging from about 1 to 10 minutes.
Strand sepa- ration may also be induced by an enzyme from the class of
enzymes known as helicases or the enzyme RecA, which has helicase activity
and in the presence of riboATP is known to denature DNA. The reaction
conditions suitable for separating the strands of nucleic acids with
helicases are described by Kuhn Hoffmann-Berling, 5   CSH-Quantitative
Biology, 43:63 (1978), and techniques for using RecA are reviewed in C.
Radding, Ann. Rev. Genetics, 16:405-37 (1982). If the original nucleic acid
containing the sequence variation to be amplified is single stranded, its
comple- ment `s synthesized by adding one or two oligonucleotide primers
thereto. If an appropriate single primer is added, a primer extension
product is synthesized In the presence of the primer, an agent for
polymerization, 10  and the four nucleotide triphosphates described below.
The product will be partially complementary to the sin- gle-stranded
nucleic acid and will hybridize with the nucleic acid strand to form a
duplex of unequal length strands that may then be separated into single
strands as described above to produce two single separated complementary
strands. Alternatively, two appropriate primers may be added to the
single-stranded nucleic 



acid and the reaction carried out. 15     If the o ginal nucleic acid
constitutes the entire sequence variation to be amplified, the primer
extension product(s) produced will be completely complementary to the
strands of the original nucleic acid and will hyb- ridize therewith to form
a duplex of equal length strands to be separated Into single-stranded
molecules. When the complementary strands of the nucleic acid or acids are
separated, whether the nucleic acid was originally double or single
stranded, the strands are ready to be used as a template for the synthesis
of additional 20  nucleic acid strands. This synthesis can be performed
using any suitable method. Generally it occurs in a buf- fered aqueous
solution, preferably at a pH of 7-9, most preferably about 8. Preferably, a
molar excess (for cloned nucleic acid, usually about 1000:1 primertemplate,
and for genomic nucleic acid, usually about [err] primertemplate) of the
two olionucleotide primers is added to the buffer containing the separated
template strands. It Is understood, however, that the amount of
complementary strand may not be known if the process 25  herein is used for
diagnostic applications, so that the amount of primer relative to the
amount of complementary strand cannot be determined with certainty. As a
practical matter, however, the amount of primer added will generally be in
molar excess over the amount of complementary strand (template) when the
sequence to be amplified is contained in a mixture of complicated
long-chain nucleic acid strands. A large molar excess is pre- ferred to
Improve the efficiency of the process. 30      The deoxyribonucleoside
triphosphates dATP, dCTP, dGTP and TTP are also added to the synthesis
mixt- ure in adequate amounts and the resulting solution is heated to about
[err] for from about 1 to 10 minutes, preferably from 1 to 4 minutes. After
this heating period the solution Is allowed to cool to room temperature,
which is preferable for the primer hybridization. To the cooled mixture is
added an agent for polymerization, and the reaction is allowed to occur
under conditions known in the art. This synthesis reaction may occur at 35
from room temperature up to a temperature above which the Inducing agent no
longer functions efficiently. Thus, for example, if an E. coil DNA
polymerase is used as agent for polymerization, the temperature is gen-
erally no greater than about [err]. Most conveniently the reaction occurs
at room temperature. The agent for polymerization of the nucleotide
triphosphates may be any compound or system which will function to
accomplish the synthesis of primer extension products, Including enzymes.
Suitable enzymes for 40  this purpose Include, for example, E. coil DNA
Polymerase I, Kleenow fragment of E. coil DNA polymerase 1, T4 DNA
polymerase, other available DNA polymerases, reverse transcriptase, and
other enzymes, Including heat- stable enzymes, which will facilitate
combination of the nucleotides in the proper manner to form the primer
extension products which are complementary to each nucleic acid strand.
Generally, the synthesis will be Initiated at the 3' end of each primer and
proceed In the 5' direction along the template strand, until synthesis 45
terminates, producing molecules of different lengths. There may be agents,
however, which initiate synthesis at the 5' end and proceed In the other
direction, using the same process as described above. The newly synthesized
strand and Its complementary nucleic acid strand form a double-stranded
molecule which is used In the succeeding steps of the process. In the next
step, the strands of the double-stranded molecule are separated using any
of the procedures described above to provide single-stranded molecules. 50
New nucleic acid is synthesized on the single-stranded molecules.
Additional agent for polymerization, nuc- leotides and primers may be added
if necessary for the reaction to proceed under the conditions prescribed
above. Again, the synthesis will be initiated at one end of the
oligonucleotide primers and will proceed along the single strands of the
template to produce additional nucleic acid. Afterthis step, half of the
extension product will consist pf the specific nucleic acid sequence
bounded by the two primers. 55      The steps of strand separation and
extension product synthesis can be repeated as often as needed to produce
the desired quantity of the specific nucleic acid sequence. As will be
described in further detail below, the amount;of the specific nucleic acid
sequence produced will accumulate In an exponential fashion. When It is
desired to produce more than one specific nucleic acid sequence from the
first nucleic acid or 6    EP 0 237 362 B1 mixture of nudeic acids, the
appropriate number of different oligonucleotide primers are utilized. For
example, if two different specific nucleic acid sequences are to be
produced, four primers are utilized. Two of the primers are specffic for
one of the specific nuclei acid sequences and the other two prkners are
specific for the second 



specific nucleic acid sequence. In this manner, each of the two different
specific sequences can be produced 5   exponentially by the present
process. The present invention can be performed in a step-wise fashion
where after each sp new reagents are added, or simultaneously, where all
reagents are added at the initial step, or partially step-wise and
partially simultaneous, where fresh reagent Is added after a given number
of steps. If a method of strand separation, such as heat, is employed which
will Inactivate the inducing agent, as in the case of a heat-labile enzyme,
then 10  It Is necessary to replenish the agent for polymerization after
every strand separation step. The simultaneous method may be utilized when
an enzymatic means Is used for the strand separation step. In the
simultaneous procedure, ihe reaction mixture may contain, In addition to
the, nucleic acid strand(s) containing the desired sequence, the
strand-separating enzyme (e.g., helicase), an appropriate energy source for
the strand-separat- ing enzyme, such as rATP, the four nucleotides, the
oligonudeotide primers in molar excess, and the inducing 15 agent, e.g.,
Kienow fragment of E. coil DNA Polymerase 1. If heat is used for
denaturation In a simultaneous process, a heat-stable enzyme such as a
thermostable polymeraser may be employed which will operate at an elevated
temperatwre, preferably 65-90OC depending on the agent for polymerization,
at which temperature the nucleic acid will consist of single and double
strands In equilibrium. For smaller lengths of nucleic acid, lower
temperatures of about 500C may be employed. The 20  upper temperature will
depend on the temperature at which the enzyme will degrade or the
temperature above which an insufficient level of primer hybridization will
occur. Such a heat-stable enzyme Is described, e.g., by A. S. Kaledin et
al., Blokhimlya, 4, 644-651 (1980). Each step of the process will occur
sequentially notwith- standing the initial presence of all the reagents.
Additional materials may be added as necessary. After the appropriate
length of time has passed to produce the desired amount of the specific
nuclelc acid sequence, 25  the reaction may be halted by inactivating the
enzymes in any known manner or separating the components of the reaction.
In an alternative method using a thermostable enzyme, in step (a) the
primers, enzyme and nucleotide triphosphates are contacted with the nucleic
acid sample. In step (b) the mixture is treated to denature the nuc- lelc
acids and then Incubated at a temperature atwhich the primers can hybridize
to complementary sequences 30  In the nucleic acid sample. In step (c) the
mixture is heated for an effective time and at an effective temperature to
promote the activity of the enzyme, and to synthesize, for each different
sequence being amplified, an exten- sion product of each primer which is
complementary to each nuclel acid strand template, but not so high as to
separate teach extension product from Its complementary strand template. In
step (d) the mixture is heated for an effective time and at an effective
temperature to separate the primer 35  extension pfoducts from the
templates on which they were synthesized to produce single-stranded
molecules, but not so high as to denature the enzyme Irreversibly. In step
(e) the mixture Is cooled for an effective time and to an effective
temperature to promote hybridization of each primer to each of the
single-stranded molecules produced frl step (d). Finally, In step (1) the
mixture Is heated for an effective time and to an effective temperature. to
promote the activity of the enzyme and to synthesize, for each different
sequence being amplified, an exten- 40  sion product of each primer which
is complementary to each nucleic acid strand template produced In step (d),
but not so high as 5 to separate each extension product from its
complementary strand template, where steps (e) and (f) may be carried out
simultaneously or sequentially. A preferred thermostable enzyme which may
be employed In the process herein is extracted and purified from Themius
aquaticus and has a molecular weight of about 86,000-90,000 daltons. This
enzyme Is more fully 48  described In Example Vill hereinbelow. The process
of the present invention may be conducted continuously. In one preferred
embodiment of an automated process wherein a thermostable enzyme Is
employed, the reaction may be cycled through a denatur- ing region, a
primer annealing region, and a reaction region. In another embodiment, the
enzyme used for the synthesis of primer extension products can be
Immobilized in a column. The other reaction components can so  be
continuously circulated by a pump through the column and a heating coil in
series, thus the nucleic acids produced can be repeatedly denatured without
inactivating the enzyme. In one preferred embodiment even where a
thermostable enzyme Is not employed and the temperature Is raised and
lowered, one such instrument is an automated machine for handling the
amplification reaction of this invention. Briefly, this instrument utilizes
a liquid handling system under computer control to make liquid 55
transfers of enzyme stored at a controlled temperature in a first
receptacle Into a second receptacle whose tem- perature is Controlled by
the computer to conform to a certain incubation profile. The second
receptacle stores 



the nucleIc acid sequence(s) to be amplified plus the nucleotide
triphosphates and primers. The computer includes a ulser Interface through
which a user can enter process parameters which control the characteristics
7    EP 0 237 362 B1 of the various steps in the amplification sequence
such as the times and temperatures of incubation, the amount of enzyme to
transfer, etc. A preferred machine which may be employed which is
specifically adapted for use with a thermostable enzyme utilizes
temperature cycling without a liquid handling system because the enzyme
need not be trans- s   ferred at every cycle. Briefly, this Instrument
consists of the following systems: 1. A heat-conducting containerfor
holding a given number of tubes, preferably 500 pl tubes, which contain the
reaction mixture of nucdeotide triphosphates, primers, nuclelc acid
sequences, and enzyme. 2. A means to heat, cool, and maintain the
heat-conducting container above and below room temperature, which means has
an input for receiving a control signal for controlling which of the
temperatures at or to 10     which the container Is heated, cooled or
maintained. (This may be Peltier heat pumps available from Mate- rials
Electronics Products Corporation in Trenton, N.J. or a water heat
exchanger.) 3. A co~mputer means (e.g., a microprocessor controller),
coupled to the input of said means, to generate the s9gpals which control
automatically the amplification sequence, the temperature levels, and the
tem- perature ramping and timing. 15      The present Invention Is
demonstrated diagrammatically below where double-stranded DNA containing
the desired sequence [S) comprised of complementary strands [SI] and [Si Is
utilized as the nucleic acid. During the first and each subsequent reaction
cycle extension of each oligonudeotide primer on the original template will
produce one newssDNA molecule productof indefinite length which terminates
with only one of the primers. These products, hereafter referred to as
"long products," wEil accumulate in a linear fashion; that is, the amount
20  present after any number of cycles will be proportional to the number
of cycles. The long products thus produced will act as templates for one or
the other of the oligonucdeotide primers during subsequent cycles and will
produce molecules of the desired sequence [SI or [Si These molecules will
also function as templates for one or the other of the oligonucleotide
primers, producing further [SI and [Si, and thus a chain reaction can be
sustained which will result In the accumulation of [SI at an exponential 25
rate relative to the number of cycles. By-products formed by
oligonucleotide hybridizations other than those intended are not
self-catalytic (except In rare Instances) and thus accumulate at a linear
rate. The specific sequence to be amplified, [S], can be depicted
diagrammatically as: 30 (5+             5'  AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC
3' [Si]             3'  TTTTTTTTTTYYYYYYYYYYSGGGOGGGGG  5' 35  The
approphate oligonucleotide primers would be: Primer 1:
GGGGGGGGGG Primer 2:               AAAAAAAAAA 40 so that if DNA containing
[S] ....zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCZZZZZZZZZZZZZZZZ....
....zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz..e. is
separated into single strands and ts single strands are hybridized to
Primers I and 2, the following extension reactions can be catalyzed by DNA
polymerase In the presence of the four deoxyribonucleoside triphosphates:
50 55 8    



EP 0 237 362 BI 3'       5' extends                          GGGGGGGGGG
Primer I ...
zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXXCCCCCCCCCzzzzzzzzzzzzzzzz.... original
template strand+ original template strand- *
*.zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz.... 10
Primer 2      AAAAAAAAAA-)3 extends 5'       3' 15 On denaturation of the
two duplexes formed, the products are: 3'
5' ....zzzzzzzzzzzzzzzzTTTTTTTTTTVYYYYYYYYYGGGGGGGGGG newly synthesized
long product 1 5'
3' 25
....zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz....
original template strand+ 3V
5' 30 *.
.zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz....
original teuplate strand- 35                       533 5
~~~~~~~~~~~~~~~31 AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz.... newly
synthesized long product 2 40 If these four strands are allowed to
rehybridize with Primers I and 2 In the next cycle, the agent for polymeri-
zatlon will catalyze the following reactions: Primer 2       5'  AAAAAAAAAA
-                    extends to here
3'....zzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' newly synthesized
long product 1 extends< (GGGGGGGGGG 5' Primer 1 50 9    EP 0 237 362 Bi
5'....zzzzzzzzzzzzzzAAAAPkAAAAAXXXXXXXXXXCCCCCCCCCCZZZZZZZZZZUZZ....3'
original template strands 5         Primer 2        5'  AAAAAAAAAA
3extends 3'.... zzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYGGGGGGGGGGzzzzizzzz...
.' original template strand- extends to here(
GGGGGGGGGG  5'  Primer 1 10 5'
AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz. .3' newly synthesized long
product 2 15  If the strands of the above four duplexes are separated, the
following strands are found: 5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' newly
synthesized [S 3 20 3'....zzzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG
5' k^_     first cycle synthesized long product 1  - 



3' ...zzzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGBGGGGG 5' 25   newly
synthesized long product 1 5'
....zzzzzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzz... .3'
original template strand 5'
AAAAAAAAAAXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz...3' newly synthesized long
product 2 3'
..zzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGezzzzzzzzzzzzzzz.. .5'
original template strand- 3' TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' newly
synthesized [Si] 5' AAAAAAAAAAXXXXXXKXXCCCCCCCCCCzzzzzzzzzzzzzzz...3' first
cycle synthesized long product 2 40 it is seen that each strand which
terminates with the oligonucleotide sequence of one primer and the com-
plementary sequence of the other Is the specific nucleic acid sequence [SI
that is desired to be produced. The steps of this process can be repeated
Indefinitely, being limited only by the amount of Primers I and 40  2,
agent for polymerization and nucleotides present. The amount of original
nucleic acid remains constant in the entire process, because it is not
replicated. The amount of the long products increases linearly because they
are produced only from the original nucleic acid. The amount of the
specific sequence increases expo- nentlally. Thus, the specific sequence
will become the predominant species. This is Illustrated in the following
table, which indicates the relative amounts of the species theoretically
present after n cycles, assuming 100% 5o  efficiency at each cycle: 55 10
EP 0 237 362 Bi Number of Double Strands After 0 to n Cycles 5
Long             Specific Cycle Number             Template
Products           Sequence [S) 0                      1                  _
_ 1                      1                  1                        0 so
2                      1                   2                        1 3
1                  3                        4 5                      1
5                       26 10                      1                 10
1013 15                      1                 15                   32,752
15          20                      1                 20
1,048,555 n                      1                  n
(2"-n-1) When a single-stranded nucleic acid is utilized as the template,
only one long product is formed per cycle. The desired amount of cycles of
this reaction will depend on, e.g., the nature of the sample. Fewer cycles
20  will be required If the sample being analyzed Is pure. If the sample Is
a complex mixture of nucleic adds, more cycles will be required to amplify
the signal sufficiently for it to be detected by the method herein. For
human ,_       genomic DNA preferably 15-30 cycles are carried out to
amplify the sequence sufficiently that a dearly detct- able signal is
produced (i.e., so that background noise does not Interfere with
detection). In one embodiment of the invention herein, the amplified sample
suspected of containing the sequence 25  variation, whether resulting from
cancer, an Infectious disease, a genetic disease, or just normal genetic
polymorphism, is spotted directly on a series of membranes and each
membrane is hybridized with a different labeled sequence-specific
oligonucleotide probe. One procedureforspotting the sample on a membrane Is
des- oribed by Kafotos et al., Nucleic Acids Research, 7:1541-1552 (1979).
Briefly, the DNA sample affixed to the membrane may be pretreated with a
prehybridization solution con- 



so  taining sodium dodecyl sulfate, Ficoll, serum albumin and various salts
prior to the probe being added. Then, a labeled oligonucleotide probe which
is specific to each sequence to be detected is added to a hybridization
solution similar to the prehybridization solution. The hybridization
solution is applied to the membrane and the membrane is subjected to
hybridization conditions that will depend on the probe type and length,
type and con- centration of ingredients, etc. Generally, hybridization Is
carried out at about 25-75eC, preferably 35 to 650C, 35  for 0.25-50 hours,
preferably less than three hours. The greater the stringency of conditions,
the greater the required oornpiementarity for hybridization between the
probe and sample. If the background level Is high, stringency may be
increased accordingly. The stringency can also be incorporated In the wash.
After the hybridization the sample Is washed of unhybridized probe using
any suitable means such as by washing one or more times with varying
concentrations of standard saline phosphate EDTA (SSPE) (180 mM 40 NaCI, 10
mM NaCi, 10mM NaHPO4 and I M EDTA, pH 7.4) solutions at 25-75*C for about
10 minutes to one hour, depending on the temperature. The label Is then
detected by using any appropriate detection techniques. The
sequence-specific oligonucleotide employed herein is an oligonucleotide
which is generally prepared and selected as described above for preparing
and selecting the primers. The sequence-specific oligonuc- leotide must
encompass the region of the sequence which spans the nucleotide variation
being detected and 45  must be specific for the nucleotide variation being
detected. For example, If It is desired to detect whether a sample contains
the mutation for sickle cell anemia, one oligonucleotide will be prepared
which contains the nucleotide sequence site characteristic of the normal
"~globin gene, and one oligonucleotide will be prepared which contains the
nucleotide sequence characteristic of the sickde cell allele. Each
oligonucleotide would be hybridized to duplicates of the same sample to
determine whether the sample contains the mutation. 60     The polymorphic
areas of HLA class 11 genes are localized to specific regions of the second
exon and are flanked by conserved sequences, so that oligonucleotide
primers complementary to opposite strands of the conserved 5' and 3' ends
of the second exon can be prepared. The number of oligonudeotides employed
for detection of the polymorphic areas of the HLA class 11 genes will vary
depending on the type of gene, which has regions of base pair variation
which may be clustered or 5s spread apart. If the regions are clustered, as
in the case with HLA-DQca, then one oligonucleotide Is employed for each
allgle. If the regions are spread apart, as in the case with HLA-DQJ3 and
HLA-DRf, then more than one probe, each encompassing an allelic variant,
will be used for each allele. In the case of HLA-DQp and HLA- DRP, three
probes are employed for the three regions of the locus where allelic
variations may occur. Fordetec- '                     ~~~~~~~~11    EP0
237 362 B1 tion of sequences associated with insulin-dependent diabetes
mellitus (iDDM) four probes for the HLA-DRJ3 second exon are employed.
Haplotypes can be Inferred from segregation analysis in families or, in
some cases, by direct analysis of the individual DNA sample. Specific
allellc combinations (haplotypes) of sequence-speclfic oligonucleotide 5
reactiviftes can be Identified In heterozygous cells by using restriction
enzyme digestion of the genomic DNA prior to amplification. For example, if
in DQOP one finds three highly variable subregions A, B, and C within a
single amplified reg- ion, and if there are six different sequences at each
region (Al-6, BI-6, C1-6), then an individual could be typed in the DQP
locus by sequence-specific oligonucdeotide probe analysis as containing Al,
A2; R2, B3; C1, C4, 10  with the possible haplotype combinations of Al, B2,
Cl; Al, B2, C4; A2, B2, Cl; A2, B2, C4; Al, B3, Cl; Al, B3, C4; Al, B2, Cl;
and Al, B2, C4. If the genomic DNA is digested with a polymorphic
restriction enzyme prior to amplification, and if the enzyme cuts both
alleles between the primers, there is no reactivity with the
sequence-specific probes due to lack of amplification, and the result is
uninformative. If the enzyme cuts neither allele, the probe results with 16
digested and undigested genomic DNA are the same and the result Is
uninformative. If the enzyme cuts only one allele, however, then one can
Infer both haplotypes by comparing the probe reactivity pattemeon digested
and undigested DNA. The haplotypes can be deduced by comparing
sequence-specific oligonucleotide reactivities with uncut genomic DNA and
genomic DNA cut with one or several enzymes known to be polymorphic and to
recognize 



2o  sites between the primers. The length of the sequence-specific
oligonudeotlde will depend on many factors, including the particular target
molecule being detected, the source of oligonucleotide, and the nucleotide
composition. For purposes herein, the probe typically contains 15-25
nucleotodes, although it may contain more orfewer nucdeotides. While
oligonucdeotides which are at least 1 9-mers In length may enhance
specificity and/or sensitivity, probes which 25  are less than 19-mers,
e.g., 18-mers, show more sequence-specific discrimination, presumably
because a single mismatch is more destabilizing. Because amplification
increases specificity so thata longer length Is less critical, and
hybridization and washing temperatures can be lowered for the same salt
concentration, it Is pre- ferred to use probes which are less than 19-mers.
Where the sample is first placed on the membrane and then detected with the
oligonudeotide, the oligonuc- so leotide must be labeled with a suitable
label moiety, which may be detected by spectroscopic, photochemical,
biochemical, immunochemical or chemical means. Immunochemical means include
antibodies which are cap- able of forming a complex with the
oligonucleotide under suitable conditions, and biochemical means include
polypeptides or lectins capable of forming a complex with the
oligonucleotide under the appropriate conditions. Examples include
fluorescent dyes, electron-dense reagents, enzymes capable of depositing
Insoluble reaction 3s  products or being detected chronogenically, such as
alkaline phosphatase, a radioactive label such as 32P, or blotin. If blobn
Is employed, a spacer arm may be utilized to attach It to the
oligonucleotide. Altematively, In one "reverse dot blot format, at least
one of the primers and/or at least one of the four nucleotide triphosphates
Is labeled with a detectable label, so that the resulting amplified
sequence Is labeled. These labeled moieties may be present initially In the
reaction mixture or added during a later cycle. Then an 4o  unlabeled
sequence-specific oligonucleotide capable of hybridizing with the amplified
nucleic acid sequence, if thevariation(s) In sequence (whether normal
ormutant) islare present, Is spotted on (affixed to) the membrane under
prehybridizatlon conditions as described above. The amplified sample is
then added to the pretreated membrane under hybridization conditions as
described above. Finally, detection means are used to determine if an
amplified sequence In the nucleic acid sample has hybridized to the
oligonucleotide affixed to the mem- 45  brane. Hybridization will occur
only if the membrane-bound sequence containing the variation Is present in
the amplification product, i.e., only if a sequence of the probe is
complementary to a region of the amplified sequ- ence. In another version
of the reverse" dot blot format, the amplification is carried out without
employing a label as with the "forward" dot blot format described above,
and a labeled sequence-specific oligonucleotide probe 6o  capable of
hybridizing with the amplified nucleic acid sequence containing the
variation, if present, i spotted on (affixed to) the membrane under
prehybridization conditions as described above. The amplified sample Is
then added to the pretreated membrane under hybridization conditions as
described above. Then the labeled oligonucleotide or a fragment thereof is
released from the membrane in such a way that a detection means can be used
to determine if an amplified sequence in the sample hybridized to the
labeled oligonucleotide. The s5  release may take place, for example, by
adding a restriction enzyme to the membrane which recognizes a res-
1riction site in the probe. This procedure, known as oligomer restriction,
is described more fully in EP Patent Publication -164,054 published
December I1, 1985. For purposes of this invention, the genetic diseases
which may be detected include specific deletions, inser- 12    EP 0 237 362
Bi tions and/or substitutions In any base pair mutation or polymorphism in
nucleic acids, for example, genomic DNA, from any organism. Examples of
diseases in which a base pair variation is known include sickle cell
anemia, hemoglobin C disease, a-thalassemia, f3-thalassemia, and the like.
Other diseases that may be detec- ted include cancerous diseases such as
those Involving the RAS oncogenes, e.g., the n-RAS oncogene, and 5
infectious diseases. The process herein may also be used for HLA typing in
the areas of tissue transplantation, disease sus- ceptibility, and
paternity determination. The HLA class 11 genes, consisting of the a and f3
genes from the HLA- DR, HLA-DQ and HLA-DP regions, are highly polymorphic;
their genetic complexity at the DNA level Is significantly greater than the
polymorphism currently defined by serological typing. In addition, the
process 



i0 herein may be employed to detect certain DNA sequences coding for HLA
class 11 i3 proteins (e.g., DRiP) associated with insulin-dependent
diabetes mellitus (IDDM). Briefly, the four DNA sequences associated with
IDDM are selected from the group consisting of: 1)
5'-GAGCTGCGTAAGTCTGAG-3', 2)  5'.GAGGAGTTCCTGCGCTTC-3', 3)
5'-CCTOTCGCCGAGTCCTGG-3', and 4)  5'-GACATCCTGGAAGACGAGAGA-3'1 20      or
the DNA strands that are complementary thereto. Sequence-specific probes
may be prepared that will hybridize to one or more of these sequences. a
The Invention herein also contemplates a kitformatwhichcomprisesa packaged
multicontainer unit having containers for each primer and probe utilized, a
container with the agent for polymerization to synthesize the primer
extension products, such as enzymes, a container for each of the four
nucleotides, and a container with 25  means to detect the label (such as an
avidin-enzyme conjugate and enzyme substrate and chromogen if the label Is
botin). In addition, the kit may have a container which includes a positive
control forthe probe containing one or more nucleic acids with the
nucleotide variation to be detected and a negative control forthe probe
which does not contain the nucleic acids with the nucleotide variation to
be detected. Moreover, the kit may also have a contaIner with means for
separating the strands of any double-stranded nucleic acids contained in
the sample 30  such as a hellcase or sodium hydroxide. The foflowing
examples illustrate various embodiments of the Invention and are not
Intended to be limiting In any respect. In the examples all parts and
percentages are by weight if solid and by volume if liquid, and all
temperatures are In degrees Celsius, unless otherwise Indicated. as
EXAMPLE I This example Illustrates how the process herein can be used to
distinguish normal alleles (A) from sickle cell alleles (S) from Hemoglobin
C disease alleles (C). 4o  1. Synthesis of the Primers The following two
oligonucdeotide primers were prepared by the method described below: 5'
-ACACAACTGTGTTCACTAGC-3' (PC03) 5'45CCTTCATCCACGTTCACC-3'   (PC04) These
primers, both 20-mers, anneal to opposite strands of the genomic DNA with
their 5' ends separated by a distance of 110 base pairs. so     A.
Automated Synthesis Procedures: The dlethylphosphoramidites, synthesized
according to Beaucage and Caruthers (Tetrahedron Letters (1981)
22:1859-1862) were sequentially condensed to a nucdeoside deri- vatized
controlled pore glass support. The procedure Included detritylation with
trichloroacetic acid in dichloromethane, condensation using benzotriazole
as activating proton donor, and capping with acetic anhyd- ride and
dimethylaminopyridine In tetrahydrofuran and pyridine. Cycle time was
approximately 30 minutes. as   Yields at each step were essentially
quantitative and were determined by collection and spectroscopic exami-
nation of the dimethoxytrityl alcohol released during detritylation. B.
Oligodeoxyribonucdeotide Deprotection and Purification Procedures: The
solid support was removed from the column and exposed to I ml concentrated
ammonium hydroxide at room temperature for four hours 13    EP 0 237 362 B1
In a closed tube. The support was then removed by filtration and the
solution containing the partially protected oligodeoxynucdeotide was
brought to 550C for five hours. Ammonia was removed and the residue was
applied to a preparative polyacrylamide gel. Electrophoresis was carried
out at 30 volts/cm for 90 minutes after which the band containing the
product was Identiffied by UV shadowing of a fluorescent plate. The band
was excised 5   and eluted with I ml distilled water overnight at 40C. This
solution was applied to a column and eluted with a 7-13% gradient of
acetonitrile In 1% ammonium acetate buffer at pH 6.0. The elution was
monitored by UV absorbance at 260 nm and the appropriate fraction
collected, quantitated by UV absorbance in a fixed volume and evaporated to
dryness at room temperature in a vacuum centrifuge. C. Characterization of
Oligodeoxyrdbonudeotides: Test aliquots of the purified oligonudeotides
were 32P 



10  labeled with polynucleotide kinase and y-P-ATP. The labeled compounds
were examined by autoradlography of 14-20% polyacryl amide gels after
electrophoresis for 45 minutes at 50 volts/cm. This procedure verifies the
molecular weight. Base composition was determined by digestion of the
oligodeoxyribonudeotide to nuc- leosides by use of venom diesterase and
bacterial alkaline phosphatase and subsequent separation and quan- titatbon
of the derived nudeosides using a reverse phase HPLC column and a 10%
acetonltrile, 1% ammonium 15  acetate mobile phase. IL. isolation of Human
Genomic DNA from Call Line High molecular weight genomic DNA was Isolated
from the lymphold cell line GM2064 using essentially 20  the method' of
Maniatis et al., Molecular Cloning (1982), 280-281. GM2084 (Human Mutant
Cell Repository, Camden, N.J.) was originally isolated from an individual
homozygous for hereditary persistence of fetal hemog- __       lobin (HPFH)
and contains no i3- or 8-globin gene sequences. This cell line was
maintained in RPMI-1640 with 10% fetal calf serum. 25  Ill. Isolation of
Human Genomic DNA from Clinical Samples Five clinical blood samples
designated AA (from a known normal Individual), AS (from a known sickle
cell carrier), SS (from a known sickle cell Individual), SC (from a known
sickle cell/hemoglobin C diseased Indivi- dual), and AC (from a known
hemoglobin C disease carrier) were obtained from Dr. Bertram Lubin of
Children's 3o   Hospital In Oakland, California. One clinical DNA sample
designated CC (from a known hemoglobin C diseased individual) was obtained
from Dr. Stephen Embury of San Francisco General Hospital in San Francisco,
Cali- fomia. Genomic DNA from the first five of these samples was prepared
from the buffy coat fraction, which is com- posed primarily of peripheral
blood lymphocytes, as described by Saki et al., Biotechnology, 3:1008-1012
as  (1985). IV. Amplification Reaction One microgram of DNA from each of
the seven DNA samples (10 p! of 100 p.g/ml DNA) was amplified in 40  an
Initial 100 p! reaction volume containing 10 pi of a solution containing
100 mM Tris-HCI buffer (pH 7.5), 500 mM NaCI, and 100 mM MgCI2, 10 pi of 10
ipM of primer PCO3, 10 pi of 10 pM of primer PCO4, 15 Id of 40 mM dNTP
(contains 10 mM each of dATP, dCTP, dGTP and TTP), and 45 pi of water. Each
reaction mixture was held in a heat block set at 950C for 10 minutes to
denature the DNA. Then each DNA sample underwent 25 cycles of amplification
where each cycle was composed of four steps: 45     (1) spin briefly (10-20
seconds) In microcentrifuge to pellet condensation and transfer the
denatured ma- terial immediately to a heat block set at 300C for two
minutes to allow primers and genomic DNA to anneal, (2) add 2 id of a
solution prepared by mixing 39 Id of the Klenow fragment of E. coil DNA
Polymerase I (New England Biolabs, 5 units/i), 39 Il of a salt mixture of
100 mM Tris buffer (pH 7.5), 500 mM NaCi and 100 mM MgCI2, and 312 pI of
water, s0     (3) allowing the reaction to proceed for two minutes at 300C,
and (4) transferring the samples to the 950C heat blockfor two minutes to
denature the newly synthesized DNA, except this reaction was not carried
out at the last cycle. The final reaction volume was 150 pi, and the
reaction mixture was stored at -200C. so V. Synthesis and Phosphorylation
of Ollgodeoxyrlbonucleotide Probes Three labeled DNA probes, designated
RS17, RS18 and RS21, of the following sequences were prepared as follows:
14    EP 0 237 362 Bi 5'-*CTCCtAAGGAGAAGTCTGC-3'  (RS17) 5 '
-*CTCCTGAGGAGAAGTCTC- 3 '  (RS18) 5 ' -*CTCCTGTGGAGAAGTCTGC- 3'  (R 521)
where indlcates the label. These probes are 19 bases long and span the
fifth through eleventh codons of the gene. RS18 Is complementary to the
normal -globin allele (f3A), RS21 to the sickle cell anemia allele (138),
and RS17 to the hemoglobin C disease allele (PC). RS17 and RS21 differfrom
RS18 by a single base. Theschematic diagram of primers and probes Is given
below; 



10 110 bp --globin 15           iC0S                               PCO4
RS18 RS21 These three probes were synthesized according to the procedures
described in Section I. The probes were 20  labeled by contacting 10 pmole
thereof with 4 units of T4 polynucleotide kinase (New England Biolabs) and
about 40 pmole r32P-ATP (New England Nuclear, about 7000 CVrmmole) In a 40
pI reaction volume containing 70 mM Tris buffer (pH 7.6), 10 mM MgCI2, 1.5
mM spermine, 100 mM dithiothreitol and water for 60 minutes at 370C. The
total volume was then adjusted to 100 pl with 25 mM EDTA and purified
according to the procedure of Manlatis et al., Molecular Cloning (1982),
466-467 over a I ml Blo Gel Pa (BloRad) spin dialysis column 25
equilibrated with Tris-EDTA (TE) buffer (10 mM Tris buffer, 0.1 mM EDTA, pH
8.0). TCA precipitation of the reaction product Indicated that for RS17 the
specific activity was 5.2 pCI/pmole and the final concentration was 0.118
pmole/pl. For RSI8 the specific activity was 4.8 jiClpmole and the final
concentration was 0.114 pmole/pl. For RS21 the specific activity was 3.8
ItClIpmole and the final concentration was 0. 112 pmole/il. 30  VI. Dot
Blot Hybridizations Five microliters of each of the 150 ill amplified
samples from Section III was diluted with 195 p1 0.4 N NaOH, 25 mM EDTA and
spotted onto three replicate catlonic nylon filters by first wetting the
filter with water, placing it in an apparatus for preparing dot blots which
holds the filter In place, applying the samples, and rinsing each 35  well
with 0.4 ml of 20 x SSPE (3.6 M NaCI, 200 mM NaH2PO4, 20 mM EDTA), as
disclosed by Reed and Mann, Nucleic Acids Research, 3, 7202-7221 (1985).
The filters were then removed, rinsed in 20 x SSPE, and baked for 30
minutes at 800C in a vacuum oven. After baking, each filter was then
contacted with 6 ml of a hybridization solution consisting of 5 x SSPE, 5 x
Denhardt's solution (1 x = 0.02% polyvinylpyrrolidone, 0.02% Ficoll, 0.02%
bovine serum albumin, 0.2 mM 40  Tris.HCi, 0.2 mM EDTA, pH 8.0) and 0.5%
SDS and incubated for60 minutes at 550C. Then 5 jl each of probes RS17,
RS18 and RS21 was added to the hybridization solution and the filter was
incubated for 60 minutes at 550C. Finally,. each hybridized filter was
washed twice with 100 ml 2 x SSPE and 0.1% SDS for 10 minutes at room
temperature. As a third wash forRS17,250 ml of 5 x SSPE and 0.1% SDS was
added and the fiter heated 45  forfive minutes at 550C. For RSI8 and 21,
the filters were treated with 250 ml of 4 x SSPE, 0.1% SDS for five minutes
at 550C. There was a faint background with RS18 and RS21 because 4 x SSPE
at 550C was not suf- ficiently stringent. The washing with the RS18 and
RS21 probes was repeated in 250 ml of 5 x SSPE, 0.1% SDS forthree minutes
at 550C. There was no change in the background. The wash was repeated with
5 x SSPE at 600C for one minute and an additional wash of the same
stringency was done for three minutes. This resulted 50  In virtually no
background. The genotypes were readily apparent after 90 minutes of
autoradiography. VII. Discussion of Autoradlogram The autoradiogram of the
dot blot of the seven amplified genomic DNA samples hybridized with
allele-spec- us  fic 3-globin probes RS18, RS21 and RS17 was analyzed after
12 hours. The negative control GM2084 was included. The results clearly
indicate that each allele-specific probe annealed only to the DNA samples
which had atleastpone copy of the  -globin allele to which itwas perfectly
matched. For example, the specific probe, RS1 8, hybridized only to samples
AA (pAi), AS (3A1p8), and AC (341pC). 15    EP 0 237 362 D1 EXAMPLE 11 To
determine the minimum levels of detection by dot blot, eight serial
dilutions containing 128, 64, 32, 16, 8,4,2 and I ng of normal genomic DNA
were made from sample M and subjected to 25 cycles of amplification 6   as
described In Example 1. As controls, the amplified samples of AA and SS
from Example I were similarly diluted as well. A total of 75 pl (one-halt)
of each sample was mixed with 125 pLi of 0.65 N NaOH and 25 mM EDTA and 



the mixture was applied to a nylon filter. Then the filter was rinsed In 20
x SSPE and baked for 30 minutes at 800C. 10     The filterwas then probed
as described in Example I with RS18 (the ' probe) to determine the
detection threshold. The prehybridization solution was 8 ml of 5 x SSPE, 5
x Denhardt's solution, 0.5% SDS for 40 minutes at 550C and the
hybridization solution was the same plus 10 ii of RSI8 for 80 minutes at
55C. The filters were then washed with 2 x SSPE, 0.1% SDS for 10 minutes at
room temperature twice and then with 5 x SSPE, 0.1% SDS for three minutes
at 60C. 15     The autoradiogram obtained afterhybridization with RS18
after 17 hours of exposure revealed positivesig- nals in all samples
containing the AA DNA. The SS sample was visible after 17 hours but the
Intensity of the 64 ng SS was equivalent to the Intensity of I ng AA, which
Is a signal-to-noise ratio of 64:1. The Intensity of the signal present in
the 0.5 ng spot suggested that amplification of samples containing
significantly less than I ng is possible. (One nanogram Is the amount of
genomic DNA present In 150 diploid cells.) 20 EXAMPLE Ill A. Amplification
and Detection of HLA-DQa Sequences 25  1. Preparatlpn of Primers
Oligonucleotdes designated GH26 and GH27 complementary to opposite strands
of the conserved 5 and 3' ends of the DQu second exon were used as primers
to amplify a 240 base pair fragment. The primers, having the following
sequences, were prepared as described in Example 1. 30
5'-GTGCTGCAGGTGTAAACTTGTACCAG-3'          (GH26)
5'-CACGGATCCGGTAGCAGCGGTAGAGTTG-3'  (GH27) 3.5  IL. Preparation of Probes
Based on the analysis of HLA-DQu. sequences from diverse sources, which
were grouped Into allelic vari- ants, the following probes from variable
regions of the DQux second axon encompassing each variant were syn-
thesized and labeled as described in Example 1. The two variable regions of
the HLA-DQa second axon (called 40  "exon I'sepmentsA and B, are shown In
Table 1. The entire scheme of primers (designated by PCR-+), probes l> 5
-and HLA-DQa sequence Is shown in Table 11, and the amino acid
abbreviations used therein are shown In Table Ill. 45 50 55    EP P 237 362
B1 TABLE I HLA DQt (segment A): 35                 40 6lyAspGluGl uPh
eTyrVa 1 AspLeuGluArgLys6lu GGAGATGAGGAGTTCTACGTGGACCTGGAGAGGAAGGAG
DRI,2,w6 c                 -S--C A-  DR5 8 10
-C-"------T--------------.-.----T  DR4,7,9 -  C      -         G    _
DR3 DXA:                                 ---C Tk   HLA OQu (segment B): 45
50               55              60 Al aTrpArgTrpProGl uPheSe rLy
sPheGlyGlyPheAspProGl nGl y
GCCTGGCGGTGGCCTGAGTTCAGCAAATTT6GAGGTTTTGACCCGCAGGGT  DRi,2,5,w6,B I- t -A -
T----CT -  C---G -  A--A-A-   .-ATT- DR4,9 -T-A-T---- CT----CA--G-C-A    -A
-----------ATT-  OR7 20         -T-T-T-T-TTC-AC-A  -A---  -ATT- DR3 DXA:
-T----A--T- AT-T---------AT-A 
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Abbreviation Codes 5 Alanine                   Ala              A Arginine
Arg              R Asparagine                Asn              N Aspartic
Acid             Asp              D 10                      Cysteine
Cys              C Glutamine                 Gln              Q Glutamic
Acid             Glu              E Glycine                   Gly
G Histidine                 His              H 16
Isoleucine                 Ile e i5        Leucine                   Leu
L v_                 :         Lysine                     Lys             K
Methionine                Met              M Phenylalani ne            Phe
F 



20                      Proline                    Pro             P Serine
Ser              S Threonine                 Thr              T Tryptophan
Trp              W Tyrosine             .   Tyr               Y X5
Valine                    Val              V The probes are as follows,
where * is the label. 30                          5 '
-*TGTTTGCCTGTTCTCAGAC- 3 '  (GH66) 5'-*TTCCGCAGATTTAGMGAT-3'  (6H67) 5 '
-*TTCCACAGACTTAGATTTG- 3'  (GH68) 5'-*CTCAGGCCACCGCCAGGCA-3'  (GH75) 35
The GH75 probe was derived from the DRw8 sequence, which is described by
Auffray et al., Nature, 308:327 (1984). The GH67 probe was derived from the
DR4 sequence, which is described by Auffray et al., PNAS, 79:6337 (1982).
The GH68 probe was derived from the DRY sequence which is described by
Chang et al., Nature, 305:813 (1983). The GH68 probe was derived from the
DR3 sequence, which is described by Schenning et al., EMBO J.. 3:447
(1984). A control oligonucleotide was derived from a conserved segment of
4o  all of these alleles. Ill. Origin and Preparation of Genomic DNA Eleven
DNA samples described below were prepared for subsequent amplification as
described in 45   Example 1. LG2  cell line (genotype DRI) from Drs. John
Bell and Dan Denny of Stanford University, Stanford, California PGF  cell
line (genotype DR2) from Drs. John Bell and Dan Denny AVL  cell line
(genotype DR3) from Drs. John Bell and Dan Denny DKB  cell line (genotype
DR4) from Drs. John Bell and Dan tinny 5o  JGL  cell line (genotype DR5)
from Dr. Gerry Nepom of Virginia Mason Hospital, Seattle, Washington APD
cell line (genotype DR6) from Drs. John Bell and Dan Denny LBF  cell line
(genotype DR7) from Drs. John Bell and Dan tinny TAB  cell line (genotype
DR8) from Dr. Gerry Nepom KOZ cell line (genotype DR9) from Dr. Gerry Nepom
55        Sample GM2741A (genotype DR1,3) available from the Human Genetic
Mutant Cell Repository, Cam- den, N.J. Sample GM2678 (genotype DR4,3)
available from the Human Genetic Mutant Cell Repository 19    EP 0237362 B1
IV. Amplification Reaction Each genomic DNA sample was amplIfied as
described in Example I using GH26 and GH27 as primers for 28 cycles, except
that the polymerization step 3 was carried out at 370C In the presence of
10% by weight s   dimethylsulfoxide (DMS0), amd except that the
amplification reaction took place in the aluminum heating block of the
above-described automated liquid handling temperature-cycling instrument
using the following program: 1) 2.5 min. 370C to 980C ramp (denature); 2)
3.0 min., 98CC to 371C ramp (anneal); 3) add I unit Klenow fragment; and 10
4) 2.0 min., 370C maintain (extend). V. Dot Blot Hybridization For each DNA
sample, four duplicate nylon filters were spotted with 5 pl of the 150 pi
amplified genomic i5  DNA and one of probes GH86, 67, 68 or 75 was applied
thereto as described in Example I except that DNA samples were neutralized
before application to a nylon filter membrane, using a prehybridization
solution of 6 x SSPE, 10 x Denhardrs solution and 0.5% SDS for one hour at
500C and the same solution overnight at 500C. The filters were washed with
0.1 x SSPE, 0.1% SDS for 10-15 minutes at 370C. The filters were treated as
described In Example I to obtain an autoradiogram. 



20 V1. Discussion of Autoradlogram The autoradlogram of the dot blot shows
thatthe four HLA-DQ3a allele-speclffc probes, GH66, GH67, GH68, and GH75
complementary to four HLA-DQu allelic variants, may be used to define
nucleotide sequence 25  polymorphisms on amplified DNA from both homozygous
and heterozygous individuals. The pattern of reac- tivity of the probe GH75
corresponds to the serologically defined type DQw1. B. Amplification and
Detection of HLA-DQP Sequences .3o  1. Preparation of Primers
Oligonucleotides designated GH28 and GH29 complementary to opposite strands
of the conserved 5' and 3' ends of the DQ-j3 second exon were used as
primers. The primers, having the following sequences, were prepared as
described In Example I. 35 5'-CTCGGATCCGCATGTGCTACTTCACCAACG-3' (6H28)
5'-GAGCTSCAGSTAGTTGTGTCTGCACAC- 3'    (GH29) 40  11. Preparation of Probes
Based on the analysis of HLA-DQA sequences from diverse sources, which were
grouped into allelic vari- ants, the following probes from two variable
regions of the DQIA second exon encompassing each variant were synthesized
and labeled as described In Example I. The two regions, segments A
(GH69-71) and B (GH6O-62), 45  as well as a third variable region, are
shown In Table IV. The entire scheme of primers, probes and HLA-DQO
sequence Is shown In Table V, where the amino acid abbreviations are shown
In Table IlIl above. do 55 20    EP 0 237 362 B1 TABLE IV HLA-DQO (segment
A): 20               25               30
GlyThrGluArgValArgGlyValThrArgHlsIleTyr
GGGACSGAGCGCGTGCGGGGTGTGACCAGACACATCTAT  DR1 --------TCT             T-
DR2,4 10            -TCT            -A---                          DR6 -  C
T~          DR8 - CT- T                                       DR4'" -A
-TCT-5---AG-- DR3,7 DXB:  ----- --C G T - 15 HLA-DQB (segment B): 45
50               55               60 20            VaiGlyValTyrArgAl aVal
ThrProGl nGlyArgProVa lAl aGl ulyrTrpAsn
GTGGGGGTGTACCGGGCAGTGACGCCGCAGGGGCGGCCTGTTGCCGAGTACTGGAAC  DRi G
~~~~~~~~~~~DR6 C -G --A.------------C   DR4 2S              -A
G              -                            T  DR48 ~~~T -G   -~T - TCS
---T DR8 - A -T   G    --T-T -T -- TCC
DR3,7 DXB:    -T---A-T-A-G----CGA-T                 --AGCA-C-AG--C    - 30
HLA-PQO (segment C): 65              70                75
GluValLeuGluGlyAlaArgAl aSerValAspArgVal 



GAAGTCCTGGAGGSGGCCCGGGCGTCGGTGGACAGGGTG  DRI A----C--A-T-        4C-
DR2 A-A--A --GA-T------C-   DR4,6 --CA-A- A-------------- --CC-    DR8
-CA--------AAA--A G              M-           DR3,7 -CT-T--CA-AG -CG -   A-
40 45 50 55 21    EP 0 237 362 B1 w cc _ w ofCe c     CmCWof w   o 5   -
^^- o * ___ * s       I I  IlIo     wI  ;f6~~~~~~~~ ilx =C
m a   m 0 p 0 0 m  10
T c   .  >     _____               _        z~).  I o-       I c zcao
cn If tjJ X   =          5E] I III' A                          I _ J  -I
*1*    . C fi           C     ox    sm0a    f CL  <  )u  28  @1~~~~~~~~2 L
I ~~~~~~~~~  30                          1          U.LLLL~~~-jLL 4i
TTTH - nmM O :   CL         co00                              c : 38
CC           L.. LbS                      II~~L  4i  CD CZ~~~~~~~~~~~~II
I6-  45.~~~~~~~~~~~~~A ,I           IL              ITO 50~~~~ ( Z D'j
-4L-   e    ILA.%Ocz mc .       c  C  U    Ca     m    ~ K  L> 0
0C) X         C0   E 56 22    EP 0 237 362 81 The probes are as follows,
where is the label and ** indicates the best probes.
5'-*CGGCAGGCGGCCCCAGCGG-3'         (GH60)** 5
5'-*CGGCAGGCAGCCCCAGCAG-31    (GH61)** 5'-*CAMCAGGCCGCCCCTGCGG-3'
(GH62) 5'-*GATGTGTCTGGTCACACCCCG-3'  (GH69)** 



5'-*GATGCTTCTGCTCACAAGACG-3'  (GH70) 5'-*GATGTATCTGGTCACAAGACG-3'  (GH71)
10 11. Amplification and Dot Blot Hybridization Using the method generally
described in Example IIIA, the probes were found to have reasonable
specificity for the portions of the allele being detected in genomic DNA
samples. 15 C. Amplification and Detection of HLA-DRP Sequences 1.
Preparation of Primers 20      Oligonucleotides designated GH46 and GH50
complementary to opposite strands of the conserved 5' and 3' ends of the
DRO second exon were used as primers. The primers, having the following
sequences, were prepared as described In Example 1.
5'-CCGGATCCTTCGTGTCCCCACAGCACG-3'  (GH46) 25                      5
-CTCCCCAACCCCGTAGTTGTGTCTGCA-3'  (GH50) II. Preparation of Probes 30
Based on the analysis of HLA-DRP sequences from diverse sources, which were
grouped into allelic vari- ants, the following probes from two variable
regions of the DRj3 second exon encompassing each variant were synthesized
and labeled as described In Example 1. The two regions, segments A
(GH56-59) and B (GH51), are shown In Table VI. 35 40 45 50 55 23    EP 0
237 362 BI 5 go c~~~~~~~~~~~~~~~~~~~~~~~~c 0 z    I I I   I I I 10
,     , f oC I I I | I IITI04 w Z  I I I I I I I4 ~~~ I ~  ~    o  40
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24 '-4                           >~~~~~~~~k9      II>      A4 4   ( )i
01 (D   N    4   I I I  Co I 45~~~~~~- 'a
14~~~~~~~~uuC.     40                        0
0       . .24~~~-    EP 0 237 362 51 The probes are as follows, where is
the label. 5'-*CTGATCAGGTTCCACACTCG-3'  (GH5I) 5
55'-*CAGACGTAQAG7ACTCC-3'         (GH56) 5'-*CAGACTTACGCAGCTCC-3'
(Gi57) 5'-*CAGACTTMAGCAGCTCC-3'         (GH58) 5'-*CATGTTTAACCTGCTCC-3'
(GH59) to  lIl. Amplification and Dot Blot Hybridization Using the method
generally described In Example IIIA, the probes were found to have
reasonable specificity for the portions of the allele being detected in
genomic DNA samples. 15  IV. Analysis of HLA-DRl3 Sequences Associated With
IDDM Several HLA class 11 beta genes were isolated from clinical blood
samples of diverse HLA-typed IDDM Indi- viduals (from University of
Pittsburgh clinic and from cell lines from IDDM patients available from the
Human Genetic Mutant Cell Repository, Camden, NJ) and non-diabetic controls
(homozygous typing cells) using clon- 20  Ing methods. In one such method,
which Is a standard method, human genomic DNA was Isolated from the patient
samples using essentially the method of Maniatis et al., Molecular Cloning
(1982),280-281 or prepared from the buffy coat fraction, which i composed
primarily of peripheral blood lymphocytes, as described by Salki etal.,
Biotechnology, _:1008-1012 (1985). This DNA was then cloned as full genomic
libraries Into bacteriphage vectors, as described in Maniatis, spy, pp.
269-294. Individual clones for the HLA-DRP genes were selected 25  by
hybridization to radioactive cDNA probes (Manlatis, pp. 309-328) and
characterized by restriction mapping. See U.S. Patent No. 4,582,788 Issued
April 15, 1986. Individual clones from IDDM patients were assigned to
DR-typed haplotypes by comparing the done restriction map with the RFLP
segregation pattern within the patient's family. Finally, small fragments
of these clones representing the variable second exon were subcioned
(Maniatis, pp. 390-402) into the Me3mp10 cloning vector, which is publicly
available from Boehinger-Man- 30  nheim. In an alternative procedure for
cloning the genes, amplification of the relevant portion (the second exon)
of the gene was carried out from a total of 1 microgram of each isolated
human genomic DNA as described in Example I using primers GH46 and GH50,
which have non-homologous sequences to act as linker/primers. The reaction
mixtures were subjected to 28 cycles of amplification and then the mixtures
were stored at 35  -200C. Then the following cloning procedure was used for
the amplified products. The reaction mixture was sub-cloned Into M13mp10 by
first digesting in 50 pilofa buffer containing 50mM NaCI, 10 mM Tris-HCi,
pH 7.8, 10 mM MgCI2, 20 units Psti and 26 units Hindell at 37C for 90
minutes. The reaction was stopped by freezing. The volume was adjusted to
110 gd with a buffer containing Tris-HCI and EDTA and loaded onto a I ml
BioGel P4 spin dialysis column. One fraction was collected and ethanol
preci- 40  pitated. The ethanol pelletwas resuspended in 15 pl water and
adjusted to 20 p1 volume containing 50 mM Tris-HCI, pH 7.8,10 mM MgCI2,0.5
mM ATP, 10 mM dithlothreitol, 0.5 pg M13mp10 vector digested with Pati and
Hindill and 400 units ligase. This mixture was incubated for three hours at
160C. Ten microliters of ligation reaction mixture containing Molt4 DNAwas
transformed into E. coil strain JM103 45  competent cells, which are
publicly available from BRL in Bethesda, MD. The procedure followed for
preparing the transformed strain is described In Messing, J. (1981) Third
Cleveland Svmposium on Mac- romolecules:Recombinant DNA ed. A. Walton,
Elsevler, Amsterdam, 143-153. 



Eighteen of the alleles from these two cloning procedures were sequenced.
In some of the sequences determined four areas of specific DNA and protein
sequence were found to occur in various combinations and 5o  to be
associated with IDDM. The DNA sequences seen in the genomes of IDDM
patients produced an alteration in one to three amino acid residues of the
DRiP protein. These four variable regions of the DRI3 second exon are found
In sequences obtained from many diabetic sources and are identified above.
These regions can be used for synthesizing primers and probes used for
detecting such sequences. These IDDM related sequences are identifiable as
LR-S, -FL-, V-S, and l-DE, with LR-S and -FL- being found at amino acid
residue positions 55   10 to 13 and 36 to 39 in the DR beta second exon. 25
EP 0 237 362 81 V. Primers and Amplification Primers GH46 and GH50
described in Example Cl may be employed to amplify DNA samples to be tested
for IDDM. The amplification procedure of Example I or liliA may be
employed, using also 10 pi DMS0. 5 VI. Expected Synthesis of Probes Two of
four labeled DNA probes, designated GH54 (V-S), 5' CCTGTCGCCGAGTCCTGG) and
GH78 (I- -DE, 5' GACATCCTGGMGACGAGAGA) may be employed. These probes may be
synthesized as described 10  for the primers and labeled as described
above. Vil. Expected Dot Blot Hybridizations Using the dot blot method
generally described in Example 1, under stringent conditions, the probes
are 15  expected to have reasonable specificity for the portions of the
allele being detected In genomic DNA samples. D. Amplification and
Detection of HLA-DP% and DPO Sequences The known DPP sequences, showing the
type of polymorphism already known, a redepicted in Figure 6 20  of
Trowsdale et al., Immunological Reviews, No. 85 (1985), p 5-43, at page 16.
Further polymorphisms may be Identified. Primers for the conserved segments
and probes to the variable segments of these genes can be designed
similariy to what is described above. The nucleotide sequence of DPtl
alleles obtained from cDNA clones showing the type of polymorphism already
known are depicted In Figure 4 of Trowsdale et al., supra, at page 12. 25
The detection and amplification of such sequences may be clinically useful
In bonemarrow transplantations and In tissue typing. EXAMPLE IV 30
Frozen Molt 4 cells (a T cell line homozygous for normal p-globn from Human
Genetic Mutant Cell Reposi- tory, Camden, NJ as GM2219C), SC1 cells (a
EBV-transformed B cell line homozygous forthe sickle cell allele from ATCC,
Rockville, MD as CRL8756) and GM2064 cells (control described above having
no P-globin or 6- globin sequence) were thawed and resuspended In phosphate
buffered saline, such that 10 pi of cells contain- Ing cell numbers varying
from 37 to 1200 for each type of cell line was obtained. Each cell line was
mixed with 35  35 pi water and then overlaid with mineral oil. The
resulting suspension was heated at 950C for 10 minutes. Then a total of 55
pi of the reagents used to amplify the cell lines in Example I, including
primers PC03 and PC04, was added. The amplification procedure of Example I
can then be used followed by the dot blot procedure. This direct use of the
cells eliminates isolating the genomic DNA from the cell line or clinical
sample. 40 EXAMPLE V The propedure of Example I was used to amplify the
genomic DNA from a known normal individual, a known sickle cell Individual,
and an individual with no P-globin gene sequences (GM2064), except that the
amplification 45 was automated as described in Example lIlIA. Three labeled
DNA probes, designated RS31, RS32, and RS33, of the following sequences
were prepared as follows: 5'-*TCCTGAGGAGAAGTCTG-3'  (RS31) 50
5'-*CCTGAGGAGAAGTCT-3'    (RS32) 



6'-*CTGAGGAGAAGTC-3'         (RS33) where * Indicates the label. These
probes are 17, 15, and 13 bases long, respectively, and are complemen- tary
to the normal lgiobin allele (P3A). The probes were synthesized and labeled
as described in Example I. 55      Probes RS32, RS33, and RS18 were tested
for specificity for non-amplified cloned normal and sickle-cell globin
sequences using the procedure described in Example I, except that the
hybridization temperature was reduced from 55CC to below 320C. At
hybridization temperatures below 55C the RS18 (1 9-mer) did not show
specificity unless the salt concentration was reduced. The two shorter
probes showed excellent specificity at 26    EP 0 237 362 B1 the higher
salt content. The pr6bes RS31, RS32, RS33, and RS18 were tested against the
amplified genomic DNA. Because of the conditions of temperature and salt
concentration, the 19-mer showed no specificity at a hybridization tem-
perature of below 320C. All of the shorter mers did show specilicity. These
results clearly demonstrate that the 5   shorter probes can be selective;
and that the conditions of selectivity were less extreme than those needed
for the 19-mer., The  7-mer globin probe RS31 worked optimally when
hybridized below 320C in 6 x SSPE (with 10 x Denhardt's and 0.1% SDS) and
then washed in 0.1 x SSPE for 10 minutes at 420C. The 15-mer globin probe
RS32 worked optimally when hybridized below 320C in 6 x SSPE (with 10 x 10
Denhardt's and 0.1% SDS) and then washed In 0.1 x SSPE for 10 minutes at
320C. The 13-mer globin probe RS33 worked optimally when hybridized below
320C in 6 x SSPE (with 10 x Denhardt's and 0.1% SDS) and then washed In 0.1
x SSPE for 10 minutes at 250C. EXAMPLE VI 15 I. Synthesis of the Primers
Two pnrmers Identified below were synthesized by the method described in
Example I to amplify a portion of the second axon of the P-globin gene: 20
5 'ATTTTCCCACCCTTAGGCTG-3'  (RS40) 5'-GCTCACTCAGTMTGMCMAG-3'  (RS42) 2s
This primer pair defines a 198 base pair amplificatlon product that
includes the sites of three relatively common 3-thalassemia mutations-the
codon 39 non sense mutation, the codon 41-42 frameshift deletion, and the
codon 44 frameshlft deletion. Because the A-globin gene in the region of
codons 39 to 42 is exactly homologous to delta-globin, the prim- ers were
designed to be specific for and only amplify O-globin. The RS40 primer
spans the first intron-second so exon junction where there are six base
pair mismatches with 8-globin. RS42 ls positioned over codons 84 to 91 and
also contains six mismatches with 8-globin. These mismatches are sufficient
to prevent hybridization of the primers to the "globin gene. After 20
cycles of amplification, the overall efficiency of these primers was
approximately 80% and corresponded to a 130,000-fold amplification. As
expected, the amplification product contained no detectable 8-globin DNA.
35 I. Isolation of Human Genomic DNA From Clinical Samples Five
genomioclinical DNAsamples of various p-thalassemia genotypes were obtained
from Drs. Alan Scott and Haig Kazazian (Johns Hopkins University,
Baltimore, MD). These samples were JHI (normal/39 non), JH2 4o  (39 non/39
non), JH3 (normall41 deletion), JH4 (17 nonI41 del)i and JH5 (39 nonI44
deletion). III. Amplification Reaction One microgram portions of each DNA
sample and of Molt 4 as control were diluted Into a 100 Al volume 46  with
50 mM.NaCI, 10 mM Tris-HCI (pH 7.6), 10 mM MgCI2, I FM primer PC03,1 IAM
primer PCO4, 10% DMSO (vtv), 1.5 mM dATP, 1.5 mM dCTP, 1.5 mM dGTP, and 1.5
mM dTTP and subjected to 25 cycles of automated amplification as described
in Example lilA, adding 1 unit of Kienow fragment at each cycle. IV.
Oligodeoxyribonudeotide Probes 



50 Four DNA probes, designed XXI, XO2, XX3 and XX4 below, were provided by
Drs. Scott and Kazazian at Johns Hopkins University:
5'-*CCTTGGACCTAGAGGTTCT-3'           (XXI) M5
5'-*CCTTBGACCCAGAGGTTCT-3'            (XX2) 5'-*6GTTCTTT$AGTCCTTTGG-3'
(XX3) 5'-*GGTT----MAGTCCTTTGGGGAT-3'    (XX4) 27    EP 0 237 362 B1 where
*indicates the label laterattached. TheXXI and XX2 pairwas used to
detectthe codon 39 non-sense mutation, with XX1 complementary to the normal
allele and XX2 complementary to the non sense mutant. The other pair of
probes was designed to test for the 41-42 frameshirt deletion, with XX3
annealing to the normal allele and XX4 to the deletion mutant, Each of the
probes was phosphorylated as described in Example I. 5 V. Dot Blot
Hybridizations Four replicate dot blots were prepared, each spot containing
one-eighteenth of the amplification product (56 ng of genomic DNA). Each
filter was individually prehybridized in 8 ml 5 x SSPE, 5 x Denhardrt's
solution, 10  0.5% SDS for 15 minutes at 550C. One-half pmole of each
labeled probe (specific activities ranged from 1.8 to 0.7 pCilpmole) was
added and the hybridization was continued for an additional 60 minutes at
the same tem- perature. The filters were washed twice at room temperature
in 2 x sodium saline phosphate EDTA (SSPE), 0.1% SDS, for 5-10 minutes per
wash, followed by a high-stringency wash In 5 x SSPE, 0.1% SDS for 10
minutes at 60C. Autoradiograms were developed after overnight and two-hour
exposures with a single Inten- 15  sification screen. VI. Autoradlogram
Results The results were consistent with the listed genotypes of each DNA
sample. Each probe annealed only to 20  those genomic sequences with which
It was perfectly matched. EXAMPLE VII The method herein may also be applied
forforensic uses, by amplifying a random polymorphic region, e.g., 25
HLAormitochondrial DNA, to detect, e.g., nucleic acids in any body samples
such as, e.g., hairsamples, semen and blood samples, and other samples
containing DNA. The nucleic acid may be extracted from the sample by any
means, and primers and probes are selected based on identifying
characteristics or known character- istics of the nucleic acid being
detected. 30 EXAMPLE ViIl 1. Synthesis of the Primers The primers PC03 and
PC04 described in Example I were employed herein. 35 II. Isolation of Human
Genomic DNA from Cell Line High molecular weight genomic DNA was isolated
from a T cell line, Molt 4, homozygous for normal fl-globin available from
the Human Genetic Mutant Cell Depository, Camden, NJ as GM2219C using
essentially the 4o  method of Manlatis et al., Molecular Cloning (1982),
280-281. Ill. Purification of a Polymerase From Thermus aquaticus Thermus
aquaticus strain YT1, available without restriction from the American Type
Culture Collection, 45  12301 Parklawn Drive, Rockville, MD, as ATCC No.
25,104 was grown in flasks In the following medium: Sodium Citate
1 mM Potassium Phosphate, pH 7.9    5 mM Ammonium Chloride           10mM
Magnesium Sulfate    ,      0.2 mM 5o  Calcium Chloride            0.1 mM
Sodium Chloride             I g/i Yeast Extract               I gil 



Tryptone                    I g/l Glucose                     2 g/l 56
Ferrous Sulfate            0.01 mM (The pH was adjusted to 8.0 prior to
autoclaving.) A 10-liter fermentor was Inoculated from a seed flask
cultured overnight In the above medium at 700C. A total of 600 ml from the
seed flask was used to inoculate 10 liters of the same medium. The pH was
controlled 28    EP 0 237 362 Bi at 8.0 with ammonium hydroxide with the
dissolved oxygen at 40%, with the temperature at 700C, and with the
stirring ratebat 400 rpm. After growth of the cells, they were purffied
using the protocol (with slight modification) of Kaledin et al., Npra,
through thefirstfive stages and using a different protocol forthe sixth
stage. All sixsteps were conducted 5   at 4&. The rate of fractionation on
columns was 0.5 column volumes/hour and the volumes of gradients during
elution were 10 column volumes. Brlefly,the above culture of the T.
aquaticus cells was harvested by centrifugation after nine hours of cui-
tivation, in late log phase, at a cell density of 1.4 g dry weight/I.
Twenty grams of cells was resuspended In 80 ml of a buffer consisting of 50
mM Tris-HCI pH 7.5, 0.1 mM EDTA. Cells were lysed and the lysate was cen-
.10  trifuged for two hours at 35,000 rpm in a Beckman Ti 45 rotor at 40C.
The supematant was collected (fraction A) and the protein fraction
precipitating between 45 and 75% saturation of ammonium sulfate was
collected, dissolved In a buffer consisting of 0.2 M potassium phosphate
buffer, pH 6.5, 10 mM 2-mercaptoethanol, and 5% glycerine, and finally
dialyzed against the same buffer to yield fraction B. Fraction B was
applied to a 2.2 x 30-cm column of DEAE-cellulose, equilibrated with the
above described 15  buffer. The column was then washed with the same buffer
and the fractions containing protein (determined by absorbance at 280 nm)
were collected. The combined protein fraction was dialyzed against a second
buffer, containing 0.01 M potassium phosphate buffer, pH 7.5, 10 mM
2-mercaptoethanol, and 5% glycerine, to yield fraction C. Fraction C was
applied to a 2.6 x 21-cm column of hydroxyapatite, equilibrated with a
second buffer. The 20  column was then washed and the enzyme was eluted
with a linear gradient of 0.01-0.5 M potassium phosphate buffer, pH 7.5,
containing 10 mM 2-mercaptoethanod and 5% glycerine. Fractions containing
DNA polymerase activity (90-180 mM potassium phosphate) were combined,
concentrated four-fdd using an Amicon stirred cell and YMI 0 membrane, and
dialyzed against the second buffer to yield fraction D. Fraction D was
applied to a 1.6 x 28-cm column of DEAE-cellulose, equilibrated with the
second buffer. 25  The column was washed and the polymerase was eluted with
a linear gradient of 0.01-0.5 M potassium phos- phate In the second buffer.
The fractions were assayed for contaminating endonuclease(s) and
exonuclease(s) by electrophoretically detecting the change In molecular
weight of phage i. DNA or supercolled plasma DNA after incubation with an
excess of DNA polymerase (for endonudease) and after treatment with a
restriction enzyme that cleaves the DNA into several fragments (for
exonuclease). Only those DNA polymerase fractions 30  (65-95 mM potassium
phosphate) having minimal nuclease contamination were pooled. To the pool
was added autoclaved gelatin in an amount of 250 pg/ml, and dialysis was
conducted against the,second buffer to yield Fraction E. Fraction E was
applied to a 9 ml phosphocellulose column and eluted with a 100 ml gradient
(0.01 -0.4 M KCI gradient in 20 mM potassium phosphate buffer pH 7.5). The
fractions were assayed for contaminating 35  endo/exonuclease(s) as
described above as well as for polymerase activity (by the method of
Kaledin et al.) and then pooled. The pooled fractions were dialyzed against
the second buffer, then concentrated by dialysis against 50% glycerine and
the second buffer. The molecular weight of the polymerase was determined by
SDS PAGE. Marker proteins (Blo-Rad low molecular weight standards) were
phosphorylase B (92,500), bovine serum albumin (66,200), ovalbumin 40
(45,000), carbonic anhydrase (31,000), soybean trypsin Inhibitor (21,500),
and lysozyme (14,400). Preliminary data suggeit that the polymerase has a
molecular weight of about 86,000-90,000 daltons, not 62,000-63,000 daltons
reported in the literature (e.g., by Kaledin et al.). 



IV. Amplification Reaction 45 One microgram of the genomic DNA described
above was diluted in an InitIal 100 pi aqueous reaction volume containing
25 mM TrIs-HCI buffer (pH 8.0), 50 mM KCI, 10 mM MgCI2, 5 mM
dithiothreltol, 200 ig/ml gelatin, 1 IPM of primer PCO3, 1 jIM of primer
PCO4, 1.5 mM dATP, 1.5 mM dCTP, 1.5 mM dGTP and 1.5 mM TTP. The sample was
heated for 10 minutes at 980C to denature the genomic DNA, then cooled to
room tem- 5o  perature. Four microliters of the polymerase from Themnus
aquaticus was added to the reaction mixture and overlaid with a 100 pi
mineral oil cap.-The sample was then placed in the aluminum heating block
of the liquid handling and heating instrument described in copending U.S.
Application Serial No. 833,368 filed February 25, 1986, the disclosure of
which Is Incorporated herein by reference. The DNA sample underwent 20
cycles of amplification In the machine, repeating the following program 55
cycle: 1) heating from 370C to 980C in heating block over a period of 2.5
minutes; and 2) coding from 98CC to 370C over a period of three minutes to
allow the primers and DNA to anneal. After the last cycle, the sample was
incubated for an additional 10 minutes at 550C to complete the final *
~~~~29    EP 0 237 362 B1 extension reaction. V. Synthesis and
Phosphorylation of Oligodeoxyribonucleotide Probes 5      A labeled DNA
probe, designated RS24, of the following sequence was prepared:
5-*CCCACAGGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAG-3' (RS24) where * indicates the
label. This probe is 40 bases long, spans the fourth through seventeenth
codons of 1o the gene, and is complementary to the normal p-globin allele
(PA). The schematiodiagram of primers and probes is given below: llO  bp is
~~~~~~~~~~~~0-glIobi n PCO3           RSZ4                PCOt4 This probe
was synthesized according to the procedures described in Section I of
Example I. The probe 20  was labeled by contacting 20 pmole thereof with 4
units of T4 polynucleotide kinase and about 40 pmole rWP- ATP (about 7000
Cllmmole) In a 40 id reaction volume containing 70 mM Tris buffer (pH 7.6),
10 mM MgCI2, 1.5 mM spermine and 10 mM dithiothreitol for 60 minutes at
370C. The total volume was then adjusted to 100 l1 with 25 mM EDTA and
purified according to the procedure of Maniatis et al., Molecular Cloning
(1 982), 466- 467 overa 1 ml spin dialysis column equilibrated with
Trls-EDTA (TE) buffer(10 mM Tris buffer, 0.1 mM EDTA, 25  pH 8.0). TCAs
precipitation of the reaction product Indicated thatfor RS24 the specific
activity was 4.3 pCIlpmole and the final concentration was 0.118 pmole/iW.
Vi. Dot Blot Hybridizations 30      Four microliters of the amplified
sample from Section I and 5.6 pi of appropriate dilutions of 0i-globin
plasmid DNA calculated to represent amplification efficiencies of 70, 75,
80, 85, 90, 95 and 100% were diluted with 200 ,u OA N NaOH, 25 mM EDTA and
spotted onto a nylon filter by first wetting the filter with water, placing
It in an apparatus for preparing dot blots which holds the filters In
place, applying the samples, and rinsing each well __       with 0.1 mI of
20 x SSPE ( 3.6 M NaCA, 200 mM NaH2PO4, 20 mM EDTA), as disclosed by Reed
and Mann, as  Nucleic Acids Research, 13, 7202-7221 (1985). The filters
were then removed, rinsed in 20 x SSPE, and baked for 30 minutes at 800C In
a vacuum oven. After baking, each filter was then contacted with 16 ml of a
hybridization solution consisting of 3 x SSPE, 5 x Denhardtfs solution (1 x
= 0.02% polyvinylpyrrolidone, 0.02% Flcoll, 0.02% bovine serum albumin,,
0.2 mM Tris, 0.2 mM EDTA, pH 8.0), 0.5% SDS, and 30% formarnIde, and
Incubated for two hours at 420C. Then 2 40  pmole of probe RS24 was added
to the hybridization solution and the filter was incubated for two hours
at420C. Finally,each hybridized filter was washed twice with 100 ml of 2 x
SSPE and 0.1% SDS for 10 minutes at room temperature. Then thefilters were
treated once with 100 ml of 2xSSPE, 0.1% SDSat60Cfor 10 minutes. Each
filter was the nautoradiographed, with the signal readily apparent after
two hours. 



45 ViI. Discussion of Autoradiogram The aujoradlogram of the dot blots was
analyzed after two hours and compared In intensity to standard serial
dilution p-globin reconstructions prepared with Haelil/Mael-digested pBR:
PA, where PA is the wild-type allele, as described in Saiki et al., Science
supre Analysis of the reaction product indicated that the overall so
amplffication efficiency was about 95%, corresponding to a 630,000-fold
Increase In the p-globin target sequ- ence. EXAMPLE iX s5  1. Amplification
Reaction Two I pg samples of genomic DNA extracted from the Molt 4 cell
line as described in Example VIII were each diluted in a 100 p1 reaction
volume containing 50 mM KCI, 25 mM Tris-HCI buffer pH 8.0, 10 mM MgCI2, 30
EP 0 237 3621B1 -1 PM of primer PCO3, I jiM of primer PCO4, 200 pg/ml
gelatin, 10% dimethylsulfoxide (by volume), 1.5 mM dATP, 1.5 mM dCTP, 1.5
mM dGTP, and 1.5 mM TTP. After this mixture was heated for 10 minutes at
980C to denaturetthe genomic DNA, the samples were cooled to room
temperature and 4 p1 of the polymerase from Thermus aquaticus described in
Example Vill was added to each sample. The samples were overlaid with min-
5   oral od to prevent condensation and evaporative loss. One of the
samples was placed in the heating block of the machine described In Example
Vii and subjected to 25 cycles of amplification, repeating the following
program cycle: (1) heating from 37 to 930C over a period of 2.5 minutes;
(2) cooling from 930C to 37*C over a period of three minutes to allow the
primers and DNA to anneal; and 10     (3) maintaining at 370C for two
minutes. After the last cycle the sample was incubated for an additional 10
minutes at 600C to complete the final extension reaction. The second sample
was placed In the heat-conducting containerof a machine, which container is
attached to Peltier heat pumps which adjust the temperature upwards or
downwards and a microprocessor controller to 15  control automatically the
amplification sequence, the temperature levels, the temperature ramping and
the tim- ing of the temperature. The second sample was subjected to 25
cycles of amplifIcation, repeating the following program cycle: (1) heating
from 37 to 950C over a period of three minutes; (2) maintaining at 95CC for
0.5 minutes to allow denaturation to occur; 20     (3) cooling from 95 to
370C over a period of one minute; and (4) maintaining at 370C for one
minute. 11. Analysis 25      Two tests were done for analysis, a dot blot
and an agarose gel analysis. Forthe dot blot analysis, a labeled DNA probe,
designated RSI 8, of the following sequence was prepared.
5'.-*CTCCTGAGGAGAAGTCTGC-3'   (RS18) -3o   where * Indicates the label.
This probe Is 19 bases long, spans the fourth through seventeenth codons of
the gene, and i8 complementary to the normal N3globin allele (PA). The
schematic diagram of primers and probes is given below: 35
11-bp 0-globin PCOS          RU18                 PCO4 40      This probe
was synthesized according to the procedures described in Section I of
Example 1. The probe was labeled by contacting 10 pmole thereof with 4
units of T4 polynucleotide kinase and about 40 pmole -32P- ATP
(about7.000oCImmole) in a 40 li reaction volume containing 70mM  Tris-HCI
buffer(pH 7.6), 10 mM  MgCI2, 1.5 mM spermine and 10 mM dithiothreitol for
60 minutes at 37CC. The total volume was then adjusted to 100 pI with 25 mM
EDTA and purified according to the procedure of Maniatis et al., Molecular
Cloning (1982), 468- 45  467 over a 1 ml spin dialysis column equIlibrated
with Tris-EDTA (TE) buffer (10 mM  Tris.HCI buffer, 0.1 mM EDTA, pH 8.0).
TCA precipitation of the reaction product Indicated that for RS1 8 the
specific activity was 4.6 



,uCI/pmole End the final concentration was 0.114 pmole/Pl. Five microliters
of the amplified sample from Section I and of a sample amplified as
described above except using the ifenow fragment of E. Coli DNA Polymerase
I Instead of the thermostahle enzyme were diluted with 5o  195 ia 0.4 N
NaOH, 25 mM  EDTA and spotted onto two replicate cationic nylon filters by
first wetting the filters with water, placing them in an apparatus for
preparing dot blots which holds the filters in place, applying the samples,
and rinsing each well with OA ml of 20 x SSPE  (3.6 M  NaCI, 200 mM
NaH2P04, 20 mM  EDTA), as disclosed by Reed and Mann, Nucleic Acids
Research, 1 , 7202-7221 (1985). The filters were then removed, rinsed In 20
x SSPE, and baked for 30 minutes at 800C In a vacuum oven. 55      After
baking, each filter was then contacted with 6 ml of a hybridization
solution consisting of 5 x SSPE, 5 x Denhardrs solution (1 x = 0.02%
polyvinylpyrrolidons, 0.02% Ficoll, 0.02% bovine serum albumin, 0.2 mM
Tris, 0.2 mM EDTA, pH 8.0) and 0.5% SDS, and incubated for 60 minutes at
550C. Then 5 pl of probe RS18 was added to the hybridlzatlon solution and
the filter was Incubated for 60 minutes at 55dC. 31    EP 0 237 362 B1
Finally, each hybridized filter was washed twice with 100 ml of 2 x SSPE
and 0.1 % SDS for 10 minutes at room temperature. Then the filters were
treated twice more with 100 ml of 5 x SSPE, 0.1% SDS at 600C for 1) one
minute and 2) three minutes, respectively. Each filter was then
autoradiographed, with the signal readily apparent after 90 minutes. c
In the agarose gel analysis, 5 Iul each amplification reaction was loaded
onto 4% NuSleve/0.5% agarose gel In I x TBE buffer (0.089 M Tris borate,
0.089 M boric acid, and 2 mM EDTA) and electrophoresed for 60 minutes at 1
OOV. After staining with ethidium bromide, DNA was visualized by UV
fluorescence. The results show that the machines used in Examples Vill and
IX herein were equally effective in amplifying the DNA, showing discrete
high-intensity 110-base pair bands of similar intensity, corresponding to
the desired 10  sequence, as well as a few other discrete bands of much
lower intensity. In contrast, the amplification method, which involves
reagent transfer after each cycle using the Klenow fragment of E. coli
Polymerase I, gave a DNA smear resulting from the non-speci'i amplification
of many unrelated DNA sequences. It Is expected that similar Improvements
in amplification and detection would be achieved in evaluating HLA-DQ, DR
and DP regions. 15     It is also expected that the procedure of Example I
may be repeated using a blotinylated probe prepared as described in U.S.
Patent Nos. 4,582,789 and 4,617,261. EXAMPLE X 20      cDNA was made from I
fig of rabbit reticulocyte mRNA in,;a 100 pii reaction volume containing
150 mM KCI, 50 mM Tris-HCI (pH 8.3), 10 mM MgCi2, 5 mM DTT, 0.5 mM dATP,
0.5 mM dCTP, 0.5 mM dTTP, 0.5 mM dGTP, 0.2 jpg oligo(dT)12-18, 40 units
RNasin, and 5 units AMV reverse transcriptase, and Incubated for 30 minutes
at 42C. The reaction was stopped by heating for 10 minutes at 950C. Two pig
RNase A was added to the sample'(2 p1 of a 2 mg/ml solution In water) and
incubated for 10 minutes at 370C. 25      Three amplification reactions
were done with the Klenow fragment using different pairs of primers. The
primer pair PC03/PCO4 define a I 10-bp product, the primer pair
RS45/oligo(dT)25-30 define an about 370-bp product, and the primer pair
PC03/oligo(dT)25-30 an about 600-bp product. PC03, PC04, and RS45 are com-
plementary to the human p-globin gene and each has two mismatches with the
rabbit gene. PC03 and PCO4 are described In Example 1. RS45 has the
sequence: 5'-CAAGAAGGTGCTAGGTGCC.3'. 30      The amplification reactions
were performed with 1/20th (5 pi) of the cDNA described above in a 100 ui
reac- tion volume, containing 50 mM NaCI, 10 mM Tris.HCI (pH 7.6), 10 mM
MgCI2, 200 pg/ml gelatin, 10% DMSO, 1 pM PC03 or RS45, 1 pM PC04 or
oligo(dT)25-30, 1.5 mM dATP, 1.5 mM dCTP, 1.5 mM dTTP and 1.5 mM dGTP. The
samples were heated for five minutes at 980C, then cooled to room
temperature and overdayed with about 100 p1 mineral oil. 35      The
samples were subjected to 10 cycles of automated amplification using the
machine described in Example ViIl and using the following program: 1)
heating from 370C to 980C In heating block over 2.5 minutes (denature); 2)
cooling from 980C to 370C over 3.0 minutes (anneal); 



3) adding I unit Kienow fragment; and 40     (4) maintaining at 37eC for 20
minutes (extend). The final volume of each sample was about 140 pi.
One-twpntieth (7 pi) of each sample was analyzed by electrophoresis on a 2%
agarose gel. After staining with ethidium bromide, discrete bands were seen
in the PC03/PC04 and RS45/oligo(dT) samples. The sizes of the bands were
consistant with the expected lengths: 1 10-bp for the former, about 370-bp
for the latter. No 45  evidence of, amplification of an about 600-bp
fragment with the PC03/odigo(dT) primer pair was observed. The contents of
the gel were Southem blotted onto a cationic nylon membrane and hybridized
with a nick- translated human P-globin probe, pBR328:betaA, described in
Salki et al., Science, supra, using standard techniques.;The resulting
autoradlogram extended the conclusions reached previously - the 110 and
about 370- bp fragments were f3-globin specffic amplification products and
no significant amplification of the about 600-bp 60  band was detected.
Three additional samples were amplified with the Thermus aquaticus (Taq)
polymerase obtained as des- cribed above using the same primer pairs
described previously. Five microliter portions of cDNA were amplified In
100 p1 reaction volumes containing 50 mM KCI, 25 mM Trls.HCI (pH 8.0), 10
mM MgCI2, 200 ptg/ml gelatin, 10% DMS0, 1 pM PC03 or RS45, I AM PCO4 or
oligo(dT)25-30, 1.5 mM dATP, 1.5 mM dCTP, 1.5 mM dTTP 55  and 1.5 mM dGTP.
The samples were heated for five minutes at 980C, then cooled to room
temperature. One microliter of Taq polymerase (1/8 dilution of lot 2) was
added to each and overiayed with about 100 pi mineral oil. The samples were
subjected to 9 cycles of amplification in the Peltier device described in
the previous 32    EP 0 237 362 B1 example using the following program: 1)
1 mi), 35 to 600C ramp; 2) 12 nin, 60 to 700C ramp (extend); 3) 1 mil, 70
to 950C ramp (denature); 5      4) 30 sec, 950C soak; 5) 1 min, 95 to 350C
ramp (anneal); and 6) 30 sec, 350C soaL Afterthe lastcycle, the sampleswere
incubated an additional 10 minutes at600C to complete the final (10th
cycle) extension. The final volume of each was about 100 jil. As before,
1/20th (10 p1) of each sample was analyzed on a 2% agarose gel. In this
gel, amplification pro- ducts were present in all three samples: I 10-bp
for PC03/PCO4, about 370-bp for RS45/oligo(dT), and about 600-bp for
PCO3Iollgo(dT). These results were confirmed by Southern transfer and
hybridization with the pBR- 328:betaA probe. The production of the 600-bp
product. with Taq polymerast but not with the Klenow fragment Is
significant, 15  and suggests that Taq polymerase is capable of producing
longer DNA than the Klenow fragment. In summary, the technique herein
wherein nucleic acids are amplified in a chain reaction in which primer
extension products are produced which can subsequently act as templates,
and the amplified samples are analyzed using sequence-specffic probes
provides several important advantages. It Is a simplified procedure because
the amplified samples can be spotted on a filter membrane as a dot blot
thereby avoiding the restric- 20  tVon digestion, electrophoresis and gel
manipulations otherwise required. It Is a more specific procedure because
the amplification greatly Increases the ratio of specific target sequence
to cross-hybridizing sequ- ences. In addition, the process herein Improves
sensitivity by 103-104. An Interpretable signal can be obtained with a I ng
sample after an overnight exposure. Finally, by increasing the amount of
sample applied to the filter to 25  0.1 to 0.5 po, it Is possible that
biotinylated oligonudeotlde probes may be utilized. Claims 30      1. A
processfor detecting the presence of a specific nudeotide sequence in
nucleic acid in a sample, which process comprises: 



(a) treating the sample, together or sequentially, with four different
nudeoside triphosphates, an agent for polymerization of the nucleoside
triphosphates, and two oligonucleotide primers forsald nudele acid under
hybridizing conditions such that a primer will hybridize to said nucleic
acid and an extension product of the 3a      primer be synthesized which Is
complementary to said nucleic acid, wherein said primers are selected such
that the extension product synthesized from one primer, when separated from
Its complement, can serve as a template for synthesis of the extension
product of the other primer (b) treating the sample under denaturing
conditions to separate the primer extension products from their templates;
40     (c) treating the sample, together or sequentially, with said four
nucleoside triphosphates, an agent for polymerization of the nudeoside
triphosphates, and oligonucleotde primers such that a primer extension
product Is synthesized using each of the single strands proquced in stop
(b) as a template, wherein steps (b) and'(c) are repeated a sufficient
number of times exponentially to increase the amount of said nucleic acid
and to result in detectable amplification thereof: 4u     (d) directly
transferring, without gel fractionation, product derived from step (c) to a
membrane; (e) treating the membrane from (d) under hybridization conditions
with a labeled sequence-specific oligondpleotide probe capable of
hybridizing with the amplified nucdeic acid only If a sequence of the probe
is complementary to a region of the amplified nucleic acid; and (f)
detecting whether the probe has hybridized to an amplified nucleic acid in
the sample. 50      2. A process of Clalm 1, wherein the nucleic acid In
the sample is extracted from the sample prior to step (a), and steps (b)
and (c) are repeated at least five times, optionally wherein the sample
contains human genomic DNA and steps (b) and (c) are repeated 15-30 times.
3. A process of Claim I or Claim 2, wherein said nucleic acid is
double-stranded and its strands are sepa- rated by denaturing before or
during step (a). o5      4. A process of Claim I or Claim 2, wherein the
said nuclelc acid is single-stranded. 5. A process of Claim 3, wherein said
nucleic acid is DNA and said primers are oligodeoxyribonucleotides. 6. A
process of Clain 4, wherein said nucleic acid Is DNA or messenger RNA and
said primers are oligodeoxyribonucleotides. 33    example using the
following prograhi: 1)1 min, 35 to 600C ramp; 2)12 min, 60 to 700C ramp
(extend); 3)1 min, 70 to 950C ramp (denature); 5      4) 30 sec, 95C soak;
5)1 mi, 95 to 350C ramp (anneal); and 6) 30 sec, 350C soak. After the last
cycle, the samples were incubated an additional 10 minutes at S00C to
complete the final (10th cycle) extension. The final volume of each was
about 100 pi. 10      As before, 1120th (10 pi) of each sample was analyzed
on a 2% agarose gel. In this gel, amplification pro- ducts were present In
all three samples: 11 0-bp for PC03/PCO4, about 370-bp for RS45Iollgo(dT),
and about 600-bp for PC03/oligo(dT). These results were confirmed by
Southern transfer and hybridization with the pBR- 328:betaA probe. The
production of the 600-bp product with Taq polymerast but not with the
Klenow fragment is significant, 15  and suggests that Taq polymerase is
capable of producing longer DNA than the Klenow fragment. In summary, the
technique herein wherein nucleic acids are amplified in a chain reaction in
which primer extension products are produced which can subsequently act as
templates, and the amplified samples are analyzed using sequence-specific
probes provides several Important advantages. It is a simplified procedure
because the amplified samples can be spotted on a filter membrane as a dot
blot, thereby avoiding the restric- 20  tion digestion, electrophoresis and
gel manipulations otherwise required. It is a more specific procedure
because the amplilication greatly increases the ratio of specific target
sequence to cross-hybridizing sequ- ences. 



In addition, the process herein improves sensitivity by 103-104. An
interpretable signal can be obtained with a 1 ng sample after an overnight
exposure. Finally, by Increasing the amount of sample applied to the filter
to 25  0.1 to 0.5 pig it is possible that blotinylated oligonucleotide
probes may be utilized. Claims 30      1. A process for detecting the
presence of a specific nucleotide sequence in nucleic acid in a sample,
which process comprises: (a) treating the sample, together or sequentially,
with four different nucleoside triphosphates, an agent for polymerization
of the nucleoside triphosphates, and two oligonucleotide primers for said
nucleic acid under hybridizing conditions such that a primer will hybridize
to said nucleic acid and an extension product of the 35      primer be
synthesized which is complementary to said nucleic acid, wherein said
primers are selected such that the extension product synthesized from one
primer, when separated from its complement, can serve as a template for
synthesis of the extension product of the other primer; (b) treating the
sample under denaturing conditions to separate the primer extension
products from their templates; 40      (c) treating the sample, together or
sequentially, with said four nucleoside triphosphates, an agent for
polymerization of the nucleoside triphosphates, and oligonucleotide primers
such that a primer extension product is synthesized using each of the
single strands produced In step (b) as a template, wherein steps (b)
and.(c) are repeated a sufficient number of times exponentially to increase
the amount of said nucleic acid and to result In detectable amplification
thereof: 45      (d) directly transferring, without gel fractionation,
product derived from step (c) to a membrane; (e) treating the membrane from
(d) under hybridization conditions with a labeled sequence-specific
oligonucleotide probe capable of hybridizing with the amplified nucleic
acid only if a sequence of the probe is complementary to a region of the
amplified nucleic acid; and (f) detecting whether the probe has hybridized
to an amplified nucleic acid in the sample. 50      2. A process of Claim
1, wherein the nucleic acid in the sample is extracted from the sample
prior to step (a), and steps (b) and (c) are repeated at least five times,
optionally wherein the sample contains human genomic DNA and steps (b) and
(c) are repeated 15-30 times. 3. A process of Claim 1 or Claim 2, wherein
said nucleic acid is double-stranded and its strands are sepa- rated by
denaturing before or during step (a). 55      4. A process of Claim 1 or
Claim 2, wherein the said nucleic acid is single-stranded. 5. A process of
Claim 3, wherein said nucleic acid is DNA and said primers are
oligodeoxyribonucleotides. 6. A process of Claim 4, wherein said nucleic
acid is DNA or messenger RNA and said primers are
oligodeoxyribonucleotides. 33    EP 0237 362      ,            *C!Ill IN
IIIII!Il 7. A process of any one of Claims I 60 6, wherein said agent for
polymerization is selected from E coll DNA Polymerase I, Kienow fragment of
E coll DNA Polymerase I, T4 DNA polymerase, thermostablepolymerase enzyme
anji reverse transcriptase. 8. A pr6cess of any one of Claims I to 7,
wherein the specific nucleotide sequence is contained within a 5   human
nucleic acid selected from a beta-globin gene, an oncogene, an HLA-DQ
alpha, DQ beta, DR beta, DP alpha and DP beta gene, and mitochondrial DNA,
optionally wherein the nucleotde sequence is associated with
Insulin-dependent diabetes meliltus or wherein the nucleotide sequence Is
contained within nucleic acid of an organism that can cause an Infectious
disease. 9. A process of any one of Claims I to 8, wherein either the
sample comprises cells, optionally wherein 10  the sample is peripheral
blood lymphocytes or amniotic fluid, and the process further comprises,
before step (a), the step of heating the sample sufficiently to expose the
nucleic acid(s) therein; or wherein the sample Is a semen, hair or blood
sample, or contains mitochondrial DNA, and the process Is used In forensic
analysis. 10. A process for detecting the presence of a specific nucleotide
sequence in a nucleic acid In a sample, which process comprises: 16
(a) treating the sample, together or sequentially, with four different
nudeoside triphosphates, an agent for 



polymerization of the nucleoside triphosphates, and two oligonucleotide
primers for said nucleic acid under hybridizing conditions such that a
primer hybridizes to said nucleic acid and an extension product of the
primer is synthesized which Is complementary to said nucleic acid, wherein
said primers are selected such that the extension product synthesized from
one primer, when separated from its complement, can serve 20      as a
template for synthesis of the extension product of the other primer, (b)
treating the sample under denaturing conditions to separate the primer
extension products from their templates; (c) treating the sample, together
or sequentially, with said four nucleoside triphosphates, an agent for
polymerization of the nucleoside triphosphates, and oligonucleotide primers
such that a primer extension 26      product. Is synthesized using each of
the single strands produced in step (b) as a template, wherein steps (b)
and!(c) are repeated a sufficient number of times exponentially to Increase
the amount of said nucleic acid and to result In detectable amplification
thereof; and wherein at least one primer and/or at least one of the four
nucleoside triphosphates is labeled with a detectable moiety; (d) treating
a membrane to which Is attached a sequence-specific oligonudeotide capable
of hybridizing 30      with the amplified nudelc acid only if a sequence of
the oligonucdeotide is complementary to a region of the amplified nucleic
acid under hybridization conditions with product derived from step (c); and
(e) detecting whether an amplified nucleic acid in the sample has
hybridized to the oligonucleotide attached to the membrane. 11. A process
for detecting the presence of a specific nucleotide sequence in nucleic
acid In a sample, 35   which process comprises: (a) treating the sample,
together or sequentially, with four different nucleoside triphosphates, an
agent for polymerization of the nucleoside triphosphates, and two
oligonucleotide primers for said nucleic acid under hybridizing conditions
such that a primer hybridizes to said nucleic acid and an extension product
of the primer Is synthesized which is complementary to said nucleic acid,
wherein said primers are selected such 40      that the extension product
synthesized from one primer, when separated from its complement, can serve
as a tempate for synthesis of the extension product of the other primer;
(b) treating the sample under denaturing conditions to separate the primer
extension products from their templates; (c) treating the sample, together
or sequentially, with said four nudeoside triphosphates, an agent for 45
polymerization of the nudeoside triphosphates, and oligonucleotide primers
such that a primer extension product Is synthesized using each of the
single strands produced In step (b) as a template, wherein steps (b) and
(c) are repeated a sufficient number of times exponentially to increase the
amount of said nucleic acid anpl to result in detectable amplification
thereof; (d) attaching to a membrane a labeled sequence-specific
oligonudeotide probe capable of hybridizing with 50      the amplified
nucleic acid only if a sequence of the probe is complementary to a region
of the amplifled nucleic acid; (e) treating the membrane from (d) under
hybridization conditions with product derived from step (c): (1) treating
the product of step (e) with a restriction enzyme which will cleave any
hybrids formed if the probe and any sequence to be detected both contain a
restriction site recognized by the enzyme; and u5      (g) detecting
whether a labeled restriction fragment of the required length is present in
the restriction digest thereby Indicating that hybridization occurred. 12.
A process of Claim 10, wherein said primers are oligodeoxyribonucleotides
and are optionally labeled and said agent for polymerization is a DNA
polymerase. 34    I 11l11Ilj 111111 11111 IIl llijil EP 0 237 362 i1 13. A
p9ocess of Claim 10 or Claim 12, wherein said nudeic acid is DNA,
optionally human geonomic DNA. 14. A process of Claim 10 or Claim 12,
wherein said nucieic acid is RNA. 15. A process of Claim 13, wherein said
primers amplify a segment of a Class II HLA gene, optionally a DQ alpha
allele, a DQ beta allele, a DP alpha allele, a DP beta allele, a DR alpha
allele, or a DR beta allele. 



5      16. A kk for detecting the presence of a specific nucleotide
sequence in a nudeic acid in a sample, which kit comprises, in packaged
form, a multicontainer unit having: (a) two oligonucleotide primers for
said nucleic acid, which primers are selected such that an extension
product synthesized from one primer, when separated from its complement,
can serve as a template for the synthesis of the extension product of the
other primer so as exponentially to amplify said nuclelc acid; 10     (b)
an agent for polymerization; (c) four different nucleoside triphosphates;
and either (d) a sequence specific oligonucieotide probe capable of
hybridizing with the ampiffied nuclelc acid only If a sequence of the probe
Is complementary to a region of the amplified nucleic acid; and (e) a
membrane to which amplified nucleic acid can bind for subsequent detection
by probe hybridization; 15      or (d) a sequence specific oligonucleotide
probe attached to a membrane, wherein said probe is capable of hybridizing
with the amplified nucleic acid only If a sequence of the probe is
complementary to a region of the amplified nucleic acid. 17. A kit of Claim
16, wherein either said primers are oligodeoxyribonucleotides, said
nucleoside triphos- 20  phates are dATP, dCTP, dGTP and TTP, and the probe
Is labeled orwherein at least one of the primers and/or at least ond of the
nucleoside triphosphates is labeled. 18. A kit of Claim 16 or Claim 17,
further comprising means of separating the strands of any double-stranded
nucleic acids contained in the sample, and/or a positive control for the
probe which contalns one or more nucleic acids with the specific nucleotide
sequence to be detected and a negative control for the probe which does not
25 contain nuclelc acid with the nucleotide sequence to be detected. 19. A
kit of any one of Claims 16 to 18, wherein the agent for polymerization Is
an enzyme selected from E coli DNAiPolymerase I, Klenow fragment of E coil
DNA Polymerase I, T4 DNA polymerase, a heat-stable DNA polymerase enzyme,
and reverse transcriptase. 20. A kit of any one of Claims 16 to 19 wherein
the specific nucleotide sequence Is contained within a human 30 nucleic
acid selected from a beta-globin gene, an HLA-DQ alpha, DQ beta, DR beta,
DP alpha and DP beta gene, and mitochondrial DNA, optlonally the nucleotide
variation in sequence being associated with insulin- dependent ,diabetes
meliltus. 35 PatentansprOche 1. Verfahren zum Nachweis des Vorhandenselns
einer spezilschen Nukleotidsequenz In Nukleinsaure In einer Probe, bei
welchem: (a) die Probe gleichzeitig oder nacheinander mit vier
verschiedenen Nukleosidtriphosphaten, einem Mittel 40      zur
Polymerisatlon der Nukleosidtriphosphate und zwei Oligonukleotidprimem fi~r
die Nukleinsaure unter hybridislerenden Bedingungen behandelt wird, so daB
ein Primer an die Nuklelnsaure hybridisleren wird und
ein.Extensionsproduktdes Primers synthetisiertwird, das komplementfirzu
derNukleinsaure Ist, wobei die Prirper so ausgewAhit sind, dall das mit
einem Primer synthetisierte Extenslonsprodukt als Matrize fOr die Synthese
des Extenslonsprodukts des anderen Primers dienen kann, wenn es von seinem
Komplement 45      getrenrt wird; (b) die Probe unter denaturierenden
Bedingungen behandelt wird, um die Primerextensionsprodukte von Ihren
Matrizen abzutrennen; (c) die frobe gleichzeitig oder nacheinander mit den
vier Nukleosidtriphosphatan, elnem Mittel zur Poly- merisatlon der
Nukleosidtriphosphate und Oligonukleotidprimem behandelt wird, so daB ein
Primerexten- 50      sionsprodukt unterVerwendungjederder In Schritt (b)
hergesteilten Elnzelstringe als Matrize synthetisiert wird, wobel die
Schritte (b) und (c) ausreichend oft wiederholt werden, um exponentiel[ die
Menge der Nukleinsaure zu erhohen und zu einer nachweisbaren Amplifikation
davon zu fuhren: (d) das aus Schritt (c) erhaltene Produkt direkt, ohne
Gelfraktioriierung, auf eine Membran Obertragen wird; (e) die Membran aus
(d) unter hybridisierenden Bedingungen mit elner markierten
sequenzspezlifschen 55      Oiigonukleotisonde behandelt wird, die mit der
ampilfizierten Nukleinsgure nur dann hybridislert, wenn eine Sequenz der
Sonde komplementir zu elner Region der amplifizierten Nukleinagure Ist; und
(f) nachgewiesen wird, ob die Sonde an eine amplifizierte Sequenz in der
Probe hybridisiert hat. 2. Verfahren nach Anspruch 1, wobel die
Nuklelnseure In der Probe vor Schritt (a) aus der Probe extrahiert 35  



I IIIIUIj 111111111111111111 11111 EP 0 237 362 B1 wird, und die Schritte
(b) und (c) werligstens fMnftmal wiederholt werden, wobei gegebenenfalls
die Probe menschliche genomische DNA enthilt und die Schritte (b) und (c)
15 bis 30mal wlederholt wercdein. 3. Verfahren nach Anspruch I oder
Anspruch 2, wobel die Nukleinslure doppeistrangig ht und ihre Strange vor
oder wahrend Schritt (a) durch Denaturleren getrennt werden. 5      4.
Verf~hren nach Anspruch I oder Anspruch 2, wobel die Nukisinsgure
einzelstrangig lat. 5. Verfahren nach Anspnrch 3, wobel die Nukleinsiure
DNA lat und die Primer Oligodeoxydbonukleotide sind. 8. Verfahren nach
Anspruch 4, wobei die Nukielnslure DNA odor Messenger-RNA Ist und die
Primer Oil- godeoxyribonukieotide sind. 10      7. Verf~hren nach elnem der
Ansprflche I bis 6, wobel das Mittel zur Polymerisation ausgewahit wird aus
E. coli-DNA.Polymerase 1, Kienow-Fragment von E. coli-DNA-Polymerase 1,
T4-DNA-Polymerase, thermosta- bilem Polymeraseenzym und reverser
Tranakriptase. 8. Verfahren nach elnem der AnsprOche I bis 7, wobel die
spezFifsche Nukieotidsequenz innerhalb elner menschlichen Nukielnsalure
enthalten bst, ausgewIhit aus einem beta-Globingen, einem Oncogen, elnem
HLA- i6   DQ-alpha-, -DQ-beta-, -DR-beta-, -DP-alpha- und -DP-beta-Gen, und
mitochondrialer DNA, wobel gegebenen- falls die Nuldeotidsequenz mit
insulinabhangigem  Diabetes mellitus assozilert Ist, oder wobel die
Nukleotfdsequenz Innerhaib elner Nukielnsaure eines Organismus enthalten
ist, dereine Infektl8se Erkrankung verursachen kann. 9. Verfahren nach
elnem der AnsprOche I bbs 8, wobel die Probe entweder Zellen enthalt, wobei
es sich 20 gegebenenfalls be! der Probe um periphere Blutilymphozyten oder
amniotische Fiflssigkeilt handelt, und das Verfahren vor Schritt (a) femer
aufweist, daB die Probe ausrelchend erhitzt wird, um die Nuklelnsgure(n)
darin zu exponleren; oder wobei es sich bei der Probe um eine Sperma-,
Haar- odor Blutprobe handelt, oder mito- chondriale DNA enthilt, und das
Verfahren In der forensischen Analyse verwendet wird. 10. Verfahren zum
Nachweis des Vorhandenseins einer spezifischen Nukleotodsequenz in elper
Nukleln- 25  suure in einer Probe, bel welchem: (a) die Ilrobe gliechzeitig
oder nacheinander mit vier verschiedenen Nuicleosidtriphosphaten, einern
Mittel zur Poltmerisadon der Nukieosidtriphosphate und zwei
Ollgonukleotidprimem fur die NuldoinsAure unter bybridislerenden
Bedingungen behandelt wird, so daB sin Primer an die Nukoilnsaure
hybridisiert und ein Extensbonsprodukt des Primers synthetislert wird, das
komplementar zu der Nuklehnasure lat, wobel die 30      Primer so
ausgewdhit sind, daB das mit elnem Primer synthetiserte Extenslonsprodukt
ale Matrize fOr die Synthese des Extensionsprodukts des anderen Primers
dienen kann, wenn es von selnem Komplement getrennt wird; (b) die Probe
unter denaturierenden Bedingungen behandelt wird, um die
Primerextensionsprodukte von Ihren Matrizen abzutrennen; 3s     (c) die
Probe gleichzetitg oder nacheinander mit den vier Nuldeosidtriphosphaten,
einem Mittel zur Poly- merisation der Nukleosidtriphosphate und
Oligonukleotidprimem behandelt wird, so daB sin Primerexten- sionsprodukt
untbrVerwondungjederderln Schritt (b) hergestellten Einzelstrange ala
Matrize synthetislert wird, wobel die Schritte (b) und (c) ausreichend oft
wiederholt warden, urn exponentlell die Mange der. Nukielnsfiure zu erhOhen
und zu elner nachwebsbaren Amplifikation davon zu fOhren; und wobei minde-
40      stens eln Primerundlodernmindestens oene dervier
Nukleosidtriphosphate mitelnem nachweisbaren Rest markiert ist; (d) sine
Membran, an der ein sequenzspezifisches Oligonukieotfd befestigt ist, das
mit der ampliflzlerten Nukleinsaure nurdann hybridisiert, wenn elne Sequenz
des Ollgonukleotilds kompiementar zu einer Region der amplifizlerten
Nukieinslure ist, unter hybridisierenden Bedingungen mit dem in Schritt (c)
erhaitenen 46      Produkt behandelt wird; und (e) nachgewiesen wird, ob
sine amplifizierte Nukieinsaure in der Probe mit dem an der Membran
befestig- ten Oligonukleotid hybridislert hat. I1. Verfahren zum Nachwels
des Vorhandenseins elner speziflschen Nukleotidsequenz In ehner Nuklein-
saure In einrr Probe, be! welchem: 



50     (a) die Probe gleichzeltig oder nacheinander mit vier verschiedenen
Nukleosidtriphosphaten, einem Mittel zur Polymerisation der
Nukleosidtriphosphate und zwel Oligonukleotidprimem fOr die Nukleinsiure
unter hybridislerenden Bedingungen behandelt wird, so daB gin Primer an die
Nukieinsaure hybridlisiert und sin Fxtfnqln.Rnradrlkt dMP PrImArn
Rvnthati.nlart wlrd. dasq knmnlAmAntlr 711 deAr NmiklAinnhurA icqt wnhAl
dnA    (c) die Probe gleichzeitig oder nacheinander mit den vier
Nukleosidlrlphosphaten, elnem Mittel zur Poly- merisatIon der
Nukieosidtriphosphate und Oligonukieotidprimem behandelt wird, so dall sin
iPrimerexten- sionsprodukt unterVerwendung jederder in Schritt (b)
hergestellten Einzeistrange als Matrize synthetisiert wird, wobel die
Schritte (b) und (c) ausreichend oft wlederholt werden, um exponentiell die
Menge der 5      Nukiesitaure zu erhohen und zu elner nachwelsbaren
Amplifikation davon zu f0hren; (d) an einer Membran sine markierte
sequenzspezifische Oligonukieotidsonde befestigt wird, die mit der
amplifizierten Nukisinsaure nur dann hybridisiert, wenn sine Sequenz der
Sonde komplementar zu einer Region der amplifizierten Nukieinsaure ist; (e)
die Membran aus (d) unter hybridislerenden Bedingungen mit dem In Schrift
(c) erhaltenen Produkt 10      behandelt wird: (f) das Produkt aus Schritt
(e) mit einem Restriktlonsenzym behandelt wird, dasjedes gebildete Hybrid
spal- ten wird, wenn die Sonde und jede nachzuweisende Sequenz beide eine
Restriktionsstelle enthalten, die von dem Enzym erkannt wird; und (g)
nachgewiesen wird, ob Bin marklertes Restrlktlonsfragment der
erforderlichen LAnge in der Restrk- 15     tionsverdauung vorhanden let,
wodurch angezeigt wird, daB Hybridisierung auflrat. 12. Verfahren
nachAnspruch 10, wobel die Primer Oligodeoxyribonukieotide sind und
gegebenenfalls mar- kiert sind und des Mittel zur Polymerlsation eine
DNA-Polymerase ist. 13. Verfahren nach Anspruch 10 oder Anspruch 12, wobei
die Nuklelnsaure DNA Ist, gegebenenfalls menschliche genomische DNA. 20
14. Verfahren nach Anspruch 10 oder Anspruch 12, wobei die Nukinsinure RNA
ist. 15. Verfahren nach Anspruch 13, wobel die Primer ein Segment eines
kiasse 11-HIA-Gens amplifileren', gegebenenfalls ein DQ-alpha-Aliel, ein
DQ-beta-Ailel, sin DP-alpha-ilel, ein DP-beta-Allel, ein DR-alpha-Allel
oder ein DR-beta-Ailel. 16. Kit zum Nachweis des Vorhandenseins elner
spezfischen Nukleotidsequenz In elner Nuldeinsaure in 25  einer Probe,
wobei das Kit, in verpackter Form, eine Mehrbehaltereinhelt aufweist, mit
(a) zwel Oligonukleotidprlmem fOr die Nukisinsdure, wobel die Primer so
ausgewahit sind, daB das mit el- nem Primer synthetislerte
Extensionsprodukt als Matrize fir die Synthese des Extensionsprodukts des
anderen Primers dienen kann, wenn es von seinem K-omplement getrennt wird,
um die Nukisinsdure expo- nentlell zu amplifizieren; 30     (b) einem
Mittel zur Polymerisation; (c) vler verschiedenen Nukleosidtriphosphatsn;
und entweder (d) elnersequenzspezifschen Oligonuldeoodsonds, die mit
deramplifizierten Nuklelnsaure nur dann hybri- dislert, wenn sine Sequenz
In der Sonde komplementir zu elner Region der amplifizlerten Nukieinsaure
Ist; und 35     (e) einer Membran, an welche amplifilerts Nukieinsaure zum
anschileSenden Nachweis durch Sonden- hybridislerung binden kann; oder (f)
elneran elner Membran befestigten sequenzspeziflschen Oligonukieotidsonde,
wobei die Sonde mit der amplifizierten Nukldinsaure nur dann hybridislert,
wenn esne Sequenz der Sonde komplementir zu einer Region der amplifizierten
Nukdeinsaure ist. 40      17. Kit nach Anspruch 16, wobei entweder die
Primer Oligodeoxyribonukleotide sind, die Nukleosidtriphos- phate dATP,
dCTP, dGTP und TTP sind und die Sonde marklert Ist, oder wobel mindestens
einer der Primer und/oder mindestens elnes der Nukieosidtrlphosphate
markiert ist. 18. Kit 9ach Anspruch 16 oderAnspruch 17, welches augerdem
sin Mlttel zurTrennung der Strnge Jeder in der Prot~e vorhandenen
doppelstrangigen Nukieinsaure enthilt undloder sine positive kontrolle fOr
die 45  Sonde, die gine oder mehrere Nukleinsauren mit der nachzuweisenden
spezifischen Nukleotidsequenz enthalt, und sine negative Kontrolle far die
Sonde, die keine Nuldeinsaurs mit der nachzuweisenden Nukleotidsequenz 



enthilt. 19. Kit nach einem derAnsprflche 16 bis 18, wobel das Mittel zur
Polymerisation ein Enzym Ist, ausgewahit aus E. coli-DNA-Polymerase 1,
kienow-Fragment von E. coll-DNA-Polymerase 1, T4-DNA-Polymerase, elnem so
hitzestabilesi DNA-Polymeraseenzym und einer reversen Transkriptase. 20.
Kit nach einem der Ansprtiche 16 bis 19, wobel die speziflsche
Nukieotidsequenz innerhalb einer menschlichen Nukislnsaure enthalten Ist,
ausgewihlt aus sinem beta-Globingen, einem HLA-DQ-alpha-, -DQ- beta-,
DR-beta-, DP-alpha- und DP-beta-Gen, und mitochondrialer DNA, wobei
gegebenenfalls die Nukieotid- variation in der Sequenz mit
Insulinabhingigem Diabetes mellitus assozilert ist. 55 37    EP 0 237 362
BI           II !IIIlJ IIIIl liji H    IIl j 11111 i
*  ~~~~~~~~~~~~~~~~C   L  M   S* RevendlctIons 1. Prood5 de detection de Ia
prisence d'une s6quence de nud6otides spdcffique dans un 6chantillon
d'acide nucilque, selon loquel: 5      (a) on tCiaite l'Mchantillon dans
des conditions d'hybridation, simultan6ment ou successivement, avec quatre
nucleoside triphosphates diff6rents, un agent de polymerisation des
nuoleoside trlphosphatos, et deux amorces oligonudeotidiques correspondant
a l'acids nucleique, de sorta qu'une amorce s'hybride avec t'acide
nucdeique, et un produit d'extension de l'amorce complementaire de l'acide
nucd6ique, est synth6- tise, lee amorces 6tant cholsies de tetle sorts quo
le produit d'extension synth6tfse a partir d'une amoroe, 10      puisse,
lorsqu'l eat se6par6 de son compilment, servir de matrics pour la synthese
du produit d'extenslon de l'autre amorce; (b) on tralto l'hchantillon dans
des conditions de denaturatlon afin de s6parer lea produits d'extenslon
d'amorce de leurs matrices; (c) on trait l'echantillon, simultandment ou
successivement, avec les quatre nud6oside triphosphates, un 65     agent de
polymerlsatlon des nucieoside triphosphatbs, et des amorces
ollonucleotidlques, de telle sorta qu'un prodult d'extension d'amorce eat
synth6tias en employant chacun des simples brins prodults dans I'etape (b)
comme matrice, les 6tapes (b) et (c) etant r6p6t6es un nombro de Iois
sufflsent pour accroftr exponentlellement la quantite de l'acide nuct6ique,
et obtonir une amplification dbtectable de celul-ci; (d) on
transfertdirectementsurune membrane, sans fractionnement sur gel, le
produit issu de l'tape (c); 20     (e) on traits la membrane obtenue en (d)
dans des conditions d'hybridatlon, avec une sonde ollgonudeo- tidlque
Inarqu6o sp6cifique d'une sequence, capable de s'hybrider avec I'acide
nuci6lque amplIM6, souls- ment sl uno equence de la sonde eat
complementalre d'une region de l'acide nuci6lque amplifie; et (f) on dect8
a sonde a 6t6 hybridee avec un acide nucltique ampllfi6 pr6sent dans
I'6chantllon. 2. Procede ston la revendlcation 1, dans lequel t'acide
nudelque present dans l'Mchantillon, est extrait 25 de t'6chantillon avant
l'6tape (a), et dans lequel on r6pbte les 6tapes (b) et (c) au moins cinq
fois, jet 6ventuel- loment dens le cas ou l'echantillon contlent de l'ADN
de g6nome humain, le etapes (b) et (c) sont repet6es 15 a 30 osV. 3.
Procpd6 solon la revendicatlon 1 ou 2, dans lequel I'acide nuclelque eat
bicathnalre, et ses brins sont separes par denaturation avant ou au cours
de l'etape (a). 30      4. Proc6de solon la revendication I ou 2, dans
lequel l'acide nucl6ique est monocatenaire. 5. Proc6db solon la
revendication 3, dans lequel t'acide nudcique eat un ADNj et lea amorces
sont des olgod6soxyribonucd6otides. B. Procede solon la revendlcation 4,
dans lequel I'acide nudeique eat un ADN ou un ARN messager, et ,,      lea
amorces sont des oligodesoxyribonuci6otides. 35      7. Proced6 selon l'une
quelconque des revendications I a 6, dans lequel l'agent de polymerisation
eat choisl parml I'ADN polymerase Ide E. colt, le fragment de Klenow de
I'ADN polymerae I de E. colt I'ADN poly- m6rase T4, une polym6rase
thenmostable et une transcriptase r6verse. 8. Proced6 selon I'une
quelconque des revendications I a 7, dans lequel la s6quence de nucl6otides
sp6- ciflique, estcontenue dans un acids nud6lque humain cholsl parml un
gene de "3globIne, un oncogbne, un gbne 



40  HLA-DQ alpha, un gene DQ b6ta, un gene DR b6ta, un gbne DP alpha, un
gene DP b6ta et un ADN mitochon- drial, et dans lequel la sequence de
nudotides esat 6ventuellement associ6e au diabetique sucre dependant de
l'insuline, ou dans lequei la sequence de nud6otides est contenue dens
l'acide nucteique d'un organisms qui pout prqvoquer une maladie
infectiouse. 9. Proc6db solon l'une quelconque des revendications I a 8,
dans lsquel dans le cas ou les echantillons 4s comprennept des cellules,
eventuellement lorsque M'Achantillonf'comprend des lymphocytes de sang
periphe- rique ou un liquids amniotique, le procede comprend en outre avant
I'etape (a), I'etape de chauffage de I'echan- tillon dans une mesure
suffisante pour exposer Io ou lea acides nuclelques contenus dans celul-ci,
ou dans le cas oO l'6chantillon est un echantilton de sperms, de chevaux ou
de sang, ou qu'll contlent de l'ADN mitochon- drial, le procedA eat employb
pour l'analyse judiclatre. 50      10. Propede de dbtoction de la prisence
d'une sequence de nucleotides spdcifique dans un Achantillon d'acide
nuclelque, salon loquel: (a) on traits l'echantillon dans des conditions
d'hybridation, simultanement ou successivement, avec quatre nucldoside
triphosphates diff6rents, un agent de polymerbsation des nucleoside
triphosphates et deux amorces ollgonucldotidlques correspondent A l'acide
nuclelque, de toils sorts qu'une amorce s'hybride 55      avec l'acide
nudelque, et un prodult d'extbnlon de l'amorcs complementalre de l'acide
nuclelque, eat synthetise, lea amorces etant cholsies de tells sorto quo le
produUt d'extension synthstis6 a partir d'une amorce pulses, lorsqu'il est
separe de son complement, servir de matric. pour la synthese du prodult
d'extension de l'autre amorce; 38    EP 0237362 B1                I    c  L
M   S  * (b) on traits l'6chantillon dans des conditions de denaturathon,
pour s6parer les prodults d'extenslon d'amorce de leurs matrices; (C) on
traite I'dchantillon, simultanement ou successivement, avec lea quatre
nucl6oside triphosphates, un agent de polym6risaffon des nucieoside
triphosphates, at des amorces oligonucdoftidlques, de telle sorta 5
qu'un produitdextension d'amorce soitsynth6tls6 en employantcomme metrice,
chacun des simples brins produits dans I'etape (b), les etapes (b) et (c)
etant r6p6t6es un nombre de fois suffisant pour accroltre exponentlellement
la quantit6 de l'acide nucieique, et obtenir un degre d'amplificatlon
detectable de celul- ci; et dans lequel on marque au molns une amorce et/ou
au moins I'un des quatre nud6oside triphospha- tes, avec un groups
detectable; 10     (d) on traits dans des conditions d'hybridation avec Is
produit de l'etape (c), une membrane a laquelle est lie un oligonucle6otde
sp6cifique d'une sequence capable de s'hybrider avec I'acide nud6lque
ampiiel6, seulement sl une sequence de loligonud6otide est compl6mentalre
d'une r6gion de I'acide nucdlque amplifb6; et (e) on d6tecte si un acide
nud6lque amplfiM6 pr6sent dans M'6chantillon, s'est hybdd6 avec
l'oligonuci6otide 75     116 6 la membrane. 11. Proc6dd de d~tection de la
pr6sence d'une s6quence de nucl6otides sp6cifique dans un 6chantdlion
d'acide nud6ique, selon lequel: (a) on traits l'echantillon dane des
conditions d'hybridation, simultan6ment ou successivement, svec quatre
nudeoside triphosphates difFerents, un agent de polymirisation des
nud6oside triphosphates, et deux 20      amorces oligonudcotidiques
correspondant a racide nucl6lque, de telle sorts qu'une amorce s'hybride
avec l'acide nucl6lque, et un prodult d'extension de l'amorce
complementaire de I'acide nucilque, set synth6tise6, lee amorces 6tant
choisies de tells sorts que le produit d'extenslon synth6tise a partir
d'une amorce, pulses, lorsqu'il est se6par6 de son complement, servir de
matrice pour la synthese du prodult d'extension de l'autre amorce; 25
(b) on traite l'echantillon dans des conditions de denaturstion, pour
separer lee prodults d'extension d'amorce de leurs matrices; (c) on traite
I'echantillon, simultanement ou successivement, avec les quatre nucd6oside
triphosphates, un agent qe polym6risation des nud6oside triphosphates, et
lee amorces oligonud6otidlques, de tells sorts qu'un prodult d'extension
d'amorce soit synth6tls6 en employant comme matrice, chacun des slmples
brine 



30      produits dans l'etape (b), les etapes (b) et (c) 6tant rbp6tees un
nombre de fols suffisant pour accroltre de maniere exponentielle la
quantite de l'acide nucleique, et obtenir un degr6 d'amplification
d6tectable de celui-cl; (d) on lie a une membrane, une sonde
oligonucleotidique marqu6e specifique d'une sequence, capable de s'hybrider
avec l'acide nud6lque ampllfi6, seulement of une s6quence de la sonde est
compl6mentaire s5      d'une r6gion de 'acide nud6lque ampliN ; et (e) on
traits dens des conditions d'hybridation, la membrane obtenue en (b), avec
le produit Issu de l'Ntape (c); (0 on traits Is produit de l'etape (e) avec
une enzyme de restriction qui coupe lee hybrides form6s si la sonde et une
sequence quelconque destin6s A etre d6tect6e, contlennent toutes lee deux
un site de res- 40     triction reconnu par 1'enzyme ; et (g) on d6tecte si
un fragment de restriction marqu6 ayant la longueur requise, set pr6sent
dans le prodult de digestion par restriction, ce qui indique quo
l'hybridation a eu lieu. 12. Proc6d6 selon la revendicatlon 10, dans lequel
lee amorces sont des oligod6soxyribonucl6otides even- tuellement marqu6s,
et dans lequel I'agent de polym6risation est une ADN polym6rasse. 45
13. Proc6d6 selon la revendicatlon 10 ou 12, dans lequel i'acide nucd6lque
est un ADN, 6ventuellement un ADN de g6nome humain. 14. Proc6d6 selon la
revendication 10 ou 12, dans lequel l'acdde nud6ique est un ARN. 15.
Proced6 selon la revendication 13, dans lequol lee amorces amplifient un
segment d'un: gel HLA de classe 11, eventuellement un allble DQ-alpha, un
allble DQ-b6ta, un allele DP-alpha, un allble DP-b6ta, un allele w   DR
alpha ou un allble DR beta. 16. Necessaire pour la d6tection de la pr6sence
d'une sbquence de nucleotides sphcifique dans un 6chan- tillon d'acide
nucl6ique, comprenant, dans un emballage, un ensemble de r6cipients
comportant: (a) deux amorces oligonuci6otidiques correspondant 6 l'acide
nucl6ique, coes amorces 6tant cholsies de tells sorts qu'un prodult
d'extension synthetise a partir d'une amorce, pulses, lorsqu'R est s9par6
de son 55      complbment, servir de matrice pour la synthese du produit
d'extension de l'autre amorce, de facon a ampli- fier exponentiellement
l'acide nucleique; (b) un agent de polym6rnsation; (c) quatre nucleoside
triphosphates difierents ; et sot: 39    EP O 237 362 B13*  c  L
s (d) uneosonde oligonucdhotidique sp6cifique d'une s6quence, capable de
s'hybrider avec l'acide nucdibque amplifid, seulement al une sequence de la
sonde eat compl6mentaire d'une region de l'acide nudclque amplifea; et (e)
une membrane A laquelle I'acide nucl6ique amplifi6 peut se ller afin de
permettre une detection ulte- 5      rioure par hybridation avec une sonde
; solt (d) unep6quence oligonucl6otldique sp6cifique d'une s6quence 1169 a
une membrane, la sonde 6tant capa- ble de sihybrider avec I'acide nudceique
amrplifle, seulement sl une s6quence de la sonde est complemen- taire d'une
r6glon de l'acide nucl6ique ampllfi6. 17. Necessaire selon la revendication
18, chaque amorce 6tant un ollgod6soxyribonucldotide, les nucio- 1o  side
triphosphates comprenant le dATP, Io dCTP, le dGTP etIs TTP, et la sonde
etant marqu6e; ouc dans loquel au molns l'une des amorces eoou au moins
l'un des nudeoside triphosphates, sont marqu6s. 18. N6cessaire selon la
revendication 16 ou 17, comprenanten outre des moyens de separation des
brins des acides nucilques bicat6naires contenus dans l'Mchantillon, et/ou
un t6moln positif pourla sonde, contenant un ou plusleurs acides nudbiques
avec la sequencoe nucl6otldique specifique destinee A Atre d~tecteo, et un
15  temoin n6gatif pour la sonde, ne contenant pas d'acide nudeique avec la
s6quence nud6otidlque destin6e A 6tre d6tect6e. 19. Necessaire selon l'une
quelconque des revendlcations 16 A 18, dans lequel I'agent de
polym6nrisatlon eat une enzyme cholsie parml I'ADN polymrrase I de E. coil,
le fragment de iienow de I'ADN polymerase I de E. coii, I'ADN polym6rase
T4, une ADN polym6rase thermostable, et une transcriptase reverse. 



20     20. Nbcessaire selon l'une quelconque des revendications 16 a 19,
dans lequel la sequence de nud6otides specifique, eat contenue dans un
acide nudeique humain choisl parmi un gene de beta-globine, un gbne HLA- DQ
alpha, un gbne DQ b6ta, un gbne DR b6ta, un gbne DP alpha, un gbne DP b~ta
et un ADN mitochondrial, la variation de nud6otide dans la sequence etant
assocl6e au sucre diabetique dependant de l'insuline. 2S 30 35 40 45 50 55
40    


