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Y'-CICCCCCACACAAAGAAGTTCTGTTCTCTTCCCTCTACCTTGAT

GAATGCACTGTGA (TG),,, ACTCGTTCCCAGGTATGGAA-3’

(SEQ ID NO:6)

FIGURE 5
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PROCESS FOR ANALYZING LENGTH
POLYMORPHISMS IN DNA REGIONS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application 1s a reissue application of U.S. Pat. No.
5,760,847, issued Jun. 16, 1998 from application Ser. No.
08/145,617, filed Nov. 4, 1993, which is a continuation of
[application Ser.] application No. 07/681,494 filed on Jun.
10, 1991, now abandoned. Application Ser. No. 07/681,494
Is the national stage under 35 U.S.C. §371 of International
Application PCT/EP89/01203, filed Oct. 11, 1989 and des-

ignating the United States.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a process for determining 1identity
and kinship of organisms on the basis of length polymor-
phisms 1n the regions of simple or cryptically simple DNA
sequences.

2. Description of Related Art

All usual processes for the determination of identity and
kinship on the basis of DNA length polymorphisms are
based on the use of restriction endonucleases. Thereby
specific DNA fragments are prepared which are afterwards
detected by means of hybridization methods. With these
methods either variations i1n length which have formed
between the corresponding recognition sites for restriction
endonucleases or variations in length which, have formed
due to the lack of certain restriction cleavage sites are
analyzed. The first type of polymorphism analysis reveals
the variation in length in so-called minisatellite regions (3,
4, 4a, 4b) and/or in regions with specific simple DNA
sequences (85). The second analysis in which restriction
fragment length polymorphisms (RFLP) due to the presence
or absence of a restriction site, are detected can be applied
only 1n specific, empirically found cases and can substan-
tially be used appropriately only in the analysis of genetic
diseases.

The disadvantage of both known methods lies in the fact
that a hybridization reaction has to be carried out to make the
length polymorphic regions visible. This makes the methods
fime-consuming and expensive. Furthermore, a single analy-
sis using the previous methods does normally not allow any
definitive conclusion about the relationship of two samples
to be made so that additionally a second independent analy-
sis becomes necessary. Therefore, these processes are not
very appropriate for serial examinations and routine testing.
Furthermore, the described method are not suitable for
automation.

Higuchi et al. (5a) describe a further process for analyzing
a length polymorphic locus, comprising a primer-controlled
polymerization reaction of certain mitochondrial DNA
sequences. This process cannot be used for paternity deter-
mination due to the mitochondrial markers used thereby.

Thus, it 1s the object of the present invention to provide
a method for analyzing length polymorphisms in DNA
regions which 1s highly sensitive, achieves reliable results
without being time-consuming, 1s furthermore appropriate
for serial examinations and routine testing and can option-
ally also be carried out automatically.

According to the imvention this problem 1s solved by
providing a process for determining 1dentity and kinship of
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organisms on the basis of length polymorphisms in DNA
regions, which process comprises the following steps:

(a) annealing at least one primer pair to the DNA to be
analyzed, wherein one of the molecules of the primer
pair 1S substantially complementary to one of the
complementary strands of the DNA flanking a simple
or cryptically simple DNA sequence on either the 5' or
the 3' side, and wherein the annealing occurs 1n such an
orientation that the synthesis products obtained by a
primer-directed polymerization reaction with one of
said primers can serve as template for annealing the
other primer after denaturation;

(b) primer-directed polymerase chain reaction; and

(c) separating and analyzing the polymerase chain reac-

tion products.

In this process the individual primer molecules of the
primer pairs are annealed to the DNA region to be analyzed
at a distance of 50 to 500 nucleotides apart so that they
encompass 1t at the given distance. Thereby the DNA region
to be analyzed 1s surrounded by the hybridization molecules
of the primer pair.

The primer-directed chain reaction 1s known as such from
EP-A2 0200 362 (1), from EP-A1 0 237 362 (1a) and from
(2). It refers to a process for amplification of specific DNA
fragments in which a PCR (polymerase chain reaction) is
carried out. In this process the specific amplification 1is
achieved by using oligonucleotide primers flanking the
target-molecule 1n an anti-parallel manner. Thereby 1n a
template-dependent extension of the primers by a poly-
merase DNA fragments are synthesized which themselves
are again available as templates for a new cycle of primer
extension. The DNA synthesis 1s performed by heat dena-
turation of the starting molecules, followed by hybridization
of the corresponding primers and by chain extension with a
polymerase. By means of a further heat denaturation a
following cycle 1s then performed. Thereby the specifically
amplified region grows 1n an exponential way and finally a
fragment detectable by normal gel electrophoresis 1s formed.
The length of this fragment 1s determined by the length of
the primers and the intermediate region and 1s similar or
equal to the sum of the lengths of the primers and the
intermediate region. The use of thermostable synthesis com-
ponents allows control of the process by simple and easily
automated heating and cooling cycles.

By “antiparallel flanking” of the target molecule by oli-
gonucleotide primers one understands the hybridizing of one
of both primers of a primer pair each to the complementary
strands of the target molecule so that the 3' ends of the
primer pair point at each other.

In (15) Marx describes different applications of the PCR
Process.

Rollo et al. describe in (16) the use of the PCR process for
distinguishing between various species of the plant patho-
ogenic fungus Phoma.

The use of simple and cryptically stmple DNA sequences
in the fragment of PCR processes for determining identity
and kinship of organisms 1s not described 1n any of these
references.

SUMMARY OF THE INVENTION

Simple and cryptically stmple DNA sequences are repeti-
tive components of all eukaryotic genomes which to some
extent can be found also in prokaryotic genomes (6-9).
Thereby simple DNA sequences comprise short DNA motifs
containing at least one nucleotide and not more than
approximately 6 to 10 nucleotides arranged as a dozen to
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approximately one hundred tandem repeats. These simple
DNA sequences have been found by hybridization with
synthetic DNA sequences and by direct sequencing 1n all
hitherto analyzed eukaryotic genomes and also 1n the human
genome (8, 10). All possible permutations of short motifs
can presumably be found therein in different frequency (9).
Cryptically stmple DNA sequences are characterized by a
more than accidentally frequent, but irregularly direct repeat
of short DNA motifs (9). Cryptically simple DNA sequences
arc normally only found indirectly 1n already sequenced
DNA regions by means of a corresponding computer pro-
cramme. They are, however, at least just as frequent or even
more frequent than stmple DNA sequences. The simple and
cryptically stmple DNA sequences are likely to have formed
by genomic mechanisms having the tendency to duplicate
once more already existing short duplications of any DNA
sequence motifs or to partly delete 1n any DNA sequence
motifs longer regions of already existing simple or crypti-
cally simple DNA sequences (8—10). Therefore one can start
from the assumption that these regions are usually length
polymorphic. The process according to the invention 1s
based on this length polymorphism.

Simple or cryptically simple DNA sequences that are
suitable for the process according to the invention can be
found with or without a computer programme in DNA
sequences that are already known (9). A simple or crypti-
cally simple DNA sequence 1s suitable for use 1n the method
of the present invention 1if 1t has a length of approximately
20 to 300 nucleotides and 1f 1t i1s flanked by random
sequences, 1.6. DNA sequences without internal repeats.
From the region of DNA sequences without internal
sequence repeats fragments that flank the simple or crypti-
cally sismple DNA sequence are selected. Suitable comple-
mentary synthetic oligonucleotides are then prepared which
can hybridize to the flanking DNA sequences. An oligo-
nucleotide 1s suitable for this purpose if its nucleofide
composition and its nucleotide sequence can be found most
probably only once 1n the genome to be examined, thus
being speciiic to the DNA region to be individually ana-
lyzed.

In the process according to the invention, preferably
length polymorphisms of simple or cryptically simple DNA
sequences are examined.

When examining length polymorphisms of simple or
cryptically simple DNA sequences substantially composed
of tri-nucleotide motifs, so-called “slippage”-artifacts are
avolded. Slippage-artifacts are more frequently found, for
example, 1n simple or cryptically simple DNA sequences
composed of dinucleotide motifs. Thereby reaction products
are formed which are shorter than the desired main product
(cf. Example 4). These artificial bands are possibly difficult
to distinguish from “real” bands which complicates the
interpretation of the results. When using simple or crypti-
cally simple tri-nucleotide sequences, these artifacts do not
or only rarely occur (cf. Example 3).

In a particularly preferred embodiment of the process
according to the invention the simple or cryptically simple
DNA sequence 1s substantially composed of the trinucle-
otide motif >CAG>/>' CTG".

In the process according to the invention two primer pairs
are preferably employed. In a particularly preferred embodi-
ment 2 to 50 primer pairs are employed.

Preferably the primers used in the process according to
the 1nvention have a length of 15 to 25 nucleotides.

In a preferred embodiment of the process according to the
invention when using several primer pairs the individual
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primer pairs are selected in such a way that the correspond-
ing specific polymerase chain reaction products of the
individual primer pairs are separable 1nto 1ndividual bands
on a suitable gel.

In another preferred embodiment of the process according,
to the 1nvention the detection of the specific polymerase
chain reaction products 1s carried out by radioactive label-
ling or by non-radioactive labelling, e.g. with fluorescent
dye-stufl.

The labelling of the oligonucleotide pairs can be carried
out radioactively or with a tfluorescent dyestutl, as described
in (12).

Furthermore, kits with which the process according to the
invention can be carried out are a subject matter of the
present invention. The primers contained therein are option-
ally labelled radioactively, e.g. with *>S or **C, or fluores-
cently.

The synthesis products obtained in the process according
to the invention can be separated using high-resolution gel
systems, such as usual sequencing gels. At the same time
also the length of the synthesis products can be determined.
Polymorphisms which are formed by insertions or deletions
of individual or several motifs of the simple or cryptically
simple DNA sequence are recognizable by an altered posi-
tion of the synthesis products 1n the gel. With an appropriate
selection of the primer pairs and with an appropriate reso-
lution capacity of the gel system approximately 20 to 50
independent polymorphic regions can be simultaneously
examined. Thus, the 1dentity of an individual can be reliably
ascertained due to the individual combination of length
distributions of the synthesis products obtained.

If no appropriate simple or cryptically simple DNA
sequences are known in the DNA regions to be examined,
they can be i1dentified as follows:

A genomic DNA to be examined 1s subjected to a partial
restriction cleavage. Restriction enzymes are used that
do normally not cleave 1n simple or cryptically simple
DNA sequences. The DNA fragments obtained are
cloned 1 a suitable vector, e¢.g. 1n lambda phage
derivatives or in M13-phages and are then screened by
usual methods for simple or cryptically simple DNA
sequences; cf. (11). The probe molecules used are
synthetic DNA molecules containing various permuta-
tions of simple or cryptically simple DNA sequences.
Thus, hybridizing plaques can be 1dentified. Then the
recombinant DNA contained therein can be 1solated
and characterized by sequencing. The DNA sequence
thus obtained can then be screened for DNA sequences
which are suitable for the testing procedure according
to the mvention.

The process according to the 1nvention was carried out
with Drosophila-DNA as a model system. As simple and
cryptically simple DNA sequences are present 1n all eukary-
otic genomes and to some extent also 1n prokaryotic
genomes, one can assume that the results achieved with the
Drosophila model system can also be achieved in the
analysis of other genomes, particularly 1n the examination of
the human genome.

Therefore the process according to the invention 1s suit-
able for the determination of i1denfity and kinship of
organisms, for example of human beings.

In human beings paternity and forensic tests for estab-
lishing the 1dentity of delinquents can be carried out with the
process according to the invention; cf. also Example 4.

In addition to the determination of 1dentity of individuals
the process 1s also suitable to determine the course of
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hereditary propagation of genectic diseases for which the
locus 1s known and sequenced. For this purpose one or
several simple or cryptically simple sequences are selected
which are located 1n or next to the locus to be analyzed. The
specific length pattern of these regions 1s correlated with the
mutated locus, as 1s common practice with known RFLP-
markers; cf. (14). With the families concerned on the basis
of this information genetic advice can be given or prenatal
diagnosis can be made 1n a manner analogous to that known
for RFLP-markers. The use of the process according to the
invention for this purpose makes sense especially because it
1s based on DNA regions which are polymorphic in all
foreseeable probability whereas the RFLP-analysis 1s depen-
dent on accidentally found variations which are often far
away from the locus 1tself which reduces the certainty of
diagnosis.

The process according to the invention 1s further suitable
for determining polymorphisms in simple or cryptically
simple DNA sequences of animals and plants. Therefore, in
animal breeding, e.g. of horses, dogs or cattle, and kinship
to high-grade breeding individuals can be reliably proved.

To sum up, 1t can be said that the advantage of the process
according to the invention vis-a-vis the hitherto known
processes lies 1n 1ts broad applicability, rapid practicability
and 1n 1ts high sensitivity. The amplification step taken for
the length polymorphic simple or cryptically simple DNA
sequences 1n the process according to the mnvention makes 1t
supertluous to take an independent ascertaining step, such as
a subsequent hybridization reaction. Therefore the process
according to the invention 1s particularly well suited for
automation and for routine testing and serial examination.

BRIEF DESCRIPTION OF THE DRAWINGS

The Figures show:

FIG. 1: Hybridization of a Gene Library with a simple
DNA sequence as probe molecule.

Approximately 20,000 independent phage clones were
plated out on a 12 by 12 cm plate and hybridized with a

probe molecule containing the simple trinucleotide sequence
CAG/CTG. 300 to 400 positive signals are thus obtained.
The positive signals are recognizable as blackening.

FIG. 2: Sequence (SEQ. ID NO. 5) of the region tested for
polymorphism 1n Example 2.

The regions to which complementary oligonucleotides
were synthesized are underlined with a wavy line. The
region of the simple DNA sequence 1s underlined with a
double line. The direct repeat of 8 nucleotides 1s marked

with two arrows. The Haelll-cleavage site 1s marked in
italics.

FIG. 3: Analysis of the length variations of 11 wild type
strains 1n Drosophila

The DNA sequences amplified by means of PCR and
cleaved with Haelll are shown 1n lanes 1 to 11. On the right
side a sequencing reaction 1s shown serving as length
marker. The position of the fragments to be expected 1is
marked with arrows on the left side. The positions of the
fragment classes additionally observed 1s marked with lines.

FIG. 4: Test for Reproducibility

Ten independent PCR-reaction mixtures using the DNA
preparation “A” of the Drosophila strain No. 3 were applied
on the left side, ten independent PCR-reaction mixtures
using the DNA preparation “B” of the Drosophila strain No.
3 were applied on the right side. On the very right side
marker fragments from a sequencing reaction are applied.
All test bands observed are 1dentical.
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FIG. §: Sequence (SEQ IN NO. 6) of the DNA region
used 1n Example 4.

The regions to which complementary oligonucleotides
were synthesized are underlined with a wavy line.

FIG. 6: Paternity analysis in human beings.

The DNA fragments amplified by means of PCR and
separated on the gel are shown. In the first lane the DNA of
the mother, 1n the following lanes the DNA of the father to
be tested as well as of the three tested children have been
applied. In the sixth lane (marked with “C”) a control-DNA
has been applied which 1s to indicate only the size catego-
ries. The main bands and their size categories are marked on

the right side.

DETAILED DESCRIPTION OF THE
INVENTION

The examples illustrate the invention.

EXAMPLE 1

Isolation of Clones Containing Simple DNA
Sequences

Drosophila-DNA 1s completely cleaved with the restric-
tion endonuclease EcoRI and the resulting fragments are
cloned 1nto the lambda vector 641. A more detailed descrip-
tion of the methods used can be found in (11). By this way
a gene library 1s obtained of which about 20,000 phages are
plated out. The corresponding independent plaques are
transferred to a nitrocellulose filter and hybridized with a
probe molecule containing the simple DNA sequence motif

CAG/CTG.

The filters are hybridized and washed at 65° C. The
hybridizing solution contains 5 x SSPE, 5 x Denhardt’s
solution, 0.1% sodium dodecyl sulfate (SDS) and approxi-
mately 1x10° cpm/ml of radioactively labelled (**P) DNA as
probe molecule. The wash solution contains 2 x SSPE and
0.1% SDS (the reaction product of Denhardt’s solution and
SSPE is described in (11)).

About 300 to 400 of the plaques formed show a positive
signal; cf. FIG. 1. Some of these plaques are purified, DNA
1s 1solated and sequenced. In the obtained DNA sequences

regions can be 1dentified containing the simple DNA
sequence CAG/CTG; cf. (7).

EXAMPLE 2

Detection of Length Polymorphisms

For this experiment the DNA sequence illustrated in FIG.
2 and published in (13) was chosen. Two oligonucleotides
with the following sequences were synthesized:

Oligonucleotide 1 (SEQ. ID No. 1): 5'-TAAGCTT
GGGAATCA-3

Oligonucleotide 2 (SEQ. ID No. 2): 5-ATTGAAC
TTTGTATC-3'

These DNA sequences are located immediately at the
beginning or at the end of the sequence shown 1n FIG. 2. For
use as primers the synthesized oligonucleotides are labelled
with P at their 5' end. Then a PCR reaction with the
labelled primers 1s carried out. On the whole 20 cycles are
carried out by denaturating at 95° C. for 90 seconds,
hybridizing at 45° C. for 90 seconds and then synthesizing
at 72° C. for 120 seconds. As DNAs to be examined the
genomic DNAs of 11 wild type strains of Drosophila mela-
nogaster from various regions all over the world are
employed. These Drosophila wild type strains originally are
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descendants of individual fertilized females and have been
collected during the last 10 years. After the PCR reaction the
amplified fragments are cleaved with the restriction endo-
nuclease Haelll. This should normally yield two fragments
having a length of 202 and 177 nucleotides, respectively.
This step 1s normally not necessary for routine experiments.
Here 1t only serves to refine the analysis. The resulting
fragments are separated on a 5% sequencing gel, the gel 1s
subsequently dried and an X-ray film 1s exposed to the dried
ocl. Both DNA fragments expected show a marked poly-
morphism 1n the various Drosophila wild type strains. The
202 nucleotide fragment which contains the simple DNA
sequence shows four different size categories; see FIG. 3.
These size categories are shifted by three nucleotides each.
Starting from frameshifts within the repeat of the trinucle-
otides this 1s to be expected. In three cases two different
bands appear at the same time; cf. FIG. 3, lanes 5, 8 and 9.
This can be explained by the fact that in diploid organisms
cach locus 1s to be found twice and can be represented by
different alleles (so-called balanced polymorphism). The
band of the 177 nucleotide fragment shows three different
size categories being 5 or 8 nucleotides apart; cf. FIG. 3. The
band which 1s shorter by 8 nucleotides presumably resulted
from a deletion of the repeat of 8 nucleotides labelled 1n the
DNA sequence. The origin of the longer band 1s unclear.
These deletions or 1nsertions correspond to those that can be
expected 1n the region of a cryptically simple DNA
sequence.

The majority of the strains examined i1n this simple
experiment are readily distinguishable from one another.
Only strains 2, 7 and 11 as well as 3 and 4 cannot be
distinguished from each other. To distinguish these strains
one would therefore employ further primer pairs. For
example, 20 to 50 independent DNA regions could be tested,
in order to allow a definite 1dentification. As the size
categories of the fragments of the individual Drosophila
wild type strains are homogenous per se, one has to start
from the assumption that the polymorphisms observed are
not so frequent that 1t would no longer be possible to
ascertain a kinship. The Drosophila wild type strains all
descend from one single original pair and the DNA of
several 100 individuals was combined for the test. If a
change of the pattern had taken place within these
“families”, one should expect more than maximal two
bands. This 1s, however, not the case here. From this follows
that the length categories observed are stable for at least
some dozens of generations.

EXAMPLE 3

Test for Reproducibility

The variations 1n length observed could also be caused by
polymerase errors during the experiment. In order to exclude
this possibility and to simultaneously prove the general
reproducibility, the experiment carried out in Example 2 1s
repeated with two different DNA preparations of the Droso-
phila strains No. 3 1n 10 independent reaction mixtures. It
can be taken from FIG. 4 that all reaction mixtures lead to
the same bands. Similar experiments were also carried out
for different loci. In no case, however, a change of the band
length could be observed. This shows that the process is
reliably reproducible.

EXAMPLE 4

Paternity Test in Human Beings

A primer pair 15 used which flanks a sequential region
from the autosomal human heart muscle actin gene. This
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sequence contains a simple sequence with a GT/CA dinucle-
otide repeat structure (FIG. §5). As primers the following
oligonucleotides are used:

Primer 1 (SEQ ID No. 3):
ACACAAAGAAG-3

Primer 2 (SEQ ID No.
CCTGGGAACGA-3

Primer 2 is labelled at its 5' end with “P and both
oligonucleotides are then used for a PCR reaction. On the
whole 25 cycles with a denaturation phase of 1 min. at 94°
C., an hybridizing phase of 2 min. at 45° C. and a synthesis
phase of 1 min at 72° C. (last synthesis phase for 5 min) are
carried out. The reaction products are then separated on a 6%
denaturating acrylamide gel, the gel 1s dried and exposed.
The result can be seen mm FIG. 6. Each of the tested
individuals shows two main bands (for explanation of the
further bands, see below), 1.¢. it is heterozygous for different
length variants of this locus. Mother and father have the
length variant “109 nt” 1n common, they do, however, differ
in the other variant, with the mother having a “127 nt” and
the father a “121 nt” variant. The children must have
inherited one of each of these variants from father and
mother. For two of the children this i1s actually the case,
whereas the third child (labelled with “?7”’) shows a new “113
nt” variant, which can neither be derived from the mother
nor from the tested father. Therefore, one has to assume that
this child had another father.

In lane “C” a cloned control-DNA having only one length
variant has also been treated. Like the other samples it shows
a main band and several secondary bands. The secondary
bands are caused by PCR artifacts formed during the ampli-
fication. In this context, there are two types of artifacts. The
first type results from the fact that the Tag-polymerase has
the tendency to attach an additional nucleotide to the com-
pletely synthesized DNA strand. Thereby the band 1s formed
which runs a nucleotide above the main band. This effect
varies from reaction to reaction, but does not disturb the
analysis of the band pattern. A second type of artifact 1s
formed by “slippage” during the amplification process. This
leads to the bands which can be seen at the dinucleotide
distance below the main bands. These artifact bands could
have a disturbing effect on the analysis, if they overlap
actual length variants.

Simple sequences with trinucleotide repeat motifs do not
show these artifact bands (cf. Example 2), as with these
sequences “slippage” occurs less frequently during ampli-
fication.

5'-CTCCCCC

4): 5'-TTCCATA
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(111) NUMBER OF SEQUENCES: 6

(2) INFORMATION FOR SEQ ID NO: 1:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

TAAGCTTGGG AATCA 15

(2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

ATTGAACTTT GTATC 15

(2) INFORMATION FOR SEQ ID NO: 3:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

CTCCCCCACA CAAAGAAG 18

(2) INFORMATION FOR SEQ ID NO: 4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

TTCCATACCT GGGAACGA 18
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(2) INFORMATION FOR SEQ ID NO: 5:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 379 base pairs
(B) TYPE: nucleilic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii) MOLECULE TYPE: DNA (genomic)

US RE37,984 E

—continued

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

TAAGCTTGGG

AATCCTCGAA

AGCAGCAGCA

AACAGCAGCA

TTTGTGGATC

AACTAATCAT

CCTCGATACA

AATCATCTCG

GAATAGTGCA

ACAGCAGCAA

GCAACTCGGA

TCCGGGTAAG

TCTACCATCC

AAGTTCAAT

CCGACGGGCA GCGATATGGG CATCATGCTC

ATAATGCAAA CGATATCACC CCAGCAACAG

CATCAGCAGC AGCAACAGCA GCAGCAACAG

GGCCTGGAGT TCGGTTCAGA GGGCTTGGAC

TGGTCACTCA TGATGGACTC TATGGACTCG

CAACTTGCAG ACTCATTTCA CTCGGGTCAA

(2) INFORMATION FOR SEQ ID NO: 6:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:
(B) TYPE:

107 base pairs

nucleilc acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE:

(A) NAME/KEY: repeat_region
(B) LOCATION: 58..87

(D) OTHER INFORMATION: /rpt_type= “other”

/label= tg DINUCLEQTIDE

(ix) FEATURE:
(A) NAME/KEY: -
(B) LOCATION: 58..87

GCCCCGCCCC

CAGCAGCAGC

CAGCAGCAGC

CTGAATGGAT

CTAACTAGCT

ATGAATCCGC

(D) OTHER INFORMATION: /label= TG DINUCLEOTIDE

60

120

180

240

300

360

379

12

/note= “THIS STRETCH OF TG DINUCLEOTIDES RANGES IN
SIZE FROM 15 DINUCLEOTIDES TO 25 DINUCLEOTIDES
((TG)15 TO 25)"

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

CTCCCCCACA CAAAGAAGTT CTGTTCTCTT CCCTCTACCT TGATGAATGC ACTGTGATGT 60

GTGTGTGTGT GTGTGTGTGT GTGTGTGACT CGTTCCCAGG TATGGAA

We claim:

50

1. A method for determining length polymorphisms 1n a
simple or cryptically simple sequence 1in one or more DNA

regions ol one or more subjects, which comprises:

a) providing at least one DNA sample, comprising a 55
template DNA having a nucleotide sequence that
includes a simple or cryptically simple sequence comi-
prising trinucleotide repeats, from at least one subject;

b) annealing at least one primer pair to the template DNA
of each of said DNA samples, wherein said primer pair 60
1s composed of a first primer complementary to a
nucleotide sequence flanking the simple or cryptically
simple DNA sequence on the 5' side of said simple or
cryptically simple DNA sequence and a second primer
complementary to a nucleotide sequence flanking the 65
simple or cryptically stmple DNA sequence on the 3’
side of said simple or cryptically simple DNA

107

sequence; wherein said first and second primers each
anneal to a single site in said template DNA and the
sequence of the template DNA between the sites where
said primers anneal 1s 50 to 500 nucleotides 1n length;

c) performing at least one primer-directed polymerase
chain reaction upon said template DNA having said
primers annealed thereto, so as to form at least one
polymerase chain reaction product;

d) separating the products of each polymerase chain
reaction according to their lengths; and

¢) analyzing the lengths of the separated products to
determine the length polymorphisms of the simple or
cryptically simple sequences.
[2. The method according to claim 1, wherein each simple
or cryptically simple DNA sequence comprises at least one
trinucleotide motif.]
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3. The method according to claim 1, wherein [each simple
or cryptically simple DNA sequence contains] the trinucle-
otide repeat motif is CAG/CTG.

4. The method according to claim 1, wherein at least 2
primer pairs are used.

5. The method according to claim 1, wherein between 2
and 50 primer pairs are used.

6. The method according to claim 1, wherein each of the
primers has a length ranging between 15 and 25 nucleotides.

7. The method according to claim [2] I, wherein the
annealing position of the primers of each pair 1s selected
such that each of the primer-directed polymerase chain
reaction products are separable one from the other as indi-
vidual bands on a suitable electrophoretic gel.

8. The method according to claim 1, wherein the product
of each primer-directed polymerase chain reaction 1is
labelled by a radioactive label.

9. The method according to claim 1, wherein the product
of each primer-directed polymerase chain reaction 1is
labelled by a non-radioactive label.

10. The method according to claim 9, wheremn said
non-radioactive label 1s a fluorescent label.

11. The method according to claim 1, wherein said simple
or cryptically simple DNA sequence 1s located adjacent to or
within a genetically defined locus such that said simple or
cryptically simple DNA sequence can serve as a marker for
said locus.

12. A kat for performing the method of claim 1, compris-
Ing:

a) at least one vessel containing an equimolar mixture of
primers constituting between 1 and 50 of said primer
pairs;

b) a vessel containing a polymerizing enzyme suitable for
performing a primer-directed polymerase chain reac-
tion;

c) a vessel containing the deoxynucleotide triphosphates
adenosine, guanine, cytosine and thymaidine;

d) a vessel containing a buffer solution suitable for
performing a polymerase chain reaction, or a concen-
trate of said buffer solution;

¢) a vessel containing a template DNA that has a nucle-
otide sequence mcluding a simple or cryptically simple
sequence for assaying positive performance of the
method, wherein each simple or crypiically simple
DNA sequence comprises at least one ftrinucleotide
motif.

13. The kit of claim 12, wherein at least one primer of
cach primer pair 1s labelled with a fluorescent or a radioac-
five label.

14. The method of claim 1, wherein the kinship of at least
two subjects 1s determined by comparing length polymor-
phisms determined in step ().

15. A method for analyzing length polymorphisms in at
least one locus in an DNA sample obtained from at least one
subject, wherein satd DNA sample comprises a DNA tem-
plate having at least one locus comprising a simple or
crypiically simple DNA sequence, said method comprising.

a) annealing said DNA template with at least one pair of

primers, wherein said primer pair is composed of a first
primer complementary to a nucleotide sequence flank-
ing said simple or cryptically simple DNA sequence on
the 5' side of said simple or crypitically simple DNA
sequence and a second primer complementary to a
nucleotide sequence flanking the simple or cryptically
simple DNA sequence on the 3' side of said simple or
cryptically simple DNA sequence; wherein said first
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and second primers each anneal to a single site in said
DNA template and wherein the annealing sites are
separated by 50 to 500 nucleotides of template DNA;

b) performing at least one primer-directed polymerase
chain reaction upon said templaite DNA having said
primers annealed thereto, so as to form at least one
polymerase chain reaction product;

c) separating the products of each polymerase chain
reaction according to therr lengths; and

d) analyzing the lengths of the separated products to
determine the length polymorphisms of said simple or
cryptically simple sequences;

wherein said simple or cryptically simple sequence has a
repeat length of 3 to 10 nucleotides.
16. The method of claim 15, wherein said simple or
cryptically simple sequence has a repeat length of 3 to 6
nucleotides.

17. The method of claim 15, wherein said simple or
cryptically simple sequence has a repeat length of 3 nucle-
ofides.

18. The method of claim 15, wherein at least two primer
pairs are used.

19. The method of claim 15, wherein the kinship of at least
two subjects ts determined by comparing the length poly-
morphisms determined in step (d).

20. The method of claim 16, wherein the kinship of at least
two subjects is determined by comparing the length poly-
morphisms determined in step (d).

21. The method of claim 15, further comprising (e)

comparing the length polymorphisms determined in step (d)
to numerical values of length polymorphisms for said at
least one locus.

22. The method of claim 16, further comprising (e)
comparing the length polymorphisms determined in step (d)
to numerical values of length polymorphisms for said at
least one locus.

23. The method of claim 15, wherein 2 to 50 primer pairs
are used.

24. The method according to claim 15, wherein each of
the primers has a length of 15 to 25 nucleotides.

25. The method according to claim 15, wherein the
annealing position of the primers of each pair is selected
such that each of the products of the primer-directed poly-
merase chain reaction is separable one from the other as
individual bands on a suttable electrophoretic gel

20. The method according to claim 15, wherein the
product of each primer-directed polymerase chain reaction
is labeled by a radioactive label.

27. The method according to claim 15, wherein the
product of each primer-directed polymerase chain reaction
is labeled by a non-radioactive label.

28. The method according to claim 27, wherein said
non-radioactive label is a fluorescent label.

29. The method according to claim 15, wherein said
simple or cryptically simple DNA sequence is located adja-
cent to or within a genetically defined locus such that said
simple or crypiically simple DNA sequence can serve as a
marker for said locus.

30. The method of claim 15, wherein said simple or
cryptically simple sequence has a repeat length of 3 to 6
nucleotides, each of said primers has a length of 15 to 25
nucleotides and the kinship of at least two subjects is
determined by comparing the length polymorphisms deter-
mined in step (d).

31. The method of claim 15, wherein said simple or
cryptically simple sequence has a repeat length of 3 to 6
nucleotides, each of said primers has a length of 15 to 25
nucleotides and wherein 2 to 50 primer pairs are used.
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32. The method of claim 29, wherein said simple or
cryptically simple sequence has a repeat length of 3 to 0
nucleotides, each of said primers has a length of 15 to 25
nucleotides and 2 to 50 primer pairs are used.

33. The method of claim 30, wherein said simple or
cryptically simple sequence has a repeat length of 3 nucle-
ofides.

34. The method of claim 32, wherein said simple or
cryptically simple sequence has a repeat length of 3 nucle-
ofides.

35. A kit for performing analysis of polymorphism in
simple or cryptically simple sequences, comprising:

a) at least one vessel containing a mixture of primers
constituting 1 to 50 primer parts; wherein each of said
primer pairs is composed of a first primer complemen-
tary to a nucleotide sequence flanking said simple or
cryptically simple DNA sequence on the 5' side of said
simple or cryptically simple DNA sequence and a
second primer complementary to a nucleotide sequence
flanking the simple or cryptically simple DNA sequence
on the 3' side of said simple or cryptically simple DNA
sequence; wherein said first and second primers each
anneal to a single site in said DNA template and
wherein the annealing sites are separated by 50 to 500
nucleotides of template DNA ;

b) a vessel containing a template DNA that has a nucle-
otide sequence including a simple or cryptically simple
sequence for assaying positive performance of the
method.

36. The kit of claim 35, wherein at least one primer of
each primer pair is labeled with a fluorescent or a radio-
active label.

37. The kit of claim 35, wherein said simple or crypitically
simple sequence has a repeat length of 3 to 6 nucleotides and
each of said primers has a length of 15 to 25 nucleoiides.

38. The kit of claim 35, wherein said simple or crypitically
simple DNA sequence is located adjacent to or within a
geneftically defined locus such that said simple or cryptically
simple DNA sequence can serve as a marker for said locus.

39. The kit of claim 38, wherein at least one primer of
each primer pair is labeled with a fluorescent or a radio-
active label.

40. A method for determining length polymorphisms in a
simple or cryptically simple sequence in one or more DNA
regions of one or more subjects, which comprises:

a) providing at least one DNA sample, comprising a
template DNA consisting essentially of a nucleotide
sequence that includes i) a simple or cryptically simple
sequence having a trinucleotide repeat motif and ii)
nucleotide sequences flanking the simple or cryptically
simple sequence, from at least one subject;

b) annealing at least one primer pair to the template DNA
of each of satd DNA samples, wherein said primer pair
s composed of a first primer complementary to the
nucleotide sequence flanking the simple or cryptically
simple DNA sequence on the 5' side of said simple or
cryptically simple DNA sequence and a second primer
complementary to the nucleotide sequence flanking the
simple or cryptically simple DNA sequence on the 3’
side of said simple or cryptically simple DNA
sequence; wherein said first and second primers each
anneal to a single site in said template DNA and the
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sequence of the template DNA between the sites where
said primers anneal is 50 to 500 nucleotides in length;

c) performing at least one primer-directed polymerase
chain reaction upon said template DNA having said
primers annealed thereto, so as to form at least one
polymerase chain reaction producit,;

d) separating the products of each polymerase chain
reaction according to their lengths;

e) analyzing the lengths of the separated products to
determine the length polymorphisms of the simple or
cryptically simple sequences.

41. A method for analyzing polymorphism in at least one

locus in an DNA sample comprising a DNA template, said
method comprising:

a) annealing said DNA template with at least one pair of
primers, wherein said primer pair is composed of a first
primer complementary to a nucleotide sequence flank-
ing said simple or cryptically simple DNA sequence on
the 5’ side of said simple or cryptically simple DNA
sequence and a second primer complemenitary fo a
nucleotide sequence flanking the simple or cryptically
simple DNA sequence on the 3’ side of said simple or
cryptically simple DNA sequence; wherein said first
and second primers each anneal to a single site in said
DNA template and wherein the annealing sites are
separated by 50 to 500 nucleotides of template DNA;

b) performing at least one primer-directed polymerase
chain reaction upon said template DNA having said
primers annealed therefo, so as to form at least one
polymerase chain reaction product;

c) separating the products of each polymerase chain
reaction product according to their lengths; and

d) analyzing the lengths of the separated products to
determine the length polymorphisms of said simple or
cryptically simple sequences,

wherein said DNA template includes at least one sequence
consisting essentially of a simple or crypiically simple
DNA sequence having a repeat motif length of 3 to 10
nucleotides and nucleotide sequences flanking said
simple or cryptically simple DNA sequence effective for
annealing said at least one pair of primers.

42. A kit for analyzing polymorphism in at least one locus

in an DNA sample, comprising.:

a) at least one vessel containing a mixture of primers

constituting between 1 and 50 of said primer pairs;

b) a vessel containing a polymerizing enzyme suitable for
performing a primer-directed polymerase chain reac-
fton;

c) a vessel containing the deoxynucleotide triphosphates
adenosine, guanine, cytosine and thymidine;

d) a vessel containing a buffer solution for performing a
polymerase chain reaction;

e) a vessel containing a template DNA comprising i) a
simple or cryptically simple nucleotide sequence hav-
ing a repeat motif length of 3 to 10 nucleotides and i)
nucleotide sequences flanking said simple or crypti-
cally simple nucleotide sequence that are effective for
annealing at least one pair of said primers, for assay-
ing positive performance of the method.
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