12166445 POLYNUCLEOTI DE PROBES Background of the invention 1. Field of
the invention 5 The invention relates to pol ynucl eoti des which can
be labelled to serve as probes useful in probing the human or animal,

genome, and to a nethod of identifying genonmic DNA using such probes The31

method of identification is useful, for exanple, in paternity a Riad y
testing, forensic nedicine and in the 10, di agnosis of genetic 3?1561’?51

cancer. 2. Description of the prior brt The main prior method of
identifying genetic variati orpoiLn@eBeipe ddpse®NA IS by detecting
restriction fragnent |ength polrynorpnisns (RFLPS). Seej . for exanple, the

identification of the locus of the DNA defect responsible for Huntington's
chorea disease, by J.F. Gusella et al., Nature 306, 234-238 (1983), and the
anal ysi s of gqukerélinapesithe QRvédxid reti nobl ast orma by WK. Cavanee et al.

Nat ur e 305, - /84 (1983).. Most RFLPs result fromsmall scale changes in
BNA, usually base substi tut| ons, which create or destroy specific
restricti onﬂd&ﬂ%ﬁeﬂi&&@gﬂl tes. Since the nean heterozygosity of

25 human DNA is | ow (approximately 0.001 per base pair), restriction

endonucl %ases Wi 'ihﬁsﬁv@%@o‘iel-a%tteé‘ %bﬁﬁhcﬁeo&kﬁgﬁ wh@E#!San BBeEN V\'hen

det ect ed,”. npst s are onl ‘ﬁp presence ang absenc agi
restricti onlefdbTficPesRTEe (ﬁse&%?ﬁé e{fé) ’\ﬂl ?T’Fbé“ﬁe‘f"eer W5o8T %, d\et erm ned
by allel e fpegaencingsto whathodaf hisngifpngecxtnd0is M4 SPngviivicBh is usual ly

much | ess. Afed.  8ikldetndd brSilche lRe1oA L4 Jaerul] nbprarahpreg i) pedigree

anal ysi s whenever critical individuals_are hono ousS
y paternity and maternity test%%g, forensIL me%¥£&ne and in the

&_} 10 diagnosis of genetic diseases, and cancer.

2. Description of the prior art

The main prior method of identifying genetic variation in genomic
15 DNA is by dstecting restriction fragment length
polymorphisms (RFLPs). See,. for
example, the identification of the locus of the DNA defect
responsible for Huntington's chorea disease, by J.F. Gusella et al,
Nature 306, 234-238 (1983), and the analys;s of pre-disposition to
20 retinoblastoma by W.K. Cavanee et al, Nature 305, 779-784 (1983).

U _ Most RFLPs result from small scale changes in DNA, usually’
base subst;tutlons, which create or destroy specific restriction
'&-2 endonuclease cleavage sites. Since the mean heterozygosity of
25 human DNA 15 low (approximately 0.001 per base pair), restriction
endonucleases will seldom detect a RFLP at a given locus. Even when
detected, most RFLPs are only dimorphic (presence and absence of a
: restriction enﬁonuclease cleavage site) with a heterozygosity,
. determined by allele frequencies, which can never exceed 50% and
* 30 which is usually much less. As a result, all.such RFLPs will be .
" uninformative in pedigree analysis whenever critical in@ividuals

are ﬁomozygousJ
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anal ysi s coul d be consi derably sinplified by the
ty of probes for hypervariable regi ons of DNA which show
ic variation and correspondingly by high heterozygosities. The

first such region was isolated by AR Wnman 5 et al., Proc. Nat. Acad.
Sci. USA 77 , 6754-6758 (1980), by chance froma library of random segnents
of human DNA. The structural basis for nultiallelic variation at this |ocus
is not yet known. Subsequently, and again by chance, several other highly
vari abl e regi on§erghie ¥@ANSH scover eduirear dmeidantbly ishmlifiedgene, 10 [G 1.

Bell et al

by, thNataud B aBOh, ty3dF p9obdD82) | nypzpia-igbodiregasas [N. J. Proudf oot

et al., CelNA %ch@%waﬁﬁt(;ﬂ% lc q §ti|%n an%ggpeggﬁpdxghfgl hli) C. Nat.

Acad. Sci .

USA 80, 5022-5026 ?19(1%'5]1 [D.J. Capdh

et aL, Nat’tﬁ‘é’%’éi?“é?ﬁ%? od35st surh “é&c‘:ﬂ“ d’é‘ée‘s%ﬁé""v@h abi é’y?aégl on
consi st $ oft phnéewm.r ¥peansadf Saishusnt 775 SZapense ((880)mityi sanek | i te”) and

pol yror phi
ari sing p
sl i ppage

ﬁm i mmry oo:akLﬁAamc s &l n@E &I RSmd N nﬁ}oe M%uceurJlepéaL S,
tg%' ¥ . %atc or E‘Ot c unequal exchan es or by DNA
"3 %B‘Ie tat FB PRt SBET (1ORYE T YR BF PR engt h vari ati on

can be detsewweusllmgar&hygauesbrltdtaneﬁ. erdernic btlesehighlz vadbabdenot cl eave
t he repeatrelgmrts hd Boh RELREBled MERTNe ABMARNLSsuEOh lgeag.ues have previously

ﬁ' A% ht m ni sak?h_!rlet Sggoryfrﬁssqg%é)%)]f ozuertat_ em repeats of a 33 bp

hefan I"G ene, ler et aL,
Emu EngudreoBat al, Fe@\béhoﬁ%ééfit(ﬁéﬁat nedzfsssg Berdbermat  showed
€ 8L,y Prot .SRERICRES .t 8ci heysabgye soBnisoe$€d983)] and c-Ha-ras-1

oncogene [D.J. Capon et al, Nature 302, 33-37 _(1983)]. In each e

case, the variable region consists of tahdem repeats of a short

sequence (a "minisatellite"™) and polymorphism is due to allelic

_differences in the number of repeats, arising presumably' by mitotic

descri b1%d
sequence i
EMBO J. 3,
weak siml
15
20
25
30

or meiotic unequal exchanges or by DNA slippage during replication.
The resulting minisatellite length variation can be detected using

any restriction endonuclease which does not cleave the repeat unit.

The present -inve_ntor and -his -colleagues have previously
described a short minisatellite comprised of four tandem repeats _61‘
a 33 bp sequence in an intron of the hux_r;an myoglobin gene, see
P. Weller et al, EMBO J. 3, 439-446 (1984). It was noticed that the
33 bp repeat showed Weak similarity in sequence to the above-mentioned

other human minisatellites previously characterised. The paper

speculated that the minisatellite regions might arise by transposition. W

If the 33 bp repeat in the human myoglobin gene Qer-_e transposable
then it might provide a probe for tandem repetitive regions of the
human genome which are frequently associated with multiallelic

polymorphism due to repeat number variation.

AR

¥



ot herhuman minisatellites previously characterised. The paper specul at ed
that the mnisatellite regions mght arise by transposition. If the 33 hp,
repeat in the human nyogl obin gene were transposable then it mght proviée
a probe for tandemrepetitive regions of the 30 human genone which are 33
frequently associated with nmultiallelic polynorphismdue to repeat “nunber
vari ation. 33 3 3. Addi tional, tinpublished, background information
Human genord.c DNA«WaSABY, OQﬁd_meda R AR E; £8PRSdi8hNg tandem repeats of
the 33 bp sequence Trom the nyoglobin gene. 5 Pol ynor phic variation was
observed at several different regions in the genom c DNA of 3 individuals
(fatler, nother HiM GATRTRESRNA, washerowad attron Bcaredengeriiting si ze of

| ar ger fragaBadns répeatiskdl) thed 38 Slalsaquddke oRStHet Rdg1ebid gshabl y i nherited
pol yror phj r.Lation, of a | Ilite
regions. % Sﬂ*@pﬁ& k?ﬁgﬁfbo%%\?éﬁgﬂsgﬁv u?g%ergeéagsg’é%ﬁeé?ag ?g&gaﬁ ed that it
s possi bl e“hf’ogeﬁf"bﬁeob‘m%n‘? cdnpiial qual s fERthernalP theT tagddf B EaF dvafeabi L ity in
t'he -15 mi niveat®dibh teecorrihgper tas isabk o1 Beiganstdaghenmr ¢2-6f ket i el y t han by
using the megl.abk hoeNfteds JIRAI LSRG sRAGN%a TRS,RIGAEH dLO\BMdgin | S Dased
o6n the. discovery that many mnisate I n "human or ani mal genom c
contain a régtTeBrrRPINARFN N eauind SeitgH lddgr eeedionisonol ogy bet vveen
differenfg mnisatellites. This common core region is of short |ength,

Summary of the invention

S Further research has revealed that it is possible to probe
genomic DNA in such a way as to display variability in the
15 minisatellite or hypervariable regions far more effectively than by

using the myoglobin gene 33 bp-repeat probe.

The present invention is based on the discovery that many
minisatellites in human or animal genomic DNA contain a region of
20 DNA which has a high degree of homology between different
minisatellites. This common core region.is of short length,
approximately 16 base pairs. It has now been found that a probe
having as its essential constituent a short core sequence of
_ nucleotides tandemly repeated at least three times will‘éerve to
—/ 25 detect many different minisatellite regions in the genomic DNA and
with such a fine degree of precisién as to enable individuals to be
identified or fingerprinted by reference to varlatlons in their DNA
in these regions. " Such an excellent result is highly unexpected.
since previous research has produced probes which;are.only capable

30 of detecting single minisatellite regions in genomic DNA. These

prior probes lead to-a better degree of differentiation than that
given by RFLPs, but not to a fingerprint which is in essence
unique for an individual. Remarkably, it has been
found that the pre;ent core'probe is capable of

35 differentiating DNA by reference to more than one



approximately 16 base pairs. It has now been found that a probe having as
its.gssential constituent a short core sequence of nucleotides tandeny
rep ed at least three times will serve to 25 detect many different
mnisatellite regions in the genomic DNA and with such a fine degree of
preci.sion as to enable individuals to-be identified or fingerprinted by
reference to variations in their DNA in these regions. Such an excellent
result is highly unexpected, since previous research has produced probes
whi ch are only capable 30 of detecting single mnisatellite regions in
genom ¢ DNA. These prior probes lead to &4 better degree of differentiation
than that given by RFLPs, but not to a fingerprint which is in essence \/

uni que for an i MARASRERLLiRenEERAPMY OFi PYREEVBEAAPLBURACHRat 2RRelbr esent

core probe is capahl.e o% 35 differentiating .DNA b refe;e ce to re than
one. 4 i ni sats TS (FESTEY hyBdelattBPearorSughadFEreE Ohi o

di scovery whi ch Jalids Qilidus Wl RO" e e HAPDYG OUSREREnk Osh G bRventi ve
act, making this an invention of fundamental scientific novelty and 5

i nportance. Fromui iRdgeocdl Puk@dmeSEAL e oA i OBRYedd) bgn@roduced
whi ch. have the property of hybridising with mnisatellite regions froma

vari ety of |osi. impdritargenone. However the nmere 10 recognition or
identification of a particular core sequence is insufficient in itself
for the From knowledge of a core sequence, DNA
probes can be produced which.have the property of
hybridising with minisatellite regions from a
vériéty of loci in the genome; However the mere
10 recognition or identification of a particular core
sequence is insufficient in itself for the
production of an operable probe. It is also
necessary to 'produge a polynucleotide— containing
ﬁandem fepéats of the.core séquence or derivatives
.15 thereof. Such probes may Dbe isolated as
minisatellites from human or énimal DNA, 6r instead
may be conétructed_by synthetic techni@ues. It is \/
also important to estaﬁlish the - additional ) ;;
constraints which affect successful hybridisation.
20 These 1include knowledge of the degree of homology
with the consensus core which may be tolerable and

also the tolerable length of any non-core DNA within

and without the repeating.unit as a whole.

L'



production of an operable probe. It is also necessary to produce a
pol ynucl eoti de containing tandemrepeats of the core sequence or

derivatives 15

t her eof . Such pr obes may be i sol at ed as

LS

vor,

‘mnisatellites fromhuman or ani mal DNA, or instead may be constructed by

synt hetic techni ques. It is-also | mpor t ant to establish t he

addi tional constraints which affect successful hybridisation. 20 These 39

i ncl ude knowl edge of the degree of honol o

with the consensus core which

may be tol erable and also the tolerable | ength of any non-core DNA within

and wi t hout -the repeating Urhus as ahahol dnventddn5 Thirsvolvdshe

i nval ves the recognition and discovery: (1) that know edge of
one core sequenceeeeBnelan igndsad aePveivs way. |t involves 5 the further

appreci ation:
in a genone,

(2)
di

t hat by i nvestigatin different hypervariable
fferent cotle stg’cﬁi;enégé‘”gaﬁ%% f%“ﬁnda%vig ®t h&°hecessary

thavention

any

| oci

degree of consensioudiee can be ur{Mlsed "L Gui2Mdy. Of (DN poobEs can be

accunul at ed whi ch

3

5

10

15

- 20

recogni se different spectra o
the further appreciation:

ol 'ynor phi sns;

(2) that by investigating different
hypervariable 1loci in a genome, different core
sequences can be found having the necessary degree
of consensus; | _

(3) that a family of DNA probes can be
accumulated which will recognise different spectra
of polymorphisms;

) (4) _thaﬁ a  particular genetic
classification may be more successfully
accomplished with one probe than another{

(5) that by the use of more than one
probe in any one ciassifieation, the probability of
identification is amplified; _

(6) that by further study of a first
generation of successful probes, simpler and more

successful probes can: be produced e.g. by

" synthesis.

25

Thus according to a first aspect of the
invention there is provided a method of making a

polynucleotide having polymorphic minisatellite-

' length-specific binding characteristics comprising:



(4) that a particul ar genetic classification ‘may be

Mol ~ successfully 15 acconplished with one probe than another; (5) that
by e use of nore than one probe in any one classification, the
probability of identification is-anplified; (6) that by further study of a
first 20 generation of successful probes, sinpler and nore successful
probes can be produced e.gqg. by synthesis. Thus according to a
first aspect of the invention there is provided -a nethod of making a 25
pol ynucl eoti de havi ng pol ynor phi c ninisaifllite- | engt h-speci fic binding
characteristics conprising: (i) identiTying a. natural tandem repeat

sequence in DNA which is c ?blgén #éiQ%gxghxgghg aEERBeROr §Qcore Q;

pol ynor phi ¢ DNA regi ons, a natural “consensus

sequence of the éeesaﬁcéeqyﬁncmznut ﬁhh&ﬁ' yisespapabhke ber 3yghtlianding,

and (iii) isolating or artificially building a perfect or inperfect tandem
repeat sequence Hgbryetlsitbomntte siHer ofolyamseisics DNN eegdaumance 10 having
mnisatellite binding properties which exhibits |ower "
genome- | ocus-speci ficity ahdihi ghtenpfying phtc hr&ynedt =oosgnause t han

t he natural . 3
5 c¢ore sequence of the repeat sequence putatively

responsible for such binding, and
(1iii) isolating or . artificially building

a . perfect or imperfect tandem repeat sequence

derived from the natural consensus core sequence
10 haéing _minisatellite binding pfoperties which
exhibits lower gehome—locus-specificity and higher
polymorphic fragment acceptance than the natural
repeat sequence.
15
N\



repeat sequence. 15 37 7 The core conponent of the probe can be defi ngc}
The nost

I n various ways founded on the sane underlying principles.

fundanental underlying principle is that the repeat sequence of the probe

shal | consist of or include a nucleotide sequence froma

common core 5

region, common to mnisatellites of human or aninmal genom c DNA. The common

core region is "comon” in the sense of displaying a high

degree of

consensus, e.g. at |least 80% as betweenTone ninisatellite and another.

These mnisatellites are detectable e.g. by probing genom

c DNA fragnents

with the myogl obin gene 33 bp repeat sequence, to yield 10 hybridised
fragrents her®Biencess epmmthend fs thQrposictn ve' defregndntaciodhese fragments

and the 3% RhudeRes «RL statte Shaegl mgnp,q%e?pfegnt ahfd AdktARRaRdRi ely 16 bp
common core secycj)ence D{\i}f“tg positive fragnments can thensel ves be

used as “PrEBEY P”g’t?hB’rﬁ o

heg§ﬁ%?aa“t ée?ﬁ"fﬁe?f FPagReMt 83 ch al so have

the comsersigdref sedinchede aahudigatfdepossiehty Lremwat hcamwe corml | vari ation
t her eBf redital Nmdd itBChiHiIQatM 1B ot hEumAr & rauednaotgaxdﬁ,ismueneee shal | be

not so short that it fajls, to ybr Q:ILse effecgtivelly. 1ot

Togi ons SN A TR R DA ST e o SRS TRAT Gt & LR S0

mn| satellite
detect t he

pol ynor [5‘H$‘§ﬁs°§/\él°1‘se"éuﬁ e-Batay teﬁfécé%s ag e tiraeh e K nisagebd thrrdandem
repeat ianother. W&Mlmlt&snamldbyectabbe @og e tyhpredbdng gesoriicoRNG
nucl eot 'fQQg%eHPs LQtﬁrhc%e le'tmnf g&t{‘ed 35 %&2 UQ%&CU'EP&&% e9fysgigi satellites,

appr oxi ma &ai sequence

10 hybrxdxsed fragments hereln referred to as ")33—posit1ve" fragments.

- These fragments and the 33 bp repeat of the myoglobin gene contain an

e approximately 16 bp common core sequence. - The A33-positive fragments

can themselves be used as probes of genomic DNA to generate further

fragments which also have the common core sequence, although possibly

15 with some small variation thereof.

Another principle is that the core nucleotide sequence
be not so short that it fails to hybridise effectively to the

shall

minisatellite regions of the sample DNA, nor so long that it fails to

20 detect the polymorphisms well, e.g. that it becomes too much like the

33 bo tandem repeat in the myoglobin gene. Generally, the core

should have from 6 nucleotides up to the maximum found in the

common

core of minisatellites, approximately 16. The repeat sequence of the

probe need not consist entirely of the core but can contain a

small

25 number of flanking nucleotides on either side of the core sequence.

The repeating units need not be exact repeats either as to number or

kind of nucleoctides and either as to the core or non-core components

of the repeating units. It is, however, convenient to describe and

define them herein as repeating units, notwithstanding that this is an

- 30 approximate term. The block of n repeating units can be flanked

and kind of which is ordinarily irrelevant.

-on. either side by atny nucleotide sequence, the extent



probe -need not consist entirely of the core but can contain a small 25
nunber of flanking nucl eotides on either side of the core sequence. The
repeat i B? units need not be exact repeats either as to nunber or kind of
nucl eotrdes and either as to the core or non-core conponents of the
repeating units. It is, however, convenient to describe and define them
herein as repeating units, notwithstanding that this is an 30 approxi mte
term The block of n repeating units can be flanked on either side by any
" nucl eoti de sequence, the extent and kind8f which is ordinarily irrelevant.
38 8 Pol ynucl eoti des of t e |nve tl%n i ncl ude specifically those defined in
each of the follow ng way °&§P DECSNICE G oF?HEEFb%%|HB§1UdﬁaV|ng\~J

the general fcgﬂggf?iéé¥¥}'ﬂﬁosﬁed%flneé Q%%ggaggﬁgs ﬁgﬁiﬂ@lg@ |l east 6

(1) wherein: represen

consecutive mﬂugygldes selected fromwithin any of the follow ng
sequences read in the sane sense: 15 GGAGGT GEGCAGGAXG

(2) AGAGGTGGECAGGTGG - (3) GGAGGYGGGECAGGAGG

(4)

S5 FIRST DEFINITION
Polynucleotides having the general
formula, read in the 5'-33' sense

H.(J.core.K)_.L | | BENED

wherein: _ : \or/

10 ~ "core™" 'represents a sequence having at
least 6 conseeutive nucleotides, selected from
within any of the following sequences read in the

sSame sense:

15 GGAGGTGGGCAGGAXG ' (2)
AGAGGTGGGCAGGTGG (3)
GGAGGYGGGCAGGAGG ' () —~

. \/
T(C)mGGAGGAXGG(G)pC (54) -
T(c)mGGAGGA(A)qGGGc_ (5B) A

20 wherein:
XisAorG,YisCor T, mis 0, 1 or 2; p

is Oor 1, g is 0 or 1, n is at least 3;



T(C[err] GRAGGAXGH G [err] C (5A)

T(O[err] GGAGGA(A) [ err] GGEC (5B) 20 wherein: X is .A or

G YisCor T, mis O, 1or 2, pisOor 1, qis 0 or 1,nisat|eals.-f339
9 J and K together represent 0 to 15 additional nucleotides wthin the’
repeating unit; and H and L each represent 0 or at least 1 5 additional

nucl eotide flanking the repeating units, and provided that: (i) "core" and
J and K do not necessarily have the sane sequence or length in each
(J.core.K) repeating unit; 10 @i) ™"core" can also represent a
variant core sequence; (iil total actual core sequences in all n

repqg%ing units have at |east &b HondR&RENRM h redrgsent, u8" E8rel'3equences
13

as deéfined above w 5 respect to,formnul 2 tQ 51 . mber n of
repeating units;%ﬂéﬁk£?ﬁﬁ®ﬂ ?i%??b% S wégﬁigoﬁéﬁa %h%é%iéﬁgﬁéggé-to t he
above. SECOND DEFAA\A TION 20 . Pol ynucl eotides.  having t he
gener al

H and L each represent 0 or at least 1
% 5 adoitional nucleotide flanking the repeating units,
and provided that: .
(i) T"core" and J and K do not necessarily
have the same sequence or length in each (J.core.K)
o . repéating units;
10 - (ii) T"core" can also represent a variant
. core sequence;
(iii) total actual core sequences in all
n repeating units have at least 70% homology with
total "true" core sequences as defined above with
15 respect to formulae 2 to 5 in the same number n of
'repeating units;

and polynucleotides of complementary

o
sequence to the above.
&/ SECOND DEFINITION
zd Polynucleotides having the general
formuia |
- “H. (J.core.K.),.L : (1)
. : wherein:

"core" represents a sequence of from 6 to

25 16 consecutive nucleotides, read in the same 5'— 3'



formula H (J.core.K) .L (1) n wherein: "core"
represggﬂs a sequence of from6 to 25 16 consecutive nucleotides, read in
t he sane™5' -> 3 40 1 0 sense, selected from (1) the 5 ->3 common
core region of a first human or animal mnisatellite obtained by probing
hurman or animal genomic DNA with a probe DNA contai ning a nyoglobin tandem
repeat 5 sequence of approximately 33 nt yger repeat unit (2) the 5 -> 3
comon core region of a second human or animal minisatellite obtained by
probi ng human or sgnsfal Teatiead frpmobe! DNAheons hiyng' a coamdam cafeat
sequence conprising,the common_core region of the 10 first mnisatellite,
and (3) and 5'->8¢8iB8RAmAf cdr & intf ohuBANg AMi pRimgdarminisatiemlite \bd
mnisatellite obfained by probing hyman or anirmal .genonmi¢c DNA with a probe
DNA cont ai ni ng agsgﬁagﬁlgr%ge%wggh@gﬁgéarb%ﬁ%% BREOBAAMPAA dtitd 1 egi on
of the second 15 MYl ehfit :Sgi g, t e uence heing a
repeat of at | eagt ﬁ?? uni ts,Aa§8“g§f‘§ﬁ§§| gaot'lggggf%??lgo%f’ggegntrawa%equence
to the above. 5 sequence of approximately 33 nt per repeat unit (2)

K

L4

the 5's» 3' common core region of a second human or
.animal minisatellite obtained by.probing human or
animal DNA with a probe DNA containg a tandem repeat
sequence comprising the common core region of the
10 first minisatellite, and (3) and 5'-— 3' common core NS
region of a third human or animal minisatellite
obtained by probing human or animaljgenomic DNA with
a probe DNA containing a tandem repeat sequence
comprising the common core. regién of the second
15 minisatellite, each said téndem repeat seqdence
being a repeat of at least 3 units,

and polynucleotides of complementary sequence to

the above. - B : —
_ \/
THIRD DEFINITION -
20 Polynucleotides having the . general e
formula
H. (J.core.K.) .L : (1)
wherein: ' :

"core"™ represents any of the sequences . a
25 having at least 6 consecutive. nucleotides from
within a common core. region of minisatellites of
human or animal genomic DNA which displajs at least

75%, preferably 80% consensus;



THI RD DEFI NI TI ON 20 Pol ynucl eot i des havi ng t he genera
formula H (J.core.K )[err] .L ' _ (1) wherein: "cqre"
represents any of the sequences 25 having at |east 6 consecutive . .:°
nucl eotides fromw thin a common core region of mnisatellites of human or
ani maf~ genom ¢ DNA whi ch di splays at |east 75% preferably 80% consensus;
41 "cor.e" does not necessarily have the sane sequence in each repeating
unit and all other synbols are as defi ned 'dbove, and pol ynucl eoti des of

conpl enentary sequence to 5,the_gbove, FOQURTH DEFI N .TI Pol ynucl eot i des
having at |east three repeatéog? agggau%%tgp%ﬁe??%ﬁﬁ¥yt %96 e i ding a

consecgutive (5" ->3, SEAUENLS S§lejfeh fro L4 i ng 5
GDG%\GCQN\GG/\XG (3 %ebugﬂég i . (gj) Whgigg"P Hh%gt V\ééwwrhzui(A é’)rt r‘and X =
A or Gor a vari asymbbeseafe asoyeflededhabotdp total actual core sequences
in all repeats have at 15 | east 70% honology with the total "true" core

- and polynucleotides of complementary sequence ¢to

41

5 the above.
~ FOURTH DEFINITION .
Polynucleotides having at 1least three
repeats of a sequence of from 6 to 36 nt including a

consecutive (5'- 3') core sequence selected from

~ .10 within: -
(5%) GPGGGCWGGWXG_l(3’) ' (6)
where P = not G, W= Aor Tand X = A or G |
or a variant thereof; provided that the
total actual core sequences i& all repeats have at
15 least T0% homology with the total "true" core
séquences defined with respect to formula (6) in the
'same number of répeats,
W and polynucleotides of complementary sequence to
; the above. |
s

20



sequences defined with respect to formula (6) in the sane nunber of
repeats, and pol ynucl eoti des of conpl enentary sequence to the above. 20

12 I'n theggbove formul ae and throughout the sequence are shown in the usual
notation 5" ->3'. The invention includes polynucl.eotides of DNA RNA and of
any other kind hybridisable to DNA. 5 The pol ynucl eotides as defined above
are'unl abel l ed -and can be in double stra d (ds) or single stranded (ss)
form The invention includes |abelled poly- nucleotides in ss-formfor use

as probes as well as 10 thejrthabgbbed ForRfaae Sacefd_&tﬁzr&{gwegk%ﬁéw SS-
probes can be producéd. They are preferably 32P-radi ol abelled 1 n any

conventional wayseluéncanapétshioahi Vel yndeuswdll ohabetiegl Dy 03her nmeans u
wel | known in the 15 hybridisation art, labelled with biotin or a simlar
speci es by the nethod of [Tz Vaventioml inabudiescpébeuucedyioheedifhgs of

the 1981 | CN- UCLA Syngosiun1on Devel opnent al Bi ol ogy using Purified Genes
hel d i n Keyst onePN&y| 8VAd@nénofadeh athen kind hyomnidibsabletq D61 pages

647- 658 Acadeg]CT Eeggiynucleotides as defined above are unlabelled

and can be in double stranded (ds) or single
stranded (ss) form.

The invention includes labelled poly-
nucleotides in ss-form fo; use as probes és well as

10 their labelled ds-precursors, from which the ss-
probes can be prbduced.

They are preferably 32P—radiolabelled in
any conventional way, but can alternatively be
radiolabelled by other means well known in the

15 'hybridisation art, labelled with biotin or a similar
species by the method of D.C. Ward et al, as
described in Proceedings of the 1981 ICN-UCLA
Symposium on Develépmental Biology using Purified W
Genes held in Keystone, Colorado on March 15-20, .

20 1981 vol. XXIII 1981 pages 647-658 Academic Press;
Editor Donald D. Brown et al or even enzyme-labelled
by the method of A.D.B. Malcolm et al, Abstracts of '
the 604th Biochemical Society Meeting, Cambridge,
England (meeting of 1 July 1983).

25 Thus accordihg to anoﬁher aspect of the
invention there is provided a polynucleotide probe

useful in genetic origin determinations of human or



Editor Donald D. Brown et al or even enzyme-| abelled by the nethod of
A.D.B. Malcolmet al, Abstracts of the 604th Bi ochem cal Society Nhetlng4§;

‘Canbri dge, Engl and (neetlng of 1 July 1983). 25 Thus acco#di ng
to another aspect of the invention there is provided a polynucleotide probe
useful in genetic origin determ nations of,human or 13 ani mal

DNA-‘cont ai ni ng sanpl es conprising, with thé inclusion of a |abelled or

mar ker. conponent, 53 ;pghy Hal-e@hicds nG AEP Ja%ip1e sdle Jrpasls ihig, €@ stk ANA@D r epeat s
(1 ncluding varlan?sf of sequences Rhlgp ngHSShonD ogods%mntﬁ a

m nisatellite regiiaslakibhe diman bDababledl genaaekee acompsreentenall i ng
hybri di sation of the probe to a corresponding DNA fragnent obtained by
fragmenting the sanﬂVQUQNAOWidh acomprising or&fendéﬁﬁél chiieee 1 Fandem

characterised in that t he_repeats each ¢ |n a cor t | t
0%)honnlogous mnFﬁpﬁa&6n§éﬂgﬁgdgﬁﬁev?ﬁg?ﬁﬁs8 ?ﬁ?%ﬁ“Qéésth%hJ 6 iﬁaz

plurality of atel.|i I ft l ; b
t*he core is fr §°P81f§%§§chgF}geégﬁégg?eg?PegLﬁeéféﬁeﬁgfﬁﬁﬁﬂﬂﬁmanbf )
nucl eoti des “‘th'BrtQﬁlﬁﬁﬂegkhaﬂeuﬂbta“@éEPeQOeEQEIfﬁ&“ﬂiﬁ%ﬁdﬁé&t1on
of the probe to a corresponding DNA fragment
obtained by fragmehting the sample DNA with a

_restriction endonuclease,

_ 10 "~ characterised in that:

a) the repeats each contain a'core which
is at least T70% homologous with a consensus core
region of similar length present in a plurality of
'mlnisatellltes from different genomic loci;

15 b) the care is from 6 to 16 nucleotides
long;
| ¢) the total number of nucleotides
within the repeating unit which do not contribute to
s the core is not mﬁre than 15.
W, 20 The invention also includes a method of

ident;fying a sample of Human or animal genomic DNA

| which cohprises probing said DNA with a probe of the

: invention and detecting hybridised fragments of the
DNA.

25 " This aspect of the iﬂvention may involve:

fragmenting total DNA from a sample of

cellular material using a restriction endonuclease,



the core is not nore than 15. 20 The invention also includes a
met kel of identifying a sanple of human or animal genonic DNA which
conprises probing said DNA with a probe of the invention and detecting

hybri di sed fragnents of the DNA. 25 This aspect of the invention
may involve: fragmenting total DNA froma sanple of cellular material using
a restriction endonucl ease, 114 hybridi sing highly variabl e DNA

fragnents with a probe as defined above WHich contains, in addition to a

| abel | ed or marker conponent. ‘a repeated core caonpanent nd 5
det er ni ni ng the = | abdtyPritising MEghly, yariabis gwmb GRETES LBINA

fragments of di f‘;ﬁgﬂan%l leR%h a5 S&eggﬁgd%%ﬁgg,gl I%%ého Qgﬂq%u?; di. { f erent\;

nol ecul ar size. Normally the fragnented I's sorted or ‘Sefr €gat ed
according to chadditiengidy £ dabellld _eb?CtrBQHP&‘esdo%cP&@n‘%r,e a_
hybridi sation, and the marker concentration -is sensed to ‘obtain a
characteristic pzpeated iculte/ichmgormdretnerdmi of which are of specific
genetic origin. Definitions The followi ng definitions used in the
5 determining the label or marker
. concentration bound to DNA fragments of different
length, or more generally to bands of different
molecular size.

Normally the fragmented DNA is sorted or

10 segregated according to chain length, e.g. by
electrophoresis, before hybridisation, and the .
marker concentration is sensed .to obtain a
characteristic' pattern, individual elemenfs of
which are 6} specifie genetic.ofigin.

RIS . Definitions
h The following definitions used in the
present invegtion and fhe above-mentioned earlier
specifications may be of assistance. C}
Hypervariable | | '~;/
20 A region of human or animal DNA at a

" recognised locus or sité is said'be_hypervariable if
it odcurs in many different forms e.g. as to length or
sequence.

Restriction Fra~ment Length Polymorphism (RFLP)

25 Is genetic variation in the pattern of
human or animal DNA ffagments separated after

electrophoresis and detected by a probe.



presént ‘i nvention and the above-nentioned earlier specifications may be of
assi stance. Hypervari able 20 A region of human or aninal DNA at
a recogni sed locus or site is said be hypervariable if it occurs in many
different forns e.g. as to length or sequence. Restriction Fragnent Length;s

Pol ynor phi sm (RFLP) 25 | s genetic variation in the pattern of
human or aninmal DNA fragnents separated after el ectrophoresis and detected
by a probe. 15 Pol ynorphic A gene oi5 other segnent of DNA which

shows variability fromindividual to individual is said to be pol ynorphic.
Repeat or TaB@dpEe&Bke (Sequence) 5 A pol ynucl eotide sequence which is

perfectly or inperfectly repeated in series. Mnisatellite A region of
hurman orani mal DA Vﬁﬁ%?l i STcofbrieRd B5&msn Y an‘agm JPgﬁeat“sf“(ﬁga SREFE DNA

Parf oot Repottr¢ SRgachial) f RoHCAnB A EREP s HeBAEY R AeRED b0

of a. ‘polymorphic.
. 5 Repeat or Tandem Repeat (Sequence)
Ai'polynucleoiide sequence which is perfectly or
impebfectly repeated in series.
Minisatellite
s ' A region of human or animal DNA& which is comprised
10 of tandenm repeats of a short_DNA sequence. All repezt
ﬁnits.may not necessarily show perfect identity.
Perfect Repeat (Sequence)
- A sequence.which is an exact tandem replication of.a
giveh. sequence; usually a core sequence or a repeat
15' containing the core sequence.
Consensus Core (Sequence) | |
U A sequence which can be'idenFified és the closest
match among a number of repeat séquénces; usually among
U .

the repeat units of two or more restriction enzyme
5o fragments of differing origin or loci.

Imperfect Repeat (Seauence)_

A sequence which is not an exact repeat either as to

number or kind of nucleotides but recognisably a repeat



gi ven sequence; usually a core sequence or a repeat 15 containing the
core sequence. Consensus Core (Sequence) A sequence which can be identified
as the closest match anbng a nunber of repeat sequences; usually anobng the
repeat 4@its of two or nore restriction enzyme 20 fragments of differing

origin or loci. Inperfect Repeat (Sequence) A sequence which is not an
exact repeat either as to nunmber or kind of nucleotides but recognisably a
repeat 16 of a consensus sequence;TgsuaIIy a core sequence or a repeat

containing a core sequence. Variant An actual sequence which differs froma
defined repeat sequence to a mnor extent (>50% honol ogy). Core (Sequence)
Oigihally a single small unanbi guous region of sequence simlarity wthj

a consensus repeat sequence and shared by restriction enzyne fragnents used

to define @ 4 heonyEessss s'eibdric s PAMINE PRdabyedral Fspiehéét @r a

hybridising with each fragnent. Extended to refer to repeat sequences

derived t heepleadmeongtadefinged coore segqorae® .( bel ow). Defined Core 3

(Sequence) 15 A core sequence fully <consistent wth one of ”
Variant

An actual sequence which differs from a defined
5 repeat sequence to 2 minor extent (>50% homology).

Core (Sequence)

Originally a single srwa2ll unambiguous region of

sequence similarity within a consensus repeat sequence
and shared by restriction_enzyme fragments used to define

10 the cbnsegsus repeat sequence and by 2 minisatellite .
hybridising with each fragment. Extéﬁded to refer to
repeat sequences. derived therefrom e.g. defined core
sequéﬁces (below). |
Defined Core (Sequence). _

15 A core sequence fully consistent with one of  _
formulae (2) to (8) within its own length. | A
% Homology L)

. In comparing two sequences of the same length, the
number of base pairs (bp) 1less- the number of bp
20 substitutions in one necessary to give the_other, as a

percentage of the number of bps.

Nucleotide (nt) and base pair (bp) are wused
synonimously. Both c¢an refer to DNA or RNA. The
abbreviations C, A4, G, T vrefer conventionally to

25 (deoxy)eytidine, (deoxy)adenosine, (deoxy)guanosine and



formulae (2) to (8) withinits own |ength. % Honol ogy I n conparing two
sequences of the sanme |ength, the nunber of base pairs (bp) |ess the nunber
of bp 20 substitutions in one necessary to give the other, as a percentage
of the number of bps. Nucleotide (nt) and base pair (bp) are used :

synoni nmousl y. Both can refer to DNA or RNA The abbreviations C, A,
T refer conventionally to 25 (deoxy}éxtidine, (deoxy)adenosine,
(deoxy) guanosi ne and 47 16a either deoxythym dine or uridine. The tandem

repeat sequence (artificial or a matural isolate) may thus be a perfect
repeat ‘but is nore preferably an inperfect repeat. Preferably at |east two
S5 epeats are inperfect repeats of the consensus core sequence.

- There are pr&afiiel! yedkvie idiveeorenpaignand nore preferably at least 7
in the probe sequence. S uction of a probe may involve isolation of a
‘natural mni sateltThéethndemmemeatdsequéncieddaliritfitbtiad oby aDNAtural
sequenci ng. It may al so

- isolate) may thus be a perfect repeat but is more

“ preferably an imperfect repeat. Preferably at least two

(V)]

repeats are imperfect repeats of the consensus core
sequence; There are preferably at least threé repeats
and more preferably at least 7 in the pfobé sequence.

s _ Production of a probe may involve isolation of a

natural minisatellite by cloning and



I nvol ve excision of the required core and its subsequent conversion into a
t ande epeat, or the stinulation of unequal exchanges wth core
5 fraghEnts of different origin. It nmay also include cloning of the

pol ynucl eoti de. On the other hand, the building step may include
synthesising the identified consensus core sequence or a fragnment thereof.
The -consensus core 10 sequence preferably contains not |ess than 6 bp and
preferably contains not nore than 16 bp. 14 tandem repeat of the synthetic
core is then constructed. Naturally the polynucl eotide may be the result of
a succession of opendifoastbdn ditf epdat d8quienesngol | owitngmay oria® of )
successful or partially successful internediates and may incl ude fragmenty
of natural or syhbohelve (ﬁxfgiimiorsoQﬂlattheher'egdipedymﬂ‘eotardie neys bear
little resenblence to the parent mnisatellite. The probes of

the invention ar§uﬁ§%ﬂﬁ?n?nc?ﬂ%e?%+?6mﬂﬁ§°a?e§§ndfm repeat,pqrerthie y ‘and
maternity testin y grocgavarlflcallon |n £ g i i -

gration dispu?%ﬁmufagh%n °f hePPFgﬁé pgexchanges Wit
- Zygosi ty teStsngka%@$h9§ of‘differengxﬁgfhfﬁ” 'f¥”$§¥“d¥%d'kd91

General pedigree analysis In
cloning of the polynucleotide.

On the other hand,.the building step may
include synthesising the identified consensus core
sequence or a fragment thereof. The consensus éore

10 seqﬁence preferably contains not less than 6.bp and
preferably contains not_mofe than 16 bp. A tandem
repeat of the synthetic core is then cdnstructed.

Naturally Phe polynucleotide may be the
result of a succession of operations at different

" 15 .times following cloning of successful or partially
successful intermediates and may include fragments
of natural or synthetic origin; so that the end
polynucleotide may bear little resemblence to the o/
parent minisatellite. ;;

20

The probes of the invention are useful

in the following areas:

1. Paternity and maternity testing in man.
2. Family group varification in e.g. immi-
gration disputes and inheritance
25 disputes.
. 3.. Zygosity testing in twins.
y, Tests for inbreeding in man.

5. General pedigree analysis in man.



49 18 6. I dentification of loci of genetic disease in man, thereby
enabl ing specific probes to be constructed to detect a genetic defect

7. For ensi ¢ nedi ci ne (a) fingerprinting senen sanples fronﬁg
rape victinms (b) fingerprinting blood, hair and senmen sanples 10
frome.g. soiled clothing (c) |dent|f|cation of human renains. 8.

Cell Chimaerismstudies, e.g. follow ng donor versus recipient cells
after bone 15 marrow transpl art8ati on. 9. Li vest ock
breeding and pedigree analy- sis/authentication. (This could include,
for exanple, the Peutine coﬁ@ebtlﬁhﬁabh@%k¢ﬁgl@¢lp@feg%nﬁ%ﬂQH#hﬂ€&§¢lnals

and \20 checki ng, ed| in_ the case of |iti- ,gatio
involving e.g. race horse ah Egé §)ena%ilﬂﬁé§peﬁdflgr@T99§s genetic

mar kers whi ch m ght show aS§8CI53é [ %%“\gltﬁ"nt";%ert‘%réett ftt scgrg[eelcecéggm c

| nportance. 25 10. Rout i ne ured ani mal
cel | | i nes, checking qeré@t.

5 7. - Forensic medicine (a) fingerprinting
| semen samples fronm
rape victims .
(b) fingerprinting blood,
hair and semen samples
10 from e.g. soiled clothing
(¢) identification of
human remains.
8.' Cell Chimaerism studies, e.g. following
donor versus recipient'cells-after bone
15 ' marrow trénsplaelation.
9. Livestock breeding and pedigree analy-
sis/authentication. (This could include,
N | - :for example, :the routine control and
checking of pure'strains of animals, and
20 - - checking pedigrees in the case of 1liti-
gations involving e.g. race horse and dog
breeding). Also :to provide genetic
markers which might show association with
inherited traits of economiec importance.
25 10. Routine quality control of cultured
animal cell lines, checking . for
contamination of pure cell lines and for

routine identification work.



contam nation of pure cell lines and for routine identification work.

11.
12.“;?5
or pro

pl ant. breeding. Brief description of the draw ngs Fig.

19

Anal ysis of tumour cells and tunmours for nol ecul ar abnormalities.
S anti ci pat ed t hat t he pol ynucl eoti des
derived 5 t herefrom have a potential use in

|t
bes

1is a schematic

representation of the procedure of preparing a 33 bp repeat sequence 10 of
t he myogl obin gene inserting it in‘a plasmd and cloning it. Fig. 2 is a

phot ocopy of a phot ograph of autoradi ographs of fragnents of
DNA hybridising to various DNA probes and al so showing 15 a pedigree of

I wh d f '
S ' osq\% autora %drreac%ﬁé\l\?n&)Dﬁﬁmgurslg‘s)rfrom SV

rel at ed

i ndi vi

autoradlographs

genomi ¢

unrelated human i nd| vi dualpfe IWed \gﬂ,{@,ﬁnﬁrlqeg idisf f erent pr obes of the
Fig. 4 shows an autoradiograph of DNA sanples

from9 human indi2. dual s, Hone ofiswhom ameicipated and that of wbhe are

I nventi on.

i denti cal

20

tw ns,

10

15

20

25

probed with a probe of the invention.
polynucleotides or . probes derived

therefrom have a potential use in plant
breeding.

Brief description of the drawings

Fig. 1 is a schematic representation of
the procedure of preparing a 33 bp repeat sequence
of the myoglobin gene inserting it in a plasmid and
cloning it. '

Fig. 2 is a photocopy of a photograph of
auﬁoradiographs of . fragments of genomic DNA
ﬁybridising to various DNA prébes, and also showing
a pedigree of related individuéls whose DNA was
identified in two of the autoradiographs.

Fig. 3 shows autoradiographs of DNA
sampies from 3 unrelated human individuals probed
with three different probes of the invention.

Fig. 4 shows an autoradiograph of DNA
samples ffom 9 human individuals, some of whom are
related and two of.whom are idenfical twins, probed

with a probe of the invention.



25 20 Fig. 5 shows autoradi ographs of DNA sanples from 2 humans and
17 non-human ani mals probed with a probe of the invention. Fig. 6 shows a
series of autoradiographs 5 of DNA sanples from nenbers of a Ghanaiani:-951 -
famly involved in an inmmgration dispute, probed in accordance with-
the invention. Fig. 7 shows autoradi ographs of DNA sanples of a sibship

af fected by neurofi bromatosis. 10 0 Fig. 8 shows aut oradi ographs
of DNA froma Gujerati pedigree produced ?or exam nati on of possible

coi nheritance of mnisatellpfe fragnepbisanduleredibarypRsr sbst apgg  of

foetal haenogl obin (HPFH); and 15 Figs. 9a and 9b are
geneti.c di agransgihp1sd r oty 2 haindiey | kadce19f rndhHanxh oniaaleus
nmnisatellites in a large pedigree. Figure 10 is a diagramillustrating the
preparation of a proped warth fd Qraiberiafl ddreelinvent izm. Fi gure

.11 shows a series- of auto-_ radiographs of DNA .sanples from two
wnrel ated pl acentae, probed i8¢ hb nBReVS s§nBRELRE SfoR¥SOoraddIBE2RESshows a

series of aut %r adci>f(‘)_ D%rAapshasmpofespr?rtggg %bse%gploefs gramagaligﬁg?aﬁxiilfﬁ?hi p.
involved in an immigration' dispute, probed in
.accordance with the invention.
Fig. 7 shows autoradiographs of DNA
-samples of a sibship affected by neurofibromatosis.
— 10 .. Fig. 8 shows aptoradiographs of DNA from a
Gujerati pedigree produced for examination of
possible coinheritance of minisatellite fragments
and hereditary persistance of foetal haemoglobin
(HPFH); and
15 | .Figs, 9a and 9b are genetic diagrams
illﬁstrating the inheritance of HPFH and of various
minisateilites in a large pedigree. |
Figure 10 is a diagram illustrating the
preparation of a cloned értificial minisatellite.
20 Figure .11 showé a series. of auto-
radiographs of DNA samples from two unrelated
placéntae, probed with novel synthetic probesl
Figure 12 shows a series of autoradio-
-~ graphs of probed bNA samples from a large sibship.

25



25 23 Fig. 13 is an autoradi ograph show ng vari ous DNA band patterns
obtained for twins using two different probes. Fig. 14 is an autoradi ograph
conparggg 5 band patterns produced using single stranded and doubl e

sty and probes. Fig. 15 and 15A are autoradiographs show ng DNA
fingerprints, obtained fromforensic sanples. 10 Fig. 16 is an
aut or adi ogr aph showi ng DNA fingerprints obtained froma dog famly. Fig. 17
i s an aut oradi ograph showi ng DNA fingerpéints froma short-haired donestic
cat famly. Fig. 18 is an autoradi ograph showi ng DNA fingerprints obtained

from various sheep using @w%,diﬁﬁgrq@t Qhobg§togggio§9abﬁ aghguggéadiograph
showi ng DNA fingerprints fromthree different pigs. 20 Fig. 20

i s an aut or adi oga{ifeusShONANGAANA Fd 1Ry | o6 ta fridd af €O & aits | s ang
additional cattle; and Fig. 21 is an autoradi ograph simlar to Figure 20
utilising a dif ftercentififlegtent probes. |

' Fig. 14 is an autoradiograph comparing

5 band patterns produc?d using single strandéd and
double stranded probes.

_ Fig. 15 and 154 are autoradiégraphs
showing DNA finggrprints. obtained from forensic
samples. ' -C;

10 Fig. 16 is an autoradiograph showing DNA
fingerprints obtained from a dog family.

Fig. 17 is an autdradiograph showing DNA
fingerprints from. a shortéhaired dbmestic cat
family.‘

15 | Fig. 18 is an autoradiograph showing DNA
fingerprints obﬁained from various'sheep using two
different probes. | |

Fig. 19 is an autoradiogfaph showing DNA
fingerprints from three different pigs. (-

20 . Fig. 20 is an auéoradiograph showing DNA
fingerprints for a cow family and additional cattle;
and

Fig. 21 is an autoradiograph similar to

Figure 20 utilising a different probe.

25



25 53 22 Description of the preferred enbodi nents A human genom cr5-’
library of 10-20 kb Sau3A partial of human DNA cloned in phage [err]L47.1
was screened by hybridization with the 5 33 bp nyogl obi n repeat probex:
"pAV33.7". At least 40 strongly-to-weakly hybridizing plaques were =~
identified in a library of 3x105 reconbinants. A random sel ection of eight
of these positive plaques was purified (X3322-15), and Southern bl ot

anal ysi s of phage DNA was used to show that in each reconbinant the

hybri di zi ng dddcrNAchas kioC akesaten drivbdimenuni que short (0.2-2 kb) region
01;] t he Leconbi Rgnt . Sequence -anal ysis showed that this region in each of
the.ei,ght reconbinants contains a mnisatellite c rised of 3-29 tandem
copi\eé of a repedt PEBYLEREGNYRE 2 B R]t hé'%gn’él’egf-ﬁ?%ai%agp°{.ﬁu €rr]33.15 to
64 in [err] 33Mclddest inrphageaibt? it ess contemieActy ambrifdegfianr B3P Wenber of

[ ?Pﬁgt S. f sl n%:{ %Err]yfgl%int%egz A}{aﬁéemaﬁzé.g@nsiﬁ;t geadthadurn of a diverged

- r of a basic it. er recaonbj . S a
different redioRsYr %?'Flee aﬁﬁn%ﬁbtgiicﬁéﬁé p%queﬁdvéeer(fngé}ﬁgl{: (E)#r}]:a_ gg;el%?’fl c DNA
sequence f|.apki3nPaetpmiransst el Ferdompgelection ofpRighft i *B1%ned

m ni sat el | i t godiRgiedpSagiRt evdsOpatidded (NBBM-A55; And $duthkmf bLBNAnduyagsrent s,
smal | er than. e LOLNARLRNa2ed okby AL 4AGREN S BLRE C 3R hgoddal ez by
pAV33. 7"Iﬁ H n I gests of human DNA. To determ pne whet rler ny. of the
cloned ni'li sBiAerps facrdgrdnd st & UMy pRiYio Y, kY eF 74 °§i°%g¥*ée- st randed
DNA 25 probesoneiranpr ejSaqethct romlgsis abdvedViiBats ihtd gagirnoin eaeh of

m nisatelli t@he eight recombinants contains a minisatellite comprised of 3-29

tandem copies of a repeat sequence whose length ranged from 16 bp

in A33.15 to 64 in A33.4. Most minisételliteé confained an integral'
15 number of repeats. In X33.6, the 37 bp repeat consisted in turn of a '

diverged trimer of a basic 12 bp unit. Each A33 recombinant

represented a different région of the human genome, as judged by the

clone-specific DNA sequence flanking each minisatellite.

20 The eight cloned minisatellite regions were located within
0.5-2.2 kb HinfI DNA fragments, smaller than the polymorphic 2-6 kb
DNA fragments which can.be detected by pAV33.7 in HinfI digests of
human DNA. To determine whether anj of the cloned minisatellite
regions were also polthrphic, 32p.labelled single-stranded DNA
25 prdbes were prepared from suitable M13 subclones of each minisatellite
and hybridized at high stringency to a panel of 14 unrelated British
&_, caucasian DNAs digested with 51521;. Typical hybridization patterns
show that under these hybridization conditions, each probe detects
a unique region of the human genome , and that three of these regions

30 are highly polymorphic.
s _ Fuller details of the above procedure are given in the Examples.

. Referring now to the definitions of the polynﬁcleotidés set out
above, the definitions conform to the general formula '
35 ' '
H. (J. C. K.), .L . (8)



and hyb_ﬁ_@ii zed at high stringency to a panel of 14 unrelated British
caucasi an DNAs digested with H nfl. Typical hybridization patterns show
that under these hybridization conditions, each probe detects a unique
"region of the human genone, and that three of these regions 30 are highly
pol ynorphic. Fuller details of the above procedure are given in the

Exanpl es. Referring now to the definipgons of the poI ynucl eoti des set out

above, the tions_canformto the general formula 35 C K)J[err]
L gLl J.epé'esenot C\ﬁﬁgrsecqﬁe'&gr epgr eggn‘f ben %V@P@l%éﬁgeﬁ?ce and the
ot her synpHiféneg eb%1§ deﬁ‘ﬂ ﬁébl HOVERiorh taF| cdef serivenemd nt ¢re gorecsequence in
one unit oBntihe shhe opadErrererdd fri-es ent dexom trbe dl@xble, Formigranple, it nmight
contain arhoexslrnaan%lcﬁytﬁudi—‘e&ﬁdu\&« el 90Kaﬂ< ugl&QLEIR QL duo or, differ 57 n
(say) 1_to 4 nu Ieotl 1as conpared Wi th a consensus sequence applicable

to the repfatifg tiftd 'ﬁ"§ L8OTHI6F . 2STRAPPRDTE Yd Bl ECRSPPHR FSRYENEAr | OUS Ways.
A general 2getiqaPi¢ de thmn rbeeaslingiureds g aefrenence to the procedure by which -
core sequences d | i€ Ni; - : el.ljte rggj genom ¢ v
-DNA i s conpar.ed Gi‘{ijlv:ét Q%rle %Q&enlgqugéﬂggs&&ci%a% E é&‘;‘egl (2)
An x- nucl l&étliBHg°§é‘q|§ nCetedREA PYoRefABeREAI kat 'é*P?l te which 15 shows  +

the great gsocedureopy whikhavorensehaehbde 6&hebeeddénOIT péd. POSSHIN £
x- nuc| ¢@t'qeeeh&q@es%g%sesfcg@%his%hﬂ 19" T ALDunkR 4 UGS Q20" ¥

core seguence hat of “colrse ver
GGAGGTGGGCAGGAXG | (2)
An x-nucleotide long sequence taken from the mznlsatellite whlch e

15 shows the greatest homology with an x—nucleotxde selected from all
possible x-nucleotide long sequences comprised in formula (2) is -
taken to be the_cbre sequence. . That is, of course, -a very narrow
way of defining the cere..and should result in 1 or a few cores of
6 nucleotides long, 1 or a few 7 nucleotides long and so on up to 16
20 nucleotides long, ("a few" because in some cases there will be more.

than one sequence of greatest, e.g. 100%, homology). To reflect the
discovered possibility of variation in the core sequence so deflned it is

postulated that there can be variation to an extent that all n
repeating units have on average at least 70% homology of their cores with
25 cores as defined ebove._ Any flanking sequences, J and K, within the o~
repeat unit, are not included in the reckoni;g for homology purposes,
the comparison being solely between cores. The cores defined can W,
have various lengths and can be "mixed",_i.e..in some repeating
units be'homclogous with (say) GGGCAGGAXG of formula (2) and in
30 others be homologous with (say) GGRCAGGTGG of formula (3). Variants
should therefore be considered in terms of homologies with (core),
rather than necessarily with "core" itself.
The "first" definition defined eablier is derived
from the above considerations but simplified in that the core
35 1is defined as a sequence of any length from 6 up to the
maximum of 12-16, as the case may be, in the formulae (2)
to (5) shown. There is a similar provision for variants.



way of defining the core, and should result in 1 or a few cores of 6 _
nucl egt.ides long, 1 or a few 7 nucleotides |long and so on up to 16 20 5,.-
nucl eqtides long, ("a few' because in sone cases there will be nore than 9
one sequence of greatest, e.g. 100% honology). To reflect the discovered
possibility of variation in the core sequence so defined, it is postul ated
that there can be variation to an extent that all n repeating units have on
average at |east 70% honol ogy of their cor with 25 cores as defined
above. Any flanking sequences, J and K, wthin the repeat unit, are not

included in the reckoning fofpdionplegyqPunBeERSE 1bHE dePTRAS! T8k RRIAY
sol el y between cores. The cores defined can have various | engths and can

be "nmixed", i.e. iinSteFns epLaduiddessivé HBHMNUTHAANVIS WdPs,( =3eh of
GGGCAGGAXG of formula (2) and in 30 others be honol ogous with (say)
GGCCAGGTGG of for wthielf 3) . caar i apresdabeul d adldditdiomad be mionisabsldd tien terns
of honol ogies with (core)n rather than necessarily with "core" itself. The
"Tirst" definitionfoagnentsecarl ik iwilerineafflypomhee sdenve thatsi dar ati ons
‘but sinplified in that the core 35 is defined as a seqyence of any length

from 6 up to thé nRSTFRAMENE 12-36{ f ixiente numhemyf fybnidhsed iimare (2)
SRR R G TR 0 F R R S A
Wil readity be SctebFERHER nfees o dne Bt oy

hybridisations ON probes from them, again probing the genomic DNA and

- | so on, theoretically up to an ipfinité'number of

10 times, it should be poséible to arrive at a range of

consensus core sequghees which is widely

represented in minisatellite DNAs. .In.practice, it

is not expected“that these.oﬁeraﬁions would have to

be done a very large number of times and on a véét

.15 scale to arrive at a sufficiently wide consensus

-;1c9ré__region, and ‘therefore  §arbitrari1y) only 3

- o ﬁfdﬂiﬁé operations are included in the definition.

In the "third" definition, t':he core is

defined te encompass a widely
20 shared consensus core region with variations.
. ' thereon not departing by more than 25% (say, 4

nucleotides in 216). Ha_wing thus defined a core

a4



exten5|g§II|braries of human genom c DNA, exami ning a sufficient nunber of
hybr|d| d fragnents, naking probes fromthem. again probing the genom—c
DNA @Afd so on,. theoretically up to an infinite nunber of 10 tines, it
shoul d be pOSSIb|e to arrive at a range of consensus core sequences
which s wi dely represented in mnisatellite DNAs. 1In practice, it is
not .expected that these operations would have to be done a very |arge
nunber of times and on a vast 15 scale to arrive at a sufficiently w de
consensus core region, and therefore (a?5|trarlly) .only 3 probing

operations are included in the def|n|t|on the "third" definition, the
core is defined f&&ERMordhsYPa bR d ﬁ@nE@ﬂiﬁgtEQ?é Wé@hon Wiy

. th d % | d
VT Raving 1RGSR IATI 53%@ “¥’ % Solats: capero 150 PR ingRely 26
nucl eoti des W th 0SSR KA A A et B UensBBuRINR pubicdellngd 2 a_

- sequence. of at [eas onsecut|ve NGETeot | rom W regi on. u
The  "fourth” * o RiitndR tHaYPegddn., @ redefined consensus core fornula i
(6) obtained from studies 1 nvo V|ng synthetlc pol ynucl eoti des. These

studies haves led to fuhlehernrourth” definition involves a | i
redefined consensus core formula (6) obtained from
studies involving Synthetig-polynucleotides.
These studies have 1led 'to further

definitions of shorter core sequences. |
10 Thus préfebably the'consecutive (513 31")
éeduence: I o '

 PGAGCWG o

is conserved iﬁ all repeating uni%s, P and W having
' the meanings given in the fourth definition above.
15 P is preferably T, W is preferably A. .

Preferably also the consecutive (5' 31)

o e e

éééue;eé.' T ' | ' | o’
TGGGCA | : (8) "
is conserved in all repeating units. _

20 Accofding to [another"aspect' there 1is
provided polynucleotides «having at 1least three *
repeats inciuding 'the consecutive 52_73' core
sequence

GGPGGGCWGGWXG - (7

25 where P = not G, W= A or Tand X = A or G



definé}]ons of shorter core sequences. 10 Thus preferably. the
consecutive (5[err]3") sequence: PGGGCOWG . . el

(7) is conserved in all repeating units, P and Whaving the nmeanings glven57
in the fourth definition above. 15 P is preferably T, Wis preferably A
Preferably al so the consecutive (5 3') sequence: TGGGCA _

(8) is conserved in all repeating units. 20 ~According to
another aspect there is provided polynucleotides having at |east three
repeats including the consecutive 5 [err]36core sequence ceyceeelcel(C

(7) 25 where P =not G W Aor T and X =A or G 57 26 or a variant
theneof, provided that the oot& wariantcthersefyempreyidedalthatepenés have
at | east 70% honology with the total "true" core sequences defined with
respect to formul £0FaL aetugd zoresaegueness iof aldperepsatmchave at

i I nt ar equence to the above.
pol ynucl eoti des angggp ?gi go%oiogy with the total "true" core

’ sequences defined with respect to formula (7) in the
5 same number of repeats, _
and polynuc;eotides of démplementary' sequence to
the above.
In all the definitions above, the coré is
at leasﬁ 6 nucleotides_ long, more preferably at
10 least 7 or 8 and most preferably 12 or.more e.g. 14
to 16. The seéuence GGGCAGGAXG of forhula (2) (the
end 10 nucleotides at the 3' end) is a sequence of
high consensus and appears'particularly promising.
Preferably the core comprises at least 6 and more
15 _prgfgrably'éll 10 nucleotidés of this sequence.
| Hfﬁ;ifm?'Thé 'varignt cores preferably have at
— | least 75% and more preferably at least 80 or 85%
o . homology.
| The flanking sequences J and K within each
20 repeating unit are prefera?}y omitted or kept shoft,

e.g. to 0, 1 or 2 nucleotides on each side and

preferably J and K together should not exceed is.

The total number of nucleotides
in the sum of J + core + K, within a repeating unit

25 should- not exceed 31, and more preferably should not exceed

28. .



In all the definitions above, the core is at |east 6 nucleotides |ong,
nor e prggerably at 10. least 7 or 8 and nost preferably 12 or nore e.g. 14
t 0.116. he sequence GGGCAGGAXG of formula (2) (the end 10 nucl eotides at
the 3' end) is a sequence of high consensus and appears particularly
‘pronmi'sing. Preferably the core conprises at |east 6 and nore 15
preferably all 10 nucl eotides of this sequence. The variant cores
preferably have at |east 75% and nore @7eferably at |east 80 or 85%
honol ogy. The fl anki ng sequences J and K within each 20 repeating unit
are preferably offte negbesr okasPedhanits 6. §5 Prebe@PLly Porea5tntfl eoti des on .
each si de aRdv4nieharabd toJe@anduK inogetn-iesl s Roedrd baoinyexoed, kyen The totaly
nunber ggc{ £ebbdes in the sumof J + core + K, within a repeating unit
: shoul not" exceed 31, and nore preferably shoul d not exceed 25. 58
o 27 The nunber of repeat units n is preferably at |east 10, conveniently 10
to 40, bt in primcifparking cCraubeeany andnbeire Suenevgntt.0 ey 0460, vd :

~ The flanki W peausnegs e emiekta;reau rneln@eéaetr nucIlasmgene Re @nigted or can

be present in any, n nber of nucl eotides e. g
20,600 lthough to work with such a long probe would not ordinarily

be sensible. They can contain ds-DNA even when the repeat sequences
are of ss-DNA. '

10
" The method of identification can make use of any known

techniques of probing, most usual of which is' to cleave the sample
DNA with restriction enzyme(s) (one or more, as appropriate) which' o
do not cleave the tandem repeat sequendes or cleave only to an

15 irrelevant extent not interfering with their ability to be probed.

P28



20, 000 although to work with such a | ong probe would not ordinarily be
sensi bl e. They can contain ds-DNA even when the repeat sequences are of
ss-DNA. 10 The nethod of identification can nake use of any known 59
t echni ques of probing, nost usual of which is to cl eave the sanple DNAﬂMtP]
restriction enzyne(s) (one or nore, as appropriate) which do not cleave the
tandem repeat sequences or cleave only tggan 15 irrel evant extent not
interfering with their .ability to be probed. 28 The foll owi ng Exanpl es
illustrate the 'W@nuﬂamn%ﬂ@pﬁxﬁwrﬁ%@%tg Nenle €L fdefre s SXAMPLE |5 (1)
Construction of a probe con aining | ong tanden1repeat sequences, fromthe
hunaqdnyogldbﬁﬁ”aéﬁésTﬁé é®nétruction of this probe is illustrated
schematically 10 in Fig.l of the drawi ngs showi ng five stages, |abelled (a)
to (e). The starting nyogl obi n gengauple hdescri bed by P. Weller et al, EMBO
J., 3, 439-446 (1984). As shown therern, the gene has a region |located in
the first3intron, comprising four repeats of a 33 bp sequence. flanked by
arnost i denttital Cospuatdquerfceserobe iqenFiiging longhtande® nepefton was i sol at ed
in a 169 bpskiyhted, acHfERbe hRhan WabDRbLYRGerOd-repaired and anplified by
ctoning into the Snal site of the plasmd pUCI3, see J. Vieira et al, Gene

19, 259-268 (1982). A nononer was i.solated (c) by. cleaving the th|rd and
fourt h repeats The construction of this probe is illustrated schematically

.10 in Fig.l of the drawings showxng five stages, labelled (a) to (e).
The starting myoglobin gene (3)/described by P. Weller et al, _
EMBO J., 3, 439-446 (1984). As shown therein, the gene has a region
g~/ located in the first intron, comprising féur repeats of a 33 bp
sequence flanked by almost identical 9 bp sequences (r in Fig.l). This
15 region was isolated in'a 169 bp Hinfl ffégment'(b), which was '
end-repaxred and ampleled by clonxng lnto the Smal site of the
_plasmid pUC13, seed. Vieira et al, Gene 13, 259-268 (1982). A
monomer was isolated (e) by.cleavzng the third and fourth repeats
with the restriction endonudease ﬁgiii (A). (A siﬁgle base
20 substitution in repeats 1 and_z eliminates this site and creates
~ instead a Ddel (D) site). Ligation of the 33 bp monomer via the
non-identical ﬁxéli sticky ends produced a head-to-tail polymer (d),
having an unknown number (n) of repeating units. Polymers containing
at leasf 10 repeaté were isolated by preparative agarose gel
S 25 electrophéresis, end-repaired, ligated into the Smal site of puUC13
_ and cloned in E.coli JM83, see J. Vieira et al, supra.

N The structure of the polymeric DNA insert in the resultant plasmid,
designated pAV33;7. (e), was confirmed by'excision of the insert at
the polylinker with BamHI plus EcoRI, fill-in labelling with

30 ®{-32p-dCTP at the BamHI site, and partial digestion with AvaIl.
Labelled partial digest products were resoclved by electrophoresis on
a 2% agarose gel. pAvV33.7 was found to contain 23 repeats of the

- : 33 bp monomer contained in a 767 bp BamHI-EcoRI fragment as shown (e).



Euoi 69

with the restriction endonudease Avall (A). (A single base 20 substitution
in repeats d and 2 elimnates this site and creates instead a Ddel (D)

Ligation of the 33 bp nononmer via the non-identical Aval

| sticky

ends produced a head-to-tail polyner (d), having an. unknown nunber (n) of
repeating units. Polynmers containing at |east 10 repeats were isolated by
preparative agarose gel 25 el ectrophoregis, end-repaired, ligated into the
Smal site of pUCL3 and cloned in E.coli JMB3, see J. Vieira et
The strucf?ke &faueheinsobyesskeciin jofseinishpelilhee megidnsant pl asmi d,

desi gnat edr pAy/38mah_gérepme tyashe onbiloned Pybexepsioarafe t he -i nsert at the

al, supr

polylinker with BamH plus EcoRI, fill-in labelling with 30 [er

t the BanHl t d t
ot ot b & Dinray B ool kg o haRa ey SrasrRaf Shiries Do AT SEB

pAVv33. ?

et al,

estion_with Ava | ed

r]-32p-d
arti al

a.

T

7fbupek Po Wdhtraieh £3 meaa@ BfA Mhel@Behtnahofere EOntained in a
767 bp BaéﬁszﬁC@Haoir@th—e&&dsi%@wva(ﬁ)uanonﬁﬁit%9tr(e2)7s7 b§e¢w§§1m ng of a

sel ection, of m.nis ite regions or 4.he u e erryoglobln 33
bp repeati"sfo'bgefra?‘b‘}r AP\ E5P kb ﬁg h %gp °B’é N%oned in
bact eri optrhed 8¢ F[ewl]lE!iE_lal-see&'E. VigIslebectdpn A1 esamrepsahﬁ'e\NA M Loenen

CeplRqedd, wad BudT9ed l98£)s)v,e MasmbiTaaes eds ity liadi zaki ogaai th the 767

bp p }j{g s7"l5l‘ ert Dggzcrl geséed sfe y(i.l])tha,pin\fg 8$2Qal]ﬁ?el led in vitro by the

‘et ho

t a supra.:

purified ilecmw@nee&mbrmhte Hé%lagﬁeﬂsedzfler PTeawir%at EgtHtet0
DNA was degeéices thergihnywetlet hoddlllidd B¢ ddaendrn, blot hybridization

15

20

" 25

30

35

40

with pAV33.7 DNA. Each recombinant gave a single w X 33-positive"
HinfI and HaeIll fragment, except for_l33.4 and 11 which gave no
detectable positive HaeIII fragments (due to a HaeIII cleavage site

being present in the repeat regions in these recombinants). The

positive plaques was

such phage

7\33-p051tive HinfI and HaeIII fragments ‘were isolated by preparatlve

gel electrophoresis, end-repaired if necessary, and blunt-end ligated
into the Smal site of the double-stranded DNA ML3mp8, J. Messing et al,

Gene 19, 269-276 (1982).° Posit1ve7M13 recembxnants were isclated
after transformation into E.coli JM1OL and sequenced by the
dideoxynucleotide chain-termination method. All l33-positive

fragments contained a tandem repetitiVe—regiqn, which in some cases

could be sequenced directly. In other cases where the repeat_region

was too far from the sequencing primer site, the M13 inserts were

shortened by cleavage'Qith resttiction endonucleases and resequenced.

The structure of fhe A33-positive fragments is shown below
in the form of 8 maps designated 133.1. 33.3, 33.4, 33.5, 33.6,

33.10, 33.11 and 33.15. The actual restriction enzyme used and lengths

of fragments in nucleotides were 133 1: HaeIXlI, 2000; 33.3: HinfI,

46S;

33. { HinfI, 2000; 33.5: HinfI, 1600; 33.6: Haelll, 720; 33.10: HaelIll, 720;

33.11: HinfI, 1020; A33.1S: HinfI, 1220. Each map shows repeated sequence of -

bases in urper case script above a rectangular box. The "repeats®
are not invariably complete in terms of number of bases, and some
differ by Substitution of bases. Therefore, the repeated sequence
shown above the box is a consensus sequence (con), being that with
which most of the sequencing done is in agreement The box shows
how the repeats differ from the consensus. Blanks in the box

denote found agreement. Base symbols A, C, G, T in the box denote



el ectrophoresed through a 1.5% agarose gel, and 33-repeat rel ated sequences
therein were | ocalised by Southern bl ot hybrldlzatlon w th pAV33.7 DNA

Each reconbi nant gave a single "[err] 33-positive" H nfl and Haell

fragment, except for [err]33.4 and 11 which gave no 15 detectable p05|t|ve
Hael Il fragnents (due to a Haelll cleavage site being present in the repeat
regions in these reconbinants). The [err]33-positive Hi nfl and Haell
fragments were isolated by preparative ggh el ectrophoresis,end-repaired if
necessary, and blunt-end ligated into the Smal site of the doubl e-stranded
DNA ML3np8, J. Messing et al, 20 Gene 19, 269-276.(1982). Positive
'SS-NQé,reconbinants wer e isolated after transformation into E.coli JMLO1
and sequenced by the di deoxynucl eotide chain-term nation nethod. All
[err]33-positive fragnents contained a tandemrepetitive region, which in
sone cases coul d be sequenced directly. In other cases where the repeat
regi on 25 was too far fromthe sequencing priner site, the M3 inserts
were shortened by cl eavage with regambahi 88.8ndonucl eases and resequenced.
The structure of the [err]33-positive fragnments is shown below in the form
of 8 maps desi grttextdaerackddayct3Bt8gyddgsggdsgabtad8atgt8agysss 10, 33.11
and 33.-15. The actual restriction enzyne used and | engths of fragnents in
nucIeoﬁkﬁésAﬁﬁﬁ§ﬂﬁﬁGFP§§A£GTH§éﬁFﬁTGZGGGTGSETQCCPFﬁﬁﬁTGﬁ@EﬂGﬁﬁﬁvﬁcﬁﬁkﬁﬁCA
2000; 33.5: ; ‘
Hi nfl, Y020 [err]33.15: Hinfl, 1220. Each nap shoms repeated sequence of
_ bases i upper case script above a rectangular box. The "repeats” 35

are noty invariably conplege in ternms of 999?9%93>99§¢§>>99¢>§%m>f>6;> by

SUQél'tZE'CYkéﬁ<é¥¥¥¥i<<6FQQQQQQQQ<<QQQ<QQQ%QEQ@<%QQ@@@€@ shown above the
box i s 2m cophsensus sequence (con), being that with which nost of the

sequen@sng pone is in agreenent. The box shows how the repeats differ
fromt 26 cohsensus Blanles in the box 40 denote found agreenent Base

synbols A, C, G T in the box denote
gcagttgtggcatcccatccgtggagaaagcaagcccctgccccggcagg

lambda 33.3

cctttcccttcctgécgtcagécctggaaaaaggttgtggggggagaeag.

\— con CCGGGAGGTGGGCAGGAAXGGGTGGAGXXGGG
U 1 G G AATA CGA
' 2 TTT 2 G AA GGATA
3 A G AAG T
4 G . A G GG C
5 A A G AA
6 T AT GAAA A

gtagagaggtgaggggtggttecctccatagagaggagacctagecccactg



61 30 | anbda 33.1 ccgtgtcacccacaagcttct ggggggt ggggggt acgat gtt caggaaa con
AAGGGT GGGCAGGAAGT GGAGTGTGTGCCTGCTTCCCTTCCCTGTCTTGTCCTGGAAACTCA 1 2 3 4
G \z SSSSSSSSSSSSSSSSSSSSSSSSSSSSSS>> 23 . .
<L LLLLLLLLLLLLLLLLLL Ll 24 25 G 26
G gcagtt gt ggcat cccat ccgt ggagaaagcaagcccct gccccggcagg | anbda 33. 3
cctttcccttcctgecegt cageccct ggaaaaaggtt gt ggggggagaaag con
- CCCGGAGGT GOECAGCGAAXGEGTGEAGKXGSG 1 5,6 GAATA CGA 2
TTT A G AA GGATA 3 A G AAG T 4
G A G &G C5 A A G AA 6.
T AT GAAA A gt agagaggt gaggggt ggtt cct ccat agagaggagacct agcccact g,
lambda 33.4

ggcagggatgggggaccgggccagaccccagectgctgagcacgegecace

con TGCAGGGTGGGGAGGGCAG-AAAGAACCCCCGCGTGXAGGGGCACC-CACATCTGGGGCCACAGGA

1 A-- G G TGT ~—=m—ememre e r e r e mr e m e m e n e
2 G A A ) A A- '

3 - - A

4 - - A

5 >>>>>>>>>>>)>>>>>>)>))>>))))))))))>>>>>>
10 <<<(<<<<<<<<<<<<<<<<<<<<<<<<<<<((<<<<<<<<<(<(<<(<(<

11 |G G - G T G

12 |G . _ G - G

13 B ¢ T G

14 L eemeee—cccce—e————————————————

‘cctaagcaggttotggtggectectggctgggtygtaggcagaggctggct

lambda 33.5

gagctaatgtttcgégggctgcactgggtcatgtgagtaatcatgagggc_

con YGGGCAGG-AGGGGGAGG

1 T CAG
2 e - a
3 Jc a - -
4 T - A A
5 T TG =—====-- G
6 T - AT
7 T A - A G
8 T - A
9 T G-
10 e T -

i 11 |c TT- T

: 12 |ca -
13 |ca A -
14 jcc -Aa - T

ccagtatcctgggaattcgtaatcatggtcatagectgtttectgtgtgaa



31 | anbda 33. 4 ggcagggat gggggaccgggccagaccccagct gct gagcacgcgecacc con
TGCAGGGT GCCCGAGGEGECAG AAAGAACCCCCGCGT GXAGEEECACC- CACATCTGGEGEGECCACAGCRA 1; /§3
G

A- - G G TGT - -mmmmmmmmm e 2 v Gy
A . A A 3 -A4
A-ADb5 SSS53535335353533535353353535335>5>
>S>>>>> 10 <<<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Lk 11 G

G G T G112 G G - G13
- G T G14 | - 32 ;
---------------------------- 14

cct aagecaggtt ct ggt ggcct cct ggct gggt gt aggcagaggct gget | anbda 33.5
gagctaatgtttcgggggctgcaotgggtcatgtgagtaatcatgagggc con YGGGECAGG AGGCEGEGAGG
T CAG 2 C A3

lapbda 33 4 T - -A A5
-T TG ------- G 6 T. -AT 7 TA - A G8 T - A
o* T G tacaatgtgaqtagaggaqacctcacatttgaccttggaaagt
con TGGAGGAAGGGCTGGAGGAGGGCTCCGGAGGAAGGGC
«- . ememscacas-e-s Ve Y mememmermmeea- >
1 A
2 A
3
4
5
6
. 7 —
~ 8. | =00 eecmemmmemmeccd e
9
10
11 PRI DD DD DD
17 <
18 A =

gattgctecctecactetgtggtctttgtetgteccagqacctteccttecttgg

lambda 33.10
aagcatcaaacagggctgggtgtttagtccttttccacatctggctcccd

con GAAGTAGGAGGTGGCTGGAGTGGGCAGGCAGGACTG-TCCCC

~ 1 e cca : -
2 G G . C A
o 3
4 . C
i 5 A : G Cc
aggagacactéccctggtggctctgaccccctécagcctcctatgctcﬁa
- /’. ] . .
- lambda 33.11
caggaggaggcagaaagtggcagaggagceccteccaggecggagggacacy -
] ' con CAGGAAGCAGTGAGGCCCTGGGCTGGTGGTGGG

1
2
3

cacgatgcttggggcagcactcacacacagtaagtgcccaagtcaaatga



10

C

-A =
33.6 tac

TGGAGGAAGGEECT GGAGGAGEECT CCGGAGGAAGEEC

T

--> 1 .
6 79 10 11
A- ggttgctcctcactctgtggtctttgtctgtccagﬁfcttcccttcttgg | anbda 33. 10

b4

- 11

C

T T-

T 12

CA - 13

CA A -

agt at cct gggaat t cgt aat cat ggt cat agct gttt cct gt gt gaa
gt gagt agaggagacct cacat tt gacct t ggaaagt con

>>>>>> 17

lambda 33.15

< 18

ggtgg£tttcaagaaaqcgtttcatgcaatttgétttaaatgttaggaaa

con GAGGTGGGCAGGTGGA

OO WN -

b bk b
WN 2O

T
T
A
A
T
T
A
A
T . -

.

aatacctacagatgaggtgtgtgcttattctetgtgcaagatttcagagt

14 CC

63 32 | anbda

> - - -
A3 45

L
o
L
N



aagcat caaacagggct gggtgtttagtccttttccacat ct ggct ccca con

GAAGT AGGAGGT GGCTGGAGT GGGCAGGCAGGACT G- TCCCC 1 - GG : CCA- 2
GG CA314 CA G C o -
aggagacact gccct ggt ggct ct gaccccct gcagcectcctatgetcta | anbda 33. 11 '
caggaggaggcagaaagt ggcagaggagccct ccaggccggagggacacg con ' 65

CAGGAAGCAGT GAGGCCCTGECCTGGTAEGIGEG 1 2 _
cacgat gct t ggggcagcact cacacacagt aagt gcccaagt caaat ga 64 3 3 | anbda 33. 15
ggt ggtttt Caagaaagagh tdyCakgrasdd rgetdneasal ghd-aggasma GaNin GACEEAEIAMSGTCEA 2

T3 Tsélquence X A 5 '6 7 Y =Cor T. - = a missing nucleotide
A compared with the consensus. »»> <& (herring-bone) symbols indicate

that the sequencing has not yet been done, although it is clear from auto-
5 radiographs of the sequencing gels that the sequencc is a "repeat" of the
consensus (using the term "repeat" of course, in the same approximate
‘manner as above). Fragments A33.3, 33.5, 33.10, 33.11 and 33.15 have
® been fully sequenced, the others partly sequenced. The numbers under-
' neath "con" at the lef-hand side of the boxes are the repeat numbers
10 of the sequences. The bottom number in this colum indicates the
" number of repeats. Thus,)A33.1 contains 26 | repeats of a 62 nucleotide
(nt) sequence shown in upper case script above the box. The sequence
W shown in lower case script at the top and bottom of each map is
flanking sequence lying respectively to the 5' and 3' sides of the
15 repeat sequence block, and these flanking sequences are not repeated.
In other words, the structure is analogous to that of random copolymér
represented by the flanking sequences, in which units of block copolymer,
represented by the tandem repeats, appear.

20 (3) Discovery and.identification of a common, short '“core"
sequence located within and shared by the repeat sequence of each

X33-positive fragment

The repeat sequence of each region was compéred with the
25 myoglobin 33 bp repeat sequence in pAV33.7, and with its reverse
complement, using dot matrix analysis. Very remarkably, there was
found a single, small unambiguods region of sequence similarity
between the myoglobin 33 bp repeat sequence and the consensus repeat
sequences of the 133-positive fragments. The same region was shared
30 by the repeats of all eight A33 fragments and will be called the

"common core". The chart below shows the comparison.

In the chart, the whole of each consensus sequence as -
determined in step (2) above is shown. These are the portions which
35 tandemly repeat in the myoglobin 33 bp probe and in the l33-positive

fragments isolated from human genomic DNA. The chart shows the



89 A 10 T1112 13 -- 14 ° T 15 A 16 17 .18
19 20 21 A 22 T 23 24 25 -- 26 27 28 29 A

aat acCt acagat gaggt gt gt gcttattctct gt gcaagattt cagagt 65 34 substitution by
~that base for the one shown above it in the consensus

35

common core region as 16 nucleotides long in

upper case script.

common core
region-

h §
33 bp myoglobin ctaaagct| GGAGGTGGGCAGGAAG gaccgaggt.
X331 céctgtcttgtcctggaaaétcé'aagGGTGGGCAGGAAG tggagtgtgtgectgettecctt
X33.3 xxgggccg| GGAGGTGGGCAGGAAX| gggtegag

: . B Q ; A
233.4 catctggggccacagggEgcaggg tCgGGaGGGCAGaAAG] aaccceegegtgxaggggeaccea o/

133.5 - . o| ceacd¥eaccacaace

2 33.6 * 'aggaaggga% GGAGGaGGGCtGGAGG agggctccgg ) .
)33.i0 ;faggaggtggct GGA-GTGGGCAGGCAG gactgtcccEEaa

233.11 . cetggget| GGLGGTOGACAGEAAG] cagteagae

133.15 i | | Seacerdaccacctss

common core region 5' — |GGAGGTGGGCAGGAXG| - 3'

‘* This sequénce is a trimer, so the flanking regions

contribute to the core. -

$



sequence. X =Aor G Y =Cor r. -=a mssing nucleotide conpared with
the consensus. >>> <<< (herring-bone) synbols indicate that the sequencing
has not yet been done, although it is clear fromauto- 5 r adi ogr aphs .of
the sequencing gels that the sequence is a "repeat” of the consensus Bﬁking
the term"repeat" of course, in the sane approxi mate nmanner as above):
Fragments [err]33.3, 33.5, 33.1Q 33.11 and 33. 15 have been fuIIy
sequenced, the others partly- sequenced. The nunbers under- neath "con" at
the | ef -hand side of the boxes are the rep 88t nunbers 10 of the sequences.
The bottom nunber in this colum indicates the nunber of repeats.
ThussLerr] 33.1 contains 26 repeats of a 62 nucleotide (nt) sequence shown

i n upper case script above the box. The sequence shown in | ower case script.
at the top and bottom of each map is flanki ng sequence |lying respectively
to the 5 and 3' sides of the 15 repeat sequence bl ock, and these

fl anki ng sequences are not repeated. In other words, the structure is

amal ogous to that of randem copol ymer represented by the flanking
sequences, AgaimhiXxch Alprt®, ¥f=Id ockr,copolayntssing eppcdsantied by wibe Heandem

r Epeat S ap&%ﬂrtha%otherg%)s a S\Bs%g%%iymegggre 'og egxh&&t f&nt@sealé:ommn
short "core" qfence ocat ed thrn and shared repeat seqguence of

each [err] 3‘:’%“’;’36% ifetre of rdy AR i d?ﬁ%lal"eb%%t a%’édﬂ%‘h"té“%fa regP#itefas
conpared w t thhexeént ofmteghpEinh&S Abgr Gepahiess cyuerieotidesptd33. 7, and with

its r eversseurcagpmnea%t thy%beemﬂ%w MahEdvhgaaa! xéal%ouv@e’syof REBIkARlY. there
was found a si unanbi guous r%glon of sequence simlarity between

n
"the nyog| ob‘f%e%gbﬁ"reﬁbﬁ’e"‘% én‘é‘é"“‘&?lcf ﬁé'eéb?&é‘ﬁgu?er%?éﬁ ess@fBfces of
t Hewr133- postaniiere repefreeduencdh ehsemenr ayeorrasasssiiat £d T80 begimpitdrend epeat s

of all ei gmox[a@rorr] §a°éhf FaRN chsaRchaMi L |1 abRe Gakh o the sy&@ﬁmﬂ :CO{ &ne The
chart bel ow shows,the conparison. In the chart, the whole o .each consensus
sequence ascase of l—33 4 and A33.15, there are a non-integral number of repeats -

10 . and the separate repeat beginning and end points are therefore shown
by the different symbols V . It will be appreciated that the
common core region was identifiable only by sophisticated analysis,
since if: often does not fall wholly within a.single consensus sequence
of'the)\33-positive fragments and straddles two successive sequences

15 of the inyoglob:}r; gene 33 bp repeat.

\_/- To illustrate the extent of compliance with the
polynucleotides defined as"being within the

invention, the various determinants are given
20 . in Table 1 below:- "



determ ned in step (2) above is shown. These are the portions which 35
tanderm'y repeat in the nmyoglobin 33 bp probe and in the [err]33-positive

fragne§E§5isolated from human genom ¢ DNA. The chart shows the
gion as 16 nucl eotides long in upper case script.

core r
33 bp nyogl obin

ccctgtcttgtcctggasaa

xxgggccg GGAGGT
t GgGGaGCECAGAAG a
GGAGGYGGECCAGGAGEG [
agggctccgg [err] 33

&
g

ccgcgt gxaggggcacc
33.%"‘9<><

gactgtccccgaa [err]33.11

[err]33.15

5 - GGAGGTGGGCAGEAX o
regions contribute to the core.
a m ssing nucl eotide.

-

TABLE 1

Repeat

Length

$Homology

b

-

Formula No.

Core Length

Polynucleotides

- 3 *oThics sequence® i & a driser,

It will

100

16
16
16
16
16

11

33 bp myoglobin

81

33.1

be

100

33.3

35 conmobn

, conmon core region
ct aaagct GGAGGTGGGCAFGAAG gaccgaggt [err]33.1
ca aagCGIGCGCAGGAAG tggagtgtgtgectgettccectt [err] 33.3
gggt ggag [err]33.4 catctggggccacaggat gcaggu
ca [err]33.5
SagPaadhgal GSAGCGaGEGECt GGAGG
gt aggaggt ggct GGA- GTGGECAGGCAG W
cctgggct G& GGTGGECAGGAAG cagt gaggc
aGAGGTGGGCAGG GG conmmon core regi on

so the flanking

67 36 Again, X=A%r G Y=Cor T, -

75

33.4

17
18

100

33.5

100

5A,5B

33.6
~33.70

88

15

l\l o
e
ml O
(201 o~
= o
[=)) o
-—
N ™M
(Y] O
- o

33-11
33.15

underlined figures indicate impermissible lengths

oy



seen that there is a substantial nmeasure of agreenent for these 16

nucl eoti des, of which 8 display 100% agreenent and a ninth "X' agrees ﬁé}
the extent of being either A or G These 9 nucleotides are 5 underllneq
the bottomrow, show ng the nucleotides of the conmon core region.

Fl anki ng the common core region are the residues of the [err] repeat
sequences shown in | ower case script. Ehe begi nni ng/ end poi nt of each
repeat consensus is identified by the éynbol V; in the case of [err]33.4
and 33. 15, t(h¢rﬁseéera FHAIR- pAlyREFEH i cNIGFRAT g&onl RAL BrakRen@Nébdt Be Separat e
r epeat beglnntQ% QQWIFqbe QLHB%Harthh%LS%Q%eznanQuaYLBQE dlfferent

symkol s appreC|ated t hé"combn coré.r reglon was
i denti fi abl é_ﬁﬂeﬂtﬁ\/ anhl sticated anal \IQI S, sSi nce. it _often _does not fall

wholly within a, S|ngle COnsensus sequence of the [err]33-positive fragnents

~and stradgles twog éﬂé?-??%:k:éé?t gﬁtﬁl“g@%e\?asl?repqrekhﬁ-oﬂy @by '308%@?1;33 bp

.hepeat To illustrate t | ance e po ynucl eoti des
defined as UF@rsig fo@m Ri FRCRB ﬁaﬁ‘veﬁt"lfoﬁ"“’&ﬁe SAYFPBARESI Y-8 AYaft°® are given
20 © . selett¥aldeabdrshel aivlarge B3Tt{str AJian p&igh8e (4y1i.scmmeery t hat

pOl yrmr phic plab'im@e %”Qmw% %et&%ﬂ& %x‘f‘.ﬁn’chleesquare denoting a male,

the circle a female and marriage by a line between them. Two

10 consanguxnous marriages, between flrst first cousins, are denoted
by a double line between the partners. qugg samples of DNA were
digested with HinfI, electrophoresed through a 20 cm long 1% agarose

S gel,denatured in situ and transfergsd by blotting to a Sartorius nitro-
cellulose filter. Slngle-stranded "P-labelled hybridization probes were

prepared from
15 /M13 recombinants contaxnxng mlnisatel’ite (tandemly repeating) regions.
The precise probes used are described lager. The procedure was as
follows. Approximately O.{/&g M1i3 single—stranded DNA was annealed
with 4 ng 17-mer sequencing primer, [M.L. Duckworth et al, Nucleic
Acids Res. 9, 1691~-1706 (1981)], in 1q/k1 10 nM MgCla. 10 mM
20 Tris-HCl (pH8.0) at 60° for 30 min. Primer extension was performed
by adding 16l eo/ud dATP, SQ/uM dGTP, 80.4«¥ dTTP, 10 mM Tris-HC1
(pH8.0), 0.1 mM EDTA plus 3.d (SQ/uCi)aL—szP-dCTP (3000 Ci mmole~l)
and y/ul of 5 unlts/ul‘l Klenow fragment (Boehringer) and 1ncubat1ng
. at 37° for 15 min. Extension was completed by adding 2.%/*1 0.5 mM4
\_ 25 dCTP and chasing at 37° for a further 15 min. ("Chasing' means

_ adding a dNTP mixture to complete the circle of ds DNA on the template
At of M13 ss DNA.)' The DNA was cleaved at a suitable restriction
endonuclease_site either in the insert or in the M13 polylinker
distal.to the insert, denatﬁred by adding 1/10 vol. 1.5 M NaOH,
30 0.1 M EDTA, and the 32p-labelled single-stranded DNA fragment
extending from the pr;mer was recovered by electrophoresms through a
1.5% low melting point agarose gel (Sea Plaque). The excised band
~ (specific activity >»109 epm;gg DNA).Was:melted at 100°C in the
presence of 1 mg alkali-sheared carrier human placental DNA
35 (sheared in 0.3 M NaOH, 20 mM EDTA at 100° for 5 min then
neutralised with HC¢ ) and added directly to the hybpidlzatlon chamber.
The carrier DNA also served to suppress any subsequent
hybridization to repetitive DNA sequences.



det ected by hybridization with probes of individual [err]33-positive
g}ents 5 Referring to Fig.2, DNA was prepared fromwhite bl ood
. ceI taken froma random sanple of British caucasians (1-6) and from
sel ected nmenbers of a large British Asian pedigree (7-18). = The pedigree is
shown conventionally with the square %gou ng a male, the circle a female
and marriage by a |line between them consangui nous narri ages,
between first first cousins, are denoted by a double I ne b
partners. 10[ er F'1%G PEETHSF Y O5F A RAI O PEC RSy 2R R 8 0f t KAk nf F
el ect r ophores=a itane0@edP at 2:beherdegnifpeldd dgasme gefl\taldemattm ed in situ and
transferredibsalOlitre N6t Peea®ardOk i diSnhidehGenceek| 181058t f bhiLr .

o’
Si ngl e- stranded 9 abel ed :hybri di iop,or obes we S prepared from
ML3 r econbi hant. §L§:on algl’?l n 1]1 dk ét el f@(tghn)dem?r épgegt%ng regi ons. The

preci se Jr Oﬁwlnbﬁdeﬂ’éedﬁﬁﬁ 5‘@%‘"%& &R . thFher inegcRiri B2 hd L1t B9 ows.
Appr oxi mat eLryise:élimlté]cgmlk/&ﬁaeal g lac2ctsr andedr Ditkapasntanaenl ed with 4 ng

17-mer seq y Pri [ML. e
1691- 1706 Zq mg%éfe igﬁmoé‘é Shed gl ’l‘g‘? iig 0) “at 600
for 30 mn: ?Jrllsn%'r‘“éi'f“éﬁéF?ar?eﬂ)a?cﬁe?atgof'?ﬁ?etﬁffaad}?]g’tlﬁ["é'f’f“}? BGI%rr]M
dATP, 80[ ets |ddl sietage 8B oehiideb eildel, diX raMnkr if SonHEhe (ol )cor®. degidd EDTA pl us
3[err] 143 r r r 0 mol e[err]) and 1 of 5
uni ts[e1r0§] PTJe“’r?‘rfJo%%n%ﬁvfsf %%%%n%l gg;eqjﬁ'ﬁaglerg pand i ncubating at 37[err] for
15 mn. Extension was conpleted by adding 2.5 err]l 0.5 nM 25 dCTP and
chasing at 37 fofyterifimathers ¥BreviparforpéChasdemgrinedny &ddi deffaedNTP i xt ure

to conpl et g thie @emcue @%s_%aDt%se? feh@eaee@mwdexeiam&pmtwés) The DNA

Ween t he

was cleaved" rict|ion endonucl|l ease site either in the |
vas ot eavel Tects Wb o] SolieGhAom ST ERrss el Sathsbud) (he

1/ 10 vols. 1a‘&lmmq—ﬁ 1136r9. Al aMl EDVere arkridheed2Petnimbk| id OsPx$gle- st r anded
DEA frﬁgmee g3t S0 L ahelir NG, BEsRr hfBBe Wagii €5QVEeLE by Hbetdize@hor esi s
t hrough a

and washed in leSC at 65°. Filters were autoradiographed for

1-3 days at -80°C using a fast tungstate intensifying screen.

20 " As shown in Fig.2, the repeated core probe -33.15,_detécted
an extremely complex profile of hybridizing fragments in human DNA
" digested with HinfI. Only the largest (4-20 knt) ﬂigflnfragments
could be fully resolved and these showed extreme polymorphism to
the extent that fhe hybridization profile §rovides an individual-specific
25 DNA "fingerprint”. -

Thé'pedigreé analysis confirmed the extreme polymorphic

variation, which is so greaf that all fndividualé, even within a

single sibship of a first-cousin marriage (16-18 of Fig.2), can be_'
30 distinguished. The families in Fig.2(D, E) shows that most of the

large Hinfl fragments were transmitted from each parent to only some

of the 6ffspring, thereby establishing that most of these fragmehts

are present in the heterozygoué state and that the heterozygosity

for these large hypervariable fraghents must be appreaching 100%. -
35 Conversely, all fragments in offspring can be traced back to one

or other parent {(with only one'exceptién),.and therefore provide a

set of stably inherited genetic markers. No band is specifically

[



1.5% | ow nelting point agarose gel (Sea Plaque). The excised band (specific
activity > 109 cpm[err]g DNA) was nelted at 100[err]C in the presence of
mg al kal i -sheared carrier human placental DNA 35 .(sheared in 0.3 M NaOH,
20 mM EDTA at 100 for 5 mn then neutralised with [err]) and added directly
to the hybridization chanber. The carrier DNA al so served to suppress any
subsequent hybridization to repetitive QN sequences. 39 The precise
hybri di zati on probes used were: (A 33. 1, an approxi mate 2000 nt

subcl oned Hagld byl 20T AAALAT) D, LhC IRl Al Bhldife (26 epealg of 2 62

nt sequence =1 us a pI‘OXI mat el ankin unman ; (B)
33.4,_a 695 hte'5 nd'ﬁ‘%’r‘t?‘%saﬁé I|laédE&dﬁl‘kafgfa@?ﬁ?ﬁftb"rfli’hénﬁr‘l"'ﬁb’respf’éﬁc-l nal
side of the nhesesuingbdtiellditontagmaeds iareanmad@ld avrosbaafl| if pafgient whard (C, D,

E) 33.15, 5t is ndt pX2 k%wnSUPQcQ”%sUmPLgnQQ@L e gﬂgtk f‘i% by el33. 15
mnisatellite_sequence %29 repeats of a 16 nt seguence ch is on average

two nucl eo i AR EUERTPET e ite% AET T THHBF e8I St E;’ieoﬁ“fdi?;ﬁjo\ﬁﬁg’ﬁﬂove) pl us
. 128 nt fl ankenhgntiavaesddRlA. IFgbedddi paitrisor® pacertapef fagmentd ean descri bed by

AJd. JererY&eﬂE:é?)ed akh s%;regiii S0stp QA&%QIiy ﬁégﬁftofmg&ngem Ekl'nlt?éx"l ghig e
vas repl aced et ne CO O readuc roun
P FF’I ers é %qwér ﬁ g gLaY 2R PRAT gaxgﬁ%

| abel I'i ng. | 2 overn| 65[err]
and washed i frog. E)@SSE!‘%T) Tohet rde. aF’rqlt’-Er’sf @E%Fé%}bﬁ‘d?%daeﬁfd-mshed in
1XSSC at @[ effispringi; | tHar frds@hee DUt A+ B¢ OB rapbednbRt progenglasis-thér - 80[err] C

using a fast Juppstal 6 ..Rtensl fiw I Asefllown in Fig.2
t he repeat ed core probé“ §.n§ 39’{“%% ebgéluengA and B. ¢
examination of the orxginal autoradiograph of the family shown in

&-; Fig.2D reveals by these criteria at least 10 resolvable bands in
. the mother, 8 of which are mutually non-allelic and not closely
15 linked. Two other bands might each be an allele of one of the 8
unlinked fragments, in that only A~ and -B progeny are observed in
the limited number of offépring analysed, although such a small
sample is insufficient to prove that such pairs of fragments are
alleles of a singlé locus. The conclusion is that the core probe
20 is capable of giving useful information simultaneously on at least
several distinct unlinked hypervariable loci. This conclusion is .
examined in more details in Example 8.
By contrast, the other two probes (filters A and B, Fig.2),
not in accordance with the present invention, gave only one or two
\—’ ' 25 bands and were clearly incapable of detectirig many different
polymorphic regions simultaneously and therefore being of general
diagnostic use. '

-EXAMPLE 2

30 _ .
The use of additional, variant, (core) in probes to detect new

sets of hypervariable regions in human DNA

Two further probes, derived from cloned )\ 33-positive fragments,
35 A33.5 and? 33.6, were prepared analogously to Example 1, step (4).

The 33.5 probe consisted of a 308 nt DNA fragment cloned in M13mp8
and comprised 14 repeats of the consensus sequence shown above, which



.an extrenely conplex profile of hybridizing fragnents in human DNA di gested
with Hinfl. Only the largest (4-20 knt) H nfl fragments could be fully
resol ved and these showed extreme pol ynorphismto the extent that the
hybridi zation profile provides an individual-specific 25 DNA "fingerprint".
The pedi r2e anal ysis confirmed the extreme pol ynorphic variation, which is
so great that all individuals, even within a single sibship of a
first-cousin marriage (16-18 of Fig.2), can be 30 distinguished. The
famlies in Fig.2(D, E) shows that nost ©f the large Hi nfl fragments were
transmtted fromeach parent to only sone of the offspring, thereby :
establ i shing thats amsergbecthase7faagreng srafidy e¥ethel Bohhén hedes OZVQOUSJ
state and that the heterozygosity for these l.arge hypervariable fragnments
nmust be approaclseqyeneey RBEetbmversth y70ahk frlagkdmngs humasf B i ng can be
traced back to one or_other parent (wth oh%y one exceptlon) and therefore
provi de a set ofh§ta53y||ﬂﬁ99Qedn6 Heefc

40 transmitted from father t so E father to_daughter, 2 qflter D, Fig.
2. This rules ofEWeREE X¥Nilkatfe FREPecFPORFESSEnd NRPERES Hat® hese

mnisatellitg fr%%@%&ﬁﬁ %re'ﬂ?'ﬂéysﬁu?ﬂéﬁgﬁlée u%hb%'%er\qu‘%ﬂé |'s not

yet known whence these gnents ori |nate n the set of aut osones,
they are not demmée@ohh@ﬁlao%engbgibacghuseénrsgapﬂi@ﬁapnfcayﬁ0§Qae
Instead, pairs of parental fragments can be identified which segregate

i ndependent ly i15"-eadofthepreary, skee f18 tier3 D, nti geReaTob ey evdrse, a pair
of bands ‘AB in one parent (and absent fromthe other) cannot be allelic if
there is at | eafilapkedpByop5-nt human DNA. The structure of the 37

“

nt sequence can be represented as:
10 } TGG _ AGG AGG GGC
TGG AGG A-G GGC (or TGG AGG AGG G-C) -
TCCGG  AGG  AGG . GGC | |
This probe was 1ikewise:cloned in M13mp8.
_ In later  deschiption- an 11nt consensus
15 sequence AGGGCTGGAGG is given for this probe.
Both probes were labelled with 32P and
hybridised anélogously to ExampleIT, step (4) to :)
human DNA from a panel of 14 unrelated caucasians. ::

Both probes detected a complex set of hybridising
20 fragments, many of which showed extreme polymorphic
variation. Several of the fragments detected by
33.5 were new and had not preyiously been detected
by the 33.15 core probe. The 33.6 probe detected an
almost entirely new set of minisaﬁellites, and the |
25 correct ihheritancelof these has been verified by

pedigree analysis. (See Example 8).

r k&PeatsNoOHadd BE FHecifical ly =

2=



10 of fspring; the presence of A- or -B reconbinant progeny further

. establishes lack of tight |linkage between A and B. Careful exam nation B
the original autoradi ograph of the famly shown in Fig.2D reveal s by these
criteria at |least 10 resolvable bands in the nother, 8 of which are
mutual ly non-allelic and not closely 15 |linked. Two ot her bands m ght each
be ah allele of one of the 8 unlinked fragnents, in that only A- and -B
progeny are observed in the limted nunber of offspring anal ysed, although
such a small sanple is insufficient to pr ¥e t hat such pairs of fragments
are alleles of a single |locus. The conclusfon is that the core probe 20 is

capable of giving useful i niyay i 0, 14U L ANIASI AR B! 1h8ASErgEYCT

di stinct unlinked hypervaria 1/oct. onclusion is examned in nore

details in Exanpl gnd. e MmOty ae fdieeddity. two probes (filters A and B
Fig.2), not in accordance with the present invention, gave only one or two

25 bands and were clearly iToapablgeotiaket ecf i nfheangadpié erBR& pdsynor phic
Tegions sinultaneously and therefore bei ng of general diagnostic use.
EXAVPLE 2 30 The preferatskiti t caraiiedvar pHAt, YHR®) i préBé&siebieBtect new
sets of hypervariable regions in human DNA Two further probes, .derived from
cl oned [err] 332 podrdorieisagfediticys rgopgni sasy er?ﬂa‘?ﬁ 6P2xEPe Bt epar ed

anal ogously to Exa é?%& step_(§k. IQS. §§e%4F¥éﬂﬁaCqﬁ%%§t%ﬂe°fDﬁA308 nt

DNA fragnent cl on® . 8 and ‘conpri sed repeats t he consensus
sequence shown abpygse ¥ £dk pattern for the longest hypervariable

. fragments is largely. independént of the 4 bp
~ recdgnition restriction endonuclease used. This
10 strongly suggeéts thaﬁ these large fragments are not
derived from longer minisatel;ites, but that each
contains a compléte long_homogeneous minisateilite,
devoid of restrietion endonuclease cleavage sites
'anﬁ flanked by human bNA.containing the normal high

iS denéity of 4 bp cleavage sites. This is in
agreement with reéults presented in the earlier

w examples and iﬁ ExampleIS which sﬁow_that most of
théée large minisateilite fragments are unlinked

and segregate independently in pedigree.

20



41 is an effect a 17 nt long variant of the common core sequence, together
W 70 nt flanking human DNA. The 33.6 probe included 18 repeats of a 37
nt uence Which in turn, conprises 3 repeats of an 5 approximate 12 nt

S ned sequence derived fromthe conmon core region plus an additional
TC at the 5 -end thereof. The 18 x 37 nt repeat bl ocks were flanked by 95
~nt human DNA. The structure of the 37 nt sequence can be represented as: 10
TGG AGG + AGG GCC TG AGG A-G  GEC (or TGG AGG AGG GO TCCGG
AGG AGG GCC This probe was |ikew seygloned in M3np8. In |ater
description an 1llnt consensus 15 sequence AGGECTGGAGG i s given for this
probe. Both probes were labelled with [err]p and hybridi sed anal ogous! ¥« 0
Exanple 1, step (4) to human DNA from a panel of 14 unrel ated caucasi ans.
Bot h probes detected a conplex set of hybridising 20 fragments, many of

whi ch showed extrene pol ynorphic variation. Several of the fragnents

det ect ed by 3318 aerefersed amtodiadnnot sprehs g6 SINA beémd@tyeétmrwntﬂé' 33.15 7.~
core probe, The 33.6 ,r(gbe detected an al nost entire new set

mi ni sat el | PY 8810850 ‘E‘é SEROPTRRES |%é??atréﬁﬁehy&ln??‘Fé’éé“}fagr"d’ééﬁ‘gver| fied .

by pedi greﬁw@'}li‘ké’ﬁ—'eﬁc fi(x?@z%r@\(?srfpkgr @kample probes from fragments

lgmbda 33.15 and 33.6. By cthis means the already low probability that
?S two unrelated individuals will have the same fingerprint_is decreased
further. For instanqe, Example 4 indicates a probability as low as L=
10”12 even when, as is preferred, inccmpletely-resolved hybridising DNA A
fragments of length- less than U kb are ignored. o
The inventién includes a method for paternity testing. Approximately -
10 half of the polymorphic minisatellite ffagments in an offspring are
derived from the faﬁher, and these paternél fragments can be identified
by cqmpafison of the mother's and offspring's DNA fingerﬁrints. All of
these paternal fragments will.ordinarily be present in-ghe father's
DNA. It is estimated Ehaﬁ using a probe 33.15 and DNA fragmeants of
.15 length at least 4 kb, thelprobabiliCy that the putative father will -
by chancé posseés all 6 pacarnal-épecific DﬁA fragments typically
identified in the offspring is of the order of IO‘-5 and that use of . N\
both probes 33.6 and-33.15 reduces it to the orderloE 10-8; Naturally,
the precise probabilicies will depend on the exact resolution and
20 Compleﬁi:y of che DNA patterns obtained, and will be improved if

additional paternal fragments less than 4 kb long are analysed or

if a third probe is used.



73 42 The foll owing exanples further illustrate and exenplify the
I nvention. The digestion of the sanple DNA is preferably carried out
usi ng a restriction 5 endonucl ease which recognises 4 base pairs’

of nucl eoti des. It has been found that the DNA fingerprint pattern-
for the | ongest hypervariable fragnments is largely.. independent of the 4
bp recognition restriction endonuclease used. Thrs 10 strongly suggests

that these large fragnents are not derivéd# fromlonger mnisatellites, but
that each contains a conplete Iong honbgeneous minisatellite, devoid of
restriction endemdbkease0e1éévageﬂsrvesnaﬁhLﬁhdnkedebyuhunanhﬂhmnwnntaining
t he wor mal h 15 density $ eavage . sites. Is in

agr eenent \R/r Rels gzop o "Wés‘é‘ﬁ’ﬁé‘d“ H\‘fhfe‘“ééf?ﬁ'éfl‘&(anﬁ“és ﬁd in Exanpl e
8 whi ch shoy;fhal . MR§taQk JeQRSErodL £<9%r9%rﬂ %QL@JJ;s%}? paLE?Q@'e{htd%:ﬁr G1s

unl i nked and segregate i ndependent I n pedigree In a preferred

ehbodi ment anSREPAE 66 Jb¥Ld Gho sctoum. Vhalll BgRY pEévitoadly anbﬂ@tbw ptlid f er ent
probes, in separate hybridi sations producing
5 two sisters. The two previously characterised individuals could be

*
-

readily and unambiguously identified on the basis.of DNA fingerprint
' comparisons, as could the two sisters who shared a substantial number
of minisatellite fragments in common.

The DNA can be caken from a variety of ce}ls'from a given

10 individual, ;11 giving the same fingerprint Thus the DNA fingerpriants
for sperm and blood DNA are lndlstlngULShable, as are the patcerns
of monozygous twins. Furthermore, the pa:terns appear to be stably
maineained in culeured cells, as shown by coﬁparing the DNAlfingerprints
of blood DNA with DNA isolated from Epstein—Berr virus transformed

15 _ lymphoblastoid cell lines derived from the same individual.

Non-human anzmals to which the invention is applicable include
most mammals, blrds, amphibians and fxsh Examples ‘are chickens,
hamsters, rabbits, mice, sparrovs, kestrels, frogs, newts and fish.

In the case of chickens, a very complex smeared portion of hybridising
~ 20 DNA fragments was produced. Digestion with gggIII.eliminated the smear,
revealing a "clean" fingerprint. It is therfore likely that chicken DNA

also contains a long core-containing satellite whose repéat units contain

one or more HaelIl cleavage sites; cleavage with HaeIII cherefore
reduces this satellite to very small DNA fragments which migrace

25 off the bortom of the gel during DNA electrophoresis. It is likely -
occasionally that other animals will produce smeared bands and chat

these will be resolvable if the DNA is digested with appropriate

79



t wo deéerent fi.ngerprints, for exanple probes fromfragnents |anbda 33. 15
.and 33{8. By this means the already |ow probability that 5 two unrel ated

i ndividuals will have the same fingerprint is decreased further. For

i nstance, Exanple 4 indicates a probability as | ow as even when, as is
preferred, inconpletely-resolved hybridising DNA fragnents of length |ess
than 4 kb.are ignored. The invention includes a nethod for paternity

testing. Approximately 10 half of the pd“s‘yrmrphi c mnisatellite fragnments

in an-offspring are derived éroglthe ggth?r and .t hese gaternal fragnents

can be identifietPBYREInPAFPRORLERVERE ROt RBESE SRASBEPESring' s DNA .
fingerprints. Al of thesespat al S Whkl Lhar i resent, iyn
the father's DNA. It is es ﬁna?ég tﬁg?gggFﬂg a&%g%gngéE15bgﬁgggﬁﬁ,, e
fragments of 15 {gngtRaehrbsagtedikbPcthe probability that the putative
father wll by chance possess all 6 paternal-specific DNA fragnments

typically identified in the of fspringexamefet Re order of 10 5 and that use .-
of both probes 33.6 and 33.15 reduces It to the order of 10 . Naturally, ’
the precise probabilities DNAl depend izolatedexatromesdingsion andaBO '
complexity of the DNA patterns obtained, and will be inproved if additional
paternal fragnenptacensaehanssdeiscrdbgdarsy dhal yséeif Breys, aCehir d8probe is
used. 75 44 Sufficient SNA_gO.S-S_niqu raps) _.can he isolated rapidly
froma single drop'8f (AARER-bI EBASLOANBRKLIANALPRRALRRERG. WeTRUESEANA

ncludi ng tao peoBPELuABse The hah BUGH SHE odaryLPinger pA eesi us

: ' _ digested with HinfI and/or Sau3A, ‘in the presence of
10 4 mM spermidine. triéhloride to aid complete

digestion, recéveréd' after phenol gxtraction by

ethanol precipitation, ahd'electrophoresed through

a 20°cm long 0.6% agarose-gei at 30 V for about 24

_ hours, until all DNA fragments less than 1.5 kb long

15 had _elecbrophobesed off .the gel. " DNA was then
transferred by | blotting to. - a Sartorius;

nitrocellulose filfer. High specifié .aqtivity

(greater . than 109 epm 32

P/microgram DNA) single &/
stranded M13 DNA. o . N/
20 _ _ . _
* 'YSARTORIUS" is a Registered Trade Mark



5 two sisters. The two previously characterised individuals could be
readi |y and unanbi guously identified on the basis of DNA fingerprint ;7
conpari sons, as could the two sisters who shared. a substantial nunber of
mnisatellite fragnents in comon. The DNA can be taken froma variety ﬁ%
cells froma given 10 i ndi vidual, all giving the sane fingerprint. T Z
the DNA fingerprints for spermand bl codydNA are indistingui shable, as are
the patterns of nobnozygous twins. Furthernore, the patterns appear to be
stably maintained in cultured cells, as shown by conparing the DNA
fingerprintscofesbloQd, DNAW B ENACi sl ah exkafhpmiEPsi®i Ay Batke Vi rus
trangfornmed | ynphobl astoid cell lines derived fromthe sane individual.
Non- human amreslss tbahivshd tdegei nvent i da)i s 3applarehplwens rdlinge st

marmal s, birds, anphibians and fish. FExanples are chi CEEI’I? {1amster S,
rabbits, m ¢é0 EpaFtdhLVAKEACPETS °°f‘?‘b’tj‘é“gr‘f‘€\ﬁfs°faﬁ8°flla§‘ 3PA Y he case of

Chi ckens, a YeraucEOMRE A /SIEQ 78l ROLLLON, Al DY Bhsi1d12Ring MRy r agent s

was produce gestion wth Hael finated t he snear, revealing a

"clean" fd n@ex prsubdionkd iingo tdher §wurestdkek withas; chi cke(nprAansso contains a
I"ong core-containing satellite Whose repeat units contain one or nore

Hael I | cl eavagke stisdsting efivaado witt hadidd| fiagnbet abosbstinglwéethet hi s
satellite to very small DNA fragnents which mgrate 25 of f the bottom of

the gel durl‘“ﬁ@;"saﬁﬁmléFelﬂf‘Foﬁ?ﬁFe%q gt flapking F‘P‘Raé} PO et a1 that ot her
animals will hQGﬁ\cheicénezaW?mp ands a”d(élgattﬂé‘e%qé“ 14 l?e Lgedsvaple if the

DNA is di geste appr opri at e enzymes which 1 8ave 't he | onger
fragments. Example 1, step (4), this being a 592 nt PstI — AhalIl fragment '

~ 10 containing éhe minisatellice plus 128 ant flanking human DNA subcloned
into M13mpl9 DNA digested with PstI plus Smal. Southern blot
hybridisation and washing were performed in 1xSSC at 65° as described
previously for filters C-E in ﬁxample 1, step (4). Filters were
autoradiographed at room temperature without an intensifier screen

15 for four days. o ' ' .

Each probe-produce& a different fragment pattern the complexity
of which is largely independent of the tetranucleotide restriction
endonuclease used. Figure 3 shows the pattern obtained. Resolution
of polymorphic fragments less than 4 kb long is improved -in double

20 digests with HinfIl plus Sau3A, due to the elimination of'background
hybridisatien caused presumably by relatively diverggd and invariant
Hinfl mipisatéllice fragments which have accumulated.Sau3A cleavage
sites within one or more repeat units. In doﬁble digests, the number

- ' of resolvable polymorphic fragments detected by probe 33.15 can be

25 increased from about 15 to about 23 per individual, at the expense of -

losing about 20Z of long single digest minisatellite fragments which

presumably contain a Sau3A cleavage site in most or all repeat uaits.



R

In the foll ow ng additional Exarrpl es, tenperatures are in [err]C. EXAMPLE 3

5 DNA was ' isolated from fresh human placentae, as
descri bed by A J. Jeffreys, Cell 18, 1-10 (1979). Three individual
pl &¥ntae were used, labelled 1-3. 8 mcrogram sanples of DNA were

digested with H nfl and/or Sau3A, in the presence of 10 4 nM

spermdine. trichloride to aid conplete digestion, recovered after
phenol extraction by ethanol precipi t,g-);l on, and el ectrophoresed through a
20 cmlong 0.6% agarose gel at 30 V for about 24 hours, until all DNA
fragnents less than 1.5 kb Iong 15 ‘d’Lfe{«-ectrophoresed off the gel.

DNA was then transferred g Sartorius*

ni t roceI | ul ose 8 fFERETam. S“”‘PIF"g% °fs‘b‘e*t’f‘f?]t?° atty \‘if"f"')}‘ f@?’bét’é’r“df"hasﬁ‘”&bi err]
cpm[err] P/ LhA n §ﬁR! IUS" is a

Regi st ered ‘%Pr g%g'g‘k/g{i nﬁglgscg\‘f\gsr%%p?g%ar edLgQNé eédgrtf ll?{éd anpl e |

step 4). TRAcRCHER RYEHIASs 5 QA cNVAM@ minisacellicé Plrobe 33.5o|9rsmes as
consisting of a 220 nt Haelll DNA fragnent containing nost of. the | anbda
33.5 nminisategbtibed (Ml Exmtple 14 rﬁeplems)fipﬂglspab@u(itﬁﬁ)vmaiIPdnka':sng human 5

DNA, subcloned into the Smal site of ML3npS; (b) 33. 6 probe
consi sti ng Wp%trefzﬁ“ﬂ‘t ChePRFFeFY AR NRYEH a@c?ﬁgi‘stﬁeﬁg“ﬁl“-kt fj@dividual B), :

and the number of bands in A which were clearly absent from B, plus
those which had a co-migrating counterpart of roughly similar
autoradiographic intemnsity in B, were scored. The results, shown in

10 the table below, are averages for all pairwise comparisons. A small

-

propor;ion (about 6Z) of additional weakly hybridising fragments in A
were matched by strongly hybridising fragments in B, and since in such
cases it was not possible to decide bﬁether_the band in A was also
present in B, such fragments were ignored. If co-migrating bands
15 in A and B are always identical alleles of the same minisatellite
locus, then the mean probability x that an allele in A is also present
in B is related to the mean allele frequency (homozygosity)
q by x = 2q - qz, whence ¢ = | - (1 - x)*. In.praccice,_an (unknowm) -
proportion of co-migrating bands in A and B will be derived by chance
20 from different minisatellite loci, and thus the estimates of mean S
allele frequency and homozygosity are maximal, and depend upon the
electrophoretic resolution of minisatellite fragments.
| The pr'obabil_icies shown in Tabls 1 rvrelate to the individual

size fragments of DNA shown. To obtain an overall probability relating

LR

25 to the most legible part of the fingerprineg, i.e. all DNA above 4 kb
in size, the three figures have to be combined. Thus, for example, the

mean probability that all fragmencs detecced by the probe 33.15 in



m nisatellite plus about 50 nt flanking human DNA subcl oned into the Snal
site of ML3np8; and (c) the sanme 33.15 probe as in Exanple 1, step
(4), this being a 592 nt Pstl - Ahalll fragment 10 containing the R
mnisatellite plus 128 nt flanking human DNA subcl oned into ML3nmpl9 DNA
digested with Pstl plus Smal. Southern blot hybridisation and washing were
performed in 1xSSC at 650 as described previously for filters CGE in
Exanple 1, step (4). Filters were autoradiyggraphed at room tenperature

wi thout an intensifier screen 15 for four days. Each probe produced a

- different frggﬁeﬂ§19attern t he cqulexigyipg.&@iehviézbangglyqudependent

a are glso oresefc 1a { < . LY L2 =
of tke tetranuc eoti de FéstrPctiCh endonudl ease uséd ““Fi gur‘e 3 shows the

pattern obt a_bme%"‘Resmeu;eo%?ﬂ‘icg%mv,r,plhlf@a%xeagmicscmsg, tjap 4 kb long
is inmproved in double 20 digests with H nfl plus Sau3A, due HQ t he

el i m.nation pfobbackgrduwnad Ivybridirsaid anse pusechpiesaiiabl w by Pel ati vel y
di*'verged and invariant Hinfl mnisatellite fragnents which have accunul at ed
Sau3A cl eavage sites within one or norel4¥feateunits. |In double digests,
the nu r of resolvabl e polynprphic, fragnments detected by_praqbe 33. 15 can
be 25 IncreadBYtis 95 ANA  Eingerp 2EVEeR DARSQNPALLS ?f.‘g Ret8idbense
of losing about 20% of long singhg digest m nisatellite fuagugRts which
presunably contain apBau3A cl eavagggseinke 1N mp&%agrﬁﬁtL r epgatay it s. 47
EXAMPLE 4- 8 m crogeadgmesnpl es pat mm bl anheDNA At aken fEeq@idnhey r andom
sanpl e of 20Pwneel at etkeBrkd i sh Cadeslsi-afP wergredegesined wilhdmoklgrsitend

Sout hern_bl ot hybridised with the miisatellite probe 33.6 or 33.15 as

_ 10 33.6 10 - 20 2.8 - 1.0 0.11 0.06 ,

N 6 - 10 5.0 % 1.3  0.18 0.09
4~ 6 5.9 1.6 0.28 0.15
3315  10-20 ¢ 2.9%1.0 0.08 0.04
5 6 - 10 5.1 2011 0.20 0.11
4- 6 6.7 1.2 0.27 0.15
EXAMPLE 5
This example illustrates the somatic stability of DNA fingerprints
20 and their use in paternity testing.
L Lymphoblastoid cell lines transformed by EB virus and stored in

liquid nitrogen were re-established in liquid culture afcer 2 years.

These cultured lymphocytes were ﬁashea twice in normal saline;TDNA

from the lymphocyte pellet and from whice blood cells was prepared as
25 described by.A.J. Jeffreys, Cell lg,'l—ld (1979). Sperm DNA was

similarly prepa;ed, except that sperm collected from semen were ctreated

with IM 2-mercaptoethanol for 5§ ﬁinutes at room temperature, prior

to lysis wicth SDS. DNA fingerprints were prepared as described in



5 described in Exanple 3. Each DNA fingerprint (individual A) was conpared
wth %@ pattern in the adjacent gel 'track (individual B), and the nunber
.of . ba in A which were clearly absent fromB, plus those which had a
co-mgrating counterpart of roughly simlar autoradi ographic intensity in
B, were scored. The results, shown in 10 the table below, are averages for
all 'pairwi se conparisons. A snmall proportion (about 6% of additional
weakly hybridising fragments in A werggmtched by strongly hybridising
fragments in B, and since in such cases it was not possible to decide
whet her t Beapands i 0s MgV iRl SOr 43 €8Nk sidE Bra SUEhs {Juagrmniis.cwes.e i gnored.

|f co-mgrating bands 15 'in A and B are always identical "alleles of thé‘f
same m ni seitekdisddevidcpsobd a6 tlae oxedd. Prébhbility x that an allele in

is also present in Bis related to the nean allele frequency (honpzygosity)
g by x =29 - q[err] , whence q = - xX)[err]. In practice, an
(unknown) propprtion af ca-mgrating bands in A.a Bwll be derived 'by
chance 20 frg%sdief‘?"g’r‘een ﬁr‘r’isﬁ?%caetse'r-_ |-t°gl 1 85?‘,” é’rﬁda'fdehlljrsw nﬁleoneggi mat es of
nean ald ehecdch CRBNE Yoo PrbAPBID %GO Yn AR DB IFBYaridhs vEeRaRd dipon the

el ectrophoretic resolution of mnisatellite fragnents. The probabilities
shown in Tabl eNd sa@pbdsewérr pheparedi fhotlusllooti Eakehr B ciiiskeds ,DNA shown. . To
obtain an overall probability relating 25 to the nost |egible part of the.
fingerpri pRarrpve ang| kesprplsabbvam Zakiiti andimgese lpget-hfE™ PYRA%r es have to be
conbi ned. . Thus, for ampl. e, . the an_probability that ,all fgagnments

det ect ed BYPERESr 3Bt 39 15e ?‘Fg"tc%cﬁﬁgﬁsﬁafvﬁédﬁé%/gsAar_é}r ef"?ﬂ'sogp esent in B
is 0.08[ecsdpreX &t BRA Qbbd #tgQsell £fdH HIafI, except for chicken DNA
o/

10 which was digested with HaeIII. The. restriction digests were
electrophoresed through a d.GZ agarose.gel, denatured, transferred
to a Sartorius nitrocellulose filter and hybridised as described
previously with the human minisatellite probe 33.15. The.hybfidisation
stringency was at 65° iﬁ 1xSSC. The results are showm in Figure 5,
15 with the following samples: ‘
1,2 : unrelated hﬁman placentae DNAf
3 v rabbit DﬁA, from an F, hybrid of Alaska.én& Vienna Q;}
White strains. | ' -
20 4 ' : rabbit DNA, from Alaska strain. ~ g
5,§ : mouse (ﬁus musculus) DMNA : from two Greek mice

cadghc in che wild.

7 : . mouse (Mus musculus) DNA : from inbred strain
DBA-2.
25 8 : mouse (Mué musculus) DNa : from inbred strain
C57/BLIO.
9,10 : chicken DNA : NB ﬁhé'DSA was digested with

HaelIl.

&



3 x 10[err] . The probability chat all fragments detected by both probes

33.15 and 33.6 in A are also present in Bis 5 x 10 [err]. TABLE 2 05 81

Similarities of DNA fingerprints between random pairs of individuals No::

Probability =~ Maxi num DNA fragments x that frag- mean
allelic fragnment per indiv- ment in Ais frequency Probe

si ze, kb idual - S. D present i r]s(g (honozygosi ty) 10 33.6
10 - 20 2.8 [err] 1.0 11 .06 6 - 10

5.1 [err] 1,3,. . 0.18 _ e 0.09 4 - 6 5.9 [err] 1.6
0. 28 1% 0,15 33715 s“‘?r‘fo "0 2.9 [err] 1.0

0. 08\ 13,164,183 04 15, kescrel DNa. 6 - 10 5.1 [err] 1.1

0. 20 0.11 4 - 6 6.7 [err] 1.2 0. 27

0. 15 EXAMPLB.37Thi s exampl e frég USenatvgscidpdcsiondt P .stability of DNA
fingerprints 20 and their use in paternity testing. Lynphoblastoid cell

| *nes transtbr fred by EB:vir B&8"8¥d®®%tored in 1iquid nitrogen were
re-establ.ished in liquid culture after 2 years. These cultured | ynphocytes
were washed twice in normal saline; DNA fromthe | ynphocyte pellet and from

white bl ood cells cWaSePsenar @&&ésaﬁ varﬁ%i@rﬂﬂeg:.@érgtxlx(:s‘]&frgr eys, Cell
18, 1-10 (1979). Sperm DNA was siniiarl y prepared,” except that sperm

col | ect ed foamiseimtnomererlGr ebl edr wdtrAcéMeBstirr,cafd aek happetenftdy a3 i nut es
at roomtenperature, prior to lysis with SDS. DNA fingerprints were
prepar ed as*®feseabidecks phe human DNA fingerpriats. |

The chicken DNA cleaved with HinfI also produced a very complex,
P 10 though less Lntense, smear of hybridising DNA (not shown). However,
digestion with HaeIIl eliminated thls-smear and revealed a clean
polymorphic fingerprint patﬁern.
The two inbred mouse strains have simpler fingerprints than the
wild-caught mice. This is to be expected since mos? hypervariable
15 minisatellite loci will be heterozygous in the wild but homozygbus on
inbreeding, halving the number of hybridising DNA fragments in inbred

strains.

-



Exanpl e 3, using 5 mcrogram sanpl es of DNA digésted with Htfl and

-Q'U“W% ised with probe 33.6 (a) or 33.15 (b). EXAMPLE 6 This exanpl
¥illustrates use of a probe of the invention to 5 detect highly pol ynor phic.
regions in the DNA of various vertebrates.

e

DNA sanpl es were prepared from

bl'ood taken from chi ckens, sparrows and kestrels, fromrabbit and nouse

li'ver, from human pl acent ae,
fish. 8 ug sanples of DNA were digested with Hi nfl,

10 which was digested with Haelll. The&Testriction digests were

el eccrophoresed through a 0. 6% agarose gel, denatured,
Sartorius nitrocellul ose Theter
the human mnis
650 in IXSSC. T

sanples: 1,2

tel it be 33.15. The hybridisati. tri
RUFbhebt H8C SPobieTRiT UPE 505 LAHIER { 1 JHRS

dchribed oveunrelated human pl acentae DNA. 3

X rabbit -DNA, Trom an err] hybrid of Al aska and Vienna Wite
20 4 . : ekahpit PNA, from Al aska strain. 5,6
nouse (Mus nuscul us) DNA romiw Geek mce caught in the wld.

nmouse ‘(Mus msscul us) DNA ThisodesobibBdssthai ws®BAf 2DNLSFikgerprint
nmouse (Mis nmusculus) DNA ~ frominbred strain C57/BLIO 9, 10
chicken DNA NBnahEsDRA imasani jasigstafkiion 1¢8d9, . the solution of

10

15

20

which would have_ been very difficult, if not
impossible, by conventional genetic methods.
The case concerned a Ghanaian boy born in

the U.K. who emigrated to Ghana to be reunited with

his father and sﬁbsequehtly returned alone to the

U.K. to rejoin his mother, brother and two sisters.
However, there was evidence to suggest that a
substitution had occurred, either for an unrelated
boy, or for a son of one of the mother's éisters
all of whom 1live in Ghana. As a result, the
returning boy was not granted qesidence in the U.K.
At the request of the family's solicitor, an
analysis was undertaken to determine the maternity
of the boy. To complicate matters, neither the
father nor any of the the mother's sisters were
available for analysis. Furthermore, while the
mother was certain that the boy was her son, she was

not sure about his paternity. DNA fingerprints fronm

and fromthe degutted carcasses of frogs and
except for chicken DNA

) transferred to a..
N8 di s€Faasl@dscri betiprrakously it h

was at
oW ng

strains. ~

7

¢ &



50 11,12 1 sparrow DNA. 13, 14,15 kestrel DNA.

16, 17 frog (Xenopus croplcalls) DNA. 18, 19 '

m nnow DNA. 5 As can be seen, successful variable DNA fingerprints were
obtained fromnearly all vertebrates tested, and are apparently as )

i nformative as the human DNA fingerprints. The chi cken DNA cl eaved with 83
Hi nfl also produced a very conplex, 10 though |ess intense, snear of
hybri di sing DNA (not 'shown). However, digestion with Haelll elimnated this
snear and reveal ed a cl ean pol ynorphic fingerprint pattern. The two inbred
nouse strains have sinpler fingerprints ttfan the wild-caught mce. This is

{0, e expect ed shiieediats "YREDYEL! 0Ll edll A AIIY Qe i bt De

het er ozygous in t nbzygous on |n ving the nunber

of hybridising D%ef FRETEN S the wekhed ST BkB%her' B 1sIBeers $oldoai ng
exanpl es i'llustrate further the application o particul ar probes

descri bed above. 32aumd éhe boy X in dispute ks wiesctheeefbhe psepafedNA

fingerprint analysis in an immgration case, the solution of
by Southern blot hybrldlsatlon to two minisatellite

e

5 probes 33.6 and 33.15 described above, each of which
detects a different set  of hypervariable
minisatellites in human DNA.

8 pg samples of blood DNA from the mother

(M), the boy in diseute. (X), his brother (B),

10 sisters (S1, S2) and an unrelated individual (U)
- were digested with HinfI, electrophoresed through a
0.7% agarose gel and Southern blot hybridised to the
probes. - The autoradiographs are Shown in Figure 6.
Fragments present in the mother's (M) DNA

15 fingerprints are indicated by a short horizontal
line; paternal fragments absent from M but present

\ in at least one of the undisputed sibs (B, St1, S2)

" are marked with a 1long line. "™Maternal" and
. paternal fragments transmitted to X are shown by a

20 dot. The DNA fingerprints of X contain no
additional resolved fragments. .All fragments were
scored from- the original_autoradiographs taken at
various exposures; partially-resolved fainter

~ bands, particularly towards the bottom of the gel,

25 which could not be reliably scored were ignored.



whi ch vg;ld have been very difficult, if not inpossible, by
convent i®ral genetic nmethods. The case concerned a CGhanai an boy born in 10
the*U K. who emgrated to Ghana to be reunited with his father and
subsequently returned alone to the U K to rejoin his nother, brother and
two sisters. However, there was evidence to suggest that a substitution had
occurred, either for an unrelated 15 boy, or for a son of one of the
nmother's sisters all of whom live in &3ana. As a result, the
returning boy was not granted residence in the U K At the request of the
famly's solicitor, an anBhgsiSinet ustept akeeh two dedstabiish heheat ernity
20 of the boy. To conplicate matters, . neither the father nor any of t{e
the mother's siBabeEnikYeChvd ITAT thorPahheyassof hymaRwiddde  while

baterni 1y, DNA FTREBPRFFnes AT Endodn 530, ctatitit, BRI b fakiabimmon
Tha the boy x 1 Bo3F ok B1s DMLY AunaSrERARE" Ml U dledunstruihey S1 and 527
hybri di sati op t?rbmﬂpﬁhéf‘ﬁaﬂ.gé?éé§f5c,pDNhe$r3.§m§n@Ed présthtdagcritbed above,

|

each of which detects a ferent set of hypervari abl e -
mnisatellites LeastinaneDbA. the three undisputed sibs (B, S1, S2)
but absent from M. Of the 39 paternal fragments so
identified, approximately half were preéent in the
DNA fingerprints of X. Since DNA fragments are
10 seldom shared. between the DNA'-fingerprints of
unrelated individuals (see individual U in Fig. 6),
this very strongly suggests that X has the same
father as B, S1 and S2. After subtracting these
paternal-specific DNA fragments, there remained 40
15 fragments in X, all of which were present in M.
This in turn provides strong evidence that M is the
mother of X, and therefore that X, B, S1 and S2 are -
true sibs. ' ' . o/
It has been shown above that the mean . O
20 pfébability that a fragment in the DNA fingerprint
of one person is present in a second individual
selected at random is approximately 0.2 for North : .

Europeans. The corresponding estimate for the

4%

father and M is 0.26, establishing that DNA
25 fingerprint variability in these Ghanaians is not

significantly different from that of North



8 [err]g sanples of blood DNA fromthe nother (M, the boy in dispute .
(X), his brother (B), 10 sisters (S1, S2) and an unrelated individual 85
(U were digested with H nfl, electrophoresed through a 0.7% agarose gel ™
and Sout hern bl ot hybridised to the probes. The autoradi ographs are shown
in Figure 6. Fragnents pr esent in the not her' s (M DNA 15
fingerprints are indicated by a short horizontal |ine; paternal fragnents
-absent from M but present in at |east onesdf the undisputed sibs (B, Sl

S2) are marked with a long Iine. “"Maternal " and paternal fragnments
transnmtted to X Bueopéanw. bylm Qe dnllowinmpheorade® ifitygespimates,of X
cont@in no ‘additjonal resolved fragnents. Al fragnments were scored from
the origi nal aut obB@li DEERPhsCIBIRNY 3l L KRG TIHIPL iopdsumagte that all

partially-resol ved falinter, bands.. particularly towards .the hott of the
el . 35 wihi oh coutao aFe Tharebit 9T wit B iR (" 03 B8 o
step was to establishht e PR L MYy X fromthe patterns of hypervariable
fragnents. AIthg%gﬂn tﬁ% ?%ther ﬁ%s Lnavailable, nost of his DNA

fingerprint cauld be reconstiéictiadkt qudstTopatier iR tEOLCK fiL rllAtkaagment s
present in at |east one of the three undisputed sibs (B, S1, S2) but absent
fromM O the 39%tpatkisalfamibgnmenTsesbDNA fingerprints of X contain

61 scorable fragments, all of which are present in M

and/or the father. If X is unrelated, then the

probability that each of his bands is present in

~ | . 2
10 these parents is - 1-(1-0.26)% = 0.45; the
probability that M #nd/or the father by chance
possess all 61 of X's ©bands is therefore
0.45%7 = 7x10722. X is clearly related to this
'family. ' |
15 The next problem is whether an dnrelated
woman, and not M, could be the mothér of X. The DNA
fingerprints'of X contain 40 "maternal’ fragments,
N of which we estimate that ;v25 were inherited
e specifically from the méther; remaining fragments

20 are shared betﬁeen the mother and father and cannot

therefore be used to adduce evidence for M's

T ' matérniﬁy. All 25 | maternal-specific
| fragmeﬁts'in X are present in M. The chance that M

is unrelated to X but happens to share all 25

25



i dentified, approximately half were present
Since DNA fragnents are 10 sel dom shared between the DNA fingerprints of
unr gl at®B8 i ndividuals (see individual Uin Fig. 6), this very strongly
suggests that X has the sane father as B, S1 and S2.
t hese paternal -specific DNA fragnments, there remained 40 15 fragnments
in M This in turn provides strong evi dence
that Mis the nother of X, and therefore that X, B, S1 and S2 are true
sibs. It has been shown above that the ®#8an 20 probability that a fragnent
in the DNA fingerprint, of, one person is prssent i.n-assecond individual
sel ected at rangﬁ%’Pgn‘&ip’r%%rP%%fV?).oz or NortZFH%Eurdpe'gﬁ\‘é?’ )Panﬁhe
correspondi ng gshi gpt ge ;%i tihe father and Mis 0.26, establishing that

I a |?|ty in these Ghanaians is not significantly
different  from that Twé ribantfand mdstuaopeasait! priBeeholilsow ng
the highly conservative assunption is nade that al

bands are shareshathéra MYs f aGrimtrgbalkehbi t yasf o226 {vpididblat ifmr f ol | ows) .
The first question is whether X is related to this famly.

X, all of which were present

DNA 25 fingerprint vari

probability estinmates,

5

The DNA fingérpﬁnﬂlxsb$,xcguh@abﬁ the mother of X (the father of

10

15

20

25

course would have to be M's husband). If bands are

shared between random people with a mean prdbability

of 0.26, then the corresponding -chance that a
fraément in one individual is also preseﬁt.in a sib
is 0.62. The odds that M is the sister of X's true
mother and by chénce contains all 25 of X's
maternal-specific bands | are therefore

0.6227 = 3210'6. We therefore. conclude that,

beyond any reasonable doubt, M must be the true.

mother of X. This evidence was provided to the
immigration authorities, who dropped the case
against X and granted him residence.in the U.XK.,
allowing him to remain with his family.

This difficult case demonstrates how DNA
fingerprints can give unequivocal positivé evidence
of relationship, even in some cases where dritical
family'membefs are missing. The present case was
simplified by the fact that X had:thé same father as
his sibs, and that this father did not transmit any
bands solely to X (on average, 1/16 of paternal

bands would be so transmitted)._ Such X-unique

in the DNA fingerprints of X

After subtracting

in

—

P

+ 0



61 scorable fragnents, all of which are present in Mand/or the father
If Xis unrelated, then the probability that each of his bands is present

in 10 these parents . is 1-(1-0.26)[err] = 0.45; t he probabiLjS§
that . Mand/or the father by chance possess all 61 of X's bands
Is therefore 0.45[err] =7 x 10[err]. Xis clearly related to this
famly. 15 The next problemis whether an unrel ated wonman, and

not M could be the nother of X. The DNA56Ki ngerprints of X contain 40
"“maternal " fragments, of which we estimate that ~ 25 were inherited
speci fically froffdgmendt hevhilengprrngntisigmenken2og she shidedcket ween

t hexawt her and fat her, and canpot therefore be used to adduce evidence for
Ms maternity. For'“tné r$\?91°n5§ﬁp betyrgnr hat2d pllei FPRLEr BRReALS in X

o Present [0 Meadhes £aBE sty Y | Y Bl L0ynd 0 dalihanPys Lo

share all 25 2 ragnents”i herefore Thus X

and M must be rohqirs.-odNeadiialy A IR e igtdd PIsaRhequt s phet her M s

sister, who was not available for 5 analysis, could be the nother of X (the.

father of 5 fragments, in addition to the 25 maternal-specific
T fragments. The odds of at least 25 out of 30
| specified bands matching by chance betweén X and M
. if they are unrelated, or if M is X's aunt, is

8):‘!0"11

and 9x10'3 respectively. This analysis is
10 therefore robust and would give clear evidence for
or against claimed relationships in most such cases.
Usually, of course, all rélevant members of a family
will be available, in for example paternity diéputes
or with families having difficulties in.reunitiﬁg by
15 immigration; DNA fingerprints will almost always be

capable of resolving such problems.

Quantitation of DNA fingerprints.

— ' 61 DNA_ fragments were scored .in M,
A compared with 39 fragmenﬁs inherited specifically
20 from the father. 1/8 of the father's heterozygous

DNA fragments will not be transmitted to B, S1 or S2

- and thus the corrected estimate for thé number of
paternal-specific fragments is 39x8/7 = 45. Since

the total_ number of fragments in ﬁhe DNA

25. fingerprints of M and the father should be

approximately equal, then the number of fragments in



course woul d have to be M s husband).

| f bands are shared between random

-peopl e with a nmean probability of 0.26, then the correspondi ng chance that
a frggment in one individual is also present in a sib 10 is 0.62. The odds

{J-that is the sister of X' s true nother and by chance contains all 25
of X s maternal -specific bands are therefore 0.62[err] =
3x10[err]. W therefore conclude that, beyond any reasonabl e doubt,

M nust be. the true 15 nother of X Théi evi dence was provided to the
tas

i mm gration authorities, who dropped the

e against X and granted

residence in the yhorpld oyt G PLl b9 EREREALHLEN 18I S(6auby. =ThéS

difficult case denonstrates how DNA

positive evidencerndf weimtpOstsdbPligyedsi bag@mshaasag Wxdr eircrift andl

" menbers are m ssing. The present case was sinplified by the fact that X

hi m

i-ngerprints can give unequi vocal \o/

famly

had the same fat hgre afabhsrsiis, thedeflae t 46T at Her26li dcaoeistantnit any
25 bands solely to X (on average, 1/16 of paternal bands would be so

transmtted).

wWGildh prevhpyse estigntes fdegiesd s PR | LRt Ry

weakeni ng the evidence for the relationship between X an u not in
practi ce necessarididqthsannds O% ﬁ‘{é’rﬁaﬁ{}]‘gﬁﬁeansﬁx = %.Q,'\’LeW? 2.
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Approximately half of the U5 paternal
bandé were transmitted to B, S1 and S2 (18, 24 and
18 respectively) as éxpected for hetérozygous
bands. Of the 61 bands in M, more than half were
inherited by B, S1 and S2 (32, 38 and .39
respectively, mean = 36.3), as expected since some
of M's bands will be shared by the father and will
therefore be transmitted to most or all children.
If M's DNA fingerprints contain n shared bands
transmitted to  all éhi;dren plus (61-n)
heterozygous bands transmittéd to half the

children, then n + 0.5(61-n) = 36.3, whence

n = 12,3cohsistent with the estimate of 16 bands

common to M and the father (see above).

The DNA fingerprints of X are comprised of
Zf paternai-spécific fragments plus 40 bands shared
with M. The proportion of the latter bands which
are maternél-specific and not shared by thé father
can be estimated in two ways. First, the nuhber of
maternal-specific bands should be roughly equal to

the number specific to the father, that is



woul d be unlikely to have nore than 5 such paternal 5 fragnents, in
addition to the 25 maternal -specific fragnents. = The odds of at |east éa
out of 30 specified bands matching by chance between X and Mif they ar@&d
unrelated, or if Mis X's aunt, is 8x10[err] and 9x1Qerr] respectively. °
This analysis is 10 therefore robust and woul d give clear evidence for or
agai nst clained relationships in nost such cases. Usually, of course, al
rel evant nenbers of a famly will be avai P8bl e, in for exanpl e paternity

di sputes or with Llies, having difficultjes,yn. .reuniting by 15

i mmi gration; DNA P?Zée?p?%hgs M%FF°§FHD§1 gTﬁ%Ls°5e%58p%8Igqé%efgg&lving
such\probl ens. Qu htatio ; i i . g wer e
scored in M conggég% &Ptﬁ.qéggyﬁ%%ngﬁ?gg?nﬁ%%ﬁfe%lggggﬁfﬁéglﬁ%ggé from
the father.  1/8(gket hgpbvéher ' wniwh erngyeoss INA fd omni-speidilejRot be
transmtted to B, S1 or S2 and thus the corrected estimate for the nunber
of paternal -speci bandérdgnant s The3%ber- 45. fragmeeatishethatot Bl hasnunber
of fragnents in the DNA 25 fingerprints of Mand the father should be
a{])pr oxi mat el y ®quakquihed shechfikbailyf freaghdat sother 157 uewsifoirear e
shared by the fathsr Is ~(61-45) 16. The mean probability of band sharing
(x) in Mand . ~e5.

Probabilities of band sharing: The mean probability

that a fragment in one individual is mateched by a
band ‘of similar electrophoretic mobility and

10 autoradiographic intensity in a second random
person is defihed as x (x = 0.2-0.26, see above).
Larger miniSatellite frégments are less frequently
shared, probably due to lower allele.frequenciés and
better electrophqretic' resolution, and thué the

15 fragment sharing probabiliﬁy X is heterogeneous.
Since almost all fragmenﬁs are inherited
independently; the maximum probability that all n

v fragments in an individual are present in a secdnd
randon individual is therefore xn; any

20 heterdgeneity in x will reduce this probability.

Band sharing between sibs: If shared bands always

- represent indentical alleles of the  same
| hypervariable loeﬁs, then x is related to the mean

allele frequency q by'x = 2q-q2,'whénce it can be
25 shown that the. probability of. given band. in an

" individual is also present in his or her sib is



the father 1is therefore 16/61 0.26, <consistent with previous
estimates derived fromscreening a 5 random sanple of North Europeans (x =

0.2, ref. 2).

Approxi mately half of the 45 paterna
- to.B, Sgnd S2 (18, 24 and 18 respectively) as expected for heterozygous
bands. O the 61 bands in M nore than half were 10
S1. and- S2 (32, 38 and 39 respectively, nmean = 36.3), as expected

inherited by B,

bands were transmtted

since sone of Ms bands will be shared byﬁ-lgt he father and will therefore be
transmtted to nost or all children. If s DNA fingerprints contain n
shared bands 15 (y58gspyfigd) /u(bog).all ~children plus  (61-n)

het er ozygous bands transmtted- to hal f the chil dren, t hen

+ 0.5(61-n) = 36. 3,

bands shared with M The proportion of the latter bands which are

mat er nal - speci fi ENARAINEY Shafeeery dfe F-Rdrer EhASb@rodebrdiéy id two
h f 25 |t er.nal, - ific b hqul d .b hl
e e N R R FESE S 25

ways. First,
equal to the

Second, n (-12) gf Lbg 4 éiﬁﬁéﬁ'ﬁgople are never identical alleles,

10

15

20

25

that is, that many minisatellites have alleles of
the same size.

Application of DNA Fingerprints to

An?lysis of Genetic Disease

To determine the feasibility of using DNA
fingerprints fér linkage analysis in man, in
particular for éearching for 'hypervariéble DNA
fragments which cosegrega£e~with.disease.loci in
large pedigrees, Ehe.DNA fingerprints of two large
families weré in#estigated{ one segregating for
neurofibromatosis and the other for hereditary
persistance of foetal .haemoglobin apparently

determined by an autosomal dominant gene not linked

_to the p;globin gene cluster.

Example 8

Segregation of hypervariable minisatellité

fragments in the DNA fingerprints of a sibship

-affected by neurofibromatosis

Blood DNA samples digested with HinfI

were electrophoresed on a 35 cm long 0.7% agarose

: wheRoe, X = 12, 26€ansist ontl dwianld e estpeata of
bands common to-M and the father (see above). 20

_ The DNA
fingerprints of Krapertboeprefdinsts 2resendr ial asfécsti sih reyinemta el us 40

N

(r O



bands in X will be shared nmaternal/paternal bands (see above), which | eaves
28 maternal -specific bands in X The nunber of fragnments that X has 5
acquired specifically fromhis nother is therefore ~25. Probabilities of
band sharing: The nean probability that a fragment in one individuak:sis

mat ched by a band of simlar electrophoretic nobility and 10

autoradi ographic intensity in a second random person is defined-as x 91
(x 0.2-0.26, see above). Larger mnisatellite fragnents are | ess
frequently shared, probably due to |owerggllele frequencies and better

el ectrophoretic resolution, and thus the 15 fragnment sharing probability

x is_heterogeneogsl ShacBoutdleddStblotdl hybrid PEENLS midli8atellNfesi t ed
i ndependently, the maxi num probability that all n fragnents in an
i ndi vi dual are ppesees 3. @ awtoddl. 1andobNA findevpdiats aresshowtherefore

x[err]; any 20 heterogeneity in x will reduce this probabilitg. Band
sharing between # b8 {7 Sipdt ddihames taakass fadpessdF » 5 saeft (84l

el o ¢ BRI YRS D Bnd SRk BT o L Sk 1

}’12? S}O[)Oibgbi | is_t_ya\PéiﬂalB’fé‘ £35S e ddy N0k PEb ¥t YA r# S AL S ByPRETETpLLN NiS OF
neurofibromata are indicated (+); the remaining
offspring show no =sign of neurofibromatosis.
Resolved paternal (®) and maternal (0) heterozygous
DNA fragments are indicated, and their segregation
10 into offspring was scored directly from original
autoradiographs taken at short, medium and 1long
exposures. Only those DNA fragments were scored
whose positions and _relétive:_intensities in each
offspring matched those in the parént. .Linked pairs
15 AB of DNA fragments which segregate AB or -- into
offspring are joined by a continuous line; aileles
U which segregate A- and -B are joined by dotted
lines. One ﬁaternal fragment which shows evidence
of 1linkage in coupling to neurofibromatosis 1is
20 marked with an asterisk; all six affedted offspring
have'inherited this fragﬁent, and four out of five
uﬁaffected children do not have ﬁhis band, giving a
concordance of 10/f1_betweén the inheritaﬁge of this

band and neurofibromatosis.



90 5 9-2 3 (4+59-6q +q )/4(2-q). For,
proportion of bands present

= 0.26,q is 0.14 and the expected
in a first sib which are shared by a record is

0. .. This probability is 5 slightly reduced if it is assuned instead

Fi-ngerprints to
the feasibility
in particular f

cosegregate w t Mateebsks |axwd Methdds | arge pedi grees,

¥ t hat” bands shared by random people are never identical alleles, that
that many mnisatellites have alleles of the sane size.
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Application of DNA

10 Anal ysis of Geneti-c D sease To determ ne

of using DNA fingerprintgq for |inkage analysis

in

man,

or searching for hypervariable DNA fragnents which

of two large famlies were investigated, one segregating for
neur of i br omat osi BNApfHsehat iemer for hereditary persistance of foeta

haenogl obi n apparently
“linked 20 to th

hyper vari abl e
si bship af fect ed”
di gest ed mﬁtg
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- layered onto Histopaque-1077 (Sigma) and nucleated

cells collected by centrifugétion. Alternatively,
frozen blood was thawed in 2 vol 1xSSC and nucleated

cells plus nuclei peileted by centrifugation at

10,000 g for 15 min. High molecular weight DNA was

prepared as described in Jeffréys, A.J. (1979). Cell

_1_8’ 1-10;

Southern blot analysis

15

20

25

5 ug samples of human DNA were digested
with 20 units of HinfI in the presence of 4 mM
spermidine trichloride at .37° for 2 hr, and
recovered by phenol extraction and ethanol
precipitation. Restriction digests were dissolved
in 16 pl H,0 plus 4 pl gel loading mix (12.5% ficoll
400, 0.2% bromopherol blue, 0.2 M Tris‘acetate, 0.1
M Na acetate, 1 mM EDTA, pH8;3) and 2 pl 5 mg/ml
ethidium bromide, and loaded. ohto a horizontal
agarose gei (0.7% Sigma Type I égarose in 40 mM Tris
acetate, 20 mM Na acetate, 0.2 mM EDTA, 0.5 pg/ml
ethidium bromide (pH8.3); gels 0.7 cm thick by 20 cm

or 35 cm long). After equilibbation_for 10 min,



91 60 gel and Southern blot hybridised to mnisatellite probes 33.6 and
33.15. DNA fingerprints are shown in Fig. 7 for the unaffected father (F),
5 sons (S) and 6 daughters (D); the affected nother was not 5 availamcajgﬁ
study. O fspring affected by nmultiple neurofibromata are indicated (#)Y
the remaining offspring show no sign of neurofibromatosis. Resol ved
paternal ([err]) and maternal (0) heterozygous DNA fragnents are indicated,
and their segregation 10 into offspring was scored directly from ori gi nal
aut or adi ogr aphs taken at short, nedium and,l ong exposures. Only those DNA
fragnents were scored whose positions and ?elative intensities in each

of fspring mat chedglosgeld Gigch E:%Hbresleidm&%d;é)av;{%;/ 15, ABo 9Ly PNALS r agment s

whi ch segregate A% or -- into offspring are | oine a continuous’line;

al | el es which segiggal eaft BN fBaghentsi neesbytudof tedk lkmesong Cagdnat er nal
fragment which shows evidence of [inkage in coupling to

meur of i br omat osi selést2Ophmrdsatl wiftth the gefleri BNA wd$ tgiansffereetdety —
of fspring have inherited this fragnent, and four out of five unaffected
children do not hbietting pahe, agindtrPeekbheiaiahtéter (§artopdbideen the

i'nheritance O% thb?u %ﬂg %ggen%Iégffwogp%giggélled single-stranded

probe DNA was prepared from the human minisatellite
M13 recombinants 33.6 and 33.15, hybridised to

Southern blots in 1xSSC at 65° and autoradiographed

bt as déscribed in the main application.
10° Data analysis “
Stbrage of'segregation data and analysis
of linkage were pefformed on a BBC model B
microcomputer.
Table 2 g;ves a summary of minisatellite
15 markers in the neurofibromatosis fémily.
N\ | Table 3
-
Father Mother
_ probe: 33.6 33..15 33.6 33.15
. no. fragments scored (n) 2 17 16 16
no. allelic pairs (a) 3 3 2 4
: no. linked pairs (b) 1 0 1 0
no. different loci scored (c) 20 14 13 12

estimated total no. loci (N) 43 23 27 16



25 61 Materials and Methods DNA isol ation Fresh blood was diluted with
an equal volume of 1xSSC (SSC, saline sodium citrate, 5 0.15 M Nad,
15. nM Lrisodiun1 citrate, pH7.0), layered onto Hi stopaque-1077 (Sigm)
and niteated cells coll ected by centrifugation. Al ternatively, frozen

bl ood was thawed in 2 vol 1xSSC and nucl eated cells plus nuclei pelleted by
centrifugation at 10 10,000 g for 15 mn. Hi gh nol ecul ar wei ght DNA was
prepared as described in Jeffreys, A J. (1979). Cell 18, 1-10. Southern
bl ot analysis 5 [err]g sanples of humangBNA were digested 15 wth 20 units
of Hnfl in the presence of 4 mMspermdine trichloride at 37[err] for 2
hr, and recovered by phenol extraction and et hanol precipitatign.
Restriction digests were dissolved in 16 [err]| H[e{r%O plus 4[err]l gel

| oadi ng mix (12.5% ficol | The number DR iffersHtedsrinfaeé, seoredin i s

acetate, 0.1 M acetate, 1 EDTA, pH3. 3 ang]@? [ef(r%gl 5 ng/m ethidium
bronide, and PB&3GBd “8ntB=23°<hori Pt P EHET ostN el L {HESRRTS Type | :
agarose in 40 m,In},3:3g°" Ahfires81 VAN 258! AlEhele fo MM EQlfycdheu [ el g/ M

fragments, is derived from N heterozygous loci (2N

#é

5 fragments). Assuming ‘that the (n-b) distinect
fragments scored are a random sample of the 2N bands

in a DNA fingerprint, then the estimated total

number of hypervariable loci N detected by a given
probe is related to the number of allelic pairs a by.
N = 1] (n-b) (n-b=1) + 1| ]
2
2a
o/



25 ethidiumbromde (pH3.3); gels 0.7 cmthick by 20 cmor 35 cmlong).
After equilibration for 10 m n, 62 gels were el ectrophoresed at 2 V/cm
for 24-48 hr, until all DNA fragnents less than 1.5 kb | ong had

el ectrophoresed off the gel. DNA was transferred by blotting onto a
nitrocellulose filter (Sartorius, 5 0.45 [err]m pore size). 32P-| abeﬁlid
si ngl e-stranded probe DNA was prepared fromthe human mnisatellite M3
reconbi nants 33.6 and 33.15, hybridised to Sgut hern blots in 1xSSC at

65[ err] and autoradi ographed as described in #he main application. 10 Data
anal ysis Storage of segregation data and anal ysis of |inkage were perforned’
on a BBC nodel B microconputer. Table 2 gives a summary of minisatellite 15
mar kers i n the neurofi bpmat 0Sis f,anu,y.oTab,Ieﬁ Fathegf &« =~ w Mother.

. — g = —
probe: - 33.60 33945 ™ 33.67 33 1% noT fFagnents scored
. : .
(n) 24 17le ~ 16 = 6 no. cal Igllg p@;trsww(a-)-\ - 3
3 2 4t.no & “hked pairs (b‘y 1
0 no. different I,QC| smgedb(c')ﬂ 2& e = :;, S 18 2 1‘2‘ eSti mat ed
tatal no. loci (Nf 43 27 16
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63 The nunber of different loci (c) scored is given by n-a-b. The
entire DNA fingerprint, including unr esol ved and therefore
uns@bed fragnents, is derived from N heterozygous loci (2N 5 fragnents).

" Assuming that the (n-b) distinct fragnents scored are a random sanpl e

of the 2N bands in a DNA fingerprint, then the estimated total nunber of
hypervariable loci N detected by a given probe is related to the nunber of
allelic pairs a by [err] . 64 [err] 65 To study the transm ssion
frequency of hypervariable fragnents (@59. 7), the nunmber of fragnents
detected by probes 33.6 and 33.15, out of n scored, which were transmtted
to precisely r 5 children in the sibship of 11 was conpared with the -\

expected number given by e DLAQY "Ae dik3hhbRYLs98n frequency of

hYpervariable fragments (Fig. 7), the number of
fragments detected by probes 33.6 and 33.15, out of
n sgored, which were transmitted to precisely r
5 children in the sibship of 11 was compared with the
expected number given by the binominal distribution

11
Cr.n assuming 50% transmission (Table 4).

11
2 : _
Fragments present in all children may be from

hoquygous _1oci, and were ignored{ Maternal

10 fragments not transmitted td any children could not

be scored since maternal DNA was not available. The

mean transmission frequencies (+ S.E.M.) are also
given. | |

Linkage between pairs of fragments AB was

15 investigated b& scoring the number of offspring who

were concordant for AB (either AB or --), using all ;;

possible pairwise comparisons of paternal or
maternal fragments having first exciuded alleles
and linked bands (i.e..c loci were analysed in each
.20 pareht, see Table 3, giving e(c=-1) pairwise
comparisons). Pairs of fragments which fall into
the zero- or 11-children classes represent alleles
or tightly linked pairs respectively; by
definition, no pairs fall into either ciass. The

25 . observed distribution is compared with that

ne



11 Cr.n assum ng 50% transm ssion (Tabl e 4). 211 Fragnents
present in all <children may be fromhonozygous loci, and were
i gnor ed. Maternal 10 fragments not transmitted to any children could::
not be scored since maternal DNA was not available. The mean transm sgwon
frequencies (-> S.E.M) are also given. Linkage between pairs of fragg;hts
AB was 15 investigated by scoring the number of offspring who were
concordant for AB (either AB or --), using all possible pairw se
conparisons of paternal or maternal frégnents having first . excluded
alleles and linked bands (i.e. c loci were analysed in each 20 parent,
see\_Jable 3, e¥Persgd if(Ald) palewd sarecymgdnkedn)U), imaivhsl by
fragnents which fall ipto thgézerg- or, 11-chil dren cl asses represent

[

alleles or tigRBE§ COHE AREQST R4 pairvise,sompanisons wihigkt igfive on, no
[ fall int ' ) T 25 di stri [ '
o e Tl e Bhitaslog (o e 2 ity O3 LI, Sy o,

eonpar ed wth expec | ‘oCi Zar e un
which case the nyilghigl Pai r\Wist AYRAOnSONs V\h_l@_h_gj VE(PLEL salpe r (AB or
}-) of fspring is given by the 511 2
5 distribution is also compared with that expected if
the ¢ loci are clustered and spaced uniformly, with
adjacent loeci being separated by a recombination
frequency © (10, 20 or 30 cM apart). The c¢luster
will therefore be spread over (c-1)¥Ymap units,
10 whereVY = -1/2 1n (1-28). For ¢ loci (sampled at
one or other allele at random), the number of

pairwise comparisons which give precisely r (AB

and --) offspring in the sibship of 11 is given by:

- ~ PN =~

_ Leenl - uC xa’"”(/-x;) + X (/—%al’ 1
s E . _(C‘_‘->' FL T Z
i= _ . .

where Xy is the recombination fraction between_two
loci i map units apart; Xy is given by the mapping
function

- : i~

x. =1 (1-e -21Y)
20 Results 2

z - DNA fingerprint probes

Two minisatellite hybridisation probes
used in this study are fully described in the main
application. Probe 33.15 consists of a cloned human

25 minisatellite comprised of 29 repeats of a 16 bp



bi nom al distribution [err]. The 5 distribution is also conpared

with that expected if the c |oci

are clustered and spaced uniformy, with

adj acent |®Ri being separated by a reconbination frequency [err] (10, 20 or
30 cM apart). The cluster will therefore be spread over (c-1)[err] map
units, *10 where [err] = -1/2 1n (1-20). For c¢ loci (sanpled at one or

other allele at

where x[err] is the reconbination fractiqﬁ.betmeen two loci i
apart; x[err] is given by the mapping function [err] 20

random)., the nunber of pairw se conparisons which give
precisely r (AB and --) offspring in the sibship of 11 is given by:

[err]

map units
Results -

DNA .

fingerprint probgarTuRe Wenigid ehbhéCseYBALEL SATHRN rdifAtEAIGEDE N LhiG)

study are fully described in the main application.

Probe 33.15 consists of

a cloned human 2%he mDhDssBEELLté el PROYesad .6f 189ar €pedigedft ®iddr bp 67

vari ant of the core sequence.

The repeat unit of the mnisatellite in

probe 33.6 is a dfverhgedmositnerorferntsasd nbst bpondér wad 1d4f bph®' ek of the
core sequence and is repeated 18 tinmes. The sequences. of :

5

10

15

20

25

sequence and is repeated 18 times. The sequences of
the core and probe repeat unit are: |
A
core GGAGGTGGGCAGGAGG
| 33.15. A GAGGTGGGCAGGTGG
33.16 AGGGCTGGAGG
The difference both in sequehce and in reﬁeat length
of probes 33.6 and 33.15 results in their detecting
different " patterns of _long hypervafiable
minisatellite fragments in HinfI digests of human
DNA. This 4 bp restriction endonuclease maximises

the resolution of variable minisatellites by

releasing long tandem-repetitive minisatellites in

DNA fragments with little flanking DNA.

Analysis of DNA fingerprints in a large sibship

” To investigaté | the segregation of
individual minisatellite DNA fragments, a large
sibship of 11 English individuals was segrégated for
neurofibromatosis (von Recklinghausen's disease),

an autosomal dominant disorder associated with

‘tumours of the peripheral and central nervous

system. No genetic markers have yet been linked to

thié disease.



5 the core and probe repeat unit are: core GGAGGTGGGCAGGA
G G 33.15 AGAGGTGGGCAGGT GG 33.16 A'GGGE9
T GGA GG10.The difference both in sequence and in .repeat |ength:of
probes 33.6 and 33.15 results in their detecting different patterns -

of . long hypervari able mnisatellite fragnments in H nfl digests of .
human DNA. This 4 bp restriction endonucl ease nmaxi m ses 15 the resol ution
of variable mnisatellites by releasing | ong tandemrepetitive
mnisatellites in DNA fragments with 1it€Be flanking DNA. Anal ysis of DNA
fingerprints in a large sibship T i nvestigate = the segregati on of
20 {ndividual ninisatelli t%lcmﬁ fsélén”erﬁ-’srfged"ﬂr’alrr&es’si bepFPcE?d 11P¥Nngl i sh

i ndi vi dual s was at or, neuqfi,bromatosis_ (v Reckl i nghausen' s
di sease), an aut%’g‘ggrr%? dﬁ*jﬁgnaﬁtn%di §3f&§r as oc#%?ed?gvi t%lthl?ﬁg rslﬂ%of t he
peripheral —and ,gpalfdd, BErYUEr &t SVFt GRE e N ML ﬂ?ﬁ%e"tﬂeg?ve yet

Peen linked to this disease. 68 Bl ood DNA fingerprints, et ected
by probes 33.6 agflaBfedbed Of rdtigedl ohi | Hign (6.af f e®esdiubibnal bect ed)

were conpared with their-unaffected father in Fig. 7. Resol uti-on of
- 5. minisatellite DNA fragments was maximised by
electrophoresis in 35 cm long agarose.gels.
Since many of these hypervariable
minisatellites, particularly the largest DNA
&,f fragments, have low .allele frequencies and are
10 seldom shared by unrelated individuals as
| predicted, many of .these fragments in the
neurofibroﬁatosis ~ family are ©present in the.
heterozygous'state and are transmitted to only some
of the progeny. Even though the DNA of thé affected
15 mother was unavailable, maternally-derived
miﬁiéatellite fragments could be readily identified
as fragments preéent in some offspring but absent
from theyfather. Paternal fragments cbuld similarly
_*-f _ be identified. Using bbth probes 33.6 and 33.15, it
20 was possible to score the ségregation of 41 paternal
and 32 maternal DNA fragmenté in this éibship (Fig.
7, Table 3). Numerous additioﬂal polymorphic
fragmentél also exist, bﬁt wére eithef eiectro-
phoresed off the gel or were.incompletely resolved

25 and could not therefore be reliably scored.



5 " mnig Ilite DNA fragnments was maximsed by electrophoresis in 35

cm k'ong rose gels. Since many of t hese hyper vari abl e

m nisatellites, particularly t he | ar gest DNA fragnments, have |ow
allele frequencies and are 10 seldom shared by unr el at ed

I ndi vi dual s as predicted, many of t hese fragnents in the

neur of i br omat osi s famly are preseng in the heterozygous state and
are transmtted to only some of the proge%y Even though the DNA of the
affected 15 nother ga é%ernafmﬁﬁi”PP&?mQEEéVﬁQre
mnisatellite fragnents coulg be readily 1dentified as fragnents present.

some of fspring byHarpdasicrded r om t Beekagberto P 3 nalf f tagneprsgeayl.d u
simlarly be identified. Using both probes 33.6 and 33.15, it 20 was

possi bl e to scorginiimrslagr egamaterofldl phragmentand Fhawader nal 8BNA
fragments in this sibship (Fig. 7,. Table 3). Nuner ous addi ti onal

pol ynor phi c frznﬁnansmkﬂsmvnwu&salnbmpnﬁéﬁéeéﬁtHéﬁheﬂédtﬁégrﬁﬁéFéQBd off the =

gel or were |nco | etely resolved 25 and coul d not  therefor reliab
scor ed. 69 5Het éds pa?@FﬁQFrBﬂﬂePrdéﬁ%n?&mﬁgfe ¢ aﬁ§ﬁ$§F88 on -

average to 53% of the rogeny, Si al A :
showed 48% t r'ahe s’ls)r}%n %gal nm&% SI s enfoml(%‘ﬁé@ 1t28gr eggtglgg%a _
binomial distribution, in which the proportion of

parental fragments which are transmitted to

'precisely r children in the sibship of 11 is 11Cr' -
_ 211 o’
10 (Table 4). It was concluded that these DNA

fragments show Mendelian inheritance, and that the
scgring of parental bands, particularly the smaller
and leés - well-resolved frégments, is not
significantly influenced by possible eases of
15 segregation of two or more superimposed bands which
would give an apparent > 75% transmission
fréduency. The correct maternity ane.paternity of
all sibs is also established by these DNA -/
lfingerprints. ' o .
20 | | By pa1rw1se comparisons of the
segregation patterns of all paternal or maternal DNA
fragments in this_large sibship,_it is possible ‘o
identify allelic pairs of fragments plus pairs which
ehoh tight linkage in coupling (the odds of chance
25 cosegregation of a given pair of bands in this

sibship is 1/1024). Several instances of allelic



5 (Table 4). Furthernore, the nunber of children receiving each fragnent
foll owed the expected binomal distribution, in which the proportlon ﬁéhl

parent al fragnents which are transmtted to precisely r. :child

in the sibship of 11 is 11Cr 211 10 (Table 4). It was concluded that
these DNA fragments show Mendelian inheritance, and that the scoring of
parental bands, particularly the smaller and | ess wel | - resol ved
fragnents, S not significantly influenced by possible cases of 15

segregation of two or nore superinposed fmnds whi ch woul d gi ve an
appar ent > 75% transm ssion frequency. The correct maternity and.
paternity of aIIpafnixbf|bbthams¢enaaﬂahhdsmaderbyl fhesmentnwc¢¢h@erpr|nts
20 By pairw se conpari sons of t he_se at

patterns of all thi@ﬁﬂmlféﬁdnﬁﬁéhnwtmq'?%r@mge i’ «t hPgo ar 2 |bshi P,

i ght |inkage. | i KEAUREHeEha 3488Rr PERER SRERT SfarPRR 5945 given

o e i M A e R, i s 4 8101

i 5 second pedigree (see below), which suggests that at
least one of the hjpervariable regions hybridising
to probe 33.6 is a 1long minisatellite/satellite
which contains internal cleavage site(s) for HinfI
and ‘is ther‘ef‘or'e. cleaved to pr'oduce' two or more

10 ffagments which cosegregate as a- minisatellité
"haplotype" in pedigrees. None of the polymorphic

| DNA fragments scored using probe 33.15 were present
15 the set of fragﬁents detected by 33.6; any such
frsgment.whiqh hybridised to both probes would have

15 been detected as bands of edual size which were
transmitted from the 'ssme parent to the same
children (i.e. "linked"). These two probes
therefore hybridise to .essentially completely
different subsets of human minisatellites.

20 '_ By ellmlnatlng alleles and linked
frsgments it was concluded that 34 and 25 distinct
loci were scored in the father and mother

S respectively (Table 3). For ~~80% of loci, only one

of the two alleles is resolved; and the second
25 allele is probably located is the poorly-fesolved

complex of shorter minisatellite fragments. This



be identified with both probes (Fig. 7). Probe 33.6 also detected a |inked
pair of: fragments in both the nother and father. A similar |inkage was

found“i'n a$Hlsecond pedi gree (see below), which suggests that at

of' the hypervariable regions hybridising to probe 33.6 is a |ong _
mnisatellite/satellite which contains internal cleavage site(s) for Hi nfl

and -is therefore cleaved to produce two or nore 10

fragnents

cosegregate as a mnisatellite "haplo?¥pe" i n pedigrees. Non

pol ynmorphi ¢ DNA fragnents scored using p

probes woul d have 15 been detected as bands o

obe 33. 15 were present

of fragments detfm§f¥ggn/5$%¢6;lgpgesugbf§épggg€§ Wﬂ{CaégﬁggkﬁﬁgﬁgaéfebOthﬂ

equal

whi ch
e of the
in the set

transmitted fromllelsatenganentmist t b2isae aphislidgeorddumably | bpked").
These two probes therefore hybridise to essentially conple
di fferent subsetnefudlurasxehangat elinteshed® . tandem rBpetieliei nat
all el es and | inked fragnents it was concluded that 34 and 25 distinct
loci were scorRRBLQn$; iseyerag: iedrlelded Pafwshddensdféedi inl §igTabl e 3).

tely
7@ nati ng

-80% h | is resolved, and the
cocond o5 mi¥ o 13 ShgesifsrGH sBESEARE el rheTEM L SRR ANASE -c oRBPEX o

second 25 al?el €

shorter mnisateld t Gr b5 KPP Sor by{’xid%whi]c%z can be paired into

10

15

20

25

alleles, it is possible to estimate that the total

number of heterozygous loci present in the entire

'DNA fingerprints detécted_by probes 33.6 and 33.15

is approximately 43-66,_of which approximately half
can.be scored in the father and mother (Table 3 ).
It is not possibls to determine allelism between
paternal and maternal fragments in.this sibship.
All of the paternal 1loci scored are
autosomal and do not show specific transmission
either into daughters (X. linkage) or sons (Y
linkage). Furthermore, all pairs AB of patsrnal DNA
fragments apparently segregate'independently into
offspring, to give on average equal. numbers of
(AB, --) and A-, -B) prsgeny; precise numbers
fsllowed the expected binomial distribution for
unlinked loci (Table Y4). Maternal DNA fragments
behaved similarly. More detailed analysis suggests
that the minimal locus-to-locus spacing for these

loci must be_7/ 30 oM (46 map units); any closer

| east one



71 inplies that large differences in mnisatellite allele | engths nust

exi st, arising presumably by unequal exchange in these tandem.
repetitive regions; several allelic pairs identified inFig. 75 ::QQ]

i ndeed show substantial length differences. Fromthe proportion of bands
whi ch can be paired into alleles, it is possible to estimate that the total
nunber of heterozygous loci present in the entire DNA fingerprints detected
by probes 33.6 and 33.15 10 i s approxi mately 43-66, of which

approxi mately hal f-can be scored in the fagher and nother (Table 3 ). It is
not possible to determne allelismbetween paternal and maternal fragnments
in tis sibship. spdcinig tummlphtgemeriateoaignddriednsr aunhbersaofosatms and

do not show specific transm ssion either into daughters (X |[|inkage) or
sons (Y linkage).offufragnemts, whakehpsend AR (ﬁomr@mé;le DiNAL iikesy bt s
apparently segregate |nngendentI i nto of fspring g vg on aver age equal
munbers of 20  (@Pling zﬂﬁjsﬁﬁregaqﬁ aspPé@éﬁ?’alﬁPé Bselingadelr

foll oned the expeg q% j é? g' |bu ng % T bIe 4).
Mat er nal DNA fragﬁ%ﬂf ;) (fb nllarlyh% °&3F F ﬁgﬁ g%%%% suggests
that the niningl i&&iJSmJ 'tﬁf‘é%%f%%c'ﬂég sp‘?feafdh%%%rzét 1kast AusF be 7. 30
cM (46 map units); any cl oser
the 3000 ¢M long human genome, and must therefore be
scattered over many or all of the human autosomes.
One maternal minisatellite fragﬁent (Fig.
7) shows weak evidence of linkége in coupling with
10 neurofibromatosis, with 10/ 11 children = being
concordant for this fragment and the disease (e = 10
c¢M, p = 0.006). Since, however, 25 different
maternal loci have been scored, the probability that

an allele of at least one of these loci would by

15 chance show the observed degree of 1linkage jin

coupling or in repulsion is high (p = 0.24).

\_/. Example 9
DNA fingerprints of an extended pedigree : possible

linkage to HPFH

20 Analysis of DNA fingerprints was extended

to a more extensive four-generation pedigree of

Gujerati Asians which is segregating both for f3 -

- thalassaemia and - for hereditary persistance of
- foetal haemoglobin (HPFH).

25 Autoradiographs of marker segregation

batterns shown in Figs. 8A and 8B were produced as

follows.



72 spaci ng woul d generate significant nunbers of pairs of fragnents which
tend to cosegregate (linked in coupling) or segregate as pseudo-alleles
(l'inked. tn repuIS|on) (Table 4 ). The resolvable mnisatellite 5 |oci nust
therefore be iﬁrgad over at |east half of the 3000 cM | ong human genone,

and nust therefore be scattered over many or all of the human aut osones.

One maternal mnisatellite fragnent (Fig. 7) shows weak evidence of |inkage
in coupling with 10 neurofibromatosis, W th 10/ 11 chil dren bei ng
concordant for this fragnent and the disdase ([err] = 10 cM p = 0.006).
Since, however, 25 different maternal |oci have been scored, the :
probability that an allel e !8f P&t SEERIES0RE SFLoase A d&PWSﬁWQS s

chance show the bsgry, de | nka i n_cou

Copuision s hi gL ety SHELAR FoneriPrRREe, yhrke ot gﬁgei’tsended
pedi gree : possi hl 08 4t FH 2 ngl Sor?

fingerprints vvastag%tcenglég ?8 g"]'grel-+ e>c<{;tse1r%rl c1‘boeur3:€eneér/a,t i on 3ped| gree of

Guj erati Asians whaigh mea%b?aa%agsbaas ﬁeffomeah%a&sxaﬁaﬁ@ﬂrfor
hereditary persistance of foetal haenogl obi n (HPFH). )

Aut or adi ogr aphs shortndeReen)segargadi el palTher ﬁalahd)mnshinmgaceé}A and 8B *
wer e produced as foll ows.
individuals are given in Fig. 9. A, hypervariable
fragments a, b anq ¢ are closely linked and are
either all presént or all absent in each individual
in the pedigree. "B, cosegregation of band g and N
10 HPFH (H); Individuals IV 7 and IV 8 are identical
twins and have indistinguishable DNA fingerprints.
| Materials and methods were as in Example.
8. )
Co-segregation analysis is shown in Figs.
15 9A and 9B.

. In Figure 94, the segrégation of 30

hypervariable fragments from II 4 and 27 fragments :;
from II 5 into offspripg IIT 1-11 was screened for .
v .

possible linkage of pairs AB of parental fragments;
20 possible ekamples of linkage showing at least 6/7
(AB, =--) offspring were further examined in

additional relatives. The two clearest examples of

linkage are shown (a-f, presencé of fragments a-f in
an individual; e, fragment absent). Fragments a-c

25 and e,f each show perfect cosegregation; fragment d



73 10 pg sanples of blood DNA were digested with H nfl, and DNA
fingerprints were produced as described in Fig. 7, using probe 33.6 (A or
33.15 (B). Electrophoresis was performed in a relatively 5 short (20 g5
agarose gel. The relationship between individuals are given in Fig. 9. A?
hypervari able fragnments a, b and ¢ are closely linked and are either :all
present or all absent in each individual in the pedigree. B, R
cosegregation of band g and 10 HPFH (H). 74l ndividuals IV 7 and IV 8 are
identical twins and have indistinguishable DNA fingerprints. Materials and
met hods were as | befdsinpd ecosegriagsoywagat ok ,abakysisshsp stiowa- 4 asFi gs. 15
9A and 9B. In Figure 9A, the segregation of 30 hypervariable fragnents from
Il 4 and 27 fragnepisfermatives ando ddenpical |tvins11IWas7s8resned for

possi bl e i nkage of gai[s AB of parental fragnments; 20 possible exanples
of |inkage showi ngeePPiRant ¢/ havipg inherifeds@tggbuliemot durt Rer

ore shown (af . proRgREtalfe b Sine iR g Reta Vel THETHCT, “hrBbrent
g?;gpr; ). FraosentR) 2afia 2n1 A04a €e 11 PEE NeFlEMRET EOCT 16A159REHEL! AP%
scored as having HPFH if they showed 1% HbF
(normal) or 3 3% HbF (f-thalassaemia trait). HPFH
and p-thalassaemia trait segregate independently in
" _ III-1-11 and IV 5-8 and are determined by unlinked
10 loci. Fragment g cosegregates perfectly with HPFH
in the individuals examined.
Results |
As shown in Fig. 9A, B elevation of HbF is
transmitted independent‘ly of p ~thalassaemia trait,
15 and is épparently determined by an autosomal
dominant locus unlinked to .the p-globin gene
cluster. A similaf Sardinian pedigree has been
_réportéd by Gianni et g;,.EMBO J.2, 92i5925 t1983).
s ' . - In Fig. 8A and 8B, 30 variable fragments
| 20 were scored in the grandfather (I 4) and 27
fragments in the grandmother (II 5). Study of their
seven offspring (III 1-11) indicated that these
fragments were_derived,froﬁ at_least.22 distinct
unlinked paternal and 18 maternal autosomal ldci,
25 using the criteria described fof.the neurbfibro-

matosis family. The remaining DNA fragments showed



74 tends to cosegregate with a-c, but sibship IV 1-4 is uninformative and
identical, twins |V 7,8 are reconbi nant, having inherited a-c but not d.

B, inheritdnce of -thalassaenia trait [err], HPFH5 (H and minisatellite
fragment g. Individuals are scored as having HPFH i f they showed >1% HbF
(normal ) QG 3% HbF ([err]-thal assaemia trait). HPFH and

[err]-thalassaenmia trait segregate independently in IIl 1-11 and IV 5-8 and
are determ ned by unlinked 10 | oci. Fragnent g cosegregates perfectly
with HPFH in the individuals exanmi ned. RE8ults As shown in Fig. 9A, B

el evation of HbF is,transmtt i ndependent |y of P -thal gssaemia trait, 15
and is apparent I?/Vld%%%??ﬁ?qgéoa ejahs%u?rbgloﬁ%ay%rﬁ%é’fﬁ%eq %€@§meﬂﬁlsi'nked {9
t he [err]-globigqtﬁgﬁfhcl i Sk Lar di ng fedi.qre as been

reported by G anni et a|,4§§§§13?5f692?3555 ?ﬁ%@%).gin Eﬁb.I%A gﬁg 8B, 30

variabl e fragnensss2ibrera s@oe pair be gapadtal hena (ddagherddnds .

fragments in the grandnother (Il 5). Study of their seven offspring (111
1-11) -indicateda ti&4 chaseef raf)nforsudtvasdgribvethd r traasmiessy 22

di stinct unlinked paternal .and 18 maternal autosonal |oci, 25 using the
criteria desCribekthen dhakadurdst i Bso-aldelesi sitani ISLbsHH® refralfdi.-ng DNA :

fragnents Shcww“%urther evidence of linkage was sought in additional
membefs of the pedigfee; and the two strongest cases
of linkage are shown in Figs. 8 and 9. Fragments a,
b_and'c detected by probe 33.6 are transmitted in :)
10 perfect linkage from II 4 into his children (III 1-
11) and thence grandchildren (IV 1-8); no
recombinants were seen in 14 informative progeny
(p = ux10'9 for three cosegregating bands). As
discussed_above, th;s suggests'that ffagments a-¢
15 represént a minisatellite "haplotype" derived from
a single'hypervariable locus. Band d detected by
probe 33.15 also shdws évidence of linkage to bands -
a-c} however, one sibship (IV 1-4) is uninformative
since both parents carry frégment d, and another (IV et
20 5-8) contains a recombinant (identical twins IV |
7;8). The evidence of linkage between band'd and
the a-c cluster is therefore weak (9 = 10 cM, p =
0.01). Maternal bands e (detected by 33.6) and f -
(detectéd by 33.15) also show tight linkage both in
25 .the descendants of II 4 and II 5, and in additional



106 75 evidence of allelismor |inkage to other fragnents, although proof
with this small sibship is not possible (a given pair of parental A\
fragments has a 1/64 chance of fortuitously being transmtted 5 'eHXiT'
linked or as alleles in a sibship of 7). Further evidence of |inkage was
sought in additional nenbers of the pedigree, and the two strongest Cases
of linkage are shown in Figs. 8 and 9. Fragnents a, b and c det ect ed by
probe 33.6 are transmtted in 10 perfect75inkage fromll 4 into his

children (I'l'l I- 11) and , hence gr apndghi | dren (1 -8); no
reconbi nants wer & %5@d%d nsiﬂs%ﬁpérn&ggvquFngnﬁngp £V4X¥%T%%T] A three
cosegregating b ' ed.ab A g8Stspothat £ ragnents
a-c 15 represenﬁng%%wﬁfégéegk§%§%§ﬁaB?o?éggmngéFggg ?rangaagTH%Ie
hypervariabl e | ocus5), Banded gebeeked3by adbys .33 4Btaksod shpewensyi dence
of |inkage to bands a-c; however, one sibship (IV 1-4) is uninformtive

since both parentseteabryminigatelliiteanthdnint het €rvusg8ehybsidjzecontains a
reconbi nant (identical "twins 1V 7,8). The evi dence of |inkage between

. band d and t he5 a-fragmestter & gndhdneftbesewsREMPEES] MaY 1DeRRESPHNE 311 01) .

fat ernal bands e (detected by 33.6 f : :

autosomal minisatellite loci. Finally, the two

linkage groups (fragments a-c¢ and e-f) are not

alleles of the same locus. Individual III 1 is a

10 compound heteroéygote carrying both the paternal

a-c¢ cluster_ahd the maternal.e-f pair; both clusters

are tranﬁmitted to two of his four children,

establishing that they are not segregating as

alleles but instead must be derived. from two

15 unlinked hypervariable regioné.

None of the maternal (II 5) minisatellite

fragments showed . significant | linkage to

\_ : g-thalassaemia trait and are tﬁerefore not closely

linked to the ﬁ-gldbin gene cluster on chromosome

20 11. 1In contrast, one maternal fragment. (g) 8.6 kb
. in length cosegregated with HPFH in the seven

. ' offspring and in threel-informative sibships of

| grandchildren (Fig. 9). No recombinants were seen

in 12 progeny, suggesting close linkage (@ = 0 ¢cM, p

25 = 2x10-u). Even allowing for the fact that 17 loci

in II 5 have been investigated, this 1linkage is

still significant (the probability that an allele of



25 the descendants of Il 4 and Il 5, and in additional 107 76 rel ated
sibships Il 15-20 and IV 17-22, (20 informative progeny, - no

reconbf @ts, [err] = 0 cM p 10 6). Since probes 33.6 and 33.15 detect
different” sets of minisatellites and do not cross-hybridize to 5 fragments
e and f, these fragnents nmay represent an exanple of authentic |inkage

between two different autosomal mnisatellite |oci. Finally, the two
| i nkage groups (fragnents a-c and e-f) are not alleles of the sane
l.ocus. Individual Il 1 is a 10 conpound het erozygote carrying both the

paternal a-c cluster and the naternal e- fl7 pair; both clusters are

transnitted to typ ofg t,'s Lgur gpi ldr en,lg:S%cg#J:?}i ngdt hat ‘!Tg%hg‘ﬂe| Rﬁted\;

segregating as a el es I'nst ead

hypervari abl e regsg8a £or?fb eLR 5 el lid ¢ fragments
s%gmed S|gn|f|can$re£@@ ol tﬁgha§§§§n$3 %ﬁ Ea?e therefore

not closely I|nkedeﬁofuhehéﬁrbhe@kehl&Hﬂﬂ“?ﬁagﬁéﬁﬂ QnighggngsqgeaZO 11.
In contrast, one maternal fragnent (g) 8.6 kb 1n length cosegregated with
HPFH i n the sevepingligpriminhsattehlibteece ablelenti veandi bshbps otwo
grandchlldren (Fig. 9). No reconbinants were seen
superimposed segregating DNA fragments, by
investigating the DNA fingerprints of all
individuals shown in Fig. 9, digested with Sau3A
instead of HinfI; every positive fingerprint
contéined a corresponding Sau3A fragment of size
10 similar to that of fragment g (8.2 kb vs. 8.6 kb),

as expected for a single minisatellite fragment.

Discussion
-

- Human pedigree analysis shows that the

15 DNA fingerprints detected by minisatellite probes
can be reliably used for studying the segregation of B
multiple heterozygous DNA fragments, even in o
families where one or other parent is unavailable

for study. Using two such probes, it is possible to

20 analyse up to 34 hypervariable loci simultaneously
in a éingle individual, a rate of genetic marker
generation which is far higher than that obtaihed by
conventional methods, including RFLPs, in human
genetics. The stéble inheritance of variable

25 minisatellite fragments together with the 1low

&8



in 12 progeny, suggesting close linkage ([err] O cM p 25 2x104). Even
allowing for the fact that 17 loci in Il 5 have been investigated,.this
linkage is still significant (the probability that an allele of CT7-aty

| east one of the 17 scored loci would show cosegregation by chancé
with HPFH is 0.004). It has been further checked that fragnent g in Il 5
Is asingle mnisatellite all el e, and not two 5 superinposed
segregating DNA fragnents, by invest]gating t he DNA

fingerprints of all individuals showm’$n Fig. 9, digested with Sau3A

instead of Hinfl; ver ositive ingerprint.cantained a

ﬁgr r‘@pgngi Eg) SalPSRYHAL tffrg?q%?rfé’ 1I | §g$&€h¢uT{lb ?ﬁﬁfm%?gﬁﬂﬁﬁﬁt g (8.2
vs. 8. : ; [ e f scussi on

Human pedi gree a%ﬁﬁ?%tsagg\%sg{lﬁg?atﬂg %ﬂ%%%ﬁ% esrlg)ér’i %tggggg%’gc%d by

mnisatellite profifs GiampAese! babl Yidragef 0di St tihe sagregaéi on of

multiple heterozygous DNA fragments, even in famlies where one or

.other parent is wsligredd eadalysddidy. Welsishgulldo stiradssproieets, whils

stsible to 20 analyse ug to 34 hypervari abl e Lociﬁsigulpaneouslé in a

si ngl e indivi dualthese at ehppepeaeizlenr kaingeaseddisaswhi @_Y s fBe hi gher

than that Obtajrm%%é%&bihation' hotspots,' the estimated .rate of
unequél exchange occurring at a long minisatellite
(~0.001 per gaméte) is not sufficient to perturb

N ' significantly; the linkage between a minisatellite

170 locus and a neighbourihg gene such as a disease

locus. _

It is estimated that the total number of
hypervariable’ loci detected . together by
minisatellite probes 33.6 and 33.15 is

15 approximately 60. At least one of the two alleles
' of about half of these loci can be resolved in a
given DNA fingerprint, and.it therefore follows that

in different DNA fingerprints, the'spectrum of loci

b examined will not be identiéal. Most or all of
20 these loci are geneticaliy ‘unlinked, and must

‘therefore be scattered over a  substantial

proportion of the human genome. Their pfeéise

: location is not known, and must await the cloning

"and  regional localisation of individual

25 hypervariable minisatellite loci. Curiously, no



conventional nethods, including RFLPs, in human genetics. The stable

i nherit anI'e]of

the Tow

vari abl e 25 mnisatellite fragnments together

8 popul ati on frequency of individual fragnents nakes t

W th
hem

ideally suited to |linkage analysis, as shown by the exanples of |inkage
di scovered in the tw pedigrees anal ysed. W shoul d stress that,
t hese hyper vari abl e mnisatellites . may be reconbi nati on hot spots,

the estinmated rate of unequal

([err]0.001 per ganete%%is not sufficient to perturb significantly

| i nkage between Bimd$a _
It is estimated that the total

di sease | ocus.

| oci det ect edPBrORRIRAS 0 el thierinadi@raq istardiedyr olWes estigate

33.15 is 15

imtel,y 0., At _l e of the two alleles of about
hal T of these | dlat cAPEIS % etetdy ?‘ﬁ Sgéﬁeéﬁgeﬁ\ ¥9%yeM@vient PesAd i t

while 5

exchange oggurring at a long mnisatellite

t he

kltes ehave lyetusdemmd foumed gbhowhendk geneysuch as a
nunber of hypervari abl e h’
an

iCh g 8D | o
am nod wi 11 nor ey don PoaPTote aek LI MRREE Old Tfe oalaet RRCRHE, D, 1O

exam ned will

genetically sunlndleeskibrdithtdBis FARIEY OftRgeth@r «

e

et 8hadviqaQyer
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substantial proportion of the human genone. Thelir precise

10

15

20

25

II 4 in the HPFH family. Since the X and Y
éhromosomes together constitute ~5% of the genome of
a male, then the probability that none' of 143
randonly dispersed loci resideé on these

chromosomes is (0,95)43 = 0.1; the apparent lack of

are

a

sex-linked minisatellites is therefore not .

significant.

These dispersed hypervariable
minisaﬁellite loci are well suited to the search for
markers 1inked to disease 1loci, as shown by tbe
provisional examples of 1linkage to neurofibro-
matosis and to H?FH. Unlike conventional single-
lbcus genetic analysis, 1linkage data éannot be
pooled between unrelated small pedigrees, since a
different minisatellite allele is 1likely to be
associated with the disease locus in each pedigree.
Instead, DNA fingerprints are only suitable for
studying' linkage, particularly of dominant
disorders, in an extensive pedigree and most ideally
in a single large sibship.

So far, probes 33.6 and 33.15 permit up to

34 autosomal hypervariable loei to be scored in an

e



| ocation is not known, and nust await the cloning and regi onal

| ocal i sation of I ndi vidual 25 hypervariable mnisatellite lLoai.
Curiously, no 110 79 minisatellites have yet been found on the X
chronosone in either pedigree studied. W estinmate that approxi mately
different |loci have been scored for possible sex |inkage in the father of
the 5 neurofibromatosis famly together with individual Il 4 in the HPFH
famly. Since the Xand Y chronosonéthogether constitute -5% of the

f ~male, th h bability . th t domn
i spersed 1oci - ineediguel’” o fhe iknse nat Rholinis e F ae[”sée?r]yz
0. 1; \the appar ent f,:?%ﬁk Pl 3%%: leigkeldinéé& ”téatae' t&&? dlsfs. set NS AL
not significant. § Fvariaple ntnlsatelllte

l'oci “are wel |l suit§dthQnt h@ 83T eg boy 1§sgaatﬁg8rah@&@ddi9p@t§aetas&r | oci,
as shown by the provisional exanples of Iink age to neurofibro- matosis and

to HPFH.  Unli ke mianisatkeilonskessititaugioutustgengoon asil ong, Humitage data
- cannot be pool ed between unrelated smal| pedigrees, since a 20 different
mnisatellite & | dinkage| maep-y t Foire extbended eueMshemesupbe@@e Yhgcus in

each pedi gree.

HPFH famlly, this probability falls to ~~10% since
only one allele of most loci is scorable, and to
detect linkage, this allele must be linked . in

;icougling " to the disease locus. To Traise these

10 probabiliﬁies above 50% would require the scoring of

%104 hypervariable loei in a single large sibship

and » 208 1loci in an extended pedigree. These

numbers exceed the total number of loeci detected by

the two minisatellite probes used so far. Howe&er,

15 probes 33.6 and 33.15 detect essentially_totallf

different sets of  hypervariable ' 1loci, which

suggests that the total number of human

\_ : minisatellites which contain various versions of
| the coré sequence may be large.

20 ' In conventional human pedigree analysis

using defined single-locus markers, evidence of

linkage Setween a marker and a disease locus usually

directly gives the approximate genomic location of

S

the disease gene, and can be further éstablished by

25 analysing additional pedigrees. The converse 1is



I nstead, DNA fingerprints are only suitable for studying | i nkage,
particul arly of dom nant disorders, in an extensive pedi gree and nost
ideall.y: 25 in a single large sibship. So far, probes 33.6 and 33.15 permt

up to-34 autosonal hypervariable loci to be scored in an 80 i ndi vi dual .
The cHancEgHPaL at least one of these loci is closely Iinked to a given
di sease |6Cus (within 10 cM is 20% assum ng random di spersal of

m ni satellites throughout the 3000 cM I@Hg human 5 | i nkage map. For

ext ended pedi gree h ag, the ,HPFH fam |y, this.probability.falls to ~10%
siX_nce onls olng EFPS‘EF:&?)‘? ﬁﬂét %%e?%l“ﬁﬁam 21!,"?% '_foahéltlélls I?fflkage,
this allele ”B%Esti)gglel ! 'L'llﬁ%%ggwe& %& %0 WiePvasds8ie OG = TOW/

raise these 10 prof ities % WOl redquaire the scoring of >104
hypervari abl e | ¢ehgnBn® 8h89h€di3688eSiHSPbos oBtle ¥IB 14O0Ldtidd) N
extended pedigree. These nunbers exceed the total nunber of | oci

detected by thetheofragmentebli perepapbesvesgel seléatroplomeests alkd probes
33-.6 and-33. 15 detect essentially totally different sets of

hypervari abl & clleping. whietustepesific hyhridisaéiont prebes marber  of
human mnisatellites which contain various versions of fhe core sequence

may be | arge. _then be designed from the isolated minisatellite,

either by wusing unique sequence DNA segmgnts

immediately fianking the minisatellite or by using

the - entire minisatellite in high stringency

10 hybridisations. Such locus-specific probés can be

- used both to extend the linkage data in additional

‘families and to localise the minisatellite within

the human genome.. This approach is currently being

confirmed by cloning the 8.2 kb Sau3A minisatellite

15 fragment apparently linked to the HPFH locus in the

Gujerati pedigree.



20 I n conventional human pedi gree anal ysi s using defined
singl e-1 ocus markers, evidence of |inkage between a narker and a di sease

| ocus usually directly gives the approximate genom c | ocation of the:

di sease gene, and can be further established by 25 analysing additjoniuég

pedi gr ees. The converse is 112 81 true for: DNA
fingerprints. Further analysis of possible |inkage between a‘ :
hypervari able DNA fragnment and a di sease is possible via isolation of the
fragment by preparative gel electrophoresgs and 5 cl oning. Locus-specific

hybri di sati on probes can then be designed fromthe isolated mnisatellite,
ei t Rer by using uni que sequsndesiiiidbsdgabove,i predieat 88y5f | 3Bké ngnd he
mnisatellite or by using the entire mnminisatellite in high stringency
10 hybri di sations33-Quch eaels- §feci ¥hichr olsonsd@tsbe @fed abot human ext end
the linkage data in additiqnal famlies and to localise the mnisatellite
within the hLWﬁH]%ihﬁﬁéiqll s COPBrdsen 8 earbPerer§ BEi Agdtbherentd by

LoD 19,1, 2 SRS GE BPh WiolinbbioRRBhuBRPREEPU LI BHE 1O
i 5 fingerprints and therefore detect different sets of
hypervariable minisatellite regions in human and
6ther vertebrate DNA. In partiéular, probes 33.6
and 33.15 detect largely or entirely different sets
o of minisatellites (cf. _the third applicaﬁion and
10 "DNA 'fingerprints!' and iinkage analysis in human
pedigrees"'by A.J. Jeffreys, V. Wilson, S.L. Thein,
D.J. Weatherall & B.A.J. Ponder), as a result of
differences both in lengﬁh and precise sequence of

the repeated core presenﬁ in each probe.
15 . To investigéte_ the - feasibility of
dgtecting- additional ﬁypervariable regions using

taﬁdem repeats of other versions of the core

W
_. . sequence, a series of synthetic'minisateilites have
k.z. been prepared.

20 Example 10

i Synthesis and cloning of' an _artificial mini-

satellite -

. - . Thé approach to preparing polycore probes

is outlined in Figure 10, which illustrates the



82 As described above, probes 33.5, 33.6 and 33. 15, each of whi ch

consi sts

of

vari-ant d[]ﬂhe core sequence, produce different DNA 5 fingerprints
therefaore detect different sets of hypervariable mnisatellite regions in

human and ot her vertebrate DNA In particular, probes 33.6 and 33.

a human mnisatellite conprised in each case of a different

and

15

detect largely or entirely different sets of mnisatellites (cf. the third
application and 10 "DNA 'fingerprints' a@nmd |inkage analysis in human
pedi grees” by A J. Jeffreys, V. Wlson, S.L. Thein, D.J. Watheral

B. A.J. Pond

i nvestigate

- regions using tandem repeats_ of _other versions o
a series of syntﬁ@FF@TﬁE

Synt hesi s

illustrates

er),

&

adudel anmardaf phddariongres bdbhedn thedgtmh repeapr extt se - -
sequence of the repeated core present in each probe. 15 .
t héhe f eneoBpVery hobspekt ekt hipterli tsotends pelShri abl e

To \J/

cQre sequence,

"8k Esreoll: nothe veberSr rudlved N malthe o 1

*
“

and cloni.n f _a artificial Lo, - .satel.lite The approach <
to preparing pol ?— c?(?rlég&hg‘bé)smi%se o‘fﬁ?c{ ne nﬁf‘q:ingﬁ@e tef(%’?uq\ﬁ?lgcﬁnd
td1e yereds ' |
S 1. A synthetic oligonucleotide containing a

10

15

20

tandem repeat'of the 8 nuc;eotide-long Chi sequence
was prepared by the method of'H.W;D. Matthes et al.
(1984) (EMBO J. 3, 801-805) and D.G. Brenner & W.V.
Shaw (1985) EMBO J. '15, 561-568. A second
oligonucleotide. consisting of a dimer of the
complementary sgquence_of Chi was also synthesised.
2. These two oiigonucleotides were annealed
together at 37° in 10mM MgClZ; 10mM Tris-HC1 (pH8.0)
to form a short double-stranded segment of DNA. The
seduence of the second oligonucleotide was éhosen to
produce an annealed molecule with 3-nucleotide long
5' projecting termini suitable for head-to-tail
ligation. |

3. "The 5' termini were phosphorylated using

T4 polynucleotide kinase plus ATP.

-y, Annealed DNA ffagments’ were ~ ligated

together in a headgto-ta'ii fashion using T4 -DNA

" ligase plus ATP to produce a repeated Chi polymer.

¢



route towards preparing a cloned tandemrepeat of the crossover hotspot

initiator sequence (Chi, GCTGGIGE of E. coli. The steps involved in
maki ng a pol y-Chi probe used standard DNA techni ques and 5 were: 1...v 0 :
A synthetic oligonucleotide containing a tandemrepeat of the 8 ' 115

nucl eoti de-1 ong Chi sequence was prepared by the nethod of H WD. Mtthes
et al. (1984) (EMBO J. 3, 801-805) and D.G Brenner & WV. 10 Shaw (1985)
EMBO J. 4, 561-568. A second oli ucl eotide consisting of a diner
of the conplenentary sequence of Chi was al so synthesised. 2. These

two ol i gonucl eotigdes were d r L d b 2k UEM Zpa 10MM
Tris-HC1 (pH8. 0) 5?'5 to for%eggghgrtpbggﬁ%ll}g- s"ﬁraeﬁd%cﬁagegnentd\%g { The

sequence of the gcIEriopaovessst tdPowgh @NOSHY tararda@UGR1an anneal ed
nol ecule with 3-nucleotide long 5 projecting termni suitable for

head-to-tail |igaidlymera0gdeater thanTh805baser pahiswen eleripisphasnd at ed
#si ng T4 pol ynucl eoti de ki nase plus ATP. 4. Anneal ed DNA fragnents
were |igated todediatedn abheadlestraphorashbon anting PESHDNA RaRftSe pl us
ATP to pr oduce a repeated Chi pol yner. 84 5. . _ LLg?t edPlo_olg/rrers
Wwere separ at eds byl ¥ief@gen, G., Bellard, M., Sassone-Corri, P,
' Chambon, P., 1981. Anal. Biochem. 112, 295-298).
6. The recovered long polyme-rs were blunt-
ended by fill-in repair using the Klenow fragment of
g,; ' E. éoli DNA polymerase I and were ligated into the
| 10 Smal site of M13mp19 RF DNA (J. Messing & J.
Vieira, 1982. Gene 19, 269-276). Ligatéd DNA was
transformed into E. coli JM101 and single-stranded
phage DNA isolated from individual white plaq_ues. '
7. , The DNA .:.lnser't of each cloned isolate was
15 sequenced- by the dideoicynucleo’t_ide method (M.D.
Biggin, T.J. Gibson & H.F. Hong, 1983. Proc. Nat.
Acad. Sci. Usa 8o, 3963-3965)_ to determine the
length, orientation and _seq'uencé of the polymeric_
s’ _ insert. One recombinant M13 phage was found, termed
20 M13.core A, which contained 50 pand‘em repeats of the
lChi Sequence orient_ated 5'—->3'- in the mature single.—
stranded phage DNA E.e the insert is poly (Chi),
not poly (comple’me_nt of Chi)j. '_ o
3. A 3%p_labelled single-stranded hybridiza-

25 tion probe was prepared: by primer-extension, using



. by eIectrophoreSis through a 1.5% agarose gel, and polynmers greater than
150 ae pairs in length were isolated by electrophoresis onto DE81
paper EXetzen G, Bellard, M, Sassone-Corri, P. & Chanmbon, P., 1981.
Anal..: Biochem 112, 295-298). 6. The recovered | ong polyners wer e
qunt- ended by f|||-|n repair using the Kl enow fragment of E. coli DNA
pol'ymerase | and were ligated into the 10 Smal site of ML3npl9 RF DNA (J.
Messing & J. Vieira, 1982. CGene 19, 269-276). Ligated DNA was transforned
into E. coli JMLO1 and singl e-stranded pHge DNA isol ated from i ndivi dua
whi te pl aques. 7. The DNA insert of each cloned isolate was 15

sequenced by the t@ledé@WnE@Fé@ﬂﬁdésrrﬁpnolf‘emioln& poPhes Tfdom Ghmam & H.\L,

Hong, 1983. Pro dAé Sci. USA 80, 3963-3965) to determ ne the
length, orientati aﬁ& gueﬁCe of the polyneric insert. One reconbi nant
ML3 phage was foynd, ter 3.core A, which contai ned 50 tandem
"repeats of the & lganq 2 W% ated 5'-> 3" in the mature single-

'stranded phage Di¥pdpar@tible dfSEite i Pupbeh¥r( Gk) arid 1Ralay ( GpYpy ement  of
.Chi)]. 8. - - pr obe

was prepared Ey.gggea&ﬁtentension usi ng 85 the sane nethods as for
preparing probes trom phage .
Using the above technlque, five further

versions of the core sequence were synthesised and
cloned as p_olycor'e recombiﬁants in M13, to give
recombinants M13.core A-F The core variants were
10 chosen so as to vary both the 1ength and precise
sequence of the core. Table 5 summarises the repeat
seqtence'in clones M13.core'A-F as compared with the
core sequence and with previously-used probes 33.5,
33.6 and 33.15 described in the earlier applica-~
15 tioms. The most invariant bases in the core

sequence are underlined. The orientation of each

insert in the vector M13mp19 is also given (-, -

insert is poly(core); ¢, insert is the
complementary sequence of poly(core)). Bases given

20 in lower sdript indicate departures from the core
| seQﬁence. Brief characteristics of each sequence

are summarised in the "comments".

Sy



33.6 and 33-15. Exanples 11 to 15 Preparation of five further new

artificial mni- 5 satellites Using the above technique, five further
versions of the core sequence were synthesised and cloned as polycore ;i
reconmbi nants in M3, to give reconbinants M3.core A-F. The core, varlantsll7
were 10 chosen so as to vary both the | enggh and precise sequence of the
core. Table 5 summari ses the repeat sequence in clones ML3.core A-F as
conpared with the core sequence and with previoftsl y-used probes 33.5, 33.6

and 33.15 described in the earlier applica- 15 ~¢|0n§ The nost
invariant bases in the core sequence,are querllged The orientation
of eathH insert in the vector ML3npl9 is & so gixen (¥>, insert IS
pol y(core); =, i nsert is t he conﬁ1en&ntary s@quence of poly(core)).
Bases givenZ}0Q, in |lower script |nd|cgte=deggrtgres Frgn1the core sequence.
Br.i ef charagliegli stics of each sequence arke s'urmﬁr,_l,sed‘ gn t he "coment.s”.
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87 Exanple 16 Hybridization of ML3.core A-F to human DNA digested with
tial screen, DNA digests of two 5 unrel ated individuals

Hnfl In an ini
were: probed wit
sanpl es of}
ef ect r ophor esed
to each 10 pr
in the main app
Figure 11. Al
Results 15

fingerprint oHybblildizEtdgnepfsM13uwbbeh A- ElﬁbehedaSUDBAamigé&&éabetweQD/

the two individ
t hough sone fra
overl apped to

detected by pro
DNA fingerpg.nt
m nisatellites

vert ebrates.

obtained wth

10

15

20

h 33.15 and with each of the probes ML3.core A-F.

8 9

 fromtwo unrel ated placentae (1,2) were digested with H nfl,
through a 0. 7% agarose gel, Southern blotted and hybridi zed’
obe labelled with 32Pfgylomﬁng t he procedure descri bed

l'ication. The resulting autoradlographs are shown in

Bkalpledggected nultiple DNA fragments in each individual.

"Probes B, C and D each detected a

ual s; the fingerprint also varied from probe to probe,
e detected by nore than one probe 20 and

some extent with the set hypervari abl e fragnments
Pbeltﬂlas%sta# |lo&u§abl e for

KRPeRREsh DO 1 dlads RER mroananCen and - TO R
wPen Wagheds O Groddy NI aqr¥IHLAEST pg SddIRP! N

be 33.15. é&n&q}déatlhaﬂterﬁ%@

core- cont al ns
of DNA from two wunrelated placentae (1,2) were

digested with HinfI, elecﬁrophoresed through a 0.7%
agarose gel, Southern blotted and hybridized to eéch
probe labelled with 322 following the procedure
described in the main application. The resulting
autoradiographs are shown in Figure 11, All probes
detected multiple DNA frégments in each individual.
Results . |

' Probes B, C and D each detected a
fingerprint of DNA fragments which differed
substantially between the two individuals; the
fingerprint.also varied from probe to probe, thoﬁgh
some fragﬁents were detected by more than one probe

and overlapped to some extent with the set of

'hypervariabie fragments detected by pr§be 33.15. We

25

conclude that probes B-D are all suitable for DNA
fingerpriﬁting.and together will extend the number
of hypervariable minisatellites which can be

examined. in humans and other' vertebrates. of

‘interest here is the successful fingerprint

obtained with core C, which  contains only the

3
-



88 central nost conserved 7 base pair segnent of the core sequence. Further
truncation of the core to produce the 6 base pair repeat in core E -

conpletely altered 5 the DNA fingerprint pattern to reveal a set -of : 115
fragments which are nostly shared by the two individuals tested
(i.e. these fragnents do not show extrene pol ynorphic variation). Thus

core Eis unlikely to be as useful -a probe for DNA fingerprint 10 analysis
as the previously used probes 33.5, 33.6 ggd 33.15. This al so suggests a
practical mnimumrequirenent of 7 base pairs of core sequences for

general |y suceessiall most BdAservelli Myya¥d NP . ségméntpt 6pNthé t he
central nost conserved region of 15 the core (M3.core F) also appears to
reduce the conpl ex¢ory zequengeability of the DNA fingerprint pattern.

ML3. core A (poly Chi) produces a novel and intense pattern of hybridizing
DNA fragnents. Many 20  of u‘ftﬁé%" t'f‘%’bf‘gﬁfﬁa‘tﬁ’b° fatthe worg tgr Q€°d(‘9$5 kb)
and poorly resolv

d f
satellite seqUenc ?rl?ﬁa%%rﬁaa}r sf'%q&a V%ﬁrﬁa%{n ﬁ'le\{"e 5,’: gggﬁﬁggngl te.
.Sg)rre DNA f r agmeng s, shay i POhYLARRLn¥ i A ddd Y o2 revdd®@® B! &’ of

fragments which are mostly shared by the two

individuals'tésted'(i;e. these fragments do not show

extreme.polymorﬁhic variation). Thus core E is

o unlike;y to be as useful a pfobe for DNA fingéfprint

10 analysis as the previously used probes 33.5, 33.6

and 33.15. This also sﬁggests a practical minimum

requirement of 7 base pairs of core sequences for

generally successful DNA fingerprintlng.

Disruption of the central most conserved region of

15 the core (M13.core F) also appears to reduce tﬁe

complexity and variability of the DNA fingerprint

pattern. ‘

' M13.core A'(poly Chi) produces a novel and

N _ intense'pattern of hybridizing DNA ffagments. Many

20 of theée“ frégments are very largé (15 kb) and

poorly re;élvgd, and may well be derived from a

- _ conventiénal long satellite sequence which contains

the occasional HinfI cleavage site. - Some DNA
fragments show inéividual variability.

25 Example 17

Further examination of Core A

The patterns produced by M13.core A were

further analysed in the 'family affected Dy



Further exam nation of Core A The patterns produced by M.3.core A were
furthgﬁaﬁanalysed in the famly affected by 89 neurofi bromat osi s,
viki ch™has al so. been extensively characterised using probes 33.6 and 33.15
(¢f Exanple 8 and Fig. 7). In Figure 12, DNA fingerprints are
shown from Hi nfl digests of DNA 5 from the fat her (F), six daughters (D)
and five sons (S). Individuals affected Q%mgeurofibronatosis, an aut osonal
dom nant inherited cancer, are narked +; fromthe affected nDther was

not ~avail abl eBan%%r%thb'r% dsasnaly okf 031 3k By 65 ngl éoéx{?@ﬂgﬁﬁ

i ndi cat ed. connecte by 3 s I'The are | | Rk
connected by dotchagaloiteed sade wedhglabrdBeds 3kl.6l eandBandsigar t@ﬁl (X) Q@ve

been previously detected using probe 33.15. Results 15 ke
the DNA finger piEixateplebt & nexhdv thigs obBy. 33. 6IandFSguis, (2g | BNEI of
variability is relatively | ow, W th man fragnents bei ng

transnmtted to fingerpadntsg gne eshoasdriom E digesbfm®f, DWbt rare,
10 the popyation aNnd $ather ‘Z%??”E?}:'Xal?éﬁéfﬁé {5) e 23Ve7Ygsss state).
($). Individuals affected by neurofibromatosis, an
autosomal dominant inherited cancer, are marked +;
DNA from the affected mother was not available.
Segregating paternal (e) and maternal (o) bands are o
10 indicated. Bands connected by a solid line are |
linked, ahd those connected by dotted 1lines are -
segregating as alleles. Bands marked (x) have been
previously detected using.ppobe 33.15. |
Results
15 - Unlike the DNA fingerprints_obtained with
probes 33.6 and 33.15, the level of variability is
relatively low, with man& fragments being
transmitted to all offspring (i.e. theseifragments W
are common, hot rare, in the population and are ?M

20 frequently present in the homozygous state). The

L



121 90 segregation of. 6 heterozygous .paternal and 9 heterozygous
mat er nal bands could be scored in the sibship of 11 children. One of ft-he

paternal and an allelic pair of the maternal bands has been 549 ’
previously detected wth probe 33.15. After elimnating ;IZL,-I i C
and | inked pairs of bands we are left wwth 2 new paternal l[oci and 6 new
mat ernal | oci not previously scored with either probe 33.6 or 33. 15,
conpared with 34 paternal and 25 maternahglO |oci previously scored. The
poly Chi  probe is therefore of Iimted use in human genetic analysis. The
resul ts of Exanpkegrdgatiénl7ofonbir etlkeozypousanpaternaie ande doni nant
nucleotides underlined in the top row of Table 5 and discussed 15 earlier
on page 18 of thketerozpppiscoaternal Thayds couyd hel sagredy inotdénfirm t he
prediction made in the main application that a nininun1se%.ence of six - '

nucl eoti des i s n8&¢B8RAPYOFn1h SREEERVIul PRIIRS e PAHRRD & BT s
Sequences of si RLGLFBor PHLE b SABR mERSERARRy PABAS R | BET o o
ey covens | [FERPuothIE SRS testib et [PESEC NS0 SO
' eliminating allelic and linked pairs of bands we are
left with 2 new paternal loeci .and 6 new maternal
loci not previously scored with either probe 33.6 or
33.15, compared with 3% paternal and 25 maternal
10  loei previously scored.” The poly Chi probe is
therefore of limited use in human genetic analysis.
‘The results of Examples 16 and 17 confirm
the._importancéllof the nine dominant nucleotides
underlined in the top row of Table 5 and discussed
15 earlier on page 18 of the main application. They
also go a long way.to confirm the prediction made in
the main application that a minimum sequence of six
nucleotides is necessary in a successful probe core.
Nt _ Thus, coré.E is representative of minimum,utility
20 and it is possible that other sequences of six
nucleotides may show marginally iﬁproved utility,
“ e.g. the sequence _TGGGCA discussed later. Tne
increase to seven- nuc;eotides is quite dramatic

within the framework of the investigation.



122 91 In attenpting to define the essentials of a useful core sequence,

the varigB@s X and Y

used above to indicate alternative nucl eotides may

usefully ‘be extended to a conplete logical group as 5 indicated below X
= Aor G- P=not GY=Cor T (Q not A W=Aor T
(R not C§ V=Cor G _ (S not T) 10 (O
=any)~( ) = Not utilised in the follow ng discussion. - Using this
term nol ogy, an aspect of the invention rmay be said to conprise a

pol ynucl eoti de i ncluding the repeated cord sequence bel ow. 15

GPGGECWEGWKG ' oV f_course indicates the nost.
representative twelve P n%%fg%?ﬂ}gs % s %ﬁlerh%e%ﬁ—b%%tfl%]ts P4s beeng

shown that the sgvggepyt! @g}.:bd_%egl regcg_,h%e-alvs&.ﬂrﬁ? a%t bhity a4

ove twelve core

i nclude this 20

with "permtted® variants fromt

(0]

sequence, an aspsbtvenytbe daiddcate nelltdenaltiged pRIGIMGY AR d@magonpri sing
repeats of the seven core sequence bel ow. PGEECOWG (7)

5

10

15

usefully be extended to a complete logical group as
indicated below: _
4 orG P =notG

¥ =

Y=Cor T (Q = not A)

W=Ao0rT (R = not C)

Vz=CorgG (S = not T) -
(0 = any)

'( ) = Not utilised in the following discussion.

- | | Uéing this terminology, an aspect of the

invention may be said fo compfiée a polynucleotide
including the repeated core sequence below:

GPGGGCWGGWXG (6)

The above of course indicates the most

representative twelve nu&leotidé | sequence.

quever, it has been shown that the seven nucleotide

. core C has also great utility and to include this

20

with "permitted" variants from the above twelve core

sequence, an aspect may be said to include also a

polynucleotide eomprising_repeats of the seven core

sequence below:

PGGGCWG (7)

-.',( y Q)

47



92 Preferably of course Pwll equal T as in core C. The other nost
favoured possibility would be A For the sake of clarity, the percentage 5
honol ogy has al so been indicated in Table 3. As regards the artlflcggg
probes of this application, it should be noted that the repeats are <§
repeat's, so that the honology of the nminisatellite as a whole can be

I ndi cated by the honol ogy of the 10 core sequence. This is not
necessarily true of the earlier probes 33¢8 33.15 and 33.5 where the

honmol ogy has been indicated in brackets. This is due to variants
occurring between repeats. Core F is perhaps indicative of a m ninmum
percentage 15 honol ogy for useful ness. However, this |ack of concensus
was perhaps exaggerated by Brefemabby of ¢herseri nalllgremualng BSGBGA

(8) present in the core. It is noteworthy that the 20 _above grouplng S
present in the nosereubeesInal ohepesont Cayoyrsdamessd bdildtyptedldn al | of
the | ess successz grobes A, Eand F. It is therefore to be expected that
nore successf ul Bb®s having a mini mum 70% overal | honpl ogy with fornul a

-(?) m ght 25 be Obta'nable'For the sake of clarity, the percentage
5 homolbgy has also been indicated in Table 3. As

regards the artificial probes 6f this application,

it 'éhduld be noted that the repeats are exact

&“; reﬁéats, so that 'the homology of the minisatellite
as.a whole can be'iﬂaicated by the homology of the

10 core sequence.' This is nbt necessarily true of the

. earlier probes 33.6, 33.15 and 33.5 where the

homoldgy has been indieated in brackets. This is

dué td variants occurring between repeats; Core F

is perhabs indicative of a minimum ﬁercentage

15 homology for usefulness. However, this lack of

concensus was perhaps exaggerated by disruption of

~— the central grouping
o TGGGCA (&)
preseﬁt 1n thé core, It is noteworthy that the
29 above grouping is present in the most successful.
M | probes B, C and D and is disrupted in all of the

less successful probes A, E and F. - It is therefore

.

to be expécted that more suéceésful probes having a
minimum 70% overall homology with formula (6) might
25 bpe obtainable. -



124 93 It is noteworthy that the central six polynucleotide grouping of
formul a (EQZTGEECA has al so been disrupted in core E. It is perhaps to 5
#hat a six nucl eotide core sequence as above

successful, although the increase in length fromsix to seven nucl eotides

be -expect

woul d be

nore

may. prove to be a nore dom nating characteristic. Accordingly, an aspect
of~the invention 10 can be said to conprise a polynucleotide including

t he i nvention can be
said to include as an aspect a polynucl egtide according to the "first"
definition above i'n-which the.15 sequence TGGGCA is present in al

repeats of the core sequence TGGGECA. More generally,

repeating sequences. Vi ewetl firsomatewbethaspandit tthe | cyetradn sdan be sgjd

t he

to include a nodification of the polynucleotide of- the "first" definition

above in 20 whpehyteolest idpreseuning abdflemselaf(&) | east six consecutive

nucl eoti des,

shown in formul a (2);'%xﬁ%§cg%es not necessarily have the sane sequence in

each repeating HQLta rovidedcfhat @ |, 25 unit§ cog{ain thqlﬁﬁg%%nce

TGGGCA.

5

10

15

20

25

read in the same 5 -> 3' sense, selected fromthe sequence

80 been disrupted in core 18 perha
be expected that a six nucleotide core sequénce as
above would be more éuccessful, .although the
increase in length frdm s8ix to seven nucleotides may.
prove to be a more dominating ch#racteristic..

Accordinglj; an aspect of the invention
can_be said to comprise a polynucleotide inecluding
repeats_éf the core sequence TGGGCA. . |

More generally, the invention can be ;aid
to include as an aspect a polynucleotide according
to the ﬁfirst“ definipion abo?e in which the
sequence TGGGCA is present in all the repeating
éequences. |

Viewed from another aspect, the invention
can be said to include a .modificétion of the
polynucleotide of the "first" definition above in
which “coré" pepresents a séquence of at least six
consecutive nucleotides, read in the same 553’
éense, Selected from the sequenee.shoﬁn in formula
(2); ™"core" does lpot necessarily have the same

sequence in each repeating unit provided that all

units contain the sequence TGGGCA.

o

.



94 Preferably the remaining groups of each unit wll have at |east

honol ogy w th
wi thin the constraint of the overall .unit length. 5 Det e_'r:fmi';nationlzg)-
-of twin zygosity at birth Determ nation of zygosity in twins is of g '
i nportance not only for epidem ol ogical, genetic and obstetric studies but
because of the difference in prognosis between nonozygotic and

di zygot i
wei ght s,

di zygotic tw ns.

sex &nd

nonozygoti c.

c 10 twns. Mnozygotic, or ideggical, twins have l[ower birth

the sequence of formula (6) (or nore preferably) (2))

nore nedi cal conplications and higher nortality rates than
| n Cauc o efer a0igut tBO%rehanawhgr grickipss &f eeathunl i ke
therefore dizygotic.  Exam nation of the 15 placental nenbrane
shows anot her 20%mit casidd t babe motodieasiton7d%antiondbegy amd thl wale

70%

The remai ning 50% a proportion which is rerativel¥gconstant

bet ween popul ati ok@duenee off| frEmyda (B e(QR APF et PECALEABLY Hnl8) Pl acent ae

and may be either nono- or diz tic A varie of .nmet hods, have been
enpl oyed to deter‘?‘rfgréiﬁy %i%‘%ﬂﬁ%%ﬁ&sé’%&g&,ﬂ@ﬁa di4Rd© E§§§§§s®nt of

| 2ppearance, ThOOSUNANidI0.or Shith $yHdiRg, atl B1kEn teSTING and
det erni nati oR of geneti - st reliable

accuracy of -95-R3%rdinRiRIn dErHezduer Sn Otwsnshi gBpker s nust

gener al

with an
usual |y

en

10

15

20

25

importance not only' for epidemiological, genetic

) and.obstetric studies but because of the difference

in brdgnosis between monozygotic and dizygotic
twins. Monozygotic, or identical, twins have lower
birth weights, more medical complications and

higher mortality.rates than dizygotie twins. In

Caucasians about 304 of newborﬁ twins are of unlike

sex and therefore dizygotic. Examination of the
placental membrane shoﬁs another 20% of cases to be
monochorionic and these'are always monozjgotié. The
remaining 50%, a propoftion which. is relatively
constant between populations, are of like sex, have
diamniotic dichorionic placentae and may be either
mono-.orldizygqtic. A Qariéty of methods have been
employed to determiné :zygosify in these cases;
including assessment  of ' general appearance,
fingerprinting, skin grafting, taéte testing and
determination of genetic markérs. Thellatter are
the most reliable with an accuracy 'éf 95-98%.
Howéver, large numbers of such markers must usually

be investigated because of relatively low mean



be investigated because .of relatively |ow nean 126 95

het erozygosities of nost protein and antigen variants. In the

fol’l owi ng Exanpl es DNA fromtwel ve sets of newbor n tw ns was
exah@fed using 5 mnisatel lite DNA probes as above described.  DNA
"fingerprints” obt ai ned denonstrate such variability
between I ndi vi dual s t hat only nonozygous tw ns show i denti cal
patterns. In the seven cases where zygosity could be determ ned from 10
sex observation or placental exaMruﬂicwb%he DNA result agreed with these
findi ngs. In the other five twin pairsand in two sets of triplets DNA

anal ysi s al | oweq, & drfdlyg 8 ikqled Nad ¢ Onmﬁétzﬂib%'t@in 4 PrQResSgen N

accordance with the ‘“invention 15 erefore provide a single genetic
test which shoulv&hrdldn®s .positi ve determnation of zygosity in all cases of
mul tiple pregnancy. Exanple 18 Single stranded DNA probes 33.6 and 33.15 20
were used to deternine thdmzyyesifoyloWingeExempies DNAnEnbwortwelwers, ;
details of which are set out in Table 6.
sets of newborn twins was examined using
5 minisatellite DNA probes as above described. DNA
"fingerprints" obtained demonstrate such
variability between individuals that only
monozygous twins show identical patterns. In the _ e
seven cases where zygosity.could be determined from
10 sex observation or placental examination the DNA
result agreed with these findings. _In the other
five twin pairs and in two sets of triplets DNA
anélysis éllowed'a rapid determination of zygosity.
' ' DNA probes in accordance with- the invention
15 therefore provide a single genetic test which should
allow positive determination of zygosity in all
cases of multiple pregnancy. _ ;)

Example 18

Single stranded DNA probes 33.6 and 33.15
20 were_used to determine the zygosity of twelve sets
of newborn twins, deta;ls of which are set out in

Table 6.



127 96 TABLE 6 Case Gest ati onal Age Sexes Pl accntation +

DNA pattern 1. 38 weeks FF Monochori oni c

| dentical 2 38 weeks MF Di chorionic e
Non-i dentical 3 30 weeks MM Di chori oni ¢ 127
| dentical " 4 33 weeks oleF - Monochori oni c

Identical 5 40 weeks FE Di chorionic

Non-i dentical 6 37 weeks TABLE 6 \F Di chorionic

Non-i dentical 7 32 weeks FF &+ Di chorionic

| den€pss| 8§ Gestationalgpegppyg Sexes Elageptation oy Q4w In

Non- hdentical 9 : 39 weeks - VH Di chorionic

Non-i dentical 10 . 38 weeks MF - Di chorionic
Non-identical 11 27 weeks ' VH Di chorionic

| dentical 12 . 35 weeks FM Di chorionic
Non-i-dentical A8 wpikscenl ae werFE di ammiMmmioghorioni®@8 97 Unb#dntéedl cord bl ood
sanpl es coll ected at delivery or - peripheral bl ood sanpl es

(0.5 - 1.0 mMs), obtained fromeach baby the day after birth, were used

for. PNA  extrgcllan. 5 Pl ggent ae wgy;e,62aqkped to qgleldihpg..phet her
t hey ) - . .

3 30 weeks - MM " Dichoriemic " Identical
N 4 33 weeks Fl; Mo-nochorionic Identical —
5 40 weeks " FF Dichoxionic- Non-identical
6 37 weeks MF | Dichorioni; : Non~identical
1 32 weeks | fF Dicﬁorionic . Identical
. 8 | 34 weeks | MF Dichorionic . -Non-identical
o 9 39 weeks MM Dichorionic Non-identical
10 ) 38 weeks MF ’ .Dichorionic . Non-identical
’ 11 ' 27 weeks B MM. _ .Di:.:horionic - Identic.:a_]..
12 35 weeks . FM D'ic.horionic ' :Non-identical

All placentie were dismnionic.



‘were nono- or di- ammiotic and chorionic. DNA was extracted by standard
nethods (A d, J.M, H ggs, D.R GCene analysis. In: D.J. Weatherall, ed.
The ThhP&ssaemn as. Met hods i n Haematol ogy, Churchill 10 Livingstone,
1983) and 10-15 [err]g digested with H nfl. Sanples were el ectrophoresed
through a 22 cmlong 0.6% Agarose gel at 45 V for ~36 hours until all DNa

fragments < 1.5 kb I ong had el ectrophoresed off the gel. DNA was
transferred by blotting to a 15 nltrocellulose filter and baked at
80[err] under vacuumfor two hours 27 si ngl e stranded DNA probes, 33.15

and 33.6, were |abelled wt [err d cri bed evrou The results.
are shown in Figure 13. ng%il " eda gi°ﬁﬂgﬁ?@ §s Eaiiécie 2a§hom/tngg

DNA band d f "
an patter%%qug@?gﬁll 8k eacgbéyggh ;%#}a él%%hng t ga??%g%rprints"

si ngl e-stranded mnisa te prob show t he

obtained with the,s nghensmat)dedo@@m;& Preba; -dade ﬂaab%a%% 3dagh 25
Case 2, Lanes 5, 6; Case 3, Lanes 7, 8; Case 4 Lanes

11, 12; Case 6, dfaees 1BirtH, Caeee’/, useds For 1ONA Lertsadfidd.are three
129 98 triplets of female, nale and femal e sex. Conparison of Lanes 1 and 2
with Lanes B an®lacempas tvwene t éwamined to determine whether they *

were mono- or di- amniotic and chorionic. DNA was
extracted by standard methods (Old, J.M., Higgs,
D.R. Gene analysis. In: DTJ. Weatherall, ed. The
Thalassaenmias. Methods in Haematology, Churchill N’
10 Livingstone, 1983) and 10-15 pg digested with HinfI.
Samples were electrophoresed through a 22 cm long
0.6% Agarose gel at 45 V for ~~36 hours until all
DNa fragments ¢ 1.5 kb long had electfophoresed off
the gel. DNA was transferred by blotting to a
15 nitrocellulose filter and baked at 80° under vacuum
for two hours. The single stranded DNA probes,

33.15 and 33.6, were labelled with 32P as described ;

o/
previously. -
The results are shown in Figure 13. o
20 _ - In Figure 13, Lanes 1, 2 show the DNA band

patterns obtained fob each twin in Case 1 using the

33.6 single-stranded minisatellite probe. Lanes 3

i

to 19- show the "fingerprints" obtained with the

single-stranded 33.15 probe:-Case 1, Lanes 3, 4;
25 Case 2, Lanes 5, 6;_Casé 3, Lanes T, 8; Case U,
Lanes 9, 10; Case 5, Lanes 11, 12; Case 6, Lanes 13,

14; Case T, Lanes 15, 16. Lanes 17-19 are three

0; Case 5 Lanes -



two probes, 33.6 and 33.15, detect different sets of mnisatellite bands.

Size markers are shown in 5 kil obases. In seven cases (see Table 6 ),
zygosity could be deternined sinply by exam nation of the sex of the. tw ns
and. their placental menbranes. Al tw ns with nmonochori oni c (or

noroami otic) 10 pl acentae (e.g. Case 1) are nonozygotic, although o g
about 50% of nonozygoti c tw ns have nonochorioni c pl acent ae ?5?
Hence, the twns in case 1 nust -be nonozyg tic and they showed identi cal
DNA patterns with both the 33.15 and 33.6 ﬁrobes 15 . (Fig. 1). In five

cases the tw ns vxqég %{%?g ff%rm‘%bte s%llgngnahpg\ﬁglglgg,grem-bmpgg@gogatterns

mAth both the 33 n cases 3 , , and 11 the tw ns

were of |ike sex SN dLAgéls di Cé)ﬂal oNi¢eR| B&RBEAZ, af@ Hheaewsothdtbenei t her
nono- or 20  di-zygotic. DNA anal ysis showed that two sets of tw ns

(cases 5 and 9) hego dhFéeeNt3hddnda3Benss deteektrdif fémend @eds difzygotic
whereas in the other three sets (Cases 3, 7 and 11) identical band patterns
i ndi cat ed nonozygosnisateblite bands. TRéZesBarkets  AERHOPHEWN LBl ets
were simlarly studied. In both cases the nother had 99 taken
fertility drﬁgs t 611 9%R3%S pr egnancy and each '

In seven cases (see Table 6 ), zygosity
could be determined simply by examination of the sex
of the twins and. their placental membranes. All

A twins with . monochorionie (or monoamniotic)
- 10 placentae (e.g. Case 1) are monozygotic, although
only about 50% of monozygotiec twins have
monochorionic placentae (2). Hence, the twins in
case 1 must be monozygotic and they ehowed identical

DNA patterns with both the 33.15 and 33.6 probes

15 (Fig. 1). In five cases the twins were of different
sex and showed different. band pattefns with both the
33.15 and 33.6 probes. In cases 3, 5, 7, 9 and 11

the twins were of like sex and had dichorionic

Ly placentae, so these could be either mono- or
20 ’di-zygotie. DNA analysis showed that two sets of

Ewins (cases 5 and 9) had different band patterns

and were, therefore, dizygotic.whereas'in the other

three sets (Cases 3, 7 and 11) identical band

" patterns indicated monozygosiﬁy. _ | '

25 - Two sets of newborn _triplete were

si@ilarly'studied. In both cases the mother had



triplet showed a uni que band pattern (e.g. Lane 17- 19, Fig.13). The
results are shown in Figure 14, in 5 which Lanes 1 and 2 show the
results usi g§ingle stranded 33.15 and Lanes 3 and 4 the results using
doubl e str;ﬂ%ed 33.15. Exanple 19 Although ei t her si ngl e-

or "10. : doubl e-stranded probes were adequate to nmake each di agnosis, nore
bands were distinguishable with nore radioactive single-stranded probes
(Fig.14)."As an alternative to theseggsingle- stranded pr obes we
have i nvestigated the 15 possibility ‘of using the corresponding
doubl e- strandedtgkebesembi Lht yayragsmobe ihaticki Preighameyt anab@xahories.
The doubl e-stranded DNa probes used were i) a double-stranded 600 bp Pst_)
- Aha Il fragnebitirdafk ahavwed theutique bandipsdttelnn t(e . fg.obad@ 1fferr] 33715
and ii) a double:-stranded 720 bp Hae |1l fragment containing the "core”

m nisatellite frlﬁn[@&511 > 6. These were labelled by nick-translation to

a specific activity of 0.5%,- 1.0 x.10[err m [err] P/ pg DNA. . .
Pr ehybri di sati on and hybr%%afﬁSngﬁn&'rA o‘ﬁgm'?g ' inv\é'lrifﬁ‘é'se dt%critBed in the
above identé&fie h e t §§E a 10%_dextran
sul phate wegre u%@ﬁ%@eﬁgr?gssg%ﬁ%ﬁ%#%& %eﬂging s(ilngie
stranded .33.15 and Lanes 3 and Y4 the results using
double stranded 33.15.

Example 19

Although - ~either - single- or ;‘)
10 double-stranded probes were adequate to make each
diagnosis, more bands were distinguishable with
more radioactive single-stranded probes (Fig.14).
As "an alternative to these single-
stranded probes . wWe have investigated the
15 possibiliﬁy_-of using the éorresponding double-
| stranded probes which may be more familiar in most
laboratories. The double-stranded DNa probes used
were i) a double-stranded 600 bp Pst I - Aha III
fragment containing the "core" minisatellite from ' k/
20 X\ 33.15 and ii) a double-stranded 720 bp Hae III
fragment containing the "core" minisatellite from .
}L33.6. These were labelled by nick-translation to ;
a specific activity of 0.5 - 1.0 x'10-9 cpm 32P/pg

<y

DNA. Prehybridisation and hybridisation conditions
25 were as described in the above identified standard
method except that 1 x SSCIand'1O%.dextran sulphate

were used in the hybridisation buffer for the



131 100 doubl e-stranded probes. Filters were washed for 1 hour in 1 x SSC
at 65[err]C and autoradi ographed with intensifying screens for 1-3 days at
-70 C. DI SCUSSI ON OF EXAMPLES 18 AND 19 5 In the seven; cases
where zygosity could be determ ned i ndependently the DNA results were in
agreenent with the conclusion based on observations of sex and placental131
exam nation. In the other five pairs, a clearcut determination of zygosity
was 10 - possible with the mnisatellite probes. Simlarly both sets of
triplets studied were shown to be trizyd8@ic. In the 50% of cases where
twin zygosity cannot . be determ ne by jther unlike, sex,15

(di zygoti c) -oF°“°¥f‘Stﬁﬁﬁ$ﬁ9mﬁﬂé$ﬁ%f F{i%ﬁﬁﬁu?ﬁ??nﬁﬁ&?%%t?%S,1genetic
~anal ysi s nust be oy.ed, A Nf Or ERBIAV S i

proportional to hWBZy'ﬁO!L %_Egsd‘éx%gn{é%ofc po yrr%‘?%%t%sar:nfba 'eatﬁh}dg?ﬁieﬁc | oci
under investigatiQt éiyl fiyQ nigh@cHedhar rodf 1Lackaygsaed-7uPth nultiple

r.ed cel | antigen ~ and enzyne determ nations accuracies of zygosity
of the order 5 of 95-98% may be achieved but only if the rel evant

DISCUSSION OF EXAMPLES 18 AND 19

5 ' In the seven cases where zygosity could be
determined independently the DNA resulﬁs were in
agreeﬁent with the conclusion based on observations

\— of sex and placental examinétion. In the other five
pairs, a clearcut determination of zygosity was

10 possible with the minisatellite probes. Similérly
both sets of triplets studied were shown. to be
trizygotic.

In the 50% of cases where twin zygosity
cannot be determined by either unlike sex

15 (dizygotic) or . a monochorioniec  placenta
(monozygotic),_genetic analysis must be employed.

The informativeness of such tests is proportional to

n



allele frequencies in the popul ation are known (Nylander, P.P.S. The
phenonmenon of twi nning. In: Barron, S. L., Thonmson, A M eds.

Obst et r dch& Epi dem ol ogy. London. Academic Press, 1983: 143- 10 165) .
Simlarly, analysis of nultiple restriction enzyne site pol ynorphisns wth
several different DNA probes produces a significant percentage of "false
posi‘tive" diagnosis of nonozygosity (Derom C., Bakker, E., Mietineck, R
Derom R, Van der 15 Berghe,. H, Thiery, M, Pearson, P. Zygosity
determ nation in newborn twins using DNAgqariants. J. Med. Genet., 1985,
22:279-282). = Mnisatellite probes in accordance with this invention
overcone this prtié esyfmmtause pafl yiee phdisge atuoher gandt 20 losiukgdant i al
variability of the hypervariable DNA segnents which they detect. As

al ready descri bethvestigalimgandnittat hei trudbayneft slack telséed.shar ed
bet ween randormi sel ected I ndi vi dual s- (conpare al so unrel ated

i ndi vidual s in ﬁf%‘?&s) multipde pgedy) G8ddy hEBEL1EEBWN aBdve ePBEYMEt he odds

i nst 133 102 t | ated indivjduals showing identjcal DNA
Fingerprints wi (R BRARIR A Feadiagies el EygthPucolorhal prdben sets

2; hypervargabl & 065_g8¢ hhF" BEChEn2avea"BILCBh1GP 17° chY Feibvant® Exanple
allele frequencies in the population are known
(Nylander, P.P.S. The phenomenon of twinning. In:

_ quron,'.S.L., Thomson, A.M. eds. Obstetrical
Epidemiology. London. Acadeﬁic'Press, 1983: 143~

10 165). Siﬁilarly, analjsis of multiple restriction
.enzyme site polymdrphisms with several differeﬁt
'DNA‘ probes produces a significant percentage of
"false positive" diagnosis of monozygosity (Derom,

C., Bakker, E., Vlietineck, R., Derom, R., Van der

?5 Berghe, H;, Thiery, M., Pearson, P. Zygosity

determination in newborn twins using DNA variants.

J. Med. Genet., 1985, 22:279-282). Minisatellite <
probes in accordance with this invention overcome R

this problem because of the large number and
20 substantial variability of the hypervariable DNA
segments which they detecﬁ. As already described,
-hybridiSing minisatellite fragments are seldom
shared between randomly selected  individuals
(compare also unrelated individuals in Fig.13). It

25 has already'been shown above that the odds against



5 I n sibs who

share about half of their fragnents in common, the

probability of such a "false positive" diagnosis of genetic identity

10[err]. Hence,

the conbined use of single-stranded hybri di sat.i

probes 33.6 and 33. 15 provides an accuracy which is 10 orders of

magni-t ude greater

t han previous genetic tests. Even using the nore

conventional double- stranded mnisatellite probes which f ai
hybri di se to sone of the fainter bands degggted by si ngl e-stranded
probes  (Fig.14), sufficient 15 information can be obtained from DNA
fingerprints to raeguee Jhhe1akalise; ABRDRZYGORS  Yshdiiliy t QaEnkQkhir | pysinot her

advant age of this nethod of zygosity determ nation is that very little
sanpl e i s requirec frferipgrd nt3akiishs boltal braves gR.peahphgBahs20whieti cord
bl ood al ways provided sufficient. DNA. Wth the availability of this
strai ghtforward netetecf déféenentngetgyooft yhyperembiabtilens lnelil ase ol der

twns and tripl
determ nants and
shoul d be possi bl
wei ght markers

ets, nore precise epidenDIoqugl studies on the
difraforss agtrescaicais (p € fpd

S
on

to

of »nifei prampteghhncy

<

133

..134 .103 .1 the. faqll i Ex | |
rarers In sjts”whq dndte ke hatdloF org AN end s S o
the effective 99m%3ﬂm5&¥“¥hé“§%obability of such a "false positive"

diagnosis of genetic identity is ¢ 10'8.' Hence, the
combined wuse of single-stranded hybridisation
probes 33.6 and 33.15 provides an accuracy which is

orders of magnitﬁde greater than'previous genetic

tests. ‘Even using .the more conventional double-

A
10
15
.
20
25

stranded minisatellité. probes which fail ¢to
hybridise to some“of the fainter'bands detected by
s;ngle-strandéd' | proﬁes (Fig.14), .sufficient
informatibn éan be obtaihed from DNA fingerprints to
reduce the "false'monozygosity" rate to £ fo'”;

Another advantage of this_ method of
zygosity determination is that very little sample is

. required for .the analysis. Half a ml of péripheral

or cord.blood always provided sufficient DNA. With
the availability of this straightforwérd means of

determining zygosity ih newborn as well as older

_tﬁins .and tripiets, more precise epidemological

studies on the determinéhts and effects of different

" types of multiple pregnancy should be possible.



1 5to 20 kb as in other results. 5 Application of DNA fingerprinting
o= f dFPppsi c science The . individual specificity. of. DNA fingerprints
detected by mnisatellite probes 33.6 and 33.15 nmake themideally suited to
i ndi vi dual 10 identification in forensic = science. The only
uncertainty IS whet her DNA  survives in a sufficiently
undegraded formin, for exanple, dried blood or senen stains to permt DNA
fingerprint analysis. To determne the feasibility of analysing 15
forensic specinmens, a pilot study was ggysried out upon DNA sanpl es
supplied by Dr. Peter G|l of the Hone fice Centr al Resear ch .
Est abl i shnent, AldernastonnlExaﬁalefﬂ&ﬂ&%lng Examp1e§1|eﬂlbqudpand sgpen
“stains on cloth were left for various periods at roomtenperature prior to
DNA extraction oesightd oumalkePs. Gare (| ymiod witBivedS irint he phesence of
1M DTT fol |l oned by .104 phenol extraction and ethanol precipitation).
DNA was S|n1IarI%utgﬁaﬁkﬁﬁﬂﬁﬁhﬁnhqqe&ﬂ¢ mifﬁcﬁGGFSS&ﬁGPFﬂoﬁﬁvsglHéﬁ swabs
t aken before and, after sexual er cour se. sanples were digested with
Hinfl, el ech%p"fﬂ)r%éﬁ at%géhé’%'%eé' agar ose gel and

5 Application of DNA fingerprinting to forensic

science
The individual specificity of DNA
fingerprints detected by minisatellite prohes 33.6 o
and '33.15 make them ideally suited to individual
10 jdentification in forens{c science.  The only
uncertainty is whether DNA sﬁrvives in a
sufficiently undegraded form in, for example,'dried
blood or semen Stains to permit DNA fingerprint
analysis. To determine the feasibilitj of analysing
15 forensic specimens, a pilot study was carried out

upon DNA samples supplied by Dr. Peter Gill of the

Home Office Central Research  Establishment, -;)
Aldermaston. -~
: | -/
Example 20
20 ' Dried blood and semen stains on cloth were

left for various periods at room temperature prior
to DNA extraction carried out by Dr. Gill (lysis
with. SDS in the presence of 1M DTT followed by



blotted onto a nitrocellulose filter. The filter was hybridised with
32P-1 abelled single stranded probe 33.15, using our standard techniqqp;qajgg
4

above described. 10 Sanpl es el ectrophoresed were: 1.

pl| semen stain on cloth, 4 weeks old. 2. 40 pl fresh senen. 3.

60 pl.. fresh bl ood. 4. 60 [err]l blood stain on cloth, 4 weeks ol d:

15 5. 60 pl blood stain-on cloth, 2 years old. 6. 15 hair
roots. NB. 1-6 were taken fromthe sane nampiyr’. 60 pl bl ood stain on
cloth, male, fresh. 8. vagi nal swab taken from 11, one hour after 20
i ntercourse with 7phenol extra®51¢m sndbethinml afEetpLhaEI@mhrseDNAO

vagi mal’ swab .t aken from 11. bl ood st-ain on cloth, fenale,

fresh. 105 The Tﬁ@\?i%bé@ﬁ?YnF§tBBFEP%e8r8Pef§M§M1h%iﬁﬁ@Po%S and

Suf f t DNA (-0,5-3 tracted f h | DNA
h i eq bl ood st af R L6351y S %Faagérﬁ"b#ﬁré%%en@%‘“ s %S |

menth ol d was not gi O{) 'yﬂf‘ﬁré‘?@qﬁ%”% %%hcﬁ#xtl?’\‘ﬁ £1,

fingerprints to those ained from bIoo _senen
'Qd'V'dual ) electrophoresed through a 0.8% agarose gel and

blotted onto a nitrocellulose filter. Ihe.filtér
was hybridised with 32?-labelled single stranded

probe 33.15, using our standard technique as above

U described.
10 Samples electrophoresed were:
1. 40 pl semen Stain oﬁ cloth, 4 weeks old.
2. 40 pl fresh semen. -
3. 60' ul fresh blood.
4. 60 pl blood stain on cloth, 4 weéks old.
'15 5. '60,pl blood stain on cloth, 2 years old.
| 6. 15 hair rootéi_ '
NB. 1-6 were faken from the same man .
— f. _ 60 pl blooa stain-on.cloth, malé, fresh.
N | . 8. _ .v;ginal swab fakeﬂ from 11, one hour after
20 ' | infercourse with'T..
9. | as in 8, but 7 hr after intercourse.
> 10. vaginal swab taken from 11;

11. 60 pl blood stain on cloth, female, fresh.



DNA fingerprint could Iikew se be obtained fromas little as 15 hair roots.
10 The vagi nal swabs taken after intercourse also gave an
tndegr DNA fingerprint. Fbwever, the swab patterns primarily matched
t hat: © he woman's, not the man's bl ood, which indicated that nost DNA

col I'ected from the smabs was fron1vag|nal 15 epithelial cells sloughed
of f during swabbing, and not fromsperm Nevertheless, three additional
non- femal e bands coul d be detected in the post-coital sanples; these

mat ched the principal bands in the nan' 906l ood and nust have been derived
fromsperm 20 such bands could be detected in a sanple taken 7 hrs after
i ntercourse. -Di scussi on TR&Se k| fwnaaryriesﬂl odtaiingdcane t$RAWIDNA i s/

et B e o Ry B St Eho L 58 T oo S0, o a1
applicabl e to ate ] gaslh S0 r | Ies F positive
i dentification o g‘ r%gﬁ%s{:g%f“rp&% ?&?e%nsatsl S fr(%)anAa ﬁc?gm i ng is .

ol S ke eeaos e 1
5_ - month old was not significantly degraded and gave ?
identical DNA fingerprints to thdse obtained from
ffesh blood:and semen from the same ihdividual. A
DNA fingerprint could'likewise.be obtained from as
little as 15 hair roots. | N\
10 The vaginal sﬁabs taken after intercourse
| also gave ah undegraded DﬁA-fingerprint. However,
the swab  patterns .priméhiiy' matéhed that of the
woman's, nop the man's blood,'which indicated that
most DNA collected frob %*he swabs was from vaginal
15  epithelial cells sloughed off during swabbing, and
not from sperm. Nevertheless, three additional non-
female bands could bg detected in the post-coital \H)
samples; these matched the principal bands in the o
man's blood and must have been defived from sperm;

20 such bands could be detected in a sample taken 7 hrs

after intercourse.

-t

Discussion
These preliminary results indicate that v
DNA is maintained intact in a variety of forensic

25 specimens and therefore that DNA fingerprinting for



renoval of this female DNA by sds lysis prior to 2- DIT or

ner capt oet hanol - medi at ed reduction of sperm needed for isolation of sperm
DNA shoul d produce a 10 clearer sperm DNA fingerprint. I dentification 137
of rapists should then be possible by DNA fingerprint anal ysis of senen
stains and/or vaginal- swabs. It has since been confirmed in a recent study

in co-operation with Dr. Gl that clear 15 “fingerprints” of sperm DNA

may be obtained from vagi nal swabs after intercourse using a prelininary
separation technique generally as descri B88 above. Figure 15A shovvs DNA
fingerprints (Lane 3) fromtwo vagi nal swabs taken 6.5 h after

intergourse. | n idaibif igaddon PERRFPS 7 n@BPﬂJFFﬁPl‘FrGFh zftbljo?ﬁ)stSarrpl e
fromthe male pa][s'ﬁogqeﬁr d |n%é_lﬁgln§a%82?§re [ ngpovvgxgm e | l&gﬂﬁdéﬂ from

bl ood obt ai ned er . Fensa nuc fromthe

swabs wver e prEfelfdgri@ﬁ%alﬁi%%doli'yazgapiE'Eek‘thngéMen'Q@é‘?@&'ﬂ‘bm'd‘ an
$DS/ pr ot ei nase m xture Sperm nuclei are inpervious to this

treatment and can fdianPforelduh sRPy st 8wl posibte. 1he feitdLr taponent
by centrifugation. Sperm nucl ei were subsequently Iysed by treatnent

with an SDS protwigasmginBLT swabsufeon| rape svicpims dist leshacertain
separation in view of the contaminating vaginal DNA; however,

removal of this female DNA by sds lysis prior.to 2-

DTT or mercaptoethanol-mediated reduction of sperm

- neede& for isolation of sperm DNA should produce a

10 clearer sperm DNA fingerprint. Identification of

rapists should then be possible by DNA fingerprint

analysis of semen stains and/oh vaginal swabs.

It has since been confirmed in a receht

study in co-operation with Dr. Gill that cleaf

15 "fingerprints" pf sperm DNA may be obtained from

. vaginal swabs after intercouréé using a preliminary
separation technique generally'as described above.

' Figure 154 shows DNA fingerprints (Lane

() 3) from two vaginal swabs taken 6.5 h after

20 intercourse. In Lane 1 there is shown a fingerprint

from a blood sample from the male partner and in

Lane 2 there is shown a DNA:fingerprint from blood

i ) | obtained "from the female partner. Female cell

.nuclei from_the swabs were preferentially lySed by

25 preliminary incubation in an SDS/proteinase K

mixture. Sperm nuclei are impervious to this

treatment and can therefore be separated frjom the



5 -.procedure was whol ly successful. The sperm DNA fingerprints from
senen- cont am nat ed vagi nal swabs perfectly matched fingerprints obtained
fromthe blood of the nale partner. DNA fingerprints of

econoni | y-inportant animls 10 ' obt ai ned usi ng human

m ni-sat Ite probes Exanples 21 to 25 DNA sanples were prepared from bl ood
taken fromdogs, cats, sheep, pigs, horses, and 15 cattle. 8 [err]g
sanpl es were digested with a suitable res&@jction_endonuplease (Hi nfl

unl ess ot herw se indicat ed) and - the striction digests were
recovered after eqRenol cofifoheft] 89 diherdiigads oo BhLAR Aletes
Restriction digests - were redi ssol v -

el ect rophor esed vtdrre)ugifub@eéhé%ngarpﬁ@ecgelbydeﬂaéglﬁ,ggmfcr@g@p‘lerégd to a
Schl ei cher - Schuel | nitrocel | ul ose filter and hybridi sed as

descri bed previ diR¥Apraotieindseh&ADAT mindkmre.ni satel lite probes 33.6 or

33. 15. 108 Exanple 21 Dogs ‘DNA fingerprints obtained from a

dog family using probe 3% 6 1%reaPRaosRt | bhati gthés Saspaestion

B | e father _
el ectrophor%ed proced?:re Ivias wjholl ea ccessful. -The sperm DNA

fingerprints from semen-contaminated vaginal swabs
perfectly matched _fingerprints obtained from the

blood of the male partner.

DNA fingerprints of economically-important animals O/

10 obtained'using human

minisatellite probes

Examples 21 to 25

DNA samples were prepared from blood

~ taken from dogs, cats, sheep, pigs, hobses, and

15 cattle. 8 pe samples were digested with a suitable
restrictioﬁ endonuclease (HinfI unless otherwise
indicated) and the restriction = digests were

recovered after phenol extraction by ethanol

precipitation. Restriction digests were A

20 redissolved in water, electrophoresed through a
0.7% agarose gel, denatured, transferred to a
Schleicher-SQhuell' nitrocellulose filter and
hybridised " as described previously with 32P-
labelled human minisatellite probes 33.6 or 33.15.

-



Lane 2. G eyhound not her. Lanes 3,4,5. "Geagle"
these parents (fenmale, nale, nale respectively). A detailed DNA
fingerprint, simlar in 10 conplexity to those derived

of fspring pups

was obtai ned fromeach dog. The DNA fingerprints showed substantial
variability, as can be seen by conparing the patterns obtained fromthe
father and nother (Lanes 1, 2). All three offspring have different:15 DNA

fingerprints, in each case conprised of bands al

of which can be traced

of

from human DNA,

back to the father and/or nother. These DN fingerprints are therefore of
use in paternity testing and pedigree analysis in dogs, as in humans. 20
thereby preferentially
reducing the intensities of the |argest- (nbst slowy mgrating) bands.

Despite this degradation, tPRAtrBiRgerytioH of dadhed ofrear eat s4P8

The RNA's in sanpEesmple 32Were shogdt|y degraded,

of fspring could b??re di | deter

Fig. 17 shows DNA .
.using (left) probg, 33 &s a0l (LG Mdr LD Geth 15 S

-

5 Lane 1. Beagle father

Lane 2. Greyhound mother.

Lanes 3,4,5. "Greagle" offspring pups

25 i ' 109 Ex l.e 22.
REEET o fRe (Peana TG - an o NS iR E48-76ni 1y

Lane 1.

Cats

not her

of these

parents (female, male, male respectively).

A detailed DNA fingerprint, similar in

10 complexity to those derived from human DNA, was

obtained from each dog. The DNA fingerprints showed

substantial variability, as can be seen by comparing

the patterns obtained from the father and mother

(Lanes 1, 2). All three offspring have different

15 DNA fingerprints, in each case comprised of bands

all of which can be traced back to the father and/or

as in humans.

mother. These DNA fingerprints are therefore of use

in paternity testing and pedigree analysis in dogs,

20 The DNA's in samples 1~3 were slightly

~degraded, therebj preferentially reducing the

intensities of the largest (most slowly migrating)

bénds. Despite this degrédatidn, the transmission

of bands from parents to:offspring could be readily

25 determined.

139



Lane 2. father Lane 3. kitten Both probes 33.6 and 33.15 produce

I nformati ve DNA fingerprints. Most bands in the 10 kitten can be scored
.as ;being maternal or paternal and thus these DNA fingerprints are suitable
for pedigree testing as well as for individual indentification in
cats: Exanple 23 Sheep 15° DNA fingerprints obtained

fron1Varigg§ heep using probes 33.6 (left) and 33.15 (right) are shown in
Fig. 18. Sarples were: Lane 1. C}ossbrgqgfenale Lane 2. Crossbred
femal e 20 Lane 3. Dorset female Lane 47  Hanpshire x Dorset fenale

Lane 5. DorsetEgghglénggviduataggecifiC'DNA fingerprints were obtained
fromeach sheep W 0 probesTThe DNA 25 fingerprints are faintergnd

| ess conpl ex than human DNALgi NgeT pshows DWA Stfiildge@prisesf oOfrom a
i dentification and genetic purposes. Probe 33.6 detects one or two 141

110 very int enseshotriyrbaphed domestia eathfanilp,using addifttiopriobea range
of fainter bands. These bands _
3.6 and (right) probe 33.15.
5 Lane 1. mother '
Lane 2. father
Lane 3.  kitten
Both probes 33.6 and 33.15 produce
informative DNAlfingerprints.' Most bands in the &
10 kitten can be scored as being maternal or paternal
and thué these bNA fingerprints are suitable for

pedigree testing as well as for individual

indentification.in cats.

Example 23 Sheep

15 DNA fingerprints obtained from various
sheep using probes 33.6 (left) and 33.15 (right) are
shown in Fig. 18. Samples were::

Lane 1. Crossbred female
Lane 2. Crossbred female _ _ \J'

20 Lane 3. Dorset female

Lane 4. Hampshire x Dorset female.
Lane 5. Dorset male

Individual-specific DNA fingerprints were
obtained from each sheep with both probes. The DNA

25 fingerprints are fainter and less complex than human
DNA fingerprints but still of use for identification

‘and genetic purposes. Probe 33.6 detects one or two



are probably derived froma single mnisatellite | ocus which by chance
shows a very high degree of 5 honol ogy to probe 33.6. Exanple 24 .
Pigs and horses Fig. 19 shows DNA fingerprints fromthree different. .pigs
(Lanes 1-3) and three different horses (Lanes 4-6) Esex and breed not
specified3. 10 Both probes 33.6 and 33.15 produce |nd|V|duaI‘14]
specific DNA fingerprints with each species. The DNA fingerprints, :
particularly with probe 33.15, are faint g contain very f ew bands®
conpared with the correspondi ng human DNA fingerprints, but 15

never t hel ess t he Gy natkies ObobohbrBRRCSaNdsl bE ehoisanisapi,ndini dual

i ndeqtification. Exanple 2 Cattle Fig. 20 shows DNA flngerprlnts of
Hi nf 1 DNA di gest s adtiziioad t‘m ah ranglee o33.fa iovter Gawdisan |TheXe baamds on

. additional cattle. Sanples are: [Lane 1. Hunan] Lane 2. Dam Lane 3.
Sire Lane 4. Calafrepf priobaklyy dsrivedndrom aAfRdnElsul ninksatelliterresi an
byl | 142 As wi th sheep, pigs and horses, a fairly

locus which y chance shows a very high degree of

5 homology to probe 33.6.

Te

Example 24 Pigs'and horses

Fig. 19 shows DNA fingerprints from three

different pigs (Lanes 1-3) and three different

~ horses (Lanes U-6) [éex and breed not specifie{].
10 Both probes 33.6 and 33.15 produce individual-

specific DNA fingerprints with each species. The

DNA fingerprints, particularly with probe 33.15,

. are faint and contain very few bands compared with

ﬁhe corresponding human DNA fingerprints, but

15 nevertheless the combined use of both pfobes will be

of use in individual indentification.

_ Examgie 25 Cattle
~ Fig. 20 shows DNA fingerprints of HinfI
L DNA digests obtained with probe 33.6 on a cow family

20 and on additional cattle. Samples are:
[Lane 1. ﬁumarg
Lane 2. . Dam
Lane 3. Sire
Lane 4 Calf of 1land 2
25 Lane 5. Angus bull
6

Lane Fresian bull



si npl e but neverthel ess individual -specific DNA.fingerprint was obtained
fron1e§i2 nimal. In the calf, all bands could be traced back to the dam5
andtor ke, confirmng the pedigree of this animal. Fig. 21 shows results
with probe 33.15 on the sane cow DNA. Individual Lanes are marked: 1.

Dam 2.: . & Sire 10 3. Calf of 1 and 2 4. Angus bul I 5.
Fresian bull [6. _ Human] Probe 33.15 produces an intense and 15
i rresol vabl y-conpl ex -pattern of hybridising DNA bands in cow DNA
digested with Hinfl. 1In a Bgtll digest,''his intense signal is mainly

confined to very - large DNA fragnent,s, suggesting . that this sigpa] is
derived froma clustered é\gqﬁ’el%gi BleeRy Pi&Y)i YH - DADES i?e#%“’%y

, . . : : R N\
conventi onal .- satel ) iit.e . Lt eaut di- A X g. Of Hi nf |
i gest shons a TARdS~ oF pRsgerAd18sdc PHATORLELEAORBLIFLE SR, 1 D
~periodicity betvwaegerptia:’ wafs Bohlidaserrdigi édeh (S@idal NOtIn Shipan) .
Thus the intense 2 signal is nost likely derived froma satellite with a -
repeat unit 45-2allfgsealhi bandengoulbhebe nteasedsitgid te6 Itdegedam destroyed
in cow DNA digested with
5 and/or sire, confirming the pedigree of this animal.

Fig. 21 shows results with probe 33.15 on

the same cow DNA. 1Individual Lanes are marked:

1. Dam '

2. Sire : T ' ' -C}
0 3. " Calf of 1 and 2

¥, Angus bull .

5. Fresian bull

[?.' Humanf]

_Probe 33.15 produces an intense aud
15 irresolvably-complex pattern of  hybridising DNA
' bands in cow DNA digested with HinfI. In a BglII
digest, this intense signal is mainly confined to
very Iarge DNA fragments, sﬁggesting that this
_.signal is derived from a clustered sequence or L NS
20  region - most 1ike1y, a conventional satellite DNA.
- Short autoradiographic exposure of the Hinfl digeét
shows a "ladder" of bands towards the bottom of the
gel, with a periodicity between "rungs" of U45-50
base pairs (data not shown). Thus the intense
25 signal is most likely derived from a satellite with
a repeat unit U45-50 base pairs long. The intense

signal is largely destroyed in cow DNA digested with



112 Pvull, Ddel or Alul, suggesting that the satellite DNA repeat unit
contains one or nore sites for each of these restriction endonucleasegfléﬁi
not for Hinfl or Bglll. These are precisely the properties 5 of . {he ,
1.720 cow satellite (E - Poschl and R E Streek " Pr ot ot ype sequence
of bovine 1.720 satellite DNA". J. M. Biol. 143, 147-153; 1980)

whi ch consists of 100,000 tandemrepeats of a 46 base pair repeat unit.
Conpari sons of the sequence 10 of the 1.720 repeat unit with the core
probe 33.6 repeat unit and 33.15 repeat uhid are given below core

GGAGGTCGGCAGGAXG Hna| _Ddel, ****** %k xxx 4%k ¥xxx+ 1°720 .
CTG@GACTATCAM&&@CC%EA@GT&ME@@WA@%* thadx thex sateddig

AAGGT GGCCAGGTGG | 15,33 -6 . :
AGGGCTGGAGG oy, reoéiduddr RGNS (e LY APTE SdteS EOFfRER uni t
contains a near- perf atieiOP¥a8trtBe13n AN eadddS COpR: SAMENEE( Mt ches

Fndi cated by * above). This region in the 1.720 repeat gives an excell ent

match with the re@l%&tg@f_lﬁ& Ifndsd =rd Qﬁ%ci%%z.@ertfh@ctpragéshi%th 33. 6.
This explains why 1.720 satellite DNA is detected by probe 33.15 but not

'83.6 (Fig.26). ofThbel 7XRGatew!| iseseidpbat (Bhit (Foslkealt haid oR.Ehe
myogl obin [err] 33 mnisatellite) 25 contains too many nucl eoti des on
each side of the Streek "Protqtype sequence of bovine 1.720
satellite DNA". J. Mol. Biol. 143, 147-153; 1980)
which consists of 100,000 tandem repeats of a U6
N base pair repeat unit. Comparisons of the sequence
10 of the 1.720 repeat unit_with the core probe 33.6

repeat unit and 33.15 repeat unit are given below:

core ' . GCGAGCCTGGCCAGGAXG Hhal Ddel
® ORRERERS ¥ ey
1.720 CTGGCGAGTATCAGCCAGATCACGCCGCCAGGTCTCCCCCGGCTCAG
* PO | o * ORREXREERFE ' C -
33.15 . | AGAGGT GCGCAGGT GG Alul
. . KRR E® % —_
15 33- 6 o AGGGCTGCAGG  Pvum -

As can be seen, the 1.720 satellite repeat

unit contains a near-perfect copy-of the 3' region

— of the core sequence (matches indicated by * above).
w This region in the 1.720 repeat gives aﬁ excellent
,o match with the repeat unit of 33.15 but a less-

_ ' perfect match with 33.6. This explains why 1.720
* . o satellite DNA is detected by probe 33.15 but not

33.6 (Fig.20). (The 1.720 satellite repeat unit
.(like that of the myoglobin J{33 minisatellite)
25 contains too many nucleotides on each side of the
core (H + J in formula (1) $15) to act as a multi-

locus probe in accordance with the invention).



core (H.+ J in formula (1) >15) to act as a nulti- locus probe in

accordance with the invention). 144
113 1 ,quer to detect cow mnisatellites which hybridize to probe 33. 15,
cow DNA*Was digested with Alul or Ddel, tbl¥educe the 1.720 satellite to

[err] base pair jpgeaE’ $oWHeB: Wdkl »eliget £1aRbeY esecohl i hebalt om:af 11 hiks
gel. Fig. 21 shows that clean DNA fingerprints were indeed obtained for
each of 5Scow hese restsceetdion endyeeDdei onvecadducBNAe( hoi2C33atelHowever:)

al rost all of these bands are derived fromvariant blocks of 1. 720

sat el | i t e °BREA P2 BHIFEACRST SWi 15 n™ hidr Al <L O3 SBRR “WHIT ROHRFe®] d8ts t5hé- Al ul
and Ddel siles,,i g_’oeacg?{te eat é[gqerha s by nutation of one or other of the
under | i ned bases” I ndi SEVE TORSTRIIRSS) tergedndesy eateinsrblomsarhPial U

and Ddel shé@s)estFib610MOUhElmkE rramCeAl pfi ON(nbhe3)f Ol Hmehdrd BokdsS:ana. or
Virtually identical calf DNA fingerprints were obtained using Alul and
Ddel . b. these Piras| argaietifadadfinemtver caotsbhistcant ¢fy | hiASr saltedd i o PBA | Bhberkiely
than the smal | er ones (éfgnce they contain correspondingly nore 1.720

satel | ite"iEhin normal 1.72Q N4, yhjchgha e kot fiR dtul A7 Ftiggnbhte28dnt ai ns

- 440 of j n_k ~eDand n ity (P .

cont i nuousPoey [HFLEbs, oy pndT o Bl ok NGRR 0/ AP ke Bsnbd HaBRE s cated
fingerpri abodd, a@HRAL SoldldCdddtirBY NeCov M apflak, A Wi &/ OUES sABES W tlisNwdufie
1.720 repeat unit (see above, data 20 not Shown). d. The

sire (Trﬂ). 2pcthams fdrnbse frbldvibei THexeng fragnents in an Alul digest. This
.suggests that the region of 1.720 satellite DNA containing these variant
repeat bl 8cks hablrEeetygdfenttdgal faLfjlyfA fingerprints were obtained using Alur N

and DdelI. : ' "
b. The lafgest fragments consisténtly'hybridize more intensely than the
smaller ones (since they contain dorrespondingly more i.720 satellite
15 repeat units; the largest calf DNA fragmsnt contains ~ 440 of these
units). In humans, band intensity does not increase continuously
with size (Fig. 21).
c. Almost all of the calf DNA fingerprint fragments are eliminated by

Hhal, which cuts once within the 1.720 repeat unit (see above, data

20 not shown). .
d. The sire (no.2) has almost no hybridizing fragments in an Alul s
digest. This sugzests that the region of 1.720 satellite DNA -L!/

containing these variant repeat blocks has been deleted in this
animal.
e. “The 'dam (no.i) and calf (no.3) DNA fingerprints are nearly identical.
25 fhe dam is probably heterozygous for a deletion, equivalent to that
seen in the sire, and has by chance.transmiﬁted the non-deleted
chromosome (and therefore all bands)lto the calf. Thus all of these

bands are linked and are not transmitted independently into

offspring, as occurs in humans.



ani mal . e. The dam (no.1) and calf (no.3) DNA fingerprints are nearly
identical. 25 The damis probably heterozygous for a del etion, equival ent

to that seen in the sire, and has by chanﬁiutransm'tted t he non-del et ed.@és
chronosone (and therefore all__bands) to t | fhow BRPSerdhl afickEser bay
are linked and a¥eversbelessanstilt £ &Y icﬁg‘élﬁer% se"fladl%/ hto offspring, as occurs
in humans. ~ Neverthel ess, lenfid VigheS@t Sl uBud B SY B8k DOM nlef prEIm@Btmay be of
"satellite" "W“"rlfgg{err?ge?rgéritﬂt pateternsu lzimd t hus these unusual types of

fingerprinfeg [RYnBf QhatiSGehtid Ret idrlughodgdonds froc atriowbq i ngheuigh Lerys. paftker
I i

provi di ng mul ocus marker information. 115 CLAIMS: 1. A
pol yaucl eotjrgdematiienj sol ated or cloned form having the general fornula, read
inthe 5 -> 3 sense H (J.core.K) .L (1) wherein:

“core" gepresents a sequence having at least 6 consecutive nucleotides,
selected fromw thin any of the follow ng sequences read in the sane
sense: ' :



- GGAGGT GEGCAGGAXG

(3% - GGGCAGGAGG (4) T(O GCGAGGAXGH G C
(5A). ‘m’ p T(O)[err] GGAGGA(A) GGGC (5B)
g wherein: (i) Xis Aor G YisCor T, T Tor U mis 0, 1or 2, pis
Oor 1, qis Oor 1, nis at least 3; (ii) J and Ktogether represent 0 to

15 additi onal

(2) AGAGGTGGGCAGGTGG

m

nucl eotides within the repeating unit;

147 116 and (iii) H

and L each represent 0 or at
repeating units, (iv)
repeat either as to nunber and kind of.

| east 1 additi onal
t he repeating unittigi.core.K) need not be an exact
nucl eoti des,

nucl eotide flanking the

provi ded that the

U, mis 0, 1T or 2, pisDor 1, q is 0 or 1, n is at

least 3;
| (i1)

J and K together represent 0 to 1i5

additional nucleotides within the repeating unit;

'\“

YO g

pol ynucl ecti de has a recogni sably repeated consensus sequence, (V) "comg;
can al so represent a variant core sequence, provided that actual core
sequences in fLAFMBepeating units have on average at | east
1. A polynucleotide 1in isolzted or cloned
form having the generzl formulz, reazd in the S'5 3t
sense .
H.(J.core.K)n.L (1)
wherein: | _
"core" represents 2 sequence having =zt \“)
least 6 consecutive nucleotides, selected frox
within zny of the following sequences read in the
Same sense:
»
GGAGGTGGGCTAGGAXG (2)
AGAGGTGGGCAGGTGG (3)
GGAGGYGGGCTAGGAGG (4)
’1 . o
T(q)mGGAGGAXGG(G)pC (54) W/
T(C),GGAGGA(A) GGGC (58) o
. q N
wherein: '
(i) X isAorG, Yis Cor T, T =T or



70% honology with "true" core sequences as defined above with respect to
fornulae 2 to 4, 5A and 5B. or a polynucl eotide of conplenmentary sequence
to the above, the polynucleotide being capable of hybridising wth®#d -
fragments of DNA fromnore than one mnisatellite region or
hypervari abl e | ocus produced by one or nore restriction enzynes whi ch,  do
- not -cleave to any relevant extent within a secuence corresponding to thb47
repeating unit (J.core.K). 2. A polynucleotide according to claim
1 wherein the total nunber of nucl eotidesipéesent in each (J..core.K) repeat
sequence does not exceed 25. 117 3. A pol ynucl eotide according
to chaim 1 where&dn core has a nmaxi num of 16 nucl eoti des. 4. A
pol ynucl eotide according ,to claim 1 wherein core represents a sequence
of at least 7 said consecufi@é)nﬁﬂ%&ﬂikk%ﬁc%.represe“g Opsrydtctedside
according to claim_ 1 wherein core represents_a,sequence of at |east 12
sai d congecutivé n&ﬂQﬁﬁ}aﬁéi'Gpuc eotligs p%iﬁﬁ&&l t{ghf dTRFTFNGE to
claim 1 wherein GY £ represents a sequence of from14 to 16 said

. j¢] . .
consecuti ve nucl&otites sel ected fromthe sequence shown in fornul a
a2

2),
(8) or (4). _ _ (iv) the repezting unit (J.core.E) n

o
cT fad

not be z2n ex

"1
wy

e

- S
ezt eitk

m

- e N PR
€ TC numoer ange «£.ir

)
m

6f. nucleotides, provided that the polynuclectids
has z recognisably repezted consensus sequence,

(v) "core" cén 2lso represent z variant
core segquence, provide& that actual core sequences
in 2ll n repezting units have on average at least

709 homology with "true® coré sequences as defined
above with respect to formulze 2 to 4, 5A and 5B.
or a polynucleotide of complementary
sequence to the above, '
the polynucleotide being capable of
% | hybridising with fragmeﬁts of DNA from more than one
U miqisatellite' region or hypervariable locus
produced by one or more restriction enzymes which do

not cleave to any relevznt extent within a seguence

. _ corresponding to the repeating unit (J.core.X).

2. A polynucleotide according to clzim 1
wherein the total number of nucleotides present in

each (J.core.K) repeat sequence does not exceed 25.

* c L M S *



7. _ A  pol ynucl eoti de according to any precedi ng clai mwherein
actual _core sequences have at |east 80% honology with true core sequences.
_5.,'14 A polynucleotide according to claim 7 wherein J is 0 or 1 and

"Ris 0or 1. 9.

A  pol ynucl eoti de accordi ng to any precedi ng

clai mwherein the total nunber of nucleo- 118 tides present in each
(J.coreiK) repeating unit does not exceed 20. 10. A pol ynucl eoti de
in isolated or cloned formhaving the ggneral fornula, read in the 5 ->3

sense H. (J.core.K.)

. L (1) wherein H, J, K, n and L

are as defingd in Cainml podynuci€5t i@pr eaeabsdd ngequancelefifrom6 to 16

consecutive nucleotides, read in the .sane sense, selected from (1) the \;/

conmmon core kagreiof carti hets umesax bnuanbfall fimickeet i¢es.obt ai ned by

probi ng human or animal genomic DNA with a probe containing a nmyogl obin

~ tandem repeat sequence of approximately 33 nt per repeat unit (2) the
common core region of a second human or animal nminisatellite obtajped by

probi ng humaff -or ani mal ADNROG¥HSL P bbeecoREEPRCHG &R tRtha&haic

wherein core represents a sequence c¢f zat le

szié ¢co

5.

wherein core represents a2 sequence of at least 12

S
-

r

7

[{}]

nsecutive nrnuclzsctides.

A pclynucleotide- according' to clzim 1

said consecutive nucleotides.

6.

A polynucleotide according to clzim 1

wherein core represents a sequende of from 14 to 16

said

consecutive nucleotides selected from the

sequence shown in formula (2), (3) or (4).

(S

A ‘polynucleotide according to any

preceding clainm wherein actual core sequences have

at least 80% homology with truelcore éeqdences.

8. A polynucleotide according to clzim 7T

wherein J is 0 or 1 and K iS 0 or 1.

Q. . A polynucleotide accorclng to any

preceding claim wherein the total number of nucleo-

AW

C



repeat sequence conprising (1) (3) the comon core region of a third human

Qr ‘ami-mal ninisatellite obtained by probing human or ani mal genom c DNA

WLjh a’ p.obe contai ning a tandem repeat Sequence conprising (2) each said;
t andem repeat sequence being a repeat of at least 3 units, 11111111 11111
1111111412111112

conpl enentary sequence to the above, the polynucleotide bei ng capabl e

*

C L M S * or a polynucleotide

of hybridising with fragments of DNA from nore than one mnisatellite

region

or

hypervari abl e | ocus produced’Hﬁ one or nore restriction

of

149.

enzynmes whi ch do not cleave to amx relevg$tnextepa W thin a seg ence

corraspondi ng to t hé9PSpREEFRGEUANL eRIDchY eCRFEe-) repeating 4y gnﬁ%?ﬁotide

kn isolated or cIon%d fornhh%%ing the general fornmula, read in the 5 sense
£ .

H. (J.core.K.)[errF?
any of the sequences having at

exgcee

(1) wherein: "core" represents
| east 6 consecutive nucleotides fromw thin

ascommon core region of a plurality of mni- satellites of human or ani nal

genoni c DNA which 4g,

3

A polynucleotide in isolated or cloned

fqrm hawving the gengral formula, read in the 513"

- sense

‘H.(J.core.K.) .L | (1)
wherein H, J, K, n and L are as defined in Claim 1 and:

"core" represents a sequence of from 6 to
16 consecutive nucleb;ides;-read in the same sense,
selected from. ‘

(1) the common core _regién of a first
human or animal minisatellite obtained by probing

human or animal genomic DNA with a probe'containihg

_a_myoélobip tandem repeat sequence of approximately

- f33;ét'per repeat unit

(2) _the'coﬁmon core region of a second
human or animal minisatellite obtained by probing

human or animal DNA with a probe'contéiding 2 tandem

repeat sequence comprising (1)

(3) the common® core region of a third

human or animgi miﬁ;satellite obtained by brobing
human or animal genomic DNA with a prqbe containing
é tanden repeat'sequence comprising (2)

each said tandem repeat sequénce béing a

repeat of at least 3 units,

* € L M s =



di spl ays at | east 75% consensus; "core" does not necessarily have the sane
sequgriﬁ)ln each repeating unit and all other synbols are as defined in
ckai or a polynucl eotide of conplenentary sequence to the above, 120
t he pol ynucl eot i de being capable of hybridising with fragnents of DNA
fromnore than one mnisatellite regi on or hyper vari abl e | ocus

- produced by one or nore restriction enzynmes which do not cleave to any

rel evant extent within a sequence corregsgonding to the repeating unit
(J.core.K). 12. A polynucleotide in isolated or cloned form having
at least three repeats of aaseqpebgmudldcbité t 031 riodzicd tehdgry
consecutive (5'->3 ) core sequence of at [east six nucleotides selected

f rom wi t hi n: S @8WEnCPAICHESRE YS! ) (6) where P = not (}/W
Aor Tor Uand X A or Gor a, var| ant thereof, prOV|ded that t he act ual
core sequences in all rEP&at PPl QQ%LQQ%&?E709&ﬁO A8l og§= 8ﬁ~a#éra§@ wi th
"true" core uenges. defined with _respegt ,Lo, fornu a_ and the
repeati ng se%ﬁ% céfﬁ%Edsnbr %e TORESERYS (R 5 DBl *elf A S %o huﬁb@Feénd kind

of nucleotidggnﬂgéyggfgvghatgggagglyngg(anﬁggehas,a nggpgnligglﬁ

-l o

11. _ & polynucleoﬁide in isolated or cloned
forz having the generzl formula, rezd in ths 5{_93' .
sense

E. (J.core.K.) .L e
wherein: | |

ﬁeoref represents any of <the Sequences
having aﬁ least 6 consecutive nucleotides from
within a2 common core region 6f a plﬁrality of mini-~ .
satellites of buman or animal genomic DNi which A
_disp ays at least 75% consensus;' _ N’

"core“ coes not necessarily have the szame
segquence in each repeating unit ané 2all other

synbols are as defined in eclaim 1,

T

T or a po’ynuc7eo»1ae of complementary sequence to the

‘zbove,

P

I



- —— g

repeeted consensus sequence, or a polynucl eotide of conplenmentary sequence
to the above, the pol ynucl eotide - being capable of hybridising mﬁth

fragnents of DNA from nore than one 121 minisatellite region ;lel
hyper vari abl e | ocus produced by one or nere restriction enzynes mhlch do
not cleave to any relevant extent within a sequence corresponding to the
repeating unit (J.core.K). 13. A pol ynucl eoti de according to claim
1-2 wherein each repeat or variant repeat includes the sequence of fornula
(6). 14. A  polynucl eoti de -accord{%@ to any preceding claim
wherein the consecutive (5 ->3") sequence

(7) is—conserved in all rep 4 ng 2 wW the ani ngs. gi ven
inclaim1l12. 15. ol 'ynu Peg eo gg30r2ﬁ='ﬂp Q pngny p%ecedlng

claimin which th%ﬁ‘b@?ﬁﬁ%{[d & & i(eh fraamesﬁ%u%?CQNATWno"e than one
(8) is conserved i repeati ng uni ts, and U. A

pdl ynucl eotide agoofiddxe1te anyre@ioﬁl ai g® 1%;&%%1@ n RdegsT or U.
produced by one or more restriction enzymes which do

not clezve to any relevant extent within a seguence

corresponding to the repeating unit {(J.core.¥).

" 12. A polynucleotide in isolated .qr cloned
form having at least three repeats of a seguence of
from 6 to 31 nt including a consecutive (5'_;3')
core sequence of at least six nucleotides selected from within:
(51) GPGGGrWGGwXG (34) (6)
where P = not G, W = A or Tor Uand X = A or G
| or a variant thereef, provided that the
" actual core sequences in all repeats have.at least
&/. 70% homology on everage with "true'" core sequences
defined with respect to formula (6), -and the
repeating sequence need not be an exact repeat
either as to number and kind of nucleotides,
provided that the polynucleotide has & recognisably
repeated consensus sequence,
or a polynucleotide of complementary sequence to the
above, |
the = polynucleotide . being capable of

hybridising with fraguments of DNA from more than one

* ¢ L | I *



11111111111111111171 11111 111111 122 17.

accordi.ng to
.polynutleof%gg
consecut i vk dser

repeat sequence. ‘19.

havi ng at | east

(9) where P not G W= Aor T or Uand_X

any of clains 12 to 14 wherein Wis A 18. A

A pol ynucl eoti de

according to any of clains 12 to 17 wherein the recited

e sequence or conserved sequence is identical with the
A polynucleotide in isolated or cloned form

three repeats of a sequence not exceeding 31 nt including
t he consecutive 5 -> 3' core sequence GGPGEECWEGWKG

A. or G or a variant thereof,

provi ded that the actual core sequences‘?ﬁ all repeats have at |east. 70%

honol ogy on average with “true" core sequences defined ith _respect
fornul a '[err],maﬁﬂségrgl?gﬁeatfﬁélﬁﬁit or %fp-rvarhiﬁxf nottOWeE an exnet

repeat either as_t ki nd ofgg%¥6ﬂngﬂes, rovideqrthat t he

er an

nu
pol ynucl eot i de ?fagg"o‘\c? c%ﬁ nt %%bcf ‘S/ c}oerpee dted ‘consensus zgemij'use fee°o %

pol ynucl eot i de
11111111112111112

315. A '~ polynucleotide according to any

05 COTBLGEPELAL K yS $U1VaG L' AxtRatARA R 1ol Ll Kbhlenkl! 111

corresponding to the repeating unit (J.core.K).

i3. A polynucleotide zccording to clazim 1

N

wherein each repeat or variant repeat includes the

sequence of formula (6).

14, A polynucleotide adcording ~ to any
preceding claim wherein the consecutive (5'_3')
sequence: _

' PGGGCWG | | (7)
is conserved in all repeating'units; P and W having

the meanings given in claim 12.

preceding claim in which the consecutive (5'— 3')
sequence:
~ TGGGLA | o (8)

is conserved in all repeating units, and T =T or U.

16. A polynucleotide according to any of

claims 12 to 14 wherein P is T or U.

* [ L L] S *
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123 the pol ynucl eoti de bei ng -.capable of hybridising with fragnents of
-DNA from nore than one mnisatellite = region . or hyper vari abl e qugs
‘produced by one or nore restriction enzynmes which do not cleave to an}

r'el evant .extent within a sequence corresponding to said repeating.uni-t. 20.
A polynuéxeotlde according to claim19 wherein Wat the 5 end. is A and at
the 3" end is T or U 21. A net hod of preparing a pol ynucl eoti de
havi ng pol ynmorphic ninisatellite-length-specific binding characteristics
comprising (i) identifying a natural tand@® repeat sequence .in DNA
"which is capable of Iimted hybridisation to' other ponnDr hi c DNA
regiqns, (ii) idEhtifying Aa Pﬁ&ﬂﬂP&ﬂe°¢dﬁ§en§§§°€€ﬂé8 sé&ueﬁ@é oPft he

repeat sequence putatively res |b| h binding, and (iii)

i sol ati ng- or art|$ %f%ﬁliEbEPla 5’ﬁéPfgcﬂ o% i mper f ect tandem r epeat
sequence derived from the natural consensus core sequence havi ng
mnisatellite binding properties which exhibits |ower

genone-locus-spec*éLC|ty anﬂ thH?%ucleotide according to any of
i claims 12 to 17 wherein the recited consecutive core
sequence or conserved sequence is -identiczl with the

repeat sequence.

19. A polynucleotide in 1isolated or cloned
- form having at ieast three repeats of a sequence not
exceeding 31 _ﬁt including the coasecutive Sta.3'.
core sequence .
GGPGGGCWGGWXG * _ (9)
where P = not G, W =4 or T or U and X=~RAo0rgG
or'ﬁ variané the;éof, provided that the
f?;;?ugf ééne ;éduenceé'ih all repeats have at least
70% homology on éVébaéé'with "true" core sequences
\_ N defined  with reépect. to formula (9), gdd -said
repeating unit - ' need not be an .exact
repeat either as to number and kind of nucleotides, -
provided that the polynucl%otide has a recognisably
Irepeated éonsen;us.sequence, |
 or a polynucleotide of complementary sequence to the

above,

* [ L M S *



155 124 ponnDrphic fragment acceptance than the natural repeat sequence.
22. ... A nmethod according to claim2l wherein the polynucleotide is as
defined in any of clains 1 to 20. 23. A nmet hod of preparing a

."pdl ynacl eotide as defined in any of claims 1 to 20 by mi crobi ol ogi cal
reprqgiétlon of isolated or cloned material. 24 A- net hod of

- preparing a polynucleotlde as defined .in any of <clains 1 to 20 by
di rect synthesis. 25. A polynucleotide probe conprising, with the
inclusion of a l|abelled or nmarker conponest, a pol ynucl eotide conprising at
| east three tandemrepeats (not necessarily exact repeat s) of
sequences whi ch are honol agoas piotlly naclienitddtee! | bé Eng egicapadllet heo thumanwér
ani mal genonme to a degree enabling hybri di sati on of t he probe 'to
a correspondi ng N ifd iaimeitw idiit dinaghdnt s ofgBdAt Engmt hergabipdne ANA with a

restriction endonucl ease, 11111111 111111 111111111111111 156 125
wher ei n: minisatellite region or hypervariable locus

produced by one or more restriction enzymes which do
not cleave to any relevant extent within a sequence
corresponding to said repeating unit,

20. A polynucleotide according to claim 19

wherein W at the 5' end is A and at the 3' end is T ~
or.U.
21. A method of preparing a ‘polynucleotide
having polymorphic minisatellite~length-specific
binding characteristios-comprising .
(i) “identifying a naturol tandem repeat
”:_sequence in DNA "which is capable - of limited o
_ hybridisation to other polymorphic DNA regions, ~
(11) 1dentifying a natural conseasus | N~

'_oore sequence of the repeat sequeﬁce putatively
'responsible,for such.binding, and

| (iii) isolating-or artificially building

a perfect or “imoerfect tandem repeat sequence

derived from  the natural consensus core sequence

having minisatellite binding properties which

exhibits lower genome-~locus-specificity and higher

R
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a) the repeats each contain a core which-is at |least 70% honol ogous w th
a consensus core region of simlar length present in a.plurality of - -
mnisatellites fromdifferent genomc looi; long; c¢) the total nunber
of nucleotides within the repeating unit which do not contribute to t
core is not nore than 15; d) the probe is capable of differen- tiating.
DNA by reference to nore than one polynorphic minisatelite region or

hypervari abl e | ocus. 26. A probe according to claim25 wherein the
core contains the 5 ->3" consecutive sequence: PGGEOWG :

(7) or TGGGCA 124 _ (8) where [err] = not
G WA or or U 27. A probe according to claim25 wherein the -
pol ynucl eoti de Polygurymiel cOrE@EeascorGrAgtE®Sy t8R | Ahfs Naturad, at

| east the repeat units being in single stranded form 157 126 28.

A pol ynucl eot i dESPeSde PP 8BFErised in that: a) it consists of a
| abel | ed poly- . :

3 22. 4 method according to claim 21 wherein the
pclvnucleotides is as defined in zny of elzizs 1 tg
20.

“ 23. A method of preparing a polynucleotide zs

defined in any of cléigé'1 to 20 by microbioibgical

reproduction of isclated or cloned materizal.

24. _ A method of pfeparing-a polynucleotide zs
defined in any of elaims 1 to 20 by direct

synthesis.

25. A.polynucleotide probe comprising, with
the inciusion of a labelled or marker component, =
polynucleotide comprising at least' three tandem
repeats (not necessarily exact repeats)' of
'sequénces which are homologous with a minisatellite
region of the human or animal genome to a degres
enabling hybridisaﬁién .of the probe to 2
correéponding DNA f}agment.obtained by_fragmenting

the sample DHA with'a restriction endonuclease,

(e



hucleotiSESGgeing a polynucl eotide as defined in any of ¢clainms 1 to 20
~wher ei-n PYeast the repeat units are in single stranded form and b) t he
probe . is capable of differen- tiating DNA by reference to nore than one

poly- -norphic minisatellite region or hypervariable |ocus. 29. A
probe according to any of clainms 25 to 28 wholly in single-stranded form -
30. A nethod of prepari.ng a probe useful in genetic origin

determ nati on of human or ani mal DNA- containing sanpl es which conprises

i ntroducing a | abel or marker into a pppgnucl eotide according to any of
claims 1 to 20 or as prepared by a nmethod according to any of claims 21 to
24. 158 127 31. whekeipoel ynucl eoti de probe - essentially _
consisting of at least three repeats of a sequence selected fromthe \‘4
fol l owi ng (including cédpl ebipa- Tedee tegeafiesontgident i9)e which
A(Core) GGAGGTGGGCAGGAGG(33,6 (A)AGGGCT
G A GG (33s158t keasik J@F THORPECEOKSG BLEhG & (goasensus core

region of sigilzar lengtz present in a2 plurality of

-

zminisztallitas froz diffgrent genoxic logiy
o sne cors is fre= £ to 1€ nuslectides
lorng;
c) the tcotal nucber of nuclastides
within the repsating uni: which do nect ecntritute Lo R

é) the prote is czpable of differen-

locus.
26. | - A pvobe accordins to c-a*m 45 wherein the
core co&ta*ns the 5-—9*' consecutive sequence: O
PGGCCWG : , (7)
_ &/
or TGGGCA - (8)

N O Y
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(33¢5) GCGAGGTECG C A GGA GG . (ML3.core8) - - G T G G
GCAGGAA G (M3.coreQ TGGG.CA G (M3.core) . '§{GG
TGGGCAGGT GGwiere T=Tor U 159 128 32. : A nethod of
characterising a test sanple of genomic DNA by reference to one or nore
control s which conprises probing the test sanple with a polynucleotlde_157
probe conprising (wth the inclusion necessary of.a |abelled or marker
conmponent), a pol ynucl eoti de conprising 12 |east three tandem repeats
(not necessarily exact repeats of sequences whi ch aré honol ogous
with a ninisate#®tte regi dh 8P é("(}é’r{éﬁ‘e tdea REQP & BRIATHRYF hyeti disa-
tion ¥ the pr qh %heremﬁth detecting hybrid ised fragnents of DNA and
conparing the ridised fragnents with a said control or controls,

wherein: (a) the sarrpl e egtgvl tlhsone, ory OPLELASt T, OCJH on

enzymes whi ch do not cleave to any r evant extent a sequence c rre&spondi ng
to the said tanggsneerqals, Deidfea IFPERHGcLAGR iGN LY Qe iGRIE Mhigdy i s at
| east 70% honol ogous with 'a consensus core region of simlar |ength present
|g a plurality ®f claims 1 to 20 wherein a2t least the repeat units

le stranced fore and

are 1n s1in

b) the probe is capable of differen-

tiating DNA& by reference to meore than one poly-

o ﬁorphic minisatellite region or hypervarizble
locus.
29. . A probe zccording to any of claims 25 to

Zé wholly in single-stranded form..

30. | A method of prepariné a probe useful in
genetic origin determination of huaman oé animal DNA-
containing sampies which comprises introducing a
label or markeé”into a2 -polynucleotide according to
-any of clgims 1 to 20 or as prepared by a method

according to any of claims 21 to 24.

-
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mnisal]§fites fromdifferent genonmic loci; c) the core is from6 to 16
Mnuclepti'des long; 11111111 111111 111111111111111 - 160 129 d) the
total™ nunmber of nucleotides within the repeating unit which do not

contribute to the core is not nore than 15; e) the hybri di sed
fragnents differentiate the sanplle DNA by reference to nore than one
polynorphic mnisatellite region or hypervariable |ocus. 33. A

nmet hod according to claim 32 wherein the genone refers to the hunman or

~ani mal genonme and the sanples are of human or animal genom c DNA. 34.

A nmet hod according to claim 32 or cleﬂﬂ§733 of- establishing the identity .or

ot herw se of the test sanple donor with one or nore control sanple dono(g

i n which thfé‘cont r ol sinpl eéé)_ A dotidel y fgmgyent eéssenkiallyonpari son
-is- made *the hybridis '?ragnents fromthe respective sanples. 35.

A method accordinge@RcClef 821easy atwras ofepesttabl PEhRNG LAY RE Py
connection between the test sanple donor and one or nore control sanple b
donors, in ybightedherreanttioe fsahpdeisg Gircludingaqgrplenen=

tary sequences):-

I

(Identitv) A
(core) GGAGGTGGGCAGGAGG .
) (336 ) MAGGGCTGGAGG
) (33.15) AGAGGTGGGCAGGTGG
_ _ . | )
(335) GGGAGGTGGGCAGGAG .
( Mi3.core8 ) GTGG G.C.AGGAAG
( Mi3.coreC )" TGGGCAG - -
( M13.coreD ) GGTGGGCAGGTGG W
o/

where T = T or U.

¥
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fragnented and a conparison is made of the hybridised fragments from
t he respective sanpl es. - 130 - 36. A nmet hod according to claim33 4 =
wherein a hybridised fragnment is isolated to obtain a secondary probe WhrL§9

is locus specific of a mnisatellite region of the human or aninma

genone.

37. A nethod according to claim 36 wherein the said hybridised fragnent is
a fragnent observed by said conparison of individual fragnments produced by
one or nore said probes in a famly or perh§ree analysis to be linked to a
di sease, abnormality or trait whereby said secondary probe is linked with

the said i nherited disease,

. abnormality or trait. 38. A nmethod according
to cleim 37 wherein the secondary probe is obtained froma said fragnent

observed to be 38soci at ed i Bathoshrofosbarast eNG g od mleistty sampleat ed

wi th cancer.

39. A nethod accordin

C to any preceding claimin which
conparison i s n@fie86ROFLST HFE BY %&ﬁqq%&;grgﬁnﬁﬂfs°6bﬁﬁqﬁaPQEﬁ?®l§t

| €ast two diffengn
whi

e,

C

sai.d probes.
h

& cowprises préb%ﬁ% “the test sample with a

polynuclectide probe comprising (with the inclusion

"y

- &
~% necess

m

ry of z labelled or marker ccmponent)

polynuclestide comprising at least three tandenm

repeats (not necessarily ' exact repeats) of

sequences which are homologous with a2 minisatellite
region of a gendme to a ‘degree enabling hybridisa-
tion of the probe therewith, detecting hybridised
fragments of DNA, and coamparing the hybridised
fragmentslwith a said control or controls, wherein:
| (2) . the sample DNA is fragmented with
one or more resiriction enzymes which do not cleave
to ‘any relevant extent a sequence cbrresponding to
the said tandem repeat}'_ .
b)_-thé repeats ezch contain a éore which
is at least 70% homologous with 2 consensus core
region of similar lensth'present-in a2 plurality of
minisatellites from different genomic loci;
| e) fhe core is from 6 to 16 nucleotides

long; .
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40. A nethod according to any of clainms 32 to 39 wherein the probe is a
p@pbé]diﬂ@rding to any of clains 25 to 29. 41. A probe which is |ocus
specific 6f a mni- satellite region of the human or "ani nal genonme and
obt ai ned by the nmethod of clains 36 or 37. 42. A probe which is derived
froma finger-print band obtai ned using one or nore probes according to any
of clainms 25 to 29, and observed to be associated with a chronosone or DNA
abnornmal ity associated wi th cancer. 63 132 42. - A

“pol ynucl eot i de substantial ly as déstribed herein with reference to
any one of the Exanples., 43. pol ynucl eqti de. probe sybstantially
as described herein wt ﬁ“‘)r ef'%?%ncet?ﬁgébne rg‘?%g 5, d%% 6,“%%‘%&3. cor\é;
B, ML3.core C@i@h%%‘%ﬂ%ergﬁﬁg%ing unitAWESEEhEQ_n%&'dﬁﬂ??fﬁhte to

characteri sation substant y as describ erein
the core is not more than 15;

L1

e} the hybridised fragments

differentiate the sample DN& by reference to more

N

han one pelymorphic wminisztellite region cr

hypervarizble locus.

33. A method'aécording to claim 32 wherein the \~)
genouwe refers'to the human or animal genome and the -

sauples are of human or animal genomic DNA.

38, A method according to claim 32 or claim 33
of.estabiishiqg the identity or othefwise of-the
test sémple donor with one or more control sample 1~
'donors,.in which the control-sample(s) are similarly

fragmented and a compdrison -is - made of the

hybridised fragmeﬁts from the respective samples. -
\/

35;. A method according to clzaim 32 or claim 33

of estabiishing a family connection Setween the test

sample_dbnor and one or ﬁore control sahple.donors, g

in which the control sample(s) are similarly | ®

fragmented and a comparison is wade of the

hybridised fragments from the respective samples.

\
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36. A method according to claim 33 wherein a
hybridised fragment is isolated to obtain a secondary
probe which is locus specific of a minisatellite region

of the human or animal genome.

37. A method according to claim 36 wherein the
said hybridised fragment is a fragment observed by said
comparison of individual fragments produced by one or
more said probes in a family or pedigree analysis to be
linked to a disease; abnormality or trait whereby said
secondary probe .is linked with the said inherited
disease, abnormality or trait.

-

38. A hethod_according to claim 37 wherein the
secondary probe is obtained from a said fragment
observed to be associated with a chromosome or DNA&

abnormality associated with cancer.

39. A method according to any preceding claim in
which comparison is made of patterns of positive

fragments obtained usihs at least two different said

probes.
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‘wherein the probe is a probe according to any of claims

- 131 -
40. A method according to any of claims 32 to 39

25 to 29. | .

41. A probe which is locus specific of a mini-
satellite region of the human or énimal genome and

obtained by the method of claims 36 or 37. \/

42, A probe which is derived from a finger-print -~
band obtained using one or more probes according to any
of claims 25 to 29, and observed to be associated with

a chromosome or DNA abnormality associated with cancer.

( C
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42, A polynucleotide substantially as
described herein with reference to any one of the

Examples.

43. ' 4 polynucleotide probe substantially azs
described herein with reference to one of 33.5,

33.6, 33.15, M.13.core B, M13.core T, M.13.core D.

a4, A method of genetic characteriszation

substantially as described herein.

—_~;____“___‘__“_
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