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(a)

Synthetic oligonucleotides consist of fragments of a molecular probe comprising a nucleoside sequence of 49 pairs
of bases of formula (A). Application: as a molecular probe for sexing the embryos or foetuses of ruminant mammals or as
a molecular probe for detecting Y chromoesomes in a spermatozoid population.

(57) Abrégé

Oligonucléotides synthétiques constitués par des fragments d’une sonde moléculaire comprenant une séquence en
nucléotides de 49 paires de bases, de formule (A). Application: en tant que sonde moléculaire pour la détermination des
sexes d’embryons ou de fectus de - mammiféres ruminants ou en tant que sonde moléculaire pour le contrdle de la présence

de chromosomes Y dans une population de spermatozoides.
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The present invention relates to specific DNA molecular probes
useful For the determination of the sex - or sexing - of rumi-

nant embryos or foeti, particularly of the sub-family of bovines,

and in particular of the bos genus, having DMA sequences
specifid of the male sex, as well as to flanking or primer
sequences for the genetic amplificatior of these probes ; the

present invention also encompasses the applications of said probes
preferably amplified bv means of the above-said flanking sequen-
ces, and particularly their applications to the determination of the sex
of embryos and of foeti.of the above-said ruminants, and for
checking the presence ‘ of the Y chromosome in
a spermatozoa population as well as to the separation of said
population into two groups comprising respectively to the Y chromosome
and the X chromosome, for artificial insemination.
The international application PCT 86/07095 in the name of THE
SALK INSTITUTE BIOTECHNOLOGY INDUSTRIAL ASSOCIATES, filed 30
May 1986 claiming a priority US Serial Number 739 817 of 31
May 1985 and published 4 December 1986, describes nucleic acid
probes for the pre-natal sexing of males of the Bos genus, more
particularly of the Hereford and Holstein breeds. These probes
which have the characteristic ofbeing formed ot nucleic acids
which hybridize significantly with the total DNA of males of
one of the aforesaid breeds of the Bos genus, comprise

a) Eitherxr a segment which has substantially the
same sequence as :

. the smallest PstI fragment of the plasmid pES5 (2),

. Or the smallest fragment PstI of the plasmid

PESS8,

‘or the 6.2 kbp EcoRI fragment of the genome of

lambda-ESE.0 ,

b) or . any segment greater than length of 20 bp

of anyone of the segments enumerated under a) ;
c¢) oxr either of the strands of one of the
segments enumerated under a) and b)
d) or the single or double stranded RNA, having
the same sequence as one of the segments enume-

Xxated under a), b) and c) .above.
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However, although the RNA is mentioned in this PCT Interna-
tional Application (see d) above), it seems that the prefer-
red nucleic acids are the DNA and are constituted by the
EcoRI fragment of 6.2 kbp, 4.0 kbp oxr 2.2. kbp of the genome
of the lambda-ES6.0.

In accordance with this International Application, the method
of sexing embryos or foeti of the Bos genus consists of :

- placing in contact the DNA of cells of the embryo or of

the foetus, in hybridization conditions, with one or

ey sy TR e

several hybridization probes as defined above, each labelled
detectably ;
- verifying a significant hybridization is produced between
the DNA of the cells of the embryo or of the foetus and the '
one or more hybridization probes.

According to the PCT International Application concerned,

the hybridization probes are obtained by nick-translation

and the embryo or foetus DNA would only come from at least

4, but preferably from at least 10, embryo cells.
The PCT International Application 86/07095 describes in addi- B
tion a method for isolatinga DNAclone coming from a genome ;
bank of the males of the species concerned, which consists of :
- screening the genomic:-libraryby Hybridization of nucleic acids
with a male-specific probe <comprising the total male DNA

and the total female DNA of the species, to identify the
clones of thelibrary which comprise the DNA which hvbridizes ¢
with a fragment containing a male specific DNA segment said.screening |
being performed on a solid support pre-hybridized with the

total female DNA of the species, fragmented randomly to have

an average length of about 20 or 1000 nucleotides ;

-~ then identifying the clones of the libraryidentified in the 2
course of the screening, which shelter the DNA which hybridizes :
considerably more with the total male DNA of the species than with :
the total female DNA of said species. i
In practice, to permit detectable hybridization withthe small p
amounts of embryonic DNA available in the small number of cells which can (<
be taken out from the embryos or foeti to be sexed, it is ﬁ

Preferred for the nucleic acids used as probes to be labelled ; 't
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with radiocactive atoms and it seems also preferable to use
conjointly two of the above defined probes.
Three male-specific probes were obtained,df which the first
corresponds to the RsAI fragment of 5-6 kbp of male bovine'
DNA, the second to the RsaI-EcoRI fragment of 4kbp of male
bovine DNA and the third to the EcoRI fragment of 2.2 kbp of
male bovine DNA, and their sequence in nucleotides has been
at least in part ideatified.
However, due to their length itself, it is difficult to envi-
sage synthettzing such probes, of which nothing indicates, after
all, in said PCT International Application, what are the
segments of these sequencies which are "specifically"

male-specific and are in fact useful for the sexing
of embryos, and which have manifestly not been identified.
Applicants bhave, on their side, isolated a specific DNA mole-
cular probe of DNA specific male genome of mammals, particularly of the
Bos genus - which the Inventors have besides succeeded in
synthetizing -, of which the hybridization profile (determi-
ned by hybridazation of said probe with the male genomic DNA
digested with EcoRI) shows the presence of « band of the order
of 7 kb specific for the male genome of the Bos genus (and
absent from the feumale genomic DNA), which probe - which has
received the name bc.l1.2. - comprises 49 pairs of bases whose

sequence in nucleotides (A) is as- follows

5' 3'
= —
kTCAGTGCAGGGACCGAGATGTGCTCCAAGGAGTGTTTATCGGCTGCTT (A)

or a fragment of said sequence comprising at least 11 nucleo-
tides.

This probe is described and claimed in a Patent Application

filed in France in the name of the Applicantsonthe date of

28 February 1986, undexr no. 86 02811, and its'applications are descri-
bed and claimed, on the one hand, in said application, and, on

the other hand, in a Certificate of Addition to this applica-
tion, which was filed in France on 9 September 1986, under

no. 86 12616.
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Within the compass.of pursuina their research with the object
of stating whether the specificity of the recognition of the

male genome could be identified in a segment of the sequence
of 49 nucleotides which constitutes the probe according to
French Patent Application no. 86 02811, the Inventors have
established that within.this sequence, segments or fragments
of several cmsecutive nucleotides show the hybridization
profile derined in their Patent Application of February 1986
and are specific to the male genome of the Bos genus.

The possibility of having available a ©probe comprising a
sequence of nucleotides of short-length has considerable
interest, since it permits the synthesis at will, at indus-
trially acceptable cost prices, of such a probe which, through
this fact, is completely pure and does not cause background
noises.

In addition, the Inventors have succeeded in identifying the
flanking segments of said probes, which has permitted them

to amplify the latter and has the consequence of increasing

their sensitivity, of ensuring a reliability in the determi-

nation of the sex of embryos of the order of 100 %, and of redu-

cing the time necessary for such a determination.

Jdoreover, the Inventors have been able to establish that
the segments or fragments of DNA of short-length which are
male-specific, that they have identified and synthetized

can play the role both of probes and of flanking segments, or
primers,

It is an object of the present invention to provide synthetic
oligo-nucleotides which are characterized in that they are cons-
tituted by fragments of a molecular probe comprising a sequen-
ce of nucleotides of 49 pairs of bases, of the Formula A,

below :

5! 3

— n
ATCAGTGCAZGGACCGAGATGTGCTCCAAGGAGTGTTTATCGGCTGCTT (A)

W

P

-
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known in itself, and constituting a DNA-segment specific of
the male genome of ruminant mammals, particularly of the Bos
genus, which fragments are themselves characterized in that
they comprise at least 10 bases of said sequence(3), among
5 which are at least 5 consecutive bases of the latter, as
well as their complementary fragments or any fragment having !
at least 60 % homology with said oligo-nucleotides.
According to an advantageous embodiment ©f the invention, theé
synthetic oligo-nucleotides according to the invention are
10 characterized in that they are constituted by fragments of
the molecular probe (A) which comprise 17 bases, among which
are at least 5 consecutive bases of the latter and in that

they correspond to formulae (1) to (8) below

- 1}

5 5! 3 |
- | i
(1) GATCAGTGCAGGGACCG ;
5' 3! ;
— = !
(2) CAGGGACCGAGATGTGC |
51 31 ¥

— -

20 (3) GGACCGAGATGTGCTCC

5! 3!

| — -

(4) AGATGTGCTCCAAGGAG

5! 3'
25 (5) ‘CTCCAAGGAGTGTTTAT |
5! 31 T
‘-Q )
(6) 'AGGAGTGTTTATCGGCT |
5! 3! f.
. 1
(7)  ‘TTATCGGCTGCTTGATC |
30 51 31 ‘:'

(8) 'TGGTTGAGCTCAGGGAC f

v
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as well as their complementary fragments or any fragment
having at least 60 % homology with said oligo-nucleotides.
In another advantageous embodiment of the invention, the
synthetic oligo-nucleotides according to the invention are
characterized in that they are constituted by fragments of
the molecular probe (A) which comprise 20 bases each and !

have the sequences of nucleotides shown by formulae (9) to

(11), below : b
5! 3t
(9) "ATCAGTGCAGGGACCGAGAT
5' 3!
(10) GTGCTCCAAGGAGTGTTTAT
5 3

|
(11) bGACCGAGATGTGCTCCAAG

as well as their complementaryfragments or a fragment of said
sequences comprising at least 5 consecutive nucleotides or

any fragment having at least 60 % homology with said

sequences.

It is emphasized that the sequence (9) corresponds to a
fragment of the probe of 49 bp of formula (A) which extends
from base 1 to base 20, that sequence (10) corresponds to a
fraément of the probe of 49 bp formula (A) which extends
from base 21 to base 40 and that the sequence (11) corres-
ponds to a fragment of said probe which extends from the
base 11 to base 30. o
The International PCT Application no. 86/07095 in the name
of THE SALK INSTITUTE BIOTECHNOLOGY INDUSTRIAL ASSOCIATES
INC. (abbreviated "SIBIA") filedon30May 1986 claiming the
priority of an initial application of 31 May 1985 in the
United States, described, as indicated above, the partial

sequence of total (chromosomic) DNA extracted from bovine

PR —

cells and particularly describes sequences constituting : )
respectively the Rsal fragment of 5-6 kbp and the EcoRI _ 1
fragment of 4 kbp . the bovine male DNA and this appli- Cge

cation has given the partial sequence ~2mprising these two fragments.
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The Inventors have, on their side, synthetized a certain
number of fragments of the bovine DNA seguence and have

been able to establish that these fragments on the one hand,

are male-specific, and are suitable for constituting mole-
cular probes for the sexing, of embryos, and on the other

hand, are suitable to play the part of primers or flan-
king segments- and, consequently, to amplify the fragments

of the DNA sequence which play the part of the probes, parti-
cularly the molecular probe (A), which is also the case of
fragments (1) to (8) and (9) to (11) each of which can as just as
well play the part of a primer or flanking segment- of
another of these fragments used as a probe, as the part

of the probe amplified by each of said fragments.

According to the present invention, said fragments of the
bovine DNA sequence are characterized in that they have the
sequences in nucleotides shown by the formules (12) to (29)

below

5! 3

2

fACCGGTCTAGGTCTAGCCCTTGTTCGGGACGCACATCACAGGCTCCTGAGCCCCCATCTC
(12)

! |

5 3
T}—GTAGAGCCCGC ATCTCGGTCCCCGCGGTGAACC'I.‘GGCCC(}GT‘I‘CC’I.‘ACCCCAGT(?«J

(13)

5 3
rC—TGAGGCCTCCTCTCGC ACTCTGCCCTGAAGCCGTGC GCGTCCTGCCCTCGATCAGACCTP.‘

(14)

5l
(G ACAGGGTGGGCCGTGCCCTCGTTCAGTCACCCGGGAAACACTGCTGAGCCCGCATCTT
(15)

-

@ Jw
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5' 3|
'ZCACTGCTGAGCCCGCATCTTGATCCCCGCGCTAAACCTGGCCGGCTCCTACCCCCAGE
(16)

2 3!
ACCGGTCTAGGTCTGGCCCTTGTTCGATTCACTCAGCACAGACTCCTGAGCCCCCATCTC
(17)

3
GCTGTGATCCCGCAGCTCANTCCCGGCACTGAAGCCACCTCTGGGGCTTGGCCTGCTfa

(18)

5
i

3!
GAAGCAGTCTAGGGCCTGCCTTGTTCGGAATTCGGATGEATGCTGCCCTTGGGCAACAC
(19)

5
~
A

1 1

3T,
Jw

TCGGAATTCGGATGGATGCTGCCCTTGGGCAACACCCCCACCGCCCCCAAACTCACACA
(20)

>Tw,m

3
GCTCAACCACGGTGGTTTCTGCCTCTGGCCAAGGCCCTCGACAATCAATCCTGAGCCCA
(21)

5! 3!
ATCTCACGCGCTGCACTAAACCACGCAGAGTTCCGCCCTTCCTGAAGTGCCCGTCTAAAG,
(22)

5!
ACCAGTCGAGGTCCTGCCCTTTGTGCGGGCCCCTAGCACAGACTCCCGACCCAAACCTC
(23)

Hjw

5!

‘KbACTGCTGAGCCCGCATCTTGATCCCCGCGCTAAACCTGGCCGGGCTCCTACCCCCAG
(24)

5" 30

5

ACCGGTCTAGGTCTGGCCCTTGTTCGATTCACTCAGCACAGACTCCTGAGCCCCCATCT@
(25)

5' 3'

- "

CCCCCCGCCCGGTGTCTGCACTGATCCAGGCTGGCTCCTGCCCTCGGTCAAGACCCTGG
(26)

@ Jw

5! '
2
AGCAGGCTGGCTCCTGCCTTCGTTCAAGCACCTGGCAAAGTAACCGCCGGGAGACTCCA

(27)

3
2,
G




9 “
! 1
5! 3!
TGC TGTGATCCCGC AGCTCACTCCCGGACTGAAGCCACCTCTGGGGCTT GGCCTGCTTC
(28) .
1 3!
Z =
5 lKGAAGCAGTC’I.‘AGGGCC‘I‘GCC‘I”ITC’I‘TCGAT TCCCGCGACACACACTCCTGAGCCACAGCT
(29) o

N

s

It is also an object to the present invention to provide

a method of a genic amplification of a molecular probe of

DNA specific of the male genome of mammals, particularly
10 of ruminants, more particularly of the sub-family of bovines
and specifically of the genus Bos, which probe has one
the sequences of nucleotides of formulae (A) and (1) to (29)
above, which method of amplification consists in fixing at
each of of the ends, respectively, of said molecular probe,
15 a flanking sequence judiciously selected from among the DNA

fragments of formulae (1) to (29) such as defined above, by

hybridization, then in applying a procedure of enzymatic exten-
sion by means of DNA polymerase, followed by a denaturation
process, and in repeating the cycle hybridization-extension-dena-

20 turation, known under the name of PCR cycle, a sufficient
number of times to increase the amount of the sequence consti-
tuting the starting molecular probe in an exponantial propor- :
tion wiih respect to the number of cycles employed.

The bovine DNA fragments useful as molecular probes of DNA
25 specific of the mgle genome of the mammals mentioned above, or as

flanking segments of these probes, identified above, can be, as

the case may require, advantageously amplified according

to the pxééent invention, and duly labelled with a radio-iso- .

tope or with a suitable non-radioactive substance, are used |
30 as described in French Patent Application no. 86 02811 and/or

in its Certificate of addition no. 86 12616, for the sexing

of embryos or of foeti or for checking the presence of the Y

chromosome in a spermatozoa population, or again for the

separation of spermatozoa into two populations of spermatozoa
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bearing respectively the Y chromosome and the X chromosome
for their use in artificial insemination.
It is also an object to the present invention to provide
a method for the preparation of monoclonal or polyclonal

5 antibodies by immunisation of rodent mammals with the sper- i
matozoa fragment bearing the Y or X chromosome checked by ?

hybridizatiza with a bovine DNA fragment of formula (1) tc }
j

(29), or a orobe of formula (A), amplified by one or seve-
ral primers - or flanking segments - of formulae (1) to
10 (29).

The present invention has in addition, the object of provi-
ding specific immunological reagents recognizing antigermnic
determinants checked by the X or Y chromosomes which have
served for obtaining said reagents and expressed at the surface

15 of the spermatozoas, characterized in that they are consti-

tuted by antibodies obtained by employing the aforesaid method,
if necessary purified.
Besides the foregoing features, the invention comprises yet

other features which will emerge from the description which

20 follows.

The invention will be better understood by means of the
additional description which follows, which refers to exam-
ples of praticing the present invention.
It must however be understood, that these examples are k
25 given purely by illustration of the invention, of which they
do not constitute in any way a limitation.
EXAMPLE 1 ' {
SYNTHESIS AND PURIFICATION OF SYNTHETIC OLIGONUCLEOTIDES OF
FORMULAS (1) TO (8) ACCORDING TO THE INVENTION
30 These eight oligonucleotides of 17 pairs of bases each, com- ‘
prising at least 5 consecutive bases of the molecular probe (
(A), which correspond respectively to the formulae (1) to

(8) given below : :

r:’.&"“




.10

15

20

25

11

3!
ATCAGTGCAGGGACCG
31
3
AGGGACCOAGATGTGC
31
GACCGAGATGTGCTCC
3! f
GATGTGCTCCAAGGAG
1 3!

.
TCCAAGGAGTGTTTAT
31
GGAGTGTTTATCGGCT
1 3!
PATCGGCTGCTTGATC
1 3'
GGTTGAGCTCAGGGAC

T @wm

PN

BTu >Tuv Qv =Tu @lum a

3] W

(8)

=]

are fragments of the segments of 49 bp which has the nucleo- '
tide composition (A) indicated above.

Their chemical svnthesis was performed by means of an automa-
tic synthetizor " APPLIED BIOSYSTEMS" by the solid phase phospho-

ramidite technique.

The reaction being 95-97 % effective at each step, it
was necessary to purify the final product (sub-fragments (1) &
to (8)) of the intermediate oligonucleotides. About 7 mg of :

the oligonucleotides mixture in 60 pl H,0 were separated by
electrophoresis in a 20 % polyacrylamide gel + 8 M urea i
at 700 v, 38mA for 3 hours. Thebands corresponding to the 17

mer are marked by means of an alumimm foil coated with sili- |
ca gel, fluorescent at 254 nm (Merck).

This portion of the gelwas cut off, then the DNA was eluted in

1.5 ml of 0.5 M CH3COONH4 solution + 5 mM EDTA with stirring

at 37° Cc for 16 hours.

P

The supernatant is concentrated to about 300 Ml and the urea
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is removed by chromatography on a column 10 cn X 1 cm of

Sephadex G-50 (Pharmacia) equilibrated with the 10 mM-Tris-HC1
pH 7.5 + 1 mM EDTA buffer. The DNA thus isolated 1is
freeze-dried and stored at -20° C.

RADIOACTIVE LABELLING (32p) OF THE SYNTHETIC FRAGMENTS (1)

TO (8) (Monostrand)

10 to 20 pM of fragments (1) to (8) in a volume of 3 pl are
added to 23 pl of the reaction mixture composed cf =
100 mM dithiothréitol (2.5 pl), 10 mM spermidine (4.5 pl),

500 mM Tris-HC1l incnubation buffer pH 7.5 + 100 mM MgCl, (2.5
ul), 100 pcCi (2{— 32p) adenosine triphosphate-ATP 3000Ci/mmole
(Amersham) and 20 U T4 polynucleotide kinase (Boehringer).
After incubation for 30 mn at 37° C, the reaction is stomped
with 2pul 400 mM EDTA and the labelled oligonucleotide is sepa-
rated from the ATP by chromatography on a cclumn with Sephadex
G-25.

PREHYBRIDIZATION AND HYBRIDIZATION

The filters or blots are prehybridized from 42 to 65° C for
1 to 4 hours with a mixture 5xSSPE containing 0.9 M - NaCl ;
50 mM NaHPO4 pH 7.4 ; 5 mM EDTA pH 7.4 ; 5 X Denhart ; 0.3
mg/ml of sonicated and hydrolyzed salmom sperm DNA ; 0.5 %
sodium dodenyl sulfate. The hybridization is -carried out in
the same mixture. Each of the probes radiolabelled with 329,
denaturated at 100° C for two minutes, is added to the hybri-
dization solution at 1 to 6x10°pm/ml.

The hybridization is performed at 40 to 65° C for at least

1 hour. After hybridization, the filters are washed in a 2
X SSC buffer plus 0.5.% SDS, one or twice at 45° C for 30
minutes. The filters are then placed in a cassette equipped
with "CRONEX" (DUFONT) intensifiers, placed in cuntact with
a Kodak XAR-5 film for autoradiography for 1 to 16 hours at
-70° C.

EXAMPLE 2

SYNTHESIS AND PURIFICATION OF SYNTHETIC OLIGONUCLEOTIDES OF

FORMULAE (9) TO (11) ACCORDING TO THE INVENTION

I
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These three oligonucleotides of 20 pairs of bases each which

correspond respectively to the formulae (9) to (11) below : T
5! A ‘
ATCAGTGCAGGGACCGAGAT (9)

5 o 3
GTGCTCCAAGGAGTGTTTAT (10)
5' 3!

I I
3GACCGAGATGTGCTCCAAG (11)

ara fragments of the seguence of 49 pairs of bases of formu-

10 la (A) of which sequence (9) comprises the bases 1 to 20 of the .
sequence (A), whilst the sequence (1C) comprises the bases E
21 to 40 of said sequence (A) and the sequence (11) comprises ,
the bases 11 to 30 of said sequence (A).
The synthesis of the fragments (9) to (11) was carried out

15 by taking the sequence (A) as a model.
This chemical synthesis was performed by means of an "Applied
Biosystems" automatic synthetizor by the solid phase phospho-

ramidite technique.

The reaction was 95-97 % effective for each probe, it was

20 necessary to purify the final product (sub-fragments (9) to
(11) - 20 mer) from the intermediate oligonucleotides. About
7 mg of oligonucleotide mixture in 60 pnl H20 are separated

by electrophoresis in the gel of 20 % polyacrylamide + 8 M

urea at 700 Vv, 38 mA for 3 hours. Thebands corresponding to the &
25 20 mer are marked by means of an aluminum foil coated
with - silica gel, fluorescent at 254 nm (Merck). This por-

tion of the gel is cut off, then the DN& eluted in 1.5 ml i
of the solugion 0.5 M CH3COONH4 + 5mM EDTA with stirring at
37° C for 16 howurs,

30 The supernatant is concentrated to about 300 pl and the urea i

is removed by chromatography on a 10 cm x 1 cm Sephadex G-50
(Pharmacia) column equilibrated with the 10 mM Tris-HCl pH

7.5 + 1 mM EDTA buffer. The LNA thus isolated is freeze-dried g

and stored at =20° cC.

35 RADIOACTIVE LABELLING (32,) OF THE (9) to (11) SYNTHETIC ;
(Single strand, FRAGMENTS

el

o ‘.
p3
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10 to 20 pM of the (9) to (11) fragments in a volume of 3

pl are added to 23 pl of reactional mixture composed of

100 m% dithiothréitol (2.5 pl), 10 mM spermidine (2.5 pl),
incubation buffer 500 mM Tris-HCl pH 7.5 + 100 mM MgCl,

(2.5 ul 100 puci (-3%) adenosine triphosphate-ATP 3000Ci/

mole (Amersham) and 20 U T4 polynucleotide kinase (Boehrin-
ger). After incubation for 30 mn at 37° C, the reaction is

stopped with 2 pl 400 mM EDTA and the labelled oligonucleo-
tide is separated from the ATP by chromatography on a column

with Sephadex G-50.
PREHYBRIDIZATION AND HYBRIDIZATION

The filters or blots are prehybridized at 55° C for 4 hours
with a 5xSSPE mixture containing 0.9 M NaCl i 50 mM NaHPO4
pH 7.4 ; 5 mM EDTA PH 7.4 ; 5 X Denhart ; 0.3 mg/ml of soni-
cated and hybridized salmon sperm DNA ; 0.5 % sodium dodecyl
sulfate. The hybridization is performed in the same mixture.
Each of the fragments radiolabelled with 32p denaturated at
100° C for two minutes, is added to the hybridization solu-
tion at 1 to 2 X 106cpm/ml,

The hybridization is performed at 55° C for at least ! hour.
After hybridization, the filters are washed in the 6 x ssC
olus 0.1 % SDS buffer, once or twice at 65° C for 20 minuﬁes.
filters are then placed in a cassette equipped with

"CRONEX" (DUPONT) intensifiers, placed in contact with a
Kodak XAR-5 film for autoradiography for 7 to 36 hours at
-70° C.

EXAMPLE 3

SYNTHESIS AND PURIFICATION OF THE SYNTHETIC OLIGONUCLEQOTIDES
OF FORMULAE (12) TO (29)

Procedure is as described in Example 1, to prepare DNA frag-
ments of formulae (12) to (29).
EXAMPLE 4

DETERMINATION OF THE SEX OF BOVINE EMBRYOS BY HYBRIDIZATION

IN SITU WITH THE BIOTINYLATEDDNAFRAGMENTS {(NON-RADIOACTIVE)

OF FORMULAE (1) TO (29)

The
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A. Preparation of the cells
The cells used come from bovine embryos aged 7 to 8 days
gestation., After having been dissequated, the cells are
deposited on a slide and incubated for 10 to 15 minutes
in a fixing solution such as the mixture alcohol-acetic
acid (3 : 1 v/v) then dried in air. Slides are uvsed imme-
diately or, in the case of - postponed sexing, stored at 4° C
protected from dust.
B. Bintinylation of the DNA fragments of formulae (1) to
(29).
The biotinylation of said fragments is performed by the
addition at -the 3' end of a biotinylated dUTP or any other
biotinylated deoxynucleotide by means of terminal-
transferase enzyme (Boehringer).
10 to 20 pM respectively of the synthetizéd fragments are
added to 100 Hl of reactional mixture composed of : 140 mM
of potassium cacodylate ; 30 mM Tris-HCl pH 7.6 ; 0.1 mM
dithiothréitol ; 1 mM CoCl2 + 0,02 mM of biotinylated dUTP
and 1 to 2 units of terminal-transferase enzyme.
After incubation for 1 hour at 37° C, the labelled oligonucleo-
tide is separated by chromatography on a column with super-
fine Sephadex 25.
C. Technique of Hybridization on slides.
Slides are incubated with 90 to 100 pl of hybridization ligquid
and coated with a plastic film(to avoid evaporation).
After denaturation for 10 mn in an oven at 100° C, the slides
are placed in a moist chamber and incubated at 55° C for 16
hours.
Final composition of the hybridization ligquid is =

. 0.9 M NacCl |

. 5 mM EDTA

. 50 mM NaHPO, pH 7.4

« 5 x Denhart

« 0.5 % SDS
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(5 x Denhart = 0.1 % BSA, or 0.1 % powdered skimmed milk ;
0.1 % polyvinylpyrrolidone
0.1 % Ficoll) ;

After having removed the plastic film, the slides are washed
successively in a 6 X SSC solution (2 X 30 minutes at 55° C),
then in PBS pH 7.4 supplemented with 0.1 % v/v of Triton
X - 100 and 0.5 % (p/v) of powdered skimmed milk (Régilait).
D. Dev lopment
The still wet slides after removing the excess fluid are then
incubated for 1 hour at 37° C with a goat antibody antibiotineor
with a rabbit ;antibody anti-biotine.This antibody is sold purified
by affinity chromatography (Vector Laboratories ref. SP-3000)
and is used in our tests, diluted to 1:350 in PBS pH 7.4
+ 0.1 % (v/v) Triton X - 100 + 0.5 % (p/v) powdered skimmed
milk.
After washing 15 minutes at:the room temperature in PBSpH7.4 + 0.1 %

(v/v) Triton X - 100 + 0.5 % (p/v) powdered skimmed milk,
the slides are then incubated 1 hour at 37° C, with a conven-
tional rabbit anti-goat antibody or anti-rakbit goat coupled
with peroxidase (Biosys ref. BI 2403) diluted 1:40 in PBS pH 7.4

+ Triton 0.1 % + 0.5 % powdered skimmed milk.

The slides are then washed twice for 15 minutes in PBS pH 7.4
containing this time 0.1 % (v/v) of Tween - 20 and finally in
PBS pH 7.4 for 5 minutes.
Incubation for S5 to 8 minutes at room temperature follows
with a diaminobenzidine solution (DAB S:IGMA ref. D 8001) at
0.5 mg/ml in PBS pH 7.4 containing 0.01 % of Hy0j5.
The precipitate formed by the action of peroxidase on the DAB
is amplified by successive precipitatiomsof gold and silver
salts by the method described by BURNS et al. (Journal Clini-
cal Pathology 1985, 35, 1085-1092) :
In a first stage, 50 to 100 pl per slideof a 2.5 mM solution of
mM solution of Na (NaAuCl BDH ref. 30125 2R)
Ja (NaAuCl BDH ref. 30125 2R) are deposited and they are incu-

bated 5 mn at room temperature. After washing for 5 mn in

%
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distilled water, the slides are incubated 5 mn at room
temperature with 50 to 100 pl of 2 0.1 M solution of Na
Sulfide (NapS, SIGMA ref. S 2006), rinsed 5 mn with distilled
water and incubated 4 to 8 mn with 100 to 300 pl of silver reagent.

The composition of the silver reagent is as follows :

A Na Carbonate 0.24 M (SIGMA ref. S 4132)
Bl Ammonium Nitrate 13 mM (SIGMA ref. A 9642)
B2 Silver Nitrate 6 mM (BDH ref. 303873N)

B3 Dodecatungsto-
silicic acid 1.5 mM (BDH ref. 305453R)
B4 Formaldehyde 37 % 0.6 pl/ml (SIGMA ref. F 1635)
The silver reagent is prepared by mixing successively and with
stirring the solutions Bl - B2 - B3 - B4. The mixture obtained
is added 1:1 to the solution A and the reagent thus prepa-
red is used immediately.
After the treatment with the silver reagent, the slides are
washed with distilled H20 for 15 minutes, then in acetic
acid 1 % (v/v) twice for 15 minutes and finally dyed for 1
minute in Pyronin Y (SIGMA ref. P 7017) 1 % in H,0,rinsed
for some seconds with distilled water, dried in hot air and
mounted on DPX.

CONTROL OF THE QUALITY OF THE SORTING OF A BOVINE SPERMYATOZOA

POPULATION WITH THE DNA PROBES SPECIFIC OF THE MALE SEX

ACCORDING TO THE INVENTION

Preparation of the cells

Cells used are bullspermatozoa frozen and stored in ligquid
nitrogen. A small flake is thawed, being about 13,000,000
living spermatozoa. The flakes are reheated for 30 scconds
at 37° C and then the sperm diluted in 1 ml of sterile PBS.
A series of centrifugations for the purpose of maximum remo-
val of the the freezing medium follows. The suspension of
spermatozoa in PBS is first centrifuged for 10 mn at 500 g,
the supernatant is sucked out and the 5permatozoa taken up

again in 1 ml of 0.11 M sodium citrate. They are centrifuged
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10 mn at 500 g. The supernatant is sucked out, and the sper-
matozoa are again in 1 ml of 0.11 M sodium citrate + 5 % DMSO,
centrifuged 10 mn at 500 g. The supernatant is sucked out,
the spermatozoa are resuspended in ! ml of 0.11 M sodium ci-
trate + 15 % DMSO. They are centrifuged 10 mn at 500 g. The
supernatant is sucked out, the spermatozoa resuspended in 1 ml
of 0.11 M sodium citrate + 50 % DMSO. They are centrifuged
10 mn at 500 g. The supernatant is sucked out ; the spermatozoa
are resuspended in 1 ml of 0.11 M sodium citrate in Tris-HCl
0.1 M pH 7.4 and centrifuged 10 mn at 500 g. The supernatant
is sucked out and the spermatozoa resuspended in 250 pl of
the same buffer.
At this stage, the cells are either deposited on a slide
(30 - 40 pl of spermatozoa suspension per slide) and treated
by hybridization in situ with one of the biotinylated probes
of formulae (1) to (29), or deposited on a filter and hybridi-
zation by the dot-blot technique with one of the probes of
formulae (1) to (29) labelled by means of radio-active nucleo-
tides.
EXAMPLE 6
GENIC AMPLIFICATION IN VITRO OF THE MOLECULAR PROBES OF

DNA SPECIFIC OF THE MALE GENOME OF RUMINANT MAMMALS, PARTI-

CULARLY OF THE BOS GENUS.

The genic in vitro amplification process is based on successive
cycles - of hybridization of probes with the oligonucleotidic
"primers" (the "primers" are flanki' g segments and, specifi-
cally, in the present case, anyone of the fragments of formu-
lae (1) to (29), - extension from the "primers", by means

of DNA-polymerase enzyme and - denaturation, for example-by a
procedure called PCR ("Polymerase chain reaction") described by the
CETUS CORPORATION COMPANY (cf. particularly MULLIS et al. , COLD SPRING
HARBOR SYMPOSIA ON QUANTITATIVE BIOLOGY, Vol. I-I, 1986, pages 263-272).

The cells of a biopsy are deposited in a microtube under a volume of
10 ul in PBS - 35 pl of H,0 are added, then the tube is placed

at 95° C for 10 minutes to lyse the cells
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and denature the DNA. In fthe lysate is added 55 pl of the
PCR buffer (50 mM KCl, 10 mM Tris pH 8,3,8 mM MgCl,, 1 uM

of primer A to be fixed to one of the end of the probe,

1 uM of primer B to be fixed to the other end of the probe,
5 1.5 mM of ATP, 1.5 mM of 4CTP, 1.5 mM 4TTP, 1.5 mM dGTP. The

specimens are then transferred at a suitable temperature for

2 minutes so that the primers are fixed. The extension of

the strands is primed by the addition of 4 units of "Tag

Polymerase" (CETUS CORPORATION) and incubation at 69° C for

10 2 minutes. This cycle is repeated 30 to 40 times. The samples

are then denaturated in a solution 0.4 N NaOH, 25 mM EDTA and
deposited on a nylon membrane manually or by means of a dot-
blot apparatus. The repetition of thiscycle 30 to 40 times
procures an increase of 1 X 1012 times the amount of the

15 starting sequence which constitutes the probe proper.
The membranes are then neutralized and dried at 80° C, prehy-
bridized and hybridized at 40 or at 65° C according to the
primer employed, in a buffer 5 X SSPE, 5 X Denhart, 0.5 %

SDS containing the probes radio-labelled at 5' - end with
20 m%B2R/ATP by means of the polynucleotide-kinase enzyme,
Probes (49 mer or 17 mer or 20 mer) may be either radio-active,
or labelled with biotine or with another cold compound. The
hybridization is carried out from 40 to 60 ° C for 1 hour.
The membranes are then washed twice in 2 X SSPE, 0.1 % SDS k
25 at room temperature, followed by the washing at 45° C in
the same buffer for 10 minutes. For the radio-active probes, ;
the autoradiography is performed for 30 minutes to 10 hours 'i
at -80° C with an intensifying screen. For the cold probes,
the demonstration of the hybridization is done by a sequence
30 of immunocytochemical reactions described in Example 3 above. 1
In the case of a specific example in which the primers A
and B are respectively the fragment of formula (7) and the

fragment of formula (1) : ?3

- . .
35 r§" = \§
Amorce A : TTATCGGCTGCTTGATC (7) A

51 3 ot

L - i:J

orce B : GATCAGTGCAGGGACCG (1)
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the PCR cycle progresses in the following manner

The biopsy cells are deposited in a microtube in a volume
of 10 pl in PBS with the addition of 35 pl of HZO' as descri-
bed above ; however, the tube is placed at 95° C for only

2 minutes and the operations are continued as described above,
except that the samples are transferred for 2 minutes at 55°¢ C
and the incubation with the "Taqg Polymerase" takes place at
69° C for 2 minutes and the cycle is repeated 40 times.

With other primers it will be recommended to perform the incu-

bation with the "Tagq Polymerase" at a lower temperature, of !
the order of 37° C for example, or to perform the incubation
in certain cycles at this temperature, and at 55° C in other
cycles, the durations being opportunely slightly prolongea

or reduced according to the primers employed.

The probe employed may be a probe selected from among the

probes or fragments of formulae A and 1 to 29. It will be

possible, for example, yith the primers of formulae (7)

and (1) to use a probeof formula (4)

5' 3!
AGATGTGCTCCAAGGAG (4

In such a. case, the prehybridization is carried out as well

as the hybridization, at 65° C. .
With this system, a very intense male signal is obtained, |
distinct from that of females which is very weak, starting from 125
picograms of DNA, namely the equivalent of 25 cells and direct-

ly from cells,with 50 male cells, after 30 minutes autoradio- !
graphy.

In the same manner, by using, for example, as a probe a frag-
ment of formula (2) or formula (3), with the primers res-
pectively of formulae (8) and (5), a specifically male signal

is obtained, from 125 picograms of DNA.

Although the foregoing description has essentially taken {

account of the part played by the probes of formulae (1) to
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(29), for the determination of the sex of bovine
embryos, the checking of the presenceof the Y chromosome in
a spermatozoa population and the separation of the latter
into two groups comprising respectively the ¥ chromosome and
the X chromosome for their use in artificial insemination,

easily understood that this role may extend to
other animals to the extent that the latter show DNA sequences
specific of the male sex similar to those of said bovine
embryos ; in the same way, the role of probes of formulae (1)
to (29) as described in the foregoing, is given purely by
way of non-limiting example and may be extended to the research
of other specific sequences of the male sex.
Thus as emerges already from the foregoing, the invention is
in no way limited to those of these types of performing embo-
diments and uses which have just been described more explicitely ;
it encompasses on the contrary all modifications which may
come to the spirit of a technician in the art, without departing

from the scope, nor of the range of the present invention.
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THE CLATIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A synthetic oligonucleotide specific for the male

genome of ruminants, particularly of the Bos genus
comprising 17 bases and having a nucleotide sequence
selected from the group consisting of the formulae 1 to 8

below:
57 3’
(1) GATCAGTGCAGGGACCG
57 37
(2) CAGGGACCGAGATGTGC
57 37
(3) GGACCGAGATGTGCTCC
57 37
(4) AGATGTGCTCCAAGGAG
57 37
(5) CTCCAAGGAGTGTTTAT
57 3’
(6) AGGAGTGTTTATCGGCT
57 37
(7) TTATCGGCTGCTTGATC
57 3’
(8) TGGTTGAGCTCAGGGAC

and their complementary seguences, or any fragment having at
least 60% homology with said oligonucleotides.

2. A synthetic oligonucleotide comprising 20 bases
and having a nucleotide sequence selected from the group

consisting of the formulae (9) to (11) below:

57 30
(9) ATCAGTGCAGGGACCGAGAT

57 3’ j
(10) GTGCTCCAAGGAGTGTTTAT '

5¢ 3 !
(11) GGACCGAGATGTGCTCCAAG

and their complementary sequences, or any fragment having at - l
least 60% homology with said oligonucleotides. ‘ ;
3. A synthetic oligonucleotide constituted by a DNA ¢
fragment specific for the male genome of a ruminant mammal,
particularly of the Bos genus, adapted to be associated with

the ends of the nucleotides according to Claim 1 or Claim 2 -
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for the purpose of amplification, which fragment has a
nucleotide sequence selected from the group consisting of
the formulae (12) to (29) below:

57 37
ACCGGTCTAGGTCTAGCCCTTGTTCGGGACGCACATCACAGGCTCCTGAGCCCCCATCTC
(12)

57 37
GGTAGAGCCCGCATCTCGGTCCCCGCGGTGAACCTGGCCCGGTTCCTACCCCAGTC
(13)

57 37
CTGAGGCCTCCTCTCGCACTCTGCCCTGAAGCCGTGCGCGTCCTGCCCTCGATCAGACCT
(14)
5L 37
GACAGGGTGGGCCGTGCCCTCGTTCAGTCACCCGGGAAACACTGCTGAGCCCGCATCTTG
(15)

57 3L
ACACTGCTGAGCCCGCATCTTGATCCCCGCGCTAARACCTGGCCGGCTCCTACCCCCAGG
(16)

57 37
ACCGGTCTAGGTCTGGCCCTTGTTCGATTCACTCAGCACAGACTCCTGAGCCCCCATCTC
(17)

57 37
AGCTGTGATCCCGCAGCTCANTCCCGGCACTGAAGCCACCTCTGGGGCTTGGCCTGCTTC
(18)

57 3’
AGAAGCAGTCTAGGGCCTGCCTTGTTCGGAATTCGGATGGATGCTGCCCTTGGGCAACAC
(19)

57 30
TTCGGAATTCGGATGGATGCTGCCCTTGGGCAACACCCCCACCGCCCCCAAACTCACACA
(20)
5L 37
AGCTCAACCACGGTGGTTTCTGCCTCTGGCCAAGGCCCTCGACAATCAATCCTGAGCCCA
(21)

57 3L
ATCTCACGCGCTGCACTAAACCACGCAGAGTTCCGCCCTTCCTGAAGTGCCCGTCTAAAG
(22)
5L 3L
ACCAGTCGAGGTCCTGCCCTTTGTGCGGGCCCCTAGCACAGACTCCCGACCCAAACCTCT

(23)
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57 3’
ACACTGCTGAGCCCGCATCTTGATCCCCGCGCTAAACCTGGCCGGGCTCCTACCCCCAGG
(24)
57 3’
ACCGGTCTAGGTCTGGCCCTTGTTCGATTCACTCAGCACAGACTCCTGAGCCCCCATCTC
(25) %
57 3’
CCCCCCGCCCGGTGTCTGCACTGATCCAGGCTGGCTCCTGCCCTCGGTCAAGACCCTGG
(26)
57 37
AGCAGGCTGGCTCCTGCCTTCGTTCAAGCACCTGGCAAAGTAACCGCCGGGAGACTCCAG ‘
(27) i
57 3’ '
AGCTGTGATCCCGCAGCTCACTCCCGGACTGAAGCCACCTCTGGGGCTTGGCCTGCTTC
(28) :
57 3’ '
AGAAGCAGTCTAGGGCCTGCCTTCTTCGATTCCCGCGACACACACTCCTGAG CCACAGCT l
¥
3

(29)
and their complementary secuences, or any fragment having at
least 60% homology with said oligonucleotides.
4. A method for the gene amplification of a DNA

‘target sequence specific to the male genome of mammals,

particularly ruminants, comprising the steps of fixing to
each of the ends, respectively, of the sequence to be
amplified, a flanking sequence selected from the DNA
fragments of formulae (1) to (29) according to any one of
Claims 1 to 3, by hybridization, then applying an enzymatic
extension procedure by means of DNA-polymerase, followed by
a denatruation procedure, and repeating the hybridization- ]
extension-denaturation cycle a sufficient number of times to '
increase the amount of the target seguence in an exponential
proportion with respect to the number of cycles employed.

5. A method according to Claim 4 in which the target

sequence is specific for the sub-family of bovines.

6. A method according to Claim 4 or claim 5 in which ;
.the target sequence is specific to the genus Bos. {
7. Use of a fragment of DNA or any one of the

formulae (1) to (29) according to any one of Claims 1 to 3,
labelled with a detectable marker, as a molecular probe for

ey
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the determination of the sex of embryos or of foetuses of a
ruminant mammal.

8. Use of a DNA fragment of any one of the formulae
(1) to (29) according to any one of Claims 1 to 3, labelled
with a detectable marker, as a molecule probe for checking
the presence of the Y chromosome in a spermatozoa
population.

9. Use of a DNA fragment of any one of the formulae
(1) to (29) acuording to any one of Claims 1 to 3, labelled
with a detectable marker, as a molecular probe for checking

the scrting of spermatozoa in two populations of spermatozoa

bearing respectively the Y chromosome and the X chromosome
for their use for artificial insemination.

10. Use of a DNA fragment of any one of the formulae
(1) to (29) according to any one of Claims 1 to 3,
advantageously suitably labelled and amplified by means of
one or several of the DNA fragments of formulae (1) to (29)

according to any one of Claims 1 to 3, for the determination

of the sex of embryos or of foetuses of ruminant mammal.
11. Use of a DNA fragment of any one of formulae (1)
to (29) according to any one of Claims 1 to 3,
advantageously suitably labelled and amplified by means of
one or several of the DNA fragments of formulae (1) to (29)
according to any one of Claims 1 to 3, for checking the
presence of the Y chromosome in a spermatozoa population.
12. Use of a DNA fragment of any one of the formulae
(1) to (29) according to any one of Claims 1 tc 73,
advantageously suitably labelled and amplified by means of
one or several of the fragments of formulae (1) to (29)
according to any one of Claims 1 to 3, for checking the
sorting of spermatozoa into two spermatozoa populations
bearing respectively the Y chromoso’ e and the X chromosome
for their use foi artificial insen_..ation.

13. Use according to any one of Claims 7 to 12 in
wnich the mammal is of the sub-family bovines.

14, Use according to Claim 12 in which the mammal is
of the genus Bos.

15. A process for preparation of monoclonal or
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polyclonal antibodies comprising the step of immunization of
a rodent with a fraction of spermatozoa bearing chromosome Y
or X as checked by hybridiZation with a DNA fragment of any
one of formulae (1) to (29) according to any one of Claims 1
to 3.

16. A process for the preparation of monoclonal or
polyclonal antibodies comprising the step of immunization of
a rodent with a spermatozoa fraction bearing the Y or X
chromosome as checked by hybridization with a DNA fragment
of any one of the formulae (1) to (29), according to any one
of Claims 1 to 3, or a probe of formula (A) amplified by one
or several DNA fragments of formulae (1) to (29) according

to any one of Claims 1 to 3.

17. A monoclonal or polyclonal antibody produced by
the method of Claim 15 or Claim 16.
18. An immunological reagent comprising an antibody

according to Claim 17, which recognizes an antigen expressed

at the surface of spermatozoa.
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