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(57) Abstract: The invention relates to a method and apparatus for pre-
hatch avian embryo sex determination. In particular, the invention relates
to a non-invasive method and apparatus for in-ovo determining the sex of
avian species while in the egg and allowing to sort the eggs into groups
consisting primarily of either male or female embryos. The method com-
prises the steps of introducing into the egg an antibody designed to match
with a sex specific antigen on the embryo, which antibody is labelled, al-
! lowing the labelled antibody to migrate to and bind with the sex specific
antigen on the embryo, detecting binding of the labelled antibodies on the
embryo using detection means positioned outside of the egg.
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Method for avian sex determination

Field of the invention

[001] The invention relates to a method and apparatus for pre-hatch avian embryo sex determination. In
particular, the invention relates to a non-invasive method and apparatus for determining the sex of avian species
while in the egg and allowing to sort the eggs into groups consisting primarily of either male or female embryos.
The invention uses a non-invasive in-ovo measurement method to make the sex determination. In-ovo means

measurement in the egg without having to take a sample from the egg.

Description of the Related Art

[002]  Sex separation is an important aspect for all avian species production, but in particular for the broiler and
essentially all egg layer and turkey production. For broilers and turkeys, sex separation allows a better suited
management and feeding according to the needs of both sexes, which are somewhat different than the unisex rearing
as done now in most cases. Essentially all commercial hatcheries of pullets that will become table egg laying hens
use sex separation of flocks. Male chickens are culled at the hatchery, whereas female chickens are evidently

destined for egg production.

[003] Currently, there are three methods available for sexing poultry. Day-old chicks can be sexed either by
vent/cloaca sexing, or feather sexing methods. Alternatively, male and female chicks can be reared together until
secondary sex characteristics become apparent, then the chicks can be separated based on sex. Vent/cloaca sexing
relies on the visual identification of sex, based on the appearance of sex related anatomical structures. Feather sexing
is based on feather characteristics that differ between male and female chicks, for example down colour pattern, and
rapid/slow rate of growth of the wing feathers. The third method relies on the appearance of natural secondary sex

characteristics, for example in males the combs and wattles will become larger than those on females.

[004] The vent/cloaca sex determination of day-old chicks is difficult and expensive. Identifying the sex of a bird
requires highly skilled personnel. While easier to perform, feather sexing has the disadvantage of being limited to
specific genetic crosses of birds. Sexing by secondary sex characteristics is the e¢asiest method to perform but has the
disadvantage of requiring birds of both sexes to be reared together for the first weeks after hatch which because of
feed costs and feed conversion considerations can be more expensive to the hatchery than the expense of vent/cloaca

sexing.

[005] Most importantly, because of the increasing optimization of meat production on one hand and egg
production on the other hand, the male pullets of chicken breeds that are optimized for egg productions are no longer

suitable or economically attractive for meat production. Therefore, over 500 million male chicks are destroyed every
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year in the US and Europe only by gassing, electrocution or shredding. This is not only an economic problem, but it

has also increasingly become an ethical problem.

[006] Clearly, the commercial hatchery industry has a need for a method that would allow birds to be sorted by
sex at very early stage that does not rely on highly skilled individuals or on using specific genetic crosses of birds.

Several methods have recently been developed.

[007] In US6512839 it is described that the sex of a hatchling is determined by ultrasound vent or cloaca
scanning techniques. Although this may automate and reduce costs of the sex determination process, it still has the
disadvantage that it is a post-hatching technique and therefore that the eggs must be hatched and that male chicks
need to be destroyed.

[008] In US6029080 a method and apparatus is described for in-ovo determination of the sex of avian species
comprising NMR imaging on the intact egg (non-invasive) to determine the presence of male or female sex organs
in the embryo of the hatching eggs. The NMR signals are detected and converted to an image of the sex organs,
which is interpreted by an image processing computer to identify at the sex of the embryo in the egg. Although itisa
non-invasive technique, it has certain disadvantages. A particular disadvantage of this method is that it can only be
applied in a late stage of development of embryo were the sex organs have been developed to the extent that they
can be recognized. Apart from the fact that this is a waste of hatching capacity, the disadvantage is that the male
eggs cannot be used for other purposes and that at this stage of development of the embryo the destruction may still
raise ethical problems. Furthermore, the method is economically less attractive, first of all because NMR detection
apparatus, certainly in combination with the imaging equipment, is very expensive and the technique is very

complicated and because the eggs are preferably cooled to prevent movement of the embryo.

[009] In US7167579 it is described to determine the sex of an egg by taking an image of the egg, generating 2-
dimensional contour image data from the image, extracting parameters from the contour image data and determining
the sex of the chicken egg using said extracted parameters. It is considered that this method is not sufficiently

reliable.

[0010] In WO2004/016812 the sex of an egg of an avian subject is determined by taking a sample of an egg,
preferably from the allantoic fluid or amniotic fluid, and determining the presence of certain DNA sequences by
hybridizing with a specified nucleic acid probe. The analysis of the hybridised sample includes a PCR amplification

procedure.

[0011] Although this method is accurate and sufficiently reliable, it is highly elaborate, slow and expensive and
therefore economically unattractive, but most important it is applied in a rather late stage of development where the

amnion is already developed. The method is invasive, meaning that a sample must be taken from the egg, which
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significantly increases the cost and increases the risk of creating infections and aberrations. Further, the method
relies on very expensive and time-consuming nucleic acid amplification techniques like PCR. This means that this
sex determination method can never have a high production capacity and is economically unattractive for

commercial hatcheries.

[0012] The document WO2004/016812 also mentions the use of (monoclonal) antibodies to a peptide (and
derivatives, fragments and synthetic constructs thereof capable of binding to the polypeptide) that is coded for by a
sex specific DNA sequence. The method comprises contacting a sample extracted from said avian subject with the
(preferably detectably labelled) antibody, and is ex-ovo. The document also mentions synthetic antibody constructs
comprising a covalently linked moiety which provides the molecule with some desirable property in addition to
antigen binding, for example a label (a detectable label, such as fluorescent or radioactive label) or a
pharmaceutically active agent. Example 9 describes a method of producing monoclonal antibodies for identifying

FAF peptides.

Brief description of the invention:

[0013] The problem underlying the invention is to provide a method and apparatus for pre-hatch avian embryo sex
determination that can be applied in an early stage of development of the embryo, that is not invasive, meaning that
no sample needs to be taken from the egg, and that is relatively easy, inexpensive and fast such that it is

economically attractive for commercial hatcheries.

[0014] This problem is solved according to the invention by a method for pre-hatch determination of the sex of an
embryo in an avian egg, comprising the steps of
a. introducing into the egg an antibody designed to match with a sex specific antigen on the embryo,
which antibody is labelled,
b. allowing the labelled antibody to migrate to and bind with the sex specific antigen on the embryo,
¢. detecting binding of the labelled antibodies on the embryo using detection means positioned outside of

the egg.

[0015] When incubating a fertilised egg, sex specific antigens on the embryo are formed at a very early stage of
the development of the embryo in the blastodisc, which is located at one side of the egg yolk. The labelled
antibodies will bind and a higher concentration of the labelled antibodies will be present, in or near the embryo.
Labelled herein means having a functional group that acts as a label to allow detection of the antibody and the
antibody-antigen combination. Male eggs can be identified by detecting the local concentration of labelled
antibodies bound on the embryo or, in case labelled antibodies are used specific for female antigens, by the absence
of such binding. The inventors have found a method for detecting the presence of such sex specific antigens using
selected antibodies and detecting binding by detection means positioned outside of the egg that is a non-invasive, i.e.

can be done without taking a sample from the egg.
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Brief description of the drawings:

[0016] The features and advantages of the invention will be appreciated upon reference to the Figures 1 and 2.
Figure 1 illustrates an egg positioned with the broad end upwards indicating: 1. Eggshell, 2. Outer membrane, 3.
Inner membrane, 4. Chalaza, 5. Exterior albumen (outer thin albumen), 6. Middle albumen (inner thick albumen), 7.
Vitelline membrane, 8. Nucleus of Pander, 9. Germinal disk (also referred to as blastoderm or blastodisc), 10.
Yellow yolk, 11. White yolk, 12. Internal albumen, 13. Chalaza, 14. Air cell and 15. Cuticula and further illustrating
detection means I comprising light source 1.3 and detector 1.2 penetrating the cuticula (15), eggshell (1) and outer
membrane (2), but not inner membrane (3) ending in the air cell (14), detector 1.2 measuring the emitted light (I1.1)
from labelled antibodies attached to the embryo, 1.4 processes the data and determines if a local high concentration

of labelled antibodies is present indicating the female embryo.

Figure 2 illustrates an egg with detection means I comprising light source 1.3 positioned outside the egg and a
detector 1.2 also positioned outside the egg for measuring emitted light (II.1) from labelled antibodies near the
embryo or blastodisc and evaluation means 1.4 to determine and evaluate from the measured value binding of sex

specific labelled antibodies indicative of the presence of an embryo.

[0017] Figure 3 illustrates an egg with detection means I comprising two light sources 1.3.1 and 1.3.2 positioned
outside the egg at the top and bottom of the egg (along the central long axis) and a detectors 1.1 and 1.2 also
positioned outside the egg for measuring emitted light from labelled antibodies. 1.4 is used to determine and evaluate
the ratio or difference of the measured values of the first and second detector to establish binding of sex specific

labelled antibodies near the embryo indicative of the presence of an embryo.

Detailed description of the invention

[0018] The method comprises the step of introducing into the egg an antibody designed to match with a sex
specific antigen on the embryo, which antibody is labelled. The antibody can be introduced into the egg in a variety
of methods known in the art, preferably by injection into the egg, preferably by micro-injection using a needle or by

micro-fluid injection using a high-pressure fluid jet or by osmosis.

[0019] A suitable injection method is described in WO2006/078499. This document describes a method to detect
whether a pocket in a flat contains an egg or not or to detect injection tool position relative to the egg using a sensor
(optical camera). This is part of an apparatus for injecting a substance in an egg or extracting substance from an egg,
which is useful in the method according to the invention. Examples of substances injected include vaccines,

antibiotics and vitamins.

[0020] The term labelled antibody is defined as an antibody having a functional group capable of detection.
Preferably the labelled antibody can be detected by absorption or emission of light. Preferably the functional group

is a luminescent group, more preferably it is a photo-luminescent group that can be excited by light to emit light at a
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characteristic wavelength, most preferably a fluorescent or phosphorescent group. Alternatively, the functional

group can be a magnetic nanoparticle, capable of being detected by magnetic or electric detection means.

[0021] The labelled antibody can be injected directly into the albumen or can be injected into the air cell and
allowed to diffuse through the inner shell membrane into the albumen. The advantage of the first mentioned method
is that the diffusion time and therefore the time between injection and detection is shorter. The advantage of the
latter method is that disadvantages associated with the penetration of the inner membrane, like infections, can be

reduced.

[0022] After the labelled antibody is introduced, it is allowed sufficient time to diffuse through the albumen and
migrate to and bind with the selected sex specific antigen on the embryo. The diffusion rate of different labelled
antibodies may vary. The skilled man can determine the appropriate diffusion time for a particular selected labelled
antibody by measuring the time which is required to get a sufficiently strong detection signal in the measurement of

the (relative) concentration of the labelled antibody.

[0023] The introduction can be done before or after the start of the incubation. In one embodiment of the method,
the labelled antibody is introduced after the egg has been incubated for a time sufficient to allow a sufficient amount
of antigens to be generated to be able to bind and detect the labelled antibodies. Typically, detection can take place
between 2 and 10 days, preferably between 2 and 7 days more preferably between 2 and 5 days from the start of the
incubation. This embodiment has the advantage that introduction and detection can be done in one handling step. In
case the diffusion rate of a chosen labelled antibody is relatively slow, the labelled antibody is preferably injected
before the start of the incubation to allow sufficient time for the labelled antibody to diffuse through the albumen.

[0024] The sex specific antigen on the embryo preferably is W chromosome specific protein antigen, or a ZZ
chromosome specific protein antigen, or other indirectly expressed sex specific proteins. Suitable the sex specific
antigen on the embryo can be selected from the group of W-specific gene/protein expressions; in particular
CHD1W, ATP5A1W, Spin-W, ASW and most preferably FET-1 (female expressed transcript; trans-membrane
domain) or of ZZ specific gene/protein expression; in particular DMRTI1, SF1 and Daxl, or of the indirectly

expressed sex-specific proteins, in particular AMH (Anti-Mullerian hormone).

[0025] The antibody can be a polyclonal antibody, a monoclonal antibody or a heavy chain antibody (nanobodies)
or a fragment thereof. Heavy chain antibody (nanobodies) and antibody fragments have the advantages that they are
smaller and have a higher diffusion rate. The antibodies can be produced on commercial scale in ways known in the

art using the selected sex specific antigen.

[0026] An antibody can have as a part of its normal composition a functional group capable of detection or can be

provided with a detectable functional group in ways known in the art. A functional group preferably is provided to
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the constant region of the heavy chain, the Fc region (Fragment, crystallizable) of the antibody by binding the
Iuminescent group to the Fc region. It is known in the art of immunofluorescence to label antibodies or antigens with
fluorescent dyes. A suitable fluorescent dye is Fluorescein isothiocyanate (FITC), which has excitation and emission
wavelengths of approximately 496 nm/521 nm. Like most fluorochromes, it is prone to photobleaching. Because of
this newer derivatives of fluorescein such as Alexa 488 and DyLight 488, have been tailored for various chemical
and biological applications where greater photostability, higher fluorescence intensity, or different attachment
groups are needed. Other suitable and historically common fluorophores are derivatives of rhodamine (TRITC),
coumarin, and cyanine. Other suitable detectable functional groups are recombinant proteins containing fluorescent
protein domains, ¢.g. green fluorescent protein (GFP). Use of such "tagged" proteins allows much better localization
and less disruption of protein function. Alternatively, the functional group is an enzyme which can be added in
combination with a substance that the enzyme can convert to a detectable signal. Thus in the case of fluorescence,
when light of the appropriate wavelength is shone upon the sample, any antigen/antibody complexes will fluoresce,

with an intensity that is proportional to the amount thereof. The fluorescent signal can be detected by a detector.

[0027] The labelled antigen/antibody complexes are detected using detection means positioned outside of the egg.
Outside the egg means outside of the inner membrane of the egg or more preferably outside of the entire egg. This is
also referred to as non-invasive or in-ovo measurement, as opposed to invasive ex-ovo measurement which requires
taking a sample from the egg. Positioning the light source outside the egg and illuminating through the egg shell
results is significant light absorption and scattering, but is possible when the eggshell is at least partially transparent
for the chosen wavelength. Absorption of light by the eggshell and by membranes is a feature of the egg that can be
taken into account in the differential detection technique as described below. Scattering of light can be reduced by
using an intense bundled light source and/or by applying a substance on the egg shell having a refractive index close

to that of the egg shell.

[0028] There are various ways to determine (in-ovo) the presence or absence of binding of the labelled antibodies
to the antigen on or near the embryo. The measurement can be based on the fact that the concentration of the
labelled antibody will be higher near the embryo because it will (or will not in case of the other sex) bind to the sex
specific antigens from the embryo. The position of the blastodisc or the embryo can be determined through the egg
shell by optical or acoustic means. When the egg is positioned with the broader end upwards, i.e. with the air cell up
(as in Figures 1 — 3), the blastodisc or embryo will move up closer towards the air cell. It is preferred to measure the
detection signal from the blastodisc or embryo with the egg in this position through the air cell because there is less
light scattering and absorbtion of the light and a better measurement signal can be obtained. In a simple
embodiment, illustrated in Fig. 2, the labelled antibody concentration can be detected by measuring a concentration
of the labelled antibody or a signal relating to said concentration close to the blastodisc and comparing the measured
concentration or signal against a predetermined criterion. The criterion can be predetermined on unfertilised or un-
incubated eggs, for any chosen set of measurement conditions including but not limited to a specific choice for the

label on the antibody, the chosen antibody/antigen combination, the chosen detection means, for example the
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wavelength and intensity of detection light, the temperature etc. If the measured signal strength is above a

predetermined criterion, the presence of antibody/antigen binding is determined.

[0029] In another more reliable method an internal reference measurement is provided in that the presence or
absence of binding of the labelled antibodies to the embryo is detected by detecting inhomogeneity in the
distribution of the labelled antibodies. The inhomogeneity can be determined by measuring local concentrations of
the labelled antibody in a region close to the blastodisc and in a region remote from the blastodisc and determining
the presence or absence of binding by comparing the difference or ratio of said measured concentrations against a
predetermined criterion, preferably obtained from unfertilised or un-incubated eggs. In a particularly preferred
method the region remote from the blastodisc preferably is at the side of the egg yolk opposite to the side where the
blastodisc is located. In this way the egg yolk is positioned between the two places of measurement reducing the
interference between the two measurements. Another big advantage is that the use of this relative measurement will
cancel out the absorption spectrum of the eggshell. So, the result obtained on a white egg will be the same as

obtained on a brown version.

[0030] In the most preferred embodiment, the antibody is labelled with a marker that is detectable by light,
preferably a fluorescent group, and the detection means comprises a light source, a detector and optional filters to
improve the signal to noise ratio of absorbed or emitted light, preferably a spectrometer. As illustrated in Figure 1,
the detection means (I) preferably comprises a light source (I.3) illuminating the albumen, a first and second detector
wherein a first detector (I.2) measures a labelled antibody concentration near the blastodisc, preferably by measuring
light intensity of light emitted from the labeled antibody, and wherein a second detector (I.2) measures a labelled
antibody concentration in a region remote from the blastodisc or embryo, preferably at the other side of the egg yolk.
Evidently, each detector can be combined with an individual light source as indicated in Figure 3, or more than 2
detectors and/or light sources can be used. Preferably, the wavelength of the detection means is chosen such that the
light of the light source and/or of the light emitted by the labelling group on the anti-body is absorbed by the egg
yolk to isolate the measurement by the first detector near the blastodisc or embryo from the measurement by the

second detector at the other side of the egg yolk and reduce the interference between the two measurements.

[0031] Alternatively, the egg is rotated along its length axis during which the concentration of the labelled
antibody is measured preferably at a vertical position along its length axis where the blastodisc is positioned.
Because the blastodisc and the embryo at early stage of development are not in the centre of the egg and isolated by
the light absorbing egg yolk, a higher local concentration of the labelled antibody near the embryo will show up as a
peak in the emitted light detection signal. Optionally a reference baseline is subtracted from a measurement of an

unfertilised or un-incubated egg.

[0032] The light source and/or the detector can also be introduced into the egg through a small opening in the
eggshell, preferably in the air cell, but preferably not through the inner shell membrane. This has the advantage of



10

15

20

25

30

35

WO 2010/103111 PCT/EP2010/053210

reducing the scattering and absorption of light by the eggshell. This could be done by a very thin fiber optics probe
comprising a light source and/or a detector probe and optional filters. The light source can be positioned outside the
egg shell and the detector is introduced into the air cell of the egg. Alternatively, only the light source is introduced
into the egg and the one or more detectors are positioned outside the egg shell. It is also possible to position the light
source and/or the detector outside the egg in an embodiment wherein the wavelength of the excitation light and/or
the emission light is not substantially absorbed or scattered by the egg-shell. The wavelength of the excitation light
and/or the emission light is preferably selected between 700 and 2000 nm, preferably 700 — 1500, more preferably
700 - 1000 or between 610 and 630 nm. It was found that the egg shell is most transparent at these wavelengths.

[0033] In another aspect, the invention relates to a method and apparatus for in-ovo measurement, ie. for
measuring a labelled molecule in an egg without having to take a sample from the egg. These labelled molecules can
be other sex specific molecules than the sex specific labelled antibodies as described herein. For example, it can be
another sex specific reagent, for example RNA or DNA sequences to be introduced into the egg or it can be a
molecule the egg produces itself, optionally after genetic modification of the egg (or chicken). The labelled
molecule can also be another molecule that is introduced in an egg for other purposes, for example a medicament.
The molecule is labelled with a functional group capable of in-ovo detection in a way similar as described herein for
the labelled antibody. In particular, said method comprises

a. Providing an egg comprising labelled molecules, preferably sex specific molecules, more preferably sex

specific antibodies, said molecules having a functional group detectable by in-ovo detection means,

preferably a fluorescent or magnetic functional group,

b. measurement of the concentration of the labelled molecules, preferably using a light source and a

detector, more preferably a fluorescence spectrometer,

c. evaluating the measured amounts of labelled molecules preferably for determining the sex of an embryo

in the egg.

[0034] The invention also relates to an apparatus for pre-hatch determination of the sex of an embryo in an e¢gg
according to anyone of the method embodiments described above comprising
a. Means for introducing into the egg a labelled molecule, preferably a labelled antibody, preferably micro-
injection means using a needle or micro-fluid injection means using a high-pressure fluid jet,
b. Means for in-ovo measurement of concentration of the labelled molecule, preferably a light source and a
detector, more preferably a fluorescence spectrometer.
c. Means for evaluating from the measured amounts of the labelled molecule the presence or absence of

binding of the labelled molecule on the embryo.

[0035] Preferably, the apparatus comprises a first and second detector wherein the first detector measures a
labelled antibody concentration near the blastodisc and wherein the second detector measures a labelled antibody

concentration in a region remote from the blastodisc, preferably at the other side of the egg yolk.
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[0036] The invention also relates to anti-bodies for use in the method according to the invention that are modified
with a functional group detectable by e¢x-ovo measurement, preferably a luminescent group, which anti-bodies
preferably are polyclonal antibodies, monoclonal antibodies, heavy chain antibodies or fragments of it wherein the
antigen binding side is chosen to match one or more sex specific antigens, preferably chosen from the group W-
specific gene/protein expression CHDIW, ATPSAIW, Spin-W, ASW and most preferably FET-1 (female expressed
transcript; trans-membrane domain) or of ZZ specific gene/protein expression, in particular DMRTI1, SF1 and

Dax1, or of the indirectly expressed sex-specific proteins, in particular AMH (Anti-Mullerian hormone).

Anti-Mullerian hormone was chosen as a suitable sex specific hormone. Antibodies for this hormone have already
been produced Anti-Mullerian Hormone (antibody 213816, R & D Systems, Minneapolis, Minn.). The antibody is
modified with green fluorescent protein (GFP). GFP is not phyto-toxic and is expected to be safe for use in the egg.
Suitable techniques modifying the antibody with fluorescent groups are described in Gutowski, M., Carcenac, M.,
Pourquier, D., Larroque, C., Rouanet, P. and Pélegrin, A. (2001); “Intraoperative immunophotodetection for radical
resection of cancer: evaluation in an experimental model”, Clin. Cancer Res. 7, 1142-1148. The labelled antibody is
injected into the egg before incubation using micro-injection technique described in W02006/078499. The egg is
positioned with the broad end upwards. After 3 days of incubation the egg is positioned in a measurement cell
comprising 2 light sources and 2 detectors (see Figure 3). The light source for exciting the GFP emits light at a
wavelength of 395 nm. The GFP emission peak is at 509 nm. The detectors for the emitted light are provided with
filters to filter out the excitation light. The primary light source and detector is positioned near the embryo and the
secondary (reference) light source and detector are positioned opposite to the embryo such that the egg yolk
separates the primary and secondary detector. The ratio of the primary to secondary detection intensities is
determined. The ratio of an un-incubated egg is determined and used as a reference measured in exactly the same
measurement conditions. The incubated egg shows an increased ratio of the two detection signals compared to the
un-incubated egg, indicative of preferential bonding of the labelled anti-body near the blastodisc and of the presence

of a male embryo.
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What 1s claimed is:

1.

A method for pre-hatch determination of the sex of an embryo in an avian ¢gg, comprising the steps of

a. introducing into the egg an antibody designed to match with a sex specific antigen on the embryo, which
antibody is labelled,

b. allowing the labelled antibody to migrate to and bind with the sex specific antigen on the embryo,

c. detecting binding of the labelled antibodies on the embryo using detection means positioned outside of

the egg.

The method according to claim 1, wherein the labelled antibody is injected into the egg, preferably by

micro-injection using a needle or by micro-fluid injection using a high-pressure fluid jet or by osmosis.

The method according to claim 1 or 2, wherein the labelled antibody is injected into the albumen.

The method according to claims 1 or 2, wherein the labelled antibody is injected into the air cell, and

diffuses through the inner shell membrane.

The method according to claim anyone of claims 1 to 4, wherein the labelled antibody is injected before the

start of the incubation.

The method according to claim anyone of claims 1 to 5, wherein the labelled antibody is injected and

allowed sufficient time to diffuse and migrate to and bind with the sex specific antigen on the embryo.

Method according to claim anyone of claims 1 to 6, wherein the sex specific antigen on the embryo is W
chromosome specific protein antigen, or a ZZ chromosome specific protein antigen, or other indirectly

expressed sex specific proteins.

A method according to anyone of claims 1 to 7, wherein detection takes place between 2 and 10 days,

preferably between 2 and 7 days more preferably between 2 and 5 days from incubation.

Method according to claim anyone of claims 1 to 8, wherein the sex specific antigen on the embryo is
selected from the group of W-specific gene/protein expression, in particular CHD1IW, ATPSA1IW, Spin-W,
ASW and most preferably FET-1 (female expressed transcript; trans-membrane domain) or of ZZ specific
gene/protein expression, in particular DMRT1, SF1 and Dax1, or of the indirectly expressed sex-specific

proteins, in particular AMH (Anti-Mullerian hormone).

10



10

15

20

25

30

35

WO 2010/103111 PCT/EP2010/053210

10.

11.
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13.

14.

15.

16.

17.

18.

The method according to anyone of claims 1 to 9, wherein the antibody is a polyclonal antibody, a

monoclonal antibody or a heavy chain antibody or a fragment thereof.

The method according to anyone of claims 1 to 10, wherein the presence or absence of binding of the
labelled antibodies to the embryo is detected by measuring a concentration of the labelled antibody close to
the blastodisc and comparing the measured concentrations against a predetermined standard criterion

preferably obtained from unfertilised or un-hatched eggs.

The method according to anyone of claims 1 to 10, wherein the presence or absence of binding of the
labelled antibodies to the embryo is detected by detecting inhomogeneity in the distribution of the labelled

antibodies.

The method according to claim 12, wherein the inhomogeneity is determined by measuring local
concentrations of the labelled antibody in a region close to the blastodisc and in a region remote from the
blastodisc and determining the presence or absence of binding by comparing the difference or ratio of said
measured concentrations against a predetermined criterion, preferably obtained from unfertilised or un-

hatched eggs.

The method according to claims 12 or 13 wherein the region remote from the blastodisc is at the side of the

egg yolk opposite to the side where the blastodisc is located.

The method according to anyone of claims 1 to 11, wherein the antibody is labelled with a marker

detectable by light, preferably a fluorescent group.

The method according to anyone of claims 1 to 15, wherein the detection means comprises a light source, a
detector and optional filters to improve the signal to noise ratio of absorbed or emitted light, preferably a

spectrometer.

The method according to claim 15 or 16, comprising a first and second detection means wherein a first
detector measures a labelled antibody concentration near the blastodisc and wherein a second detector
measures a labelled antibody concentration in a region remote from the blastodisc, preferably at the other

side of the egg yolk.

The method according to claim 16 or 17, wherein the wavelength of the detection means is chosen such that
the light of the light source and/or of the light emitted by the labelling group on the anti-body is absorbed
by the egg yolk to isolate measurement by the first detector near the blastodisc from the measurement by

the second detector at the other side of the egg yolk.
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. The method according to anyone of claims 16 to 18, wherein the light source and/or the detector are
introduced into the egg through a small opening in the eggshell, preferably in the air cell, but preferably not

through the inner shell membrane.

The method according to anyone of claims 16 - 18, wherein the light source and/or the detector are
positioned outside the egg and wherein the wavelength of the excitation light and/or the emission light is

not substantially absorbed or scattered by the egg-shell.

The method according to claim 20, wherein the wavelength of the excitation light and/or the emission light
is selected between 700 and 2000 nm, preferably 700 — 1500, more preferably 700 - 1000 or between 610
and 630 nm.

Anti-bodies for use in the method according to any one of claims 1 — 21, preferably polyclonal antibodies,
monoclonal antibodies, heavy chain antibodies or fragments of it wherein the antigen binding side is
chosen to match one or more sex specific antigens, preferably chosen from the group W-specific
gene/protein  expression CHDIW, ATPSAIW, Spin-W, ASW and most preferably FET-1 (female
expressed transcript; trans-membrane domain) or of ZZ specific gene/protein expression, in particular
DMRTI, SF1 and Dax1, or of the indirectly expressed sex-specific proteins, in particular AMH (Anti-

Mullerian hormone).

A method for in-ovo measurement of labelled molecules comprising

a. Providing an egg comprising labelled molecules, preferably sex specific molecules, more preferably sex
specific antibodies, said molecules having a functional group detectable by in-ovo detection means,
preferably a fluorescent group,

b. in-ovo measurement of the concentration of the labelled molecules, preferably using a fluorescence
spectrometer,

c. evaluating the measured amounts of labelled molecules, preferably for determining the sex of an embryo

in the egg.

The method according to anyone of claim 23 for measurement of labelled molecules near the embryo or
blastodisc, wherein the egg is preferably positioned with the broad end upwards and the concentration of

the labelled molecule is measured close to the blastodisc or embryo through the air cell.
The method according to anyone of claim 24, wherein in step c¢) the measured concentration is evaluated by

1) comparing the measured concentration with a predetermined standard criterion preferably obtained from

a reference egg or 2) comparing the measured concentration with a second measured concentration in a

12
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region remote from the blastodisc, preferably at the side of the egg yolk opposite to where the blastodisc is

located.

26. The method according to anyone of claim 23 or 25, wherein a light source and/or a detector are introduced
5 into the egg through a small opening in the eggshell, preferably in the air cell, but not through the inner

shell membrane.

27. Apparatus for pre-hatch determination of the sex of an embryo in an egg comprising
a. Means for introducing into the egg a labelled molecule, preferably a labelled antibody,
10 preferably micro-injection means using a needle or micro-fluid injection means using a high-
pressure fluid jet,
b. Means for in-ovo measurement of concentration of the labelled molecule, preferably a light
source and a detector, more preferably a fluorescence spectrometer.
c. Means for evaluating from the measured amounts of the labelled molecule the presence or

15 absence of binding of the labelled molecule on the embryo.

28. Apparatus according to claim 22 comprising a first and second detector wherein the first detector measures
a concentration near the blastodisc and wherein the second detector measures a concentration in a region

remote from the blastodisc, preferably at the other side of the egg yolk.
20
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