
Introduction

After the discovery of rob(1;29) in Swedish red

cattle (Gustavsson and Rockborn 1964) and the

demonstration of its deleterious effects on fertility

(Gustavsson 1969), domestic animal cytogenetics

has expanded noticeably, covering not only the

clinical aspects, but extending its interests also to

evolutionary, molecular, environmental, and re-

productive domains. Chromosomes of domestic

animals are generally very difficult to study be-

cause all autosomes (cattle, goat, dog), most of

them (sheep and river buffalo) or some of them

(horse, donkey, pig, rabbit) are acrocentric and

similar in size, so they are hard to distinguish from

one another in conventional preparations. This dif-

ficulty had hampered the progress of animal

cytogenetics till chromosome banding techniques

at various degrees of chromosome condensation

came along. This allowed the realization of clear

and unambiguous karyotypes, and consequently

several standard karyotypes (Ford et al. 1980;

CSKDP 1988; ISCNDA 1990; CSKBB 1994;

Switonski et al. 1996; ISCNH 1997; Texas No-

menclature 1996; ISCNDB 2001; Hayes et al.

2002), although problems concerning some chro-

mosomes, especially for cattle, goat and sheep,

have only recently been solved by using both

banding techniques and FISH markers (Hayes

et al. 2000). Indeed, a common chromosome band-

ing nomenclature for bovids has been established

during the latest international nomenclature con-

ference, where G/Q and R-banded chromosomes

were identified on the basis of both chromosome

banding and specific assignments of official mark-

ers and bovine syntenic groups (ISCNDB 2001).

The use of the FISH technique with molecular

markers offers great advantages to cytogeneticists

for physical mapping and comparative studies, by

establishing the precise order of loci among re-

lated and unrelated species (Schibler et al. 1998;

Di Meo et al. 2006a, 2007), as well as for unam-

biguous identification of chromosomes and chro-

mosome regions involved in chromosomal

abnormalities (reviewed in Molteni et al. 2007).

FISH is also very useful to anchor better both link-
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age-maps and RH-maps to specific chromosome

regions (Goldammer et al. 2007). Finally, FISH on

extended chromatin fibres (fibre-FISH) can be

very useful to reveal gene duplication (Iannuzzi

et al. 2003) or genome organization (Brunner et al.

1998) of species.

In this review, we report the most important

techniques used in our labs to obtain repetitive and

satisfactory results in our cytogenetic investiga-

tions. Even though these techniques mainly refer

to the Bovidae, they can be easily extended and

adapted to members of other taxa.

Blood cell cultures

Historical background

In 1953, Hsu and Pomerat showed that hypotonic

treatment before fixation would result in a better

separation of individual chromosomes, thus mak-

ing cytogenetic analysis more precise in terms of

chromosome number and morphology. Later,

Moorhead et al. (1960) published the first report

on human peripheral blood culture for chromo-

some studies. In 1964, De Grouchy et al. reported

a microtechnique for studying human chromo-

somes from leucocytes.

Basic principles

Lymphocytes are stimulated to grow by various

lectins used as mitogens. Phytohemagglutinin

from Phaseolus vulgaris, or pokeweed mitogen

from Phytolacca americana, have been used for a

long time. More recently, concanavalin A from

Canavalia ensiformis is preferred for most spe-

cies, being equally effective and less expensive.

Primary use in veterinary cytogenetics

In 1962, Makino et al. used peripheral blood cul-

tures for studying the chromosome make-up of the

pig, soon followed by McConnell et al. (1963) and

Stone (1963). At the same time, Gustavsson and

Rockborn (1964) reported chromosome abnor-

malities in 3 cases of lymphatic leukaemia in cat-

tle. Afterwards, a bulk of cytogenetic studies was

conducted on domestic animals, which led to the

First International Conference for the Standard-

ization of Banded Karyotypes of Domestic Ani-

mals, held at Reading, UK (Ford et al. 1980).

Major limitations

Blood for successful short-term cultures should be

sterile and fresh (no more than 24 h old). After col-

lection, it should be transported to the laboratory

in a refrigerated container (a picnic container with

ice is suitable, taking care in avoiding direct con-

tact of blood with ice because red cell hemolysis is

possible) within 24 h. Further delays can be toler-

ated and blood cultures can still be performed, but

mitotic index and metaphase quality are often

compromised. Whole blood is suitable for culture

even though some laboratories prefer to pick up

the buffy coat or to separate lymphocytes by using

Ficoll or other gradient systems.

(For details of protocols see at www.ispaam.

cnr.it/JAG_Cytogenetics_protocols)

Banding techniques

Historical background

Chromosome banding techniques were first devel-
oped for identification of human chromosomes,
and only later they were adapted to other mammal
species. In domestic animals, the first banding
technique was the fluorescent Q-banding reported
by Hansen (1971) and Gustavsson et al. (1972) for
identification of cattle and pig chromosomes, re-
spectively, soon followed by the G-banding with
trypsin and acetic saline in goat, sheep and ox (Ev-
ans et al. 1973), and by the C-banding in cattle
chromosomes (Hansen 1973). Popescu (1975) re-
ported the first fluorescent R-banding on cattle
chromosomes, followed by Henderson and Bruere
(1977) who first applied the silver technique for
staining the nucleolus organizer regions in sheep
(Ovis aries). In 1980 Gustavsson published a basic
paper on banding techniques for domestic ani-
mals. A combination of chromosome banding and
synaptonemal complex analysis was first applied
in pigs to study 4 reciprocal translocations
(Gustavsson et al. 1988).

Identification of human autosomes did not
present any substantial difficulties, due to the vari-
ous types of morphological features that facilitated
their assembly in various groups (A, B, C, D, E, F
and G), but in the Bovidae it was not so easy. In
cattle and goats, in fact, the 58 autosomes are all
acrocentrics and decrease in size, so it is difficult
to identify the chromosomes if the banding pattern
is not satisfactory. In addition, even if the banding
pattern is good, the distinction between chromo-
somes 4 and 6 is sometimes ambiguous, because
their banding pattern is very similar. Also the iden-
tification of chromosomes 20 to 29 is difficult, due
to their small size and the low number of bands
that can be visualized at the metaphase level. For
this reason, the need arose for more effective
banding techniques, based on more elongated
chromosomes. But to achieve such chromosomes
it is necessary to reduce colcemid concentration
and exposure time, thus reducing the mitotic index
dramatically. This problem was solved by intro-
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ducing the cell synchronization techniques, based
on the principle of blocking the cells in the middle
of the S-phase by using either methotrexate
(MTX) (Rueckert and Mueller 1960), or high
doses of thymidine (TdR) (Viegas-Pequignot and
Dutrillaux 1978) or 5’-bromodeoxyuridine
(BudR) (Dutrillaux and Viegas-Pequignot, 1981)
or fluorodeoxyuridine (FudR) and fluorouracil
(FU) (Webber and Garson 1983). After blocking
the S-phase for 14–16 hours, cells are washed with
balanced solutions and the cultures are restarted
again for further 5–6 hours, thus reaching the mi-
tosis. An important improvement was reported by
Ronne (1984), consisting in a double synchroniza-
tion technique for human lymphocytes and
high-resolution R-banding by simultaneous expo-
sure to 5-bromodeoxyuridine and Hoechst 33258
in vitro, and by Ronne et al. (1984), who suggested
to use leucovorin (LV) to substitute both the wash-
ing step and the TdR addition, proposed by Yunis
(1976), thus saving time and making the technique
simpler.

If properly done, cell synchronization may pro-

vide an increased mitotic index, early and late rep-

licating genomes, and high-resolution R- and

G-banded chromosomes.

The various reports on high-resolution banding

in humans disclosed a new area of investigation

and remarkably contributed to solving most of the

ambiguities in the identification of individual

chromosomes in the Bovidae.

In 1985, Di Berardino et al. reported the first

high-resolution RBA-banding in cattle chromo-

somes, while Romagnano and Richer (1985) pub-

lished the first high-resolution RBG-banding in

the horse. Later, other high-resolution RBG-

banding patterns were reported by Poulsen et al.

(1988) for the rabbit, by Ronne (1990) for the pig.

In the same year, other contributions on the

high-resolution banding were published by

Iannuzzi in cattle (Iannuzzi 1990) and river buf-

falo (Iannuzzi et al. 1990).

Basic principles

Q-banding: quinacrine (mustard or dihydrochloride)

and Hoechst 33258 preferentially bind to A-T-rich

chromatin domains, which after UV excitation give

a strong yellow fluorescence (Q-positive bands); in

contrast, G-C-rich chromosome regions yield weak

fluorescence (Q-negative bands). G-C rich regions

can be counterstained with the antibiotic

actinomycin D in order to enhance the contrast

with the Q-positive bands.

G-banding by trypsin: trypsin preferentially di-

gests the less condensed chromatin regions, thus

reducing their affinity to the Giemsa stain, result-

ing in G-negative bands; in contrast, the highly

condensed chromatin regions are less affected by

trypsin, thus resulting in a more intense Giemsa

staining (G-positive bands).

G-banding by acetic-saline: treatment with

HCl (0.1 N) and 2SSC at 60°C partially denatures

the less condensed chromatin regions, thus reduc-

ing their affinity to Giemsa, resulting in

G-negative bands; in contrast, the highly con-

densed chromatin regions are less affected, thus

resulting in stronger Giemsa staining (G-positive

bands).

Q-banding by early-BrdU incorporation and

Hoechst 33258 (QBH-banding): incorporation of

BrdU in the early replicating regions (euchromatin)

strongly reduces the affinity of these chromosome

regions to the A-T-specific fluorochrome H33258

(Q-negative); and vice versa, late replicating re-

gions (heterochromatin) are native DNA with a

strong affinity to the stain (Q-positive). Counter-

staining with the G-C-specific label actinomycin D

further enhances the contrast between the

Q-negative and the Q-positive bands, thus improv-

ing the quality of the banding pattern.

G-banding by early BrdU incorporation and

acridine orange (GBA-banding): as for QBH

-banding, but acridine orange stains red the

BrdU-substituted DNA and yellow the native

DNA.

G-banding by early BrdU incorporation and

Giemsa (GBG-banding) (Figure 1E–F): as for

QBH-banding, but Giemsa stains pale the

BrdU-substituted DNA and dark the native DNA.

C-banding: 5% barium hydroxide (i.e. satu-

rated solution) denatures repetitive and

nonrepetitive DNA; when the DNA is renatured

with 2SSC solution at 60°C, the repetitive DNA

sequences will renature faster than the

nonrepetitive ones, thus resulting in the visualiza-

tion of centromeres (or some intercalary

C-positive band) which are made up by repetitive

sequences (Figure 1A–B).

R-banding by fluorescence with acridine or-

ange (RBA-banding): incorporation of BrdU in the

late replicating regions (heterochromatin) strongly

reduces their affinity to acridine orange, which

stains red (R-negative bands); and vice versa,

early replicating regions (euchromatin) are native

DNA, which has a strong affinity to the

fluorochrome, thus resulting in a brilliant yellow

fluorescence (R-positive bands) (Figure 1C).

R-banding with Giemsa (RBG-banding): incor-

poration of BrdU in the late replicating regions
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(heterochromatin) strongly reduces the affinity to

Giemsa staining, thus resulting in R-negative

bands that stain grey; and vice versa, early repli-

cating regions (euchromatin, native DNA) have

strong affinity to Giemsa, thus resulting in

Giemsa-positive bands (Figure 1D).

T-banding (telomere banding): incubation at

87°C in the presence of Giemsa makes visible the

terminal bands that are somewhat related to the

R-bands. T-bands, however, have received very

little attention in veterinary cytogenetics, and only

few studies have been reported. So far, only cattle

chromosomes have been investigated.

Ag-NOR-staining: silver nitrate stains chromo-

somal proteins associated to active ribosomal

cistrons (18S+28S). The borate pretreatment with

a high pH facilitates the silver reaction, especially

useful when sequential banding procedures are

used (Figure 2B-D).
Sister chromatid exchanges (SCE): exchanges

between the sister chromatids can be visualized ei-

ther by using acridine orange (as for
RBA-banding) or by the FPG technique (fluores-
cence- plus-Giemsa). In the first, simpler case, one
has only to stain with fluorochrome, wash and seal
the coverslip (Figure 2A). In the second case, the
slide has to be treated as for RBG-banding.

Fragile sites: aphidicolin is a strong inhibitor
of DNA polymerases alpha and beta. Its action re-
sults in a delay in chromosome condensation and
in the visualization of breakages (chromatid
and/or isochromatid types) and fragile sites. They
can be visualized by staining for RBA-banding or
for RBG-banding.

Major limitations

QFQ-banding: under UV exposure with a
50–100 W mercury lamp, the quinacrine fluores-
cence lasts only a few minutes and permanent
preparations cannot be made. In addition, the
band-interband contrast is poor and, therefore, not
suitable for a precise identification of small chro-
mosomes, especially acrocentrics.
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Figure 1. CBA-banding in pig (A) and horse (B) chromosomes. RBA- (C) and RBG- (D) banding in river buffalo

chromosomes. GBG-banding in horse (E) and river buffalo (F) chromosomes. Large and small arrows indicate X and

Y-chromosomes, respectively.



QBH-banding: better band-interband contrast
and, therefore, better chromosome identification
and characterization.

GTG-banding: the best technique for structural

banding, but it needs aged slides and

prometaphase stage chromosomes. In addition,

trypsin action is dependent upon temperature, hu-

midity, pH, concentration, etc. Therefore, at least

2–3 preliminary experiments are necessary to op-

timize the trypsin treatment.

C-banding: the best technique for identifica-

tion of sex chromosomes in domestic animals,

since their C-banding patterns differ from those of

the autosomes. This technique is, therefore, partic-

ularly useful to detect sex chromosome abnormal-

ities, especially in species where sex

chromosomes are similar (in size and shape) to the

autosomes (Iannuzzi et al. 2004). For an optimal

visualization of C-bands, it is necessary to check

the optimal time for the barium hydroxide treat-

ment as well as for the 2SSC treatment, which may

vary according to the species and to the aging of

the slide.

CBA-banding: the CBA-bands normally show

very strong fluorescence, while the remaining part

of the chromosomes should exhibit a dull fluores-

cence. When other chromosome regions appear

stained (fluorescent), the time of treatment in

Ba(OH)2 must be increased. In contrast, it must be

decreased if the C-bands are very small and the

chromosomes appear overtreated. When the slide

treatment is good, also the nuclei show clear

strong fluorescence corresponding to the

heterochromatic regions. Reverse CBA-banding

can offer good CBG-banding.

CBG-banding: Giemsa staining in C-banding

(CBG-banding) can be used instead of acridine or-

ange by following the same protocol. However, to

our experience, acridine orange is more effective

than Giemsa staining, mainly for revealing small

amounts of heterochromatin.

RBA-banding: it is very simple and fast to per-

form, but the slides cannot be stored for long, be-

cause after a few days they start deteriorating. The

main advantage of this technique is its speed and

sharpness. In other words, it is not necessary to

perform any treatment, but simply staining with

acridine orange, which provides sharp band-

interband contrast; the only limitation is that the

cytological preparations are not permanent. This
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prometaphase chromosomes of alpaca (Lama pacos).



problem, however, can be circumvented by

destaining with a fixative and staining again with

Giemsa.

RBG-banding: it requires more time than the

RBA-banding does, but the slides can be kept for

years after staining. To our opinion, RBA- or

RBG-banding are the best techniques for routine

identification and analysis of domestic animal

chromosomes. In fact, late BrdU-incorporation in

combination with Hoechst 33258 allows to obtain

not only more elongated chromosomes (higher

frequency of prometaphase cells) but also a better

band-interband contrast and high mitotic index,

mainly because it is possible to increase the

colcemid concentration or its duration. Aphidicolin

incorporation for the last 24 h can also be per-

formed to increase the yield of prometaphase stages

for high-resolution studies, but it can unmask

breaks and fragile sites.

R-banding: it is also very useful in FISH-mapping

applications. Indeed, it is possible to visualize simul-

taneously R-banding (generally RBPI-banding, i.e.

R-banding by late BrdU-incorporation and propidium

iodide staining) and FITC-signals (i.e. fluorescein

isothiocyanate) only by changing the filter combina-

tion, avoiding sequential procedures (FISH on slides

previously treated for G-banding), saving time and

providing immediate (and clearer) results.

GBG-banding: it also offers high resolution

banding, but its use is recommended only when it

is necessary to characterize the ‘early’ and ‘late’

replicating genomes of a given species. Indeed,

since GBG-banding patterns are exactly comple-

mentary to those obtained by R-banding and are

very similar to those obtained by GTG-banding,

this technique is a point of reference when struc-

tural G-bands have to be compared with the repli-

cating R-bands. In both cases, however, longer

chromosomes can be obtained by adding ethidium

bromide (5 µg mL) 2 h before harvesting.

T-banding: this technique is of little use, be-

cause it allows detection of only telomeric regions.

NORs-staining: the silver nitrate treatment is

too variable, depending on temperature, humidity,
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Figure 3. A. Details of a river buffalo prometaphase plate treated for FISH-mapping of the survival motor neuron gene

(SMN) and RBPI-banding. FITC-signals (arrow) reveal the exact position of SMN on river buffalo chromosome 19q13.

B. Dual-colour FISH with DNA SAT I (red) and INRA143 (green) on cattle metaphase with rob(1;29) in a heterozygous

state. Notice the presence of SAT I on both normal BTA1 and BTA29 (arrows) and its absence on rob(1;29), where only

FITC-signals of INRA143 are visible on the proximal q arms (arrows), so SAT I is lost during the centric fusion event.

C–D. Details of fibre-FISH with a BAC-clone containing SMN (the same used for mapping on metaphase cells, as shown

in 3A) on extended fibres of cells from a calf affected by arthrogryposis. Longer and more repeated FITC-signals than

those achieved in a normal calf (not shown) strongly support that the SMN gene is at least duplicated in the affected calf.



and time. The optimal conditions should be

checked.

(For details of protocols see at www.ispaam.

cnr.it/JAG_Cytogenetics_protocols)

Fluorescence in situ hybridization (FISH)

Historical background

The primary in situ hybridization technique, intro-

duced by Gall and Pardue (1969) using radioac-

tively labelled DNA probes, was later replaced by

fluorescence in situ hybridization (FISH) (Langer

et al. 1981), using DNA-probes labelled by

nonisotopic procedures, such as biotin detection

by fluorescence compounds (fluorescein) conju-

gated with avidin, which has a high affinity to bio-

tin (Pinkel et al. 1986). Subsequent in situ

suppression of genomic DNA (Landegent et al.

1987) allowed the use of large DNA genomic

probes, including those containing entire chromo-

some libraries.

Basic principles

FISH is essentially based on the visualization of
fluorescent hybridization signals present on spe-
cific chromosome regions (bands) (Figure 3A-B).
Hybridization signals can be visualized by using
DNA-probes containing fluorochromes or by us-
ing detection kits containing fluorochromes con-
jugated with compounds that recognize the
labelled DNA-probes. Labelling is performed,
generally, by nick-translation, random primers, or
directly by PCR. The size of hybridization signals
is essentially due to the nature of the probes. Gen-
erally, BAC- or YAC-clones (with inserts ranging
from 50–100 Kb to 0.2–2 Mb, respectively) dis-
play large hybridization signals. However, also
cosmid probes (5–20 kb), used in the past, can give
appreciable signals. cDNA-probes are generally
used only for multi-copy genes. Entire chromo-
some genomic libraries can also be used as chro-
mosome painting probes, in both evolutionary
(Zoo-FISH) and clinical studies.

Primary use in veterinary cytogenetics

The first application of FISH in domestic animals
was reported by Gallagher et al. (1992) for the pre-
cise identification of a tandem fusion translocation
involving cattle chromosome 23. In this study a
cDNA probe containing MHC-complex (BoLA)
and mapping on BTA23 was used. Specific gene
assignments were made first in bovids (Gallagher
et al. 1993; Hayes et al. 1993; Iannuzzi et al.
1993). Later, several studies have been undertaken
to construct a physical map of hundreds of loci in
domestic animals, expanding noticeably the

cytogenetic maps in domestic animals. The FISH
technique has been also used to study complex
chromosome abnormalities (Di Meo et al. 2006b),
to compare unrelated species by using Zoo-FISH
(reviewed in Iannuzzi et al. 1999), or to compare
related and unrelated species by using detailed
comparative FISH-mapping, to ascertain the gene
order along homologous chromosomes (or homol-
ogous chromosome regions) (Schibler et al. 1998).
FISH also finds practical applications for studying
genome organization or to reveal gene duplica-
tions on extended chromatin fibres (fibre-FISH)
(Figure 3C-D) (Brunner et al. 1998; Iannuzzi et al.
2003).

Major limitations

When FITC-signal backgrounds are present dur-
ing the FISH technique, the quantity of COT-1
DNA (or total genomic DNA) should be increased
during the in situ procedure (annealing step). For
FITC-signal acquisition, the use of appropriate
CCD cameras connected with the microscope is
preferred to microphotography. Indeed, meta-
phases can be captured and later processed with
appropriate software. Several CCD-cameras are
currently available. These cameras capture the im-
ages in black and white or directly in colour. Gen-
erally, the former are more sensitive, and
pseudocolours can be given after image capturing.

Generally, 2 images of the same metaphase
(with FITC-signals and with RBPI-banding) are
separately captured after the detection step, and
later processed by superimposing the hybridiza-
tion signals on R-banded chromosomes. Several
software programs are now available for FISH
(image acquiring and processing).

(For details of protocols see at www.ispaam.

cnr.it/JAG_Cytogenetics_protocols)

Perspectives in cytogenetic methodology

Classical banding techniques will continue to be

the main tool for basic cytogenetic analysis, but it

is important that, in the future, prometaphase chro-

mosomes will be used instead of the more con-

tracted metaphase stage, and this should greatly

facilitate chromosome identification. High–reso-

lution banding will also be important, not only for

a more precise analysis of structural chromosomal

rearrangements, but also for comparative gene

mapping analysis. Molecular cytogenetic tech-

niques will become more and more important in

the future, but the classical banding cannot be ne-

glected. The FISH technique is a very useful tool

for gene mapping, especially if applied to

high-resolution R-banded chromosomes, to easily
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expand cytogenetic maps in domestic animals, to

better anchor both linkage and RH-maps on spe-

cific chromosome regions and for a more precise

identification of chromosomes and chromosome

regions involved in chromosome abnormalities.
Comparative FISH analysis (Zoo-FISH) in do-

mestic animals is actually based on few specific
DNA probes and on several unspecific
heterologous ones. This requires some adaptation
in the classical protocols, which should be worked
out in preliminary experiments. Fortunately,
within the family Bovidae, painting probes from
cattle work quite well with river buffalo, sheep
and goats (Di Berardino et al. 2004), thus facilitat-
ing comparative studies among the species within
the family, but specific autologous molecular
probes are always preferable, and need to be pre-
pared. FISH on extended chromatin fibres (fi-
bre-FISH) had few applications in domestic
animals, until now; however, it is a powerful tool
for high-resolution genomic studies to detect gene
rearrangements, such as gene deletions or gene du-
plications, centromere organization, and high reso-
lution mapping studies (Brunner et al. 1998;
Greaves et al. 2007).

Final remarks

Farm animal cytogenetics should receive more at-

tention, especially now that some molecular DNA

probes are becoming available, which can be used

to expand investigations upon the aetiology of

chromosomal abnormalities in somatic and germ

cells, as well as in embryos. However, more work

must be done to prepare chromosome-specific

molecular probes and make them commercially

available, as for humans. At present only few labs

use these probes, mainly because they have de-

voted personnel and instrumentation, but the ma-

jority of the laboratories around the world do not

have such facilities. Also BAC-clones should be

available, because they provide stronger and

sharper signals, which would facilitate FISH anal-

ysis. More attention should be given to routine

analysis. Indeed, very often, labs use only Giemsa

conventional staining for detection of numerical

or structural abnormalities (centric fusions,

mainly). As a consequence, other chromosomal

abnormalities (such us reciprocal translocations or

paracentric inversions, etc.) escape analysis.

Therefore, we strongly recommend that for each

breeding animal, as well as for females with repro-

ductive problems, a banded karyotype at

prometaphase should be always prepared. Then,

a more detailed analysis, using molecular markers

and FISH, could provide additional data and a

more precise description of the chromosomal ab-

normality and its effect on fertility. The use of

up-to-date molecular cytogenetic techniques such

as CGH, CGH-array, multicolour FISH (e.g.

’skyFISH’), multicolour banding, etc., is now

classical in human cytogenetics, but it is unlikely

that these techniques will be soon used in animal

cytogenetics, mainly because of their cost and

technical difficulties.

The possibility to use farm animals as ‘animal

models’ to conduct experiments that cannot be

easily conducted or are not ethically acceptable in

man is a tremendous advantage.

Farm animal cytogenetics can be more produc-

tive in the future if there will be more integration

among cytogenetic laboratories (exchanging data,

molecular probes, experience, etc.), and more col-

laboration with breeders, breeder associations, and

veterinarians.
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