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Abstract

The first major gene for prolificacy identified in sheep was the Booroola (FecB) gene. Since the recognition of
its existence, the Booroola Merino has spread all over the world. In Hungary, a new breed - called Hungarian
Prolific Merino — had been established based on the crossing of Hungarian Merino ewes and Booroola Merino
rams, and was acknowledged in 1992. The only way to determine the FecB genotypes has been the measurement
of the ovulation rate over a long period. In 2001, the Booroola mutation was identified. Mutation on the bone
morphogenetic protein receptor — 1B gene was found to be associated with the increased ovulation rate in the
Booroola Merino ewes. 138 ewes and 46 rams in the Hungarian Prolific Merino population were tested for this
mutation by PCR-RFLP and their FecB genotypes were determined. One copy of the Fec® allele increased
(P<0,05) the ovulation rate by 0.89 ova and two copies increased by an average of 2.27 ova. Effectiveness of the
FecB genotype estimation based on phenotype measurement was also compared to the results of direct DNA
testing, and was found to have up to 80% accuracy.
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Zusammenfassung

Titel der Arbeit: Fallstudie Gber ein ungarisches Zuchtprogramm mit importierten Booroola Schafbdcken
Das erste Hauptgen fir die Fruchtbarkeit, das bei Schafen gefunden werden konnte, war das Booroola (FecB)
Gen. Nach der Anerkennung seines Bestehens hat sich die Booroola Merino Schafrasse auf der ganzen Welt
verbreitet. In Ungarn wurde durch Einkreuzung von Booroola Merino Schafbdcken in ungarische Merino
Mutterschafe eine neue Rasse, das Ungarische Fruchtbare Merino, geziichtet. Diese wurde 1992 als neue und
eigenstdndige Rasse bestétigt. Die einzige Methode, die FecB Genotypen festzustellen, war bisher die Messung
der Ovulationsrate Uber eine lange Periode. Im Jahr 2001 wurde die Booroola Mutation identifiziert. Die
Mutation am Knochen Morphogenetische Protein Receptor - dem 1B Gen - schien mit der steigenden
Ovulationsrate der Booroola Merino Mutterschafe verbunden zu sein. 138 Mutterschafe und 46 Bocke aus der
Ungarischen Fruchtbaren Merino Population wurden fir diese Mutation mit PCR-RFLP getestet und ihre FecB
Genotypen festgestellt. Das Fec® Allel erhéht (P<0,05) die Ovulationsrate um 0,89 Ova und zwei Allele erhdhen
die Rate im Durchschnitt um 2,27 Ova. Die Schatzung der Wirksamkeit des FecB Genotyps auf Grund der
phanotypischen Messung wurde auch mit dem direkten DNS Test verglichen. Dabei konnten die Ergebnisse mit
einer Genauigkeit von (iber 80% abgesichert werden.

Schlisselworter: FecB Gen, direkter DNS Test, Ungarische Fruchtbare Merino

Introduction

Profitability of sheep breeding is mainly determined by litter size. Selection for
prolificacy based on phenotype has a low genetic gain (SAFARI and FOGARTY,
2003). (Another possibility is conducting selection using breeding values (BLUP)).
Beyond this some investigations deal with the effect of the Booroola gene on the
quality of the end products (KLEEMANN et al., 1988; SUESS et al., 2000). Based on
the national data set of the Hungarian Merino sheep, an insignificant genetic trend was
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found in litter size (NAGY, 2000). Major genes for production traits provide
opportunities for large and rapid increases in the efficiency of sheep production. The
first major gene for prolificacy identified in sheep was the Booroola (FecB) gene in
Australia, which has additive effects on ovulation rate and is dominant for litter size
(DAVIS et al., 1982; PIPER and BINDON, 1982). After the recognition of the
existence of the single gene, Booroola Merino has spread all over the world. In
Europe, Hungary was the first country that imported Booroola Merino rams and ewes
(VERESS, 1983). A new breed, called Hungarian Prolific Merino, was established
based on the crossing of Booroola Merino rams and Hungarian Merino ewes, and was
acknowledged in 1992. The aim of the breeders was to create and maintain a
homozygous flock for the FecB locus and use it in cross breeding programmes
(VERESS et al., 1987). To date, the carriers of the Fec® allele were identified on the
basis of ovulation rate records in the case of ewes, and extensive progeny testing in the
case of rams. This method is time and labour consuming, which hinders its practical
application.

Until the Booroola gene itself is identified, genetic markers linked to the FecB locus
might assist in the introgression of the Fec® allele into new breeds. The FecB locus has
been assigned to sheep chromosome 6 (MONTGOMERY et al., 1993) and localised in
a region of 10 cM between two microsatellites BM1329 and OarAE101 (LORD et al.,
1998). Suitability of these microsatellites as markers for the identification of the Fec®
carriers were investigated in different countries and found to represent efficient and
robust genotyping system (LEYHE-HORN et al., 1998; GOOTWINE et al., 1998;
WEIMANN et al., 2001). Based on these results, BM1329 and OarAE101
microsatellites were tested in the Hungarian Prolific Merino sheep. Unfortunately,
these markers were not suitable for identifying the carriers of the Fec® allele
(ARNYASI et al., 2003) because of the low level of heterozygosity and the relatively
low population size.

In 2001, a point mutation at the position 830 of the bone morphogenetic protein
receptor — 1B gene (GenBank accession number AF312016) was found to be
associated with increased ovulation rate in Booroola Merino ewes by different
research groups (WILSON et al., 2001; SOUZA et al., 2001; MULSANT et al., 2001).
This nucleotide substitution results in a change from glutamine the wild type to an
arginin in the Booroola animals, which leads to a partial inactivation of the BMPR-1B
resulting in the “precocious’ development of a large number of small antrall follicules.

The aim of this study was to demonstrate that the high ovulation rate in the Hungarian
Prolific Merino is caused by the mutation in the BMPR-1B receptor gene and to
compare the effectiveness of the genotyping method based on the ovulation rate to the
results of the direct gene test.

Materials and Methods

The Hungarian Prolific Merino population, which is bred at the research farm of the
University of Debrecen, Centre of Agricultural Sciences, was involved in the
investigation.

Estimation of FecB genotypes by indirect methods

Before the identification of the FecB mutation, the FecB genotypes were estimated by
counting corpora lutea during laparoscopic examination in the ewes. The ovulation
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rate (OR) data were collected from ewes at natural oestrus cycle in autumn as
described by MAGYAR (1994). FecB genotypes of 90 ewes (group A) were estimated
and later compared to the results of the direct gene test. The animals (Table 1) have
been classified as homozygous non-carriers (Fec'Fec™) with an OR of 2 or less,
heterozygous carriers (Fec®Fec’) with average OR of 3 and homozygous carriers
(Fec®Fec®) with an average OR of 4 or more (VERESS et al., 1998).

In the case of rams, different sources of information were available to estimate the
FecB genotypes. In 1986, 4 Booroola rams were imported from New Zealand. These
animals (group B) were genotyped based on the OR of their mothers and estimated
FecB genotypes of their fathers by the breeders in New Zealand.

Three Booroola Merino and 8 Hungarian Prolific Merino rams (group C) were
classified based on the OR data of their daughters from 1988-1993. In this case, the
ovulation rate of the daughters was measured after PMSG treatment at 6 months of
age, as described by VERESS (1991).

From 1986-1996, FecB genotypes of a further 10 rams (5 Booroola and 5 Hungarian
Prolific Merino) (group D) were estimated. Their genotypes were determined based on
their pedigree and the OR data of their daughters. In this case, the OR was measured in
normal oestrus cycle without PMSG treatment (MAGYAR et al., 1999). The FecB
genotypes of 25 rams were estimated altogether.

The indirect methods used for estimation of FecB genotype is summarised in Table 1.

Table 1
Summary of the indirect methods used for the estimation of FecB genotype (Ubersicht der indirekten Methoden
zur Schétzung des FecB Genotypes)

Number of animals involved in
the treatment

Indirect methods for identification of FecB genotypes

ewes rams total
FecB genotype was estimated by counting corpora lutea in
Group A normal oestrus cycle 90 - 90
FecB genotype was estimated based on the mother’s OR
Group B results and the father’s estimated FecB genotypes - 4 4
FecB genotype was estimated by the daughters’ OR data
Group C which were measured at 6 month of age after PMSG 11 11
treatment
FecB genotype was estimated by the daughters’ OR data
Group D which were measured in normal oestrus cycle (no PMSG - 10 10
treatment)
Total 90 25 115

Determination of the FecB genotypes by using a direct gene test

By using the direct gene test, 139 ewes and 46 rams altogether were genotyped
(involving the 90 ewes and 25 rams, which had estimated FecB genotypes and further
49 young ewes and 21 rams, which had no estimated FecB genotypes) for the
Booroola mutation in 2003 (Table 2).

The PCR-RFLP technique using primers and restriction enzyme (Avall) as described
by WILSON et al. (2001) was used for the detection of the mutation in the bone
morphogenetic receptor type 1 B (BMPR-1B) gene. DNA was isolated from blood and
semen samples as reported by ZSOLNAI and FESUS (1996). For PCR, 10pl reaction
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contained 20-100uM genomic DNA, 10xPCR buffer, 1.5mM MCI,, 0.2mM of each
primer and 0.25U Taq DNA polymerase (Promega). The PCR profile included an
initial denaturation of 1 min at 94°C followed by 35 cycles of 15 sec at 94°C, 30 sec at
65°C and 30 sec at 72°C. The fragments were resolved on a 4% agarose gel and scored
for the mutation.

Statistical Analyses

Least Square Means of the OR in the three groups of FecB genotype (Fec®Fec®;
Fec®Fec”; Fec'Fec’) were calculated. Mixed Model Least-Squares and Maximum
Likelihood Computer Programme PC-2 were used for the ANOVA (HARVEY, 1999).
The FecB genotype determined by direct DNA test, the year and the age of ewes at the
time of OR measurement were involved into the model as fix effects. The ovulation
rate data (115 measurement altogether) of 64 pedigree ewes (Table 2) were involved in
the analyses of variance because of the availability of the fix effects data.

The accuracy of the estimation of FecB genotypes was calculated by comparing the
estimated genotypes to the genotypes determined by the direct gene test. The
correspondence was expressed in percentage.

Table 2
Summary of the number of animals having FecB genotypes determined by different methods (Tierbestand mit
dem FecB Genotyp, bestimmt mit verschiedenen Methoden)

Number of animals

ewes rams Total
Having FecB genotypes determined by both indirect -
4 90 25 115
methods and direct gene test
0H:il\}/lmg FecB genotypes determined by direct gene test 49 21 70
Total 139 46 185

* OR data of 64 ewes out of the 90 were involved in the ANOVA

Results
Ovulation rate distribution
The arithmetical mean of the OR was 3.12. 8.70% of the measured OR were 1, 33.91%

were 2, and 57.39% were 3 or more indicating the presence of the FecB mutation in
the population (Table 3).

Table 3
Distribution of the owvulation rate in the Hungarian Prolific Merino population (n=115) (Verteilung der
Ovulationsrate in der Ungarischen Fruchtbaren Merino Population)

Number of Corpoa Lutea 1 2 3 4 5 6
Distribution of the OR (%) 8.70 33.91 19.13 17.39 16.52 4.35
Table 4

The least square means (LS-means) of the ovulation rate based on the FecB genotypes in the Hungarian Prolific
Merino population (LSQ-Mittelwert (LS-Mean) der Ovulationsrate aufgrund der FecB Genotypen in der
Ungarischen Fruchtbaren Merino Population)

Number of observation

FecB genotypes LS means + SD

n
Fec'Fec’ 11 1.70+0.44 a
FecBFec* 51 259+029 b
FecBFec? 53 397+0.30 ¢

a-c: Mean values followed by different letters were found to be different at a level of P<0,05
Mittelwerte gekennzeichnet mit verschiedenen Buchstaben unterscheiden sich mit (P < 0,05)



363
Arch. Tierz. 47 (2004) 4

The FecB genotype was found to have a significant effect on OR at a level of P<0.05.
Differences were significant between all the three genotypes at a level of P<0.05
(Table 4). In the case of 64 Hungarian Prolific Merino ewes, the ovulation rate was
increased by 0.89 by one copy of the Fec® allele. Homozygous carriers had an
ovulation rate higher than the non-carriers by 2.27.

Effectiveness of the estimation of the FecB genotypes

Effectiveness of the genotyping methods based on phenotype measurement was
calculated comparing to the results of the direct DNA test (Table 5). In the case of
ewes, estimated FecB genotypes were determined to 80% accurately and
overestimated in 20%. In the case of rams, big differences were found in genotypes
determined by direct DNA test comparing to the results of estimation based on the
progeny test or the parents’ genotype. The FecB genotypes of 4 rams (group B)
imported from New Zealand were estimated as (Fec®Fec®) homozygous carriers by the
Australian breeders. Applying the direct DNA test, one of the four rams was proved to
be a homozygous carrier and three of them were genotyped as Fec®Fec”.

Table 5

Accuracy of estimation of FecB genotypes based on phenotype measurement comparing to the results of direct
gene test (Genauigkeit der Schatzung der FecB Genotypen aufgrund der phénotypischen Messungen im
Vergleich mit dem direkten Gen Test)

Properly assigned

Over assigned (%0) Under assigned (%)

(%)
Ewes
A 79 20 1
Rams
B 25 75 0
C 45 45 10
D 80 2 0

In the case of five rams out of the 11 rams of group C the results of the direct gene test
and the classified genotypes were in agreement. One heterozygous ram was
misclassified to homozygous, and five Fec®Fec* rams were classified as homozygous
carriers. In this case, the estimation of the FecB genotypes was accurate in 45% (Table
5).

In the case of eight rams of group D, the estimated FecB genotypes corresponded to
the results of the DNA test. The genotypes of two rams were wrongly assumed. The
accuracy of the estimation of FecB genotype (80%) was found to be similar to the
results for ewes.

Table 6
Distribution of the breeding animals based on their FecB genotype in the Hungarian Prolific Merino population
(Verteilung der Zuchttiere auf Grund ihrer FecB Genotypen in der Ungarischen Fruchtbaren Merino Population)

FecB genotypes BB B+ A
% (n) % (n) % (n)
Ewes
Hungarian Prolific Merino 37.41 (52) 43.88 (61) 18.71 (26)
Rams
Booroola Merino 33.33 (5) 53.33 (8) 13.33(2)

Hungarian Prolific Merino 48.39 (15) 45.16 (14) 6.45 (2)
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Distribution of the FecB genotypes in 2003

The distribution of the present female Hungarian Prolific Merino population based on
their FecB genotype determined by direct gene test is the following: 37.41% are
Fec®Fec® homozygous, 43.88% are Fec®Fec’ heterozygous and 18.71% are Fec'Fec*
homozygous. Regarding to the whole flock, the portion of animals carrying the Fec®
allele in a homozygous form is 38.9%, in heterozygous form is 44.8% (Table 6).

Discussion

Mutation in the BMPR-1B receptor gene is proved to result in the high ovulation rate
in the Hungarian Prolific Merino population on the basis of the results of the one-way
ANOVA between ovulation rate and FecB genotypes. Although, it was published that
the Booroola mutation has an additive effect on ovulation rate by PIPER et al. (1985),
different results were obtained in our experiment. The ovulation rate of homozygous
carriers had more than twice as much as the non-carriers. This phenomenon could be
explained by the allele-allele interaction between the wild type (Fec*) and the Fec®
allele. Similar case was observed in the crosses of Inverdale and Booroola Merino by
Davis et al. (1999). When the 2 genes, the Fecl and FecB, were in combination the OR
was higher than the sum of the effects of each gene alone.

Distribution of the three FecB genotypes in the female and the male populations
reflects that the aim of the breeders has not yet been fulfilled, since less than half of
the whole population is homozygous Fec®Fec®. In this study great differences were
found in the results of determination of FecB genotype by direct DNA test and
estimation of the genotype based on ovulation rate in the female population. FecB
genotype was overestimated by 20% by breeders. This explains, partly, the high
frequency of the Fec®Fec* heterozygous and Fec*Fec* non-carriers in the Hungarian
Prolific Merino population. Moreover, FecB genotypes of the rams were also
estimated improperly based on their progeny test. The accuracy of the estimation of
FecB genotype was different depending on the PMSG treatment in the progeny test.
Classification was found to be more accurate if it was based on the daughters’ OR
results which were measured in normal oestrus cycle, comparing to the methods
wherein PMSG treatment was taken. Although several research groups used
previously the PMSG treatment in the progeny tests to estimate the FecB genotype
(CLEVERDON and HART, 1981; DAVIS and KELLY, 1983; OLDHAM et al., 1984;
DAVIS and JOHNSTONE, 1985), this methods was proved to be not reliable in our
experiment. Rams with genotype of Fec'Fec* or Fec®Fec” were used for a long time
because of the missed classification. This also gives a good explanation for the high
frequency of the non-carriers, and the heterozygous (Fec®Fec®) animals in the present
population. No other publications were found to report data similar to those presented
here.

In conclusion, results support that the high rate of ovulation is caused by the mutation
in the BMPR-1B receptor gene in the Hungarian Prolific Merino. Efficiency of the
breeding programme to increase the frequency of the Fec® allele in this population was
hindered by the previously applied improper genotype classification.

Application of the direct DNA test will accelerate the spread of the Fec® allele in the
flock. At present an experiment is under way for exploiting the connection between
endocrinologycal processes (e.g. IGF, leptin level) and seasonality and litter size,
respectively.
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