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ABSTRACT

The aim of this study was to investigate some reproductive traits and the 

Booroola FecB and Inverdale FecX

I

mutations in the prolific Chios and non-

prolific Florina Greek sheep breeds. In 25 ewes of each breed, oestrous 

behaviour, oestrous return, lambing percentage, ovulation rate, prolificacy and 

percentage of still-born lambs were monitored during 2 successive years. In 

addition DNA samples from these animals were screened by PCR-RFLP in 

order to investigate the presence of the FecB and the FecX

1

 mutations of the 

BMPRIB and the BMP15 genes respectively. Both ovulation rate (2.37±1.01 vs 

1.79±0.63, P<0.05) and litter size (1.93±0.76 vs 1.34±0.52, P<0.01) were higher 

in Chios than in Florina ewes. The molecular results indicated that none of the 

mutations was present in the two breeds. These PCR-RFLP tests were found to 

be a very useful tool for future breeding plans for increased fecundity by 

introgression of major genes into Greek sheep breeds.

INTRODUCTION

Sheep breeding is the major activity in the Greek animal production and is 

very important for the rural economy. Although litter size is one of the most 

important traits influencing profitability of sheep production, the litter size of 

almost all Greek sheep breeds, except the Chios breed, is low.

Chios breed is a dairy sheep breed of considerable economic interest to 

Greek farmers, mainly due to its high prolificacy and production. The average 

litter size is 1.8 lambs, but in some flocks the litter size is as high as 2.3 

(Hatziminaoglou et al., 1996; Avdi and Chemineau, 1998).

On the other hand, the Florina (Pelagonia) breed is farmed in the 

mountainous less favoured areas of West Macedonia (Greece). The breed has 

resistance to disease, perfect adaptability to the harsh environmental conditions, 

but prolificacy is low with ewes usually producing single lambs.

Recent studies have reported that the high prolificacy in many prolific

sheep breeds around the world, is the result of the FecB gene mutation in the 
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bone morphogenetic protein receptor IB (BMPRIB) (Davis, 2004), or due to the

FecX

I

 mutation in the bone morphogenetic protein 15 (BMP15) gene (Galloway 

et al., 2000). Newly developed DNA tests have encouraged researchers to 

screen for the presence of these mutations in many local sheep breeds around 

the world. This study extends the investigation of the FecB and FecX

I

mutations 

to two more breeds, including the Greek’s most prolific sheep breed, the Chios. 

To our knowledge this is the first report of investigation of the FecB and FecX

I

mutations in Greek sheep breeds. The hypothesis that a major gene was 

segregating in the Greek Chios breed was tested. Therefore the aim of this study 

was to determine the reproductive performance of the Chios and Florina sheep 

breeds, to investigate the presence of the FecB and FecX

I

 mutations in theses 

breeds and to investigate the possibility of introgression of these genes into 

these breeds in order to enhance their reproductive rate.

MATERIAL AND METHODS

Animals and breeding conditions

A total of 50 ewes, n=25 of each breed, were used in the study. The ewes

were maintained at the farm of the Technological Education Institute of West 

Macedonia, Florina, Greece, and they were kept under the same feeding 

conditions: permanent sheep barns, except pasture in the afternoon, around the 

experimental station. The experimental ewes were of similar age (2-2.5 years) 

and body conditions (65-70 kg). Oestrous detection using rams was carried out 

from 21 May to 15 July for the reproductive periods of 2004-2005 and 2005-

2006. In the ewes, oestrous behaviour, fertility, embryonic mortality and 

prolificacy were recorded for the same periods.

Detection of oestrous and measurement of ovulatory activity

Oestrous detection was carried out once a day (in the morning between 

0800 and 1100hours) using teaser rams selected for the high expression of their 

sexual behaviour. The same rams were used during the two reproductive 

periods. Standing of female and mounting by the male were considered as 

characteristics of oestrous behaviour. All ewes following the detection of 

oestrous under visual control were mated twice (in the morning between 0800 

and 1100hours) by fertile rams. One cycle later oestrous behaviour was detected 

again for control of oestrous returns.

Ovaries of the experimental ewes were examined laparoscopically between 

4 and 7 days after mating. The ovulation rate was reflected by the number of 

corpora lutea (CL) found on both ovaries. Litter size was recorded after lambing 

and compared with the number of ovulations. 
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Statistical analysis

Differences in percentages (exhibition of oestrous and fertility, ovulation 

rate, prolificacy and embryonic mortality) were subjected to Chi

2

 analysis. 

Comparisons in the two reproductive periods were carried out by t-test. Results 

are presented as means ± sd.

Gene testing for FecB and FecX

I

 mutations

Genomic DNA was extracted from whole blood by the phenol-chloroform 

method and kept at -20ºC. The integrity of the DNA samples was examined by 

electrophoresis through a 2% agarose gel. For the investigation of the FecB

mutation approximately 100ng of genomic DNA were amplified by PCR using 

a modified forced RFLP method (Wilson et al., 2001). The reverse primer has 

been engineered to introduce a point mutation such that PCR products from 

FecB carriers contain an AvaII restriction site (G|GACC), whereas products 

from non-carriers of the mutation lack this site. The DNA was amplified in a 

20 l reaction volume using the primer pair: 5’-

CCAGAGGACAATAGCAAAGCAAA-3’, and 5’-

CAAGATGTTTTCATGCCTCA- TCAACACGGTC-3’. The amplification was 

carried out using 35 cycles at 94ºC for 15 s, 60ºC for 30 s and 70ºC for 30 s, 

followed by 72ºC for 5 min. The 190 bp products were digested with AvaII

(New England BioLabs) overnight at 37ºC and the resulting products were 

separated by electrophoresis on a 3.5% agarose gel and visualised with ethidium 

bromide. Using this method, products containing the FecB mutation should 

yield 160 bp and 30 bp fragments, whilst non-carrier products remain uncut at 

190 bp.

For the investigation of the FecX

I

 mutation approximately 100ng of 

genomic DNA were amplified by PCR using the forced RFLP method described

by Galloway et al., 2000. The forward primer has been designed to generate a 

forced XbaI restriction enzyme site (T|CTAGA) in PCR products from carriers 

of the FecX

I

mutation in the BMP15 gene, whereas products from non-carriers 

of the mutation lack this site. The DNA was amplified using the primer pair 5’-

GAAGTAACCAGTGTTCCCTCCACCCTTTTCT-3’ and 5’-

CATGATTGGGAGAATTGAGACC-3’. The amplification was carried out 

using 35 cycles at 94ºC for 30 s, 60ºC for 40 s and 70ºC for 30 s, followed by 

72ºC for 5 min.. The 154 bp product was digested with XbaI (New England 

BioLabs) overnight at 37ºC, and the products were separated by electrophoresis 

on a 3.5% agarose gel and visualised with ethidium bromide. Using this 

method, products containing the FecX

I

mutation should yield 124 bp and 30 bp 

fragments, whilst non-carrier products remain uncut at 154 bp.

RESULTS AND DISCUSSION

The results obtained from this study showed that the percentage of ewes 

which expressed oestrous behavior was high for both breeds (94.21% and 



Archiva Zootechnica 11:1, 24-31, 2008 27

95.47% for Chios and Florina ewes respectively). The percentage of oestrous 

return was low for both breeds (3.2% and 2.8% for Chios and Florina ewes 

respectively). A smaller percentage of Chios ewes lambed in comparison with 

Florina ewes (83.75% versus 89.43% respectively, P<0.01). The average 

ovulation rate of Chios breed was higher than that of Florina breed (2.37±1.01 

versus 1.79±0.63 respectively, P<0.05), as well as the average prolificacy of 

Chios breed was higher than that of Florina breed (1.93±0.76 versus 1.34±0.52 

respectively, P<0.01). The percentage of still-born lambs was lower for Florina 

breed than that of Chios (3.03% versus 7.98% respectively, P<0.01). These 

results, which are the average means of two years investigations, are 

summarized in Table 1. In addition lambing size ranged from 1 to 5 lambs for 

the Chios breed and from 1 to 3 for the Florina breed. Twin lambing were more 

frequent in Chios breed, while single lambing was more frequent in Florina 

breed (data not shown). The results obtained from these studies show that the 

prolificacy of the Florina breed is quite low and that the Chios ewes had the 

highest reproductive performance, when these breeds were breed in the 

mountainous area of West Macedonia, Greece.

Table 1. Oestrous behaviour, oestrous returns, lambing percentages, ovulation rate, 

prolificacy and percentages of embryonic deaths of Chios, and Florina ewes.

Breed Oestrous 

behavior 

(%)

Oestrous 

returns (%)

Lambing 

percentage 

(%)

Ovulation 

rate (M±sd)

Prolificacy 

(M±sd)

Still-born 

lambs (%)

Chios 94.21 3.2 83.75

a

2.37

c

±1.01 1.93

a

±0.76 7.98

a

Florina 95.47 2.8 89.43

b

1.79

d

±0.63 1.34

b

±0.52 3.03

b

a,b

P<0.01

c,d

P<0.05

The hypothesis that a major gene was responsible for the high prolificacy 

of the Chios breed was examined using the PCR-RFLP technique. DNA 

samples for the Florina ewes were also included in these experiments to 

investigate the possibility of the presence of the gene mutations in this breed. 

As illustrated in Figures 1 and 2 (showing the results from five DNA samples 

per breed), all of the Chios and Florina ewes sampled were non-carriers of 

either the Booroola FecB or Inverdale FecX

I

 mutations. Only the wild-type 

genotype (++) was detected in both breeds for each BMPRIB and BMP15 genes. 

More detailed, figure 1 shows that for the BMPRIB gene, only the ++ genotype 

(190bp/190bp) was detected. In addition, Figure 2 shows that for the BMP15

gene, only the ++ genotype (154bp/154bp) was detected. Although it has been 

reported that there are five mutations of the BMP15 gene that produce the same 

phenotype of increased ovulation rate in heterozygous ewes and infertility in 

homozygous ewes (Galloway et al., 2000; Hanrahan et al., 2004), in the present 

study, tests were carried out only for the Inverdale FecX

I

mutation. Since our 
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data indicated that there was an absence of infertility among the Greek breeds 

sampled, it seems unlikely that genes causing infertility are segregating among 

these breeds.

Figure 1. PCR-RFLP analysis for the FecB mutation of the BMPRIB gene in the Greek 

Chios and Florina sheep breeds.

PCR products were digested with AvaII. M= 100bp DNA marker (Fermentas). Lanes 1-

5: PCR-RFLP products from Chios sheep DNA samples. Lanes 6-10: PCR-RFLP 

products from Florina sheep DNA samples. The wild-type allele (+) is 190 bp.

Figure 2. PCR-RFLP analysis for the FecX

I

 mutation of the BMP15 gene in the Greek 

Chios and Florina sheep breeds.

PCR products were digested with XbaI. M= 100bp DNA marker (Fermentas). Lanes 1-

5: PCR-RFLP products from Chios sheep DNA samples. Lanes 6-10: PCR-RFLP 

products from Florina sheep DNA samples. The wild-type allele (+) is 154 bp.

These results obtained from this study suggest that the high prolificacy of 

the Chios breed is not the result of the Booroola FecB or Inverdale FecX

I

mutations. However, these findings do not preclude major gene effects on 

prolificacy in this breed, since it is unknown whether the prolific Chios breed 

carries another FecX mutation or a mutation in another gene. It has been 

reported that in addition to the BMPRIB and BMP15 gene mutations influencing 

ovulation rate and litter size in many sheep breeds, there are evidence that other 

major genes or QTL may be segregating from other sheep breeds all over the 

world (Montgomery et al., 2001). Therefore, more extensive screening is 

required, as tests for newly discovered mutations are developed.

A major step in order to improve the economic efficiency in the sheep 

industry is to improve the reproductive performance of a breed. Recent studies 
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have reported that incorporation of FecB gene in non-prolific sheep breeds can 

significantly enhance their reproductive performance. This is because one copy 

of the gene has a potential to increase ovulation rate by about 1.5 and two 

copies by about 3.0 (Davis, 2005). Indeed, during the last years the FecB gene 

has been introgressed from the Booroola Merino sheep breed into several other 

breeds in at least 13 different countries in order to improve the reproduction rate 

while maintaining desirable levels of performance for other traits (Davis, 2005). 

In addition the FecX

I

 gene has now been introgressed into many different sheep 

breeds to take advantage of the increased ovulation and lambing rates in the

heterozygous female carriers (McNatty et al., 2005). As DNA tests can now be 

performed for both the FecB and FecX

I

genes, and with the expectation that 

more DNA tests will soon be developed for other prolificacy genes, in future 

there will be more extensive use of major genes for prolificacy in many 

different breeds through both natural and artificial breeding programmes. 

Performing DNA tests in rams of different breeds, which carry major genes for 

prolificacy, will allow breeders to choose the desired size of effect within a 

breed that is best adapted to their management conditions. 

In the recent years due to uncontrolled breeding, a number of sheep breeds 

in Greece have disappeared or are disappearing. The Florina (Pelagonia) breed, 

which used to be farmed in the mountainous less favoured areas of West

Macedonia (Greece), is now listed as endangered. This breed has strong 

constitution and perfect adaptability to the harsh environmental conditions of 

this area, resistance to disease, a low lamb mortality rate but the prolificacy is 

quite low. Introduction of a prolificacy gene into non-prolific sheep breeds 

having other desired traits may effectively increase the reproductive 

performance of the local Greek breeds. In addition, the introduction of a major 

gene for prolificacy into a flock has the advantage that the gene can be 

introduced while retaining the breed’s characteristics. Improvement of 

reproductive traits such as prolificacy in Greek sheep breeds would be of big

value, as small increases in litter size can equal large gains in profit. Therefore, 

future efforts should focus on improving productivity of Greek sheep breeds 

through incorporation of fecundity genes responsible for increasing ovulation 

rate and litter size. Such a study would have important implications for the 

Greek sheep industry.

CONCLUSIONS

The reproductive performance of the Greek Chios and Florina breeds, breed 

in the area of West Macedonia, Greece, were monitored for two successive 

years. In addition, the status of the FecB and FecX

I

 gene mutations were studied 

in these breeds. In view of our results, as gene technology has been used 

successfully to utilize fecundity genes such as FecB and FecX

I

 in many 

countries around the world, incorporation of these genes in Greek sheep breeds 

can increase litter size of these local breeds and will be of considerable
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economic value to Greek sheep producers. As DNA tests are the key to the 

utilisation of these genes in the sheep industry, the PCR-RFLP tests performed 

in this study were found to very useful tools for future breeding plans in Greek 

sheep breeds.
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