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How does the F gene influence ovulation rates in booroola ewes? 
A 1990 perspective 
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Wallaceville Animal Research Centre, MAF Technology, 
P.O. Box 40063, Upper Hutt, New Zealand 

ABSTRACT 

135 

The purpose of this paper is to summarise recent findings on the reproductive physiology of the Booroola ewe, with specific attention to factors 
influencing ovulation-rate (OR). The ovarian antral follicle populations, incidence of atresia, steroid secretion-rate and maximum OR potential 
in the different Booroola genotypes (FF, homozygotes; F+, heterozygotes; ++, non-carriers) are the same notwithstanding the fact that FF, p+ 
and ++ animals normally ovulate >5,3-4 and l-2 follicles respectively during each oestrous cycle. Moreover, the Booroola F gene does not 
appear to modiiy the characteristics of the follicle-stimulating hormone (FSH) or luteinizing hormone (LH) receptors, or the gonadotrophin- 
sensitive components of the cyclic AMP generating system or the steroid or inhibm biosynthetic functions in follicular cells. It seems that the 
F gene influences follicular growth before antmm formation resulting in fewer granulosa cells at all phases of antral growth and smaller sized 
follicles at ovulation. In essence, the 25.3-4 or 1-2 presumptive preovulatory follicles in FF, F+ or ++ ewes am respectively 2.5-4.5 mm, 4- 
5 mm and >5 mm in diameterjust before ovulation but the total populations of oestrogen-secreting follicularorprogestemne-secreting luteal 
cellsinthedifferentgenotypesarethesame. Thesegenotypicdifferencesinovariancharacteristicshavenotbeenreplicatedbyanyoftheknown 
superovulation regimes. 

At the level of the hypothalamus and pituitary no gene-associated differences have been noted in the concentrations of gonadotrophin- 
releasing hormone (GnRH)in the tissues orhypophysealportalbloodnorin thebinding characteristics of GnRH to the pituitaty gland. However 
Fgene-specific differences have been noted in the plasma concentrations of FSH and LH in ovary-intact and ovariectomized (OVX) Booroola 
ewes (FF > ++; PcO.05). The F gene-specific differences in FSH but not LH in OVX ewes can be replicated by exogenous GnRI-I treatment 
of OVX ewes deficient in endogenous GnRH following surgical disconnection of the hypothalamus from the pituitary gland but with the 
superior hypophyseal arteries being left intact. The greater frequency of higher FSH values in ewes is also observed in both intact and castrate 
Booroola FF rams relative to ++ rams at Pa.07. When considered altogetherthe evidence suggests that Booroola sheep with the F gene have 
higher mean FSHconcentrations in plasma relative to ++ sheep. However the differences are small with considerable overlap between animals 
of the different genotypes. It therefore remains to be established whether modest increases in plasma FSH concentration in ++ Booroola ewes 

are sufficient to modify follicular morphology and OR without altering steroid secretion. 
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INTRODUCTION 

The Booroola Merino is one of the most prolific sheep 
breeds in the world (Bindon 1984). The exceptional 
prolificacy of the Booroola has been attributed to a 
single gene which influences its ovulation-rate (OR) as 
judged by the number of corpora lutea (CL) present 
duringeachoestrouscycle(Daviseta1.,1982;Piperand 
Bindon, 1982). The putative gene is referred to as the 
fecundity or F gene. Homozygous (FF), heterozygous 
(F+) and non-carriers (++) have been distinguished on 
the basis of OR recordings of 25, 3 or4 and 1 or 2 
respectively (Davis et al., 1982). In the Booroola ram 

no obvious physiological characteristics have been 
noted by which to distinguish the three genotypes. 

The purpose of this paper is to summarise recent 
findings on thereproductivephysiology of the Booroola 
ewe with specific attention to factors influencing OR. 

THE OVARY 

Follicular Characteristics 

The population of antral follicles and incidence of 
follicular atresia in Booroola ewes of the different 
genotypes are similar to one another and to those found 
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in other breeds/strains such as the Romney [Table 1; 
McNatty et al. (1986a)l. However during the oestrous 
cycle or anoestrus, follicles in FF ewes grow to a 
maximumof4.5mmdiameterwhereasin++orRomney 
ewes, at least one follicle grows beyond 5 mm diameter 
(Table 1). Irrespective of breed or genotype follicular 
maturation is associated with an increasing capacity to 
synthesize oestradiol (McNatty, 1982). A close corre- 
lation exists between the number of oestrogen-enriched 
follicles and OR (McNatty et al., 1983, 1986a). In FF 
ewes, oestrogen-enriched follicles have diameters of 2- 
4 mm whereas in ++ or Romney ewes such follicles 
have diameters exceeding 4 mm (Table 1; McNatty et 
al., 1986a). In Booroolas, as in other strains of Merino 
or Romney, granulosa cells are the major source of 
oestradiol since they are the only follicular cell type 
capable of metabolising (i.e. aromatising) androgen to 
oestradiol(McNattyetaZ., 1986a). Folliclescontaining 
granulosa cells with aromatase activity are present on 
mostdaysoftheoestrouscycleandalsoduringanoestrus. 
In FF ewes between 3 and 8 follicles have a capacity for 
oestrogen synthesis, whereas in ++ or Romney ewes 
only 1 or 2 such follicles have this capacity. This 
difference between the genotypes may arise because of 
the stimulation of aromataseenzyme activity in smaller 
sized FF or F+ follicles which are more frequent in 
numbers relative to the numbers of follicles of larger 
diameter (Table 1). 

The effects of short-term exogenous hormone 

therapy to superovulate sheep are limited, at least in 
part, by the number of antral follicles present. Since the 
different Booroola genotypes have similar populations 
ofantralfollicles,onemightexpectsimilarORwhen all 
are exposed to saturating amounts of superovulating 
hormones (e.g. pregnant mare’s serum gonadotrophin, 
PMSG). This notion is supported by the results of Kelly 
et al. (1983/84) who found a mean OR of -7 in both F+ 
(N=17)and++(N=lg)ewesafter 1OOOiuPMSG hadall 
been administered to all animals. 

A significant feature of ovaries of Booroola 
ewes is that non-atretic antral follicles in FF or F+ ewes 
contain fewer granulosa cells compared to similar sized 
antral follicles from ++ or Romney ewes (McNatty et 
al., 1986a). Thisdifferenceinthepopulationofgmnulosa 
cellsalsooccursbeforepuberty(McNattyetal., 1987a). 
In FF, F+ and ++ Booroola ewes with corresponding 
ovulation-rates of 253 or 4 and l-2, the total number 
of oestrogen-secreting granulosa cells per ewe was 
similar (i.e. =5.4x106), as were the ovarian secretion- 
rates of androstenedione, testosterone and oestradiol. 

Thus, although the total numbers of antral folli- 
cles, proportions of non-atretic follicles, and maximum 
OR potential in the different Booroola genotypes arc 
the same, theF gene results in the maturation of a larger 
number of smaller preovulatory follicles, each contain- 
ing fewer granulosa cells. However, the total comple- 
ment of granulosa cells per ewe and the ovarian steroid 
secretion-rates appear similar between the genotypes. 

TABLE 1 Ovarian follicle numbers in FF and ++ Booroola x Merino ewes and in Romney ewes 

Breed Genotype Follicular diameter (mm) 

00 >O.l >0.5 >l.O >I.5 >2.0 >2.5 >3.0 >3.5 >4.0 >4.s >5.0 Total 
-0.4 -0.9 -1.4 -1.9 -2.4 -2.9 -3.4 -4.0 -4.4 -4.9 

Booroola 

++ 
(8) ($1) (1:,:5) (5,914) $4) (5,813) (2$ 

Romney 
(1:g) (Ol,2) (0:2) (;l) (0:l) ($12) 

El 

Values are geometric means (and 95% confidence limits). N = number of ewes. The follicles enclosed by -1 arethose which 

have a porential for peak oestradiol synthesis (see McNatty et al. 1986a). None of the values in any of the columns are significantly diffcrcnt 
from one another. 
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Luteal Characteristics 

After ovulation, the plasma progesterone concentra- 
tions, total luteal weight and cell composition in FF and 
++ ewes on Days 4,10 and 12 of the oestrous cycle were 
found to be the same, notwithstanding differences in the 
number of CL (Niswender et al., 1990). As the OR 
increases in ++ ewes from 1 to 2 or in superovulated 
ewes from 1 to >5, there is a significant but relatively 
small decline in the mean weight of individual CL 
(Table 2). By contrast in FF ewes, as the OR increases 
from 3-5 to >5, there is no significant change in the 
mean weight of individual CL and moreover within 
sheep, the CL are much smaller overall and tend to be 
more uniform in weight (i.e. 0.1-0.25 mg) compared to 
those in superovulated ewes (i.e. 0.1-0.60 mg) (Kelly et 
al., 1983, 1984, Henderson et al., 1988). As the OR 
increases in FF ewes there is no major increase in 
plasma progesterone or total weight of luteal cell tissue, 
both of which remain similar to ++ ewes or Romney 
ewes with an OR of l-2. However, in superovulated ++ 
or Romney ewes there is both a corresponding increase 
in plasma progesterone and total CL mass. 

Gonadotrophin Responsiveness, Inhibin and 
Steroid Synthesis 

Thegonadotrophins’folliclestimulatinghormone(FSH) 
and luteinizing hormone (LH) are determinants of 
follicularmaturationandovulation-rate(McNatty, 1982; 
Henderson and McNatty, 1987). FSH and LH exert 
their effects by first binding to specific cell types in the 
ovary, namely the theta and/or granulosa cells. The 
subsequent cellular response to gonadotrophin binding 
is mediated, at least in part, by the intracellular chemical 
messenger adenosine 3’,5’-cyclic monophosphate 
(CAMP). In turn, increased CAMP synthesis may lead 
to an increase in follicular steroid and/or inhibin 
synthesis. 

Studies with ‘=I-labelled human FSH or *=I- 
human chorionic gonadotrophin (hCG; as a surrogate 
for LH) revealed no F gene-specific differences in the 
characteristics of FSH binding to granulosa cells or LH 
binding to theta intema, luteal or granulosa cells 
(McNatty et al., 1986b, 1989a). 

TABLE 2 Mean weight (g) of individual corpora lutea (CL) per 

ewe. with respect to ovulation-rate (OR) in Booroola x Merino ++ and 
FF ewes and in superovulated Romney ewes 

OR Booroola Genotype Superovulated Romney 
++ FF Ewes 

1 

2 

3-5 

>5 

o.66rto.02L 0.73&0.02’ 

[251 ~251 

0.561kO.02~ 0.55&0.01b 

r161 [461 

o.181k0.02p 0.41zYO.02= 

[I41 [ill 

0.14M.01P 0.34M.Old 

1101 u31 

Values are means + s.e.m. Numbers in square brackets = number of 
ewes; values in columns with different alphabetical superscripts are 
significantly different (P<O.O5; ANOVA). CLfrom all animals were 
recovered between Days 8-12 of the oestrous cycle. Data from K.M. 
Henderson and K.P. McNatty (unpublished data). 

If it is assumed that l-2.5 mm and 3-4.5 mm 
diameter follicles in FF ewes are respectively at similar 
phases of development as 3-4.5 mm and 25 mm diam- 
eter follicles in ++ ewes, no significant genotypic ef- 
fects were found with respect to FSH or LH induced 
CAMP synthesis or catabolism or with respect to the 
ability of various pharmacological agents (i.e. cholera 
toxin, forskolin or pertussis toxin) to stimulate the 
membrane components of the CAMP generating system 
(McNatty et al., 1990). Likewise, no gene-specific 
differences were observed in the ability of granulosa 
cells to synthesize bio- or immunoreactive inhibin or 
oestradiol or that of theta intema cells to synthesizc 
androgen (KM. Henderson, unpublisheddata; McNatty 
et al., 1986a). Thus the Booroola F gene seems to result 
in the earlier maturation (or differentiation) of follicles 
without altering gonadotrophin receptor - CAMP - ster- 
oidorinhibin biosynthetic functions in ovarian follicular 
cells. It seems that the F gene influences follicle 
maturation before antrum development, but precisely 
how or when remains obscure. In vitro studies with 
mouse ovaries show that the growth of primary (small 
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preantral) follicles is influenced profoundly by FSH 
and other serum factors which are presumed to be 
growth factors (Ryle, 1969; Quist et al., 1990). 
Whether these or other hormones are regulated/influ- 
enced by the F gene remains to be determined. 

THE HYPOTHALAMIC PITUITARY AXIS 

F gene-specific differences have been found in the 
plasma concentrations of FSH and LH in both ovary 
intact and ovariectomized (OVX) Booroola ewes and in 
concentrations of FSH but not LH in Booroola ewe 
lambs (Bindon, 1984; McNatty et al., 1987b; Braw-Tal 
and Gootwine, 1989; McNatty et al., 1989b; 
Montgomery et al., 1989). The FSH differences be- 
tween the genotypes are small and only observed by 
serial sampling over long periods of time. In general, 
the FSH values are more frequently higher in FF 
compared to ++ ewes (PcO.05; McNatty et al., 1987b, 
1989b,c). In some but not all experiments, the FFewes 
also have higher amplitude LH pulses compared to ++ 
ewes (McNatty et al., 1989b,c). In both gonad-intact 
andcastratedBooroolarams,theFSHbutnotLHvalues 
were also higher in FF compared to ++ genotypes at 
P10.07 (Price et al., 1990). The differences in 
gonadotrophin secretion do not seem to be due to 
differences in the negative feedback effects of gonadal 
hormones. For example, no evidence from studies in 
gonad-intact or castrated ewes or rams has been found 
for gene-specific differences in the sensitivity of the 
hypothalamic-pituitary axis to progesterone (ewes), 
oestradiol (ewes), testosterone (rams) or steroid-free 
bovine follicular fluid as a source of inhibin (ewes and 
rams) (McNatty et al., 1989c; Price et al., 1990). 

However in both gonad-intact ewes and rams, 
differences have been noted in the pituitary FSH and/or 
LHresponses to GnRH (McNatty et al., 1987b; Priceet 
al., 1990). Inewes,theFSHandLHresponse toabolus 
GnRH injection was lower in theFF compared to the ++ 
genotype(McNattyeta/., 1987b). Inrams,theFSHand 
LH responses to GnRH were higher in FF than in ++ 
rams (Priceetal., 1990). Thereasons forthesexdiffer- 
ences are not clear but may relate to time of the year and 
endogenous hormonal milieu at the time of testing. In 
any event, these studies when considered together 
suggest that F gene-specific differences may exist at the 
level of the pituitary gland and in the responsiveness of 

this gland to GnRH. Additional studies on the 
hypothalamic-pituitary axis have not demonstrated any 
other gene-specific differences. For example, studies 
on brain contents of GnRH, hypothalamic-portal blood 
concentrations of GnRH or its secretion-rates, or the 
pituitary binding characteristics for GnRH have not 
revealed F gene-specific differences (Gale et al., 1988; 
Fleming et al., 1990; K.P. McNatty and I.J. Clarke, 
unpublished data). Furthermore, no differences have 
been foundfromFSH half-lifeclearancestudies orFSH 
isoforms to suggest that the F gene is influencing these 
processes (Robertson et al., 1984; Fry et al., 1987). 
However further studies on rates of pro-GnRH synthe- 
sis and on FSH isoforms are needed before these possi- 
ble sources of F gene difference can be discounted. 

In order to test pituitary sensitivity to GnRH in 
viva it is desirable to have an animal devoid of endog- 
enous GnRH and gonadal hormones but with a func- 
tionally intact pituitary gland. The hypothalamic-pi- 
tuitary disconnected ovariectomized ewe (HPD-OVX) 
as described by Clarke et al. (1983) is perhaps the most 
suitableexperimentalanimal. Recently,mixedaged(3- 
8 yr) Booroola Merino or Romney ewes (N=2l/geno- 
type; FF or ++) which had been OVX 2-4 months 
previously were subjected to HPD surgery and blood 
sampled once weekly for 6 weeks to establish basal 
FSH and LH concentrations. Thereafter these animals 
were blood sampled every 2nd or 3rd day for 5 weeks 
duringwhichtimetheanimalswerepulsedintravenously 
with 250 ng GnRH onceevery 2 h for the duration of the 
experiment. Before GnRH treatment, no gene-specific 
differences in FSH and LH concentrations were noted 
on any sampling day. In the GnRH-HPD-OVX ewes 
the mean (k s.e.m.) FSH/LH concentrations before 
GnRH treatment were 1.0(+0.1)/0.4(&0.04) and 
1.1(~0.1)/0.5(~0.1) @ml respectively for FF (N=21) 
and ++ ewes (N=21). However, after GnRH treatment 
began, the plasma FSH but not LH concentrations were 
significantly higher in FP compared to ++ ewes (Figure 
l), while no gene differences were noted in either 
pituitary weights or pituitary FSH or LH contents. In 
contrast OVX ewes the mean (& s.e.m.) FSH/LH con- 
centrations before OVX were 1.8(~0.1)/0.3(~0.1) and 
1.2(ti.1)/0.3(&0.1) ng/ml respectively for FF (N=21) 
and++ewes(N=21);theFSHbutnotLHconcentrations 
were significantly higher in the FF compared to ++ 
ewes (P<O.Ol). After OVX the plasma FSH but not LH 
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concentrations were also significantly higher in FF 
compared to ++ ewes (PcO.05) (Figure 1). 

In summary, the studies on HPD-OVX Booroola 
ewes suggest that FF animals are more sensitive to 
GnRH with respect to FSH but not LH secretion, but 
that this difference in sensitivity is not expressed at the 
level of the GnRH receptor. 

FSH LH 

S”Rt+HPD-OVX ovx GnHH-HPD-OVX 

L 

i 1 
FF ++ 

(21) (21) c::, c::, 

0' FF ++ 
(21) (21) 

Genotype 

ovx 

2% 

FF ++ 
(21) (21) 

FIG 1 Box and Whisker plots of mean FSH and LH plasma 

concentrations from hypothalamic-pituitary-disconnected OVX 
Booroola FF and ++ ewes treated intravenously with 250 ng GnRH 
in saline with 0.1% ovine serum albumin once every two hours for36 
days (i.e., G&II-HPD-OVX ewes) or from a different flock of OVX 

Booroola FF and ++ ewes. 

CONCLUSIONS 

The OR differences between the FF, F+ and ++ geno- 
types appear to involve a factor(s) influencing ovarian 
follicle maturation/differentiation either before or dur- 
ing antrum formation. It is by no means certain as to 
whether this factor(s) is of ovarian or extraovarian 
origin. If the factor is hormonal it has not yet been 
measured in any intensive way (e.g. inhibin, IGF,, IGF, 
or IGF binding proteins) or if it has been measured (e.g. 
FSH) then itis operating at alevel of subtlety that hasn’t 
been fully appreciated hitherto. For example, the dif- 
ference in the mean concentrations of plasma FSH 

between FF and ++ ewes and rams is small (i.e. <2 ng/ 
ml) and there is a considerable overlap between the 
genotypes. Nevertheless, the finding that the gene 
difference in FSH secretion in ovary-intact and OVX 
ewes can be replicated by GnRH therapy to HPD-OVX 
ewes suggests that some association between the F gene 
and GnRH-induced pituitary FSH secretion exists. 
Moreover, FSH has been found to promote preantral 
follicular growth (Ryle, 1969; Quist et al., 1990), 
stimulate oestrogen biosynthetic activity in small antral 
follicles (2-4.5 mm diameter; McNatty er al., 1985) and 
lead to the formation of CL at smaller diameters 
(Henderson et al., 1988). Thus, in many respects FSH 
is a suitable hormone to be linked to the F gene. 
However it remains to be established whether modest 
increases in plasma FSH concentration in ++ Booroola 
ewes would be sufficient to modify the population of 
granulosa cells in individual follicles, stimulate the 
formationof3-8 ‘oestrogenic’Folliclesandsubs.equently 
3-8 CL of uniform size without significantly changing 
the plasma steroid concentrations. In any event a more 
detailed understanding of how OR is regulated in 
Booroolaewes offers new possibilities for the controlled 
superovulation of livestock. 

ACKNOWLEDGEMENTS 

We wish to express ourgratitude to George Davis, Kaye 
Isaacs and their colleagues at Invermay Agricultural 
Centre for providing the Booroola ewes, reproductive 
records and assistance with some of the experiments. 
We also wish to acknowledge our colleagues at the 
Wallaceville Animal Research Centre, namely Norma 
Hudson, Derek Heath, Stan Lun, Peter Smith, Louise 
Shaw, LisaCondell, MikeFisher, FionaCollins, Seow- 
Ling Seah and Sharleen Forbes for expert technical 
assistance,careofanimalsandstatisticaladvice/analysis. 

REFERENCES 

Bindon, B.M. 1984. Reproductive biology of the Booroola Merino 
sheep. Austrahn Journal of Biology 37: 163-189. 

Braw-Tal, R.; Gootwine, E. 1989. pituitary response to GnRH and 
ovariectomy in Booroola-Awassi and Awassi ewe lambs. 
Journal of Reproduction and Fertility 82: 581-586. 

Clarke, IL; Cummins, J.T.; de Kretser, D.M. 1983. pituitary gland 
function after disconnection from direct hypothalamic in- 
fluences in the sheep. Journal of Neuroendocrinology 36: 
376-384. 



140 Mcmity et al - THE F GENE AND 0 WLATION RATES IN THE BOOROOLA 

Davis, G.H.;Montgomery, G.W.; Allison, A.J.; Kelly, R.W.; Bray, 
A.R. 1982. Segregation of amajorgene influencing fecun- 
dity in progeny of Booroola sheep in New Zealand. New 
Zealand Journal of Agricultural Research 25: 525-529. 

Fleming, IS.; Lun, S.; Smith, P.; McNatty, K.P. 1990. pituitary 
receptors forgonadotrophin-mleasing hormonein Booroola 
Merino ewes which werenon-carriers orhomozygotes of the 
fec.unditygeneF. JournalofNeuroendocrinology (Inpress). 

Fry, R.C.; Cahill, L.P.: Cummins, J.T.: Bindon, B.M.; Piper, L.R.; 
Clarke, I.J. 1987. The half-life of follicle stimulating hor- 
mone in ovary-intact and ovariectomized Boorcola and 
controlMerinoewes. Journal ofReproductionandFertility 
81: 611-615. 

Gale, J.S.,Smith,P.,Tmman,P.; McNatty,K.P. 1988. Gonadotrophin 
releasing hormone immunoactivity in Booroola Merino 
ewes. Journal of Reproduction and Fertility 82: 58 l-586. 

Henderson, K.M.; McNatty, K.P. 1987. Factors influencing ovula- 
tion rate in sheep. Proceedings of the 4fh AAAP Animal 
Science Congress, Hamilton, New Zealand: 130-133. 

Henderson, K.M., Savage, L.C., Ellen, R.L., Ball, K.: McNatty, K.P. 
1988. Consequences of increasing or decreasing plasma 
FSH concentrations during the preovulatoty period in 
Romneyewes. Jour~lofReproductionandFertifity84: 187- 
1%. 

Kelly, R.W., Owens, J.L., Crosbie, S.F., McNatty, K.P.; Hudson, 
N.L. 1983/84. Influence of Booroola Merino genotype on 
the responsiveness of ewes to pregnant mares serum 
gonadotrophin, luteal tissue weights and peripheral proges- 
teroneconcentrations. AnimalReproductionScience 6: 199- 
207. 

McNatty, K.P. 1982. Ovarian follicular development from the onset 
of luteal regression in humans and sheep. Pp. l-18. In 
Follicular Maturation and Ovulation Eds. Rolland, R.; van 
Hall,E.V.;Hillier,S.G.;McNatty,K.P.;Schoemaker. J.p l- 
18 Excerpta Medica, Amsterdam. 

McNatty, K.P.; Hudson, N.; Gibb, M.; Heath, D.A.: Lun, S.; 
McDiamrid,J.M.;Ball,K.;Henderscn,K.M.;Thurley,D.C. 
1983. Changes in ovarian antral follicular activity and 
gonadotrophin secretion in seasonally breeding sheep 
throughout the year. Journal of Reproduction and Fertility 
70: 309-321. 

McNatty, K.P.; Hudson,N.L.; Gibb,M.; Ball, K.; Henderson, K.M.; 
Heath, D.A.; Lun, S.; Kieboom, L.E. 1985. FSH influences 
follicle viability, oestradiol biosynthesis and ovulation rate 
in Romney ewes. Journal OfReproduction and Fertility 75: 
121-131. 

McNatty, K.P.; Lun, S.; Heath, D.A.; Ball, K.; Smith, P.; Hudson, 
N.L.; McDiarmid, I.; Gibb, M.; Henderson, KM. 1986a. 
Differences in ovarian activity between Booroola x Merino 
ewes which were homozygous, heterozygous and non-car- 
riersofamajorgeneinfluencingtheirovulationrate. Journal 
of Reproduction and Fertility 77: 193- 205. 

McNatty, K.P.; O’Keeffe, L.E.: Henderson, K.M.; Heath, D.A.; Lun, 
S. 1986b. *rsI-labeBed hCG binding characteristics in them 
intema and other tissues from Romney ewes and from 
Booroola x Romney ewes with and without a major gene 
influencing their ovulation rate. Journal of Reproduction 
and Ferfilify 77: 477-488. 

McNatty, K.P.; Lun, S.; Heath, D.A.; O’Keeffe, L.E. 1987a. Ovarian 

follicular activity in Booroola lambs with and without a 
fecunditygene. JournalofReproductionandFertility79: 57- 
66. 

McNatty, K.P.; Hudson, N.; Henderson, K.M.; Gibb, M.; Morrison, 
L.; Ball, K.; Smith, P. 1987b. Differences in gonadotrophin 
concentrations and pituitary responsiveness to GnRH be- 
tween Booroola ewes which were homozygous (FF), 
heterozygous (F+) and non-carriers (++) of a major gene 
influencing their ovulation rate. Journal of Reproduction 
and Fertility 80: 577-588. 

McNatty, K.P.; Lun, S.; Heath, D.A.; Hudson,N.L.; O’Keeffe, L.E.: 
Henderson K.M.1989a. Binding characteristics of Y-la- 
belled human FSH to granulosa cells from Booroola ewes 
which were homozygous, heterozygous or non-carriers of a 
major gene(s) influencing their ovulation rate. Journal of 
Reproduction and Fertility 86: 27-38. 

McNatty, K.P.; Fisher, M.; Collins, F.; Hudson, N.L.; Heath, D.A.; 
Ball, K.; Henderson, K.M. 1989b. Differences in theplasma 
concentrations of FSH and LH in ovariectcmized Booroola 
FFand ++ ewes. Journal OfReproduction and Fertility 85: 
705-713. 

McNatty, K.P.; Hudson, N.L.; Collins, F.; Fisher, M.; Heath, D.A.; 
Henderson, K.M.1989c. Effects of cestradiol-175, proges- 
teroneorbovinefollicularfluidontheplasmaconcentrations 
of FSH and LH in ovariectomized Booroola ewes which 
were homozygous carriers or non-carriers of a fecundity 
gene. Journal of Reproduction and Fertility 87: 573-585. 

McNatty, K.P.; Lun, S.; Hudson, N.L.; Forbes, S.1990. Effects of 
follicle stimulating hormone, cholera toxin, pertussis toxin 
andforskolincnadenosinecyclic3’,5’-monophosphateoutput 
by granulosa cells from Booroola ewes with or without the 
F gene. Journal of Reproduction and Fertility 89:553-563. 

Montgomery,G.W.;Scon.I.C.;Littlejohn.R.P.;Davis,G.H.;Peterson, 
A.J. 1989. Concentrations of FSH are elevated in new-born 
ewe lambs carrying the Booroola F gene but not in lambs 
from a prolific Romney strain. Reproduction, Fertility and 
Development I, 289-308. 

Niswender,G.D.; McNatty, K.P.;Smith, P.;Niswender,K.D.; Farin, 
C.E.; Sawyer, H.R.1990. Numbers of steroidogenic cells in 
Booroola Merino ewes (submitted for publication). 

Piper, L.R, Bindon, B.M. 1982. Genetic segregation for fecundity in 
Boorcola Merino sheep. Proceedings of the World Con- 
gressonSheepand BeefCattleBreeding,Z,Technical. R.A. 
Barton;W.C.SmithEds.DunmorePress,PalmerstonNorth, 
New Zealand, pp 395-400. 

Price, C.A.; Hudson, N.L.; McNatty, K.P. 1990. Differences in LH 
and FSH secretion in adult rams with respect to the Booroola 
fecundity gene. Proceedings of Booroola Workshop, Tou- 
louse (in press). 

Quist, R.; Blackwell, L.F.; Boume, H.; Brown, J.B. 1990. Develop- 
mentofmouseovarianfolliclesfromptimarytopreovulatory 
stages in vitro. Journal of Reproduction and Fertility (ii 
press). 

Robertson,D.M.;Ellis,S.;Foulds,L.M.;Findlay,J.K.;Bindon,B.M. 
1984. Pituitary gonadotrophins in Booroola and control 
Merinosheep. JournalofReproductionandFertility7Z: 189- 
197. 

Ryle, M. 1969. A quantitative in vitro response to follicle stimttlating 
hormone. Journal of Reproduction and Fertility 19: 87-94. 


