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ABSTRACT
At 3 months of age, the ovaries of F+ Booroola lambr[i.e., those heterozygous for the fecundity (q-gene] were lighter
(P-=0.01) than those of ++ Booroola lambs (i.e., those without the F-gene) which were of similar age and body weight.
However, thenumberoffollicles(11
mmdiam.)in
theabove F+lambs was 1.5foldgreater(P<O.OI)than
thatin the++
lambs. In lambs of both genotypes,
ovarian follicles were active in synthesising
testosterone and oestradiol and of
reaching diameters which were similar to those of preovulatory
follicles in mature ewes. However, none of the ovaries
showed evidence of recent ovulations.
In Booroola ewes (4 to 8 years of age), the proportions
of small ovarian follicles (0.5 to 1.0 mm diam.) that
synthesised progesterone,
androstenedione
and oestradiol in culture were related (PLO.05) to genotype (homozygous,
FF > F+>++
ewes). Also in the above ewes, follicles in the FF and F+ animals reached maturity at smaller diameters
than in ++ animals, namely 3.4%0.3,4.1+0.2and
6.8~~0.3 mm (meanis.e.m.;
n= 3 ewes/genotype)
respectively. During
a cloprostenol-induced
follicular phase, the oestradiol secretion rates from FFewes with 4.8 iO.3 ‘oestrogenic’ follicles,
F+ ewes with 3.2 ‘oestrogenic’ follicles and ++ ewes with I .5 k 0.02 such follicles were similar as were the mean total
numbers of oestradiol-secreting
(i.e., granulosa) cells from these follicles, that is 5.4 x loh cells in each genotype.
Collectively these findings show that the Booroola F-gene is expressed in the ovaries of ewes before puberty and!
during the earliest stages of follicular development.
Moreover, as follicles in Booroola ewes with the F-gene mature at
smaller diameters, the maturation of 5 or more follicles in FFewes and 3 to 4 such follicles in F+ ewes may be necessary to
produce the same number of oestrogen-producing
(i.e. granulosa) cells as that from I or 2 mature follicles in ++ ewes.
Keywords

Booroola:

lambs; ewes; ovarian

follicles; granuiosa

INTRODUCTION

MATERIALS

Highly fecund Booroola ewes contain a major gene
which influences their ovulation
rate (see Bindon
( 1984) for review). Homozygous (FF), heterozygous
(F+) and non-carriers
(++) of the putative gene have
been segregated on the basis of at least one ovulation
rate recording of? 5,3 or 4 and I or 2 respectively. We
have previously demonstrated
that ovarian granulosa
cells from follicles L 2.5 mm diameter were more
responsive to follicle-stimulating
hormone (FSH) and
luteinising
hormone
(LH) compared
to ++ ewes
(Henderson et al., 1985). and that follicles in F+ ewes
secreted their maximum amounts of oestradioi-17 p
and ovulated at a smaller diameter than in ++ ewes (F+,
3 to 4.5 mm; ++, 5 to 7 mm diam.; McNattyet al., 1985).
This report extends the above findings to show
that the Booroola F-gene is expressed in the ovaries of
ewes before puberty and that its effects are also evident
during the earliest stages of ovarian follicular development. Moreover, evidence is presented to support the
notion that the maturation of 5 or more follicles in FF
ewes, and 3 to 4 such follicles in F+ ewes may be.

necessary to produce similar numbers of oestrogenproducing (i.e., granulosa)
mature follicles in ++ ewes.

cells to that from

cells; follicle size; cell numbers.

I to 2

AND METHODS

The Booroola Romneyx Romneylambs(n=
13 F+,n=
16 ++)and Booroola x Merino ewes (n= 15 FF, n= 18
F+ and 18 ++ ewes 4 to 8 years of age) were kindly
supplied by Mr G. Davis and his colleagues at the
Invermay Agricultural
Research Centre. The lambs
were the progeny of either FF or ++ Booroola x
Romney rams that had mated with Romney ewes. At
12 weeks of age, all the lambs were weighed and their
ovaries removed for further study.
The FF, F+ and ++ ewes were classified as such on
the basis of 2 to 4 previous annual ovulation rate
recordings of Z5,3 to 4 or 1to 2 respectively. At day IO
(time 0) of the oestrous cycle (oestrus= day 0) all but 3
ewes fromeachgenotype
were injected withcloprostenol
(125 p g s.c.; Coopers Animal Health Laboratories,
Upper Hutt). At time 0 (uninjected
ewes) and at
intervals thereafter of 6, I2,24,36 and 48 h, ovarian ( IO
to 20 ml from both left and right ovarian veins) and
peripheral (50 ml) venous blood was collected from 3
FF, 3 F+ and 3 ++ ewes anaesthetised
with thiopentone
sodium (Intraval; May & Baker, Wellington); the only
exception to this was at 6 h after cloprostenol when no
FF ewes were studied. During ovarian venous blood
collection the rate of blood flow was also measured
(McNatty et al., 1981). Immediately after the blood
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TABLE 1 Mean i s.e.m. number and diameter of ‘oestrogenic'
fc llicles’,, number of granulosa cells in FF, F+ and ++ ewes and
mean oestradiol secretion-rate2 (geometric mean (95% confidence limits)) at 12 to 36 h after cloprostenol injection (from

McNatty et al. ( 1986b))
Ewes

Genotype

No.

No./ewe

8
9

I .5 + 0.2a
3.2 Lo.2b

9

4.8 + 0.3c

‘Oestrcgenic’ follicles
Diameter
(mm)
5. I k 0.3a
3.3 + o.@
z.9ko.lb

Granulosa

cell

no./follicle
(x 10-y
3.8 f 0.4a
1.7 ko.@
I.1 z!zo.o5c

Foll. no. x

Oestradiol

granulosa cell no.

secretion rate
(ngl min)

(x IO”)

5.4 LO.4

3.2 (I .6,5.8)
4.5 (3.0,6.5)

5.4kO.5

3.0

5.4 + 0.4

( I .9,4.5)

1 Follicle containing
2
3

< 50 ng oestradiol/ml
follicular fluid
Oestradiol secretion rate q total output from left and right ovaries
One ewe excluded because no ‘oestrogenic’ follicles were present
For each column a v b, P(O.01; a VC, P<O.Ol; b v c, KO.025

‘oestrogenic’follicles
from each genotype (i.e., number
of granulosa cells x number of ‘oestrogenic’ follicles/
genotype) was identical. In addition, the oestradiol
secretion rates from either the ovaries with the
‘oestrogenic’ follicles or from both ovaries from each
ewe with respect to genotype were not significantly
different.
At 48 h after cloprostenol treatment, the respective
mean + s.e.m. diameters
of the presumptive
preovulatory ‘follicles in FF, F+ and ++ ewes (n = 3
genotype) were 3.4~0.3 mm,4.1+0.2mmand
6.8kO.3
mm (FF v ++, P< 0.01; FF v F+, P<O.O5;F+ v ++,
P(O.05).Moreover, the respective mean number of
granulosa cells in these follicles were (1.8 + 0.3) x lo”,
(2.2~0.3)~ 106,and(6.6&0.3)~
lOt(FFv++, P(O.01;
FF v F+, P< 0.05; F+ v ++, P<O.Ol).
DISCUSSION

These data show that the Booroola F-gene is being
expressed in the ovaries of lambs. The ovaries of the F+
Booroola lambs were characterised
by a high level of
antral frjllicular activity, and a minimal amount of
interstitial tissue. This was in contrast to the ovaries of
the ++ lambs which had a lower level of antral follicular
activity than in F+ lambs as well as a much greater
amount of interstitial tissue. Of interest was the finding
that some of the ++ but none of the F+ lambs had
follicles 1 5 mm diameter; this was also a common
characteristic
in mature Booroola ewes (see McNatty
era/., ( 1985) and this paper). These gross differences in
follicle numbers, distribution and amount of interstitial
tissue were the major reasons why the ovaries of ++
ewes were 1.4times heavier than those of F+ ewes. The
ovarian follicles (2 1 mm diam.) in F+ lambs contained
higher testosterone concentrations
than did follicles in
++ lambs; these findings were consistent with the view
that the ovaries of lambs with the F-gene are both
structurally and functionally different from those in
non-carriers.
It was also of interest to note that the
ovaries of both F+ and++ lambscontained
manyantral
follicles actively secreting oestradiol.
The level of

follicular oestradiol activity is similar to that observed
in mature ewes during anoestrus or during the luteal
phase of the oestrous cycle (McNatty et al., 1984).
In contrast to the findings for Booroola lambs
these data show that the Booroola F-gene does not
have a major influence on the total numbers of follicles
(2 1 mm diam.) in mature ewes; in each of the genotypes the follicle numbers were similar. However, the
patterns of follicle growth were clearly different since
the large follicles (25 mm diam.) which were routinely
observed in ++ ewes were conspicuously absent from
the FF and F+ ewes.
These data also show that the Booroola F-gene
has an influence on the maturation of ovarian follicles
from an early stage of growth. Proportionately
more of
the small follicles in FF ewes have the capacity to
synthesise high levels of steroid relative to those from
F+ and ++ ewes. In the study on the larger follicles (i.e.,
11 mm diam.) in the 3 genotypes, those in FF, F+ and
++ ewes reached maturity at 2 to 4.5 mm, 3 to 4.5 mm
and 2 5 mm diam. respectively.
Also each mature
follicle in the FF ewes contained fewer oestrogensecreting (i.e., granulosa) cells than in those from F+
ewes which in turn contained less than in f+ ewes.
Collectively, however, the total number of granulosa
cells in the ‘oestrogenic’ follicles in each of the 3
genotypes was similar. Since the oestradiol secretion
rates at 12 to 36 h after cloprostenol
were similar
between the genotypes, it could be argued that the
maturation
of 15 preovulatory
follicles in FF ewes
and 3 to 4 such follicles in F+ ewes may be necessary to
provide a cell mass capable of producing the same
quantity of oestradiol as that from 1 or 2 such follicles
in ++ ewes.
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