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ABSTRACT

Ovulation rate records from 1311 female progeny of 50
Coopworth rams were used to study the inheritance of ovulation
rate in a screened high prolificacy sheep flock. Breeding values
(BV) for ovulation rate for 33 sires used within the screened
flock and ovulation rate deviations for a further 17 sires progeny
tested in commercial flocks suggest that a major gene (Wood-
lands gene) for ovulation rate with a non-Mendelian inheritance
pattern is segregating in a family line. Rams assigned as carriers
of the putative gene did not produce carrier sons (zero of three),
and this coupled with the observation that daughters of carrier
rams had ovulation rates of 0.39 (standard error of difference
[SED] 5 0.06) higher than contemporaries without a significant
increase in the variance of log ovulation rate strongly suggests
that the gene is on the X chromosome. The evidence suggests
that the gene is also maternally imprinted because ovulation rate
data indicate that it is expressed where females inherit a pater-
nal allele but is silenced when inherited on a maternal allele.
Maternal granddaughters of carrier rams had mean ovulation
rates that were only 0.02 (SED 5 0.06) higher than noncarrier
ewes from the same flock. Furthermore, carrier dams expressing
the gene (paternal allele) had 24 sons, none of which had female
offspring that expressed the gene, whereas carrier dams not ex-
pressing the gene (maternal allele) had 7 out of 17 sons that had
female progeny expressing the gene. There is no evidence of the
infertility that occurs in homozygous ewes carrying the X-linked
Inverdale gene. Collectively, these results suggest the existence
of a novel gene for prolificacy located on the X chromosome
that is maternally imprinted. The Woodlands gene was only ex-
pressed upon paternal inheritance from carrier males that were
the progeny of nonexpressing carrier dams. The gene was not
expressed in ewes that received it from either carrier dams (ex-
pressing or nonexpressing) or from carrier males that were the
progeny of expressing carrier dams.

ovulation

INTRODUCTION

Production traits are typically considered as the result of
many genes acting primarily in an additive manner, and this
assumption is the basis of most breeding strategies. The
identification and use of specific major genes for production
traits in livestock enables an increased rate of genetic im-
provement [1]. There is evidence of several major genes
affecting prolificacy in sheep [2–8]. The Booroola gene has
been mapped to sheep chromosome 6 [9], whereas the In-
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verdale gene is located on sheep chromosome X [10]. We
have been investigating a putative gene influencing ovula-
tion rate in a flock of New Zealand Coopworth sheep.

Intensive screening among recorded sheep flocks
throughout New Zealand commenced in 1979 and led to
the establishment of flocks (hereafter called the screened
flocks) of highly prolific Coopworth, Romney, and Peren-
dale sheep at the Invermay Agricultural Centre. The 212
foundation ewes in the screened flocks were selected on the
basis of high litter size [11], and the 85 foundation rams
were selected from similar high prolificacy backgrounds.
Subsequent selection within each screened flock was on the
basis of ovulation rate. Records from the Romney flock,
and subsequent progeny testing of rams, identified the X-
linked Inverdale gene. In heterozygous females the Inver-
dale gene increases ovulation rate by about 1.0 and litter
size by about 0.6 [7] but causes small streak ovaries leading
to infertility in homozygous ewes [12, 13].

In 1984, high ovulation rates were measured among the
daughters of one of the foundation Coopworth rams (79-
754) used in 1982, and this was reflected in his subsequent
high breeding value (BV) for ovulation rate (10.74). De-
scendants of ram 79-754 have been designated the Wood-
lands family line. A program of progeny testing (PT) males
of the Woodlands family, by mating these with unrelated
ewes in commercial flocks, was initiated in 1987. The ob-
jective was to determine whether a new major gene for
ovulation rate was present in this family, using records from
the screened flock and the progeny test flocks.

MATERIALS AND METHODS

The experimental procedures reported in this study were
carried out in accordance with the 1987 Animal Protection
(Codes of Ethical Conduct) Regulations of New Zealand
after approval was granted by the AgResearch Invermay
Animal Ethics Committee.

Selection following the initial screening was based on
BV for ovulation rate that was calculated using an animal
model with heritability of 0.2 and repeatability of 0.3. Ovu-
lation rates were measured by laparoscopy [14] twice at 1.5
yr of age and once or twice in each successive year. All
females were retained until laparoscoped twice at 1.5 yr of
age, and those with the highest BVs for ovulation rate were
selected as flock replacements. The sire BVs, which ex-
cluded male progeny information and had been calculated
on the basis of multigenic inheritance of autosomal genes,
included all records of ovulation rate, whereas the PT ovu-
lation rate records analyzed were those measured at 1.5 yr
of age before any females were culled.

Within the screened flock from 1982 to 1997, Woodlands
sires (ram 79-754 plus 32 descendants) were designated
either as expressers or as noncarriers of the putative gene
based on their BV. Although ovulation rate is only ex-
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TABLE 1. Segregation among the sons of two half-sib ewes in the Wood-
lands family; the mother (82-268) of both dams was a daughter of carrier
sire 79-754.

Dam Son
Progeny ovulation

rate deviation Classification

85-852
85-852
85-852
85-852
85-852
85-852

85-516
89-626
90-27
90-28
92-487
93-300

10.26
20.17
10.53
10.37
20.13
20.15

Carrier
Noncarrier
Carrier
Carrier
Noncarrier
Noncarrier

86-66
86-66
86-66
86-66

90-164
90-165
92-90
93-704

10.39
10.10
10.12
10.39

Carrier
Noncarrier
Noncarrier
Carrier

pressed in females, we use the term expresser males to
identify carrier males that have daughters with increased
ovulation rates because in the discussion we propose that
there are also silent carrier males that have daughters show-
ing no increase in ovulation rate. Ram 79-754 and five of
his descendants with high BVs (range: 10.40 to 10.68)
were designated expressers, and the remaining 27 male de-
scendants with BVs from 20.40 to 10.26 were designated
noncarriers. The mean number of female progeny per ram
was 23.3 (SEM 6 1.4).

From 1987 to 1997 the PT program involved 19 Wood-
lands rams (including two that had also been used within
the screened flock) that were each mated to unrelated ewes
in commercial flocks. The female progeny (mean per sire
5 28.6 6 1.4) were retained until 1.5 yr of age when ovu-
lation rate was measured by laparoscopy twice with an in-
terval of 18–21 days between measurements. Three Wood-
lands rams with daughters having mean ovulation rates that
were 0.33 to 0.39 (mean 5 1 0.36) higher than contem-
poraries were designated expressers and 16 rams with
daughters ranging from mean 5 20.12 to 10.17 compared
with contemporaries were classified as noncarriers.

Woodlands rams were assigned to one of three categories
depending on their relationship to an expresser male an-
cestor. Category 0 was the sons of expresser rams (zero
females in the line between the ram and his carrier ances-
tor), category 1 was the maternal grandsons of an expresser
ram (one female in the line between the ram and his carrier
ancestor), and category 2 was no closer than maternal great
grandsons of an expresser ram (at least two females, and
no males, in the line between the ram and his carrier an-
cestor).

Statistical Analysis

Ewes born in the screened flock from 1982 onward were
classified with a number of indicator variables (genotype
classes). Each of these variables represented a line of de-
scent from an expresser carrier ram (five different pathways
in total), and the variable was set to one if the ewe had that
ancestry and was set to zero otherwise. An additional ge-
notype class was created for ewes that were progeny of
expresser rams, and whose dam descended from an ex-
presser ram. Ewes in this category are potentially homo-
zygous for the gene, and their other genotype classes were
set to zero.

Ovulation rates at 1.5 yr of age were analyzed in a mixed
model that included ewe as a random effect. Year of mea-
surement, measurement time within year, and the genotype
classes were included as fixed effects. Initially, interactions
between genotype classes (where relevant) were fitted, but
these were dropped as none was significant. Heterogeneous
variances were allowed for the ewe effects and residual
effects. Preliminary analyses indicated that there was no
effect on variances of genotype classes that included de-
scent through a noncarrier ram. Therefore heterogeneous
variances were modeled only for the remaining genotype
classes.

A segregation analysis was performed to compare au-
tosomal, X-linked, and imprinted models of inheritance.
The analysis calculated the likelihood of obtaining the ob-
served set of ram genotypes under each possible model. It
was assumed that the gene was not present in animals that
did not descend from the founder. Because of the unusual
inheritance models, these calculations were performed
manually.

RESULTS

There were no expresser rams among the three category
0 rams and the 24 category 1 rams. However, among the
17 category 2 rams, there were seven expressers (41%). In
addition, there was one ram that was assigned both cate-
gories 0 and 1, three rams that were assigned categories 0
and 2, and one that was assigned categories 1 and 2. The
only expresser in these multicategory rams was one that
was categories 0 and 2. The classification of noncarrier as-
signed to the two rams that had been used in both the
screened flock and in the progeny tests was consistent
across flocks.

The 102 daughters of expresser rams in the screened
flock (excluding 14 from dams that were also carriers) had
a mean ovulation rate 0.39 (standard error of difference
[SED] 5 0.06) higher than Coopworth contemporaries.
There were 113 maternal granddaughters of expresser rams,
sired by noncarrier rams, and their mean ovulation rate was
0.02 (SED 5 0.06) higher than contemporary Coopworth
ewes. In addition, there were 67 maternal great grand-
daughters of expresser rams, sired by noncarrier rams,
which had a mean ovulation rate 0.01 (SED 5 0.06) higher
than contemporary Coopworths.

The 341 daughters of category 1 rams, all classified non-
carriers, had a mean ovulation rate no higher than contem-
porary Coopworths (difference 5 0.00; SED 5 0.04), and
the 198 daughters of these 341 ewes, sired by noncarrier
rams, had a mean ovulation rate 0.01 (SED 5 0.04) lower
than contemporary Coopworths.

Within the screened flock there were also 14 daughters
of a Woodlands expresser ram crossed with a Woodlands
carrier ewe. All 14 had functional ovaries and their mean
ovulation rate was 0.39 (SED 5 0.16) higher than contem-
porary Coopworths, which was identical to the contempo-
rary progeny of Woodlands expresser rams crossed with
noncarrier ewes.

All groups (except daughters of expresser sires) had ewe
and residual variance estimates that were not significantly
different from those of the control. The daughters of ex-
presser sires had a higher (P , 0.05) ewe variance than the
controls (0.39 vs. 0.25; SED 5 0.06). When the log of the
ovulation rate was analyzed, no groups had a significantly
higher variance than the controls.

Two half-sib maternal granddaughters (85-852 and 86-
66) of the founder carrier sire (79-754) had six and four
sons retained for breeding, respectively (Table 1). Half the
sons of each ewe had progeny with high ovulation rates
and were classified as expressers of the gene. This evidence
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TABLE 2. Comparison of X-linked model having a maternal imprint that
is only removed when inherited by a male from a silenced carrier female,
with other inheritance models.

Case
Founder

genotypea Modelb Log10Lc Oddsd

1
2
3
4
5
6
7
8

WW
WW
W1
W1
W1
W/Y
W/Y
W/Y

A
ASfm
A
ASfm
ASf
X
XSfm
XSf

2`
2`

214.57
29.57
29.35

214.83
26.83
27.05

6 3 107

553
336

1 3 108

1
1.66

a W, Woodlands; 1, wild-type; Y, Y chromosome.
b A, autosomal; X, X-linked; Sf, silenced female (heterozygous expresser
females pass imprinted allele to all daughters but to no sons); Sfm, silenced
female and male (heterozygous expresser females pass imprinted allele
to half their progeny of each sex). The same odds exist for this model as
the male offspring-specific transmission-ratio model where expresser fe-
males pass their paternal allele to half their daughters but to no sons.
c Log10L, log10(likelihood).
d Odds ratio of case 7 compared to the current case.

of genetic segregation included two full-sib sons (90-164
and 90-165) of ewe 86-66. The daughters of one son had
ovulation rates 0.29 (SED 5 0.096; P , 0.01) higher than
the other (Table 1).

Records from 193 progeny of the daughters of five ex-
presser sires were examined to investigate whether the sex-
es of the progeny differed from the expected 50% males
and 50% females. There were 102 males (52.8%) and 91
females (47.2%), which is not significantly different from
the expected 50% of each sex (binomial test: P 5 0.47).

The 2-yr-old carrier ewes that inherited the gene from
their sire in the screened prolific flock had a mean ovulation
rate at the cycle of mating of 2.65 (SEM 5 0.07) and a
mean litter size of 2.11 (SEM 5 0.07). The distribution of
litters within this group was 15.3% singles, 60.0% twins,
23.5% triplets, and 1.2% quadruplets.

For progeny of expresser sires in the screened flock,
yearling liveweight, yearling fleece weight, and 1.5-yr-old
mating weight averaged 38.2 kg (SEM 5 0.54), 2.55 kg
(SEM 5 0.12), and 60.9 kg (SEM 5 0.89), respectively.
The respective values for contemporary progeny of non-
carrier rams were 37.2 kg (SEM 5 0.57), 2.44 kg (SEM 5
0.33), and 60.5 kg (SEM 5 0.83). None of these differences
between expressers and noncarriers was statistically signif-
icant (P . 0.05).

The segregation analysis (Table 2) confirmed that the
data are most likely under the X-linked maternally imprint-
ed model where the imprint is only removed when inherited
by a male from a silenced carrier female. The data were
336 times more likely under this model than under the best
autosomal model.

DISCUSSION

Results from the three category 0 sires, whereby an ex-
presser male does not pass the gene to his sons, are con-
sistent with a single gene or closely linked group of genes
on the X chromosome. In total, seven rams had expresser
sires (category 0 5 3; category 0 and 1 5 1; category 0
and 2 5 3), and the only expresser ram amongst this group
also had an expresser maternal great grandsire (i.e., cate-
gories 0 and 2). Based on the category 2 results, it seems
probable that this category 0 and 2 sire inherited the gene
from his maternal great grandsire. Among daughters of ex-

presser rams, the higher ovulation rate (10.39) was not
associated with a significant increase in the variance for log
ovulation rate (an increase in coefficient of variation).
There was therefore no evidence for segregation of the
Woodlands gene among the daughters of expresser rams,
which is consistent with a prolificacy gene on the X chro-
mosome [7]. Furthermore, the segregation analysis (Table
2) supported X-linked inheritance compared with autoso-
mal inheritance.

It appears most likely that the gene is expressed in a
parent-of-origin-dependent manner (imprinted), being ex-
pressed from only the paternally inherited allele (maternally
imprinted), because there was a high ovulation rate in
daughters of expresser rams compared with a normal ovu-
lation rate in daughters of these high ovulating carrier
dams. Genomic imprinting is the condition in which the
parental alleles of a gene are differentially expressed. Typ-
ically, in an imprinted gene there is transcription of the
allele inherited from one parent but not the other. The effect
of imprinting is that the gene is turned off, which renders
the genome functionally hemizygous at the specific locus.
Over 30 imprinted genes were discovered in mice and hu-
mans during the 1990s [15]. It is known that one of the X
chromosomes undergoes a process of inactivation in so-
matic cells during early development [16] but neither of the
patterns that have been described, random X inactivation
and paternal X inactivation [17], explain why the putative
Woodlands gene appears to be expressed in all females in-
heriting the paternal allele but none of those inheriting the
maternal allele.

This is the first report of an imprinted gene on the sheep
X chromosome, and it is currently the only imprinted gene
shown to affect ovulation rate. There was no evidence of
pleiotropic effects on either liveweight or fleece weight, as
the differences between carriers and noncarriers were small
and not significant (P . 0.05). There is a maternally im-
printed locus on the human X chromosome affecting cog-
nitive function in females with Turner’s syndrome [18] and
paternal inheritance of a fragile X chromosome leading to
an increased incidence of premature ovarian failure [19].
Two other imprinted genes have been identified in sheep,
but neither is on the X-chromosome. The insulin-like
growth factor-2 gene on ovine chromosome 21 is mater-
nally imprinted [20], while the Callipyge muscular hyper-
trophy gene, which is only expressed in heterozygous in-
dividuals that paternally inherit the Callipyge allele (due to
a polar overdominance effect), has been mapped to ovine
chromosome 18 [21].

Our hypothesis is that the expresser dams of category 1
sires pass the gene to 50% of their sons and daughters, but
the gene is silenced. The expression of a gene affecting
ovulation rate is sex-limited, but the data show that no cat-
egory 1 sires have progeny with increased ovulation rates.
This could be explained on the basis that 50% of these
category 1 sires are silent carriers. This inheritance is
shown in Figure 1 and implies a novel maternal imprinting
effect whereby the imprint is only removed when inherited
by a male from a silenced carrier female. Sire R (Fig. 1)
has a silenced maternal grand-sire and could therefore be
either an expresser (gene inherited from a silenced carrier
female) or a silenced carrier (gene inherited from a dam
that had inherited the gene paternally), and further progeny
test data are needed to determine which of these inheritance
patterns is involved.

To know whether some category 1 sires are silent car-
riers we need to identify expresser descendants. The infor-
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FIG. 1. Schematic multigeneration family showing descendants of an expresser male (A). Numbers indicate mean ovulation rates of all relevant
descendants of expresser rams. Open squares (male) and circles (female) denote noncarriers. Solid squares and circles denote carriers in which the
gene is expressed (males assigned on the basis of their daughters expressing the gene), and shaded squares and circles denote carriers in which the
gene is silenced. Category 0 males are represented by sire B, category 1 males by sires D and E, and category 2 males by sires L, M, and Q. Because
silenced carriers and noncarriers cannot be distinguished by phenotype, bracketed ovulation rates are the combined means for carriers in which the
gene is silenced and noncarriers. The figure shows inheritance according to the X-linked model with a maternal imprint that is removed when inherited
by a male from a silenced carrier female that has inherited the gene maternally. Sire R is shown as solid and shaded because he could be either an
expresser (gene inherited from a silenced carrier female) or a silenced carrier (gene inherited from a dam that had inherited the gene paternally),
depending on which of these inheritance patterns is involved. The male offspring-specific transmission-ratio model where expresser females pass their
paternal allele to half their daughters and no sons is illustrated by excluding sire D and his descendants; and the male offspring-specific transmission-
ratio model where expresser females pass their paternal allele to all their daughters and no sons is illustrated by excluding sire D and dam G plus their
descendants.

mative animals would be the maternal great-grandsons of
a silent carrier category 1 sire because carriers in this gen-
eration would have inherited the gene from their dam’s ma-
ternal X chromosome and it would be expected that the
gene would be expressed in their female progeny. There
was only one sire used in the screened flock that was the
maternal line great grandson of a category 1 sire and on
the basis of his daughters’ ovulation rate he was a noncar-
rier. Half of the category 1 males would be expected to be
silent carriers, but these cannot be distinguished phenotyp-
ically from the noncarriers because both would produce
daughters that show no increase in ovulation rate. Hence,
on average, daughters of half the category 1 rams would
be carriers, one in four granddaughters and only one in
eight great-grandsons.

A search of litter size records in the Lincoln University
flock in which sire 79-754 was bred (there were no records
of ovulation rate) does provide some evidence that the gene
is carried by category 1 rams. Sire 79-754 was used in this
flock in 1981 prior to his use in the screened flock, and his

38 2-yr-old daughters had a mean litter size 0.36 higher
than the mean of their cohorts. Progeny means for litter
size from the other nine sires used in 1981 (n 5 10–22
progeny per sire) ranged from 0.16 below to 0.11 above
the cohort mean. His maternal line great grandsire (71-475)
had daughters that had a mean litter size 0.11 higher than
their cohort mean, and daughters of the 11 contemporary
sires had means ranging from 20.20 to 10.22. This sug-
gests that if the daughters of 71-745 were carriers, the gene
was silent. The dam of 71-475 had 19 lambs in seven lamb-
ings, including four sets of triplets and the first set of qua-
druplets recorded in the flock. Her sire (67-44) had 19
daughters with a mean litter size 0.39 higher than daughters
of six contemporary sires (range 20.16 to 10.03), which
is consistent with 67-44 being an expresser. In Figure 1 this
would be represented by the gene passing from A (repre-
senting 67-44) to C, D (representing 71-475), I and T, with
sire 79-754 being the son of ewe T.

An alternative explanation for the observed inheritance
pattern is that the consistent results from the 24 category 1
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sires suggest that a dam inheriting the paternal Woodlands
allele does not transmit it to her sons, i.e., no sire D’s pro-
duced (Fig. 1). Transmission ratio distortion is defined as a
statistically significant departure from Mendelian transmis-
sion, regardless of its basis [22]. The alternative hypothesis
involves complete transmission-ratio distortion, as a dam
inheriting the paternal allele does pass the allele to at least
some of her daughters, although they do not express the
gene. This contrasts with the X-linked Inverdale prolificacy
gene where a dam inheriting the gene either paternally or
maternally, passes it to half her progeny of both sexes, and
the carrier daughters all express the gene [7]. Parental or-
igin-dependent, male offspring-specific transmission-ratio
distortion has been observed at loci in a specific region of
the human X chromosome [23], but the distortion was in-
complete as 61.7% of males inherited grandpaternal alleles
versus 38.3% that inherited grandmaternal alleles.

If transmission-ratio distortion is male-offspring specific,
the female offspring would be unaffected, with half inher-
iting the grandpaternal allele and half inheriting the grand-
maternal allele. The segregation analysis (Table 2) was un-
able to compare this model with the model having a ma-
ternal imprint that is only removed when inherited by a
male from a silenced carrier female. This is because in the
absence of progeny testing or a DNA marker for the gene
it is not possible to differentiate the phenotype of noncarrier
males and the putative silent carrier males. The possibility
that the grandpaternal allele was passed to all female off-
spring (i.e., no G’s produced; Fig. 1) was also investigated.
A segregation analysis of these daughters, on the basis of
whether or not they produced carrier sons, was inconclu-
sive, with the odds ratio suggesting that the data were
slightly more probable (1.23) if 50% of these ewes carried
the allele than if 100% carried the allele.

Another possible explanation for the observation that
there were no carrier category 1 males with daughters hav-
ing increased ovulation rates was that there could have been
lethality in hemizygous carrier males. Strong segregation
distortion due to a male-lethal effect has been found for
several X chromosome markers in mouse interspecific
backcrosses [24], and placental hypotrophy where the con-
ceptus was male, frequently leading to fetal death, has been
observed in mouse interspecific hybrids by Zechner et al.
[25], who also noted that one of the determinants of pla-
cental growth has been mapped to the mouse X chromo-
some. If there was lethality in all hemizygous carrier males,
the number of males would be expected to be half the num-
ber of females because only the 50% noncarrier males
would survive. However, the 53% males and 47% females
recorded among the 193 progeny of carrier ewes was not
indicative of any lethal effect in hemizygous carrier males.

The presence of carriers among the Woodlands category
2 sires is evidence that the maternal imprint is removed
when the silenced allele is passed from a carrier dam to her
son. With an X-linked gene, all daughters of a carrier sire
would be expected to be carriers and subsequently 50% of
their daughters and 25% of their grandsons. Although the
observed 41% (7 of 17) carriers was higher than the ex-
pected 25%, the difference was not significant (binomial
test: P 5 0.21). Records from the sons of half-sib ewes 85-
852 and 86-66 also provide compelling evidence of genetic
segregation. Five of their 10 sons were classified as carriers
(Table 1), and these included a set of full-sibs where one
was a carrier and the other a noncarrier. Because there are
both carrier males and females, mitochondrial inheritance
was excluded as sperm contribute very few mitochondrial

DNA molecules to the zygote and random replication prob-
ably reduces this contribution to zero in most individuals
[26].

Half of the 14 daughters of an expresser ram crossed
with a heterozygous carrier ewe would be expected to be
homozygous. If the effect of the gene is additive for ovu-
lation rate, like the Booroola prolificacy gene in sheep [2],
this group of females would be expected to have a higher
mean ovulation rate than the heterozygous progeny of an
expresser ram. Alternatively, if the inheritance involved po-
lar overdominance as has been observed in the Callipyge
muscling gene in sheep [21], the mean ovulation rate of
these females would be lower than heterozygotes. The ev-
idence suggests that the increased ovulation rate of the 14
ewes (10.39) was the same as contemporary heterozygous
progeny of carrier rams crossed with noncarrier ewes.
There was no evidence of segregation for ovulation rate
among the 14 ewes, as the between-ewe variation (0.18)
was not higher than in the progeny of expresser rams across
noncarrier ewes (0.39; SED 5 0.10). Furthermore, all 14
had functional ovaries, which shows that in homozygous
ewes the gene does not impair ovarian development in the
manner observed in ewes homozygous for the X-linked In-
verdale gene [12, 13]. A homozygous female that had an
expresser sire, as distinct from a silenced carrier sire, would
be expected to have one allele that expresses (paternal) and
one allele that is silenced (maternal). Thus, a homozygous
female would be expected to have the same ovulation rate
as a heterozygous female expressing the gene, which is
consistent with our limited data from the 14 ewes bred from
two carrier parents. Although the sample of ewes is small,
these results are consistent with the hypothesis that the gene
is on the X chromosome and in females the paternally in-
herited allele is expressed but the maternally inherited allele
is silenced.

The carrier status of sons of homozygous ewes has not
been determined. If the paternally inherited copy is ex-
pressed and the maternally inherited copy silenced, half the
sons will inherit their dam’s expressing copy and half her
silenced copy. According to our hypothesis the allele will
be silenced in sons inheriting the expressing copy but ex-
pressed (imprint removed) in sons inheriting the silenced
copy. Thus, only 50% of the sons would have daughters
with increased ovulation rates. However, if the total absence
of expressers in the category 1 rams is due to complete
transmission-ratio distortion, it would then be expected that
all sons of a homozygous dam would be carriers because
they would inherit the silenced (imprinted) allele from the
dam’s maternal X chromosome.

The mean effect of the gene on ovulation rate (10.39)
is less than the Booroola (11.65), Java (11.30), Cam-
bridge (11.25), Inverdale (11.00), and Olkuska (10.70)
prolificacy genes in sheep [5–7, 27, 28]. The distribution
of single, twin, triplet, and quadruplet births among daugh-
ters of expresser sires was the same as occurs in other pro-
lific flocks with an equivalent mean litter size, but where
no major gene is known to be segregating [29]. This differs
from the pattern seen among progeny of a sire heterozygous
for the autosomal Booroola gene [29] but is typical of the
distribution of litter size where a major gene for prolificacy,
such as Inverdale, is located on the X chromosome [30]
and is being passed from a male to all daughters.

The Coopworth breed was developed by interbreeding
Border Leicester and Romney sheep [31]. The Lincoln Uni-
versity flock was founded in 1958, and our study of the
litter size records back to its foundation has revealed that
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sire 67-44 was the first Coopworth sire with female progeny
having a much higher mean litter size than their contem-
poraries. Because the Lincoln University flock has subse-
quently been the source of Coopworths for many industry
flocks [31], it is likely that the Woodlands gene is widely
distributed in New Zealand sheep flocks. Determination of
the frequency of the gene and its targeted use in industry
flocks must await the discovery of DNA markers located
close to the gene or the gene itself.

Because the inheritance pattern of the Woodlands gene
is different from the Inverdale FecX locus, we have as-
signed the locus FecX2 and the allele symbol FecX2W in
accordance with the guidelines established by the Commit-
tee on Genetic Nomenclature of Sheep and Goats [32].
Thus female genotypes are FecX2W/FecX2W, FecX2W/
FecX21, and FecX21/FecX21; and male genotypes FecX2W/Y

and FecX21/Y.
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