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Introduction

‘A hen is only an egg’s way of making another egg” (Butler, 1877) but turning life upside downin

‘chicken and egg’ debates has not often been extended to mammals. Indeed, most of us at this

meeting have becomeinterested in the gametes of farm animals and the processoffertilization

largely because of our interest in the embryos and animals to which they give rise. This is a logical

and practical reason for the interest, brought about by the rapid advancesin the various subjects

underdiscussion at this symposium. However, in a broaderbiological perspective, conferenceslike

this do represent a remarkable shift of emphasis of study from the diploid to the haploid gener-

ation, as well as to the mechanismscontrolling the transitions between the generations(Fig.1).
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Fig. 1. The alternation of generations.

The interval between generations is one of the key elements in any approachto the genetic

improvementoflivestock. Bringing the egg to the forefront of a considerationofthe alternation of

generations may also help define other ways in which manipulation of the egg might be used as a
tool for genetic improvement.

Reduction of the generation interval is one of the means by which multiple ovulation and

embryotransfer is already being used for genetic improvementofcattle (Nicholas & Smith, 1983).

However, this approach depends on the use of cowsor heifers that are old enough to ovulate

secondary oocytes from mature ovarianfollicles. The fact that primary oocytes from much smaller

antral follicles can now be successfully matured andfertilized in vitro suggests that oocytes from
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primordial follicles, oogonia, or even primordial germ cells might become amenable to similar
procedures. Some of the advantages that growing and maturing oocytes in vitro could bring to
livestock production have been,discussed by Eppig & Schroeder (1986). However, since the number
of primary oocytes reaches a peak prenatally, the potential of using in-vitro fertilization offetal
oocytes in cattle breeding schemes bears consideration.

In this paper the genetic advantages and biologicaldifficulties of using fetal bovine oocytes
will be discussed against a brief background description ofrelevant aspects of oogenesis, folliculo-
genesis and current methodsof maturingandfertilizing oocytesin vitro.

The genetic advantages

Cattle breeders have long wished to produce‘replicas’ of their best, selected, progeny testedsires
and some possible approaches to achieving this goal have been discussed by Markert & Seidel
(1981). Van Raden & Freeman (1985) evaluated therates of genetic improvementthat could result
from sire x sire ‘matings’ and showed that they would result in substantial gains in comparison
with conventional breeding systems. However, it has now been shown that proposals to produce
progeny from crossing twosires by replacing a female pronucleus with a second male pronucleus
will not be realizable. This is because the phenomenonofparental imprinting dictates that both
male and female pronuclei be presentif a zygote is to develop to term (Suraniet al., 1987).

Analternative means of combining the genetic merits of selected bulls relatively rapidly could
be a backcrossing system using fetal oocytes fertilized in vitro to provide embryosfor transfer to
recipients whose genetic quality would be irrelevant (Fig. 2). It should be noted that backcrossing
to the same sire would not be desirable becauseit would leadto the deleterious effects of inbreeding
at high levels (coefficients of inbreeding of0, 0-25 and 0-375 for the 3 generations shownin Fig.2).
The average genetic merit of the offspring born from the fetal oocytes would rapidly become equal
to the average merit ofthe selected sires; those offspring above and below average wouldbe ident--
ified by a further roundof progeny testing and so the genetic improvement would be continuous.
Theinterval between successive backcrosses in this scheme would depend on howearly in fetal or
post-natal development the bovine oocyte could befertilized in vitro. For the purposes ofthis
discussion, this has been projected to be possible at 90 daysgestation.

Selected male A Female

Fetus (or neonate): 0.5A

Selected male B

Fetus (or neonate): 0.25A, 0.5B

Selected male C  Fetus (or neonate): 0.125A, 0.25B, 0.5C

Fig. 2. An hypothetical backcrossing system to selected malesusingfertilization offetal oocytes
in vitro.



IVFofcattlefetal oocytes and genetic improvement 89

Table 1 summarizes calculations of the genetic change that could be achieved in milk yield in

dairy cattle by using in-vitro fertilization of fetal oocytes by selected, progeny-tested sires. For

comparison, Table | also shows calculations, made on the samebasis, of the changes that can be

achieved through conventional progenytesting (Nicholas & Smith, 1983), efficient progeny testing

(Woolliams & Smith, 1988), and by multiple ovulation of adult and juvenile animals and embryo

transfer (Nicholas & Smith, 1983). It can be seen that the potential benefits of the in-vitro fertiliza-

tion schemeshould be slightly better than those of even efficient progeny testing schemes or mul-

tiple ovulation ofadults and embryotransfer, but not as great as those obtainable through multiple

ovulation of juveniles and embryo transfer. One advantage of in-vitro fertilization that is not

shownin Table 1 is that the unreliable dam-to-sire path (e.g. due to preferential treatmentofbull-

dams) would be avoided. Van Raden & Freeman (1985) calculated that sire x sire mating would

give 1-1 to 1-3 times the rate of genetic gain that could be obtained throughanefficient progeny-

testing system, allowing for the reduction in genetic variance dueto theselection ofsires.

Table 1. Annualrate of genetic change (standard deviation units) theoretically possible in milk yield by

different breeding systems
 

 

 

Path

Breeding Sire- Sire— Dam-— Dam- Annual
system sire dam sire dam Tesponse*

Conventional progenytestt
Age (years) (L) 6°5 TS 6 5

Accuracy (r) 0-88 0-8 0-65 0-6

Proportion selected (p) 0-1 0-2 0-10 0-9
Selection intensity (i) 1-76 1-4 1-76 0-2 0-081

Efficient progeny test
Age (years) 65 6-5 6 5
Accuracy 0-88 0-8 0-65 0-6
Proportion selected 0-04 0-04 0-01 0-9
Selection intensity 2:15 2:15 2:66 0-2 0-117

Multiple ovulation of adults and embryo
transfer

Age(years) 3-7 3-7 3-7 3-7

Accuracy 0-55 0-55 0-65 0-65
Proportion selected 0-13 0-13 0-25 0-25
Selection intensity 1-65 1-65 1-27 1:27 0-117

Multiple ovulation ofjuveniles and embryo
transfer

Age (years) 18 18 1:8 1:8

Accuracy , 0-43 0-43 0-43 0-43
Proportion selected 0-13 0-13 0-25 0-25
Selection intensity 1-65 1-65 1-27 1-27 0-174

In-vitro fertilization of Day-90 fetal oocytes
by selected progenytested sires
Age (years) 6-5
Accuracy 0-88

Proportion selected 0-04
Selection intensity 2:15-(0-875)t 0-127
 

irh
*Annual response =a o, where heritability (h?) = 0-25.

Progenytest on 50 daughters.

10-875 =(0-5+0-25+0-125)as in Fig. 2.
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Table 2 summarizes analogous calculations and comparisonsfortheefficiency oflean growth inbeefcattle. As can beseen, performance and progenytesting schemes produce equivalent responseswhich can be doubled with multiple ovulation and embryo transfer (Land & Hill, 1975). The in-vitro fertilization schemes should produce high responses, but less than in schemes with multipleovulation and embryostransfer.

Table 2, Annual rates of genetic change (standard deviation units) theoreti-cally possible for efficiency of lean growthin beefcattle by different breeding

 

 

 

systems

AnnualBreeding system Sire Dam Tesponset

Performance test
Age (years) (L) 2 4Accuracy (r) 0-55 0-55
Proportion selected (p) Ol 0-5Selection intensity @ 1-76 0-8 0-128

Progeny testt
Age (years) 4 4Accuracy 0-82 0-55Proportion selected 0-1 0-5Selection intensity 1:76 0-8 0-129

Performance test with multiple ovulation
and embryotransfer*
Age (years) 2 2
Accuracy

0-6 0-6Proportion selected 0-1 0-25Selection intensity 1-76 1:27 0-249
In-vitro fertilization of Day-90 fetal oocytes

using progeny-tested sires
Age(years) 4-25 —Accuracy

0-82 —_Proportion selected 0-1 —Selection intensity 1-76 (0-875) — 0-163
In-vitro fertilization of Day-90 fetal oocytes

using preformance-tested sires
Age(years) 2-25 —Accuracy

0-55 —Proportion selected 0-1 _Selection intensity 1:76 (0-875) — 0-205

*16 Embryos/donor.

Yirh
fAnnualresponse =0 6, where heritability (h?) = 0-3,

{Progenytest on 25 daughters.

Thesecalculations, ofcourse, depend on assumptions ofspecific details and should be viewed asbeing indicative rather than exact for the various systems. Reduced variances due to selection resultin lower responsesbut,since this applies to all the schemes,the relative values should be appropri-ate. These provisos notwithstanding, the potential benefits of an ability to use in-vitro fertilizationof fetal oocytes are evidently considerable. The scheme would avoid the unreliability of femaleselection in the field; for beef, it offers a means of breeding high-merit youngsires for naturalservice in commercialherds. Also for beef, it would obviate the testing of fermales, making moretesting facilities available for males, thus allowing moreintense selection andstill more geneticchange. For both dairy and beef cattle, the scheme would produce high-merit embryos forcommercial use, thereby reducing the genetic lag in dissemination of the benefits.
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Since these benefits seem worth pursuing, the biological obstacles that will need to be overcome
should be considered.

The biological difficulties

For oocytes to befertilized in vitro, the more remote they are from the time ofnatural ovulation at
the time ofcollection, the more complex are the events that need to be accomplished during culture.
Anyuse offetal oocytes will need to take this into account and the developmental complexities that
will need to be negotiated in vitro are underlined by considering how secondary oocytes are derived
from primordial germ cells in vivo through the processes of oogenesis and folliculogenesis. These
events have been previously reviewed in relation to the superovulation ofcattle (Baker & Hunter,
1978). However, since solution of the problemsofobtaining viable oocytes from antralfollicles in
adult cattle is progressing so well, discussion of the possibility of using fetal oocytes can be
concentrated on the earlier stages of oogenesis and folliculogenesis, stages which have been
excellently described for cattle and sheep by Riisse (1983).

Oogenesis

Primordial germ cells (or gonocytes) divide mitotically, differentiating into oogonia in females,
spermatogoniain males.In generating oocytes, oogonia undergothe twocell divisions ofmeiosis in
order to reduce their diploid chromosome and DNA complement(2n) to the haploid state (n) and
to provide an opportunity for resegregation of the genetic information in that material. Once an
oogonium enters prophaseofthefirst meiotic division, it becomes knownasa primary oocyte; after
completion ofthe first meiotic division and entry into the second,it is a secondary oocyte. After the
two meiotic divisions, the resulting haploid cells should strictly be knownas ootids (by analogy
with spermatids), but the term is rarely used.

The essential difference between mitosis and meiosis lies in the prolonged and specialized
first meiotic prophase. Throughout most of this prophase, the primary oocytes possess a 4n
complement of DNA because they underwent DNAsynthesis either during the S phase or during
the course of early prophase. This tetraploidy is one of the factors exploited in new methods of
separating germ cell populations by flow cytometry (Larsen et al., 1986). This could be of practical
importance if fetal oocytes are to be used. Completion of the first meiotic division separates
bivalent whole chromosomes into the daughter cells (secondary oocytes and first polar bodies)
which, therefore, each contain n chromosomes and 2n DNA.

The second meiotic division involves an extremely brief prophase (or perhaps noneat all in
oogenesis) and separates the constituent chromatidsof each haploidset of bivalent chromosomes.
Every germ cell entering meiosis therefore has the potential to produce 4 dissimilar haploidcells; 4
spermatids or an ovum (ootid) with 2, or occasionally 3, polar bodies.

Riisse (1983) has separated the process of oogenesis into six periods: (1) the primordial germ cell
period; (2) the oogonialperiod; (3) meiotic prophaseI; (4) the isolation of the oocyte from the germ
cell cords; (5) follicle activation and differentiation of the ovum; and (6) the tertiary follicle and
completion of meiosis (Table 3).

In male andfemale farm animals, the primordial germ cells are presumedto first become recog-
nizable in the dorsal endoderm ofthe yolk sac, near the point ofdevelopmentofthe allantois, as in
man (see Byskov, 1982) but it has not yet been ‘possible to say whetherthey originate from ecto-
derm, mesoderm or endoderm (Eddyeta/., 1981). They migrate to, and into, the genital ridge over
the mesonephros before sexual differentiation of the gonads has occurred (by about 40 days
gestation in the cow).

The ‘explosive’proliferation of female germ cells early in fetal developmentis illustrated for the
cowin Fig.3. Atfirst, this involves mitotic division of the primordial germ cells and separation of
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Table 3. Events that could affect the use of germ
cells from fetal bovine ovaries for fertilization in

/ vitro (data from Riisse, 1983)
 

Stage of fetal development

Crown-rump_ Gestation

 

Event length (cm) day

Formationofgenital ridge 1-0 30
Sexual differentiation of
gonad 2-5 40

Developmentof oogonial
clusters 55 57

Synchronization of mitosis
in:
4 oogonia 70 62
8 oogonia 9:8 74

16 oogonia 12:5 82
Meiosisstarts 12-5 82
Follicle isolation starts 16-0 90
Activation of primordial

(primary)follicles 32:5 140
Secondaryfollicles appear 65-0 210
Tertiary follicles appear 74-0 230
Birth ~ 100-0 280
 

identical daughtercells. Subsequently,the final division of each primordial germ cell gives dissimi-
lar daughter cells. One immediately undergoes mitosis and produces an oogonialcell line; the other
remains in interphase and maybea ‘stem cell’ capable of continuing mitosis later to produce
clusters of oogonia dividing synchronously (Riisse, 1983). Thefetal ovary therefore contains germ
cells in various developmentalstates during their rapid proliferation, as well as somaticcells.
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Fig. 3. Total numbers of germ cells in the prenatal bovine ovary at various stages of gestation.
Data from Erickson (1966a).

Synchronized mitotic cell division has been observedin clusters of up to 16 oogonia (Risse,
1983), implying that only about 4 such divisions are possible before the oogonia enter meiosis. In
the cow, meiosis begins to occur from about 72-82 daysgestation, during the steep ascent of the
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Fig. 4. Comparison of animal breeding strategies using (a) conventional methods and (b)in-vitro fertilization of fetal oocytes.
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population curve shownin Fig. 3. The end ofmitotic multiplication meansthatthetotal numberofoocytes that the female will ever have becomesfixed once andforall during this period of oogenesisbetween about 80 and 170 days gestation. In histological sections, primary oocytes are readilydistinguishable fromogonia (Riisse, 1983).
Twoimportantdelays makethe rate of meiosis during oogenesis very much slower than duringspermatogenesis. Thefirst delay occurs before diakinesis during prophaseofthefirst division andextends from the time the primary oocyte enters meiosisin fetallife to the time when, normally,it isinduced to resume the division immediately before ovulation. Consequently, the DNA in theoocytes ovulated by an adult cow would have been synthesized monthsoryears before (during theS phase preceding meiosis) and open to possible deleterious modification throughoutthat period.Theleptotene, zygotene, pachytene anddiplotenestages of meiotic prophasearedescriptive of theappearance of chromosomes during recombination and crossing over. However, the successivestages also demarcateothercellular changes, includingtheloss ofintercellular bridges between theoocytes as they gradually become isolated in association with follicular cells of somatic origin(Riisse, 1983; Table 3).
Once the primary oocyteandits follicular cells are isolated, the oocyteis said to enter a restingphase. During this phase, the chromosomesin the oocyte unwind and the cytoplasmic organelles inboth the oocyte and follicular cells become reduced in number. The resting phase persists untilfollicular cells becomeactivated. With activation, growth and differentiation of the primary oocyteis resumed. This occurs in a proportion ofprimordialfollicles after 140 daysgestation as describedbelow, under‘Folliculogenesis’ (Table 3).
During theearly stages of growth of the primary oocyte, there is synthesis of the RNA whichprobably acts as a messenger for protein synthesis in the oocyteitself and during the early cleavageStagesafter fertilization. The cytoplasm of the growing oocyte containsall the required organellesfor protein and mucopolysaccharide synthesis (Baker, 1982). In cattle, the high rate of RNAsynthesis that characterizes oocytes isolated from early antralfollicles, as well as later RNA synthe-sis in the oocytes from larger follicles, are considered necessary for the storage of informationessential to the restarting and completion of meiosis (Motlik et al., 1984; Motlik & Fulka, 1986).Once the oocyte reaches its maximum size, its nucleolus undergoes changes that are recognizedmorphologically and rRNAsynthesis decreases substantially (Crozeteral., 1986). The rRNA pro-duced by the growing oocyte is ofan unusually stable form; in the pig, for example, it must serve forprotein synthesis by fully grown oocytes over a 15—20-day period betweentheir attainment of fullsize (in 2-3 mmfollicles, say 2-4 daysafter preceding ovulation) andthe timeof activation of theembryonic genomeafterfertilization (Motlik & Fulka, 1986). It is therefore misleading to regardthe growing, dictyate primary oocyte as ‘resting’ metabolically; indeed, from morphological,physiological, and metabolic standpoints it can be compared with a somatic cell in the G1 phase ofthe cell cycle (Motlik & Fulka, 1986) andsoits culture requirements mightalso be similar.Whenthe resumption of meiosis is stimulated, the primary oocyte passes from the dictyate, orthe ‘germinal vesicle’ stage, into diakinesis. Following germinal vesicle breakdown, the chromo-somes becomeorientated in the metaphase I configuration, anaphase and telophaserapidly follow,extruding the first polar body (PB-1) and thereby forming the secondary oocyte. In contrast to theextremely long prophaseofthefirst meiotic division,thereis virtually no prophase to the second, sometaphase II follows directly, It is at this point that the secondinterruption ofmeiosis occurs, untilresumption following activation ofthe egg bythefertilizing spermatozoon.

Thedecline in female germ cell numbers from the peakstypified in Fig. 3 involves oocyte atresiain differing circumstances (see Prépin et al., 1985). During the period of oogenesis, massive lossesare incurred amongst oogonia in mitotic interphase and primary oocytes in meiotic prophase,especially at the stages associated with ‘crossing-over’ (zygotene to diplotene) which may be ahazardous process to accomplish. The steepest decline (e.g. between Days 130 and 170 gestation inthe cow; Fig. 3) is linked to both atresia and the cessation of germ cell mitosis. Subsequently, whenthere are no oogonia left to degenerate, the atresia of oocytes settles down to a more gradual
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rhythm.Riisse (1983) ascribes the loss of most germ cells to their continuing to mature, after oocyte
isolation, in an environmentthat is inadequate to support their development.

There is great variability between species, and between individuals within a species, as to the

numberofoocytes remaining at birth. The cow is born with, on average, about 235 000 oocytes, but

this figure has little meaning considering that the range in a group of 69 animals was from 0 to

724 000 (Erickson, 1966b). Their numbers (as mirrored in the total numberoffollicles) continue to
‘decline after birth and it is important to stress the variation from individual to individual; for

example, Monniauxet al. (1983) found the numberoffollicles bigger than 70 um in diameter to
_ range between approximately 50 and 900 per ovary in cows. Similarly, an adult ewe may possess

anywhere from 24 000 to 175 000 follicles containing oocytes, depending on the breed (Cahillet al.,

_ 1979). Being far in excess of the numberof oocytes or offspring that any female can produce, these
numbers have sounded academic until recently. However, an understanding ofthe factors govern-

ing which oocytes and which follicles cometofruitionis at the core ofall attempts to improve yields
of viable eggs either during folliculogenesis (Greve et al., 1989) or during oocyte maturation

in vitro, Studyofthese factors will certainly need to be extendedifuse is to be madeoffetal oocytes.

Folliculogenesis

Once formed, primary oocytesin vivo dependfor their continued developmenton aninteraction

with the female in the environmentof the ovarian follicle. Use of fetal oocytes would depend on an

ability to reproduce the effects of this interaction in vitro.

Atbirth, the vast majority of the thousands of primary oocytes in the ovaries are enclosed in
primordial follicles, and remain so unless and until they begin to grow.in the ewe, 2-5 primordial

follicles, less than 0-06 mm in diameter, enter the growth phase every day (Turnbull et al., 1977;

Cahill, 1982). The hormonal stimulus that causes them to do so has not been defined but presum-

ably involves pituitary gonadotrophins because, in rats, injections of PMSG can bring it about

(Lintern-Moore, 1977). Once they have entered the growth phase, sheep follicles certainly depend

on the presence of gonadotrophins; this has been shown by hypophysectomy (Dufouret al., 1979)
and by morespecific immunological neutralization of LH and FSH (McNeilly et al., 1986). This

dependence only becomes apparent over the long-term for the smaller, pre-antral follicles whereas

a deficiency in gonadotrophinsaffects larger, antral, follicles much more quickly.

It takes 6 months for a primordial follicle to reach preovulatory size in sheep, of which 4—5

monthsare spent in growing slowly to the size at which an antrum appears and 1-2 monthsin a

more rapid terminal phase (Cahill & Mauléon, 1980; Cahill, 1982). Even in the adult female, the
large growing follicles represent only a small fraction of the total population; in the ewe, for

example, only about 10% of the 200-800 growing follicles exceed 1-1 mm in diameter to become

visible at the ovarian surface (Cahill et al., 1979). The follicular antrum first appears in the cow in

follicles ranging in diameter from 0-115 mm (when 10% possess an antrum) to 0-280 mm (by which

stage 90% are antral; Monniaux et al., 1983). In contrast to the oocytes of laboratory rodents,
those of farm animals (pigs and cowsat least) continue to grow and mature within follicles after

formation of the antrum (Motlik et al., 1984; Motlik & Fulka, 1986). Consequently, in pigs,

oocytes isolated from small antralfollicles are not usually mature enough to complete meiosis in

vitro (Motlik et al., 1984). The fact that a high proportion of bovine oocytes collected from a wide

range offollicle sizes at the abattoir can be matured andfertilized in vitro indicates that the precise

relationship betweenfollicle size and the oocyte’s meiotic competence remainsto be established in
cattle. .

The zonapellucida, the specialized glycocalyx of the oocyte, has extremely importantroles to

play at the time ofnormalfertilization, at least, and so its formation by the oocyte as the primordial

follicle starts to grow is anothervital function of the primary oocyte. The growing mouse oocyte

secretes at least three protein constituents of the zona pellucida which are involved in the acrosome

reaction, sperm binding and the block to polyspermy.It is intriguing the the oocyte producesall of
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these proteins during oogenesis and stops producing them during meiotic maturation before ovula-
tion, yet all knownfunctions of the products are delayed until after ovulation (Deanet al., 1986).

Determining to what extent this prolonged follicular growth is essential to oocyte maturation,
and to whatextentits essential elements can be reproducedin vitro, represent formidable challenges
to the possibility of using fetal oocytes and workin this areais only just beginning (Gandolfi eral.,
1988).

Discussion

The usefulness of in-vitro maturation andin-vitro fertilization of follicular oocytes in cattle is
beyond question. After a very prolonged developmental period, procedures have progressed
enormously over the past 2 years so that zygotes, embryos andcalves from in-vitro maturation and
fertilization areat last available both for commercial and research purposes, as has been discussed
elsewherein this symposium. The progressionofresearch that hasled to this has involved the use of
oocytes of more and more immaturityat the time of collection; only a few years agoit seemed most
unlikely that large numbers ofembryos would be produced from oocytescollected indiscriminately
at the abattoir. Similarly, the techniques that would be necessary to makeuseoffetal oocytes might
becomefeasibleif there is sufficient incentive to work on them.

The advantages that in-vitro fertilization of fetal oocytes could bring to animal breeding
(Tables 1 & 2) would seem real enoughto encourage such work. Figure 4, in contrasting the overall
principles of conventional breeding and the hypothetical scheme,illustrates another point of bio-
logical interest. Using fetal oocytes for in-vitro fertilization could eliminate the necessity for adult
animals in passing from onegeneration to the next, with adults being siphoned off the system as
required. Besides shortening the interval between generations, this would mean that the oocytes
would never be exposed to the environmental influencesthat they encounterin the adult ovary.
Some of these influences (perhaps maternal reproductive hormones, for example) could be
beneficial, or even essential, to the proper maturation of the oocyte. If so, they will need to be
emulated in vitro. Other environmentalinfluences in the adult might be detrimentalto the normal
oocyte. These might include exogenous hormonesused to promote growth, lactation or super-
ovulation, physical factors suchasirradiation resulting from nuclear accidents, ultrasound used for
diagnostic purposes, or known toxins such as the fungicides, insecticides and polychlorinated
biphenyls that have been identified in humanfollicular fluid (Baukioh etal., 1985). Avoidance of
these influences could be beneficial to animal breeding programs.

Examination of embryos recovered from normal adult donorcattle within 6 days of super-
ovulation has shown that about 10% ofthem have cytogenetically detectable abnormalities. These
result from abnormalities offertilization and of oocyte maturation and ageing rather than meiotic
non-disjunction (King, 1985). It might be speculated that such abnormalities could be avoidedif
optimalconditions for maturation and fertilization could be achieved using younger(fetal) oocytes
under more controlled conditionsin vitro. If that were to prove possible, cytogenetic abnormalities
mightbe limited to those inevitably arising from non-disjunction due to chromosomalabnormalities
already present in the germ cells.

Manybiological problemswill need to be overcomebefore fetal germ cells can befertilized in
vitro. The complexities of oocyte differentiation, growth and nuclear and cytoplasmic maturation
have obviously evolved to permitfertilization to occur during the brief interval for which the
oocyte will be exposed to spermatozoain vivo. It remains to be seen which of the complexities are
indispensible and which can be bypassed by improved understanding, improved culture methods
and experimental manipulation. Overall, the signs seem encouraging. Mature follicles can be
dispensed with in cattle. Since the early work on culturing immature mouse oocytes (see Eppig &
Schroeder, 1986), it has been shown that immaturefollicles can be grown to antral or equivalent
stages in rats (Gandolfi et al., 1988; Daniel & Gore-Langton, 1988) and the contained oocytes
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acquire meiotic competence and can befertilized (abnormally) in somecases. Fetal rat ovaries can

be cultured so that germ cells enter meiosis in vitro (Prépin et al., 1985) and, in mice, primordial

germ cells can be isolated from fetal ovaries and cultured in vitro (De Felici & McLaren, 1983;
Donovanet al., 1986; McCarrey etal., 1987). Improved understanding ofthe processes controlling

meiosis has led to the development of culture systems capable of maintaining mouse oocytes in a

fertilizable condition for up to 40h in vitro (Downset ai., 1986). Primary and preantralfollicles of
cows can be grownin an in-vitro perifusion culture system, although the effect of such culture on

the contained oocytes has not been described (Peluso & Hirschel, 1988). Sperm injection into the
perivitelline space is producing pregnancies in human in-vitro fertilization programmes and.so

perhaps further developments in this area could reduce the need for a fully formed zona pellucida

during in-vitro fertilization. Alternatively, might it be possible to obtain the genetic information
from immature fetal oocytes by nuclear transplantation into enucleated mature oocytes and then

using them for in-vitro fertilization? To answer these questions and many morerelated questionsit

will be necessary, as always, to integrate apparently diverse information from a variety of species,

developefficient methodsofisolating fetal germ cells, understand their enormousrate of degener-

ation in vivo and preventit in vitro, and give them a chance to show that a cowis only an oocyte’s
way of producing another oocyte.
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