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The size of pig embryos is not influenced by their
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ABSTRACT

The extent of embryonic death in preimplantation period in the pig may reach even 40%.
Several factors contribute to this phenomenon (onset of oestrogen preduction, uterine space, chro-
mosomal inbalance). The aim of the present study was to clarify whether genetic sex influences
the development of pig embryos in the preimplantation period since the already published data is
not consistent. Porcine embryos were flushed out post mortem on day-10 after insemination, pho-
tographed and individually frozen. DNA was extracted from 91 embryos and sex examined by use
of PCR method with pair of primers corresponding to the SRY gene. 94.5% of embryos were
succesfully sexed. Embryonic perimeter was measured by means of computer aided programme
and sexed embryos were classified and grouped into three categories: small, medium and large,
accorrding to their perimeter. According to statistical analysis, embryonic size was not influenced
by genetic sex. The overal sex ratio, females to males (1.4:1) was not significantly different from
the expected 1:1. Moreover, no significant difference between the percentage of males and
femalcs was found in the three categories.
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INTRODUCION

The proportion of embryos that die during early gestation in the pig ranges
from 25 to 40% (Pope et al., 1990; Lambert et al., 1991). Early investigations were
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concentrated on chromosomal abnormalities as a potential source of this loss but
few such anomalies were detected (McFeely, 1967; Smith, and Marlow, 1971;
Moon et al., 1975; Dolch and Chrisman, 1981; Hoeven et al., 1985). Further-
more it was shown that many of the chromosome anomalies that were found
were only in the trophloblast and not the embryo itself (Long and Williams,
1982) and it was concluded that gross chromosome abnormalities were not a
major cause of early embryonic death in the pig. As has been suggested by Ro-
berts et al. (1993) asynchrony within a litter is caused by the losses of concep-
tuses that are genetically normal but which are lagging in their development.
More recently, interest has focused on the effect of asynchronous development
of the embrye and uterine environment. It has been suggested that within a litter
the more developed embryos start to produce oestrogen, and thus advance
uterine sccretions, to the detriment of their smaller, slower growing littermates
(Dziuk, 1985; Pope et al., 1988). The question remains, however, as to why
some embryos are faster growing than others.

It its known that in cattle there 1s a sex difference in the rate of early cleavage
of blastocysts in vive ( Avery et al., 1989) as well as in vitro (Avery et al.,, 1991;
Xuetal, 1992; Yadav et al., 1993). A similar sex difference occurs in the rate of
growth of pre-implantation stages in the mouse (Valdivia et al., 1993) with males
growing faster than females and it is assumed that it is the embryonic genome
that is the controlling factor. Similar investigations in the pig have produced
conflicting results. Some reports have not shown the sex dependent relationship
in the embryonic size (Stumpf et al., 1994; Pomp et al., 1995; Kaminski et al.,
1996) whereas that of Cassar et al. (1994) proved that hypothesis.

The aim of the present study was to clarify whether genetic sex influences the
development of pig embryos in the preimplantation period.

MATERIAL AND METHODS

Embryo collection

Pure bred Duroc boar semen was used to inseminate Landrace x Yorkshire
sows. At day 10 of gestation (day 0 = day of artificial insemination) the sows were
slaughtered, the embryos flushed post mortem, photographed and individually
frozen in liquid nitrogen (Nissen et al., 1997).

DNA extraction

The frozen embryos were thawed and digested with proteinase K (final con-
centration of 0.2 mg/ml) at 53°C for 10 h and then boiled at 100°C for 5 min in
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order to inactivate the enzyme. This procedure was followed by phenol/chloro-
phorm extraction and ethanol precipitation, The DNA was resuspended in 300 pl
of water and frozen. All samples were tested for the presence of DNA using a
pair of primers corresponding to a pig autosomal repetetive sequence as described
by Ellergen et al. (1992).

Embryonic sex determination by PCR

A pair of degenerated primers corresponding to the SRY gene of several do-
mestic species (Griffiths and Tiwari, 1993) were verified on DNA samples de-
rived from 14 adult animals of both sexes and used to sex the pig embryos. The
primer sequences were as follows:

RG4 : GGT CAA GCG ACC CAT GAA (C/T) GCN TT
RG7 : GGT CGA TAC TTA TAG TTC GGG TA(C/T) TT.

PCR reactions were carried out using a Techne thermal cycler (model PHC-3) in
a final 50 pl volume consisting of a 4.0 pl aliquot of embryonic DNA template
(20-40 ng DNA), 200 pM of each ANTP (Perkin Elmer), 1 pM of each primer,
5 Ul Taq polymerase (Perkin Elmer, Prime Zyme), |xPCR buffer. The optimal
conditions for the SRY prnimers were as follows: 1 cyele at 94°C/10 min fol-
lowed by 50 cycles (94°C for 30 sec, 50°C for 30 sec, 72°C for 30 sec) and
finishing with 1 cycle at 72°C for 10 min. PCR products were visualised after
electrophoresis on 1.5% agarose gel stained with ethidium bromide.

Embryo measurement

The photographic negatives were used to measure the perimeter of each em-
bryo by means of a computer aided programme (Vids 11l Synoptics Cambridge,
UK). Embryos within each litter were classified and grouped into three catego-
ries: small, medium and large by threc equal divisions of the size range between
the smallest and largest litter-mates, as suggested by Cassar et al. (1994). This
allowed within and between litter comparisons to be made.

Statistical analysis

Sex ratio was tested by chi-square analysis corrected for small sample size
(Yate, 1934), whereas the effect of sex on embryonic size was evaluated with
two-factor analysis of variance procedure (PROC GLM of SAS, 1988).
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RESULTS

A total of 97 day-10 pig embryos from 5 litters were collected, photographed
and frozen. The extracted DNA was checked on 1% agarose gel. [n 6 samples no
DNA was found and was probably lost during embryo manipulation. The test
with pig autosomal primers confirmed the presence of DNA in the remaining
91 samples.

Eighty six of the 91 embryos (94.5%) were successfuly sexed using the SRY
primers (Table 1). An embryo was classified as male when the 216bp product
corresponding to the SRY gene was present, and as a female when several non
specific bands of different lengths (but not 216 bp) were seen (Figure 1). Each
DNA sample was tested in duplicate or triplicate in order to confirm the result
(i.e.: male, female) since no autosomal primer was inciuded with the SRY pri-
mers. In 6 samples there was insufficient detail on the gels to permit a diagnosis
and thercfore these were classified as undiagnosed.

Perimeter measurements of the embryos confirmed the great diversity in size
amongst pig conceptuses at the same gestational age both within and between
litters. This ranged from 1.84 to 33.95 mm (Table 2). The overal sex ratio,
females to males (1.4:1) was not significantiy different from the expected 1:1
{7’=1.82; P>0.05). When the data from all the litters were pooled there was no
statistical difference between the percentage of males and females in the three
categories (small x*= 1.8; medium %>=0.4, large %*=0.04; P>0.05). The percen-
tage of males in cach category was: 1. small embryos 31.3, 2. medium embryos
43.2, 3. large embryos 46.2 (Table 3).

TABLE 1
The results of pig embryo sexing by PCR using SRY primers
Number of embryos
Litter sexed
collected analysed

females males total
I 26 25 12 12 24
I 29 27 20 7 27
11 17 16 12 3 15
v 16 15 3 10 13
v 9 8 3 4 7
Total 97 91 50 36 86

Sex ratio 1.38 |
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Figure 1. Sex determination of day-10 pig embryos using the SRY primers. Lanes: 1, 8 DNA size
marker pUCL8 Haelll; 2, 3 — genomic DNA derived from adult male (2) and female (3); 4-7
embryonic DNA (4,5 — males; 6,7 females). The SRY specific band {216bp} is present on all DNA
samples of male origin, whereas several nonspecific bands are present on female DNA

TABLE 2
Size diversity among day-10 pig embryos
The range of perimeter in three developmental groups, mm
Litter small medium large
1 2.09- 521 5.22- 833 834 -11.44
11 1.49- 522 5.23- 896 8.97 - 12.69
N 1376 - 17.60 17.61 - 21.45 21.46- 2529
v 2.22- 834 8.35- 14.47 14.48 - 20.60
A% 15.87 - 21.89 219 -2793 27.94-33.95
TABLE 3
Sex distribution among embryos in the three developmental categories
Number of embryos in the three developmental groups
small medium farge
Liter F M total %' F M total % F M total %'
1 1 0 1 4.2 3 4 7 292 8 8 16 666
II 4 1 5 185 12 4 16 59.3 4 2 6 222
mn 6 0 6 400 5 2 7 407 1 1 2133
v 0 1 1 77 3 8 11 846 0 1 1 7.7
A% 0 3 3 429 2 1 3 429 1 0 1 142
Total 11 5 16 186° 15 19 44 5122 14 12 26 30.2°

' the percentage of analysed embryos within litters
2 the percentage of the wholc population of analysed embryos
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DISCUSSION

The great diversity in embryonic size both within and between litters at ana-
lysed gestational age in the pig makes between litter comparisons difficult. Fur-
thermore, since the larger embryos are often eliptical rather than spheroid it is
difficult to compare a consistent parameter (Figure 2). We decided that the peri-
meter, rather than the diameter, of the embryo was better for comparison because
this would accommodate both eliptical and spheroid embryos whether or not they
were collapsed and flattened. Previous workers measured the diameter of each
embryo (Youngs et al., 1994; Pomp et al., 1995; Kaminski et al., 1996) even when
the developmental stage suggests that they would not be spherical.

Figure 2. A group of day-10 litter-mate pig embryos analysed in the present study, demonstrating
their size (perimeter in mm) and shape diversity (the bar represents 1 mm)
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Cassar et al. (1994) using cytogenetic method, found that male pig conceptuses
were generally larger than female conceptuses on day-10 after mating. The cyto-
genetic method for sex identification tends to result in a higher percentage of
undiagnosed material. Cassar et al. {1994) had a diagnosis rate of only 58% com-
pared to 100% (Pomp et al., 1995; Kaminski et al., 1996), 84% diagnostic rate
(Stumpf et al., 1994) and 94.5% (present study) using molecular techniques. All
the previous studies that used PCR for embryo sexing failed to find any relation-
ship between sex and embryonic size at this gestationat age (10-12 days after
insemination). Our findings agrec with these reports.

Each worker however, used different methods of assessing the embryonic size.
This presents difficulties in the interpretation and comparison of the different pa-
pers. In the work reported by Pomp et al. (1995) whole litters were classified as
having either large or small embryos and the within litter variation in embryo size
was only 0.2 mm. The work reported by Kaminski et al. (1996) involved recipro-
cal transfer of embryos from the Meishan and Yorkshire breeds and there were
significant interactions between uterine type and embryo breed and embryo size.

The pig would therefore appear to be different from other species investigated
in that there 1s not a sex difference in the growth rate of pre-implantation embryos.
Therefore, some other factor or factors must influence the variation in size of em-
bryos at the same gestational age within a litter. As has been shown by Soede et al.
(1993) within-htter embryonic diversity was related to the duration of fertilization
process and the accessory sperm count. The ovulation span, however, did not in-
fluence embryonic diversity at 114-121 h after ovulation (Soede et al., 1992).
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STRESZCZENIE
Brak zwigzku pomigdzy wielkoScig i plcig 10-dniowych zarodkéw $wini

Celem pracy bylo wyjasnienie, czy genetyczna ple¢ zarodka wplywa na tempo rozwoju przed-
implantacyjnego u $wini, biorac pod uwagg fakt, Ze dotychczasowe doniesienia na ten temat byly
sprzeczne. 10 dnia po inseminacji pigciu loch, wyplukano 97 zarodkéw, ktére fotografowano i indy-
widualnie zamrozono. DNA wyizolowano z 91 zarodkéw. Ple¢ 94.5% z nich okre$lono metoda
PCR przy uzyciu pary starterow dla genu SRY. Do pomiaru obwodéw zarodkéw wykorzystano
negatywy oraz program komputerowy Vids III Synoptics. Ple¢ oraz rozmiar byly podstawa do za-
klasyfikowania zarodka do jednej z 3 grup wielko$ciowych: matej, sredniej lub duzej. Ogélny sto-
sunek plci (samce : samice) wynidst 1.4 : 1 i nie roznit sig statystycznie od oczekiwanego 1:1.
Ponadto nie stwierdzono istotnego wplywu plci zarodka na jego rozmiar oraz réznic miedzy udzia-
fem samcow i samic w poszczegolnych grupach wielkosciowych.



