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Abstract Purpose: The mouse preimplantation embryo de-
velopment (Ped) gene product, Qa-2, which is the homolog
of human HLA-G, influences the rate of preimplantation
embryonic development and overall reproductive success.
The sex ratio in preimplantation embryos from Ped gene
congenic mice was examined in order to determine whether
embryo sex is a confounding factor in the control of the rate
of preimplantation development.

Methods: B6.K1 (Ped slow) and B6.K2 (Ped fast) con-
genic mice differ only in the absence (B6.K1) or presence
(B6.K2) of the genes encoding Qa-2 protein. We analyzed the
sex of B6.K1 (n = 221) and B6.K2 (n = 260) preimplanta-
tion embryos by using Real-Time PCR with primers specific
for the X and Y chromosomes.

Results: We found that there was no statistically signifi-
cant difference in the ratio of male to female preimplantation
embryos in either strain.

Conclusions: We conclude that the sex of the embryos is
not a confounding factor that affects the Ped gene control of
the rate of preimplantation development. Therefore, the Ped
gene is entirely responsible for mediating the faster develop-
ment of B6.K2 embryos compared to B6.K1 embryos.
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There is no confounding effect of the sex of preimplantation embryos
on the rate of preimplantation development controlled by the Ped gene.
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Introduction

Survival of mammalian embryos during the preimplantation
period is dependent on both environmental and genetic fac-
tors. In vitro fertilization (IVF) clinics rely upon the analysis
of these factors and their effects on embryo development
to identify healthy preimplantation embryos. In particular, a
fast rate of preimplantation embryo development has been
correlated with a higher chance of pregnancy success after
IVF (reviewed in [1, 2]). Using the mouse as a model sys-
tem our laboratory has identified a gene, the preimplantation
embryo development (Ped) gene that influences the rate of
preimplantation embryo development and subsequent em-
bryo survival. The properties of the mouse Ped gene, and its
human homolog HLA-G, have recently been reviewed [3, 4].

Qa-2 protein is encoded by four almost identical genes,
Q6, Q7, Q8, and Q9, located in the Q region of the mouse
major histocompatibility complex (MHC). The presence or
absence of these genes and therefore the presence or ab-
sence of Qa-2 protein, confers a phenotype of fast or slow
preimplantation development, respectively. As in human IVF
embryos, mouse embryos with a fast rate of preimplantation
development are more likely to give rise to live offspring
than embryos with a slow rate of development [5–7]. The
Ped gene phenotype is intrinsic to the embryos themselves,
independent of the uterine environment, as demonstrated by
the maintenance of differential cleavage rates when the em-
bryos are cultured in vitro in a chemically defined medium
[8].

The analysis of the properties of the Ped gene has been
facilitated by the use of two congenic strains of mice, B6.K1
and B6.K2, which differ only in the presence or absence
of the genes encoding Qa-2 protein (Table 1). Embryos
from B6.K1 mice have a deletion of the Q6-Q9 genes,
consequently do not express Qa-2 protein, and develop at

Springer



J Assist Reprod Genet

Table 1 MHC encoded Q
region genes and Ped gene
phenotype of the B6.K1 and
B6.K2 congenic mouse strains

Strain Q Region genes Ped gene phenotype

B6.K1 Q1 Q2 Q3 Q4 Q5 Q10 slow
B6.K2 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9a Q10 fast

aOnly the Q9 gene is expressed in B6.K2 preimplantation embryos and is therefore the sole gene that produces
Qa-2 protein, the Ped gene product, in this strain (9)

a slow rate during the preimplantation period. Embryos
from B6.K2 mice have all four Qa-2 encoding genes, but
only express the Q9 gene in preimplantation embryos [9].
Therefore the Ped gene is synonymous with the Q9 gene
in the B6.K2 mice. The presence of Qa-2 protein in the
B6.K2 embryos results in a fast rate of preimplantation
development.

Although the B6.K1 and B6.K2 congenic strains differ
only in the expression of the Ped gene (Q9) product, Qa-2
protein, there is another genetic difference in the embryos
from these strains, namely the sex of the embryos. We set
up a study to determine whether or not the sex of preimplan-
tation embryos from the B6.K1 and B6.K2 mice could be a
confounding factor in influencing the rate of preimplantation
development. Nested Real-Time PCR, using primers specific
for the X and Y chromosomes, was used to determine the
sex of the preimplantation embryos.

Materials and methods

Mice

The congenic B6.K1 and B6.K2 mouse strains were origi-
nally obtained from L. Flaherty (Wadsworth Center, Albany,
NY) and subsequently bred in our laboratory. The mice were
housed according to the NIH guidelines in an AAALAC
approved facility with a 14 h day/10 h night cycled room
(lights on 0400-1800 EST) with controlled temperature and
food and water ad libitum. All experiments followed the NIH
guidelines. The genetic properties of the B6.K1 and B6.K2
mice are shown in Table 1. Aside from the genes in the Q
region of the MHC, all other genes in these congenic strains
are identical.

Mouse embryos

Female mice were superovulated with 5 IU eCG (Sigma
Chemical Co., St. Louis, MO) at the 9th hr of the light cycle,
followed 48 h later by 10 IU of hCG (Sigma). Mice were
mated, checked for vaginal plugs, and the plug-positive fe-
males were sacrificed by cervical dislocation. Embryos were
collected at 89 h and 100 h post-hCG in KSOMAA (potas-
sium simplex optimized medium + amino acids) (Specialty
Medium, Phillipsburg, NJ) under 5% CO2, 5% O2, 90% N2

and then washed in KSOMAA. These time points were chosen
for the collection of the preimplantation embryos because all
morphologically normal embryos were at least at the morula
stage of development, thereby having enough cells for the
sex determination analysis as described below, and because
implantation in mice starts about 104–106 h post-hCG [10].
Individual embryos were transferred in the smallest possi-
ble volume to a microfuge tube containing 4 µl lysis buffer
[20 mM Tris (pH 8.0), 0.9% Tween 20, 0.9% Nonidet P-40,
0.4 mg/mL of proteinase K] and centrifuged immediately for
60 sec at 14,000 × g. Samples were stored at − 20◦C until
sexing by PCR analysis was performed. Prior to Ped gene
(Q9) PCR analysis, blastocyst stage embryos were heated to
56◦C for 45 min followed by 96◦C for 10 min to inactivate
proteinase K. This step was not necessary for embryo sex
determination by PCR.

Isolation of spleen genomic DNA

B6.K1 and B6.K2 control DNA was extracted from male
and female spleens. Extraction was performed following
the protocol provided with the Qiagen DNeasy Tissue Ex-
traction Kit (Qiagen Inc., Valencia, CA). The purity of the
DNA was assessed by determining the 260/280 ratio using
a Genosys 8 spectrophotometer (Thermo Spectronic, Madi-
son, WI). The concentration of DNA was determined using
a TBS-380 Mini-Fluorometer (Turner Biosystems Inc., Sun-
nyvale, CA). The DNA concentration of all samples was
adjusted to give a total of 20 ng for each Real-Time PCR
assay.

Ped gene (Q9) detection in splenocytes and blastocysts
by Real-Time PCR

Primers designed to amplify a 200 bp fragment of exon 4 of
the Ped gene (Q9) [11] were used at 900 nM each and were
synthesized by Sigma-Genosys (Woodlands, TX) (Table 2).
Twenty nanograms of splenocyte DNA was used for each
splenocyte PCR sample and 5 blastocysts (about 800 pg of
genomic DNA) were used for each blastocyst PCR sample
for each strain. Briefly, as amplification of a PCR product
occurs in the Real-Time PCR instrument, a fluorescent dye
in the SYBR Green Master Mix (Applied Biosystems Inc.)
binds to the double stranded DNA produced during each
cycle. At the end of the PCR protocol the temperature is
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Table 2 Primer sequences,
melting temperatures and
molecular weights of Ped gene
(Q9), Sry, and DXNds3 PCR
products

Product Melting Molecular
Primer Sequence 5′-3′ Temperature (◦C) Weight

Ped gene (Q9)
Forward CAGGTCTTATGGTGCTGTCA 85 200 bp
Reverse GCATGTGTAATTCTGCTCCTTC

Sry gene
Outer N/A 404 bp

Sry2 TCTTAAACTCTGAAGAAGAGAC
Sry4 GTCTTGCCTGTATGTGATGG

Inner 82 147 bp
Sry1 GTGAGAGGCACAAGTTGGC
Sry3 CTCTGTGTAGGATCTTCAATC

DXNds3 microsatellite
Outer N/A 244 bp

DXNds3 GAGTGCCTCATCTATACTTACAG
DXNds4 TCTAGTTCATTGTTGATTAGTTGC

Inner 83 111 bp
DXNds1 ATGCTTGGCCAGTGTACATAG
DXNds2 TCCGGAAAGCAGCCATTGGAGA

raised and the dissociation curve of melting temperature ver-
sus fluorescence derivative of the product is shown as a peak
on the output screen. The thermal cycling conditions con-
sisted of a 10 min hold at 95◦C to activate the AmpliTaq
Gold DNA Polymerase of the master mix followed by 55
cycles of 95◦C for 15 sec to denature the sample, 55◦C for
1 min for the annealing phase and 72◦C for 30 sec to extend
the product with a final step of 4◦C for 2 min. The identity
of the PCR products was confirmed by first determining the
melting temperatures of the products from analysis of disso-
ciation curves generated by the ABI Prism 7000 Real-Time
PCR instrument (Applied Biosystems Inc., Foster City, CA),
and then by confirming the molecular weights of the products
by agarose gel electrophoresis.

Sex determination in splenocytes and embryos by
Real-Time PCR

Primers amplifying the polymorphic X chromosome mi-
crosatellite locus DXNds3 and the Y chromosome Sry gene
were used for the sexing nested PCR assay [12–16]. Table 2
presents the sequence, expected size, and melting tempera-
ture of the products. Nested PCR performed on male em-
bryos is expected to produce a Sry product and a DXNds3
product. The same nested PCR performed on female em-
bryos is expected to produce only the DXNds3 product. Inner
and outer primer pairs were synthesized by Sigma-Genosys
(Woodlands, TX).

Each embryo lysate was subjected to two separate nested
PCR reactions using the Real-Time PCR instrument along
with splenocyte genomic DNA from mice whose sex was

known serving as controls. The final 50 µl reaction volume
consisted of 25 µl SYBR Green Master Mix (containing
AmpliTaq Gold DNA Polymerase), 2 µl of the frozen, lysed
embryo or 2 µl [100 pg and 50 pg in duplicate] of spleno-
cyte genomic DNA from mice of known sex, and 300 nM
of each primer for each outer primer set. The thermal cy-
cling conditions consisted of a 10 min hold at 95◦C to ac-
tivate the AmpliTaq Gold DNA Polymerase of the master
mix followed by 50 cycles of 95◦C for 15 sec to denature
the sample, 60◦C for 1 min for the annealing phase and
72◦C for 30 sec to extend the product. In the second round of
PCR, 5 µl of the first round product were used as template
DNA and 300 nM and 300 nM, and 600 nM and 900 nM of
the inner primers were used for DXNds3 and Sry amplifica-
tion, respectively. The secondary PCR conditions were the
same as the primary PCR conditions with two exceptions:
the annealing temperature was raised to 64◦C and the cycle
number was increased to 55. All samples analyzed showed
the presence of DXNds3. The sex of each embryo was de-
termined by the presence (males) or absence (females) of
Sry.

Statistical analysis

As part of our pre-investigation procedure, we used
a statistical power analysis to determine the sample
size required for accurate results [17]. We determined
that the minimum sample size needed was 50. We
used a chi-square analysis to test the hypothesis that
the number of male and female embryos should be
equal.
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Fig. 1 Agarose gel electrophoresis of the product from Real-Time
PCR amplification of the Ped gene (Q9) in B6.K1 and B6.K2 spleno-
cytes and blastocyst stage embryos. Lane 1, 100 bp DNA ladder (MW);

Lane 2, no template control (NTC); Lanes 3 and 4, B6.K2 splenocyte
and blastocyst samples, respectively; Lanes 5 and 6, B6.K1 splenocyte
and blastocyst samples, respectively

Results

Prior to sexing the embryos, we performed Real-Time PCR
on splenocytes and blastocysts from the B6.K1 and B6.K2
strains of mice to confirm that the B6.K1 strain does not pos-
sess the Ped gene (Q9) while the B6.K2 strain does possess
the Ped gene (Q9). Figure 1 shows that the Ped gene (Q9) is
present in B6.K2 splenocytes (lane 3) and B6.K2 blastocysts
(lane 4) but absent in B6.K1 splenocytes (lane 5) and B6.K1
blastocysts (lane 6).

The sensitivity of the embryo sexing nested Real-Time
PCR assay was tested by performing PCR on diluted control
samples of both male and female B6.K1 and B6.K2 spleen
genomic DNA. These experiments revealed that as little as
15 pg of genomic male and female DNA could be accurately
distinguished using the nested Real-Time PCR protocol (data
not shown). Since a 16 cell embryo (morula) contains about
80 pg of genomic DNA, the sensitivity of this assay was
acceptable for sex determination of the individual embryos
used in this study because all embryos tested were at least at
the morula stage of development.

We determined the sex of 221 embryos from B6.K1 mice
and 260 embryos from B6.K2 mice by using Real-Time
PCR. Figure 2 presents Real-Time PCR data from the nested
(second) round of PCR. Figures 2a and b show control am-
plification of B6.K2 spleen genomic DNA for the Sry gene
(Y chromosome) and the DXNds3 microsatellite (X chro-
mosome), respectively. As expected, amplification of Sry
occurred only in the male DNA samples, while amplifica-
tion of DXNds3 occurred in both the male and female DNA
samples. Figures 2c and d show the same control samples
but include examples of both male (n = 3) and female (n = 3)
embryos. Male embryos showed both Sry and DXNds3 am-
plification while female embryos showed only DXNds3 am-
plification. Figure 3 is a representative gel showing control
PCR products as well as examples of male and female em-
bryo PCR products. Only the male control (lane 2) and the
male embryos (lanes 4–6) had a Sry product of the expected
size (Table 2) while all samples had the DXNds3 product

of the expected size. Female embryo samples (lanes 7–9)
have a minor band (<50 bp) when subjected to amplifi-
cation of the Sry gene. This is most likely a dimerization
between the primers due to a lack of template to bind to in
these samples, which also accounts for the small nonspe-
cific hump seen in the dissociation curve of these samples
(Fig. 2c).

We compared the number of male embryos to the number
of female embryos in each strain by using chi-square analy-
sis. The null hypothesis was that 50% of the total embryos
sexed were expected to be male and 50% were expected to
be female. The observed values were the actual number of
male and female embryos as determined by Real-Time PCR.
As shown in Table 3, there was no significant difference in
the number of male or female embryos at either time point
post-hCG in either strain or when total embryos
were compared from the combination of both time
points.

Discussion

The B6.K1/B6.K2 model system is ideal for studying the
effects of the Ped gene on development and reproduction
because these mice are genetically identical except for the
absence (B6.K1) or presence (B6.K2) of the Ped gene. Pre-
vious work using the congenic B6.K1 and B6.K2 mice has
shown that the presence of Qa-2 protein in the B6.K2 mice
confers a faster rate of preimplantation development, larger
litter size, larger birth weight, and larger weaning weight to
the pups compared to the B6.K1 mice [5, 6]. In addition,
embryos that express Qa-2 protein have a higher chance of
surviving to birth than those that do not [7]. In this paper we
tested the hypothesis that embryo sex might be a confound-
ing factor in mediating the rate of preimplantation cleavage.
We found that there was no skewing of the sex ratio in preim-
plantation embryos from either strain, showing that only the
Ped gene is involved in the genetic control of the rate of
preimplantation development in B6.K1 and B6.K2 mice.
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Fig. 2 Dissociation curves of nested Real-Time PCR of Sry and
DXNds3 amplification. A) B6.K2 control genomic DNA amplification
of the Sry gene product. B) B6.K2 control genomic DNA amplification
of the DXNds3 product. C) B6.K2 control genomic DNA amplification
of the Sry gene product plus representative male (n = 3) and female

(n = 3) embryo amplification results. D) B6.K2 control genomic DNA
amplification of the DXNds3 product plus representative male (n = 3)
and female (n = 3) embryo amplification results. NTC = no template
control

Embryo sex has been the subject of a number of stud-
ies both on embryos cultured in vitro and on embryos al-
lowed to develop in vivo. Previous work on in vitro cultured
preimplantation embryos from the mouse and other species
generally supports the idea that male embryos often develop
faster than female embryos during the culture period. This
phenomenon has been observed in mouse [18–20], cow [21,
22], sheep [23], and human embryos [24–26]. In contrast
to these in vitro studies, two studies on the sex ratio of
preimplantation mouse embryos analyzed after in vivo de-
velopment, show conflicting results. The first study found
that female mouse embryos developed faster than male em-
bryos [20], while the second study found that male mouse
embryos developed faster than female embryos [27]. In the
present study, we also analyzed preimplantation embryos

after development in vivo, but we have used a rigorously de-
fined genetic system unlike the previous two studies, which
used several different mouse strains. Interestingly, our results
on the preimplantation sex ratio of the preimplantation em-
bryos from the B6.K1 and B6.K2 mice are consistent with
the 50:50 sex ratios that we found at weaning for both of
these strains [5].

The human homolog of Qa-2 is HLA-G [28–30]. The pres-
ence of soluble isoforms of HLA-G in the culture medium
of embryos created after IVF or ICSI has been reported to
be correlated with an enhanced chance of pregnancy suc-
cess [31–35], although this finding has been called into
question by others [36–40]. However, regardless of whether
or not soluble HLA-G ultimately turns out to be a clini-
cally useful predictor of pregnancy outcome, expression of
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Fig. 3 Representative agarose gel confirming results presented in Fig. 2. Lane 1, 100 bp DNA ladder (MW); Lanes 2 and 3, male and female
B6.K2 genomic DNA control samples, respectively; Lanes 4–6, male embryo samples; Lanes 7–9, female embryo samples

membrane-bound HLA-G, as well as membrane-bound Qa-
2, is associated with an enhanced rate of preimplantation
development and overall reproductive success (reviewed in
[41]).

Studies on the rate of development of preimplantation
embryos are particularly relevant to the assisted reproduc-
tion technology (ART) clinic. It has long been recognized
that embryos that develop at a fast rate have a higher chance

of leading to pregnancy success (reviewed in [1, 2]). For this
reason the Ped gene has been of great interest to clinicians
working in ART. The B6.K1/B6.K2 mouse system described
in this paper should provide an excellent model for future re-
search on how the Ped gene product, Qa-2 protein, mediates
a fast rate of development independent of the sex of the
embryos.

Table 3 Sexing of
preimplantation mouse embryos Number of Embryos

Mouse Strain Experiment Total Male Female P valuea

Total embryos sexed
B6.K1 Total (4 expts) 221 110 111 P = 0.95
B6.K2 Total (6 expts) 260 137 123 P = 0.39

Embryos sexed 89 h post-hCG
B6.K1 1 34 14 20

2 56 30 26
Total 90 44 46 P = 0.83

B6.K2 1 9 3 6
2 16 8 8
3 79 44 35
Total 104 55 49 P = 0.56

Embryos sexed 100 h post-hCG
B6.K1 1 67 39 28

2 64 27 37
Total 131 66 65 P = 0.93

B6.K2 1 39 15 24
2 29 19 10
3 88 48 40
Total 156 82 74 P = 0.52

aP value of males compared to
females by chi-square analysis
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Conclusions

In conclusion, the present study has shown that in the B6.K1
and B6.K2 congenic strains of mice, which differ only in
the presence of the Ped gene, there is no statistically sig-
nificant difference in the sex ratio of their preimplantation
embryos. Therefore, genetic control of the rate of preimplan-
tation development in these strains is solely mediated by the
Ped gene product, Qa-2 protein. The B6.K1 and B6.K2 con-
genic strains of mice provide a unique opportunity to further
elucidate the mechanisms by which the Ped gene, and only
the Ped gene, influences the rate of preimplantation embryo
development and pregnancy success.
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