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ABSTRACT 

The fate of matemal transcripts. the timing of reaccumulation 
after activation of the embryonic gemme and the amount of total 
RNA present at various stages of eatly development are unknown in 
bovine ernb~os. The abundance of 18s and 28s rRNA was 
measured by northem blot techniques applied to RNA samples 
extracted fiom bovine oocytes and preinip1antation embryos 
produced by in vitro procedures. Total RNA content was estimated 
by densitometric cornparison of intensity of hybridization signals of 
embryo RNA samples to standard curves. From the combination of 
18s and 28s rRNA data. total RNA content was observed to decline 
about 30% from the oocyte (2.4 I 0.3 ng/oocyte) to the one-cd 
embryo ( 1.7 t 0.5 ngkmbryo) stage. A srnail, transient inaease in 
RNA content was repeatedly observed at the 2- to 4 - c d  stage (2.2 + 
0.9 ng/embryo). RNA levels were then observed to dedine further 
to levels of 0.8 + 0.2 ng/embryo and 0.7 I 0.2 ng/ernbryo at the 6- 
to 8 - c d  and monda stages, respectively. A significant increase in 
RNA content was only observed at the blastocyst stage where RNA 
levels averaged 5.3 t 0.6 ng/embxyo. Preliminary experiments with 
in vivo-derived embryos suggest that RNA levels are higher at the 
one-ceii stage than at the 2- to 4-ceii and 6- to $ - c d  stages. 

The prevalence of other transcripts of various origins and 
functions was dso studied in in vimderived embryos. Some of the 
probes used were cDNA clones recovered fkom a PCR-consûucted 
one-ceil bovine embwo cDNA library (U3 snRNA, 12s rRNA, 
cytochrome b). Other probes were from mouse or human origin (5s 
rRNA, U2 snRNA, histone H3 and p-actin). For aii these transcrip ts, 
the relative amount deueased gradually or remained constant 
during the earlier stages of development and eventualiy increased 
after activation of the embryonic genome. The timing and the extent 
of that increase varied among the different transuipts. 
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INTRODUCTION 

The development process in mammals and 0th- animai 
species begins during oogenesis when the oocyte synthesizes and 
stores Iliformation in the fonn of RNAs and proteins. Fertiluation 
Ûiggers the developmental program initiated during oogenesis; 
therefore, the earliest stages of embryogenesis are regulated by 
rnaternally inherited components stored within the oocyte. In order 
to understand the mechanisms underlying control of early 
development in a given species, it is necessary to increase our 
knowledge of the h d s  of informational molecules inherited by the 
embryo and to establish what role these infoxmationai molecules 
play in early development as weli as their fate as development 
proceeds. 

Gene expression during oogenesis in the mouse: 

The period of oocyte growth has been intensively studied in 
the mouse. Most products necessary for meiotic maturation and 
early development are synthesized and accumulated during that 
period (reviewed by Bachvarova, 1985). Swctural s tudies, in vivo 
incorporation of [3Hl-uridine and various in vitro approaches have 
shown that RNA synthesis is active in primordial oocytes, inueases 
in growing oocytes and ceases at genninal veside breakdown 
(Oakberg, 1968; Palombi and Viron, 1977; Fourcroy, 1982; Moore 
and Lintern-Moore, 1978). The RNA synthesized during growth is 
unusuaily stable and significant arnounts of labeiled RNA 
synthesized 19 to 5 days More ovulation are conserved to ovulation 
(Bachvarova, 1974). When oocytes were labelled in whole follicles 
and chased in vitro, total RNA dedined only 15% over 7 days 
(Brower et ai., 1981; DeLeon et al., 1983). Essentially, 10096 of the 



non-polyadenylated RNA remained stable; poly[A]+ RNA in the 
subpolysomal region was &O completely stable whiie rranslated 
poly[A]+ tumed over slowly with a half life of about 6 days (DeLeon 
et al., 1983). It was estimated that 75% of the newly synthesized 
mRNA in growing oocytes represented stored materna1 mRNA i.e. 
non-&anslateci stable mRNA. The oocyte stores RNA in preparation 
for meiotic maturation and fertilization when the chromosomes are 
condensed and not available for transcription and also for the period 
of earIy development that extends fkom feftilization to the activation 
of the ernbryonic genome. 

During meiotic maturation, there is a decrease in the amount of 
polyadenylated RNA (Bachvarova et ai., 1985; Paynton et al., 1985) 
and changes in the polyadenylation state of individual mRNAs (for 
examples, see Bachvarova et ai., 1985 and Huarte et ai., 1987). At 
the one-cd stage of embryogenesis, a high rate of cytoplasmic 
polyadenylation of previously non-polyadenyiated RNA results in a 
40% increase in the number of poly[A]+ molecules, suggesting 
recxuitment of stored matemal mRNA (Clegg and Piko, 1983). By 
the late two-cd stage of mouse ernbryogenesis, 30-40% of the b u k  
RNA of the mouse egg is degraded (Bachvarova and DeLeon, 1980; 
Piko and Clegg, 1982) and the pattern of protein synthesis changes 
markedly (Flach et al., 1982). 

Some maternai RN& follow a di f fer~t  pattern of turnover. 
The small nuclear RNAs which are required for mRNA splicuig are 
maternally inherited in the mouse and they are not degraded with 
the poly [A]+ RNA by the two-cd stage (Dean et al., 1989). 
Hypoxanthine phospho~bosyltransferase ( HPRT) mRNA molecules, 
although polyadeny1ated in the full-grown oocyte, become 
hyperadenylated during maturation but are then degraded at the 
late two-ceil stage (Paynton et ai.? 1988). Messenger RNA for the 
tissue-srpe plasminogen activator (@A) is presen t in full-grown 
oocytes but the protein accumulates only after germinal vesicle 
breakdown. Before being translationaiiy activated, tPA mRNA also 
becomes hyperadenylated and a process of mRNA degradation is 



initiated in the egg that ends shortly after fertiluation (Huarte et al., 
198 7). Mos mRNA presents a similar polyadenylation/degradation 
cycle (Goldman et al., 1988). 

In the mouse, the exact role that most of the mRNAs 
accumulated in the oocyte (and then used to direct protein 
synthesis) play in the early embryo is tmknown. It is reasonable to 
assume that part of the information inherîted by the embryo is 
required to spem generai metabolic processes while another part 
is required for speafic early developmenml processes and to direct 
the activation of the embryonic genome. In sorne non-rnammdian 
species, the early embryo relies on matemal factors for significantiy 
greater numbers of cleavages than the mouse embryo. For example, 
the embryonic genome of Xenopus Iaevis is not activated until the 
4000-cd midblastula stage and the egg must provide the 
infoxmation necessary to initiate and support the c d  differentiation 
events leading to gastrulation. In Drosophila, the ability to isolate 
mutant flies whose homozygous female o f f s p ~ g  are sterile ailowed 
the identification of numerous matemal effect genes (Nüsslein- 
Volhard et al., 1987; reviewed by Dworkin and Dworkin-Rastl, 
1990). For euample, bicoid mRNA is synthesized and localized to 
form a concentration gradient during oogenesis; the protein 
accumulates only after egg deposition. Biochemicai studies showed 
that the bicoid protein, that contains a homeodomain, binds to 
several sites upstream of the transcription start of hunchbadc, a 
zygoticaily transaibed gene necessary for the formation of anterior 
segments (Driever and Nüsslein-Volhard, 1989). These types of 
maternal effect genes in Drosophila encode DNA-binding pro teins, 
oncogene homologues, transmembrane recep tor-like pro teins and 
putative proteases and they demonstrate the importance of the 
maternal contribution during early development in non-mammalian 
species. In rnarnmalian species, the matemal contribution is 
certaidy as important but the difficulty of accessing material in 
sufficient arnounts has hampered the progress of ident-g the 
exact nature of the maternal factors and their roles. 



Zygotic gene activation in mouse embryos: 

Zygotic gene activation (ZGA) is the point in development when 
the ernbryonic genome becomes transcriptionaiiy active. It is a 
critical event since it is at this point that the transition h m  
materna1 to embryonic control of development occurs. Zygotic gene 
activation occurs at a species-specinc developmental stage (Telford 
et al., 1990). Until recentiy, it was beiieved that mouse ZGA 
occurred at the 2-celI stage. This assumption was based on severai 
lines of evidence. The transcription inhibitor a-amanitin inhibits 
deavage of 2-ceil ernbryos to the 4-ceii stage as weiî as the 
synthesis of several proteins at the two-ceU stage but it does not 
inhibit deavage of the one-cell embryo to the two-ceii stage (Flach 
et do, 1982; Bolton et al., 1984). Moreover, quantitative analysis of 
high-resolution two-dimensional gels revealed that an extensive 
reprogramming in the pattern of protein synthesis occurs during the 
2-cell stage (Latham et al., 1991a). Dot hybridization analysis of 
random cDNAs obtained from late two-cell ernbryos with 
radiolabded cDNA probes generated from poly[A] + RNA ob tained 
frorn embryos at different stages of development, revealed that 
many cDNAs that are expressed in the mo-cell embryo are not 
present in the egg (Taylor and Piko, 1987). More recent 
experiments using a 2-celi subtraction iibrary revealed the presence 
of clones that are expressed only during the 2-ceil stage (Ro thstein 
et al., 1992). Moreover, when the firefly luciferase reporter gene 
W e d  to a promoter (SV40 early promoter or from the HPRT gene) 
was injected in 2-ceil mouse embryos, a high level of expression was 
rapidiy obsewed ( Wiekowski et al., 199 1; Ram and Schultz, 1993 ). 

Other experiments however suggest that transcription rnay be 
initiated prior to the 2-celi stage. First, intemal incorporation of[3H]- 
adenosine into heterogeneous nudear poly(A)+ RNA was detected in 
mouse pronudei, although the newly synthesized poly[A] + RNA 
represented oniy 5% of total poly[A]+ RNA at that stage (Clegg and 
Piko, 1982, 1983). Second, nudear transfer experinients have 



shown that the cytoplasm of an enudeated late 1-ceii embryo 
supports the transuiptional activity of an a-amanitin-treated 2-ceil 
stage nudeus, indicating that the cytoplasm of the 1-cd embryo is 
permissive for transcription nom a competent nucleus More the 
tirne of overt zygotic gene activation (Latham et al., 1992). Third, 
namient expression of a reporter gene microinjected into the male 
pronudeus has ken detected as early as the late lteU stage, 
aithough at a relatively low level compared to the 2-cd stage (Ram 
and Schultz, 1993). Fourth, after fertilization of normal eggs with 
sperm kom homozygous transgenic males carrying integrated 
chicken p-ac tin promo ter-driven firefly luciferase cDNA, luciferase 
transcripts were first detected in the 1-cell embryo (Matsumoto et 
al., 1994). 

Despite the studies ated above, it was stili unclear if 
transcription of endogenous genes couid occur as eariy as the li-eli 
stage in rnouse embryos. To address this question, Bouniol et al. 
(1995) applied a very sensitive method recently used for the 
detection of RNA synthesis sites in somatic cells (Wansink et al., 
1993, Dundr and Raska, 1993). The method is based on the 
immunofluorescent detection of bromoUndine (Bru) incorporation 
into nascent RNA transcrip ts, using 5-bromouridine-5 '-triphosphate 
(BrUTP) as a precursor. This sensitive method aliowed the detection 
of in vivo RNA synthesis in mouse embryos, and showed that 
endogenous transcription by RNA polymerase II occurs at the late 1- 
c d  stage. Furthermore, they demonstrated that transcription is firs t 
initiated in the patenial pronudeus prior to pronudear fusion 
(Bouniol et al., 1995). 

In summary, it appears that ZGA in the mouse embvo occus 
in two phases. The first phase is coupled to the appearance of a 
complex of 70 x 103 Mr polypeptides (Rach et al., 1982; Bolton et al., 
1984; Bensaude et al., 1983; Conover et al., 1991; Latham et ai., 
1991a,b, 1992) and is independent of the first round of DNA 
replication (Flach et al., 1982; Bolton et al., 1984; Howlett, 1986; 
Schultz, 1993). Chnstians et af. (1995), showed that expression of 



the HSP70.1 gene is initiated at the 1-cell stage during the first burst 
of zygotic transcription. This fist phase, refmeci to as the "minor 
activation of the zygotic genome", precedes a second phase of 
transcriptionai activity diaracterized by a marked transition in 
types of mRNAs and polypeptides synthesized (Flach et al-, 1982; 
Howlett, 1986; Vernet et al., 1992; Schultz, 19%). In contrast to the 
fkst phase, the second phase, the "major activation of the zygotic 
genome" is dependent on the f irst round of DNA replication 
(Howlett, 1986). It was suggested that the first phase of activation 
would depend on post-translational modification of m a t d y  
derived proteins (Howlett, 1986) that may regulate the onset of RNA 
polymerase activity (Latham et al., 1992; Poueymirou and Schultz, 
1987, 1989; Schwartz and Schultz, 1992; Schultz, 1993) as weii as 
the amount of time eiapsed after fertilization i. e., the zygotic dock 
(Martinez-Salas et al., 1989; Vernet et al., 1992; Bonnerot et al., 
199 1). It should be noted that RNA polymerase 1-, II-, and III- 
dependent promoters foliow the same time course of activation. 
Therefore, it was suggested that the activity of a general 
transcription factor required by a i i  three polymerases may be 
regulated by the zygotic dock (Nothias et al., 1995). 

When reporter genes are used to assay transcription capability, 
it appears they require the presence of an enhancer eiement for 
activation at the major ZGA at the 2 -cd  stage (Wiekowski et al., 
199 1; Martinez-Salas et al., 1989). On the other hand, in deavage 
arrested ltdi embryos, high levels of expression are obsemed in 
the presence or absence of an enhancer. This enhancer requirement 
for reporter gene expression observed after the formation of a 
diploid nucleus suggests that in 2-cell embryos, promoters are 
repressed unless they are coupled to an enhancer. The observation 
mentioned above and the fact that RNA polymerase II and 
transcription factors are present in 1-ceil and 2 - c d  embryos have 
led to the hypothesis that changes in the chromatin structure rather 
than activation of the transcription machinery may be the molecular 
basis for zygotic gene activation in the preimplantation mouse 



ernbryo (Latham et al., 1992; Vernet et al., 1992; Wiekowski et al., 
1993; Ram and Schultz, 1993). In furtber support of this hypothesis, 
the enhancer requirement for efficient reporter gene expression in 
2-ceil embryos is reiieved by the addition of sodium butyrate, an 
inhibitor of histone deacety1ase activity ( Wiekowski et al., 1993). In 
other systems, histone hyperacetylation is highly correlated with the 
potential for msuiptional activity (Lin et ai., 1989; Braunsteh et 
al., 19%). Womad et al. (lggs), using immunofluorescent labelling 
and laser-scanning confocal miuoscopy, observed chat at the time of 
zygo tic gene activation, selec tively ace tylated histone H4 and RNA 
polymerase II are transiently restricted to the nuclear periphery. 
Further studies are needed to elucidate the molecular mechanimu of 
zygotic gene activation. Although the chromatin structure changes 
hypothesis is very attractive, other mechanisms such as post- 
translational modifications of maternaUy-derived proteins or the 
appearance of cytoplasmic factors cannot be exduded (Schwartz and 
Schulk, 1992; Henery et al., 19%). 

Gene expression in bovine embryos: 

In domestic mammals, acquisition of data on transcriptional 
activity in gametes and early embryos has been slow compared to 
snidies of laboratory animal reproduction. This is due to several 
factors: the limited numbers of fernale gametes and embryos 
avaiiable for study, the inability to capacitate sperm in vitro and the 
la& of avaüability of culture media capable of supporting in vitro 
embryo development. The economic importance of the livestodc 
industry however has motivated the development of tools to help 
manipulate animal reproduction. For example, the earlier work of 
Parrish et al. (1984, 1985, 1986) has led to a rapid and efficient 
method to capadtate bovine spem~ in viîro and greatly facilitated in 
vitro fertilization (NF) procedures. In the early days of NF, in vivo 
matured eggs were obtained by laparotomy or laparoscopy, they 



were fertiLized in vitro and the early embryos were incubated in the 
oviducts of live rabbits or sheep before being transferred to 
recipient cows (Bracken et al., 1982, 1984; Sirard and Lambert, 
1985, 1986). NOW, oocytes from small antral foiiïdes (immature) 
coîiected regardless of the stage of the donor cow esmus cycle can 
be manired in vitro with ensuing developmental cornpetence (First 
and Parrish, 1987; Sirard et ai., 1988). Co-culme systems with 
bovine oviduct epitheliai cas, grandosa celis or buffao rat iiver 
cells have also been developed that d o w  a certain percentage of 
embryos to reach the blastocyst stage in vitro (Wiemer et al., 199 1; 
Thibodeaux et al., 1992; Rehman et al., l994). With the availability 
of these in vitro techniques, ovaries collected at a slaughterhouse 
can now provide an abundant and economical source of materiai for 
the study of oocytes and early embryo development in cade. The 
knowledge thus acquired by the study of non-rodent rnammalian 
speâes not oniy benefits animal breeders, it also provides biologists 
with a more complete picture of the processes involved in 
mammaüan early development since it is becorning increasingly 
cIear that there are important ciifkences among mammalian 
species. 

With the development of the techniques mentioned above, 
information about gene expression during bovine oogenesis and 
embryogenesis is being accumulated although it is st i l l  very limited 
compared to the information we have for mouse oocytes and 
embryos. Ultrastmctural changes occuring within the nudeus, the 
nucleolus, mitochondria, and Golgi complex during oocyte growth in 
the bovine have been examined (Zamboni, 1972; Flemming and 
Saacke, 1972; Motlik, 1989), and oocytes ftom follicles of different 
sizes have been incubated in the presence of [%II-uridine to 
determine whether there is a relationship between the 
morphological changes and a change in RNA synthetic activity. It 
was shown for example that the fibrille-granular vacuolated nudeoli 
of oocytes from early antral follides were intensively engaged in 
RNA synthesis but when electron-dense compact areas developed at 



the end of the oocyte growth phase, the incorporation of [3~]-ufidine 
decreased drarnaticaliy (Crozet, 1989). Except for these studies, 
there are no other reports in the literature on the rate of RNA or 
poly[A]+ RNA synthesis or degradation in bovine oocytes. 

The nuclear aspects of bovine oocyte maturation have -been 
describeci and numerous factors afkting it have been identifieci 
(Leibfkied and First, 1980; Sirard and First, 1988; Sirard et al., 1988; 
Sirard and Biiodeau, 1990). Little information is, however, avaiiable 
on the nature of cytopiasmic events of maturation. Protein synthetic 
pattems of bovine oocytes maturing in vin0 or in vivo have been 
examined by ondimentionai gel electrophoresis. During the period 
of g-al vesicle breakdown, (between 4 and 8 hr of culture in 
viao), changes in the synthesis of about 10 polypeptides could be 
observed. Changes in the synthesis of other polypeptides were also 
observed before fîrst polar body exûusion (Kastrop et al., 1990). In 
in vivo matured oocytes, changes in protein synthesis were ais0 
observed coinciding with germinal veside breakdown but no 
additionai changes were observed during the ensuing maturation 
period (Kastrop et al., 199 1). Protein phosphorylation patterns have 
also been examined in in vitro- and in M'vematured oocytes. In 
brief, there were no diEerences between the two groups and in each 
group, an increase in the labelling of 3 bands was observed at the 
tirne of germinal vesicle breakdown (Kastrop et al., 1990, 199 1). 

The various stages of early development of the bovine embryo 
are iiiusaated in Figure 1. In vivo, the first deavage has been 
recorded at about 30 hr post-insemination, the second deavage 
follows 10-12 hr later (Hamilton and Laing, 1946). With in vitro- 
matured/in vitmfertilized ( W I V F )  cattle embryos, the maximwn 
numbers of two-, four-, eight- and 16-ceii stage embryos were 
observed at 36, 42, 60 and 102 hr post-insemination respectively 
(VanSoom et al., 1992). At the 16-ceil stage, the blastomeres start 
showing polarity and at the 32-cd stage, compaction is evident. 
Compaction is very important to the process of formation of the 
trophectoderm, the inner cell mass and the blastocoel cavity. 



Figure 1: Diagram of the stages of development of the eariy bovine 
embvo, as recorded in vivo (modined h m  Gordon, 1994). 
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As mentioned previously, the activation of the embxyonic 
genome occurs at a species-spednc developmental stage (Telford et 
al., 1990) and it is presumed to be reflected by qualitative changes 
in the pattem of protein synthesis in early deavage stage embxyos. 
In mouse embryos, these changes occur during the second ceii cycle 
(Braude et al., 1979). They are observed during the third ceii cyde 
in hurnan embryos (Braude et aL, 1988) and the fourth ceLi cyde in 
rabbit (Manes, 1973), sheep (Crosby et al., 1988) and cattle embryos 
(Frei et al., 1989). In cow embryos, the timing of the change in 
protein synthetic pattem was also the tune when [ 3~ -u r id ine  
incorporation into the nudeus was first detectable (Camous et al., 
1986; Kopecny et al., 1989) and when the nudeolus precursor is 
transformed into an active nucleolus (King et al., 1988; Kopecny et 
, 1989). Together, these data suggest that activation of the 
embryonic genome occurs at the eight-cell stage in bovine embryos. 

In a study in which patterns of newly synthesized 
polypeptides were re-examined by two-dimentional elec trophore tic 
procedures, Bames and First (1991) showed that in bovine embryos, 
the synthesis of a small number of proteins could be prevented by 
a-amanitin treatment in the four-cd embryo suggesting that the 
synthesis of these proteins is dependent on transcription from the 
embryonic genome rather than the translation of mRNA of materna1 
origin. It has also been demonsnated that in viiro-produced male 
bovine embryos cleave earlier than their female counterparts, 
indicating that by the first deavage, male and female embryos are 
aiready different and this ciifference can only be due to the 
influence of the embryonic genome in the very eariy phases of 
development (Yadav et al., 1993). Very recently, experiments using 
long-term exposure to [SHI-uridine followed by autoradiography of 
whole-mount spread preparations of embvos has shown that a 
large proportion of in vi~eproduced bovine embryos synthesize 
RNA by the 2-cd or the 4-cell stage (Plante et al., 1994; Isawaki et 
al., 1995; Viuff et al., 1996). In the report from Viuf€ et al. (lW6), 
70% of the 2-ceil embryos and 83% of the 4-cell embryos were 



labded after 10 hours of incubation with [3Hl-uridine. Thus, at 
least in in vitrderived embryos, some low level of RNA synthetic 
activity is detectable at the 2- to & c d  stage. 

As mentioned above, earlier studies were unable to 
demonstrate transcription until the 8-cd stage in bovine embryos 
(Carnous et al., 1986; Kopecny et ai., 1989). This discrepancy could 
be due to the fact that the incubation period with [3H]-uridine used 
by the authors in the initial snidies was very short (20 min). Viuff 
et  al. ( 1996) performed uptake experifnents and found that it takes 
at least 120 min before the [3HJ-uridine equilibrium is reached in 4- 
c d  embryos. Moreover, the number of embryos available for the 
studies mentioned above was very limited. Frei et al. (1989) 
measured RNA synthesis following a 2 hr incubation with [3a- 
uridine of only a few embryos of each stage. The RNA was 
precipitated and counted in a scintiliation counter and while 
synthesis was detected in the 16-cd embryos, it is possible that low 
levels of incorporation in 20, 40, and 8-ceii embryos went 
undetected. Another possibility is that there is a real difference 
between in vivo -and in vitrmproduced bovine ernbryos. Camous et  
al. (1986), Kopecny et al. (1989) and Frei et al. (1989) used in vive 
produced embvos to study RNA synthesis while the more recent 
reports by Plante et al. (1994), Iwasaki et al. (1995) and Viuff et al. 
( 1996) used in vitmproduced embryos. It is possible that the 
culture conditions (environment) used during in vitro procedures 
lead to early activation of the embryonic genome. It should be 
noted that when transcription of the embryonic genome in in vi&m 
produced embryos was blocked with a-amanitin for 72 hr, the first 
four deavages s t i i l  occured, suggesting that mRNA synthesis at the 
2- and 4 - c d  stage is not cruciai for at least these very early stages 
of development (Plante et al., 19%). 



Expression of specific genes: 

In addition to the general activation of the embryonic genorne 
discussed above, it is also of interest to study the patterns of 
expression of specific genes. A few examples of the prevalence of 
abundant transcripts in mouse eggs and early embryos were 
mencioned exlier. The development of the very sensitive reverse 
transcription-polyrnerase chah reaction (RT-PCR) method (Rappolee 
et al., 1990) has allowed the examination of mer iow-abundance 
transcripts in preirnplantation embryos. For example, gene 
transaipts encoding polypeptide growth factors and th& receptors 
that are important for the cell proliferation events that lead to 
successfbl blastocyst formation have b e n  measured in mouse and 
bovine preimplantation embryos by RT-PCR. Transaipts encoding 
transfonning growth factor alpha (TGF-a) platelet-derived growth 
factor A c h a h  and its receptor (PDGF-A) are present in the 
unfertïlized mouse egg, are undetected at the 2 - c d  stage and 
reappear from the 4-cell stage onward (Rappolee et ai., 1988). 
O thers, like transcrip ts for insulin-like growth factor (IGF) ligand 
and receptor, uansforming growth factor beta (TGF-p) and fibroblast 
growth factor (FGF) are first detected at the 2-cell stage in mouse 
embryos (Rappolee et al., I W O ) .  Transaip ts for insulin recep tor, 
IGF-1 receptor and EGF receptor do not appear u n d  the time of 
compaction (Heyner et al., 1989; Schuitz et al., 1992; Harvey and 
Kaye, 1991). In bovine embryos, some of the ligand and receptor 
genes are expressed (or not expressed) with a similar temporal 
pattern to that observed in mouse embryos (TGF-a and PDGF-A 
present at ali stages; insulin, EGF and NGF are not detected at any 
stage; Watson et ai., 1992a) whiie other genes are expressed 
following a different temporal pattern (TGF-82, IGF-II, PDGF-A 
receptor, insulin receptor, IGF-1 and IGF-II receptors). A number of 
these growth factor ligand and receptor genes are expressed by both 
the materna1 and embryonic genome in the cow whereas in the 
mouse, they are expressed only following the activation of the 



embryonic genome at the 2-celi stage (Rappolee et al., 1990; Watson 
et al., 1992a). Functionai studies have show that growth factors 
play a role in the stimuiation of metabolic and synthetic activities in 
eariy mouse and bovine embryos as well as an increase in ceil 
proliferation and c d  number in blastocysts (Harvey and Kaye, 1988; 
Harvey and Kaye, 1990; Harvey and Kaye, 1991; Larson et al., 1992; 
Shi et al., 1994; Babalola and Schultz, 1995). 

The pattem of expression of only a few 0th- genes has been 
studied in bovine embryos. One important example is U2 srnail 
nudear RNA (snRNA). U2 snRNA is one component of a complex 
made of up to 14 different snRNAs and th& associated smail 
nudear ribonudeopro teins ( snRNPs) that process pre-mRNAs and 
pre-rRNAs into theh mature foms (Andersen and Zieve, 1991). 
These molecules should, therefore, play an important role in the 
processing of the first transcripts generated by the embryonic 
genome. By northern blot experiments, it was found that the levels 
of U2 snRNA remained constant between the 1-ceIi and 8- to 16-cell 
bovine embryo stages but increased 4.4 fold between the 8- to 16- 
ceU stage and the late morula/early blastocyst stage. These results 
suggest that U2 snRNA is initially a materna1 product in the bovine 
embryo and it appears to be very stable since it is maintained at a 
constant level fkom the 1-ceii until the 8-ceil stage (Watson et al., 
1992b). Besides the studies iisted here, there is little 0th- 
published information that is relevant to the pattem of gene 
expression in preimplantation bovine ernbqos. 

Objectives: 

1-The initial aim of this thesis was to recover matemal-specifc 
cDNA clones from the differential screening of a PCR- 
consûucted onece.ü bovine embryo l i b rq .  The prevalence of 
the W A s  comesponding to those cDNAs would have been 
examined in early bovine embryos in order to acquire 
knowledge on the fate of matenial specific mRNAs in in vie@ 



derived embryos. It was hypothesized that it would be easier 
to isolate matemal-speafic cDNAs nom bovine embryos than 
h m  mouse ernbryos since the bovine embryonic genome is 
activated at a later stage and at a later t h e  than the mouse 
embryonic genome. However, the quaiity of the PCR- 
constnicted library did not ailow differeatial screening; hence, 
the following objectives were proposed. 

2-Examine the pattern of abundance of rRNAs (28S, 18s and 5s) 
in in vitro-produced bovine embryos by northem blot 
techniques which faditate cornparisons of RNA levels from one 
stage of early development to the next. 

3Quantitate the amount of total RNA present at each of the 
developmental stages studied (mature oocyte, one-cd embryo, 
2- to 4-cell embryo, 6- to 8-cell embryo, monda and blastocyst) 
using densitometric andysis of the autoradiographs ob tained 
from the hybriduation of northern blots of embryo RNA and 
standard RNA with an 18s and a 28s rRNA probe. 

4-Compare the relative abundance of 18s rRNA in in vime and 
in vivoderived early bovine embryos. 

5-Examine the relative abundance of a number of RNAs of 
different origins and functions. The RNAs snidied included UZ 
and U3 snRNAs which are involveci in the processing of other 
RNAs; 12s rRNA and cytochrome b mRNA which originate from 
the transcription of the mitochondrial genome; histone H3 and 
p-actin rnRNA which are nudear messages. Some of the probes 
used were derived fkom the one-tell bovine embryo cDNA 
library mentioned above (18s rRNA, U3 snRNA, 12s rRNA, 
cytochrome b). The other probes were homologous probes to 
known genes obtained fkom other species and selected on the 
bais of available information on RNA levels in mouse embryos. 



Hybridization of northem blots of RNA from bovine embryos 
with 18s and 28s rRNA probes showed that in in vitrederived 
embryos, there is an overd decrease in the amount of total RNA 
(and the amount of 18S/28S rRNA) kom the mature oocyte to the 
moruia stage. A significant inaease in the amount of total RNA is 
o d y  observed at the blastocyst stage. The results obtained in the 
course of this work also suggest that there could be rRNA synthesis 
in in vitmproduced bovine embryos at the 2- to 4-cell stage. A 
s m a l l  increase in the amount of rRNA at ihis stage was observed 
repeatedly although the ciifference with the other early stages was 
not statisticaliy significan~ When northem blots of RNA h m  io 
vivo-produced embryos were hybridized with the 18s rRNA probe, 
the rRNA level was observed to be higher in one-cell embryos than 
in 2- to 4-cell or 6- to 8-c& embryos. For the other transaipts 
snidied, the relative abundance deaeased slightly or remained 
constant during the earlier stages of devefopment and eventuaiiy 
increased after the activation of the ernbryonic genome. The 
devdopmental timing and the extent of the increase was different 
from one ûmscript to the next. 

The data presented here are a vaiuable addition for 
investigators working in the field of bovine embryogenesis. There 
are no known published reports on the estimation of the amount of 
total RNA in bovine embqos and on the analysis of the abundance 
of transcripts for "housekeeping" genes by the northem blot method. 
Moreover, thîs work is of interest to devdopmental biologists in 
general since it provides information on another mode1 beside the 
mouse which has trilditionally been used to study mammaiiati 
embIyogenesis. 



MATERIALS AND METHODS 

In vitro embryo production: 

Oocyte collection and maniration: 

Bovine ovaries were coilected from cows and heifers at a local 
abattoir about 15 min after slaughter. Upon collection, the ovaries 
were immediately placed in plastic bags containing phosphate- 
buffered saline solution (PB) supplemented with 100 U/mi 
peniciiiin G, 100 p g / d  streptomycin sulfate and 250 n g / d  
amphotericin B (Gibco, Grand Island, NY). The plastic bags were kep t 
in an uisulated container and the temperature was mainmined at 
3 2-3 5 OC. Cumulus-oocyte complexes ( COCs) were recovered from the 
ovaries either by aspiration of the folkles (2-5 mm) with an 18 
gauge needle attached to a 10 ml syringe or by slicîng across the 
cortex of the ovaries many times with a scalpel blade and then 
spraying PBS on the ovaries through a 25 gauge needle to coilect the 
liberated oocytes. In both cases, the PBS W o r  fouicuiar fluid 
containing the COCs was coilected in 50 ml conical tubes. The COCs 
were removed from the PBS W o r  foUcu1a.r fluid and were washed 
2 times in warm (37') M 2  medium. The COCs were washed a third 
time in maturation medium and then aansfmed to 4-weU plates 
containiog 0.5 ml of maturation medium per well. The maturation 
medium consisted of Tissue Culture Medium 199 (TCM-199, Gibco) 
supplemented with 10% (v/v) fetal caif s e n i m  (characterized, heat 
inactivated; Gibco), sodium pyruvate (56 pg/ml; Sigma, St-Louis, 
MO),  human chorionic gonadotropin (1.15 U/ml in TCM-199; APL, 
Ayerst Laboratory, Montreal, PQ) , follicle-s timulatiug hormone (3 5 
p g / d  in TCM-199; ~olltropina~,  Vetrepharm Inc., London, ON), 
estradiol-17p (1 pg/ml in 95% ethanol; Sigma) and kanamycin 
sulfate (100 pg/ml). Only oocytes with an unexpanded cumulus 
mass of 3-4 or more layers of celis and with an evenly colored 



cytoplasm were selected for culture. When bovine oocytes are put 
in culture, they spontaneously resume meiosis as if they were to be 
ovulated. At the end of the culture period (22-24 hr), the cumulus 
m a s  was expanded and the oocyte duornosornes were at the 
metaphase II stage, ready for ferrilization. Oocyte maturation and 
aii subsequent cultures were performed at 38.SUC in an atmosphere 
of 5% CO2 in air and sawated humidity. 

ûviduct ceii ~reparation and cuiture: 

Bovine oviducts, ipsilateral to ovaries with a corpus 
hemorrhagicum or a large healthy foilide, were also collected at the 
slaughterhouse. They were damped at each extremis. and placed in 
plastic bags containing ice-cold PBS with the s a m e  antibiotics and 
antimycotic used in ovary collection. The piastic bags were kept on 
ice untii the oviducts were processed in the laboratory. Two m e s  
of bovine oviduct epithelial cell (BOEC) cultures were used. For the 
generation of monolayers of BOEC, the oviducts were meated as 
described in Wiemer et al. ( lWl). Briefly. the connective tissue 
surrounding the oviducts was trimmed away, the oviducts were 
rinsed in Hank's Balanced Salt Solution (HBSS, Gibco) containing 
antibiotics and blotted dry on a paper towd. The ischmic portion 
was clamped and an 18 gauge needle attached to a syringe 
c o n m g  3 nl of 0.05% (w/v) trypsin (Gibco) was inserted into the 
infundibulum. Tslpsin was injected into the oviduct iumen until it 
became turgid. The infundibulum was clamped at its extfemity and 
the aypsin-filled oviduct was put in the incubator at 38.S°C for 30 
min. After incubation, the hemostat at the isthmus was removed 
and the -sin solution containing epithelial ceils was squeezed out 
using forceps. Ceil clurnps were dispersed by repeated aspiration 
through an 18 gauge needle and after dispersion, 2 ml of FCS was 
added to inhibit the trypsin digestion. The c d  suspension was 
transferred to a 15 ml tube. 10 ml of HBSS were added and the c a s  



washed by centrifigalion 3 or 4 himes. After the last wash, the 
were resuspended in the culture medium (TCM-199 + 10% 
FCS and 100 p g h l  kan- sulfate). CeU numbers were 

determined by use of a hemacytometer. One million ceils were 
seeded in each weli of a 24-weii plate containhg 1 ml of cdture 
medium. After 48 hr of culture, the ceiis were rinsed 2 times with 
HBSS + antibiotics and fkesh culture medium was added (1 Mwel l ) .  
The rinsed monolayers were then ready for co-cunire with embryos. 

The second srpe of bovine oviduct epithelial ceii culture was 
the "worm" type. The oviducts were trimmed away fkom connective 
tissue, washed in HBSS, blotted dry and sheets of epithelial c a s  
were imrnediately squeezed out with forceps. About 2 ml of HBSS + 
kanamycin were added to the celis and the suspension was drawn in 
and out of a 3 mi syringe fitted with a 21 gauge needle 2 times. The 
second time, the c a s  were transferred to a 15 ml tube, 10 ml of cold 
HBSS + kanamycin were added, the suspension was mixed by 
inversion and the ceiis were allowed to settle for about 3 min. The 
HBSS was removed and this process was repeated 2 more times. 
After the last wash, the cells were resuspended in 1 ml of culture 
medium (TCM-199 +IWO FCS + kanamycin) and 4 or 5 drops were 
added to small d t u r e  dishes containhg 3 ml of culture medium. 
The following day, the sheets of epitheliai c d s  had roîied up and 
fomed vesicles with cilia on the outside that generated veside 
movement. The motion and the shape of the vesides inspired the 
narne "wom".  On that second day the ceils and the culture medium 
were transferred to a 15 ml tube, the ceiis were ailowed to settle for 
about 2 min, the medium was removed and fresh medium was 
added. The ceils were washed 2 more thries and this aliowed the 
removal of rnany of the cells not inciuded in vesicles. A few hours 
later, 20 to 25 vesides were placed in each of the 50 pl droplets 
prepared for embryo culture. The embryo culture medium was 
TCM-199 + 1090 FCS + kaaaniycin ( 100 p g h l ) .  



In vitro f-a . C tion: 

After 22-24 hr of culture, the matured COCs were washed 2 
cimes in warm HEPES-buffered modified Tyrodes solution (TALP, 
Panish et al., 1986) and one rime in bicarbonate-buffered TALP and 
then placed in 50 pl droplets (10-12 COCs/droplet) of bicarbonate- 
buffered TALP containing 10 pg/ml of hep- (Sigma). Frozen 
bovine semen was provided by Western Breeders Service (Balzac, 
Alberta) and was a m i x w e  of semen h m  5 proven fertile buiis. 
Aliquots were stored in 0.25 ml straws conmullng 100 x 106 sperm 
ceiis. The straws were thawed in water heated to 37°C and the 
content of a straw was added to the very bottom of a cryovial tube 
containing 1 ml of pre-warmed HEPES-buffered TALP. The tube was 
dosed and put in the incubator for 1 hr. During that time, the most 
vigorous and motile sperm would s w i m  up in the TALP and the 
sperm conservation medium and the dead sperm ceiis wouid stay in 
the bottom. The top 800 pl were then removed and transferred to a 
15 ml conical tube. The sperm were pdeted by cenûifugation at 
2000 RPM for 10 min. The supernatant was removed and the sperm 
p d e t  was washed in 1 ml HEPES-buffered TAU and centrifuged 
again. The supernatant was removed except for the last 100 pl in 
which the sperm pellet was resuspended. The number of motile 
sperm was counted on a hernacytometer and approximately 50000 
sperm were put in each of the f e a t i o n  droplets already 
containing the COCs. 

IR vitro deveio~ment: 

Eighteen to 20 hr after insemination, the cumulus c a s  were 
removed from the fertilized eggs by vortexing the COCs for 2.5 min 
in 1 ml of warm M2 medium. Cumulus cd-fYee eggs were washed 2 
times in M2 medium and 1 time in embryo culture medium. Groups 
of 20 to 25 fertilized eggs were then transferred to droplets already 



contaiaing oviduct c d  
After 24 hr of culture, 

vesides or ont0 monolayers of 
the deavage rate was recorded 

oviduct ceils. 
and after 48 

hr of culture, 50 pl of fresh medium was added to each droplet. If 
the embryos were cultured on BOEC monolayers, they were 
uansferred to a fkesh monolayer every 48 hr. 

For the purpose of this study, embryos of various stages of 
development were needed and they were fiozen in batches at 
specific time points. Mature oocytes were kozen after 24 hr of 
culture, oneîeii embryos were frozen 24 hr after fertiiization, 2- to 
4- c d  embryos were fiozen 48 hr after fertiiization and 6- to 8ceil 
embryos were frozen 72 to 96 hr after fertilization. The moruia 
stage induded embryos frozen 5 to 6 days after fertiluation (16-cd  
stage to compact moruia stage) and the blastocyst stage included 
embqos frozen 7 to 10 days after feftilization (early blastocyst to 
hatched blastocyst). Fmbryos to be frozen were mken out of their 
culture medium and transferred to 3 ml of sterïie M2 medium. 7'hey 
were washed 3 or 4 tirnes in order to eiiminate any contaminating 
oviduct cells. Mer the last wash, the embryos were transfwed to a 
500 pl sterile tube and they were left to settle to the bottom of the 
tube for 1 min. As much medium as possible w a s  removed and the 
tube was put in a dry iceethanol bath for qui& freezing. Mature 
oocytes to be fkozen needed to be vortexed for 2 min in the presence 
of trypsin (1 ml of a 1 mg/ml solution) in order to detach the 
cumulus celis. mer vortexing, the oocytes were washed several 
times in M2 medium and frozen in the same way as the embryos. 



In vivo embryo recovery: 

Bovine in vivoderived embryos were collected fkom the 
oviducts of superovuiated cows slaughtered at various time after the 
observation of heat and insemination. At the slaughterhouse, the 
oviducts were ûMmed away fkom fat and connective tissue, 
damped at each extfemîty and placed in warm (30-34'C) PBS until 
processed. In the laboratory, the isthmic portion was unclarnped, 
the oviciuct was filled with HEPES-buffered TALP then the fluid was 
squeezed out of the infundibulum with forceps and into a petri dish. 
This process was repeated once and the embryos were recovered 
under a dissecting miaoscope, pooled by stage and nozen as 
described above. 

RNA extraction 

RNA from pools of embryos was extracted using a 
microprocedure that is routineiy used in the laboratmy and that has 
proven successfui for srnail amoums of material (Arcellana-PanLiLi0 
and Schultz, 1993). For each pool of embryos to be extracted, the 
following were combined: 100 pl of RNA extraction buffer (0.2 M 
NaCl, 25 mM Tris-HC1 pH 7.4, 1 mM EDTA), 100 1 phenol 
(neutralized and stored under water at -2O'C in small aliquots), 100 
pl chloroform and either E. coli ribosomal RNA (rRNA, 10 pg in 2.5 pl 
HrO, Boehringer-Mannheim) or yeast uansfer RNA (tRNA, 10 pg in 5 
pl &O, Boehringer-Mannheim). The rRNA and tRNA served both as 
carriers for RNA preupitation and as measurable markers to allow 
the estimation of recovery. The mixture was added to the fkozen 
oocytes/ernbryos (kept on &y ice) and vortexed vigorously 2 times 
for 10 sec. The phases were separated by centrifugation at 14000 
RPM for 4 min in a microfuge and the aqueous phase was re- 
extracted with 100 pl of chioroform oniy. After centrifugation, the 
aqueous phase was transferred to a fresh 500 pl tube; a small 



aLiquot was saved for the estîmation of recovery by 
spectrophotometry. Cold 95% ethanol(2.5 vol) was added to the rest 
and the RNA was precipitated at -2WC ovemïght or longer. 

Library construction: 

It is estimated that a bovine onecell embryo contains between 
1 and 2 ng of total RNA (Frei, 1988; this work). To obtain the 
amount of RNA necessary for the construction of a cDNA Library by 
conventional methods, thousanàs of one-cd embryos would be 
needed (Maniatis et al., 1982). The collection of so many embryos 
would be very tedious, tirne consuming and expensive. Thus 
alternative methods were needed to constmct cDNA libraries from 
smaii amounts of material. The reverse transcription-polymerase 
chain reaction technique (RT-PCR) allows the generation and 
amplification of cDNA by several orders of magnitude and yield 
suffiCient product rhat can then be cloned by conventional methods. 
For example, Welsh et al. (1990) developed a protocoi that adapted 
the RT-PCR technique to the amplification of a very iow amount of 
starting material to consmict an apparently representative &NA 
library from poly[A]+ RNA initially extracteci kom only 50 ovuiated 
mouse oocytes. 

Ln the present study, total RNA extracted from 430 bovine 
one-cd embryos was subjected to reverse transcription using an 
oligo-dT primer containing an Eco RI site for cloning. That cDNA was 
dG-tailed and second strand synthesis was initiated with a primer 
containing a stretch of C residues and an Xho 1 site. Three rounds of 
PCR amplitication were performed to provide enough material for 
digestion of the cDNAs with the restriction enzymes Eco RI and Xho 1 
and for removal of the small PCR amplification products. Lambda 
ZAP (Uni-ZAPm XR) was chosen as a vector because it combines the 
efficiency of lambda vectors and the conveniMce of a plasmid 
system with blue-white color selection. The Uni-ZAP vector can be 



screened with either nudeic acid probes or antibody probes and 
a o w s  in vivo excision of the pBluescriptQ SIC(-) phagemid, for the 
characterization of the insert in a plasnid system. Commercial high 
efficiency in vin0 packaging extracts were used to generate the 
library. 

First strand cDNA synthesis: 

RNA ftom a pool of 430 one-ceii embryos coilected on 3 
different days was extracted as desuibed in the presence of 30 pg of 
E m l i  rRNA as a carrier. After overnight precipitation, the RNA was 
centrifuged for 30 min at 14000 RPM at room temperature, the 
p d e t  was washed with 70% ethanol and re-centrifuged for 15 min. 
The ethanol was carefidly removed, the peilet was air dried and 
resuspended in 11 pl diethyLpyrocarbonate (DEPC)-treated water. 
The sequence of the different priniers used in library construction 
are induded in Figure 2 and a schematic representation 
summarizing the different steps involved in construction of the 
Library is shown in Figure 3. For 1st strand synthesis, 1 pl of library 
primer (T) 17-Eco RI was added to the RNA. This primer contains an 
oiigo-dT tail of 17 nudeotides at its 3' extremity plus 23 extra 
nudeotides which indude an Eco RI site for doning (Figure 2A). The 
RNA-primer mixture was denatured at 70'C for 10 min, chiiied on 
ice and centrifuged bridy.  The following reagents were then added: 
5 pl 5 x reverse transcription buffer (250 mM Tris-HC1 pH 8.3, 300 
mM K I ,  15 mM MgC12; Gibco BRL); 2 pl 0.1 M MT; 1 pl 10 mM W P s  
(Pharrnacia); 0.2 pl RNase inhibitor (RNA&, 40 Wp1. Promega) and 1 
pl Murine Moloney Leukemia Virus (MMULV) reverse nanscriptase 
(10U/pl, Gibco, BRL). The reaction was incubateci at 42°C for 1 hr 
and then heated at 65°C for 15 min to inactivate the reverse 
transcriptase. A 100 pl aliquot of STE buffet (10 mM Tris-HC1 pH 
7.5, 1 mM EDTA and 150 mM NaCl) was added and the mixture w a s  
p d e d  by gel filtration in a cDNA spin column (Phamda). The 



Figure 2: Deoxyoligonudeotide primer sequences used for cDNA 
iibrary construction. 

(A) Primer used for reverse uansuiption. This primer contains an 
oligo-ciT tail of 17 nucleotides at its 3' extremity plus 23 extra 
nucleotides which include an Eco RI site for doning. 

(B) 5' primer used for second strand synthesis and amplification. 
This primer contains 11 dC residues to anneal to the dG tail of the 
first strand cDNA plus additional sequences induding an Xho 1 site 
for doning. 

(C) 3' primer used for ampIification. The sequence of this primer is 
identicai to the 23 nucleotide stretch of the reverse transcription 
primer that contains the Eco RI site. 



PCR PRIMERS 

A. reverse transcription primer 

5' C G A G G T G G T C G G T A T C C G A A T T C T ~ T I T ~ ~ ~ T  3' 
Eco RI 

B. second strand synthesis and amplification primer 

5'  ATT ATA CTC GAG CCC CCC CCC CC 3' 
Xho 1 

C. 3' primer for amplification 

5' CGA GGT GGT CGG TAT CCG AAT TC 3' 
Eco RI 



Figure 3: Diagram of the experimental procedures used for the 
construction of a library fkom PCR-amplified cDNA sequences 
generated from bovine one-cell embryo RNA. 



1 . firs t-strand synthesis (reverse transcription) 

RNA (A), 

-cD-NA(~) 1 7 - E ~ ~  RI 

2. removal of unused prirners + hydrolysis of RNA 

3 . dGtailing 

G 1 ~ - 3 ~  (T) ,-Eco-RI 

4. second seand synthesis 

5 . firs t amplification 

GI 5 3 3  (T) 7-E~~-RI 
m I - C l i  - - - - - - - - -t 
+ , , , , - œ  -Eco RI primer 3' 

6 .  second amplification + removal of small cDNAs 

5 cycles + Sephacryl S-400 column 

7. third amplification 
1-CIT - O - - - - - - - m  

- Eco RI primer 3' 

8 .  digestion with Eco RI and Xho 1 + removal of s m d  cDNAs 

9. ligation to Uni-ZAP W E c o  RI and Xho 1 digested a r m s  

10. Packaging into phage partides 



column was pre-packed with Sephaayl S-300 and was used to 
separate the cDNAs from the excess primers to avoid their 
ampiifkation and doning in subsequent steps. The RNA was 
hydrolyzed by adding 1/3 vol of 1N NaOH and heating at 46'C for 30 
min. The cDNAs were then precipitated by adding 1/5 vol of 
ammonium acetate (10 M) and 2.5 vol of 95% eulanol. After 
oveniight predpitation, the cDNA was centrifuged at 14000 RPM for 
30 min at room temperature. The pellet was washed with 70% 
ethanol, re-cennifuged and resuspended in 10 pl of water. 

The dGtailing reaction was c-d out according to the 
instructions for the dGtailllig kit ftom Boehringer-Mannheim. The 
cDNA sample in 10 pl of water was supplernented with: 4 pl of 5 x 
terminal nansferase bmer (1 M potassium, 125 mM Tris-HC1, pH 
6.6, 1.25 m g / d  bovine senun albumin), 3 pl 5 mM CoCl2, 1 pl 100 
FM dGTP and 2 pl terminal tramferase enzyme (25 U/pl). The 
reaction was incubated at 37'C for 30 min, a time suffiCient for 15 to 
3 0  dGs residues to have been added to the 3' OH termini of the cDNA 
strands. After incubation. the reaction was precipitated with 50 pl 
95% ethanol. 

Second strand synthesis and am~Wcation: 

The dGtailed cDNA was cenaifuged, washed with 70% ethanol 
and the pellet was resuspended in 82 pl of water. The following 
reagents were then added: 10 pl of 10 x PCR bmer 1 (200 mM Tris- 
HC1 pH 8.2, 100 mM KC1, 60 mM (M4)2SO4, 20 mM MgC12, 1% Triton 
X- 100, 100 ng/pl nuclease-free bovine serum albumin; Stratagene) , 
2 pl 10 mM dNTPs (Pharmacia), 2 pl 5 0  p M  S'dC-tailing primer, 2 pl 
Perfect Match (Stratagene), 0.8 pl native Pfu DNA polymerase 



enzyme (Smgene).  The 5' dC-taüing primer contained 11 dC 
residues to anneal to the dGtaii of the 1st s m d  cDNA plus 
additional sequences to generate a Xho I site for unidirectional 
doning (Figure 2B). Phi DNA polymerase was used because it has 
increased fideiity over Taq DNA polymerase due to a 3'- 
S'exonuciease proofreading activity. The primer was aiiowed to 
anneai at 50°C for 2 min and then the reaction was incubated at 72°C 
for 20 min for 2nd strand synthesis. The reaction was cennifuged 
brie£iy and 1 pl of 100 pM 3' primer #Z (Figure 2C) was added. The 
sequence of this primer is identical to the 23 nudeotide stretch of 
the reverse transcription primer that contains the Eco RI site (Figure 
2A). The mixture was covered with light mineral oil (Sigma), heated 
at 94°C for 4 min and subjected to ampIification in a thennocyder 
(Perkin EImer Cetus) according to the fouowing parameters: 
denaturation for 1 min at 94C. a~eal ing for 5 min at 64°C and 
extension for 10 min at 72°C. This was repeated for 25 cydes and 
terminated with a 7 min incubation at 72°C and cooling at 4°C. 

Ouantitation: 

The PCR products were aansferred to a dean tube labeiied 
"Bovine lceil emb., 1st amp.", a 3 pl aliquot was set aside for 
quantitation and the rest was stored at -20'C. For quantitation, an 
identical PCR reaction as described above was set up except that it 
included 20 pCi of a -32P-dCTP (2  pl of 3000 Ci/mmol, 10 mCi/ml, 
Amersham). Only one cyde of amplification was perfomed and the 
amount of radioactivity incorporated into PCR products was 
measured after predpitation with trichioroacetic aad (TCA). The 
amount of newiy synthesized DNA was calculated and with th is  
value it was estimated that the amount of cDNA generated after the 
first amplification was about 5 pg. The rest of the product nom the 
quantitation PCR reaction was ethand precipimted overnight and 
then centrifuged at 14000 RPM for 30 min, washed with 70% 



ethanol and resuspended in 10 pl of water. This radioactive cDNA 
was subjected to electrophoresis on a 1% agarose gel with a 1 kb 
DNA ladder marker to estirnate the size of the PCR products. The 
marker lane was photographed with a ruler alongside and the gel 
was dried and exposed to preflashed Kodak XAR-5 film with an 
intemiQing screen at -7VC for 24 hr. A heterogenous population of 
cDNA up to 2 kb in size was observed but the smaüer cDNAs, as 
expected, were the most abundant (Fig. 4A). 

Second and third amplification: 

At this point it was important to eüminate most of the smaLler 
cDNAs because they would be preferentially amplified at the next 
step, it was aiso important to preserve some backup materiai in case 
something would go wrong in one of the subsequent steps. Two PCR 
reactions identical to the first amplification were set up, each with 1 
pl of the "Bov. 1 - c d  emb. 1st amp." materid. O d y  5 cycles of 
amplification were performed as the main aim of this step was to 
increase the amount of cDNA available to pass over columns for 
rernoval of small cDNAs. The columns used were CDNA spin columns 
pre-packed with Sephacryl S-400 (Pharmacia). The cut-off of these 
columns was such that unincorporated nudeotides, primers and 
cDNAs srnalier than 400 bp were retained while Iarger cDNAs were 
excluded. After passage through the columns, the 2 samples were 
combined and precipitated ovemight with ammonium acetate and 
ethanol. The cDNAs were cennifuged, washed in 70% ethanol and 
resuspended in 82.2 pl of water. A third round of amplincation 
using primers #1 and #3 (Figure 3) was performed. After 25 cydes 
of amplification, a 3 pl aiiquot was set aside for quantitative 
estimation and the rest was exnacted once with phenol/chloroform, 
once with chîoroform only and then precipitated with ammonium 
acetate and ethanol. Qllantification was perfonned as previously 
described. The amount of &NA generated after the third 



Figure 4: Q-titation and estimation of the sizes of cDNAs generated 
by RT-PCR of bovine one-cell embryo RNA. 

(A) After the first amplification, a 3 pl aiiquot was used in a one- 
cyde PCR reaction containing a-32P-dCTP. The amount of 
radioactivity incorporated was measured in 115 of the reaction after 
precipitation with trichloroacetic atid. This aiiowed calcuiation of 
the amount of &NA newly synthesized and to estimate the amount 
of cDNA generated after the f i r s t  amplification step. The rest of the 
labelled PCR product was recovered by ethanol preapiution, 
subjected to electrophoresis on a 1% agarose gel with a 1 kb DNA 
ladder m k e r  to estimate the size of the PCR products. The marker 
lane was photographed with a d e r  alongside and the gel was dried 
and exposed to a XAR-5 film- 

(B) After the third amplification, qiiantitation and estimation of the 
sizes of the PCR products were perfomed as described above. 





amplification round was estirnated to be about 4 pg and cDN& up to 
2 kb could be seen on an autoradiograph of the gel of the PCR 
products (Figure 4B). 

Digestion: 

After overnight precipitation, the cDNAs were centrSuged, the 
peiiet was washed with 70% ethanol and resuspended in 10 pl 2 mM 
Tris-HC1 pH 7.5. A digestion reaction was set up with 10 pl cDNA 
(about 4 pg)  , 3  pl 10 x medium salt reshiction buffer ( 100 mM Tris- 
HU pH 7.5, 100 mM M g Q ,  10 mM DIT and 500 mM NaCI), 3 pl 

spennidine (40 mM stock, Sigma), 0.5 pl 1% Triton X-100, 1 pl Eco RI 
(22500 U h l ,  Pharrnaaa) 1.5 pl Xho I (15000 U M ,  Pharmaaa) and 
water to 30 pl. After digestion at 37'C for 18 hr, the enzymes were 
înactivated at 6S°C for 15 min. An aliquot of 70 pl of STE buf5e.r was 
added and cDNAs smaller than 400 bp were removed by gel 
filtration through a cDNA spin column packed with Sephacryl S-400 
(Pharmacia). The eluate was brought to 2 M ammonium acetate and 
preapitated with ethanol. 

Ligation: 

The cDNAs were recovered by cenaifugation, washed with 70% 
ethan01 and resuspended in 10 pl of water. The ligation reaction was 
camed out according to the instructions provided by Sûatagene. In 
the first tube, the cDNAs (0.5 pl = 250 ng) were mixed with 1 pg of 
Uni-ZAPm WEco RI and Xho 1 digested a m  (Stratagene) and 2.25 
pl of water. In a second tube, 0.25 pl of T4 DNA ligase (8500 U/ml, 
Phatmacia) was combined with 0.5 ptl 10 x ligase bmer (0.5 M Tris- 
HC1 pH 7.6, 100 mM MgC12, 100 mM DTT, 500 p g h l  bovine senun 
albumin, Fraction V, Sigma) and 0.5 pl of 10 mM ATP (pH 7.5, 
Phanmua). The content of the second tube was transfmed to the 



f i s t  tube and the reaction was kept at 4°C for 2 days to aiiow 
ligation to occur. 

GigapackB II Gold packaging extracts from Stratagene were 
used to package the bovine one-ceii ÇDNA îigated to lambda arms. 
The reaction was carrieci out foilowing the hstntctions from 
Stratagene and was terminated by adding 500 pl of SM b d e r  (100 
mM NaCl, 10 mM MgSO4 50 rnM Tris-HC1 pH 7.5, 0.01% gelatin) and 
20 pl of chloroform. This material was labeiîed: "Bovine one-cd 
embryo cDNA library, onpinai". 

plat in^ and in vivo excision: 

In order to determine the titer of the iibrary and the 
percentage of dones containing a cDNA insert, the padcaged ligation 
product was plated at different dilutions in the presence and 
absence of isopropylthio-p-D-galactoside ( IPTG) and 5 -brome-4- 
chloro-3 -indolyl-p-D-galactoside (X-GAL) . The library was 
estimated to contain about 2 x 105 plaque forming units On the 
blue/white selection plate, only about 10% of the plaques were blue 
suggesting that about 10% of the clones did not contain a cDNA 
insert. To determine the average size of the inserts, 20 random 
plaques were picked and eluted for 6 hr in SM medium. Ih vivo 
excision of the Bluescript SIC(-) plasmid was perfomed according to 
the instructions provided by Stratagene. Briefly, 100 pl of phage 
eluate from each of the 20 random clones was mixed with 200 pl 
E. coli XL1-Blue MRF' cells OD600=1 and 1 pl of ExAssist Heiper phage 
in a 5 0  ml tube. The mixture was incubated at 3 7°C for 15 min to 
allow the phages to adhere to the c a s .  Five ml of 2 x YT medium 
was added and the culture was incubated for 2 to 2.5 hr at 37°C in a 



shaking incubator. During that time, the helper proteins fkom the 
helper phage recognize the initiator DNA in the lambda vector and 
nick one of the DNA strands. At the nick site, DNA synthesis starts 
and continues through the insert up to a termination signal within 
the lambda vector. The resuiting single-suanded DNA molecuie is 
citcuiarized, packaged and secreted fkom E colL The E cofi ceiis 
were heat killed (70'C. 20 min) and removed by centrifugation to 
yieid the supernatant that contaïneci the packaged plasmid 
(phagemid). The phagemid was then mixed with E-coli SOLR ceiis 
and spread on LB plates containhg ampicillin. The colonies 
contained the double-stranded plasmici DNA One colony for each of 
the random dones was grown in liquid medium and DNA was 
prepared using the all<aline lysis miniprep method (Ish-Horowicz 
and Burke, 198 1). An aiiquot (2 p l )  of plamid DNA was digested 
with 5000 units of EcoRI, 5000 units of Xho 1 enzyme and 0.15 pl of 
RNase A (10 mg/ml) at 37'C for 2 hr and resolved on a 2% agarose 
gel to visualize the plasmid DNA and the excised insert. A 1 kb DNA 
ladder (Pharrnaaa) was run alongside the samples to ailow the 
evaluation of the sizes of the inserts. Seventeen out of the twenty 
random dones contained an insert ranging in size fkom 150 bp to 
1000 bp with an average of 500 bp. 

It was estimated that in order for a cDNA iibmy to have a 
high probability of containing dones from rare messages, the titer 
had to be at least 1 x 106 pfu (Maniatis, 1982). To increase the titer 
of this library, other ligation reactions were set up as previously 
desaibed. Each of these reactions was packaged, plated and 10 
random dones were picked fkom each of the 4 reactions for insert 
size determination. The titer, the proportion of dones with inserts 
and the range and average insert sizes for a l i  5 ligatiodpackaging 
reactions are surnnianzed in Table 1. 



Table 1: Titer, proportion of dones with an insert, and insert sizes of 
aii the one-ceil embryo cDNA ligatiodpackaging reactions combined 
to generate the bovine one-celi embryo cDNA library. 

Packaging 
reaction 
number 

titer proportion 
(pfu) a of c b e s  

with an 
insert 

2 x 105 17/20 
2.3 x 105 619 
5 x 105 7/9 
2.5 x 105 8/9 
2 x 105 8/10 

average 
insert size 

(bp) 

range 
of insert 
sizes (bp) 

pool of 5 1.38 x 106 46/57 460 100-1 100 
reactions =80.7% 

a Plaque formîng units 



Amplification; 

To generate a large quantity of a high titer stock of the library, 
the library was amplified once. The 5 packaging reactions were 
cornbined and aiiquots of this libraxy suspension containing about 
50000 pfu were d e d  with 600 pl E.coli c d s  grown to a density of 
OD6oo-0.5. The suspension of bacterialphages was incubateci at 3 7°C 
for 30 min and then IniXed with 6.5 mi of mdted top agarose and 
spread onto 150 mm agar plates. After 8 hr of incubation at 37'C, 
the plates were overlaid with 10 ml of SM buffer and stored 
overnight at 4°C with gentle rocking. The following morning, the 
bac teriophage suspension was recovered fkom each plate and pooled 
into 50 ml sterile tubes. The plates were rinsed with an additional 2 
ml of SM buffer and chloroform was added to a fin=ii concentration 
of 5% to kill the bacteria. The ceii debris were removed by 
cennifugation. The supernatant was transfrned to 50 ml steriie 
tubes, DMSO was added to a final concentration of 7% and 1.5 ml 
aliquots were prepared and stored at -70°C. A few aliquots were 
stored at 4°C in the presence of 0.3% chloroform. 

Library charac terization: 

Southem blot of library p u e  DNA: 

Before using the library, it was important to assess its quality. 
Our main concern was that a certain proportion of the inserts could 
have originated fkom the reverse transcription and amplification of 
the carrier E. coü rRNA used for RNA extraction. To determine the 
proportion of inserts that represented cDNA derived fkom embryo 
mRNA and the proportion of inserts derived from E. coli rRNA, phage 
DNA from the library and digested random clones were hybridized 
with E coü rRNA and E. coli total DNA probes. 



Phage DNA ~re~aration: 

To veri@ if the library contained any E* coli rRNA sequences, 
phage DNA imrnobilized on a membrane was hybridized with 
fractionated end-labeled E. coü rRNk Phage DNA was prepared 
according to the method of Grossberger (1987) wich siight 
modifications. Briefiy, 7 plates of the library at a density of 50000 
pfu were prepared and grown at 3TC. After 7 hr, 5 ml of SM b u f k  
were added on each plate and the plates were rocked gentiy at 4 C  
overnight In the morning, the buffer was coliected, pooled in 15 ml 
tubes and the debns were peileted at 6000 rpm for 10 min at 4°C. 
The supematants were transfmed to 15 mi tubes and were 
cennifuged at 30000 RPM for 30  min at 15'C in a SW41 rotor 
(Beckman). The phage pellets were resuspended in 200 pl SM and 
transferred to 1.5-ml microfuge tubes. Proteinase K (200 pl of a 1 
m g h i  solution in SM) was added and the phage suspension was 
incubated at 37°C for 2 hr. The digest was then extracted once with 
phenoVchlorofonn and once with chlorofonn. The DNA was 
pretipitated with 100 pi 7.5 M ammonium acetate and 1 mi 95% 
ethanol. The precipitate was centrifuged immediately, washed with 
70% ethanol and resuspended in 150 pl TE buffer ( 10 mM Tris-HC1, 
ImM EDTA pH 8.0). The phage DNA was qiisntitated on an agarose 
g d  

mise DNA gel and aansfer: 

Total E.coli DNA digested with the restriction enzyme Sau 3AI 
and 100 ng and 1 pg of one-ceii embryo library phage DNA were run 
on a 0.8% agarose gel for 4 hr at 60 volts. The DNA was then 
partiaUy depurinated by washing the gel for 2 x 10 min in 0.25 N 
HCl with gentle rodcing. The gel was rinsed in water and set up for a 
capilkuy uansfer to a Nylon membrane (Hybondm-N+, Amersham). 
After overnight uansfer, the membrane was neutralized in 0.5 M 
Tris-HC1 pH 7.6; 2 x SSC, 4 mM EDTA and baked for 1 hr at 80'C. 



Labelling of the D robe and hvbridizah 'on: 

E-coli rRNA (10 pg in 2.5 pl) was diluted in 2.5 pl of water and 
heat kagmented at 9S°C foi 10 min. An aliquot run on an agarose 
gel showed a smear with no distinguishable 23s and 16s bands 
(results not shown). For end-labelling, 5 pl of 4 x polynucieotide 
kinase buffer (0.5 M Tris-HC1 pH 7.6, 0.1 M MgC1~,50 mM DTT, 1 mM 
sperrnidine. 1 mM EDTA), 2 pl of ~ - ~ ~ P - A T P  (7000 Ci/mmol, crude 
ewact, Amersham), 1 pl T4 polynucleotide kinase enzyme (9700 
U/mi, Pharmaaa) and 11.75 pl of water were added to 0.5 pg of the 
fragmented E.cofi rRNA. The mixture was  incubated at 3 7°C for 30 
min and then heated to 68°C for 10 min to inactivate the 
polynucleotide kinase activity. TE buf5er was added (480 pl) and the 
labeiling reaction was loaded on a NAP-5 column (Pharniacia, 
prepacked with Sephadex 6 2 5 ) .  A 10 pl sampie was spotted on GFC 
glass filters (Whatman) before and afcer passage through the 
column, the filters were air dried, placed in scintillation vials, 
scintillant was added and the radioactivity measured The ratio of 
CPM recovered &er passage through the column to total CPM 
applied gave an estimate of the percentage of incorporation and 
aiiowed caldation of the specific activity of the probe. The 
membrane was prehybridized for 2 hr at 68'C in 0.3 M NaCl, 0.3 M 
sodium citrate. 10 x Denhardt's solution (10 x Denhardt's contains 
0.2% bovine serum albumin, 0.2% polyvinylpyrollidone and 0.2% 
ficoll), 0.5% SDS, 50 p g / d  yeast tRNk The probe was added to the 
prehybridization buffer at 6.7 x 105 cpm/ml, equivalent to 2 ng 
probe/ml. The membrane was hybridued ovemight at 70°C. The 
following day, the membrane was washed 2 times for 20 min each in 
2 x SSC, 1% SDS at 65°C. The membrane was covered in SaranTM wrap 
and placed in a cassette with an intenswg screen and Kodak XAR- 
5 autoradiographic film. The film was developed after 48 hr of 
exposure. The resulting autoradiograph demonstrated that the 
radiolabeiled E. coli rRNA probe had indeed hybridized to the phage 



DNA and tint contaminating rDNA dones were present in the Library 
( FigSA). 

Southem blot of random clones; 

To estimate the proportion of clones derived from the c e  E. 
coli rRNA, 2 aliquots of each of the random done plasmid 
preparations (p. 3 9) were digested with Eco RI and Xho 1. Each of 
the 2 aiiquots were resolved on separate agarose gels that were 
transferred to nylon membranes (as described for l i b q  phage 
DNA) to yield duplicate membranes. One set of membranes was 
hybridized with fractionated end-labelied E. coü rRNA (as previously 
described) and the other set was hybridized with E. coü total DNA 
digested with Sau 3AI and labelled by the random priming method. 
To label the E.coü DNA probe, about 150 ng of digested DNA was 
mixed with 800 ng of random primers and 2 pl Tris-HC1 pH 7.5. The 
m i x w e  was boiled for 2 min then quenched on ice. The following 
were added: 2 pl 10 x oligo-labelling buffer (0.5 M Tris-HC1 pH 6.9, 
0.1 M MgSOa 1 mM DIT and 0.6 mM each of dATP, dGTP and dTTP), 
5 pl a-32PdCTP (3000 Ci/mmol, 10 mCihl), 2.5 pl Klenow kagrnent 
(2  U/pl, Pharmada) and water to 20 pl. The reaction washcubated 
at room temperature for 1 hr and the probe was purined by gel 
filtration in a NAP-5 column as previously described. Both sets of 
membranes were prehybridized for 3 hr at 6S°C, the probes were 
added at 1 x 106 C P W m l  and hybridization was continued 
overnight. The following moming, the membranes were washed 2 x 
for 15 min each in 2 x SSC, 1% SDS at 65°C. In the autoradiograph 
presented in Figure SB, 15 out of 20 clones reacted with the Eecoli 
DNA probe. In total, 45 out of 63 random clones examined reacted 
with one or both probes. 



Figure 5: Verification of the proportion of dones carrying an E. coli 
rRNA insert 

(A) To v w  if the library conmined any E cali rRNA sequences, 
phage DNA nom the library was electrophoresed on a 0.8% agarose 
gel, transfered to a nylon membrane and hybridized with 
fractionated end-iabded E cofi M A .  Lane 1 is E. coli total DNA 
digested with the restriction enzyme Sau 3AI. Lane 2 is 100 ng of 
one-cell embryo library phage DNA. Lane 3 is 1 pg of one-ceil 
embqo lib- phage DNA. 

(£3) Estimation of the proportion of dones derived fkom E. coü 
sequences. Plasmid DNA from random clones was digested with Eco 
RI and Xho 1 and resolved on agarose gels that were transferred to 
nylon membranes. Membranes were hybridized with either 
fractionated E. coli rRNA or E. coli total DNA digested with Sau 3AI 
and labelled by the random priming method. Shown is a Southern 
blot of plasmid DNA from 20 random clones hybridized with the E. 
coli total DNA probe. 





Some of the 18 clones that did not react with the E coü probes 
were sequenced. Templates were prepared by following a modified 
mini alkaline-lysis/PEG preupitation procedure. They were. then 
sequenced using the dye-terminator method whïch uses dideoxy 
nudeoside terminators containing fluorescent dye labels and Taq 
polymerase (AB1 prism, 19%). The T7 ancilor T3 (or M l 3  reverse) 
primers were used The reactions were anaiyzed on the Applied 
Biosystems 373A automated DNA sequencer at the University of 
C a l g q  Regional DNA Sequencing Laboratory. Sequences were 
submitted to the GCG program for cornparison against GenBank and 
EMBL entries. Six of the random clones sequenced were found to be 
identicai to E. coli rRNA and other E* coli genes. Two dones were no t 
significantly homologous to m y  known genes. It has not been 
determined if they were E. coli sequences or bovine sequences. 
Three dones were homologous to bovine genes and are desaibed in 
the results section. Two of these, the 18s rRNA done and the 
cytochrome b clone, were later used as probes (dong with other 
dones) to examine patterns of gene expression during bovine 
preimplantation development. The bovine 18s rRNA sequence has 
not been published yet and it is included in the results section of 
this thesis. Various stategies to try to iden@ other bovine cDNAs 
were ernployed but were not very successful. Three other bovine 
clones were, however, derived from the l i b r w  by random 
sequencing. The sequence of the bovine U3 snRNA clone is also 
presented in the result section. 

Northern hybridizations: 

In this section, the general method for northern blot 
preparation is desdbed. The specific details for each experiment 
are described in subsequent sections. 



Gel ~reparation: 

One percent agarose gels were used for a i i  the northem blots 
perfoxmed for this study. One gram of agarose was dissolved in 74 
ml of water by boiling. mer cooling to about 6S°C, 10 ml of 10 x 
MOPS buffer (0.2 M MOPS ( 3-w-morpholino]propanesulfonic aad, 
Sigma), 50 mM sodium acetate, 10 mM EDTA, pH 7.0 with NaOH), and 
18 ml of fomaldehyde (BDH, 3796 solution in water) were added. 
The m i m e  was swirled to mix and poured in a 15 x 10 cm tray. 

Standard RNA and molecular weight markec 

The standard RNA used was either total RNA extracteci from 
bovine oviduct epithelîai c d s  or bovine ovarian RNA. The oviduct 
ceiis were cultured for 2 days ("worm" type culture) and RNA was 
extracted according to the method of Chomczynski and Sacchi (1987) 
with modifications desaibed by Puissant and Houdebine (1990) and 
Arcellana-Panlilio and Schultz, (1993). Briefiy, about 50 mg of 
"worms" were ûansfered to a 1.5 mi cennifuge tube, the celis were 
peileted by low speed centrihgation for a few seconds and the 
culture medium was removed. Five hundred ml of chilled G E  
solution [4 M guaniduie thiocyanate (Sigma), 100 mM Tris-HC1, pH 
7.51 and 5 pl mercaptoethanol (Bio-Rad Laboratories, Hercules, CA) 
were added. While the tube was held on ice, the cells were 
homogenized for about 20 strokes with a pestle matching the size of 
the tube (Camlog # 7495 20-0000, Kontes Scientific Glassware, 
Vinelsnd, NJ); homogenization was terminateci by vortexhg the 
GI'Wceii mixture. One tenth volume of 2 M s o d i u m  acetate pH 4.0, 
an equal volume of phenol and one fifth volume of chlorofom were 
added with xnixïng &er each addition and vortexîng for 10 sec after 
the addition of chioroform. The mumire was incubated on ice for 15 



min and then centrifuged at 10000 RPM for 20 min at 4'C in a SS34 
rotor. The aqueous phase was recovered, an equal volume of 
isopropanol was added and the RNA was incubated at -20°C for at 
least 1 hr. After spinning at 10000 RPM for 20 min at 4'C, the peiiet 
was resuspended in 500 pl Gr, an equal volume of isopropanol was 
added and the m i m e  was again incubated at -20°C for at least 1 
hr. The RNA was recovered by cenaifugation, the peiiet was rinsed 
in 7040 ethanol and was resuspended in DEPC-treated WtWm A 1 pl 
aiiquot was diluted in 499 pl of water and the absorbance was 
measured at 260 and 280 nm to estimate the recovery and the 
purity of the RNA. The bovine ovarian RNA also used as standard 
was kindly provided by Dr. Fred Menino (Departnient of Animal 
Science, Oregon State University, Corvallis, Oregon). 

In preparation for running a gel, the standard RNA was diluted 
to the required amounts in DEPC-ueated water and 19 pl of 
buffer/denaturant/dye mix w s  added to each dilution. The 
buffer/denaturant/dye mix was prepared fresh and containeci: 50  pl 
10 x MOPS, 80 pl formaldehyde, 250 pl formamide, 50 pl sterile 50% 
glycerol + bromophenol blue. The formamide was deionized by 
stimng 10 ml with 1 g AGSOISA beads (Bio-Rad) for 1 hr at room 
temperature. The deionized fomxunide was Ntered and stored at 
-20°C in single-use aliquots. The RNA was denamed at 65'C for 5 
min then quenched on ice. RNA molecuku weight markers were also 
prepared as described above. Generally, 3 pg of RNA Ladder (BRU 
was nin on each gel; the marker lane was cut after electrophoresis, 
stained with ethidiwn bromide and photographed with a d e r  
dongside for estimation of the sizes of the RNA species hybridizing 
to a probe. Also, the camer used for embryo RNA extraction, either 
E.coli rRNA or yeast tRNA; was run on the gel and hybridùed in 
order to v e  that the probe does not react with the carrier itself. 



Emb~yo RNA : 

Embryo RNA was extracted as described previously and was 
stored in 5 pl DEPC-treated water. The amount of RNA 
corresponding to the desired number of embryos was transfered to a 
new tube, 19 pl of bu£kr/denaturant/dye mix was added and the 
embryo RNA samples were heated and quenched on ice as for the 
standard samples. 

The gel apparatus was filleci with 1 x MOPS so that the gel was 
just submerged. The samples were loaded and the gel was nui for 
3 0  min at 10 volts per an. The buffer in the gel apparatus was 
recirculated fkom one chamber to the other to minimize the pH 
change during the run, then the gel was run for another 30 min. 
After electrophoresis, the molecular weight marker lane was cut and 
stained for 5 min in 5 pg/ml ethidiun bromide in water. They were 
destained in water for 3 hr or overnight. The stained marker bands 
were photographed under W illumination with a d e r  alongside to 
show band distances kom the point of loading. 

Transfer of RNA to a membrane: 

In the course of this work, two methods for uansfering RNA to 
a membrane were used. The first one, the conventional capuary 
transfer method has been described in detail by Arcellana-Panlilio 
and Schultz (1993). The membrane used was Hyb~nd-N+~ and the 
transfer buffer was 10 x SSC. The second transfer method was a 
"dry" blot method that requires only the buffer in the gel to draw 
the RNA to the membrane. Brîefly, unused portions of the gel were 
uimmed away, the gel was measured and 4 pieces of Whatman 3 



P M  paper and 1 piece of nylon membrane (Hybond-N+) were cut 
to the dimensions of the gel. The Whamian 3MM paper and the 
membrane were soaked in water for 10 min. They were then 
transfered to 25 mM phosphate bmer pH 6.5 for 20 min. The gel 
was also soaked in phosphate buffer for 20 min. The aansfer was 
set up in the foiiowing order: one inch of paper towel cut the size of 
the gel. 1 iayer of 3 MM paper, the nylon membrane, the gel (upside 
up) and 3 layers of 3 MM paper. The montage was covered with 
SaranTM wrap, a giass plate was positioned on top of the stadc and a 
half kilogram weight was put on the glass plate. W i  either of the 2 
transfe. methods, transfer was allowed to proceed overnight. The 
foiiowing day, the blot was dismantled, the lower right corner of the 
membrane was snipped off to mark orientation and the membrane 
was soaked in 2 x SSC for a few min. The membrane was air dried 
for 30 min, placed between two sheets of 3 MM paper and baked at 
80°C for 1 hr without vacuum. The membranes were stored between 
sheets of 3 MM paper in aluminium foil at 4°C. 

Some of the membranes were stained with methylene blue as 
described by Herrin and Schmidt ( 1988) with some modifications, in 
order to visualize the E coli rRNA bands. This permitted 
verifkation that recovery of rRNA carrier during RNA extraction 
procedures and loading and transfer of the gel was equivalent from 
one sample to the next Briefiy, the membranes were pre-wet in 1 x 
SSC, they were stained for 3 min in 0.02% methylene blue in 0.3 
sodium acetate pH 5.5 and destained for 10 min in 1 x SSC. Before 
prehybriditation. the sta in  was removed in 0.2 x SSC, 1% SDS for 15 
rnin. 



Quantitation of total RNA in bovine in vitro-produced 
embryos: 

The aim of the following experiments was to measure the 
amount of total RNA in bovine embryos at different stages of 
preimplantation development. This w a s  accomplished by 
hybridizing known amount of RNA standard and RNA from embryos 
to an 18s rRNA probe and/or a 28s rRNA probe. Ribosomal RNA 
comprises approximately 70% of the total RNA in mouse embryos - 

and remains constant in early development (Piko and Clegg, 1982) 
and 28s rRNA constitutes 67% of the rRNA mass (Lewin, 1985). 
Assuming similar proportions exist in bovine oocytes and early 
embryos, then roughly 50% of the total RNA is comprised of 28s 
rRNA and 2046 is comprised of 18s rRNk These gene products, 
thmefore, are u s a  for estimating the total amount of RNA present 
in bovine embryos. When the amounts of total RNA at the different 
stages were calculated using the data h m  the hybridizations 
performed with the two probes, they were found to be similar. 
Therefore, the data from the two sets of experinients were combined 
to calculate average amomts of total RNA at each of the early bovine 
development stages studied. 

Use of the 18s rRNA ~fobe: 

Standard a m e s  and ernbrvo sam~les: 

Three RNA gels were prepared as described, each with 
decreasing amounn of standard RNA dong with total RNA nom 
embryos collected at different stages of development and extrac ted 
with E. coli rRNA as a carrier. The embryos for each of the 3 blots 
were collected on diffeteat days and RNA extraction, northem blot 
preparation and hybridization were also performed independently 
for each of the 3 series of sampies. On two blots, 80 ng, 40 ng, 20 ng, 



10 ng, 5 ng and 2.5 ng of ovarian RNA were used as standard RNA 
along with RNA extracted from 10 embryos fkom each stage (mature 
oocytes, one-cd embryos, 2- to 4-ceiI embryos, 6- to 8 - c d  
embryos, moruiae and biastocysts). On the third blot, 100 ng, 80 ng, 
40 ng, 20 ng, 10 ng, 5 ng and 2.5 ng of bovine epithelial oviduct ce11 
RNA were used for the standard curve. RNA from 10 mature 
oocytes, 10 oneceil, 10 2- to 4-cei.i and 10 6- to 8-cell embryos; 9 
morulae and 5 blastocysts was useci. 

18s rDNA probe: 

A bovine 18s rRNA done was recovered fYom the bovine one- 
celi ernbryo cDNA library (done E29, p.59). Plasmid DNA containing 
the 18s rRNA insert was digested with the restriction enzymes Eco 
RI and Xho 1. The digestion reaction was nin on a 1% agarose gel 
and the 457 bp kagrnent was cut out of the gel. The DNA was 
eiectroeluted away from agarose into diaiysis tubing, 
phenoVchioroform extracted and recovered by precipitation with 
ethanol. The 18s rRNA fragment was labelled with a-32P-dCTP 
(3000 Ci/mmol, 10 mCi/ml, Amersham) by the random priming 
rnethod to a speafic activity of approximately 2-5 x 108 c p d p g  as 
described on p. 42 and purifieci on a NAP-5 column. 

Prehvbridization and hvbridization: 

The prehybridization solution contai.ned: 2 x SSC, 10 x 
Denhardt's, 0.2% SDS, 2.5% dextran sulfate, 0.1% s o d i u m  
pyrophosphate and 50 p g h l  yeast W A .  The membranes were 
prehybridized at 65'C for 3 hr. The probe was boiled for 10 min, 
quenched on ice and then 1 x 106 cpm were added per ml of 
prehybridization solution. Hybridization was carried out ovemight 
at 65'C in a shaking water bath. 



Washes and autoradio~hv: 

The membranes were washed twice, for 15 min each in 200 ml 
of 2 x SSC, 1% SDS at 65°C and then once in 0.1 x SC, 1% SDS at 6S°C 
for 15 min. The membranes were wrapped in Safaam and exposed 
to Kodak XAR-5 films for various periods of time. 

Treatrnent of data: 

The autoradiographs were developed and the amount of 
hybridization of the probe to each of the samples was measured by 
densitometrïc scanning with a LKB Ultrascan XL Laser densitometer. 
Linear regression analysis was used to plot the standard curves and 
to estirnate the amount of RNA in the embryo samples. The amount 
of total RNA per embryo was calculated for each of the 3 
experinients and then an average and standard deviation were 
derived for each stage of development. The 100 ng standard sample 
was not included in the caiculations because the amount of 
hybridization was beyond the linear range of the W. 

H~bridization with an E. coli totai DNA  robe: 

In order to quanw more accurately the relative amount of E. 
cou' rRNA carnier in ernbvo samples to control for equivalence of 
recovery and loading between sampies, the membranes desaibed 
above were rehybridized with an E. coli total DNA probe after the 
other hybridization signal had decayed. The probe was prepared 
frorn E. coü total DNA that was digested with Sau IXIa and labeiied 
with a-32~-~CTP by the random priming method. The 
prehybridization solution was as described above and the 
membranes were prehybridized at 68'C for 3 hr. The probe was 
boiled for 10 min, quenched on ice, and 1 x 106 cpm were added per 
ml of prehybridization solution. Hybridization was carried on 
oveniight at 68'C. The following moming, the membranes were 



washed twice in 2 x SSC and 1% SDS for 15 min at 68°C and once in 
0.1 x SSC, 1% SDS, 15 min, 68'C and exposed to films for various 
periods of time. The resuitùig autoradiographs were scanned with 
the densitometer and the ratio of the densitometric measurements 
of each sample relative to the mature oocyte samp1e was calculated. 
This factor was used to correct the amount of RNA in each sample 
obtained Born their densitometric rneasurements and the standard 
c w e .  The mature oocyte value was chosen for normaluation 
because it is the most uniforni and least heterogeneous 
(asyncbronous) stage of the series. This conmol was performed on 
many of the membranes used in this study after a i i  the other 
hybridization signals had decayed. In the case of probes other than 
18s and 28s rKNA, corrections were made on the densitometric 
measurements of the level of hybridization of the probe. 

Statis tical analvsis: 

Statistical analysis of the means was carried out by one-way 
analysis of variance (ANOVA), foiiowed by Fisher's least signincant 
diffaence test Ilifferences were considered significant at p4 .05 .  In 
cases where 1 experiment was performed with monila and 
blastocyst RNA separately and 2 experiments were performed with 
RNA fkom a mimue of morulae and blastocysts, or vice-versa, only 
the 2 similar evperiments were considered for statistical analysis. 

Use of the 28s rRNA probe: 

Standard m e s  and ernbryo samples; 

Three northern blots prepared as desaibed, with decreasing 
amounts of bovine epithelial oviduct ceil RNA as standard RNA dong 
with total RNA from embryos coiiected at different stages of 
development and extracted with E coli rRNA were hybridized with 



the 28s rRNA probe. On the fint blot, 100 ng, 80 ng, 40 ng, 20 ng, 
and 10 ng of standard RNA were used as well as RNA h m  25 
mature oocytes, 37 one-cd embryos, 30 2- to 4-c& embryos, 25, 6- 
to 8 - c d  ernbxyos, 12 m o d e  and 8 blastocysts. On the second blot, 
a 5 ng and a 2.5 ng sample were included in the standard curve. 
RNA fkom 10 mature oocytes, 10 one-cd, 10 2- to 4-ceIl and 6- to 
8-cell embryos; 9 moruiae and 10 blastocysts was used. The third 
biot was identical to the second except RNA from 10 moruiae was 
used (the same blot was also hybridized with the 18s rRNA probe). 

28s rRNA probe: 

The plasmid pABB was supplied by Dr Jim Sylvester of the 
University of Pennsylvania. The plasmid contains a 1.4 kb Barn HI 
fragment from the middle of the human 28s rRNA gene cloned into 
the Barn HI site of pBR322 (Gomalez et al., 1985). The pABB plasmid 
was digested with B a m  HI, the digestion reaction was run on a 1% 
agarose gel and the 1.4 kb fragment was cut out of the gel. The DNA 
was electroeluted away Born agarose into dialysis tubuig, 
phenoVchloroform extracted and recovered by precipitation wirh 
ethanol. The 28s rDNA fiagment ( 100 ng) was labelied with a - 3 2 ~ -  
dCTP (3000 CVmmol, 10 mCi/ml, Amersham) by the random 
priming method to a spedc  activity of approxirnately 2-5 x 108 
c p d p g  and purified on a NAP-5 coiumn. 

Analysis of the abundance of 18s rRNA and in in vivo- 
derived embryos: 

In order to verifjr if a similar pattern of rRNA prevalence 
would be observed in in vitro and in vivederived early bovine 
embryos, northem blots containing RNA extracted fkom in vive 
derived embryos were hybridized with the 18s rRNA probe. In vivo 
embryos were collected on 2 occasions. The first collection yielded 5 



one-cell stage embryos, 9 2- to + c d  stage embryos and 10 6- to 8- 
ceii stage embryos. Embryo RNA was exnacted in the presence of E. 
coIi rRNA carrier as previously descrîbed, separateci by 
electrophoresis dong with the RNA Born 15 one-ceil, 15 2- to 4-cell 
and 22 6- to 8-ceii stage in vitmproduced embryos. From the 
second collection, a northem blot was prepared with RNA from 10 
one-cd, 10 2- to 4-ceU and 10 6- to 8-ceil stage embryos. Both 
membranes were hybridized with the 18s rRNA probe as described 
above. 

Analysis of the abundance of other uanscripts in in vitro- 
produced preimplantation bovine embryos: 

The abundance of other messages in bovine mature oocytes 
and preimplantation embryos was also examined. For that purpose, 
blots were prepared as described above with standard RNA and RNA 
extracted h-om variable numbers of embqos of each stage. Each 
blot was hybridized with 2 or 3 probes and each probe was used on 
1, 2 or 3 membranes. The objective was to evaluate the amount of 
RNA for each uansaipt at each stage of development relative to the 
other stages. For the purpose of obtaining relative data to compare 
the stages to each other, the densitomeuic measwements expressed 
as the area of peaks corresponding to bands on autoradiographs 
were first standardized for a fixed number of embryos, they were 
corrected for equivalence of recovery and loading as described on p. 
5 2 and they were then converted to relative values by setting the 
lowest value at 1.00 and calculating the other values accordingly. 
The mean relative abundance was then calcuiated for each stages. 



Analvsis of t h e b  

To study the abundance of 5s rRNA in bovine mature oocytes 
and preimplantation ernbryos, a human synthetic (hs) 5s rRNA gene 
was used as a probe (Wingender et al., 1988; plasmid kindly 
provided by Mark Brown). The plasmid pUC13 containing the hs5S 
rRNA gene was digested with the restriction enzymes Sa1 1 and Barn 
KI. The plasmid and the cut insert were separated by 
eiectrophoresis in a 1% agarose gel. The 120 bp fragment was cut 
out of the gel and purified fkom agarose as mentioned above. The 
fragment was labelled with C Z - 3 2 ~ - ~ C T P  using the random priming 
method and was used to hybridize three northern blots. The 
prehybridization, hybridization and wash conditions were identical 
to the conditions described for the 18s and 28s rRNA probes. 

Analysis of the abundance of U2 snRNA: 

To study the abundance of U2 snRNA in bovine mature oocytes 
and early embryos, a 300 bp genomic fragment containing a 188 bp 
mouse U2 gene was used as a probe (Nojima and Kornberg, 1983). 
To retrieve the fragment, the plasrnid pGEM-1 was digested with the 
restriction enzymes Eco RI and Hind III. Three northem blots were 
hybridized with the U2 snRNA probe. The prehybridization. 
hybridization and wash conditions were as desaibed above. 

Analvsis of the abundance of U3 snRNA: 

A bovine US snRNA clone was recovereci fkom the bovine one- 
ceil embryo library (clone 10, see p.64). Plasmid DNA containing the 
U3 snRNA insen was digested with the resaiction enzymes Eco RI 
and Xho 1. The U3 snRNA fragment was labeiled with a-32P-dCTP by 
the random priming method and was used to hybridize 3 northern 



blots. Hybridization was carried out overnight at 65'C in a shaking 
water bath. The membranes were washed cwice, for 15 min each 
time in 200 ml of 2 x SSC, 1% SDS at 65°C and then once in 0.1 x SSC, 
1% SDS at 65°C for 15 min. 

A bovine 12s rnitochondnal rRNA (clone #4, see p.63) was 
recovered fkom the bovine one-ceîi embryo cDNA library. Plasmid 
DNA containing the 12s rRNA insert was digested with the 
resmiction enzymes Eco RI and Xho 1. The 12s rRNA fragment was 
labelled with CY-32~-~CTP by the random primùig method and was 
used to hybridize 3 northern blots. The prehybridization, 
hybridization and wash conditions were identical to the conditions 
used with the 28S, 18s and 5s rRNA probes. 

Analvsis of the abundance of mitochondrial cytochrome b mRNA: 

To study the abundance of mitochondrial cytochrome b mRNA 
in bovine embryos, a bovine mitocbondrial cytochrome b cDNA clone 
recovered h m  the one-cell embryo cDNA libraxy (clone E12, p.59) 
was used as a probe. Piasmid DNA containing the cytochrome b 
insert was digested with the restriction enzymes ECO RI and Xho I* 
The digested fragment was purified and was labded with a-32P- 
dCTP by the random priming method and was used to hybndize 3 
northern blots. The hybridization and wash conditions were as 
described for U3 snRNA. 



Anal sis f 

The probe used to measure histone H3 mRNA levels was 
provided by Dr. W. F. MarzLuff of Florida State University, 
Tallahassee, Florida and is derived from a histone H3.2 gene. The 
900 bp fragment contains the coding region for amino acids 58 to 
135 of the H3.2 gene and the adjacent flanking region (Sittman et d m ,  
198 1). The fitament is doneci into the Eco RI and Sa1 1 site of 
pBR322. Hybridization of 2 northern blots was camïed out overnight 
at 5 8'C and the membranes were washed twice in 2 x SSC, 1% SDS 
for 15 min at 58°C and once in 0.1 x SSC, 1% SDS for 15 min at 58°C. 

To study the abundance of p-actin mRNA in early bovine 
embryos, a 404 bp fiagment of the 3' untranslated region of the 
human p-actin gene was used as a probe (Erba et al., 1986). The 
actin fragment was doned into the Eco RI site of pBR322 and the 
resulting plasmid, pWA-3'UT-HF was kùidly provided by Dr Alan 
Wildeman, nom the University of Guelph, Ontario. The acth 
fragment, was labeiled by the random priming method. 
Hybridization was carried out overnight at 54°C and the membrane 
was washed twice in 2 x SSC, 1% SDS for 15 min each time at 54C 
and once in 0.1 x SSC, 1% SDS for 15 mui at 5 K .  



RESULTS 

Sequencing of library clones: 

Clone E29: 

Random clone E29 was estimated to be about 400 bp in size on 
an agarose gel. This clone was sequenced with the T7, the T3 and 
the M l 3  reverse primers and was confirmed to be 457 bp in length 
induding a stretch of 11 dC-des and a polyciA-dT segment of 17 
nudeotide pairs. A search of the GenBank and EMBL databases with 
the FASTA program revealed that the E29 clone was 98.1% identical 
with the rat 18s rRNA sequence in a 420 bp region of overlap. This 
region is located beween nudeotides 389 and 811 of the rat 
sequence (Chan et al., 1984). Starting at nudeotide 804 of the rat 
18s rRNA sequence, there is the sequence AAAAAAUUA to which 
the oligo-dT primer used for reverse transcription could have 
annealed. The comparison between the rat 18s rRNA sequence and 
clone E29 sequence obtained through the FASTA program is shown 
in Figure 6. The bovine 18s rRNA sequence has not been published 
but it is reasonable to assume that clone E29 represents bovine 18s 
rRNA. It has been inferred from the comparison of human, mouse 
and rat sequences that the human and rodent 18s sequences differ 
by just under 1% (McCaiiurn and Maden, 1985). The E29 clone was 
used as a probe in the course of this work to examine pattems of 
gene expression during bovine preimplantation development. 

Clone E12: 

Random clone El2 was estimated to be about 1000 bp on an 
agarose gel. It was sequenced with the T i  primer and 430 bp of 



Figure 6: Sequence of random done E29. 
Random clone E29 was sequenced using the T7, the T3 and the M l 3  
reverse prirners. The sequencing data were submitted to the FASTA 
program for comparison with GenBank and EMBL entries. The 
sequence of done E29  is indicated in the lines rnarked B in 
comparison to the rat 18s rRNA sequence shown in lines marked R. 
Dashed lines indicate areas of sequence identity. 
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RAGCTCACCGCCCTGTCCCCAGCCCCTGCCTCTCGGCGCCCCCTCGATGCTCTTAGCTGAG 
730 740 750 760 770 780 

3 9 0  400 410 
BTGTCCCGCGGGGCCCGAAGCGTTTACTTTG 
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RTGTCCCGCGGGGCCCGAAGCGTTTACTTTGAAAAAATTAGAGTGTTCAAAGCAGGCCCGA 
790 800 810 820 830 840 



sequence was used to search the GenBank and EMBL databases. The 
El2 done shared 95.4% sequence identity with the bovine 
mitochondrial genome in a 414 bp ovedap. Cornparison with the 
complete bovine mitochondrial genome (Anderson et aL, 1982) 
showed that the E l 2  clone was homologous to the cytochcome b 
gene. Homology started at the 5' extremity of the cytochrome b 
gene at nudeotide 14515 of the bovine mitochondrial genome and 
extended to nudeotide 14930. The El2 clone may correspond to a 
near full-length cDNA since the cytochrome b gene is only 1140 bp 
in size. The El2 clone was used as a probe in the course of this work 
but its sequence is not presented here since it has been previously 
published (Anderson et al., 1982). 

Clone Ell: 

Random clone E l  l was estimated to be about 500 bp in length 
on an agarose gel. It was sequenced with the T7 and T3 primers and 
it was found to contain a 14 nucleotide polydC snetch at its 5' 
extremity. A search of the GenBank and EMBL databases revealed 
that the E l 1  clone was 88.4% identical with the human ribosomai 
protein L30 gene. Clone E l 1  is a fidl length cDNA according to the 
cornparison with the human U O  gene (Johnson, 1993). The El1 
clone was not used as a probe in the course of this work because 
preliminary experiments using northern blots of oviduct cell RNA 
indicated that the message was not suffiaently abundant to be 
detected in total RNA fYom 500 embryos or less. The sequence of 
the bovine L30 mRNA has not yet been published. It  is not 
presented here because a number of ambiguous positions remained 
even after multiple sequencing reactions. 



Clone #4: 

Random clone #4 wa e about 700 bp in length 
on an agarose gel. It  was sequenced using the T7 primer and was 
found to contain a dC stretch of 17 nudeotides at its 5' extremity. A 
search of the GenBank and EMBL databases revealed that clone 4 
shared 70075% identity with the sequence of mitocbondrial 
nbosomal RNA genes nom many rnammaiian species. Cornparison 
with the complete bovine mitochondrial genome (Anderson et al., 
1% 2 )  showed that done #4 was perfectiy identical to the bovine 
12s mitochondrial rRNA sequence. Identity starts at the 5' 
ememity of the 12s rRNA gene at nudeotide 432 of the bovine 
mitochondrial genome and extends to nudeotide 1000. Clone #4 is 
probably not a full-length cDNA since the bovine 12s rRNA gene is 
955 bp in length. Clone #4 was used as a probe in the course of this 
work but its sequence is not presented here since it has been 
previously published (Anderson et al., 19 8 2). 

Clone 4%: 

Random clone #5 was estimated to be 600-650 bp in size on an 
agarose gel. It was sequenced using the T7 and T3 prinzers and was 
found to contain a stretch of 13 dCs at its 5' end foliowed by about 
80 nucleotides of sequence and then another stretch of 15 dCs 
followed by about 250 bp of other sequences. The first 80 
nudeotides of sequence was not significantly homologous to any 
known genes but the second stretch of sequence shared identity 
with the human ribosomal protein S11. The sequence of the gene 
encoding bovine ribosomal protein SI 1 has not yet been published. 
Clone #5 was not used as a probe in the course of this work. 



Clone #IO: 

Random clone #10 was estimated to be 275-300 bp in length 
on an agarose gel. It was sequenced using the T7 and T3 priniers 
and was found to contain a stretch of 12 dCs at its 5' end and a 
stretch of 17 dAs at its 3' mernity. A search of the GenBank and 
EMBL databases revealed that done #10 shared 85% identity with 
rat, mouse and human smail nudeolar RNA U3 genes in a 215-217 
bp overlap (Stroke and Weiner, 1985; Suh et al., 1986). It is 
interesting to note that human U3 snRNA, iike the other major small 
nudear RN&, is not polyadenyiated at the 3' end. The human U3 
snRNA isolated by Suh et id. (1986) contains a stretch of 5 A 
residues in its 3' untranslatecl region. The oligodT primer used for 
reverse trsasaiption in this work must have annealed to an 
equivalent sequence of the bovine U3 snRNA. No bovine U3 snRNA 
sequences have been published yet. The cornparison between rat 
U3D snRNA sequence and clone #10 sequence obtained through the 
FASTA program is show in Figure 7. Clone #10 was used as a probe 
in the course of the present work to examine patterns of gene 
evpression during bovine preimplatltation development. 

Estimation of the amount of total RNA in in vitro-produced 
bovine embryos: 

In order to estimate the amount of total RNA present in in 
viueproduced bovine embryos, northern blots of RNA fkom 
ernbryos of Werent stages as weil as standard RNA were 
hybridized with an 18s rRNA probe and/or a 28s rRNA probe. The 
densitometric measurements of the level of hybridization of the 
standard RNA to the probes were used for linear regression analysis 
to consmct best-fit c w e s .  The amount of RNA in the embryo 
samples of different stages were calculated h m  their densitometric 
measurements in relation to those of the standard curves. After 



Figure 7: Sequence of done #IO. 
Clone #IO was sequenced with the T7 and T3 primers. The 
sequenchg data were submitted to the FASTA program for 
comparison with GenBank and EMBL entries. The sequence of done 
#10 is provided in lines marked B in comparison to the rat U3D 
snRNA sequence shown in lines marked R. Dashed iines indicate 
sites of sequence identity. 
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RTGACGTCGTGGCGGTTGGCAGTGCTCAGGWGAmATAmCAGGGATCATTTCTATA 
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RGTAGCGTTCTCTCCTGAGCGTGAAGCCGGCTCTTAGTGTTGCTTCCllGCAACTGCTATTG 
650 660 670 680 690 
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BGCCATTGATGATCGTTCTTClwMYTCîT'M!TAGGAGATGAAGAGGGAGAGIWCGTlUlTCTG 
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BAGTGG 
1 1 1 1 1  
I l I l l  

RAGTGGTTTmTTATTCmGm~GmAGAm9ACmGGTGTTAATACCTAGT 
760 770 780 790 800 810 



corrections for RNA recovery, the amount of total RNA per embryo 
w a s  caiculated. The data kom three hybridization experiments 
perfomed with each of the probes were combined to calcuiate an 
average total RNA value for each stage examine& 

18s rRNA dam: 

To ensure that RNA from known numbers of embryos would 
be used on the northern blots, the recovery of the carrier E. coü 
rRNA was measured by spectrophotometry after embryo RNA 
extraction. In addition, to visume the E* coü 23s and 16s bands, 
two of the membranes to be hybridized with the 18s M A  probe 
were stained with methylene blue prior to hybridization. This 
permitted verification of recovery of the carrier RNA during RNA 
extraction procedures and aiso verification that loading of the gel 
and transfer to the membrane was more-or-less equivalent h m  
one sample to the next. A photograph of a stained membrane 
(Figure 8A) indicates that except for iane 10 which appears slightly 
underloaded, about the same amount of rRNA carrier was present in 
each of the embryo samples (lanes 9, 11 to 14). In chis expeximent, 
each sample contained RNA exnacted h m  10 mature oocytes or 
embryos. No staining was seen in the standard sarnples (Ianes 3 to 
8) because the amount of RNA loaded was too small to be visuaiized 
by staining with methylene blue (no cacrier was used to extract 
standard RNA). After destaining (in 0.2 x SSC, 1% SDS for 15 min), 
the membrane was prehybridized and hybridized with the 18s rRNA 
probe. An autoradiograph obtained after 20 hr of exposure is shown 
in Figure 8B. The size of the RNA species hybridizing to the 18s 
rRNA was verified by cornparison with the RNA ladder shown in 
Figure 8A, lane 1. The level of hybridization was higher in the 
mature oocyte sample than in the one-cd embryo sample (lane 9 vs 
10) but abundance was observed to be slightly higher in the RNA 
sample from a pool of 2- to 4ceU stage embryos relative to that of 



Figure 8: Estimation of the amount-of RNA in bovine oocytes and 
early embryos produced in viuo by hybridization with an 18s rRNA 
probe. Total RNA was extracteci from pools of mature oocytes and 
embryos in the presence of 10 pg of E coli rRNA carrier. These RNA 
samples were subjected to agarose gel electrophoresis dong with 
bovine ovarian RNA as standard, northem blot tratlsfer to a nylon 
membrane and hybridization with a-32~-labelled bovine 18s rRNA 
probe. 

(A) Before hybridization with the 18s rRNA probe, the membrane 
was stained with methylene blue in order to Msualize the 23s and 
16s E. coli rRNA bands of the carrier RNA used in extraction of 
oocyte and embryo RNA. Lane 1, RNA ladder, the 2.37 and 1.35 kb 
bands were stained; lane 2, 10 pg of E. coü rRNA; lanes 3 to 8, 80 ng, 
40 ng, 20 ng, 10 ng, 5 ng and 2.5 ng of bovine ovarian RNA. The 
amounts of bovine ovarian RNA loaded are too small to be detected 
by staining with methylene blue. Lane 9, RNA from 10 mature 
oocytes (eggs); lane 10, RNA from 10 one-cd embryos; lane 11, RNA 
from 10 2- to 4-cd  embryos; lane 12, RNA from 10 6- to 8- cell 
embryos, lane 13, RNA from 10 monilae; lane 14, RNA h m  10 
blas tocysts. 

(B) Autoradiograph of the membrane from panel A hybridized with 
the 18s rRNA probe. The position of the 2.37 and 1.35 kb bands 
from the RNA marker are show. Autoradiographic exposure time 
was 20 hr. 

(C) The intensiv of the hybfiduation signais on the autoradiograph 
in panel B was measured by densitometric scanning. The 
measurements from the RNA standards were used to generate a 
best-fit cuve  by linear regression analysis. This curve and the 
densitomeuic measurements of the embryo samples allowed 
calcuiation of the amount of RNA present in each of the embryo 



samples. Artows indicate where densitomeaic values for the 
various samples f a  on the standard curve. 

(D) To quantitate the amount of E. coli rRNA carrier in each of the 
embryo samples, the same membrane was hybrîdized with total E. 
coli DNA digested with Sau UIA and labded with C Z - ~ ~ P - ~ C T P  by 
the random priming method. The hybridization signai was strongest 
for the 16s rRNA band. The intensity of the hybriduation signais 
was measured by densitomettic scanning. The ratio of the 
densitometric measurement of each sample relative of the mature 
oocpe sample was calculateci and this ratio was used to correct the 
amount of RNA in each sample obtained previously from the 
standard cuve. Exposure time was 2 days. 



standard RNA (ng) 

3 4 5 6 7 8  9 10 11 12 13 14 



one-celi embryos (lane 11 vs 10). A decrease in the 18s SRNA 
hybriduation signal was observed at the 6- to 8-cd stage (lane 12) ; 
it remained low at the moruia stage (lane 13) and inaeased 
markedly at the biastocyst stage (iane 14). It should be noted that 
the bovine 18s rRNA probe did not hybridize to the E coli rRNA 
used as a carrier in the RNA extractions (iane 2 contahed 10 pg of E. 
coli rRNA carrier). 

The best-fit curve obtained from the densitometric 
measurements of the level of hybridization of the 18s rRNA probe to 
the standard RNA (Figure 8B, lanes 3 to 8) and used to calculate the 
amount of RNA in the embryo samples is show in Figure 8C. In this 
experiment, the amount of RNA in the mature oocyte, one-cd, 2- to 
4-ceii and blastocyst samples could be read directly from the 
standard curve. However, the amount of RNA in the 6- to 8-cell and 
moruia samples (lanes 12 and 13), was slightly lower than the 
lowest standard (2.5 ng, lane 8) and had to be estimated from 
extrapoiation of the standard curve. Initially? the amount of RNA in 
the embryo samples was estimated without taking into consideration 
that the one-ceil embryo sample might contain less carrier RNA than 
expected and that estimates of RNA abundance might be affected by 
variations in RNA recovery. In order to quant@ the relative 
amount of E. coli rRNA carrier în each of the embryo samp1es more 
exactly, the membrane was rehybridued with an E.coli total DNA 
probe (after the 18s rRNA signal had decayed). The probe was 
prepared from E. coü total DNA digested with Sau IIIA and labeiied 
with ~ - ~ Q - ~ C T P  by the d o m  priming method. The 
autoradiograph obtained after 48 hr of exposure is shown in Figure 
8D. With this probe, hybridization to the 16s E. coü rRNA band was 
significant but the hybridization signal to the 23s rRNA band was 
very weak. The autoradiograph was scanned with the densitometer 
and the ratio of the densitomeuic measurements of each sample 
relative to the mature oocyte (egg) sample was calculated. This 
factor was used to correct the amount of RNA in each sample 
obtained previously from the standard curve. The mature oocyte 



(egg) value was chosen for normaiization because it is the most 
tuiiform and least heterogeneous (asynchronous) stage of the series. 
In the experinient presented in Figure 8, the one-ceii sampie and the 
6- to 8-ceU sample contained slighly less E.coü rRNA that the other 
samples but even after taking this into consideration, the mature 
oocytes and the 2- to 4 - c d  stage embryos were s t ü l  estimated to 
contain more RNA than the one-celi and 6- to 8-cell stage embryos. 

Two other northern blots containing standard RNA and embryo 
RNA were hybridized with the 18s rRNA probe. A second example 
is shown in Figure 9: panel A is a photograph of the staining with 
methylene blue and panel B shows the autoradiograph after 2 days 
of exposure. For the hybriditation experiment s h o w  in Figure 9 
and also for the third expetiaient (no t show here) , standard curves 
were derived fkom the densitomeaic measurements of the 
hybridization signal of the RNA standard and iinear regression 
anaiysis. The amount of RNA in each of the embryo samples was 
obtained kom the densitomeaic measwernent of the hybridization 
signal and the standard curves. These two membranes were also 
hybridized with the E. coli DNA probe (not shown) to measure 
equivalence of loading and the amounts of RNA in each embryo 
sample calcuiated initially was comected accordingly. For the 
membrane of Figure 9, lanes 9 and 10 which contained RNA fkom 2- 
to 4-cd  and 6- to 8-cell embryos respectively, were slightly 
underloaded relative to the mawe oocyte (egg) and 0th- samples 
(results not shown). After taking this result into consideration, it 
was calculated that the amount of RNA dedined slightly between the 
mature oocyte and one-cell stage; it then inaeased slighly at the 2- 
to 4-cell stage and remained similar at the 6- to 8-cell stage. The 
amount of RNA in the blastocyst sample calculated from the 
standard curve was extremely low compared to that in other 
e4xperiments. For this reason, it was suspected that something was 
wrong with the blastocysts themselves since the methylene blue 
staining revealed a normal recovery (Figure 9A), therefore, it was 
not induded in other calculations. 



Figure 9: Estimation of the amount of RNA in bovine oocytes and 
early embryos produced in vitro by hybridization with  an 18s rWA 
probe. Total RNA was extracted nom pools of oocytes and embwos 
in the presence of 10 pg of E. d i  rRNA carrier as desmbed in 
Materials and Methods. These RNA samples were subjected to 
agarose gel electrophoresis dong with bovine ovarian RNA as 
standard, northern blot trausfer to a nylon membrane and 
hybriduation with a-32p-labelled 18s rRNA probe as in Figure 8. 

(A) Before hybridization with the 18s rRNA probe, the membrane 
was smined with methylene blue in order to visualize the 23s and 
16s E. coü rRNA bands of the carrier RNA. Lane 1, RNA ladder, the 
2.37 and 1.35 kb bands are shown; lane 2, 10 pg of E c d  rRNA; 
lanes 3 to 6,  20 ng, 10 ng, 5 ng and 2.5 ng respectivdy of bovine 
ovarian RNA used as standard. The amounts of ovarian RNA loaded 
are too small to be stained with methylene blue. Lane 7, RNA fkom 
10 mature oocytes (eggs); lane 8, RNA h m  10 one-cell embryos; 
lane 9, RNA fkom 10 2- to 4 - c d  embryos; lane 10, RNA nom 10 6- 
to 8-cdl embryos; lane 11, RNA h m  10 morulae; lane 12, RNA nom 
10 blas tocys ts. 

(B) Autoradiograph of the membrane from panel A hybridized with 
the 18s rRNA probe. The position of the 2.3 7 and 1.35 bk bands of 
the RNA ladder are shown. Autoradiographic exposure time was 2 
days. 





For the third membrane hybridized with the 18s probe, an 
increase in the hybridization signal was observed at the 2- to 4 - c d  
stage compared to the one-ceii stage but hybridization with the E. 
coli DNA probe showed that the one-cd sample was slighiy 
underloaded relative to other samples (results not show). - As a 
result, the amount of RNA in both samples was calculated to be 
equivalent, although slightly lower than the oocyte sample. As in 
previous blots, lowest levels of 18s rRNA hybridization signal were 
O bserved at the 6- to 8-cd and morula stage and, as in Figure 8, the 
signal in the blastocyst sample was strong. 

In summary, the three blots used to analyze levels of 18s 
rRNA abundance during early bovine embryo development a l l  
showed a dedine in the amount of 18s rRNA fkom the mature oocyte 
through the morula stage. Although variability was observed 
around the 2- to 4-cell stage, the gradual decay of 18s rRNA h m  
oocyte to moruia stage followed by accumulation in blastocysts was 
a consistent observation. 

For each of the three experiments, the arnount of RNA per 
embryo was calculated and the average for each stage is show in 
Figure 10. On average, a decrease of about 5 W  in the amount of 
RNA was observed after fertilUation when comparing one-cell 
zygotes to mature oocytes (eggs). By the 6- to 8-cell and monda 
stages, levels dedine to 30% of oocyte value. This is followed by 
nearly a 10-fold increase in 18s rRNA abundance between the 
morula and blastocyst stages. Aithough the results obtained show a 
s m a l l  transient increase in the average arnount of RNA at the 2- to 
4 - c d  stage, there is considerable variability fkom one experiment to 
the next and the differences are not statistically significant. The 6- 
to 8 - c d  and monila values, however are significantly different ftom 
the mature oocyte (egg) (p<0.05) and the blastocyst value is 
different fkom aU the others (pd.05). 



Figure 10: Estimation of the amount of RNA in bovine oocytes and 
early ernbryos produced in v i m  by hybridization with an 18s rRNA 
probe. Three membranes were hybridized with the 18s rRNA probe. 
In each case, the densitometric measufements h m  the standards 
were used to generate a best-fit curve by linear regression analysis. 
This cuve and the densitometric measurements f?om the embryo 
samples served to calculate the amount of RNA present in each of 
the embryo samples. These amounts were corrected for recovery 
and loading using hybridization of the membranes with an E. coli 
total DNA probe. The average of the amount of RNA pet embryo at 
each stage for the tbree experiments is show. a indicates a 
significant difference from the mature oocyte (egg) value (pd.05); b 
indicates a significant difference fkom all the other values (p<0.05). 
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2 8s rRNA data: 

Three examples of hybridization of bovine embryo RNA and 
standard RNA with a 28s rRNA probe are shown in Figure 11 (panel 
A, B and C). The pattem of 28s rRNA abundance in eariy bovine 
embryos produced by in vitro procedures appeared to be very 
similar to the average pattern observed for 18s rRNA (Figures 8 
through 10). For the three experiments show in Figure 11, the 
level of hybridization was higher in the mature oocyte samples 
(lanes 9,9 and 7, panei A, B and C respectively) than in the oneceîi 
embryo samples (lanes 10, 10 and 8, panel A, B and C respectively) 
but abundance was observed to inaease again in the RNA samples 
derived h m  pools of 2- to 4-ceil stage embqos (lane 11, 11 and 9, 
panel A, B and C respectively). A decrease in the 28s rRNA 
hybridization signal was observed at the 6- to-bceli stage (lanes 12, 
12 and 10, panei A, B and C); it remained low at the morula stage 
(lanes 13, 13 and 11, panel A, B and C) and inaeased markedly at 
the blastocyst stage (lanes 14, 14 and 12, panel A, B and C). In 
panels A and B, the blastocyst samples (lanes 14) conmined RNA 
from 5 embryos compared to 10 for each of the eariïer stages and 
may under-represent the degree of increase that would be observed 
if equal numbers of embryos had been used. in panel C, the one-cd 
sample (lane 8) containeci RNA from more embryos (3 7) than the 
mature oocyte and the 2- to 4-cell samples (25 and 30, lanes 7 and 9 
respectively). The blas tocyst sample containeci RNA fkom 8 embryos 
(lane 12) compared to 25 and 12 embryos for the 6- to 8-cell and 
monda stage samples respectively (limes 10 and 1 1). The 28s rRNA 
did not hybridize to the E. coü rRNA carnier (lanes 1). The position of 
the 2.37 kb band fiom the RNA ladder is shown. 

For ail the embryo samples, the r e c o v q  of the E. coh rRNA 
carrier was measured by spectrophotomeuy after RNA extraction. 
The membranes were not pre-stauied with methylene blue because 
1 becarne aware of the technique only after the membranes were 
already hybridized and it does not work on membranes that have 



Figurell: Estimation of the amount of RNA in bovine oocytes and 
early embryos produced in vitro by hybridization with a 28s rRNA 
probe. Total RNA was extracted from pools of oocytes and embryos 
in the presence of 10 pg of E coi3 rRNA carrier. These RNA samples 
were subjected to agarose gel electrophoresis almg with bovine 
oviduct c d  RNA as standard, northern blot tramfer to a nylon 
membrane and hybridization with a-32p-labelled 28s rRNA probe. 

(A) Autoradiograph of a northern blot of standard RNA and embryo 
RNA hybridued with the 28s rRNA probe. Lane 1, 10 pg E. coli 
rRNA; lanes 2 to 8, 100 ng, 80 ng, 40 ng, 20 ng, 10 ng, 5 ng and 2.5 
ng of RNA standard, respectively. Lane 9, RNA nom 10 mature 
oocytes; lane 10, RNA from 10 one-ceii embryos; lane 11, RNA from 
10 2- to 4 - c d  embryos; lane 12, RNA from 10 6- to 8-ceU embryos; 
lane 13, RNA nom 10 monilae; lane 14, RNA fYom 5 blastocysts. The 
position of the 2.37 kb band of the RNA ladder is shown. Exposure 
t h e  was 12 hr. 

(B) Autoradiograph of a nortbem blot of standard RNA and embryo 
RNA hybfidized with the 28s rRNA probe. Lane 1, 10 pg E. coli 
rRNA; lanes 2 to 8, 100 ng, 80 ng, 40 ng, 20 ng, 10 ng, 5 ng and 2.5 
ng of RNA standard, respectively. Lane 9, RNA from 10 mature 
oocytes; lane 10, RNA from 10 one-celi embryos; lane 11, RNA from 
10 2- to 4-ceil embryos; lane 12, RNA from 10 6- to 8-cell embryos; 
lane 13, RNA kom 10 m o d e ;  lane 14, RNA ffom 5 blastocysts. the 
position of the 2.37 kb band of the RNA ladder is shown. Exposure 
tirne was 2 days. 

(C) Autoradiograph of a northern blot of standard RNA and ernbryo 
RNA hybridized with the 28s rRNA probe. Lane 1, E. coli rRNA; lanes 
2 to 6, 100 ng, 80 ng, 40 ng, 20 ng and 10 ng of RNA standard, 
respectively. Lane 7, RNA from 25 mature oocytes; lane 8, RNA from 
37 one-ce11 embvos; lane 9, RNA fkom 30 2- to 4-ce11 embryos; lane 



10, RNA from 25 6- to 8-cell embryos; iane 11, RNA from 12 
morulae; lane 12, RNA from 8 biastocysts. Exposure time was 9 hr. 

(D) Autoradiograph of the northem blot show in (C), rehybridized 
with an E.coli total DNA probe. To quantitate the amount of E. coli 
rRNA canler in each of the embryo samples, the membranes 
previously hybridized with the 28s rRNA probe were rehybridized 
with total E. coli DNA digested with Sau IIIA and labelied with a- 
3 2 ~ - ~ C T P  by the random priming method. The intensity of the 
hybridization signals was measured by densitometric scanning. For 
each northem blot, the ratio of the densitometric measurement of 
each sample relative of the mature oocyte sample was calculated 
and this ratio was used to correct the amuunt of RNA in each sample 
obtauied previously from the standard curves. Exposure time was 2 
days. 





been subjected to hybridization procedures. To control for 
equivalence of recovery, loading and trader, the membranes were 
hybridized with the E. cofi total DNA probe as describecl above. The 
E. coli hybridization pattern of the membrane from panel C is show 
in panel D. The hybridization signal in lane 8 (one-cd sample) was 
expected to be weaker than in the 0th- lanes because less than half 
of the RNA sample exaacted was loaded on the gel. However, 
densitometric scanning revealed that lane 8 is still underloaded, and 
it contains less carrier RNA than expected. The hybridization signal 
in lane 11 was also expected to be weaker for the same reason as 
mentioned above but lane Il was not underloaded. 

For each of the three experiments, a best-fit c w e  obtained fkom 
the densitomeaic measurements of the level of hybridization of the 
28s rRNA probe to the standard RNA was used to caiculate the 
amount of RNA in the embryo samples (panel A, lanes 2 to 8; panel 
B, lanes 2 to 8; panel C, lanes 2 to 6; the 100 ng standard was not 
used for regression analysis because the intensiv of hybridization 
was always beyond the linear range of the film). These amounts 
were then corrected for equivalence of loading. In panel A, both 
lanes 10 and 11 (onecell and 2- to 4-cell samples) contained less 
RNA than expected and after correction, this experiment showed a 
slight increase in the amount of RNA at the one-cell stage and a 
fwther increase at the 2- to 4 - c d  stage. In panel B. lane 11 (2- to 
4-ceil sample) contained more RNA than expected; therefore in this 
experiTnent, no increase in RNA content is observed at the 2- to 4- 
cell stage if the correction for loading is considered. In panel C, lane 
8 (one-cell sample) was slightly underloaded but even after taking 
this into consideration, there was still a slight increase in the RNA 
content at the 2- to 4-cd stage. No significant corrections had to be 
made for the amounts of RNA calcuiated for the 6- to 8-ceil, morula 
and blastocyst samples. The average amount of RNA per embryo at 
each stage derived from the rhree experiments fkom Figure 11 is 
show in Figure 12. The manue oocyte and the one-cell embryo 
were observed to contain about the same amount of RNA. There was 



Figure 12: Estimation of 
early embryos produced 

the amount of RNA in bovine oocytes and 
in vitro by hybridization with a 28s rRNA 

probe. Three membranes were hybridized with the 28s rRNA probe. 
In each case, the densitometric measurements from the standards 
were used to generate a best-fit cuve by linear regression analysis. 
This c w e  and the densitometric measurements from the embryo 
samples served to calculate the amount of RNA present in each of 
the embryo samples. These amouits were corrected for recovery 
and loading using hybridization of the membranes with an E. coli 
total DNA probe. The average of the amount of RNA per embryo at 
each stage for the three experiments is shown. a indicates a 
significant difference with the mature oocyte (egg), one-cd, 6- to 8- 
ceLi and morula values ( ~ 4 . 0 5 ) .  
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a slight increase in RNA content at the 2- to 4-ceil stage followed by 
a dedine at the 6- to 8-cell stage. The amount of RNA reniaineci low 
at the morula stage and inaeased about 4.2 fold at the blastocyst 
stage. The blastocyst value is significantly different from the 
mature oocyte, one-celi, 6- to 8-cell and morula values (p4.05).  

The data obtained from the hybridization of northern blots of 
bovine embryo RNA with an 18s rRNA probe and a 28s rRNA probe 
were cornbined to caldate an average and standard error for the 
amount of total RNA present at each of the stages examined (Table 
2). Taking the average of the six experiments mentioned above, the 
amount of total RNA present in mature oocytes was found to be 2.4 
2 0.3 ng. That amount dropped to 1.7 I 0.5 in oneceli embryos then 
increased to 2.2 I 0.9 in 2- CO 4 - c d  embryos. In the 6- to 8-cell 
embryos, the amount of total RNA was calculated to be 0.8 t 0.2 ng. 
It remained low in monilae at 0.7 r 0.2 ng and then increased 
markedly to 5.3 I 0.6 ng in blastocysts (the average RNA content for 
the blastocyst stage was calculated from 5 experiments, see p. 72). 
The morula value is significantly lower than the mature oocyte value 
(p<0.05), and the blastocyst value is signifîcantly higher than ail the 
O ther values (p4.05). 

Analysis of the abundance of 18s rRNA in in vivo-derived 
bovine embryos: 

The results described above suggest that there appears to be a 
small transient increase in the RNA content in some 2- to 4-ce11 
stage in viûPderived embryos compared to the one-ceU stage. The 
RNA content then deciines again at the 6- to 8-ceil stage and is 
foiiowed by a sigdicant inaease at the blastocyst stage. The small 



Table 2: Average amounts of total RNA in in vi&repmduced bovine 
embryos: Combined data fkom the hybrîdization of northem blots of 
bovine embryo RNA with an 18s rRNA or a 28s rRNA probe. 

Stages of development Amount of RNA (ng) 

manire oocyte (egg) 
one-cell 
2- to 4-ceil 
6- to 8-ceil 
Monda 
Blas tocys t 

AVE. SE 
2.4 I 0.3 
1.7 & 0.5 
2.2 & 0.9 
0.8 I 0.2 
0.7 & 0.2a 
5.3 I 0.6b 

a, significantly different ftom the mature oocyte value, p4 .05 .  
b, signihcantly Merent kom dl the other values, ~4.05. 



increase at the 2- to 4-cd stage, if real, couid only occur as a 
consequence of new synthesis of RNA during the 40 hour culture 
interval between fertiluation and the f%st two deavage events. 
Other snidies that have provided evidence for early transcription in 
bovine embryos have also ken  conducted with embryos obtained 
by in vitro procedures (Plante et al., 1994; Iwasaki et al., 1995; Viuff 
et al., 1996). In an attempt to verify if a siight increase in the RNA 
content at the 2- to 4-celi stage is unique to in vitmderived 
embryos, the pattern of prevalence of 18s rRNA was examined 
simultaneously in in vitro- and in vivederived embryos. 

In vivo embryos of early stages were obtained by flushing the 
oviducts of cows slaughtered at various intemals after estms and 
insemination. The embryos were frozen and the RNA was extracted 
in the same way as for in viaederived embryos. The 
autoradiograph obtained after hybridization of RNA fkom in M t ~ e  
derived and in viv~derived embryos with the 18s rRNA probe is 
shown in Figure 13A. The positions of the 2.37 and 1.3 5 kb bands 
from the RNA ladder are shown. Lanes 1 to 3 contained RNA £rom 
20 one-cd, 15 2- to 4 - c d  and 22 6- to 8-ceil in vitmderived 
embryos, respectively. Lanes 4 to 6 contahed RNA fkom 5 one-cd, 
9 2- to 4-ceii and 10 6- to 8-ceii in vivoderived embryos, 
respectively. The autoradiograph was scanned with a laser 
densi tome ter. 

After the 18s rRNA hybridization signal had decayed, the same 
membrane was rehybridized with an E. coli total DNA probe to 
verw equivalence of RNA recovery and loading. The resulting 
autoradiograph is shown in Figure 13B; it w a s  scanned and the ratio 
of the densitometric measurement of each sample relative to the 
one-ceii in vitro sample was calculatecl. This factor was used to 
correct the densitometric measurements of the intensity of the 
hybridization signal of the 18s rRNA probe. The new values were 
standardized for an equal number of embvos in all the lanes and 
they were convened to relative values by setting the lowest value at 
1.0 and calcuiating the other values accordingly. The relative level 



Figure 13: Cornparison of the amount of 18s rRNA in in vitrederived 
and in vivederived bovine embryos. 

(A) In vivo embryos were obtained by flushhg the oviducts of cows 
slaughtered at various intervals after heat and insemination. Total 
RNA w a s  emacted from pools of in vitrederived or in vivederived 
embwos in the presence of 10 pg E. coü rRNA carnier and subjected 
to agarose gel electrophoresis, northem blot mander and 
hybridization to an 18s rRNA probe. Lanes 1 to 3, RNA extracted 
from 20 one-cd15 2- to 4-ceil and 22 6- to 8-cell in Mnederived 
embryos, respectively. Lanes 4 to 6, RNA extracted h m  5 one-cd, 
9 2-4teU and 10 6- to 8 - c d  in Mvederived embryos respectiveiy. 
The position of the 2.37 and 1.35 kb bands fkom the RNA ladder is 
show. Autoradiographic exposure time was 2 1 hr. 

(B) To v a  for equivalence of RNA recovery and loading, the 
membrane desaibed in (A) was rehybridized with total E. coli DNA 
digested with Sau IIIA and labelled with C X - ~ ~ P - ~ C T P  by the random 
prirning method. The probe hybridized strongly to 16s rRNA. 
Autoradiographic evposure time was 24 hr. 

(C) Relative levels of hybridization of the 18s rRNA probe to in 
viuederived and in vivederived one-cd, 2- to 4 - c d  and 6- to 8- 
cell embryos. Densitometric measurements of hybridization 
intensities to the 18s rRNA probe were corrected for equivalence of 
RNA recovery and loading using the densitometric measwements of 
hybridization interisities to the E coli total DNA probe (panel B). 
These new values were standardized for an q u a i  number of 
embryos in a l l  the lanes and they were converted to relative values 
by setting the lowest value at 1.0 and calculating the other values 
accordingly. Black bars, in vitmderived embryos; grey bars, in 
vivo-derived embryos. 
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of hybridization of the 18s rRNA probe to in vitro- and in vivo 
derived one-cd, 2- to + c d  and 6- to 8-cell embryos is illustrated 
in Figure 13C. In in viuederived embryos, the relative amount of 
18s rRNA was slightly higher in 2- to 4-cell embryos compared to 
one-cd and 6- to 8teU embryos. However, in in vivederived 
embryos, the relative amount of 18s rRNA was higher at the one-ceU 
stage that at the 2- to 4-celi and 6- to 8-celi stage. Another 
hybridization performed on RNA fkom a second set of in vive  
derived embvos yielded the same resuit.. These experinients 
inciicate that there may be clifferences Ïn  the pattern of abunriance 
of rRNA (and total RNA) between in vi&e and in vivederived 
bovine emb~yos. The prohibitive cost of this kind of experiment 
prevented us h m  repeating it fiutber. 

Analysis of the abundance of other transcripts in in vitro- 
produced preimplantation bovine embryos 

Analysis of the abundance of 5s rRNA: 

Another component of the ribosome is 5s rRNA. The genes for 
5s rRNA are transcribed by RNA polymerase III rather than RNA 
polymerase 1 which is used by the c d  to generate the primary 
transcript for 28s and 18s rRNk Three northern blots of RNA fkom 
early bovine embvos were hybrfdized with a 5s rRNA probe. Two 
examples are shown in panel A and B, Figure 14. The probe 
hybridized to an RNA species migrating faster than the 0.24 kb band 
of the RNA ladder, as expected for 5s rRNA which is about 120 bp. 
Each of the 3 membranes were also rehybridized with the E. coü 
total DNA probe to veri@ for equivalence of RNA recovery and 
loading. The ratio of the densitometric measurement of each sample 
relative to the mature oocyte sample was calcuiated and this factor 
was used to correct the densitometric measurements of the levd of 
hybridization of the 5s rRNA probe for the other samples. These 
corrected measurements were then standardized for an 



Figure 14: Analysis of the abundance of SS rRNA in in viuoderived 
preimplautauon bovine embryos. 

(A) Autoradiograph of a northem blot hybridized with a 5s rRNA 
probe. Lane 1, E. coü &NA; lanes 2 to 7, 1 pg, 0.5 pg, 0.25 pg,  0.1 pg, 
0.05 pg and 0.025 pg of bovine oviduct celi RNA, respectively. Lanes 
8 to 13 contained RNA from 100 mature oocytes, 100 one-cd 
embryos, 100 2- to 4-cell embryos, 100 6- to 8 - c d  embryos, 67 
monilae and 10 blastocysts, respectively, extracted in the presence 
of E. coü rRNA ca.mïer. The position of the 0.24 kb band of the RNA 
ladder is shown. Autoradiographic exposure time was 17 hr. 

(B) Autoradiograph of a second northem blot hybridUed with a 5s 
rRNA probe. Lane 1, E. coli rRNA; ianes 2 to 8, 100 ng, 80 ng, 40 ng, 
20 ng, 10 ng, 5 ng, and 2.5 ng of bovine oviduct c d  RNA, 
respectively. Lanes 10 to 15 contained RNA fkom 10 mature 
oocytes, 10 one-cd embryos, 10 2- to 4tell embryos, 10 6- to 8- 
ceLi embryos, 10 monilae and 5 blastocysts, respectively, extracted 
in the presence of E. col2 rRNA. The position of the 0.24 kb band of 
the RNA ladder is shown. Autoradiographic exposure time was 3 
days. 





equal nurnber of embxyos and they were converted to reiative 
values by setting the lowest value at 1.00 and calcuiating the other 
values accordingly. The average relative value for each stage 
derived f'rom three hybridization experiments (two are shown in 
Figure 14) are shown in Figure 15. On average, the abundance of 5s 
rRNA was the same in mature oocytes and in onecell embryos. The 
reiative amount of 5s rRNA deciined siightiy in 2- to 4-cell embryos 
and remaineci constant up to the blastocyst stage where it increased 
4.9 fold over the monila value. The reiative value of the blastocyst 
stage is significantly higher than ai l  the other values (p<0.05). 

Analysis of the abundance of U2 and U3 snRNAs: 

The processing of the primary RNA transcripts is mediated in 
part by srnail nudear ribonudeic aads (snRNAs) and the& assoaated 
srnail ribonucleoproteins (snRNPs, Maniatis and Reed, 1987). U2 
snRNA and U3 snRNA are involved in pre-mRNA and pre-rRNA 
spiicing and maturation and shouid play an important role in the 
processing of the fkst transcripts generated by the embryonic 
genome. In the course of this work, the patterns of prevalence of U2 
and U3 snRNAs were exarnined in bovine embryos. Three northem 
blots containing RNA extracted nom embryos of différent stages 
were hybridized with a U2 snRNA probe (one example is show in 
Figure 16, panel A). The probe hybridized to a single RNA speties 
migrating slightly faster that the 0.24 kb band of the RNA ladder as 
expected for U2 snRNA which is about 188 bp. Three northem blots 
were hybridized with a U3 snRNA probe (one example is shown in 
Figure 16B). The U3 probe also hybridized to an RNA species 
migrating siightly faster than the 0.24 kb band of the RNA ladder as 
expected for U3 snRNG which is about 2 15-2 17 bp in length. Each of 
the three membranes hybridized with the U2 snRNA probe and two 
of the membranes hybridUed with the U3 snRNA probe were 
rehybrmed with the E coii total DNA probe to ver* 



Figure 15: Average relative value of the prevalence of 5s rRNA in 
bovine in viimderived embryos for each stage ciaiCulateci fkom 3 
experiments. Each of the 3 membranes were rehybrîdized with the 
E. coli total DNA probe to verifjr for equivalence of RNA recovery and 
loading. The ratio of the densitometric measUrexnent of each sample 
relative of the mature oocyte sample was calculated and th is  factor 
was used to correct the densitomeaic measurements for the level of 
hybridization of the 5s rRNA probe. These corrected measurements 
were standardized for an equal number of embryos and they were 
converted to relative values by setting the lowest value at 1.0 and 
calculating the other values accordingiy. a indicates a signincant 
difference fkom ali the other values (pd.05). 
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Figure 16: Analysis of the abundance of U2 snRNA and U3 snRNA in 
in vitmderived preimplantation bovine embryos. 

(A) Autoradiograph of a nocthern blot hybridized with a U2 snRNA 
probe. Lane 1, 10 pg E. coü rRNA; lanes 2 to 6, 1 pg, 0.5 pg, 0.25 pg, 
0.1 pg, 0.05 pg of bovine oviduct ceil RNA, respectivdy. Lanes 7 to 
12, RNA extracted in the presence of E. coli rRNA h m  3 13 mature 
oocytes, 35 7 one-cell embryos, 308 2- to 4-ceU embqos, 3 10 6- to 
8-cd embryos, 206 moruiae and 30 blastocysts, respectiveiy. The 
position of the 0.24 kb band of the RNA ladder is shown. Exposure 
time was 28 days. 

(B) Autoradiograph of a northern blot of embxyo RNA extracteci in 
the presence of yeast tRNA and hybridized with a U3 snRNA probe. 
Lane 1, 300 mature oocytes; lane 2, 300 one-cell embryos; lane 3, 
300 2- to 4-ce11 embryos; lane 4, 309 6- to 8-ceii embryos, lane 5, 
47 monilae; and lane 6 ,  10 blastocysts. The position of the 0.24 kb 
band of the RNA ladder is shown. Exposure time was 3 days. 





for equivalence of RNA recovery and loading. The ratio of the 
densitomeûic reading of each sample relative to the mature oocyte 
sampie was calculated and this factor was used to correct the 
densitomeaic measurements of the levd of hybridization of the U2 
and U3 snRNA probes. For each experiment, these corrected 
measurements were standardized for an equal number of embryos 
and they were converted to relative vaiues by setting the lowest 
value at 1.0 and calculating the other vaiues accordingiy. In Figure 
16A, lane 8( one-cell embryo sample) contained siightly less carrier 
RNA than expected so the slightly more intense hybridùation signal 
obsewed in that lane is not due to overloading (a siîghtiy more 
intense hybriàkation signal in the one-ceii embryo lane was also 
observed on another membrane). Lane 11 (monda) contained more 
carrier RNA than expected, so after correction, the amount of RNA 
present at the morula stage is about 1.3 times higher than at the 6- 
to 8-ceil stage (lane 10, Figure 16A). It should be noted that lane 12 
contained RNA fkom 30  bhstocysts oniy compared to RNA from 206 
moruiae in lane 11 and RNA from 308 to 357 embryos for the 
earlier stages. The membrane fYom Figure 16B was not hybridized 
with the E. coli total DNA probe because yeast tRNA was used as a 
can ie r  for embryo RNA extraction. 

The average relative values for U2 and U3 snRNA prevdence 
at each stage derived from three hybridization experiraents with 
each probe are show in Figure 17 (panel A, Ut siRNA and panel B, 
U3 snRNA). On average, the amount of U2 snRNA increased ve.ry 
siïghtly at the one-ceii stage compared to the mature oocyte stage. 
The amount of U2 snKNA dedined slightly at the 2- to 4-cel.i stage 
and then remained more-or-less constant up to the blastocyst stage 
where it was observed to increase significantiy (7.1 fold over the 
morula value, ~4.05, Figure 17, panel A). However, the amount of 
U3 snRNA decreased steadily fkom the mature oocyte to the 6- to 8- 
c d  stage, it then increased markedly at the monda and blastocyst 
stages (the blastocyst value is 118 fold higher than the 6- to 8 - c d  
value). The membrane shown in Figure 16B contained RNA from 



Figure 17: Abundance of UZ snRNA and U3 snRNA in in vitre 
derived bovine embryos. 

(A) Average relative values of U2 snRNA abundance at different 
development stages derived from three hybridization experiments. 
Each of the three membranes were also hybridked with an E. coli 
total DNA probe to measwe equivalence of RNA recovery and 
loading. The ratio of the densitometric measurement of each sample 
relative to the mature oocyte (egg) sampfe was caldateci and this 
factor was used to correct the densitomeaic measurements of the 
level of hybridization of the other samples with the U2 snRNA probe. 
For each experiment, these corrected measurements were 
standardized for an equal number of embryos and they were 
converted to relative values by setting the lowest value at 1.0 and 
calculating the other values accordingly. a indicates a significant 
ciifference with ai i  the other values (p4.05). 

(B)  Average relative values of U3 snRNA abundance at various 
development stages derived ftom three hybridization experiments. 
One expment  induded RNA from monilae and fkom blastocysts 
(Figure 16%) and two experiaients included RNA h m  m i m e s  of 
monilae and blastocysts only. These two membranes were 
rehybridized with the E. coli totai DNA probe and the data were 
neated as described in (A). Only these two membranes were 
considered for statistical analysis. a indicates a significant 
difference with the mature oocyte (egg), one-dl, 2- to 4-cell and 6- 
to 8tei.i values (p4.05). 
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m o d a e  and blastocysts while the two other membranes contained 
RNA fkom mixtures of m o d e  and biastocysts only. For the 
purpose of statistical analysis, only these 2 membranes were 
considered and it was found that the monda-blastocyst value is 
significantly different from the values for the mature oocyte, the 
one-ceil, 2- to 4-cell and 6- to 8-ceil stages (p4I.05). 

Anal sis of th a bun 
-v 

The mammalian mitochondrial genome contains two ribosomal 
RNA genes, 22 traasfer RNA genes and 13 protein coding genes. A 
bovine mitochondrial 12s rRNA cDNA done and a cytochrome b 
cDNA clone were recovered from the bovine one-ceil embryo cDNA 
library and these clones were used to anaiyze the prevalence of 12s 
rRNA and cytochrome b mRNA in eariy bovine embzyos. 

Three northem blots containing RNA fkom in viaederived 
embryos were hybridized with the 12s rRNA probe. One example is 
shown in Figure 18A. The 12s iRNA probe recognized an RNA 
speaes shorter than the 1.35 kb marker as expected for the 12s 
rRNA gene which is 955 bp in length. The probe alx> hybridized to a 
second srnalier RNA species the identity of which is not kaown. 

Three other membranes were hybridized with the cytochrome 
b probe of which one example is show in Figure 18B. The 
cytochrome b probe hybridized to an RNA species that migrated 
siightly faster than the 1.35 kb marker as expected for the 
cytochrome b gene which is 1.14 kb in length. On another blot, the 
probe also recognized a RNA species of high molecular weight whose 
identity is not known (resuit not shown). 

The six membranes mentioned above were rehybridued with 
the E. coli total DNA probe and after correction for RNA recovery and 
loading, standardization for equal numbers of embryos at each stage 
and conversion to relative values as desaibed previously, average 



Figure 18: Analysis of the relative amount of mitochondrial 12s 
rRNA and cytochrome b mRNA in in vitmderived preimplantation 
bovine embryos. Total RNA was extracteci from pools of oocytes or 
embryos in the presence of E. coü rRNA carrier. The RNA sampies 
were subjected to agarose gel electrophoresis dong with bovine 
oviduct c d  RNA as standard and transfered to nylon membranes. 

(A) Autoradiograph of a northern blot hybridized with the 12s rRNA 
probe. Lane 1, 10 pg of E. coü rRNA; lanes 2 to 6, 100 ng, 80 ng, 40 
ng, 20 ng and 10 ng, respectively, of bovine oviduct ceil RNA. Lanes 
7 to 12, RNA extracted from 25 mature oocytes, 37 one-cd 
embryos, 30 2- to 4 - cd  embryos, 25 6- to 8 - c d  embryos, 12 
m o d e  and 8 blastocysts, respectively. The position of the 1.35 kb 
band of the RNA ladder is shown. Exposure time was 2 days. 

(B) Autoradiograph of a northern blot hybridized with a cytochrome 
b probe. Lane 1, 10 pg of E. coü rRNA; lanes 2 to 6, 1 pg, 0.5 pg, 0.25 
pg, 0.1 pg and 0.05 pg respectiveiy of bovine oviduct cell RNA. Lanes 
7 to 12, RNA exnacted from 3 13 mature oocytes, 357 one-ceU 
embryos, 308 2- to 4-cell embryos, 310 6- to 8-celi embryos, 206 
moruiae and 3 0 blastocysts, respectively. The position of the 1.3 5 
kb band of the RNA ladder is shown. Exposure time was 16 days. 





relative values were calculated for each stage of development for 
each probe (Figure 19A and B). The mature oocyte (egg) and the 
oneceii ernbryo contained, on average, the same amount of 12s 
rRNA. It increased slightly in 2- to 4-ce11 embryos and decreased at 
the 6- to 8 te i i  stage. A marked increase was obsemed in 
blastocysts whïch contained 6.4 times the amount of 12s rRNA 
relative to monilae. Two of the membranes hybridued with the 125 
rRNA probe contained RNA h m  monilae and RNA from blastocysts 
(as on Figure 18A), whereas the third membrane contained RNA 
from a mixture of m o d e  and blastocysts. In Figure 19A, one c m  
see the 12s rRNA abundance in the mixture of monilae and 
blastocysts was intermediate between the 12s rRNA abundance in 
the moruiae and the blastocysts taken separately. 

The relative average prevalence of cytochrome b mRNA at 
Merem stages of development is shown in Figure 19B. The mRNA 
level decreased slightly from the manire oocyte (egg) to the 2- to 4- 
cell stage then started to increase in 6- to 8 -cd  embryos. 
Blastocysts contained up to 20 times more cytochrome b RNA than 
2- to %ceil embryos. The membrane from Figure 18B contained 
RNA from morulae and RNA nom blastocysts, the two other 
membranes hybridized with cytochrome b contained RNA form 
mixtures of monilae and blastocysts. In Figure 19B, the relative 
abundance of cytochrome b mRNA in die mixture of monilae and 
blastocysts is intermediate between the cytochrome b mRNA 
abundance in the monilae and blastocysts taken separately. 

Analysis of the abundance of histone H3 in bovine in vitrederived 
D ~ l a n t a t i o n  r mbyos.  

Large amounts of histone mRNA are present in mouse eggs. 
These RNAs are degraded after fertilization to low levels in 2-ceii 
embryos. The amount of histone mRNA then increases progressively 
to the eariy blastocyst stage (Graves et al., 1985). The prevalence of 



Figure 19: Relative abundance of mitochondrial 
cytodirome b mRNA in in vinederiveci bovine 
embryos. 

(A) Average relative values of 12s rRNA prevalence 
one-cd embryos, 2- to 4 - c d  embryos, 6- to 

in oocytes kg@, 
8-cd embryos, 

moruiae and blastocysts. Two membranes hybridized with the 12s 
rKNA probe contained RNA from m o d e  and RNA from blastocysts; 
one membrane contained RNA Born a mixture of m o d e  and 
blastocysts. Each of the three membranes were aiso hybridized with 
an E. coü total DNA probe to measure equivalence of RNA recovery 
and loadhg. The ratio of the densitomeûic measurement of each 
sample relative to the mature oocyte sample was calculated and this 
factor was used to correct the densitometric measwements of the 
levei of hybridization of the other samples to the 12s rRNA probe. 
These corrected measurements were standarâized for an equal 
nurnber of embryos and they were converted to relative values by 
setting the lowest value at 1.0 and caiculating the other values 
accordingly. a indicates a significant Merence with the mature 
oocyte, one-cell, 2- to 4=celi, 6- to 8 t d  and morula values (p4.05). 

(B) Average relative values of cytochrome b mRNA abundance in 
mature oocytes (egg), one-cell embryos, 2- to 4-celi embryos, 6- to 
8-ceU embryos, morulae and blastocysts. One membrane hybridized 
with the cytochrome b probe contained RNA nom moruiae and RNA 
from blastocysts; the nyo other membranes contained RNA fTom 
mixtures of moruiae and blastocysts. The three membranes were 
rehybridized with the E. coü total DNA probe and the data were 
treated as described in (A). a indicates a significant Merence with 
the mature oocyte, one-cell, 2- to 4 - c d  and 6- to 8-celi values 
(pcO.OS). 
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histone H3 mRNA was exarnined in early bovine embryos (Figure 
20). Panei A is a phot~miaograph of the methylene blue staining 
pattern of the yeast tRNA carrier used during embryo RNA 
extraction. The autoradiograph obtaioed after hybridization of the 
same membrane with the histone H3.2 probe is shown in panel B. 
The probe hybridized to a single RNA species migrating slower than 
the 0.24 kb band of the RNA ladder which is consistent with a size 
expected for histone H3 mRN4. The staining showed that lane 1, 
which contains RNA extracted from mature oocyte may be 
uderloaded. Thus, the amornt of histone H3 hybridization 
obsewed in lane 1 panel B may be an underestimation. The amount 
of hybridization obsemed was lower in the one-ceU and the 2- to 4- 
cel l  preparations than in the mature oocyte sample. The 
hybridization signal dedined m e r  at the 6- to 8 - c d  stage and 
was bareiy detectable in the sample containing RNA exûacted fYom 
3 0  blastocysts (427 to 434 embryos of the earlier stages were used). 
The autoradiograph obtained after hybridization of another 
membrane with the histone H3.2 probe is show in panel C. The 
level of hybridization declined steadily from the mature egg to the 
6- to 8-celi stage (300 embryos of each stage were used) and was 
undetectable in 47 monilae and 10 blastocysts. 

The relative abundance of histone H3 mRNA in mature oocytes, 
one-ceii embryos, 2- to 4-ceil embryos, 6- to 8-cell embryos and 
blastocysts obtained fkom the densitometric measuements of the 
autoradiographs of Figure ZOA and B is shown in Figure 21. As 
mentioned above, the mature oocyte (egg) value is probably 
underestirnated so the decüne observed after fertiluation may be of 
greater magnitude than Wtrated here. The blastocyst value was 
derived from the autoradiograph of panel B (Figure 20) since no 
hybridization was detected in panel C. Only a two-fold increase of 
the relative abunciance of histone H3 mRNA was observed between 
the 6- to 8-cell stage and the blastocyst stage. 



Figure 20: Analysis of the relative amount of histone H3 mRNA in 
bovine in vitmderived preimpkmtation embryos. Total RNA was 
extracted nom mature oocytes and embryos in the presence of yeast 
tRNA as a c a m k .  These RNA samples were subjected to agarose gel 
electrophoreseis and transfer to nylon membranes. 

(A) Staining of a membrane with methylene blue in order to 
visualize the yeast tRNA used as a carrier for embryo RNA 
extraction. Lanes 1 to 5, RNA extracted from 430 mature oocytes, 
432 one-cd embryos, 427 2- to 4-cell embryos, 434 6- to 8 -cd  
embryos and 30 biastocys ts, respectively. 

(B) Autoradiograph fiom the membrane of panel A hybridized with 
the histone H3.2 probe. The position of the 0.24 kb band of the RNA 
ladder is shown. Autoradiographic exposure time was 7 days. 

(C) Autoradiograph obtained a€ter hybridization of a second 
membrane with the histone H3 -2 probe. Lanes 1 to 6, RNA extracted 
from 300 eggs, 300 one-ce11 embryos, 300 2-to 4-ceU embryos, 309 
6- to 8 - c d  embryos, 47 monilae and 10 blastocysts respectively. 
The position of the 0.24 kb band of the RNA ladder is shown. 
Autoradiographic exposure tirne was 2 days. 





Figure 21: Average relative abundance of histone H3 mRNA in in 
vitrederived bovine preimplantation embryos. The values were 
derived from the densitornetrïc measUI:ements of the hybridUation 
signal from Figure 20 panel B and C except for the blastocyst value 
which was derived nom the autoradiograph of panel B ody. 
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Analvsis of the abundance of 6-actin mRNA in in vimederived 
bovine preimpllantation ernbryos. 

In mouse late 2-cell embryos, the number of p-actin mRNA 
molecules is about 20% of the nurnber present in the egg. The 
number of p-actin mRNA molecules then inmeases rapidly during 
deavage by a factor of about 200-fold between the 2-ceii and the 
late blastocyst stage (Taylor aiid Piko, 1990). To study the 
prevalence of p-actin mRNA in bovine embryos, a northern blot 
containing RNA fkom mature oocytes, one-ceil embryos, 2- to 4-ce11 
embryos, 6- to 8-ceil embryos, morulae and blastocysts was 
hybridized with a probe specific for the 3' UTR of the p-actin mRNk 
The autoradiograph obtained (Figure 2ZA) was s c a ~ e d  with a 
densitometer, the data were corrected for an equal number of 
ernbryos in each lane and they were converted to relative values by 
setting the lowest value at 1.0 and caldating the other values 
according1y. The probe hybridized to a single RNA species migrating 
with the 2.37 kb band of the RNA ladder which is consistent wi th  
the expected size for p-actin M A .  During early deavage, the 
amount of p actin mRNA dedined and 6- to 8-cd embryos contained 
only 1Wo of the amount of p-actin mRNA present in the mature 
oocyte (egg). The amount of p-actin mRNA increased between the 6- 
to 8-cell and the blastocyst stage by a factor of about 110-fold 
(Figure 22B). 

Examples of northern blots of bovine embryo RNA 
hybridized with 3 different probes: 

in the course of the present work, some of the nortbem blots 
were hybridized with two or three probes in order to minimize the 
number of embryos required to examine the relative abundance of 
several transcripts. Differences in the patterns of prevalence 
observed after hybridizing the same membrane with different 



Figure 22: Anaiysis of the relative abundance of p-actin mRNA in in 
viœederived bovine embryos. 

(A) Totai RNA was extracted from mature oocytes and embryos in 
the presence of yeast tRNA as a carrier. These RNA samples were 
subjected to agarose gel electrophoreseis, transfer to a nylon 
membrane and hybridization to a p-actin probe. Lanes 1 to 6, RNA 
extracted fkom 300 mature oocytes, 300 one-ceii embryos, 300 2- to 
4-cell embryos, 300 6- to 8-ceii embryos, 47 monrlae and 10 
blastocysts respectively. The position of the 2.37 kb band of the 
RNA ladder is shown. Autoradiographic exposure time was 14 days. 

(B) Average relative abundance of p-actin mRNA in in viaederived 
bovine preimplantation embxyos. The values were derived £Yom the 
densitometric measurements of the hybridization signal from panel 
A. 
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probes are independant of loading and show directly différences in 
the behaviour of the various transnipts studied* 

One membrane was hybridized sequenrially with the U3 
snRNA probe, the p-actin probe and the histone H3.2 probe (Figure 
23, panel A, B, and C, respectively; these autoradiographs are also 
s h o w  in Figures 16B, 22A and ZOC, respectively). It should be 
noted that the number of morulae and blastocysts (47 and 10, 
respectively) used in this blot was much lower than the number of 
oocytes and early embryos (about 300). For the earlier stages of 
development examined, the pattern of prevalence observed for the 
three transcripts was similar (lanes 1 to 4); however, for the morula 
and blastocyst stages, the patterns were different* For U3 snRNA 
(panel A), the hybridization signai was stronger at the morula stage 
than at the 6- to 8-cm stage (lane 5 vs 4). At the blastocyst stage, 
the hybridization signal increased to a Level W a r  to the level 
observed for the mature oocyte sample (lane 6 vs 1). For the p-actin 
probe, (panel B), hybridization was barely detectable in the morula 
sample (lane 5), it increased in the biastocyst sample but did not 
reach the level of the mature oocyte sample (lane 6 vs 1). When the 
membrane was hybridued with the histone H3.2 probe (panel C), no 
hybridization could be detected in the moruia and blastocyst 
samples (lanes 5 and 6). These results demonstrate that the relative 
amounts of U3 snRNA, p-actin mRNA and histone H3 mRNA 
accumulated in blastocysts after the activation of the bovine 
embryonic genome are different fYom one RNA species to the nem 

Autoradiographs obtained after hybriduation of another 
membrane with the 28s rRNA probe, the U2 snRNA probe and the 
cytochrome b probe are shown in Figure 23, panel D, E and F, 
respectively. For the 28s rRNA and the U2 snRNA probe, a small 
decrease in the intensity of the hybridization signal was observed at 
the one-cell stage compared to the mature oocyte stage (lane 8 vs 7). 
This dedine in the intensity of the hybriduation signal was foiiowed 



Figure 23: Examples of northern blots of bovine embryo RNA 
hybndized with 3 different probes. 

(A) Northern blot of bovine embxyo RNA extracted in the presence 
of yeast tRNA and hybridized with the U3 snRNA probe. Lanes 1 to 
6, RNA extracted fiom 300 mature oocytes, 300 one-cell embryos, 
3 O 0  2- to 4-ce11 embryos, 309 6- to 8-ceil embryos, 47 monilae and 
10 blastocysts, respectively. Autoradiographic exposure time was 3 
days. 
(B) Same norttiem blot as in (A) hybridized with the p-actin probe. 
Autoradiographic exposure time was 14 days. 
(C) Same northern blot as in (A) hybridized with the histone H3.2 
probe. Autoradiographic exposure time was 2 days. 
(D) Northern blot of bovine embxyo RNA extracted in the presence of 
E. coli rRNA and hybridued with the 28s rRNA probe. Lane 1, 10 pg 
of E. coü rRNA, d e s  2 to 7, 1 pg, 0.5 pg, 0.25 pg, 0.1 pg, 0.05 kg and 
0.025 pg of bovine oviduct ceLi RNA, respectively. Lanes 8 to 13 
contained RNA from 100 mature oocytes, 100 one-cd embryos, 100 
1- to 4 - c d  embryos, 100 6- to 8-celi embryos, 67 m o d e  and 10 
blastocysts, respectively. Autoradiographic exposure time was 1.5 hm 
(E) Sarne northern blot as in (D) hybridized with the U2 snRNA 
probe. Autoradiographic exposure time was 3 weeks. 
(F) Same northern blot as in (D) hybridized with the cytochrome b 
probe. Autoradiographic exposure time was 2 weeks. 





by a small inaease at the 2- to 4-cell stage and another decliae at 
the 6- to 8te.U stage. It should be noted that for the two other 
membranes hybridized with both the U2 and the 28s rRNA probe, 
the pattem observed for both RN's was also simiku. However, for 
one of the membranes, a slight inaease in the amount of U2 and 28s 
rRNA was observed at the one-cd stage (the autoradiograph 
obtained after hybridization of this membranes with the U2 probe is 
shown in Figure 16A). When the membrane (hm Figure 23) was 
hybrîdized with the cytochrome b probe, the intensity of the 
hybridization signal decreased ftom the mature oocyte stage to the 
2- to 4 - c d  stage, it then inaeased at the 6- to 8-cell stage. For the 
other two membranes hybridized with both the cytochrome b probe 
and the 28s (or 18s) rRNA probe, the same pattern was observed. 
That is, in all cases, the amount of cytochrome b mRNA was 
observed to increase in earlier stages than the amount of 28s 
(0rl8S) rRNA. As in the first examp1e7 these hybridizations again 
demonstrate that the patterns of degradation and accumulation of 
different uanscripts in in vinederjved bovine embryos can be 
different. 



DISCUSSION 

Library construction: 

The initial goal of the present work was to recover matemal- 
speafic dlNA dones nom the differential saeening of a PCR- 
consmcted one-celi bovine embryo library. The prevalence of the 
mRNAs corresponding to those dlNAs would have been examined in 
eariy bovine embryos in order to acquire knowledge on the fate of 
matemal mRNAs in in vimderived embryos. 

The one-ceU bovine embryo library was generated by 
following the strategy presented in Figure 3. Total RNA extracted 
from 430  one-ceU embryos in the presence of E. cufi rRNA as a 
carrier was used as starting material. Attempts to extract RNA h m  
smail numbers of embryos without the use of carrier failed to 
generate good yields of cDNA after reverse transcription. The 
primer used for reverse transcription contained 17 T residues for 
annealing to the poly[A] tail of mRNAs; however, poly[A]- RNA 
molecules were also reverse transcribed (see below) . Reverse 
transcription was followed by dGtailuig and a total of three rounds 
of amplincation were performed to generate the final cDNAs to be 
ligated to the vector. After digestion with Xho 1 and Eco RI whose 
recognition sites were present at the at the 5' and 3' end of the 
cDNAs respectively (see primas, Figure 2), the cDNAs were doned 
unidirectionaiy into the lambda ZAPm vector which was chosen 
because it aiiows in MVO exdsion of the p%luescript@ phagemid 
containing the insert. Many of the steps described in Figure 3 had to 
be optimized to yiefd suffiCient amounts of long c D N .  for ïibraiy 
construction. After the first and third amplification, the sizes and 
amount of cDNA generated were examined and in both cases large 
amounts of cDNA, some of which were up to 2 kb in length, were 
obtained (Figure 4). The removal of the smaller cDNAs after the 



reverse transcription step and after the second round of 
amplification was dtical for yield of reasonable-size CDNAS. 
Otherwise, smaller cDNAs tend to ampli& more effiaently than 
longer ones. However, despite steps to remove srnail cDNAs, a 
number of inserts smaller than the cut-off of the columns used (400 
bp) were still obtained in the library. 

The amount of cDNA used in the ligation reaction also had to be 
optirnized; too Little or too much cDNA resulted in a lower titre after 
packaging. By pooiing 5 ligation/packaging reactions, a library 
containing 1.3 8 x 106 p h  was generated (Table 1). The average size 
of the inserts fkom 46 random dones was 460 bp, ranging from 100 
to 1100 bp (Table 1). Siniilar insert sizes have been found in PCR- 
amplified cDNA libraries reported h m  0th- laboratories. Welsh et 
al. (1990) found that the average d e n  sUe fkom the& mouse oocyte 
Library was 400 bp (the average length of poly[A]+ RNAs in the 
ovulated mouse oocyte is 2 kb). A neuronal c d  PCR iibrary 
consmcted by Korneev et al. (1994) had an average insert size of 
600 bp whiie Domec et al. (1990) found that short elongation times 
( 3 0  sec and 1 min) lead to the preferential amplification of srnail 
cDNAs whüe longer elongation times (3, 5 or 10 min) resdted in 
cDNA sequences ranging from 200 to 2000 pb with a modal size of 
500 bp. 

Upon consmction, it was hoped that the i i b r q  would contain 
a representative set of cDNAs derived fmm lZZRNAs present in one- 
c d  embryos. It was realized that some of the inserts could have 
onginated from PCR artifacts; for example, Welsh et al. ( I W O ) ,  found 
that 8% of the inserts of th& übray resulted h m  dGmiluig and 
amplincation of the primer used for reverse transcription. In the 
present work the 43-mer oiigo-dT primer used for reverse 
transaiption was probably effiaently removed by passage through 
a column since no such artifact was found. Of more concern was the 
possibiüty that a proportion of the cDNAs were derived fkom the 
reverse transcription and amplification of poly[A]- RNA like rRNA 
since a high amount of E. coü rRNA was used as a carrier during 



embryo &VA extraction. These doubts were confirmed when it was 
obsewed that total library phage DNA and the inserts of 45 out of 
63 individual random clones reacted with an E. cofi rRNA or an E. coli 
total DNA probe. Some of the clones that did not react with the E 
coli probes (as well as other random dones) were sequenced. Three 
categories of insert sequence were found: sequences identical to E 
coli rRNA or other E coli genes (11 out of 20), sequences not 
sigiîificantly homologous to any bown sequence (3 out of 20) and 
sequences homologous to the sequence of bovine genes (6  out of 20). 
From these types of analysis, it is estimated that probably Less than 
30% of the inserts in the library originated fkom the reverse 
transcription and ampiification of bovine RNA The quaiity of the 
iibrary is therefore greatly reduced because of the small proportion 
of bovine dones. For example, it would be extremely difficult to 
carry out differential screening with this Library because the risk of 
isolating false positives wouid be high and wasteful of time and 
effort. 

A carrier was used during embryo RNA extraction because it 
was thought that the very srnail amount of RNA contained in 430 
one-cd embryos wouid not have been recovered efEciently 
otherwise. In our laboratory, E. coli rRNA has been used successfidly 
as carrier for analysis of cDNAs by RT-PCR to identifjt the presence 
of known mRNAs in embryos (Watson et al, 1992a; Harvey et al., 
1995). It was thus not predicted that E. coü rRNA would reverse 
manscribe and ampw so effiaently. It was &O unknown to us that 
the cornrnerâd preparation of E. coli rRNA was contaminated with 
signifiant amounts of 0th- E. coli RNA or DNA. Comd< et al. (1996) 
also used E. coü rRNA (20 pg) during RNA extraction from 70 mouse 
blastocysts. They consûucted a library by following a sn'ategy very 
similar to the one described here and none of the 22 random dones 
sequenced were found to be fkom E o  coü rlWA or fkom mouse 28s or 
18s rRNA. This result is surprising since they did not hydrolyze the 
RNA after reverse transcription, therefore, camer RNA was present 
also during amplification. 



Only 2 of the 6 bovine clones recovered were derived kom 
poly[A]+ RNA ûansaibed kom nudear genes (UO and S I 1  
ribosomal proteins). Thus, the 3' primer used for reverse 
transcription and containing 17 T residues was aLso able to anneal to 
short stretches of A residues besides those present in poly[A] tracts 
of mRNAs. In the case of 18s rRNA which is about 1874 bp in 
leng th, reverse transcription starteci around nudeo tide 8 1 1 where 
the sequence AAAAAAUUA can be found. The bovine 18s rRNA 
clone recovered from the library is 98.1% identical to the rat 18s 
rRNA sequence between nucleotides 389 and 811 of the rat 
sequence (Chan et al., 1984). The complete sequence of bovine 18s 
rRNA has not yet been published but it is likely nearly identicai to 
the human and rodent sequences; the human, mouse and rat 
sequences differ by just under 1% (McCallurn and Maden, 1985). 
Even if no carrier RNA was used, I beiieve that the Library might s t ü l  
have contained a high proportion of bovine rRNA clones. At the 
same time, the isolation of pure poly[A]+ RNA nom embryos for 
starting material for library construction would not be practical 
without use of very large numbers of embryos. 

U3 snRNA is not polyadenylated at the 3' end, but, the human 
U3 snRNA contains a stretch of 5 A residues at the beginning of its 3' 
unuansf ated region (Suh et al., 1986). The oligo-dT primer used for 
reverse ûansaiption might have annealed to an equivalent 
sequence of the bovine U3 snRNA. It is not possible to determine if 
the bovine U3 snRNA done 1 isolated is derived from a U3A, U3B or 
a U3D snRNA gene. The sequence identity to rat U3B snRNA is 
slightiy greater than to U3D snRNA (86.6% vs 85.1%), but rat U3D 
snRNA contains a stretch of 5 A residues at its 3' end. 

Two mitocho&rial dones were recovered. One was derived 
from 12s rRNA which contains the sequence AAAAAGGAAAAAA 
around nudeotide 1070. The oligo-dT primer probably annealed to 
that sequence because the size of die cDNA that would be generated 
from that primer site corresponds to the size of the cDNA observed 
on an agarose gel. Mitochondnal W A s  are polyadenylated 



(Clayton, 1984) so the oiigo-dT primer could have annealed to the 
poly[A] tail of cytochrome b mRNA Other inverstigators have also 
found mitochondrial sequences in PCR-consmcted iibraries. Welsh 
et al. (1990) identined 1 done out of IO abundantiy represented 
clones as corresponding to mitochondrial 16s rRNk Korneev et al. 
(1994) identified one mitochondriai cytochrome b clone out of 10 
dones sequenced and Comck et al. (1996) found that 20 out of 
10000 dones (0.2%) reacted with a cytochrome c probe. 

In conclusion, despite the presence of inserts derived from E* 
coü sequences in the library, several bovine dones have been 
isolated. The new bovine sequences identified can be characterized 
and used as probes for developmental snidies on bovine embryos 
instead of relying solely on the use of probes fiom other species. 

Estimation of the amount of total RNA in in vitro-produced 
bovine embryos: 

Estimations of total RNA abundance in in vitreproduced 
bovine embryos were obtained from northern blon of embryo RNA 
samples of different stages run in parailel with laiown amounts of 
standard RNA samples. The northern blots were hybridized with an 
18s rRNA probe andlor a 28s rRNA probe. The amount of RNA in 
the embryo samples of different stages was caldated nom  the^ 
densitometric measurements in relation to those of the standard 
RNAs. After correction for the equivalence of RNA recovery, the 
amount of total RNA per ernbryo was caldated. It was assumed 
that the proportion of total RNA made up of rRNA in oocytes, 
embryos and other bovine celis is similar to the value of 
approximately 70% that has been determined previously in mouse 
oocytes and early embryos (Piko and Clegg, 1982). Carrier E. coü 
rRNA was used in the RNA extraction procedure and 
spectrophotometric measurements of the amount of carrier 
recovered aiiowed estimation of the amount of embvo RNA 



recovered and loaded on the gel. To venfy epuivalence of loading 
and transfer, some of the membranes were stained with methylene 
blue pnor to hybridization. Stauiing permitted the visuaiization of 
the E coli 23s and 16s &NA bands. Some of the membranes were 
rehybridized with an E. coli total DNA probe and densitometry was 
used to quantitate the hybridization signal to ' coli rRNA to provide 
a more sensitive measure of relative equivalence of samp1es. 

The o v d  patterns of abundance of 18s and 28s rRNA during 
the preimplantation period of embryo development were very 
similar (Figure 10 and 12). The amounts of these two RNAs dedined 
from the mature oocyte stage to the monda stage. But in both cases, 
the average amount of RNA was higher at the 2- to 4-cd stage than 
at the one-cd and 6- to 8-cd stage although the difference 
observed was not significant (wül be discussed below). This overall 
dedine was foilowed by a marked and signiscant inaease at the 
blastocyst stage. The 18s and 28s rRNA data were combined to 
calculate an average and standard deviation for the amount of total 
RNA present at each of the stages examined. 

From the measurements obtained in the course of this work, in 
viuo matured bovine oocytes contained on average 2.4 I 0.3 ng of 
RNA. Mature bovine oocytes have an oute. diameter, induding the 
zona peilucida of about 130 pm (Gordon, 1994) and an inner c d  
diameter of about 110-1 15 p m  (Watson et ai., 1992b). The RNA 
content of bovine oocytes as calculateci here is in the same range as 
chat of the rabbit oocyte which has an RNA content of 6.0 ng/oocyte 
with an imer diameter of 125 p m  ( P M  and Clegg, 1982; Schultz, 
1975). Sirnilarly, the oocyte of the sea urchin Lytechimus has an 
RNA content of 4.3 nghocyte and a diameter of 110 p m  and the 
oocyte of the sea urchin Dendraster has an RNA content of 4.8 
ng/ooqte and a diameter of 125 p m  (PM and Clegg, 1982). The 
mouse oocyte is much srnalier (70 pm diametre) and also contains 
less RNA (0.35 ng/oocyte) in relation to its volume (Piko and Clegg, 
1982). 



RNA is synthesized during the period of growth of oocytes in 
both the mouse (Bachvarova, 1974; Jahn. 1976) and the cow (Croret, 
1986; Gordon, 1994). although synthesis of the major stable RNA 
component, rRNA, dedines in full-grown oocytes. in the mouse, 
subsequent to fertilization, there is a 30 to 40% decrease in total 
RNA content by the 1- to 2-celi stage (Olds et al., 1973; Bachvarova 
and DeLeon, 1980; Pik6 and Clegg, 1982) and 70% of the labeiied 
materna1 RNA is lost by the blastocyst stage (Bachvarova and 
DeLeon, 1980). In the bovine embqo, we have observed a srnall 
dedine from the oocyte (2.4 I 0.3 ng per oocyte) to the one-ceii 
stage embryo ( 1.7 2 0.5 ng per embryo). Mthough this represents a 
30% decrease, it shoud be noted that these average values are not 
significantly diffkrent fkom each other and this reflects some 
variability observed fkom one experirnent to another for the one-ceii 
and 2- to 4-cell stages. 

In the mouse embryo, rRNA synthesis from the embryonic 
genome is initiated at the 2 i d  stage. By the 8- to 16-ceii stage of 
mouse embryo development, rRNA synthesis occurs at a rate of 1.25 
to 2.5 pg/ceWhr (Piko and Clegg, 1982), a rate simiiar to that 
reported in cu lwed  mouse L-ceils (Brandhorst, 1974) and sufnaent 
to achieve a doubling in rRNA content and ribosome numbers in 
about 20 hrs. In bovine embryos, RNA synthesis is readily 
detectabie at the 8-ceii stage (Camous et al, 1986; Kopecny et al., 
198 9) when fibrille-granular nucleoli are observed (Kopecny et al., 
1989; King et ai., 1988). If similar rates of rRNA synthesis as 
reported for mouse embryos occur after the 8-cell stage in bovine 
ernbryos, it wouid be suffiaent to account for the marked inaease in 
RNA content we have observed from the monda stage (0.7 I 0.2 
ng/ernbryo) to the blastocyst stage (5.3 0.6 ng/embryo). It should 
be noted that in the present study, the blastocyst samples contained 
RNA from pools of embryos that ranged from eariy blastocyst to 
hatched blastocyst The RNA content at each step of the blastocyst 
stage was not detennined so it is not known exactly when the 
increase in RNA content is first detectable. It is possible that from 



the 8-ceil stage to the monda stage, the rate of RNA degradation is 
stiU higher than the rate of RNA synthesis. This would explain the 
low amount of RNA observed at the morula stage even if embryonic 
synthesis was initiated 1 day earlier. 

In addition to the major inaease in rRNA content in 
blastocysts, we also repeatedly observed a small, nansient, inaease 
in rRNA content at the 2- to + c d  stage in in viœederived bovine 
embryos (2.2 t 0.9 ng/embryo compared to 1.7 t 0.5 ng/embvo at 
the one-ceil stage; the RNA content then dropped to 0.8 I 0.2 ng at 
the 6- to $-ce11 stage). This inaease in the RNA content at the 2- to 
% c d  stage could only arise as a consequence of new synthesis of 
ribosomal RNA over the 40 hr culture interval between fertilization 
and the first two cleavage events. Although ultrasmctu~ai studies 
have indicated the presence of dense nudeolar precursor bodies in 
embryos at this stage of development (Kopecny et al., 1989; King et 
al., l988), it is possible that there is a fibrillar component in some 
nudeoii of in viû~derived embryos that is characteristic of a low 
level of transcrip tionai activity. O ther inves tigators have obtained 

- evidence for early transcription in in vitrederived bovine embryos. 
For example, when in vitro-produced bovine ernbryos were 
incubated for 10 hours in the presence of [3~]-uridine foilowed by 
autoradiography, a Large proportion of the 2- to 4-cd stage embryos 
incorporateci the precursor into stable RNA species (Viuff et al., 
1992; Plante et al., 1994; Iwasaki et al., 1995; Viuff et al., 1996). 
The results presented here also suggest that there could be a low 
level of rRNA synthesis within in vitmderived bovine embryos 
during the f'irst two ceil division cydes. However, it is important to 
mention that although this transient inaease in RNA content was 
observed on 5 separate northem blots, the average values for RNA 
content for the first 4 stages examineci are not significantly different 
from each other; only the monda value is Merent from the mature 
oocyte value and the blastocyst value is signincantly different from 
ali the 0th- values. It  shouid be noted that these measwements of 
total RNA abundance were obtained assuming that the proporcion of 



rRNA remains constant during early deveiopment in bovine 
embryos. In the mouse, the proportion of rRNA in late 2-ceil 
embryos and blastocysts is 70% and 68% respectiveiy aithough 
blastocysts contain 6.1 cimes more total RNA (PM and Clegg, 1982). 
However, it is not possibIe to exclude that small changes in the 
overd proportion of rRNA in bovine embryos may occur as a result 
of new synthesis. 

Is a real difference in mRNA content at the 2- to 4-ceU stage 
obscured by embryo asynchrony and variabiiity? Bovine embryos 
produced by in vitro techniques represent a very heterogeneous 
group. The age and hormonal status of the cows kom which the 
ovaries are recovered can have an effect on the qualiw of the 
oocytes recovered. Fercilization is not necessarily symhronous for 
aU the eggs in the dish (and also from one experitllent to the next), 
so the first and al1 subsequent deavages are not synciironous for al1 
the embryos. So if the 2- to 4 - c d  stage embryos were al l  coilected 
40 hr after fertiüzation, one batch couid have induded, for example, 
a higher proportion of early 2-cd or a higher proportion of 4-cell 
embryos and this could explain part of the variability observed for 
the amount of RNA present in 2- to 4teU embryos. When embryos 
were examined one by one following incubation with [3~]-uriduie 
and autoradiography, 7096 of the 2-cell and 83% of the 4-cell 
embryos demonstrated transcription of the embryonic genome 
(Viuff et al., 1996). That is, not al1 embryos in a batch appear to be 
involved in RNA synthetic activity. 

In condusion, the resuits presented here indicate an overd  
decline in the amount of RNA from the mature oocyte to the monda 
stage. Although there could possibly be a slight increase at the 2- to 
4 - c d  stage, a significant inaease is only obsewed at the blastocyst 
stage. The absolute amounts of RNA reported here differ slightly 
from the values obtained by Frei (1988) using slot blots of RNA 
extracted from single in vivo embryos and hybridized with a 28s 
rRNA probe. In this study, the post-ovulatov oocyte and the one- 
celi embryo were each found to contain 1.04 ng of RNA. The 2- to 4- 



ceIl embryo and the blastocyst M e  found to contain 0.97 ng and 
7.3 to 10.4 ng of RNA, respectively. Aithough these nurnbers are of 
simiLar order of magnitude as the ones reported herein, differences 
couid be due to the fact that in the present study, values were 
obtained from 6 experiments using pools of 10 embryos or more per 
stage instead of single embryos. In addition, slot blots do not allow 
for assessrnent of the integrity of RNA within RNA preparations. 
There are no other known reports of total RNA measurements in 
bovine embryos. The data obtained in this sîudy should provide 
valuable information for other investigators in the field. 

Analysis of the abundance of 18s rRNA in in vivo-derived 
bovine embryos: 

The pattern of prevalence of 18s rRNA was examined 
simdtaneously in in vin0 and in vivo derived embryos. In this 
experiment, the in vimo embryos showed an increase in the amount 
of 18s rRNA at the 2- to 4-celi stage that was similar to that 
observed in previous experifnents, whereas in in vivo embryos, the 
amount of 18s rRNA was higher at the one-cell stage than at the 2- 
to 4- and 6- to 8 - c d  stages. 

Earl ier  studies were unable to demonstrate transcription until 
the eight-cell stage in in vivc).produced bovine ernbryos (Camous et 
al., 1986; Frei et ai., 1989; Kopecny et al., 1989). In these studies, 
the labelling period with [3HJ-~ridine could have been too short, or 
the number of embryos used could have been too srnall to detect a 
low level of incorporation at an earlier stage. It is also possible that 
in viveproduced and in vitreproduced embryos behave differently 
at early stages. h vivo embqos originate nom ovulated oocytes 
evposed to a fouicular endocrine environment fit to promote an 
oocyte to ovulation. The oocytes used for the production of in via0 
ernbryos are recovered from folkles of variable sizes (some as small 
as 2 mm) and the quaüty of a proportion of them is impaired more- 



or-less severely by atresia. Another factor may be the culture 
conditions which, aithough SuffiCient for nudear maturation of more 
than 95% of the oocytes, are probably insuffiCient for complete 
cytoplasmic maturation. This could be one of the reasons for the 
lower pregnancy rates achieved with embryos h m  N F  technoiogies 
than the rates achieved with in vivo embryos after embryo transfei 
(Goto et al., 1988; Sirard et al., 1988; Pavlok et al., 1989; Fukuda et 
al., 1990; Dr. Brian Shea, personna1 communication). However, 
Pavlok et al, (1993) observed that by the 8 - c d  stage, the extent of 
[3~]-ufidine incorporation and the pattern of nuclear formation was 
comparable in in vivo and in vitro embryos produced nom oocytes 
aspirated from folides > 2 mm in diameter. 

It can be speculated that early transcription at the 2- to 4-ceil 
stage in in vineproduced embryos may be needed as a 
compensation mechanism for the shorter period of time spent in a 
deveioping follicle (if the oocyte originates from a SrnaUer foUcle) or 
for inadequate cytoplasmic maturation in vitro. It is also possible 
that in bovine embryos, initiation of transcription is thnedependent 
rather than stageodependent (Iwasaki et ai., 1995). Although it is 
difficult to assess timing of devdopment in in vivo embryos, it has 
been reported that in vivo embryos deave faster than their in vitro 
counterparts ( Bames and Eyestone, 1990; Grisart et al., lc)%), thus a 
2- to 4-cell in vitro embryo might be temporaUy equivalent to the 
8-cell stage if it had developed in vivo. However, this interpretation 
is complicated by the fact that once transcription is activated at the 
8teii stage in in vivo embryos, it stays on whereas in in vitro 
embvos, initial activation appears to be transient Differences in 
the timing of devdopment and in the rates of uptake and 
incorporation of [3~-uridine have atso been observed in mouse 
embryos grown in vivo and in vim (Harada et al., 1992; Peippo and 
Bredbacka, 1995). The possibiiity that 2- to 4-cell stage in vivo 
embryos also synthesize trace amounts of RNA is not exciuded. 
Because of the cost involved, not many in vivo embryos have been 
studied to date and synrhesis at that stage could have remained 



undetected so far. In this study, a second hybridization experiment 
performed on RNA extracted from another set of in vivederived 
embryos yielded the same resuit as mentioned above, but more 
experiments are needed to fuliy characterize any ciifference between 
in vivo and in vin0 embryos. 

Analysis of the relative abundance of other transcripts in 
bovine preimplantation embryos. 

In the course of this work, the abundance of other transcripts 
at different stages of bovine early embryogenesis was anaiyzed. 
These transcripts included: another component of the ribosome, 5s 
rRNA; two RNAs involved in the processing of other RNAs, U2 and U3 
snRNA; two RN& aanscribed fkom the rnitochondrial genome, 12s 
rRNA and cytochrome b mRNA; and two nuclear messages, histone 
H3 and p-actin W A .  Coilectively, examples of transcripn 
generated by ail three eukaryotic RNA polymerases were studied. 
Overaii, for aii the different transcripts studied, the RNA levels 
decreased from the mature oocyte to the 6- to 8-ceii or monda stage 
and were signincantly higher in blastocysts. Differences, however, 
were observed in the extent to which the RNA levels increased at 
the blastocyst stage and in the timing of the increase; for some 
nansaipts, it was detected only at the blastocyst stage while for 
other transaipts RNA levels were aiready higher in 6- to 8 - c d  or 
moruia stage embryos than in exlier stages. For one manscript ( 12s 
rRNA), a v q  small, transient increase in the RNA level was 
observed at the 2- to 4-ce.U stage although this increase was not 
s tatis tically significant. 

The same number of molecules of 5s rRNA and 18S/28S rRNA 
are needed to assemble ribosomes. me relative abundance of 5s 
rRNA was the same in mature oocytes and in one-cd embryos. It 
declined slightiy in 2- to 4-cell embryos and remained constant in 6- 



to 8-ceU and morula stage embryos. It shouid be noted that the 
ciifferences between the amounts of SS rRNA in the early stages are 
not significantiy different. In blastocysts, the 5s rRNA level was 
increased 4.9 fold over the morula value which is comparable to the 
5.8 fold increase for 18W28S rRNA. The inaease observed at the 
blastocyst stage uidicates that RNA polymerase III must be active 
by this stage of development 

U2 and U3 snRNAs are involved in pre-mRNA and pre-rRNA 
splicing respectively. Therefore, they aiso are required for 
processing the first transcripts generated by the embryonic genome. 
Ln the mouse, the amount of U2 (also U1, U4, US and U6) snRNA was 
found to rernain reiatively cons tant be tween the pos tovulatory and 
the 2 - c d  stage suggesting that the pre-mRNAs synthesized at the 
time of zygotic gene activation in the 2-cd embryo may be 
processed by maternai snRNAs (Dean et al., 1989). U3 snRNA is 
invoived in a processing event near the 3' end of 28s pre-rRNA 
(Parker and Steitz, 1987). In the mouse, it has been show that the 
number of U3 snRNA molecules aIso remains constant from 
ovulation to the 2-cell stage and that this nurnber is increased by 
about 5 0-fold in blastocys ts. 

The levels of U2 snRNA have been previously measured in 
bovine embryos and were found to remain constant up to the 8- to 
16-ceIl stage and increased 4.4 fold between the 8- to 16-cell stage 
and the late monila/blastocyst stage (Watson et al., 1992b). The 
results obtained in the present study are in generai agreement with 
those reported previously. The U2 snRNA level was constant up to 
the morula stage and at the blastocyst stage, a 7.1 fold inaease was 
observed. The Merence between the 4.4 fold and 7.1 fold increases 
observed can probably be expiained by the fact that Watson et al. 
( 1992) used a mixture of morulae and blastocysts for assay whereas 
this study assayed a pool of blastocysts only. The fact that U2 
snRNA levels remained constant in the early stages of bovine 
development suggests that, simiiar to mouse embryos, materna1 U2 



snRNA may be used to process the pre-WAs synthesized at the 
tirne of zygo tic gene activation. 

The pattern of U3 snRNA abundance differed fkom that of U2 
snRNA. U3 snRNA levels dedined slightly but steadily nom the 
mature oocyte to the 6- to 8-ceil stage. Contrary to U2 snRE3A, a 
signincant increase in U3 snRNA level was observed at the monila 
stage and U3 snRNA abundance inaeased even fimher at the 
bhstocyst stage reaching a levd 118 times higher than the 6- to 8- 
c d  stage leveL That relative increase of U3 snRNA abundance is 
about 20 times higher than the value for 18S/28S rRNA increase at 
the blastocyst stage (compare Table 2 and Figure 178). It is possible 
that a large pool of U3 snRNA needs to be accumulated in embryos 
starting at the 6- to 8-ceil stage to accomodate the processing of 
large numbers of rRNA precursor molecules that are required for 
assembly of new ribosomes during the moruia-blastocyst stage of 
ernbryo growth and expansion. 

The relative abundance of two mitochondrial transcripts was 
also examined in this study. For 12s rRNA, a slight, transient (but 
non-significant) increase was observed at the 2- to 4-ceil stage 
compared to the mature oocyte and one-ceii stage, similar to that 
seen for 18s and 28s rRNA. Biastocysts contained 6.4 times the 
amount of 12s rKNA relative to moruiae which is similar to a 7.6 
times increase in 18928s rWA. The amount of mitochondriai 
cytochrome b niRN& on the other hand was observeci to deaease 
slightly from the mature oocyte to the 2- to 4-c& stage. At the 6- 
to 8-ceii stage, the amount of cytochrome b mRNA was observed to 
start to inaease and by the blastocyst stage, the level was 23.4 
tirnes that of the 2- to 4te l i  stage. 

In mouse embryos, the steady state amount of two dasses of 
mitochoadrial transcripts, 12s and 16s rRNA (the probe recognized 
both) and the mRNAs for subunit 1 and II of cytochrome c oxidase 
(COI and COII) have been previously determined ( P M  and Taylor, 
1987). The amount of transcripts of both dasses was low between 



the oocyte and the late 2-ceil stage but during cleavage to early 
blastocyst, there was a 25-fold inaease in the amount of 
mitochondriai rRNA and a 50-fold increase in the amount of COI and 
COII mRNAs (Pi. and Taylor, 1987). The medianisms reguiating 
the arnounts of mitochondrial gene t r a n s a i p t s  are not weîl 
understood but it was suggested that in general, the entire H-strand 
would be manscribeci at once but a termination event after 
transcription of the 16s and 12s rRNA genes would permit 
accumulation of higher amounts of 12s and 16s rRNA transcripts 
(Ciayton, 1984; Tzagoloff and Myers, 1986). Interestingly, in the 
case of COL and COII mRNA in mouse embryos or cytodirome b 
mRNA in bovine embryos, the increase in the amount of mRNA is 
greater than that for 12S/16S rRNk The reason for this is not clear 
but could be due to a greater stability of these mRNA species or to 
more frequent transaiption of the entire H-strand. The slight 
increase in 12s rRNA at the 2- to 4 - c d  stage suggests that the 
rnitochondrial genome could be activated transiently at the same 
time as the nuciear genome in bovine embryos. However, 
accumulation of cytochrome b mRNA transcripts at the 6- to 8-cd  
stage in bovine embryos appears to preceed that of nudear-derived 
rnRNAs like histone H3 or p-actin. in mouse embryos, the 
concentration of mitochondrial mRNA was found to increase about 
10 tirnes faste. than that of total poly[A]+ RNA fkom the two-ceil 
through the blastocyst stage although the amount of mitochondrïal 
DNA remained constant (Piko and Taylor, 1987). 

Contmy to alî the other transcripts examined whose levels in 
blastocysts were found to be many fold the levei found in mawe 
oocytes, histone H3 mRNA levels at the blastocyst stage were only 
55% of the levei found in mature oocytes. The dedine between the 
mature oocyte and the one-ce11 stage was also more pronounced 
than for the other h-anscripts studied (about 50% decrease, with the 
6- to 8-cell embryos containing 28.5% of the histone H3 amount of 
the mature oocyte). This lower level of histone H3 mRNA appears to 



be suffisent to produce enough histone H3 protein to package newly 
synthesÏzed DNA for each celi division. Graves et al. (1985) studying 
histone gene expression in mouse ernbryos found that histone H3.2 
mRNA represented a much lower proportion of total H3 mRNA in the 
blastocyst. The histone protein variants expressed in the mouse 
blastocyst were not identined. Although the probe used in this 
study is derived from a histone H3.2 gene, it c m  recognize aii the H3 
isofoms, cherefore, total histone H3 mRNA was assayed in bovine 
embryos. 

In the present study, bovine 6- to 8 - c d  embryos were found 
to contain about 1096 of the amount of p-actin mRNA contained in 
mature oocytes. This is similar to results obtained with mouse 2-ce11 
embryos which were also found to contain only 10-20% of the 
amount of p-actin mRNA found in unfeftilized eggs (Giebelhaus et al., 
1983; Bachvarova et al., 1989; Taylor and P M ,  1990). By the 
morula stage, bovine embryos were observed to contain about half 
of the p-actin mRNA amount of the mature oocytes but blastocysts 
contained 110 times more p-actin mRNA than 6- to 8-cell embryos. 
This marked increase is almost exactly like the mouse data, where 
blastocysts were observed to contain neariy 200 times the amount 
of p-actin mRNA found in 2-cd embryos (Taylor and Püco, 1990). 
Thus, in both systems, there appear to be a 90% loss of materna1 p- 
actin transdpts followed by a 100- to 200-fold inaease in 8-actin 
transcrip ts derived nom embryonic transcription by blas tocys t 
stages. The accumulation of abundant copies of 6-actin mRNA may 
be necessary to support new p-actin protein synthesis during 
cytoskeietal rearrangements that accompany the morphological 
changes of compaction, and blas tocyst expansion. 



Significance: 

The work presented here constitutes a valuable addition to the 
pool of knowledge available on gene expression in early bovine 
embryos. One of the key observations is that in u> M'tr~produced 
bovine embryos, there is an overaii decrease in the amount of total 
RNA (and the amount of 18SI28S rRNA) nom the mature oocyte to 
the monda stage. Although the ernbryonic genome is definitely 
active by the 8- to 1 6 - c d  stage, a significant inaease in the amount 
of total RNA does not occur und the blastocyst stage. The resuits 
presented here also suggest that there could be rRNA synthesis in in 
vino produced bovine embvos at the 2- to 4-cell stage, A smaü 
increase in the amount of rRNA was observed repeatedly at this 
tirne. The amounts of RNA caiculated for the early stages are not 
significantly different fkom each other, and condusions cannot be 
drawn fîrrnly, but this result is not without significance in view of 
observations by O ther inves tigators that transcription is detectable 
at the 2- to 4-ceii stage. 

At this point, it is not clear if an early initiation of embxyonic 
transcription is a characteristic of embryos produced by IVF 
technologies or if the same phenornenon also occurs in vivo. More 
comparative experiments are needed before we can condude that in 
vivo and in vitro embryos behave differently. Even if precoaous 
activation of the ernbxyonic genome is an artifact produced by 
culture conditions, 1 believe it is stiU worth studying because 
embryos produced in M'no are the major source of bovine ernbryos 
used for research. Thus we need to characterize our model. 
Moreover, NF technologies are used commeraally for the 
production of embryos fkom valuable cows that do not respond weU 
to artificial insemination-embxyo aansfer procedures. The more 
recent trend is to obtain oocytes from very young heifers and 
fertilize them in M'no to produce descendants whose genetic 
characteris tics can be identified earlier than if we had waited for the 



cow to be sexually mature to generate descendants (Bmgliatti and 
Adams. 1996). In brief, we c m  shorten Che generation length to 
accelerate genetic improvement 

A better understanding of in vitro development could also lead 
to the identification of some of the causes of deveiopmental arrest 
and of lower pregnancy rates obtained with in vitro embryos. 
investigators are aware that culture conditions are not fidly 
adequate and they need tools other than the morphological condition 
of the ernbryos to be able to optimize culture conditions so they 
better reflect the in vivo environement. 

This study also presented the pattern of expression of a 
variety of abundant transdpts of different functions and origins. 
For al1 these nanscripts, the relative abundance deaeased or 
remained constant during the earlier stages of development and 
eventually increased after the activation of the embryonic gemme. 
The timing of that increase and also the extent of that inaease 
varied among the different aanscripts. This is well iiiustrated in 
Figure 23 where autoradiographs of 2 northern blots each 
hybridized with 3 different probes are presented. Nonetheless, the 
o v d  pattern is one of gradual loss of maternally inherited RNAs 
from the oocyte to the 6- to 8-ceil or morula stage. The low levels of 
RNA remaining at these stages are apparently suffisent to direct 
protein synthesis for continuous development. It  is difficult to 
pinpoint the pretise stage (or tirne) through which matemal control 
of development prevaiis but according to the results presented here, 
it is at least until the 6- to 8-ceil stage and probably up to the early 
blastocyst stage for some transcripts. It is possible that other 
matemal transcripts not exambled here follow different patterns of 
prevalence than gradual disappearance and would, for example, be 
quickly degraded after fertilization. ui mouse embryos, for example, 
tPA, mos and HPRT mRNA follow a different pattern of tumover 



than the rnajority of m W s  (Huarte et al., 1987; Goldman et al., 
1988; Paynton et al., 1988). 

Other  studies examining the prevalence of specific transcripts 
in bovine embryos have relied on the RT-PCR method which, 
although very useful to assess the presence or absence of a 
transcript, is not as accurate as the direct examination of the amount 
of transcripts immobilized on a membrane. RT-PCR studies can yield 
accurate quantitative data if carefidly chosen intemai or extemai 
standards are included in the assay (Arcellana-Panîiîio and Schultz, 
1993). However, it is important to have baseline data derived fkom 
direct assays of mRNA abundance such as those described in this 
thesis in order to established whether quantitative PCR methods 
accurately reproduce hown changes in RNA abundance. 

As mentioned above, the present work is of interest to 
investigators involved in cattle embryo production. It is also a 
valuable addition to the field of developmental biology in general. 
So far, the mouse has been the main mode1 used to study 
manimalian development However, numemus obvious variations in 
the ways cWerent nramrnalian species undercake the task of 
reproduction (for examples, muitiovulatory vs monoovulatory, 
different types of placentarion, length of gestation, etc.) as weil as 
less obvious differences like the timing of embqonic gemme 
activation underly differences in gene expression that await to be 
elucidated. Thus by studying bovine embryo development (and also 
other large mammals), we can probably get a better idea of what is 
happening in human development 
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