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1. ABBREVIATIONS 

AI  Artificial insemination 

ART  Assisted reproductive technologies 

BAX  BCL2–associated X protein  

BCL2  B-cell CLL/lymphoma 2  

bIFN-τ  Bovine interferon τ  

cDNA   Complementary deoxyribonucleic acid 

CDX2   Caudal type homeobox 2 

CENPF  Centromere protein F 

CMYC   V-myc myelocytomatosis viral oncogene homolog 

DNA   Deoxyribonucleic acid 

DNMT3A  DNA (cytosine-5-)-methyltransferase 3 alpha 

gDNA  genomic DNA 

EOMES  Eomesodermin 

FGF4   Fibroblast growth factor 4 

FSH   Follicle stimulating hormone 

GAPDH  Glyceraldehyde-3-phosphate dehydrogenase  

GRB10   Growth factor receptor-bound protein 10 

HDAC3  Histone deacetylase 3 

H19   H19 imprinted maternally expressed transcript (non-protein coding) 

H2AFZ  H2A histone family, member Z 

ICM   Inner cell mass 

IGF1   Insulin-like growth factor 1 



6 
 

 

IGF2   Insulin-like growth factor 2 

IGF2R  Insulin-like growth factor 2 receptor 

IGFBP6  Insulin-like growth factor binding protein 6 

IVF   In vitro fertilization 

IVP   In vitro production 

KLF4   Kruppel-like factor 4 

LH   Luteinizing hormone 

LIN28   Lin-28 homolog A  

MATER  NLR family, pyrin domain containing 5 

mRNA  Messenger RNA 

miRNA  microRNA 

NANOG  Nanog homeobox 

NT   Nuclear transfer 

OCT4   Octamer-binding transcription factor 4 

PCR   Polymerase chain reaction 

PEG3   Paternally expressed 3 

qRT-PCR  Quantitative real-time polymerase chain reaction 

RISC   RNA-induced silencing complex 

RIN   RNA integrity number 

RNA   Ribonucleic acid 

rRNA   Ribosomal RNA 

RT-PCR  Reverse transcriptase polymerase chain reaction 

SCNT   Somatic cell nucleus transfer 
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siRNA  Small interference RNA 

SNRPN  Small nuclear ribonucleoprotein polypeptide N 

SOX2   Sex determining region Y-box 2 

XIST   X (inactive)-specific transcript 
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2. SUMMARY 

 

In recent decades technological developments have opened up new possibilities for genomic 

research. Mouse and bovine embryos are widely used as a tool for biomedical research. These 

embryos represent mammal eukaryotic cells, which have different mechanisms for gene 

expression control compared with prokaryotic cells. Recent research has focused on studies of 

pluripotency-associated genes and their expression levels in embryos. For mammal embryos, 

gene expression profiling might give us a better tool to evaluate developmental potential. So far, 

most of these studies have shown controversial results. 

A recent study conducted by Suzuki Jr et al. (2009) shows that pregnancy rates in day 40 differ 

depending on which method was used to produce embryos. Artificial insemination (AI) leads to 

75 % pregnancy rate in day 40, whereas the same proportion for in vitro fertilization (IVF) is 50 

% and for somatic cell nuclear transfer (SCNT) -- 30 %. Interestingly, blastocyst development 

rate in IVF embryos is 34 % and in SCNT embryos 28 %. During 33 days, the 6-unit difference 

in blastocyst formation rate increases up to a 20-unit difference in day 40 pregnancy rate 

between IVF and SCNT embryos. This indicates that reprogramming of SCNT embryos and in 

vitro conditions play a huge role in embryo survival rates. By comparing the gene expression 

profiles between in vivo, in vitro and SCNT we can observe how changes in in vitro conditions 

affect the developmental potential of embryos. 

In this study, we purified ribonucleic acid (RNA) from bovine embryo pools and analysed 

expression levels for gene insulin-like growth factor 1 (IGF1), insulin-like growth factor 2 

(IGF2) and insulin-like growth factor binding protein 6 (IGFBP6). Embryos were either frozen 

or fresh, and produced by either IVF or SCNT. RNA was purified by using the Qiagen RNeasy 

Plus Micro kit (Qiagen Sciences, Maryland, USA). After purification the RNA was analysed 

using the Agilent 2100 Bioanalyzer with RNA 6000 Pico kit (Agilent Technologies Inc., 

California, USA).  

Complementary deoxyribonucleic acid (cDNA) was synthesized from RNA by using the 

Quantitect Reverse Transcription kit (Qiagen Sciences, Maryland, USA). cDNA was used as a 

template for TaqMan quantitative real-time polymerase chain reaction (qRT-PCR) analysis in 

the ABI Prism 7900HT sequence detection system (Applied Biosystems, Foster City, CA, USA). 
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The results of RNA analysis showed that the quality of RNA was acceptable in all samples. 

Messenger RNA (mRNA) level for IGF1 was below the detection limit. IGF2 expression level 

was detected in three samples. IGFBP6 mRNA level was detectable in all samples.  

In addition to practical skills, the author's theoretical knowledge of modern reproductive 

technologies improved notably during the experiments. These were the first experiments 

conducted in our laboratory in which RNA was purified and gene expression profiles from 

bovine blastocyst stage embryos were analysed. This is important, because in the future it will be 

easier to undertake research in this area due to applying the methods which have proven to be 

successful.  

Keywords: bovine, embryo, RNA, gene expression 
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3. KOKKUVÕTE 

Viimaste aastate jooksul on loomade genoomiuuringud hoogustunud peamiselt geenitehnoloogia  

tehniliste võimaluste kiire arengu tõttu. Hiire ja veise embrüod on biomeditsiinilistes uuringutes 

laialdast  kasutust leidnud, aidates selgitada embrüonaalse arengu geneetilisi 

kontrollmehhanisme. Imetajate rakkudel on võrreldes prokarüootse rakuga mitmeid erinevaid 

võimalusi geeniekspressiooni kontollimiseks. Viimaste aastate uuringud on keskendunud 

rakkude pluripotentsusega seotud geenide uurimisele. See on vajalik,  kuna nimetatud geenidel 

on tähtis roll imetajate varajases arengus, samuti võivad nende uuringute tulemused oluliselt 

mõjutada embrüonaalsete tüvirakkude alaseid uuringuid.  

Hiljuti avaldatud uurimustöös (Suzuki Jr et al., 2009) selgus,  et sõltuvalt veise embrüo tootmise 

tehnoloogiast, on loomade tiinestumine erinev. Leiti, et kunstliku seemenduse (artificial 

insemination, AI) puhul oli 40. päeval pärast seemendust 75% veistest tiined. Samas oli 

tiinestumine katseklaasi viljastamise (in vitro fertilization, IVF) puhul 50% ja somaatilise raku 

tuuma siirdamisel (somatic cell nucleus transfer, SCNT) ainult 30%. Eelnev viitab sellele, et 

embrüo varajases arengus on embrüote in vitro kasvutingimustel ja kloonitud embrüote 

reprogrammeerimise edukusel väga oluline roll. Võrreldes geeniekspressiooni profiile in vivo, in 

vitro ning SCNT embrüote vahel on näha, kuidas in vitro tingimuste muutmine mõjutab embrüo 

arengupotentsiaali. 

Käesoleva uuringu käigus eraldasime blastotsüsti arengujärgus veise embrüotest 

ribonukleiinhappe (RNA) ning uurisime insuliinilaadset kasvufaktorit 1  (IGF1), insuliini- 

laadset kasvufaktorit 2 (IGF2) ning insuliinilaadse kasvufaktori siduva proteiini 6 (IGFBP6) 

kodeerivate geenide ekspressiooni. Embrüod saadi kas IVF või SCNT teel ja analüüsiti kolmest 

kuni kolmeteistkümnest embrüost koosnevate rühmadena.  

RNA eraldati embrüotest kasutades Qiagen RNeasy Plus Micro kitti (Qiagen Sciences, 

Maryland, USA). Saadud RNA kvaliteeti analüüsiti kasutades Agilent 2100 Bioanalyzer’it ja 

RNA 6000 Pico kiipi (Agilent Technologies Inc., California, USA). 

Komplementaarne DNA (cDNA) sünteesiti kogu RNA-st kasutades Quantitect Reverse 

Transcription kitti (Qiagen Sciences, Maryland, USA). cDNA puhul kasutati geeniekspressiooni 

modelleerimiseks Taqman kvantitatiivse reaalaja polümeraasi ahelreaktsiooni (qRT-PCR) 

meetodil ABI Prism 7900 HT (Applied Biosystems, Foster City, CA, USA) abil.  
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RNA kvaliteedi analüüsi tulemused näitasid, et kõikide proovide RNA kvaliteet oli rahuldav. 

IGF1 ekspressiooni tuvastada ei õnnestunud. IGF2 puhul oli ekspressiooni tase piiripealne ning 

seda õnnestus tuvastada neljas proovis seitsmest. IGFBP6 puhul oli mRNA tase tuvastatav 

kõikide proovide puhul. Tegemist  oli embrüolabori  esimeste katsetega, kus blastotsüsti 

arengujärgus veise embrüotest eraldati RNA ning analüüsiti geeniekspressiooni profiile. 

Käesolev uurimistöö aitas kaasa vastava metoodika väljatöötamisele. 

Lisaks praktilisele töö osale tuleb märkida autori teoreetiliste teadmiste kasvamist kaasaegsete 

sigimisbioloogia tehnoloogiate osas. Peale selle oli autoril unikaalne võimalus harjutada oma 

käega erinevaid võtteid antud valdkonnas. Taoline teoreetiline ning praktiline kogemus on 

tulevikus kasulik.  

Märksõnad: Veis, embrüo, RNA, geeni ekspressioon 
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4. INTRODUCTION 

 

During recent decades, assisted reproductive technologies have improved significantly. Also the 

goals of reproductive technologies in domestic species have changed from better productivity 

and elimination of some diseases to better animal health and valuable experimental animal 

models for biomedical research (Hyttel et al., 2010). 

After fertilization, an oocyte and spermatozoon form a zygote, which later develops into an 

embryo. During this development, control of gene expression plays a key role. At a species-

specific time, zygotic transcription occurs that is an essential event in embryonic development. 

Failure in this stage has fatal consequences (Memili and First, 2000). 

Somatic cell nuclear transfer (SCNT) is a relatively new technique. Despite low efficiency, the 

results have improved remarkably over the last few years. Elimination of developmental 

problems has led to more healthy offspring of cloned animals (Hyttel et al., 2010). 

Regarding cloning, there are several aspects to notify. The European Food Safety Authority 

concluded in 2008 that using SCNT to produce bovine individuals does not raise food safety 

concerns. In 2008, the U.S. Food and Drug Administration (FDA) also stated that so far there is 

no clear evidence to suggest a food safety risk from consuming cloned animals. While food 

safety is not an issue at the moment, the European Group on Ethics (2008) has serious doubts 

about cloning for food supply. This is due to health and welfare problems reported in clones. The 

U.S. FDA concluded in 2008 that cloning increases the frequency of health risks, but the risks do 

not differ from those posed by any other assisted reproductive technology (ART) produced 

animal or naturally bred animal. 

In eukaryotes, gene expression is mainly regulated by the proteins that bind to deoxyribonucleic 

acid (DNA) or by histone modifying enzymes. Even genetically identical cells have an ability to 

perform a different gene expression, for example in developing a mammalian embryo, by 

distributing asymmetrically critical regulatory molecules, by secreting extracellular signalling 

proteins or by using extracellular gradient distribution of signalling molecule (Watson et al., 

2004). 

Differences have been found in individual gene expression profiles between in vitro fertilization 

(IVF) and SCNT embryos. Despite the great efforts made to study gene expressions, results of 

different studies are often controversial.  



13 
 

 

Purifying ribonucleic acid (RNA) from embryos may be complicated due to the limited amount 

of RNA. Also in case of gene expression analysis, the total amount of purified RNA has a 

significant impact on the reliability of research results. These are the main reasons why 

embryonic genome expression analysis is challenging. 

The whole area of gene expression research is a very modern approach. Equipment and 

technology develop extremely fast, permitting more data to be collected in less time. The 

successful human genome project accomplished in 2003 jump-started genome research. A few 

years later, in 2009, the bovine genome sequencing achieved its goal. Sequencing is a new tool, 

which offers new possibilities. Sequencing has made it possible to achieve several new goals in 

human medicine revealing genetic disorders leading to diseases. In animal sciences, expectations 

are related to more efficient breeding. The studies of gene expression are often controversial. 

The biological pathways behind gene expression remain unrevealed, but hopefully within the 

next few decades our knowledge will grow.    

In the first part of this graduation thesis a survey embryo development, IVF and SCNT methods, 

and general and specific patterns for gene expression is provided. Results of previous studies 

related to IVF and SCNT embryo gene expression are also presented. In the second part 

outcomes of the experiments are provided that describe the effects of using fresh or frozen 

embryos on the purification of RNA. 
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5. LITERATURE OVERVIEW 

 

5.1. Bovine embryo early development in vivo and maternal recognition of pregnancy 

Cleavage 

Mammalian oocytes are fertilized by spermatozoa during limited time interval after ovulation in 

the oviduct. Fertilized ovum must divide for gaining structural development. During mitosis cell 

volumes decrease while cell number increases. The first division takes up to 24 hours, followed 

by next divisions with 12-hour intervals, which is continued up to the third day of development 

(Figure 1). In the beginning division is synchronous, but later it becomes asynchronous. Pattern 

of cleavage differs depending on a species and it is mainly affected by the yolk content of the 

fertilized ovum. In mammals the holoblastic pattern of cleavage occurs. In the holoblastic pattern 

the entire ovum divides and the blastomeres are of equal or unequal size. Cleavage ends with 

formation of a blastula, which means a single layer cells lining around blastocoel (McGeady et 

al., 2006). 

Compaction 

During cleavage, the shapes of blastomeres change as they divide. Meantime, cell-to-cell contact 

increases facilitating the development of special junctional complexes. By this process each 

blastomere reaches its orientation and gains adjacent cells and free outer surface. Compaction 

occurs in bovine embryos at the 32-cell stage (McGeady et al., 2006). 

Blastulation and blastocyst elongation   

After the compaction of morula, the blastocyst cavity forms. During blastulation fluid is 

transported to blastocyst cavity and eventually inner cell mass (ICM) is formed at one pole of the 

embryo from inner blastomeres. Along with fluid accumulation to blastocyst cavity, the osmotic 

press rises which leads to the expansion of the blastocyst. Blastocyst expansion leads to crack in 

the embryo covering zona pellucida. After that, blastocyst hatches from the zona pellucida 

(Hyttel et al., 2010). 

After the formation of embryonic disc, the trophoectoderm changes its shape and the embryo 

becomes ovoid, then tubular and later on filamentous. This leads the embryo shape to 

longitudinal filling uterine horn. During elongation the mass of embryo does not increase at the 

same speed as the length. This leads to the conclusion that shape change cannot be explained 

only by mitosis, but more likely by restructuring of cells' shape and cytoskeletons (Hyttel et al., 
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2010). 

Maternal recognition of pregnancy 

After blastocyst hatching, trophoblastic cells start producing bovine interferon τ (bIFN-τ), which 

has a significant role in maternal recognition of pregnancy. The bovine interferon τ is a small 

protein and is present in the uterus during days 13-21. BIFN-τ inhibits oxytocin receptor 

synthesis by endometrial cells leading to failure to generate oxytocin‐dependent luteolytic pulses 

of prostaglandin F2α and therefore prevent luteolysis. BIFN-τ also enhances uterine gland 

protein synthesis. In cows, the critical period for pregnancy recognition is 15-16 days post 

ovulation and the implantation begins during 18-22 days post ovulation (Senger, 2005). 

 

Figure 1. Early embryo development stages (Young et al., 1998). 

 

5.2. Embryonic genome activation 

During oocyte maturation, some maternal messenger RNA (mRNA) is stored in oocyte within 

specific ribonucleoprotein particles. When oocyte is fertilized by a sperm, these mRNA particles 

are released and translated into proteins which support the first stages of mammalian embryonic 

development. This mechanism provides protein supply to early stage embryo without the need of 

immediate transcription of embryonic genome (Latchman, 2010). 

When an oocyte is fertilized and becomes a zygote, the embryo has its own embryonic genome. 

This genome is supressed for some time after fertilization. During this time, transcription factors 

and proteins from the oocyte function to maintain embryo development. When the embryo 

develops further, at a certain species-specific preimplantation stage the embryonic genome 

becomes active to initiate transcription.. At the same time maternal mRNA genetic activity in 

embryo is depleted. Figure 2 reflects the embryonic genome activation process (Hyttel et al., 

2010). 

 The latest embryonic genome studies suggest that embryonic genome activates gradually, in two 
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phases. The first, minor genome activation, takes place at the zygote stage and the second, major 

genome activation takes place when the embryo reaches the 8-cell stage (Hyttel et al., 2010). 

Minor embryonic genome activation 

After an oocyte is fertilized, minor embryonic genome activation takes place. At this phase cells 

divide and genome is transferred into daughter cells as it is represented in originating cells 

(Hyttel et al., 2010).  

Many reports describe a low-level transcriptional activity between the 1- and 4-cell stages and 

this may be called as minor genome activation (Memili and First, 2000). 

Ma et al. (2001) found that transcriptionally repressive state develops during the two-cell stage. 

During this repression, all classes of genes are subject to repression. This phase lasts from the 

two-cell stage to the four-cell stage. This suggests that the maternal-to-embryonic genome 

transition has multiple steps rather than a single global transcriptional switch.  

Kaňka et al. (2009) studied relative expression of NLR family, pyrin domain containing 5 

(MATER) gene and they reported that its expression is high to the four-cell stage and after that 

the expression level rapidly drops. In the same study, they also found that expression of gene 

centromere protein F (CENPF) was high in embryos at the two- to four-cell stages.   

Major embryonic genome activation 

High level of transcriptional activity appears to start at the 8-cell stage and this is considered as 

major genome activation (Memili and First, 2000; Hyttel et al., 2010). 

In a study of relative gene expression, Kaňka et al. (2009) found that expression of gene H2A 

histone family, member Z (H2AFZ) significantly increases in embryos at the eight-cell stage, 

compared to embryos at the two- to four-cell stages.  

According to Yang and Rajamahendran (2001), the expression of B-cell CLL/lymphoma 2 

(BCL2) and BCL2–associated X protein (BAX) reflects the development potential of oocytes and 

embryos. BCL2 is a member of gene family, which is identified and categorized as anti-

apoptotic, whereas BAX is a member of gene family, which is considered as pro-apoptotic. In 

their study, Yang and Rajamahendran found that BCL2 expression is high in morphologically 

high-quality embryos and oocytes and the high expression levels of BAX gene are often found in 

morphologically abnormal oocytes and embryos.  
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Vandaele et al. (2008) stated that expression levels of BCL2 and BAX cannot be used to 

determine whether an embryo is apoptotic or not. They used 20 in vitro bovine blastocysts. Ten 

blastocysts were treated with staurosporine to induce apoptosis and the other 10 were used as a 

control group.  

The latest studies indicate that the transcription factors octamer-binding transcription factor 4 

(OCT4) and caudal type homeobox 2 (CDX2) regulate the differentiation of ICM and 

trophoectoderm cells. In ICM cells, OCT4 is strongly expressed, whereas in outer cells of 

blastocyst embryo CDX2 is highly expressed (Latchman, 2010).  

Recent studies have shown that over-expression of four transcription factors reprogrammed a 

fibroblast to pluripotent embryonic stem cell-like state. These combinations of four transcription 

factors were OCT4, sex determining region Y-box 2 (SOX2), Kruppel-like factor 4 (KLF4), v-

myc myelocytomatosis viral oncogene homolog (CMYC) and OCT4, SOX2, Nanog homeobox 

(NANOG), lin-28 homolog A (LIN28). This information suggests that those transcriptional factor 

combinations are also strongly expressed in ICM cells during blastocyst stage (Latchman, 2010). 

 

Figure 2. Bovine embryonic cell cycles and gene expression levels (Barnes and Eyestone, 

1990; Memili and First, 2000). 
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5.3. General patterns for gene control 

Timed genome activation and protein synthesis are the prerequisites for normal embryonic 

development. In eukaryotic cells, transcription initiation is the most regulated step in gene 

expression. Usually this is done by proteins that bind near a gene on DNA and either activate or 

repress that gene. In multicellular eukaryotes the genes are controlled by multiple proteins, 

which can bind far from target gene sequence (Watson et al., 2004). 

In eukaryotic cells DNA is wrapped around histones, which form nucleosomes. Histone 

modifying enzymes add or remove small chemical groups and thus alter the histone. This 

outcome in changes of nucleosome packing and forming binding sites for other proteins involved 

in transcription of gene (Watson et al., 2004). 

RNA polymerase is one of the most conserved enzyme. It contains multiple subunits and there 

are more than 50 proteins that can bind polymerase. Activators do not recruit polymerase 

directly, but they work through the other protein complexes required to start transcription of 

specific genes. The activators can also recruit histone-modifying enzymes. Many activators work 

in sites far from target gene. This kind of activators requires looping of DNA between the 

binding sites and the promoters (Watson et al., 2004). 

Gene repressors work in many ways in eukaryotic cells. Most commonly they recruit histone 

modifiers resulting reduce of transcription. Often a group of genes is kept in inert state by 

appropriate nucleosome modification, such as deacetylation or methylation. This makes it 

possible to maintain the condition without the need for specific repressors. Methylated DNA is 

also considered one of the options for suppressing genes. The methylated sequences prevent 

binding of transcription elements and activators or those sequences specifically bind repressors 

that recruit histone-modifying enzymes (Watson et al., 2004). 

Special transcription factors bind to sequences called enhancers. The enhancers act over large 

distances from target genes and their influence is independent of orientation and position. When 

signal protein binds to enhancer they together influence the activity of proteins bond to promoter 

(Snustad and Simmons, 2010). 

RNA also plays a role in gene control. Specific to eukaryotic cells, majority of RNA require 

splicing. Alternative patterns of splicing lead to different results in products. The splicing 

process can be regulated. In case of homologous genes, small RNA molecules can inhibit the 

expression. These small RNAs can do it by destruction of mRNA, RNA directed modification of 
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nucleosomes or by inhibiting translation (Watson et al., 2004). 

Increase in the amount of template DNA may also increase RNA synthesis. This can be achieved 

either in chromosomes or extra chromosomal DNA molecules. This is called gene amplification 

or duplication (Snustad and Simmons, 2010). 

Proteins can act in control of transcription. Proteins that stimulate transcription have at least two 

domains, a DNA binding domain and transcriptional activation domain. After a transcription 

factor binds to enhancer, it may still contact other enhancers or promoters or proteins. Through 

these interactions, the transcriptional factor may induce conformational changes in assembled 

protein (Snustad and Simmons, 2010). 

Influence of chromosomes on transcription of genes 

Condensation of genes in chromosomes affects transcription. Highly condensed genes are less 

transcribed and less condensed genes are transcribed more. This is due to packaging proteins and 

histones which bound and wrap DNA so that it is not accessible for RNA polymerase (Snustad 

and Simmons, 2010). 

Transcribed DNA is packed in nucleosomes, which are altered by multiprotein complexes. These 

complexes facilitate changes in location of nucleosome or interaction with DNA. Three types of 

changes are known. Histone can slide along the DNA, it can transfer the DNA molecule to 

another histone or it can increase access to DNA by remodelling nucleosome. This alteration is 

called chromatin remodelling (Watson et al., 2005; Snustad and Simmons, 2010). 

Chromatin varies in density inside the nucleus of the cell. The inner material is called 

heterochromatin and superficial part euchromatin. The location of gene affects transcription. A 

gene located in euchromatin works abnormally when it is artificially carried to heterochromatin 

environment. This is called position-effect variegation (Snustad and Simmons, 2010). 

DNA methylation and imprinting 

Methylation of DNA is thought to be way to silence genes. For example, this is shown on 

inactive chromosome X in females, where that specific chromosome is strongly methylated. 

Methylation occurs at the 5th position of cytosine in nucleosome cytosine, to which a methyl 

group is added. Methylation is also seen in imprinted genes. When expression of a gene is 

dependent on its parental origin, it is called imprinted gene. The imprinted genes are for example 

H19 imprinted maternally expressed transcript (non-protein coding) (H19), X (inactive)-specific 
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transcript (XIST), insulin-like growth factor 2 receptor (IGF2R), small nuclear ribonucleoprotein 

polypeptide N (SNRPN), paternally expressed 3 (PEG3) and IGF2 (Morison et al., 2001; 

Snustad and Simmons, 2010). 

Post-transcriptional regulation of gene expression 

Small noncoding RNAs interfere with mRNA to affect gene expression, which is called RNA 

interference. The most regulated part is transcription to RNA, but RNA interference is 

considered to have a major role at the post-transcriptional stage. 

Small interference RNAs (siRNA) and microRNAs (miRNA) are produced from larger double-

stranded RNA. This is done by endonucleases, also called as “dicer” enzymes. The siRNA and 

miRNA interact with ribonucleic particles. Then the siRNA or miRNA is unwound, and 

incorporated into this ribonucleic-RNA complex. This multiprotein complex is called RNA-

induced silencing complex (RISC). This RISC can interfere with messenger RNA in two ways. 

If base pairing between RISC and mRNA is perfect, RISC cleaves the mRNA and cleaved RNA 

is degraded. If base-pairing is incomplete, translation of mRNA is arrested (Snustad and 

Simmons, 2010). 

Dosage compensation 

Dosage compensation is an important feature by which the activity of genes located on the same 

chromosome is equalized. In female mammals carrying two X chromosomes, for example, this is 

achieved by inactivating one of two X-chromosomes. This is done by coating inactive X-

chromosome with a RNA which is coded by active X-chromosome. Inactivation is one of three 

mechanisms of dosage compensation. Others are hyper-activation and hypo-activation. In hyper-

activation, one chromosome is hyper-expressed to achieve balance compared to two 

chromosomes where same gene is normally expressed. In hypo-activation two chromosomes are 

down regulated compared with one normally expressed chromosome (Snustad and Simmons, 

2010). 

 

5.4. Gene regulation during development of cells 

In genetically identical cells, there are mainly three strategies to differently express the same set 

of genes (Watson et al., 2004). 

If a critical regulatory molecule is distributed asymmetrically during cell division, daughter cells 
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gain different amounts of that precise regulatory molecule. This leads to follow them different 

pathways during development. Usually mRNA is such a molecule which can be asymmetrically 

distributed encoding. Asymmetrically distributed mRNA encodes RNA-binding proteins or cell 

signalling molecules. Asymmetric distribution of mRNA can be achieved with the help of certain 

parts of cytoskeleton, actin filaments or microtubules. Those two structures have natural polarity. 

When an adapter protein connects to RNA, it can connect the RNA, for example, to the polarized 

actin filament. These adapter proteins bind usually to non-coding parts of mRNA. With these 

adapter proteins, mRNA can be from one cell end to another (Watson et al., 2004). 

Extracellular signalling proteins offer the possibility to influence neighbour cells' gene 

expression. These proteins are synthesized and afterwards either deposited in the membrane of 

the cell or secreted to the extracellular matrix. If protein remains on the membrane of secreted 

cell, a cell-to-cell contact is needed for influence. In another case, cell can influence from 

distances through an extracellular matrix. The signalling protein binds to a receptor in the 

membrane of a target cell. Binding with receptor triggers changes in gene expression in the 

target cell. This ligand-receptor interaction can modify gene control in three ways. The first 

option is to influence an enzymatic cascade which leads to the modification of regulatory 

proteins. The second option is to cause release of DNA-binding proteins to the nucleus from cell 

surface or cytoplasm. These proteins eventually either supress or activate gene expression. The 

third option is to cause splitting of receptor. After the splitting, the intracytoplasmic domain is 

released and enters the nucleus where it associates with DNA-binding proteins. Through this 

association, it influences the transcriptional regulation of proteins and the way how they 

influence associated genes (Watson et al., 2004). 

The last possibility to affect neighbouring cells is the extracellular gradient distribution of a 

signalling molecule. In this case, a small group of cells synthesize and secrete signalling 

molecule and the target cells near this group receive higher concentration of signalling molecule 

compared with the cells that are at longer distance from this group. This difference in 

extracellular gradient leads to different pathways of development (Watson et al., 2004). 

 

5.5. Production of IVP and SCNT embryos in vitro  

In vitro production (IVP) of embryos 

The first successful fertilization of artificially matured bovine oocyte was achieved by Iritani and 
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Niwa (1977). Brackett et al. (1982) succeeded in giving birth to a fully normal IVF calf. This 

was achieved by transferring a 4-cell stage IVF embryo to recipient.  

In vitro embryo production starts from oocyte collection. This can be done in two ways. The first 

and widely spread method is collection of ovaries from slaughterhouses followed by aspiration 

of oocytes from the follicles of diameter 2-7 mm by a needle and a vacuum pump in the 

laboratory. Another possibility is to collect ova from the ovaries of live animals with 

transvaginal aspiration device under ultrasound guidance, which can be very useful in case of 

genetically valuable animals. After ovary collection, in the laboratory, oocytes with diameter of 

2-3 mm are aspirated from the ovaries by a needle and a vacuum pump. After collection, oocytes 

are isolated from the follicular fluid and washed with a buffer solution. Oocytes with 

morphological defects are discarded to achieve the most homogenous population of oocytes. 

Oocytes are matured in vitro in a medium supplemented with follicle stimulating hormone (FSH) 

and luteinizing hormone (LH) (Hyttel et al., 2010). 

In the next phase, the oocytes are co-cultured with fresh or frozen-thawed spermatozoa. 

Different techniques are used to prepare spermatozoa for the fertilization, but most commonly 

semen is washed by centrifugation to remove seminal plasma and cryoprotectants followed by 

"swim-up" separation where more motile sperms swim to superficial layers of the fluid column. 

The length of co-culture of ovum and sperm varies from 5 to 30 hours (Hyttel et al., 2010).   

In the final phase, the embryos are cultured for about 7 days in a complex medium at 5 % CO2, 

5% O2 and 39 °C. During that time, embryos reach the blastocyst stage, the stage they would 

reach in uterine environment in case of development in vivo. The conditions of in vitro 

production (IVP) have undergone significant improvement during the past decade. The embryo 

viability and developmental competence have certainly increased, however, it is still impossible 

to mimic a dynamic environment which surrounds an embryo in vivo (Hyttel et al., 2010). 

Somatic cell nuclear transfer 

Somatic cell nuclear transfer is currently the most successful method for the cloning of large 

animals. First, the oocytes from oocyte donor are collected and matured in vitro. When oocytes 

are mature, the first polar body and the metaphase II plate are removed from the mature oocytes, 

usually by micromanipulation. Somatic cells are collected from an animal -- somatic cell donor, 

which is to be cloned. Often skin-derived fibroblasts are used as somatic cells for the cloning. 

Now the enucleated oocyte and the somatic cell are combined. Usually, electrofusion is applied 

to produce reconstructed embryos. Reconstructed embryos are now activated to initiate cell 
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division and embryonic development. The embryos are cultured about a week until they reach 

blastocyst stage (Hyttel et al., 2010). 

Besides cells from skin, also somatic cells isolated from milk can be effectively cultured and 

used as a nucleus donor to produce SCNT embryos (Krishnakanth et al., 2012).A study carried 

out using porcine bone marrow mesenchymal stem cells showed that this cell type is also 

compatible as nucleus donor for SCNT (Bosch et al., 2006). According to the study performed in 

rabbits, cumulus cells can be used as a nuclei donor. SCNT using cumulus cell derived nucleus 

was more successful than SCNT made with fibroblast derived nucleus (Tian et al., 2011). 

 

5.6. Nuclear reprogramming of SCNT embryos 

During cloning by SCNT, the donor nucleus must be genetically reset to make the reconstructed 

embryo to follow normal zygote development profile. Reprogramming of a cloned bovine 

embryo is a time-limited process. This has to be done by the time where normal embryonic 

genome activation would have taken place (Solter, 2000). Nuclear reprogramming involves two 

steps. First, dedifferentiation of somatic cell to achieve totipotent embryonic state and second, 

redifferentiation during later development of embryo.  

It is thought that changes in gene expression in cloned embryos are mostly seen in 

trophectodermal lineage, whereas ICM follows normal expression profiles. The abnormalities in 

cloned embryo gene expression profiles are often due to incomplete X chromosome inactivation 

or fault reprogramming of imprinted genes (Yang et al., 2007). 

Dean et al. (2001) studied the methylation reprogramming in cloned bovine embryos. They 

concluded that most preimplantation bovine cloned embryos show abnormal gene expression 

profile compared to in vitro fertilized bovine blastocyst embryos. 

Rodriquez-Osorio et al. (2009) compared IVF bovine blastocysts with cloned embryos made by 

chromatin transfer. They found that in cloned embryos, genes participating in embryo 

metabolism were up-regulated. 

The only way to improve cloning efficiency rates is to reveal and study mechanisms related to 

reprogramming of differentiated cells, cellular aging and abnormalities of cloned animals 

(Kishigami et al., 2008). 
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5.7. Different methods for analysing gene expression 

For gene expression analysis we can investigate the structure of genes, their transcripts or final 

products -- proteins.  

Southern, northern and western blot 

A method called southern blot analysis is used to analyse DNA. First, DNA molecules are 

separated with agarose or acrylamide gel electrophoresis. Next, DNA is denatured with alkaline 

solution and transferred to membranes. Now DNA is immobilized by drying or ultraviolet (UV) 

radiation. Next, the sample DNA is then hybridized with a radioactive DNA probe which 

contains the sequence of interest. The membrane is then washed off from non-hybridized probe 

and afterwards the membrane is exposed to X-ray film. In X-ray DNA sequences hybridized 

with probe are shown as dark bands (Snustad and Simmons, 2010). 

The northern blot method is used for analysing RNA. It is very similar to the southern blot 

method with few exceptions. Because RNA contains secondary structure, it must be kept 

denatured during electrophoresis. This is usually done by formaldehyde (Snustad and Simmons, 

2010).  

The western blot is used to analyse proteins. Its principle is the same as in the southern blot. In 

gel electrophoresis polyacrylamide gel is used. Coomassie blue or silver stain is used to mark 

proteins after electrophoresis. By using specific antibodies, individual proteins can be detected. 

After the first antibody is bound to protein, unbound antibodies are washed from membrane and 

secondary antibody linked with radioactive isotope is used to reveal protein under study (Snustad 

and Simmons, 2010). 

RNAseq 

Population of RNA is converted to cDNA library. The library is sliced to certain length of base 

pairs. The library is amplified by polymerase chain reaction (PCR) with specific primers. 

Adaptors are attached to one or both ends of strands. Next, the library is sequenced to obtain 

short sequences for one end (single-end sequencing) or both ends (pair-end sequencing). 

Depending on the DNA-sequencing technology, the reads are 30-400 base pairs (Wang et al., 

2009; Snustad and Simmons, 2012). 

Reverse transcriptase PCR 

This method is based on PCR. During process, RNA of interest is converted to cDNA and the 
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cDNA is amplified. RNA with gene-specific primers, reverse primers, Taq DNA polymerase and 

nucleotides is put on to PCR cycler. After finishing process, products are analysed with gel 

electrophoresis. Several modifications of RT-PCR method exist (Snustad and Simmons, 2010). 

Quantitative real-time polymerase chain reaction 

RNA of interest is processed to cDNA. This cDNA strand is used as base of qRT-PCR process. 

CDNA is amplified with PCR and the cycle number when gene is recognized is marked. Gene-

specific primers are also present in this reaction and often these primers are fluorescent and 

therefore recognizable. 

The machinery measures the fluorescence of samples. It does PCR cycles and records the 

number of cycles needed for recognizing target gene. For absolute quantification of target RNA, 

standard curve of target RNA is required to calculate the amount of original RNA. 

More common method is relative quantification. In this method we use endogenous control gene 

of which expression we measure in the same way as target gene. The difference in cycle 

numbers for expression of control gene and target gene is used for calculations. For more precise 

result, multiple control genes can be used (VanGuilder et al., 2008; Snustad and Simmons, 

2012). 

 

5.8. Results from previous studies in embryonic genome expression  

 

The role of insulin-like growth factor peptide family on embryonic development 

IGF system consists of ligands, cell surface receptors and circulating binding proteins. Binding 

proteins include six different peptides: IGFBP1-IGFBP6. Two types of ligands and receptors 

exist: IGF1 and IGF2. Whole IGF system plays a major role in control of metabolic and growth 

related processes. The function for IGFBP:s is to inhibit IGF1 and IGF2 and prolong their half-

life. It is thought that high serum concentrations of IGF1 and IGF2 are related to increased risk 

of different type of cancers. IGF1R has an important role in regulation of IGF system (Pavelić et 

al., 2007). 

In mouse embryos exposure to high levels of IGF1 leads to extensive apoptosis. This is done via 

down-regulation of the IGF1 receptor (Chi et al., 2000). Moore et al. (2007) discovered that 
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expression levels of IGF1 were significantly lower in in vivo embryos when compared with IVP 

or nuclear transfer (NT) bovine conceptuses. In a study performed by Block et al. (2003) 

interesting results revealed. Use of the IGF1 during embryo culture increased pregnancy rates for 

IVP bovine embryos. The recipients were heat stressed and treated with gonadotropin-releasing 

hormone.  

Differences in gene expression profiles related to embryo production method 

Several studies have shown major differences in gene expression in early embryos related to the 

method of embryo production. Beyhan et al. (2007) performed a study, where they compared 

gene expression levels between NT and IVF embryos in compact morula, blastocyst and hatched 

blastocyst stages. They found that for the gene DNA (cytosine-5-)-methyltransferase 3 alpha 

(DNMT3A) level of expression was higher in IVF embryos than in NT embryos at all three 

stages. In the same study they found that expression levels of gene histone deacetylase 3 

(HDAC3) were significantly higher in NT embryos than in IVF embryos. They also took a look 

at levels of OCT4 expression and they found that levels were higher in IVF embryos compared 

to NT embryos.  

In other study made by Rodríguez-Alvarez et al. (2010) gene expression levels were compared 

between cloned and IVF embryos in preimplantation and peri-implantation stage. They found 

that quantitative expression levels for genes eomesodermin (EOMES), NANOG and fibroblast 

growth factor 4 (FGF4) in elongated embryos were higher in the IVF embryos. The differences 

were statistically significant. In the same study, expression of OCT4 gene was similar in peri-

implantation embryos despite their origin. Expression levels of NANOG, EOMES and IFN-τ 

were higher and level of FGF4 was lower in elongated embryos, when compared to the 

blastocysts. Expression of OCT4 was dramatically lower in the cloned elongated embryos, 

compared to the cloned blastocysts, but inside the IVF group levels were similar at these two 

stages. 

Mundim et al. (2009) conducted a study comparing gene expression levels between IVF 

embryos, natural ovulation embryos and superovulation (hormonal stimulation) embryos. 

Expression levels of gene growth factor receptor-bound protein 10 (GRB10) were high in IVF 

embryos and low in natural ovulation embryos.  
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The RNA analysis gives us information about protein synthesis. By analysing RNA, we can 

improve our understanding of protein synthesis and gene expression data. Also, when we want to 

improve in vitro conditions for IVF, RNA analysis gives precise information about how some 

substances in in vitro environment effect embryo development. In the following parts of this 

graduation thesis we describe our own experiments. 
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6. AIMS OF THE STUDY 

 

The aim of this graduation thesis was to gain theoretical knowledge of modern genomic 

research, current assisted reproductive technologies and their applications.  

The aim of the experimental part of the graduation thesis was to adopt an RNA isolation method 

for the bovine embryos and measure gene expression levels in IVP and SCNT embryos.  

The specific experimental research problems were: 

1. Are we capable of purifying RNA from bovine blastocyst stage embryos and measuring 

the mRNA levels of the genes of interest? 

2. Is there any difference between fresh or cryopreserved embryos in quality and quantity of 

RNA and the gene expression profile? 

3. Is there any difference between IVF-and SCNT-produced bovine blastocyst embryos in 

gene expression profiles? 
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7. MATERIALS AND METHODS 

 

The overall experimental procedure consisted of four steps First – isolation and purifying total 

RNA from the embryos, second – analysing RNA with Bioanalyzer, third – complementary 

DNA synthesis from RNA, and fourth – quantitative real time polymerase chain reaction (qRT-

PCR). 

7.1.Handling of embryos 

Bovine IVF embryos were produced at the Department of Reproductive Biology of the Estonian 

University of Life Sciences by Pille Pärn, MSc; Monika Nõmm, MSc; and Marilin Ivask, MSc. 

Bovine somatic cell nucleus transfer embryos (SCNT embryos) were produced at the same 

department by Mario Plaas, MSc. 

All embryos were fresh, except those in sample 2 which were frozen and stored at -80 °C for 7 

days. These embryos were thawed on ice before purifying RNA. The production method of 

embryos, number of embryos and type of embryos for all samples is described in Table 1. 

Table 1. Specification of samples: Number, type and production method of embryos. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample No Production method Type Number of embryos 

1 In vitro fertilization Fresh 13 

2 In vitro fertilization Frozen 10 

3 

In vitro fertilization Fresh 10 

4 
In vitro fertilization Fresh 4 

5 Somatic cell nucleus transfer Fresh 7 

6 Somatic cell nucleus transfer Fresh 3 

7 Somatic cell nucleus transfer Fresh 3 
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7.2. RNA purifying 

RNA purifying was carried out in cooperation with Pille Pärn, MSc and Ene Reimann, MSc. 

RNA was purified from embryos by using Qiagen RNeasy Plus Micro kit (Qiagen Sciences, 

Maryland, USA). Shortly, embryos were lysed with 350 µl of lyse buffer and the lysate was 

homogenized by vortexing for one minute. After that the genomic DNA (gDNA) was eliminated 

by centrifugation through gDNA spin column and 350 µl of 70% ethanol was added to the flow 

through. Then sample was transferred to the RNeasy MinElute spin column and centrifuged. 

After that, the RNA was washed with two different commercial wash buffers. Last wash was 

made by 80 % ethanol. Finally, RNA was eluted from RNeasy MinElute spin column with 

RNase-free water. The total amount of elute was 12 µl. 

7.3. RNA analysis 

RNA analysis was performed in cooperation with Ene Reimann, MSc. 

The Agilent 2100 Bioanalyzer and RNA 6000 Pico kit (Agilent Technologies Inc. California, 

USA) were used to analyse purified RNA.  

First, a gel-dye mix was prepared. Next, the gel-dye mix, samples, ladder, marker and some 

specific solutions were pipeted to chip wells according to the manufacturer’s manual. Finally, 

the chip was vortexed in IKA vortexer (IKA Werke GmbH & Co. KG, Staufen, Germany). After 

vortexing, the chip was ready to be loaded to the Agilent Bioanalyzer (Agilent Technologies Inc. 

California, USA). 

The electrodes of the Agilent Bioanalyzer 2100 (Agilent Technologies Inc. California, USA) 

were cleaned with a special chip filled with RNase-free water before loading sample chip.  

7.4.Complementary DNA synthesis 

After RNA was purified from the embryos, cDNA was synthesized from entire material by using 

Quantitect Reverse Transcription kit (Qiagen Sciences, Maryland, USA). Shortly, gDNA was 

eliminated by adding to 11 µl of sample 1 µl RNase-free water and 1 µl gDNA wipe-out buffer. 

After mixing, samples were incubated at 42 °C for 2 minutes. After incubation, 1 µl of Reverse-

transcription master mix, 1 µl of RT Primer mix and 4 µl Quantiscript RT buffer were added to 

each sample. Then samples were incubated for 30 minutes at 42 °C and after that for 3 minutes 

at 95 °C. After the process, the yield of cDNA was 20 µl. 
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7.5. Quantitative real-time polymerase chain reaction  

For quantification of gene expression levels, real-time TaqMan polymerase chain reaction was 

used.   

cDNA was used as a template for TaqMan® qRT-PCR analysis in the ABI Prism 7900HT 

Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Two primers and 

labelled probe were used to detect the mRNA expression level of the reference gene 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The primer sequences were 5’-

GGCGTGAACCACGAGAAGTATAA-3’ and 5’-CCCTCCACGATGCCAAAGT-3’. The 

probe sequence was 5’-ATACCCTCAAGATTG TCAGCAATGCCTCCT-3’ (Leutenegger et 

al., 2000). 

Expression levels of the other genes under investigation were detected using the following 

commercial assays: IGF1 (Bt03252281_m1), IGF2, (Bt03259225_m1) IGFBP6 

(Bt03233605_m1). The expression levels of all studied genes were calculated relative to 

reference gene GAPDH. 

The PCR plate was forwarded for further processing to Ene Reimann, MSc. 
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8. RESULTS 

 

8.1. RNA analysis results 

The quality of RNA was assessed as the RNA integrity number with the maximum value of 10. 

According to the results shown in Table 2, RIN values vary from 7.2 to 10. There is no single 

universal border for acceptable RIN number in the case of RNA analysis. As Schroeder et al. 

(2006) discuss, the RIN number is a good tool to evaluate RNA degradation level. Every 

research group decides the acceptable RIN number for their analysis. In this study, the lowest 

RIN value was 7.2. and we decided that it will be acceptable. For example, according to SOLiD® 

Total RNA Seq kit protocol (Applied Biosystems, Foster City, CA, USA, 2011), the RIN 

number must be at least 7. According to Fleige and Pfaffl (2006) the RIN numbers from 8 to 10 

suggest that the RNA is intact. 

Minimum amount of RNA needed for the cDNA synthesis is 10 pg. Thus, looking at the Table 2,  

the total amount of RNA in all analysed samples was sufficient., The results of RNA analysis in 

Bioanalyzer are presented in Figure 3. We purified total RNA from embryos. Most of the RNA 

in eukaryote cells consists of ribosomal RNA. The ribosomal RNA peaks 18S and 28S are seen 

on samples. The low noise above baseline reflects the mRNA under study. Because of 

heterogenic size of mRNA, there is no single peak for it. Marker is needed for chip calibration, 

and peak for it is the peak around 25 nt. These findings besides RIN number indicate that RNA 

purifying was completed correctly. In samples D and E small peaks after 28S peak occur. This 

might be due to remaining genomic DNA. In sample F we see a small peak in the 200 nt region. 

This is due to small RNA. 

We also wanted to find out whether the number of embryos correlates with the total amount of 

RNA. The, data of all samples for those variables was inserted to excel. In Figure 4, each dot is 

one sample. A linear trendline reflects the mathematical average of these dots (samples). From 

this trendline we can observe that the slope is positive. This indicates that there is a positive 

correlation between the number of embryos and the total amount of purified RNA.  
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Table 2. RNA integrity number, RNA concentration and total amount of RNA for all 

samples 

Sample 

No 

RNA integrity 

number 

RNA concentration 

[ng /µl] 

Total amount of RNA in 11 µl 

of sample [ng]  

1 9.3 2,116 23,276 

2 8.6 0,513 5,643 

3 10 1,071 11,781 

4 9.6 0,347 3,817 

5 10 0,546 6,006 

6 9.2 0,142 1,562 

7 7.2 0,082 0,902 
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Figure 3. RNA analysis results from Agilent Bioanalyzer (Agilent Technologies Inc. 

California, USA). Sample 1-A, 2-B, 3-C, 4-D, 5-E, 6-F, 7-G. First peak in all samples 

around 25 nt is marker RNA peak. The peaks around 2000 and 4000 are ribosomal RNA 

peaks (18S, 28S). Region before 200 nt is the region for small RNA. The low noise above 

baseline reflects mRNA. In samples D and E small peak after 28S peak is observed.  
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Figure 4. Relation between total amount of RNA and number of embryos in sample. Each 

dot reflects one sample. Linear trendline represents mathematical average of data. We can 

observe that slope of linear trendline is positive. Thus, there is a positive correlation 

between number of embryos and total amount of RNA. R² value reflects the reliability of 

linear trendline. 

8.2. qRT-PCR results 

After performing the TaqMan® qRT-PCR analysis, raw data was analysed according to Livak 

and Schmittgen (2001). The method is based on the difference in PCR cycles for detection 

between target gene and reference gene. The analysed results are presented in Table 3. The 

mRNA expression level of IGF1 was under the detection limit in all samples. The expression 

level of IGF2 was at the detection limit, we were able to get the signal in case of three samples 

out of seven. The mRNA of IGFBP6 was detected in all samples. The expression level of IGF2 

in sample 5 was at threshold level. We could measure expression in one of four qRT-PCR 

replicates. 

The ∆CT values were converted into a linear form by the 2– ∆CT calculation (Figure 4). 

Summarized sample data and results are presented in Table 4.  
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In Figure 5, we can see the same results as shown in Table 3, but in Figure 5 they are converted 

into diagram. In the IGF2 diagram, only in samples 1-3 it was possible to measure gene 

expression. The diagram of IGFBP6 shows that expression levels were measurable in all 

samples. 

Table 3. After analysing data from qRT-PCR, the ∆CT was calculated for each sample in 

relation to expression of GAPDH.  

 ∆CT 
IGF1 IGF2 IGFBP6 

Sample No    
1 Undetermined 9.99±1.37 4.39±0.23 
2 Undetermined 8.21±0.57 7.40±0.35 
3 Undetermined 10.48±0.20 6.84±0.43 
4 Undetermined Undetermined 4.44±0.36 
5 Undetermined Undetermined 4.92±0.32 
6 Undetermined Undetermined 2.80±0.22 
7 Undetermined Undetermined 7.23±0.30 

 

In Table 4 all sample data and results are summarized. Regarding samples 2 and 3, it can be seen 

that they consist of a similar number of embryos produced in the similar way, while sample 2 

embryos were frozen. Regarding the total amount of RNA in samples, it can be observed that 

sample 2 contained only about 48 % of RNA compared with sample 3. Samples 6 and 7 were 

also similar, but sample 7 contained significantly less RNA than sample 6.  
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Table 4. Summarized sample data and results. 
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Figure 5. Differences in relative gene expression levels for all samples in genes IGF2 and 

IGFBP6 after converting ∆CT to the linear form.  
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9. DISCUSSION AND CONCLUSIONS 

The continuously expanding field of assisted reproductive technologies offers us better tools for 

improving animal genetics with less risk. Artificial insemination and MOET has been used over 

the decades. IVF and SCNT are relatively new methods, often yielding lower success rates but 

offering several advantages complementary to AI and MOET. 

Gene expression analysis is a growing sector of bovine embryonic studies. The long-term 

importance relies on improved embryo quality and survival rates after the embryo transfer. 

Nevertheless, RNA purifying is an important step in gene expression analysis. The IGF family is 

closely related with the insulin signaling system and it plays a major role in the control of 

metabolic and growth related processes. The IGF family controls proliferation and differentiation 

during embryonal development. Recent studies show that the IGF family is in close relationship 

with cancer growth and metabolism (Samani et al., 2007). It is essential to study the IGF family 

expression differences to gain understanding of this complex biological pathway. 

A small amount of cells reduce the RNA yield which can be a problem, however, there are 

already the first technologies available for a very low RNA input, even for studying the 

transcriptomics of one cell. For example, NuGEN (NuGEN Technologies Inc., USA) Ovation® 

Pico and PicoSL WTA Systems V2 kit is designed to work with total RNA amounts between 

500 pg to 50 ng. 

Usually, embryos are pooled in experiments before purification of RNA. Good results have been 

obtained for 50 embryo pools by using the RNeasy Protect Mini Kit (Qiagen Sciences, 

Maryland, USA) (Ripamonte et al., 2011). In that experiment, embryos were only at the four- to 

eight-cell stages, that explain why embryos were pooled in big groups. In another study 

(Rodriguqz-Alvarez et al., 2010) blastocyst-stadium embryos were pooled in groups of ten and 

RNA was successfully purified with Nucleospin RNA XS Kit (Macherey-Nagel Gmbh & Co. 

KG, Düren, Germany).  

RNA was successfully purified also from single embryos. Rodriguez-Alvarez et al. (2010) 

purified RNA from fresh single bovine embryo, while the embryo was 17 days old. They used 

the mirVana miRNA isolation kit (Ambion Inc, Austin, TX, USA) for purification of RNA. 

Vandaele et al. (2008) purified RNA from a single blastocyst stage bovine embryo by using the 

PicoPure RNA Isolation Kit (Arcturus, Mountain View, CA). The study that was carried out 
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with frozen embryos showed that despite cryopreservation the gene expression analysis is 

applicable. Mundim et al. (2009) pooled 15 embryos, which consisted of 6 morulae and 9 

blastocysts. RNA was purified successfully using reagents from different manufacturers.  

In our study, pools of different sizes (3-13 embryos) were used. In smaller pools the RIN number 

was as high as that in larger pools, whereas the total amount of RNA followed the number of 

embryos. RNA purifying was performed in our experiment with the Qiagen RNeasy Plus Micro 

Kit (Qiagen Sciences, Maryland, USA). The kit is designed for 500 cells and more. In the 

smallest pools we had only three blastocysts, i.e. according to Stinshoff et al. (2011) 

approximately 360 cells. From this perspective, our results were good. In those two samples 

which contained only 3 embryos, we had 90,2 and 156,2 pg of RNA. Both amounts were eligible 

for cDNA synthesis.   

According to recent studies (Stinshoff et al., 2011) cryopreservation appears to affect embryo 

quality. Vitrification seems to alter gene expression less than conventional cryopreservation. In 

our experiment, we had cryopreserved embryos in sample No 4. The total amount of purified 

RNA was notably lower than in sample No 3 which had the same number of embryos produced 

using the same method except that embryos of sample 3 were not cryopreserved before RNA 

purifying. This result also indicates that cryopreservation decreases the quality and amount of 

RNA.  

Gene expression levels are often studied at different embryo development stages (Goossens et 

al., 2007). Mundim et al. (2009) studied the biochemical pathway by analyzing expression levels 

of three genes which were IGF2, IGF2R and GRB-10. They compared IVF embryos and in vivo 

embryos which were obtained either after natural oestrus or after hormonal superovulation. They 

found that expression profiles were similar between IVF and superovulated in vivo embryos. 

When they compared IVF and in vivo natural oestrus embryos, there was a negative correlation 

between expression profiles. Similar negative correlation appeared between two groups of in 

vivo embryos. These results indicate that expression profiles differ significantly between IVF 

and in vivo produced embryos in case of IGF family genes. 

qRT-PCR results can be provided in two ways, absolute and relative quantification. For absolute 

quantification, we would need standard curve. Often gene expression levels are presented as 

relative levels. Relative quantification is based on reference gene. We used in our experiment 

GAPDH gene as a reference gene (Livak and Schmittgen, 2001). 
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In our experiment, we used GAPDH as a reference gene and measured threshold cycle count to 

identify expression. We observed that IGF1 was too low to detect in all samples. Similar 

observation was made by Wang et al. (2009) who did not find any IGF1 expression in bovine 

embryos. They measured expression at the 2-cell, 8-cell, morula and blastocyst stage. Moore et 

al. (2007) found no expression of IGF1 in bovine blastocysts, whereas Lonergan et al. (2000) 

recorded expression of IGF1 in bovine blastocysts and in the 2-cell stage embryos. Yoshida et 

al. (1998) also found expression of IGF1 from the 2-cell stage bovine embryos and bovine 

blastocysts.  

Niemann and Wrenzycki (2000) suggest that in vitro conditions have an effect on the expression 

of developmentally important genes. This might explain different results regarding IGF1 

transcript expression on bovine embryos. Also different amounts of RNA yields and difference 

in used kits might have an impact on the expression of IGF1. 

Due to the limited number of embryos, we could only study the differences in cycle counts 

between gene of interest and reference gene. These numbers were converted into a linear form. 

In case the number of embryos would appear not be a determinative factor, a more thorough 

study should be required. For example, we should study these three genes in larger groups to 

compare the IVP and SCNT embryos. Group sizes should be similar and a decision about 

vitrification should also be made. 

In this paper we have presented only the results of our successful experiments. It is important to 

notice that we started RNA purification experiments in autumn 2010. We experimented with 

different kits from different manufacturers and used different types of cells and cell amounts 

(unpublished data). This took a lot of time and effort without any visible results. Before we had 

initiated our experiments, our laboratory had never purified RNA from bovine embryos. 

Similarly, gene expression analysis on bovine embryos had not been performed earlier. Having 

successfully introduced appropriate RNA purifying and gene expression methods, it would be 

easier to proceed with further bovine embryo RNA analyses in our laboratory. 

One of the aims of this study was to gain knowledge of modern methods of assisted reproductive 

technologies. Several academic publications related to this work, have provided theoretical 

knowledge about the different methods used in genomic research, assisted reproductive 

technologies and gene expression analysis. It also provided practical skills related to methods 

and techniques used in reproductive biology research. During the experiments, the author had a 

possibility to practice IVF from aspiration of ova up to in vitro maturation of embryo. The author 
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has also participated in next generation sequencing. The basic genomic research methods like 

PCR and RNA/DNA extraction have become familiar as well. The gained practical experience is 

also valuable as the curriculum of veterinary medicine does not include this kind of practical 

involvement.  

The quality and quantity of RNA were lower in cryopreserved embryos compared to fresh 

embryos, however, the number of replicates was too small to draw any conclusions. In this 

limited study we could not detect any differences in gene expression profiles between bovine 

blastocysts produced by IVF and SCNT. The number of replicates was also too small to detect 

any statistically important differences between these two gene expression profiles. 

Based on our experiments it can be concluded that it is possible to purify RNA from fresh and 

frozen bovine embryos. Positive correlation was observed between the number of embryos and 

the total amount of purified RNA. We managed to measure mRNA levels from bovine blastocyst 

stage IVF and SCNT embryos for IGF2 and for IGFBP6, but not for IGF1. It cannot be 

concluded that there are any differences between the gene expression profiles of IVF and SCNT 

embryos.  
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