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Abstract: 
Background and aim: Single-cell transcriptomics provides information on heterogeneity and common gene expression 
at the level of individual cells. This enables a cellular landscape to define intracellular gene regulatory networks. The aim 
of this study was to investigate mRNA expression of cMYC, OCT4, NANOG, SMAD2, and SMAD4 genes in embryos 
that are in the blastocyst stage. 
Materials and methods: We collected 150 embryos with high, medium and low-quality, and then were biopsied at the 
blastocyst stage. Extraction of total RNA from all embryos was performed and cDNA was synthesized. Expression of 
the target genes in mRNA levels were investigated by qReal-Time PCR technique. 
Result: Our results demonstrated that mRNA expression pattern of cMYC, OCT4, NANOG, SMAD2, and SMAD4 
genes in low quality embryos is significantly different as compared high and medium quality embryos. 
Conclusion: In general, we suggested that mRNA expression pattern of developmental transcription factors may 
associated with embryos quality. 
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Introduction 
In multicellular organisms, gene regulation causes cell transformation and morphogenesis in the embryo, which 
ultimately causes the emergence of different cell types in these organisms that have different gene expression 
profiles from the same genome (1, 2). It represents how evolution occurs at the molecular level and the basis of 
evolutionary development in biology. For example, in humans, most tissues have the same genome, and yet a 
variety of tissues and processes are created due to the process of regulating gene expression (3). 
Measuring gene expression is critical for studying tissue differentiation, attributing disease risk to gene expression, 
studying the genomic landscape of diseases, drugs, or other perturbations (3). The activity of the embryo's genome 
takes place during the stages of development, the expression of human embryo's genes begins between the two-
cell and eight-cell stages (4). Maternal RNA transcripts stored in the egg are only necessary until the completion of 
the first mitotic division, after that, the continued development of the embryo depends on the expression of the 
embryo's own genes, which leads to the formation of the blastocyst and, finally, to successful implantation 
(5). Our understanding of genes important for embryo implantation is limited. Studies have been conducted on the 
expression of genes in pre-implantation embryos, from pre-fertilized eggs to embryos in the blastocyst stage, and 
even embryonic stem cells (6). 
There have been studies that have proven the importance of the expression of genes involved in the transition 
from the expression of the maternal genome to the expression of the fetal genome, including genes involved in 
DNA repair, cell growth and trophectoderm formation (6, 7). The regulation of gene expression during the period 
between gametogenesis and embryo implantation is very important because it occurs in the early stages of 
embryonic development (8). Because the number of cells at this stage is limited, studies on gene expression have 
been conducted in recent years, but the studies conducted to prove the role of genes in the development of embryos 
formed by IVF method are limited and there is not a lot of information about the role of gene expression of 
embryonic at the blastocyst stage (9, 10). 
We selected genes that are differentially expressed in human blastocyst stage embryos compared to cleavage stage 
embryos. It appears that genes differentially expressed in blastocyst-stage (compared to cleavage-stage) embryos 
are likely to be important in both blastocyst structure and 
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function. In this study, mRNA expression of cMYC, OCT4, NANOG, SMAD2, and SMAD4 genes in embryos 
that are in the blastocyst stage has been investigated. 
 
Materials and methods 
Sample collection 
In this retrospective study, 50 embryos with good quality, 50 embryos with middle quality, and 50 embryos with 
poor quality at the blastocyst stage were collected from couples undergoing assisted reproductive technology 
treatments in Milad Fertility Clinic and Omid Fertility Clinic in Tabriz, Iran from August 2020 to July 2021. The 
embryos used in our study were specifically donated for research use by patients who had undergone IVF treatment. 
Embryos were formed using intracytoplasmic sperm injection insemination. All embryos (n = 150) were cultured 
using embryo culture media in an incubator with 5.5-6.0% CO2 and 37°C temperature. Embryos designated for 
study on the fifth day post fertilization (D5) were cultured for 96 hours. Approval from the University of Azad 
University-Arsanjan branch (IR.IAU. A.REC.1400.001) was obtained prior to the performance of all experiments. 
 
Blastocyst biopsy 
All embryos were biopsied on day 5, during blastocyst stages. For biopsy from blastocysts, embryos were 
immobilized with a holding pipette (left) and the zona was punctured using a laser (Hamilton Thorne Biosciences, 
Beverly, MA, USA). Using the right biopsy pipette, gentle suction of trophectoderm cells was performed through 
the zona pellucida hole. 5-6 cells were separated from trophectoderm. Sampled trophectoderm cells were washed 
with Dulbecco's phosphate- buffered saline (DPBS) and placed in 0.2 ml RNase-DNase-free polymerase chain 
reaction tubes for referral to Genetics Center. 
 
Gene expression assay 
To extract RNA, the Single Cell RNA Purification Kit (cat no 51800) from Norgen Company, was used according 
to the following protocol. For cDNA synthesis, TruScript™ First Strand cDNA Synthesis Kit (Norgren, Canada) 
was used. The StepOnePlus™ Real-Time PCR system device and RealQ Plus 2x Master Mix Green product of the 
Ampliqun commercial company were used to perform the genes expression assay. The used primers are presented 
in Table 1. 
 
Statistical analysis 
For statistical analysis and choosing the appropriate test for data analysis, the obtained results were first entered 
into SPSS 26 software, and after checking the normality of the distribution of variables using the Smirnov 
Kolmogorov sample one test method, the data were analyzed with REST software. 
 
Results 
In the present study, 50 embryos with excellent quality, 50 embryos with medium quality, and 50 embryos with low 
quality were analyzed in terms of cMYC, OCT4, NANOG, SMAD2, and SMAD4 genes mRNA expression. Our 
results demonstrated that with decrease in quality of the embryos, the expression of the target genes also decreases 
(Figure 1). We found no significant difference in expression of target genes between high quality and medium 
quality embryos. However, expression level of target genes in low quality embryos is lower than high quality 
embryos (Table 2). 
 
Discussion 
Embryo development requires coordinated events that are finely regulated at the molecular and cellular level. With 
advances in genetic technologies such as single-cell RNA analysis, we can now assess embryo gene expression with 
greater precision and gain new insights into complex processes that were difficult to unravel in the not-so-distant 
past. Several genes and regulatory pathways have been identified for each stage of embryonic development. For 
example, genes are highly expressed in early stages and are involved in cell adhesion, cell cycle, and transcriptional 
regulation. In embryology, there are many technical, ethical and scientific limitations that significantly make the use 
of non-human embryos more feasible for extensive studies in life sciences (11, 12). 
In this study, we report on preimplantation development with a focus on genes whose defects lead to 
developmental arrest. According to the results of our study, the expression levels of cMYC, OCT4, NANOG, 
SMAD2, and SMAD4 in grade low quality embryos were lower than high and medium quality embryos. 
Transcription factor Oct4 plays an important role in the early stages of embryonic development and in maintaining 
the inner cell mass's multiplicity and the stability of mouse embryonic stem cells. Sanna et al investigated the 
expression of Oct4, Nanog, Sox2 and Stat3 genes in sheep blastocysts in vitro. According to their report, Oct4 and 
Nanog were expressed in the inner cell mass, trophoblast and embryonic stem cells, and their expression was 
significantly higher in the inner cell mass than in the trophoblast, and this indicates the role of Oct4 and Nanog in 
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the development of the produced embryos (12). In a study, Niwa et al showed that the transcription factors Nanog, 
Sox2 and other molecules of the Stat3 signaling pathway along with Oct4 have prominent roles in the growth of 
the bovine embryo, the maintenance of pluripotency and the self- renewal of stem cells (13). Xiao-li et al. proved 
the importance of Oct4 and Nanog transcription factors for embryonic stem cells as well as for preimplantation 
embryos. Their results showed that maternal Oct4 and Nanog transcripts were maintained until cleavage stage and 
then slowly decreased. Then the expression of their genes gradually increases in morula and blastocyst (14). In a 
study conducted by Kirchhof et al and his colleagues, they showed the expression of Oct4 in all stages of pig and 
cow embryo development (15). The results of these studies are consistent with the results of our study and show 
the importance of Oct4 and Nanog gene expression in how the embryo grows and develops. In another study, He 
et al. reported that Oct4 protein was not detected in all trophectoderms of in vitro embryos of different species, 
which they suggest that Oct4 protein expression may be different in embryos of different species (16). Keefer et al 
and his colleagues reported that the expression pattern of Nanog protein is similar to Oct4 and both were detected 
in the cell nucleus from the 8-cell stage to the blastocyst stage, both in the ICM and in the trophectoderm. They 
proved that Oct4 and Nanog control the stages. Primary mammals play an important role (17). In another study 
by Hambiliki on goat embryos, they observed that the 
expression of Oct4 and Nanog in trophectoderm is reduced compared to ICM cells, which is contrary to the results 
of mouse and human embryos (18). Wu and colleagues showed that the maternal Oct4 gene is critical until the 
cleavage stage, and after that stage both Oct4 and Nanog proteins are expressed in ICM cells (19). Suzuki et al. 
analyzed the expression pattern of cMyc during oogenesis and embryo growth and development before 
implantation and concluded that cMyc is reduced during oocyte development and up to the morula stage in 
embryos in blastocysts. Intranuclear analysis showed that cMyc was concentrated in small granules. After 
fertilization in particular, their number and size decrease and increase during the development of the embryo. In 
this way, the granules disappeared in the 1-cell stage and then reappeared in the 2-cell stage. Therefore, changes in 
cMyc expression during pre-implantation embryonic development indicate the importance of its function in these 
stages (20). In another study, Rajput et al investigated the expression of cMyc in oocytes and two-cell, four-cell, 
morulae and blastocyst embryos. According to their report, cMyc expression plays a vital role in embryo 
development in the pre-implantation stages, and its expression changes in each stage of embryo development (21). 
According to the results of our study, the expression of cMyc in low-quality embryos has a decreasing trend, which 
can affect the abnormality of the number of cells and the process of cell divisions. 
In a study, Singh et al observed a gradual increase in the expression of Oct4 and Nanog transcripts from the 2-cell 
stage to the blastocyst. Also, in another study, they studied the expression of Oct4, cMyc, and Nanog genes in 
different stages of buffalo embryo development, and according to their report, the relative frequency of Nanog 
transcripts. Oct4 was significantly higher in high-quality embryos as compared high and medium-quality embryos. 
The relative abundance of cMyc transcript in grade A was significantly higher compared to grades C and grades D, 
but it was not significantly different from the values of grade B, and in buffalo, Nanog, Oct4 and cMyc were highly 
expressed in blastocysts compared to other embryo stages (22). In a study, Zhang et al showed that in most 
mammalian species, including cattle, Smad2, Smad3, and Smad4 are required for early bovine embryo development, 
and follistatin-specific embryonic actions are lost early in development when Smad2/3 signaling is disrupted. the 
river in total, their results showed that the TGF-b superfamily of cognate signaling pathway components, 
(Smad2/3/4), play an essential role in the early stages of embryonic development, from the 8 to 16-cell and 
blastocyst stages, depending on the function of Smad2/3 and Smad4 genes (23). Nomura et al. showed that the 
level of Smad2 protein expression is low in cow and mouse embryos. Embryo mortality is observed 
between 5-6 days, which emphasizes the functional requirement of this protein for post- implantation development 
(24). In summary, the studies presented here, by comparing the expression of Smad2 and Smad4 genes in embryos 
of different developmental quality, show that both Smad2 and Smad4 are key genes that influence early human 
embryogenesis, with changes in expression. They include the smallest morphological changes. 
 
Conclusion 
The results of our study provide valuable insights into how the transcriptome is controlled and utilized during real 
human embryonic development. Therefore, new biomarkers of embryo quality can be adopted to improve the 
diagnosis and treatment of infertility. Embryos with different quality in terms of the expression of cMYC, OCT4, 
NANOG, SMAD2, and SMAD4 genes have different trends. it can indicate the possibility of improving the 
regulation of gene expression after embryo implantation. Therefore, it is recommended to investigate effect of 
environmental factors on these genes expression in embryos. It will be of great help in the science of infertility and 
preventing the wastage of low-quality embryos in infertility centers by applying special conditions in the growth 
and development of embryos. 
 
  



556 Studying The Expression Of Vital Genes In Blastocysts With Different Quality  
 

Kurdish Studies 

References 

1. Madissoon E, Jouhilahti EM, Vesterlund L, Töhönen V, Krjutškov K, Petropoulos S, Einarsdottir E, 
Linnarsson S, Lanner F, Månsson R, Hovatta O. Characterization and target genes of nine human PRD-like 
homeobox domain genes expressed exclusively in early embryos. Sci Rep. 2016;6(1):28995. 

2. Vassena R, Boué S, González-Roca E, Aran B, Auer H, Veiga A, Belmonte JC. Waves of early transcriptional 
activation and pluripotency program initiation during human preimplantation development. Development. 
2011;138(17):3699-709. 

3. Zhao XM, Du WH, Hao HS, Wang D, Qin T, Liu Y, Zhu HB. Effect of vitrification on promoter methylation 
and the expression of pluripotency and differentiation genes in mouse blastocysts. Mol Reprod Dev. 
2012;79(7):445-50. 

4. Braude P, Bolton V, Moore S. Human gene expression first occurs between the four-and eight-cell stages of 
preimplantation development. Nature. 1988;332:459-61. 

5. Harper JC, SenGupta SB. Preimplantation genetic diagnosis: state of the art 2011. Hum Genet. 2012;131:175-
86. 

6. Munch EM, Sparks AE, Gonzalez Bosquet J, Christenson LK, Devor EJ, Van Voorhis BJ. Differentially 
expressed genes in preimplantation human embryos: potential candidate genes for blastocyst formation and 
implantation. J Assist Reprod Genet. 2016;33:1017-25. 

7. Nilsson S, Waldenström U, Engström AB, Hellberg D. Single blastocyst transfer after ICSI from ejaculate 
spermatozoa, percutaneous epididymal sperm aspiration (PESA) or testicular sperm extraction (TESE). J 
Assist Reprod Genet. 2007;24:167-71. 

8. Bettegowda A, Smith GW. Mechanisms of maternal mRNA regulation: implications for mammalian early 
embryonic development. Front Biosci. 2007;12(10):3713-26. 

9. Assou S, Boumela I, Haouzi D, Anahory T, Dechaud H, De Vos J, Hamamah S. Dynamic changes in gene 
expression during human early embryo development: from fundamental aspects to clinical applications. Hum 
Reprod Update. 2011;17(2):272-90. 

10. Xie D, Chen CC, Ptaszek LM, Xiao S, Cao X, Fang F, Ng HH, Lewin HA, Cowan C, Zhong S. Rewirable 
gene regulatory networks in the preimplantation embryonic development of three mammalian species. 
Genome Res. 2010;20(6):804-15. 

11. Eaton JL, Hacker MR, Barrett CB, Thornton KL, Penzias AS. Influence of patient age on the association 
between euploidy and day-3 embryo morphology. Fertil Steril. 2010;94(1):365-7. 

12. Sanna D, Sanna A, Mara L, Pilichi S, Mastinu A, Chessa F, Pani L, Dattena M. Oct4 expression in in‐vitro‐

produced sheep blastocysts and embryonic‐stem‐like cells. Cell Biol Int. 2010;34(1):53-60. 

13. Niwa H, Miyazaki JI, Smith AG. Quantitative expression of Oct-3/4 defines differentiation, dedifferentiation 
or self-renewal of ES cells. Nat Genet. 2000;24(4):372-6. 

14. Yu XL, Zhao XE, Wang HY. Expression patterns of OCT4, NANOG, and SOX2 in goat preimplantation 
embryos from in vivo and in vitro. J Integr Agric. 2015;14(7):1398-406. 

15. Kirchhof N, Carnwath JW, Lemme E, Anastassiadis K, Scholer H, Niemann H. Expression pattern of Oct-4 
in preimplantation embryos of different species. Biol Reprod. 2000;63(6):1698- 705. 

16. He S, Pant D, Schiffmacher A, Bischoff S, Melican D, Gavin W, Keefer C. Developmental expression of 
pluripotency determining factors in caprine embryos: novel pattern of NANOG protein localization in the 
nucleolus. Mol Reprod Dev. 2006;73(12):1512-22. 

17. Keefer CL, Pant DI, Blomberg L, Talbot NC. Challenges and prospects for the establishment of embryonic 
stem cell lines of domesticated ungulates. Animal Reprod Sci. 2007;98(1-2):147-68. 

18. Hambiliki F, Ström S, Zhang P, Stavreus-Evers A. Co-localization of NANOG and OCT4 in human pre-
implantation embryos and in human embryonic stem cells. J Assist Reprod Genet. 2012;29:1021-8. 

19. Wu G, Han D, Gong Y, Sebastiano V, Gentile L, Singhal N, Adachi K, Fischedick G, Ortmeier C, Sinn M, 
Radstaak M. Establishment of totipotency does not depend on Oct4A. Nat Cell Biol. 2013;15(9):1089-97. 

20. Suzuki T, Abe KI, Inoue A, Aoki F. Expression of c-MYC in nuclear speckles during mouse oocyte growth 
and preimplantation development. J Reprod Dev. 2009;55(5):491-5. 

21. Rajput SK, Lee K, Zhenhua G, Di L, Folger JK, Smith GW. Embryotropic actions of follistatin: paracrine 
and autocrine mediators of oocyte competence and embryo developmental progression. Reprod Fertil Dev. 
2014;26(1):37-47. 

22. Singh R, Kumar K, Ranjan R, Kumar M, Yasotha T, Singh RK, Das BC, Sarkar M, Bag S. Comparative 
expression analysis of embryonic development-related genes at different stages of parthenogenetic and in vitro 
fertilized embryos in caprine. Zygote. 2015;23(2):198-204. 



Niusha, Ali Rahmani, Kohan, Nouri, Sadeghi557  

 

www.KurdishStudies.net 

23. Zhang K, Rajput SK, Lee KB, Wang D, Huang J, Folger JK, Knott JG, Zhang J, Smith GW. Evidence 
supporting a role for SMAD2/3 in bovine early embryonic development: potential implications for 
embryotropic actions of follistatin. Biol Reprod. 2015;93(4):86-1. 

24. Nomura M, Li E. Smad2 role in mesoderm formation, left–right patterning and craniofacial development. 
Nature. 1998;393(6687):786-90. 

 
Table 1. Sequences of the used primers. 

Gene Primer sequences Product size 

cMYC Forward: 5΄-AGCGACTCTGAGGAGGAAC-3΄ 
Reverse: 5΄-CTGCGTAGTTGTGCTGATG-3΄ 

144 bp 

OCT4 Forward: 5΄-TGGATGTCAGGGCTCTTTGT-3΄ 124 bp 

 Reverse: 5΄-AGTGCTTTGTGTGTACTTACTCA-3΄  

NANOG Forward: 5΄-CTGGTTGCCTCATGTTATTATGC-3΄ 
Reverse: 5΄-CTGGAAGATGTTAGAGAAATAGGAC-3΄ 

138 bp 

SMAD2 Forward: 5΄-CCGACACACCGAGATCCTAAC-3΄ 
Reverse: 5΄-AGGAGGTGGCGTTTCTGGAAT-3΄ 

136 bp 

SMAD4 Forward: 5΄-CACTGCCAACTTTCCCAACA-3΄ 
Reverse: 5΄-ATCCATTCTGCTGCTGTCCT-3΄ 

134 bp 

GAPDH Forward: 5΄-CAAGATCATCAGCAATGCCT-3΄ 
Reverse: 5΄-GCCATCACGCCAGTTTCC-3΄ 

127 bp 

 
Table 2. The target genes mRNA expression in embryos with different quality. 

Genes High/medium quality High/low quality 

NANOG 0.217 <0.001 

OCT4 0.781 <0.001 

cMYC 0.499 <0.001 

SMAD2 0.104 <0.001 

SMAD4 0.655 <0.001 

 

Figure 1. Relative expression of the target genes in high/medium-quality embryos (A) high/low- quality embryos 
(B). 

 




