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Interspecies comparison of TCF/LEF family members in mammalian embryogenesis
Project aims: (no more than 700 words)
A few days after fertilisation the mammalian embryo forms a blastocyst comprised of inner cells mass cells, which will give rise to the embryo proper and the yolk sac, and the trophectoderm (TE) which will give rise to the fetal component of the placenta. The placenta is one of the most diverse organs among animal species with dramatic differences in cellular composition, morphology and mode of implantation. A conserved role has been described for HIPPO signalling in the initiation of the TE in human, mouse, rat and cow (Gerri et al. 2021). WNT signalling has been suggested to have a role in subsequent TE development but differences in the functional role of the pathway have been observed between species. Treatment of cow and pig preimplantation embryos with DKK1 enhances the TE compartment and increases the numbers of TE cells (Denicol et al. 2014, Lim et al. 2013). This contrasts with the mouse where WNT does not appear to be required for preimplantation development, but is required for postimplantation development. 

While the canonical WNT/β-catenin pathway is highly conserved, it achieves diversity in its downstream targets through a combination of cell type- and temporal-specific expression of ligands, receptors and TCF/LEF transcription factors. Vertebrates have four TCF/LEF genes which all contain a β-catenin- and HMG
DNA-binding domain which encode multifunctional proteins that, through sequence-specific DNA-binding
and context-dependent interactions, determine the effect on target genes (Torres-Aquila et al. 2022, doi:10.1111/dgd.12771): LEF1, TCF7 and TCF7L2 primarily act as transcriptional activators, whereas TCF7L1
predominantly acts as a transcriptional repressor. This diversity is important for achieving context-
dependent WNT regulation during embryonic development and stem cell differentiation.

This project sought to further our understanding of the mechanisms underlying the mechansims by which WNT signalling regulates TE development in cow. 

Hypothesis: Determining the TCF/LEF repertoire during bovine preimplantation development will inform our understanding of the role of WNT signalling in TE development.

Objectives:

Objective 1: Characterize the expression pattern of LEF/TCF in bovine preimplantation embryos
Objective 2: Validate LEF/TCF Protein Expression in Bovine Preimplantation Embryos

Project Outcomes and Experience Gained by the Student (no more than 700 words)
Objective 1 outcomes: The student designed multiple RT-PCR primers targeting bovine TCF7, TCF7L1, TCF7L2 and LEF1. The primers were designed to span exon-exon boundaries so that they would specifically detect transcript expression. We obtained bovine liver and spleen tissue samples for RNA extraction. The student gained hands-on experience in RNA isolation from snap frozen tissue following protocols for homogenization and TRI-reagent isolation of RNA. RNA quality was assessed using a nanodrop. The student performed DNAse treatment and cDNA synthesis using standard protocols. The student tested the specificity of the primers by performing gradient RT-PCR across a range of annealing temperatures. PCR products were run on an agarose gel. Specific primers were identified as those giving rise to a single band at the expected size. Correct sized bands were excised and product extracted using gel extractions kits. The product was sent for sequencing to confirm that the sequence matched that of the target. Validated primers will be used in future studies whereby cDNA will be made from bovine blastocysts for TCF/LEF expression analysis. 
Experience gained: I learned how to use online genome browsers to identify target sequences, hands-on experience in using primer design software, I got training in molecular biology techniques including RNA extraction and cDNA synthesis, RT-PCR and gel electrophoresis. 
 
Objective 2: Bovine embryos were generated and cultured to 8 days post-fertilisation which is the blastocyst stage. Embryos were fixed using paraformaldehyde and used for immunofluorescence analysis. We found that bovine blastocysts have a thick zona pellucida, which is the glycoprotein layer surrounding the TE. This gave a lot of background signal and prevented antibody penetration into the inner cell mass. We tried protocols to remove the zona pellucida by culturing them in the presence of acidic tyrode’s solution. We performed immunofluorescence for the detection of TCF7, TCF7L1, TCF7L2 and LEF1 which have been previously demonstrated to successfully detect these proteins in human embryos (Ross et al. 2025 DOI: 10.1242/jcs.264257). We performed staining as well for GATA3 which is a marker of TE. Here we observed TCF7L1 expressed in some TE cells and TCF7L2 expressed in what may be inner cell mass cells. This is in contrast to what is observed in the human, where TCF7L2 is expressed in the TE. We would like in the future to perform additional immunofluorescence for the detection of NANOG which would allow us to determine the identity of inner cell mass cells. This suggests that differential expression of TCF/LEFs in bovine and human embryogenesis may underlie species-specific differences in WNT regulation.
Experience gained: Immunofluorescence analysis, analysis of confocal imaging data. 



Please state which Society Winter or Summer Meeting the student is intending to present his/her poster at:	
Summer, depending on the confirmed dates 


Proposed Poster Submission Details (within 12 months of the completion of the project) for an AS Winter/ Summer Meeting – (no more than 300 words)	
Comparative analysis of TCF/LEFs in bovine and human embryogenesis

Brief Resume of your Project’s outcomes: (no more than 200-250 words). 
The title of your project and a brief 200-250 word description of the proposed/completed project. The description should include sufficient detail to be of general interest to a broad readership including scientists and non-specialists. Please also try to include 1-2 graphical images (minimum 75dpi). NB: Authors should NOT include sensitive material or data that they do not want disclosed at this time.

A few days after fertilisation the mammalian embryo forms a blastocyst comprised of inner cells mass cells, which will give rise to the embryo proper and the yolk sac, and the trophectoderm (TE) which will give rise to the fetal component of the placenta. The placenta is one of the most diverse organs among animal species with dramatic differences in cellular composition, morphology and mode of implantation. A conserved role has been described for HIPPO signalling in the initiation of the TE in human, mouse, rat and cow (Gerri et al. 2021). WNT signalling has been suggested to have a role in subsequent TE development but differences in the functional role of the pathway have been observed between species. 

While the canonical WNT/β-catenin pathway achieves diversity in its downstream targets through a combination of cell type- and temporal-specific expression of ligands, receptors and TCF/LEF transcription factors. Vertebrates have four TCF/LEF genes which encode multifunctional proteins that, through sequence-specific DNA-binding and context-dependent interactions, determine the effect on target genes (Torres-Aquila et al. 2022, doi:10.1111/dgd.12771): LEF1, TCF7 and TCF7L2 primarily act as transcriptional activators, whereas TCF7L1 predominantly acts as a transcriptional repressor. This diversity is important for achieving context-dependent WNT regulation during embryonic development and stem cell differentiation.

Recent studies have shown that human embryos expressed TCF7L2 specifically in the TE. Here we performed immunofluorescence analysis on bovine blastocysts for the detection of TCF7, TCF7L1, TCF7L2 and LEF1 to qualify the expression profiles in this species. 
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Figure: Analysis of TCF/Lef transcription factors in bovine blastocysts suggests expression of TCF7L1 in TE cells and TCF7L2 in inner cell mass cells. Immunofluorescence analysis for the detection of TCF7, TCF7L1, TCF7L2 or LEF1 (green), GATA3 (red) and DAPI nuclear staining (blue) in day 8 bovine blastocysts. Yellow arrowheads indicated TCF7L1/GATA3-double positive TE cells. Yellow open arrowheads indicate TCF7L2-positive cells in GATA3-negative cells. n=number of embryos analysed. Scale bars = 50 µm.
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