
 

 

 

Towards in vitro produced germline stem cells in 

the bovine 

 

Mary Elizabeth McMillan 

BSc (Hons) University of New England, 2009 

 

 

A thesis submitted for the degree of Doctor of Philosophy of the University of 
New England 

 

 

Submitted July 2012 

 



  Acknowledgements 

 

II 

 

 

Acknowledgements 
 

Firstly I would like to acknowledge the financial support I have received through an F. D. 

McMaster PhD Scholarship. I would also like to acknowledge the project funding received 

through the CSIRO Food Futures National Research Flagship. In addition, I would also like 

to acknowledge financial support provided by the University of New England and Meat & 

Livestock Australia, which allowed me to attend an international conference, which was an 

invaluable experience. 

I would like to thank my principal supervisor Dr Sabine Schmoelzl, and my associate 

supervisors Dr Nick Andronicos and Professor Geoff Hinch, for their constant support, 

advice and assistance. Without your valuable input completing this thesis would have been an 

impossible task. Thank you must also go to all my friends, co-workers and fellow students at 

the CSIRO who have provided friendship, laughter and advice on a daily basis. Although I 

am happy to be completing this thesis, I will miss seeing you all every day. 

I would also like to thank all of my family and friends, for their constant support throughout 

the last three years. Your encouragement has been particularly appreciated throughout the last 

few months as I have finished writing this thesis. I know I have been living in my own little 

world for the last few years, and I am excited about joining you all in the real world again! 

Finally, I owe a heartfelt thankyou to Aaron. You have been my rock throughout this whole 

process. Words aren’t enough to express how much your encouragement, support and endless 

patience mean to me. I couldn’t have done it without you.



  Abstract 

 

III 

 

Abstract 
 

Bovine spermatogonial stem cells (SSCs) have potential to be used in advanced 

reproductive technologies such as testis cell transplantation, where identification and 

purification of large numbers of SSCs is required. There are at least two possible sources of 

SSCs: isolation from the testis, or in vitro differentiation from pluripotent stem cells. The 

long-term goal of this thesis was to work towards the generation of SSCs from bovine 

somatic cells using induced pluripotent stem (iPS) cell technology. In order to do so, it was 

first important to characterise molecular markers expressed by bovine SSCs to allow for their 

identification in culture, and secondly to explore the feasibility of producing bovine iPS cells.  

In order to achieve the first goal, a screening platform was developed based on 

comparative analysis of gene expression levels in SSC enriched and depleted cell 

populations. Expression of established testis cell markers was used to confirm the validity of 

the screening platform. This method was then used to examine expression of candidate 

spermatogonial markers in the bovine testis. STRA8, KIT, GFRA1, CLDN8, DDX6 and 

NAP1L4 were shown to be putative markers for bovine spermatogonia. Further analysis of 

CLDN8 showed expression by both a subset of spermatogonia and a subset of Sertoli cells, 

leading to the hypothesis that CLDN8 plays a role in the maintenance of SSCs in the SSC 

niche. 

Reprogramming of bovine somatic cells was undertaken by introducing canonical 

reprogramming factors through a lentiviral vector. Initial experiments found that the 

reprogramming protocol was sufficient to produce cells exhibiting stem cell-like 

characteristics. Analysis of these cells indicated partial reprogramming had been achieved. A 

number of small molecules were then tested for their ability to enhance the success of cell 

reprogramming. A combination of three small molecules was found to accelerate the kinetics 
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of the reprogramming process and also promoted further reprogramming where cells could 

differentiate to the three different germ layers. Further research is now required to define the 

optimal culture conditions for the maintenance and expansion of bovine pluripotent cells in 

long term culture, and to test whether they can be differentiated towards the germ line. 
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