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1.  A description of the project and its major goals.  Special attention should be 
given to the theoretical framework upon which research will be based. 
 This project is an outgrowth of my experience in plant tissue culture and my 
relationship with a fellow Christian from south Sudan, Kenneth Elisipana. Kenneth is a 
friend who I met while at my previous position when I was a faculty member and he was 
a graduate student at Southern Illinois University Edwardsville. Kenneth attended my 
church, and we worked together on several projects. Kenneth now lives in Chicago and 
works on resettling refugees in that area, but our common interest was in developing 
unique approaches to sustainable economic opportunities in south Sudan.  
 The idea for the project itself is fairly straightforward. South Sudan is an area 
amenable to the growth of the African mahogany (Khaya senegalensis). Mahogany is 
known for its excellent wood quality, and it is used for a variety of purposes in that 
region (Nikles et al., 2008). However, these large trees grow very slowly, and the seeds 
germinate in nature at a very low rate (and in fact, the seeds contain valuable oils). My 
approach, rather than to try to use the seeds, is to regenerate these plants from leaf 
material, which tend not to have as much value other than as animal feed (Danthu et al., 
2003). This would allow sustainable harvesting to occur, while providing a source of 
plant material to be grown to replace the harvested trees. Once the details of regeneration 
are achieved, a future aspect of this project could be to determine how plant tissue culture 
can be performed given the materials and environment in that part of Sudan. 

 African Mahogany  
[http://beyondtheschool.africa-
web.org/diaporama/images/Khaya%20senegalensis%20abattu%202%20(Tayakou%20juin%2001).jpg] 



Project outline: 
A. Purchase and assembly of a lighting system for growing plants and plant 

cultures, as well as purchase of plants for study. This phase is nearing completion, as 
lighting systems have been purchased, and we are currently growing African (Khaya 
senegalensis), as well as Cuban (Swietenia mahogani), and Honduran (Swietenia 
macrophylla) mahogany, although African mahogany will be the focus of this project. 
 B. Determine optimal conditions for surface sterilization of the leaves from each 
of these species. Because bacteria and fungi can reside on the surface, leaves need to be 
treated in such a way that the contaminants are killed without damaging the leaves. This 
phase of the project requires the careful determination of concentrations of bleach, 
ethanol, and/or other treatments to prevent the growth of bacteria or fungi in plant 
cultures.  
 C. Culture leaves on media containing various types and concentrations of plant 
growth hormones. Plant tissue culture is based on the activity of plant growth hormones 
(as discussed below). Tissue culture is sometimes referred to as being as much “art as 
science”, in part because this stage requires an experienced eye to assess the progress of 
tissues under various conditions in order to project which conditions are having the most 
impact toward shoot development. Each individual species of plant requires its own 
unique set of conditions in order for shoots to develop. These conditions range from very 
broad and straightforward (for example, tobacco or tomato) to very difficult (for example, 
Siberian elm). 
  i. This stage can be broken down further. The first step is typically the 
development of “callus”, or undifferentiated plant cells (described above). At this step the 
plant cells lose their specific characteristics and grow in “piles” on top of each other.  
  ii. For some plants, the conditions necessary to generate callus will also, 
over time, lead to shoot formation; for other plants, different culture conditions are 
required to make the transition from callus to shoot formation.  
 D. Treat shoots with different growth hormones to induce rooting. Different 
hormones are used to treat shoots to induce rooting, and the rooted shoots are gradually 
moved to soil. The conditions required for these steps tend to be more generalized, but 
can be challenging depending on the plant.  
 
2.  A brief examination of surrounding scholarly literature, stressing how the 
project qualifies, extends or otherwise engages existing knowledge. 
 The literature regarding plant tissue culture is vast, going back nearly a century 
(Smith, 2000).  There are many different approaches to plant tissue culture, including 
establishing cell lines that grow for long periods of time in a liquid culture, and plant 
regeneration, involving the production of a new plant from existing plant material. Two 
fundamental questions to address when approaching a plant tissue culture project are 
“what plant material am I going to use?” and “what plant growth hormones might be 
most effective?” The selection of plant material includes not only the genus and species 
of the plant of interest (in my case Khaya senegalensis), but the part of the plant as well 
(for this project I will be using leaf tissue, but other parts of the plant can also be used). 
The selection of plant growth hormones, as well as the concentration and timing of their 
use, is much more challenging. Plant growth hormones (sometimes called “growth 
regulators”) tend to fall into one of three categories: auxins, which tend to promote root 



and “callus” formation (will be described shortly), cytokinins, which tend to promote 
shoot formation, and gibberellins, which cause cells to elongate rather than to divide. In 
contrast to auxins and cytokinins, gibberellins are seldom used in the process of plant 
regeneration.  
 During the process of plant regeneration, plant tissue tends to “de-differentiate” to 
form what is called “callus”. Plants (like humans) consist of a wide variety of types of 
cells that undergo a differentiation process during development. The formation of callus 
involves having those cells lose those characteristics that they acquired during 
development to become what I can only describe as “generic” cells. It is from this 
collection of callus cells that regeneration, or the production of a new plant, typically 
occurs.  
 Because there is no specific literature on leaf regeneration of Mahogany 
(hence the need for this project), I will provide background with regard to research on 
plant regeneration that I have conducted by way of example. American elm (Ulmus 
americana) is an important ornamental tree that was decimated in the 1930s and again in 
the 1960s and 70s by the fungus Ophiostoma ulmi. These trees line the National Mall in 
Washington, D.C, and a lot of effort has been invested in determining how to protect 
them. My research involved using leaves from American elms in culture to regenerate 
new plants. I used a newly develop synthetic cytokinin called thidiazuron in various 
concentrations and was able to develop new plants from treated leaves (see photos below; 
Bolyard et al., 1991).  We plan to use this cytokinin in our experiments with African 
Mahogany. Another regeneration project that is an ongoing collaboration with Dr. Kelly 
Barry (SIUE; my external reviewer) and one of our former students (Stephanie Mifflin) is 
the production of new plants from leaf cultures of Southern Wormwood (Artemesia 
abortanum). Stephanie was able to regenerate shoots from wormwood leaves, and I am 
working with students at Union to determine the best strategy for producing roots from 
these regenerated shoots (see photos below; Mifflin et al., 2007). While these are only 
two examples, there are hundreds of such examples in the literature.  



 
American Elm shoots emerging from callus cultures. 

 
 

 
American elm regenerated from tissue culture 

 
 
 
 
 



 
Extensive callus formation from Southern Wormwood leaves 

 
Shoot regeneration from wormwood callus cultures 



3.  A time frame for the completion and dissemination of the project. 
 Plant tissue culture projects, as is true of many projects involving living 
organisms, do not always follow a time frame specified by the researcher. This project 
will be initiated, in collaboration with a student researcher, during Fall term, 2009, and I 
plan to work on the project as time allows up to the Summer of 2010, at which point I 
will be able to focus on this work. It is my hope that significant progress will be made by 
the end of Summer, 2010. A timeline for the steps that can be undertaken and successes 
achieved along the way, including: 
 A. Purchase and assembly of a lighting system for growing plants and plant 
cultures, as well as purchase of plants for study. This phase is underway. 
 B. Determine optimal conditions for surface sterilization of the leaves from each 
of these species. This should take 1-2 months (November, 2009). 
 C. Culture leaves on media containing various types and concentrations of plant 
growth hormones. It is at this stage that time projections become difficult, because of the 
unique conditions required for each plant species. However, this phase should be well 
underway by January, 2010.  
 D. Treat shoots with different growth hormones to induce rooting. Again, these 
steps will be undertaken when shoots have been generated from leaf tissue. 
 E. Report the results. Once conditions for each of these stages has been 
determined and analyzed, I plan to submit a paper to a journal such as Plant Cell Report, 
Plant Cell, Tissue and Organ Culture, or a similar journal. 
 
4.  A budget. 
 A. Materials for plant tissue culture: $500 
 (Plastic disposables, media, chemicals (such as growth regulators), etc.) 
 B. Stipend for applicant: $4000 
 
5.  A brief essay integrating the applicant’s research, or approach to research, and 
Christian faith. 
 This project is a direct result of my interaction with my Christian brother, 
Kenneth, and our joint desire to work toward providing relief for those in south Sudan, 
which is also a largely Christian part of the country. While it has been a couple of years 
since we have talked directly about this possibility, he was very excited at the time and I 
am sure that the needs are still there. The people of south Sudan have been oppressed for 
several years now, and it is my hope that this project may lead to better economic 
opportunities.  
 On a more general note, I see my interest in plant tissue culture (and in my other 
areas of research interest as well) as an outgrowth in my interest in creation and in the 
natural world that God has made. I spend a fair amount of time in the Biology 100 course 
conveying to my students the unbelievable complexity and non-randomness in the 
activity of living things, and I see this in my projects as well. God has designed life in a 
way that we can understand it on the surface, and be able to manipulate it in a systematic 
way (within limits) to learn more about it. Plant tissue culture is an exciting venue for 
seeing this in action. 
 I have also had an interest in research that was applicable to real or future 
problems (hence my training in questions of blood coagulation and agricultural 



biotechnology) and therefore to addressing the effects of the Fall. In addition, my 
research interests have revolved around relationship building, as one of the most 
important things that I think I can do as a biology professor at Union is to work with 
students to model both good science and a discipline/faith integration. I want to be 
involved with the process of generating Godly producers of scientific information, not 
merely consumers. As indicated in this proposal, my relationship with Kenneth prompted 
me to think about Mahogany culture, and my relationship with another Christian brother 
who is working toward his Ph.D. at the Forestry Institute of Lithuania is the impetus for 
another project that is about to get underway. So for all of these projects, I can not only 
be involved in interesting science with scientists (or budding scientists) who are 
Christians, but I can encourage them through our relationships as well. 
 
 
6.  A current curriculum vitae. 
 Attached 
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