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Abstract. We developed a project for high 
school and college students pertaining the 
concepts and procedures involved in plant 
micropropagation and plant genetic 
transformation using the model plant 
Marchantia polymorpha. Genetic engineering, 
the process of manipulating the DNA of an 
organism often including DNA from a foreign 
organism, relies on complex molecular 
techniques. Students conduct hands-on 
experiments involving establishing plant tissue 
cultures in aseptic conditions and DNA-based 
technologies including Agrobacteria-mediated 
transformation of plants, and observation of 
fluorescent recombinant proteins by 
fluorescence microscopy. The impact of these 
technologies is discussed enabling students to 
address these controversial issues and justify 
their decisions on scientific-based balanced 
appraisals. 

Keywords. Agrobacteria-mediated transfo-
rmation, Marchantia Polymorpha, Micropropa-
gation, Green Fluorescent Protein (GFP). 

1. Introduction 

1.1. Biotechnology Education 

Biotechnology has an increasing social 
impact in daily lives requiring citizens to be able 
to understand its main concepts and make 
informed decisions regarding its applications. 
However, an extended survey on Portuguese 
high-school students ‘perceptions about 
biotechnology showed that the students 
displayed misconceptions about fundamental 
concepts and principles [1]. 

The field of biotechnology relies on complex 
molecular techniques, such as genetic 
engineering, as a process of manipulating the 
DNA of an organism often including DNA from 
a foreign organism. The subject of genetically 
modified organisms, or GMOs, has sparked 
public controversy but most current 

misconceptions derive from nonscientific 
acquired from sources other than scientific 
education. 

Science teaching, namely in the 
biotechnology field, must include innovative 
teaching strategies and the discussion of social 
and environmental consequences of 
biotechnology applications. Students should be 
engaged in hands-on-laboratory classes and 
involved in investigations over long periods of 
time in the context of inquiry. 

We developed a project for 16 years over 
students (high school and college levels) aimed 
at conveying the principles involved in plant 
genetic transformation. Combine cutting-edge 
science with simpler activities the students 
conduct hands-on experiments involving plant 
tissue culture, plant genetic engineering via 
Agrobacterium tumefaciens bacteria and 
observation of expressed fluorescent 
recombinant proteins in plant cells at the 
fluorescence microscope. Additionally, students 
learn how to aseptically cultivate bacteria and 
obtain axenic culture of plant tissues. 

1.2. Agrobacterium tumefasciens as 
“Nature’s own genetic engineer” 

Agrobacterium tumefasciens is a bacterium 
that occurs naturally in the soil and is able to 
transfer a region of its own DNA into the plant 
cells causing rapid cell division and the 
formation of tumors. This led to the 
denomination of Agrobacterium as “Nature’s 
own genetic engineer”. In plant genetic 
engineering A. tumefasciens is used as vector 
to transfer genes of interest into plant cells. The 
process of transformation involves engineering, 
the bacteria Ti plasmid (Ti for Tumor –
induction) inserting a genetic construct 
containing the gene of interest coding for the 
protein to be expressed [2]. 

1.3. Marchantia polymorpha as an 
emerging plant model 

Until recently, research in the laboratory 
using transgenic plants relied mainly in the 
model plants Arabidopsis thaliana and 
Nicotiana tabaccum, both flowering plants. With 
the increasing number of sequenced plant 
genomes, other species are being used for 
transformation, including other emerging model 
plants such as Physcomitrella patens and 
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in aseptic conditions, genetic manipulation, 
recombinant protein expression, fluorescent 
protein reporters, and fluorescence microscopy. 
This laboratory activity will introduce students 
to a broad array of concepts and applications.  

Plant tissue culture represents a most 
promising area and ranges from 
micropropagation of economical important 
species like ornamental and forest trees, 
production of pharmaceuticals, and 
improvement of nutritional value of crop plants. 
In vitro cell and tissue culture methodology is 
also a mean of germplasm conservation to 
ensure the survival of endangered plant 
species. The concept of cloning organisms is 
particular evident with the applied technique of 
micropropagation in which isogenic lines of 
genetically identical cells are obtained and 
cloned plants produced that are genetically 
homogeneous individuals, identical to the 
original genotype [12]. 

All biotechnological approaches like genetic 
engineering, depend on an efficient in-
vitro plant regeneration system. Genetic 
transformation relies on plant cell and tissue 
culture and allows the transfer of genes with 
desirable trait into host plants and recovery of 
transgenic plants [12].  

The endoplasmic reticulum (ER) of the M. 
polymorpha cells could be easily visualized 
using green fluorescent protein (GFP) fused 
with a ER targeting signal peptide and the 
HDEL retaining signal. This not only allowed an 
easy, direct means of observing the result of 
the transformation process and but also to 
discuss plant cell structure and determinants of 
intracellular protein trafficking. 

Depending on students’ level and time 
available, the project can be extended to detect 
transgene insertion in plant genome by PCR 
using available primers to GFP. This extension 
can be used to introduce GMO (Genetic 
Modified Organisms) and simple molecular 
techniques available for GMO detection. 

Encompassing the laboratory process, 
students are invited to list and discuss the pros 
and cons of these technologies as several uses 
of transgenic plants have great impact, namely 
the production of beneficial proteins in 
agriculture, the production of plant 
manufactured pharmaceuticals used as 

therapeutic compounds, and basic cell and 
molecular biology research. Ethical issues of 
the impact of these technologies can be further 
discussed, namely the possible social and 
environmental consequences. 
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