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Exercise 1. Basic methods of Plant DNA analysis 
 
Purpose of the exercise:  
During the practical course students will obtain basic information about plant DNA analysis 
including extraction, amplification, separation and identification. Students will be informed about 
difficulty of plant DNA extraction due to different metabolites. 
 
Required knowledge: Students should have knowledge of the nucleotides as building blocks of 
DNA and the structure of DNA. To know about DNA occurrence within plant cells. 
 
Guidance:  
Knowledge of DNA basic technics are essential, and inevitable for molecular genetic analysis and 
molecular breeding of plant. 

1. DNA extraction is the first step in any plant DNA analysis. Following these principles (as 
the figure shows) provide the opportunity to obtain high-density DNA. 

 
Fig. 1.1 Source: ZellX with some modification 

 
Pair up and isolate genomic DNA from the given plant leaf sample using the prepared chemicals 
and tools, following the extraction steps outlined. 

2. In the next step DNA fragments should be amplified from isolated plant genomic DNA 
using inter-simple sequence repeats (ISSR) primers by PCR (Polimerase Chain Reaction) 
reaction.  
Prepare the PCR reaction mixtures according to the table: 

Water (nuclease free) 20 µl 
DreamTaq PCR Master mix (2x) 25 µl 
Primer (UBC835; UBC818; UBC810) (10 
mM) – one by one application in mixtures 

3 µl 

Template DNA 2 µl 
  
Total volume 50 µl 

 
For an easier understanding of the PCR process, follow the steps in the flow chart and set 
on the parameters of the PCR apparatus under the guidance of teacher. 
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Fig. 1.2 Source: PCR BioNinja and Lorenz (2012) with some modification 

 
3. The amplified DNA can be evaluated by agarose gel electrophoresis and subsequent 

ethidium bromide staining:   
The most commonly used method for the separation, identification and purification of 
DNA fragments is agarose gel electrophoresis. 
Equipment: 
Casting tray - Well combs - Voltage source - Gel box - UV light source- Microwave 
Steps of DNA evaluation by agarose gel electrophoresis: 

 Prepare 1.2% agarose gel (70 mL) in 1x TAE buffer containing Tris-base; acetate 
and EDTA in dH2O 

 Heat up the gel and cool down to ~45 oC 
 Pour the gel in a prepared plastic running tank, inserting combs before 

solidification 
 Remove of combs from solidified gel. 
 Upload samples in comb wells (3 µl sample + 3 µl distilled water + 2 µl loading 

dye). Also prepare the DNA marker (3 µl) 
 Run the gel at ~110 V. 
 Staining the gel in ethidium bromide solution at 15 min 

Visualisation of the stained gel is done under UV light using gel documentation system. 
Evaluation of the different DNA bands pattern in an interactive way with the teacher. Use also 
the knowledge gained in the lecture. 
 

References:  
Lorenz TC. (2012): Polymerase chain reaction: basic protocol plus troubleshooting and 
optimization strategies. J Vis Exp. 2012;(63): e3998. doi:10.3791/3998 
 
Kasajima I (2018) Successful tips of DNA extraction and PCR of plants for beginners Trends in 
Res, 2018 Volume 1(3): 1-2 
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Exercise 2. Protein refinery from plants 
 
Purpose of the exercise: 
During the practical course students will be informed about the plant based protein sources. The 
topic is focusing on the advantages and challenges of possible and available seed based and green 
biomass based protein sources such as processing technology, acceptability, economy and 
sustainability. 
 
Required knowledge: Basic knowledge on protein biochemistry and protein distribution in plant 
cells  
 
Guidance:  
According to FAO prediction the global population will increase by 30% by 2050, and demand for 
food will increase by 60%. Along with world population increase the structure of food 
consumption is changing. 
Global meat production is shifting towards poultry and aquaculture, which have lower feed 
consumption needs. 
The increased meat consumption (and dairy consumption) entails the demand of increased 
industrial compound feed production, which has reached one billion tons worldwide. 
The most important source of protein in compound feeds is the oilseed meal from the processing 
of oilseeds. Soybean meal gives the 70% of global oilseed meal production and rapeseed and 
sunflower meal for another 15%. Global soybean production is limited. The share of USA, Brazil, 
Argentina and Paraguay in global soybean production and foreign trade is around 80-90% today. 
Grasses and alfalfa as green biomass means alternative protein source besides seed based protein 
in continental climate zone with their advantages and limitations. Protein in green biomass can 
reach, even exceed, the amount of protein accumulated in seeds per unit area. Also, green biomass 
contains biologically valuable substances (fibers, carotenoids, sugars, unsaturated fatty acids, 
vitamins, secondary metabolites etc.). 
 

 
Figure 2.1 Seed based protein versus green biomass protein Edited by Éva Domokos-Szabolcsy 

 
Using/developing technological processes (including physical, chemical, biotechnological steps) 
proteins and other valuable components can be exploited from green biomass and these 
components, fractions can be used for different purposes. This is basic of green refinery 
conception. More details about green biorefinery can be found on the elearning surface with 
entitled: Biotechnological aspects of proteins, agricultural crops in the protein supply. 
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Task: 
Before practice prepare a short presentation at home containing 4 -5 slides with answers to the 
following questions: 

 Describe the plant species whose green biomass is traditionally used 
for feed purposes in the climatic conditions from where you come 
from.   

 Search plant species whose green biomass can insert in the concept 
of green biorefinery in the climatic conditions from where you come 
from. Use your plant taxonomy knowledge. 

 What are the traditionally used methods in your culture for using 
different green biomass as feed and / or food? Inquire with older 
members of your family and look it up online! 

Use the internet to prepare the presentation! The presentation should include illustrative photos of 
the plants. 
During the exercise, present the collected material one by one and discuss it together. 
Take into account the information discussed, form small groups of 2-3 students. Plan the 
technological steps of a green conveyor belt with different outputs in order to be able to produce 
as many value-added products and by-products as possible without waste. Make a flow chart of 
your plan in PowerPoint and present it to the whole group.  
To help you, take a look at the educational material uploaded to the elearnig interface and the 
publication at the link below!  
https://www.semanticscholar.org/paper/Development-of-Green-Biorefinery-for-Biomass-A-Xiu 
Shahbazi/46831740e4a26eb46fe33f298bdb91d6355b989f   
Also remember your previous chemical studies.  
An implemented route is presented in practice as a demonstration 

 
 
Discussing the probability of feasibility of each green conveyor belt plan from the aspect of 
ecological, economical and agricultural on the practice with the teacher.
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Exercise 3. Quantitative analysis of plant derived proteins 
 
Purpose of the exercise: In this exercise, students will discuss and evaluate the possibilities of 
quantitative detection of proteins in different plant derived samples. 
 
Required knowledge: Students should have knowledge of the amino acids that make up proteins 
and the structure of proteins. Basic knowledge of plant derived proteins and spectrophotometrics.  
 
Guidance: 
For proper development, human and animals need adequate amounts of food, including protein. 
The right quantity and quality of plant proteins must be chosen carefully. Several methods are 
available to determine the protein composition of a given diet.  

 
Fig. 3.1 Protein quantitative analysis possibilities 

 
Evaluate the protein determination methods based on the bioavailability of nitrogen forms by 
animals. 
Follow the next descriptions:  
The first and simplest is the determination of precipitable proteins. Amino acid analysis can be 
used to determine the free amino acids (although they are rarely found free in nature) in addition 
to the essential fraction. With the Kjeldahl method, amide and ammonium nitrogen can be 
measured beyond the fraction that can be determined by the amino acid analyzer. The Dumas 
method measures all nitrogen-containing compounds. 
There is difference between the bioavailability of different nitrogen forms from true proteins to 
nitrite. True proteins, peptides and amino acids are utilized by both monogastric and ruminants. 
Amides and ammonia are only used by ruminants for ruminants. Nitrates and nitrites are not used 
in humans or in humans or animals, and in larger quantities can be harmful. 
In practice, it is necessary to accurately quantify dissolved proteins. The most common method is 
the chromogenic (colour-forming) method is when the protein is mixed with an organic compound 
to form an absorption of a protein and an organic complex. The concentration can also be 
determined from the proteins' own UV absorption. See it is worth noting that whichever method is 
chosen, different proteins may have the same different results for different amounts of the same 
proteins. Furthermore, it is also true that for a given protein, each method may give different 
values. There is no perfect photometric protein determination procedure. Each method has 
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advantages and disadvantages, which should be weighed against each other. The most important 
considerations are specificity, sensitivity, the range of concentrations that can be measured, the 
accuracy, the nature of the protein to be measured, the presence of interfering substances, and the 
time required for measurement. 
The most common colour-forming method is Bradford-method. 
The Bradford protein assay was developed by Marion M. Bradford in 1976. It is a quick and 
accurate spectroscopic analytical procedure used to measure the concentration of protein in a 
solution. The reaction is dependent on the amino acid composition of the measured proteins. 
  
Task: 

 Before the exercise gather some information about colour based protein determination. 
Make a short summary of them and discuss with the lecturer. For this task use your 
pervious chemical studies and the Internet. 

 During the exercise make a standard curve guided by the lecturer, then measure the 
previously prepared unknown samples. Evaluate the data using the standard cure what you 
previously made. Make a lab-report. 

 Based on Exercise 2 compare proteins in seeds and green shoots, then discuss the lecturer 
what are the main differences. 
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Exercise 4. Protein expression pattern of plant fractions 
 
Purpose of the exercise:  
The aim of proteomics: to understand the composition of the whole proteome. It is concerned with 
the elucidation of proteins, their functionally important modifications (phosphorylation, 
glycosylation, etc.) and their interactions; and the monitoring of protein composition changes due 
to developmental and environmental changes. 
Genomics alone is not sufficient: there are about 10 to 40,000 genes in plant genomes, whereas 
less than 200,000 proteins are expressed by alternative start sites, post-translational modifications. 
For this reason, it is worthwhile to investigate at the proteome level. 
 
Required knowledge: Students should have knowledge of the amino acids that make up proteins 
and the structure of proteins. To know what are the major biomolecules are in the plant cells and 
which can interact with protein. 
 
Guidance: 
 
The main method used for the separation of proteins and polypeptides is polyacrylamide gel 
electrophoresis (PAGE). PAGE is a high purity electrophoretic matrix with good physical 
properties, cross-linked by covalent bonds through polymerisation of synthetic acrylamide and 
bisacrylamide monomers. In the absence of bis, a random polymer chain is formed (viscous 
solution). For a given bis concentration, the pore size decreases with increasing acrylamide 
concentration. Denaturing polyacrylamide gel electrophoresis (SDS-PAGE) is the most efficient 
protein separation method routinely used. Sodium dodecyl sulfate (SDS) is an anionic surfactant 
binds to its aliphatic chain by hydrophobic interaction to protein (~all 3rd amino acids). SDS 
denatures protein (unfold protein chain) and coats it with a uniform negative charge. The net 
charge of an SDS-treated protein is proportional to its size, its mobility is determined only by its 
size, making it suitable for molecular weight determination. 
Before practice check the video below to better understand the principle of SDS-PAGE: 
https://www.youtube.com/watch?v=On_ZotdZexI  
 
Gel preparation process:  
The gels are usually poured into a cassette consisting of two glass plates (10-20 cm wide and long) 
and spacers, most often 1 mm thick. Combs of different sizes are used to form the sample spaces. 
Casting can be done in one gel cassette at a time or in several gel cassettes placed in a casting bath 
at the same time. It is also possible to buy ready-to-use gels. 

 Separating/running gel composition: 10-12.5% for separation of plant proteins (6 mL) 
1.8 mL 40% acrylamide solution: solution preprepared by polymerization (vinyl 
polymerization) of acrylamide (AA) monomers and randomly incorporated 
bisacrylamide (Bis) co-monomers 
2,57 mL distilled water 
1,5 mL 1,5 M TRIS pH 8,8: buffer 
60 uL 10% SDS 
60 uL 10% ammonium persulphate APS - (NH4)2S2O8): free radicals are formed  
6 uL TEMED: (N,N,N'N'-tetramethylethylenediamine) catalyses the formation of free 
radicals that trigger the polymerisation of monomers.  
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Isopropanol layer: Oxygen inhibits polymerisation, so isopropanol is layered on top to inhibit the 
oxygen from dissolving. It also provides an uniform surface. 

 Collection gel/compaction gel: larger pore size,  
3.5 mL 
2,2 mL distilled water 
350 uL acrylamide 
875 uL 0,5M TRIS pH 6,8 
35 10% uL SDS 
35 uL 10% APS  
3,5 uL TEMED 

Running buffer: glycerol/TRIS/SDS (10x) diluted 1x from stock solution. 

Plant protein extraction: 

Extraction and solubilization of lyophilised (or crashed sample in liquid nitrogen) plant samples in 
lysis buffer which contains chaotropic agents, reducing agents and detergents. Before loading 
plant samples on the gel they should mix with loading buffer. Samples are boiled in the presence 
of sodium dodecyl sulphate (SDS) and mercaptoethanol. SDS denaturing the proteins and giving 
them uniform negative charge. 

2 % SDS 
5% β-mercaptoethanol 
10% glycerol 
0,0625 M tris-HCl pH 6,8 
0,005% bromophenol blue 

 
Running conditions:  
90V - 15 min until it reaches the separating gel 
180V 40-50 minutes 
 
After the sample is applied, a DC voltage of 90 V is applied to the electrophoresis equipment, and 
this voltage is maintained as long as the samples are running in the collection gel. The DC voltage 
is increased to 180 V when the sample has reached the separation gel. The procedure is carried out 
at room temperature. When the bromophenol blue indicator dye reaches the bottom of the 
separating gel, the apparatus is de-energised. 
After separation gels are stained in Coomassie G25 dye overnight and washed with distilled water.  
 
Evaluate the resulted gel with the help of the demonstrator: 

 Compare the band patterns of the different plant samples 
o What are the difference in band number, size and intensity? 

 Use the molecular marker to determine the molecular weight of the separated proteins! 
 Based on the molecular mass, try to identify the separated protein bands!  

o What plant proteins do you know? Collect and discuss with the group! 
o Note the size of the subunits of proteins with multiple subunits.  
o Find the probable location of a typical plant enzyme on the gel! 
o Rubisco (large, small subunit), PEP carboxylase, nitrate reductase 

 Find the molecular weight(MW) of proteins online! 
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Exercise 5 Plant organ cultures  
 
Purpose of the exercise: 
Plant organ cultures are not only the basis of research, but also a standard technique for the 
propagation and breeding of agricultural crops or in vitro gene banks. Because a detailed system is 
available, the propagation of banana, pineapple and ornamental plants is carried out almost 
worldwide using in vitro techniques. The exercise will introduce you to the basic operations of 
maintaining plant organ cultures. By following the rules of sterile work, in vitro cultures are 
successfully maintained and propagated. 
 
Required knowledge: plant anatomy and physiology, effect of phytohormones 
 
Guidance:  
In micropropagation, the totipotency of plant cells is used to produce new plants under sterile 
conditions, to multiply existing varieties in large scale or to create new varieties. Figure 
summarises the steps of the plant-cell-plant system that is involved in micropropagation. Plant 
microtechniques are categorised in several ways, one possible classification is according to the 
processes used and the organ or tissue during the process.  
 

 
Fig. 5.1 The process of micropropagation 

source: Dudits, D., & Heszky, L. (2003) with some modification 
 

In direct tissue cultures, shoot fragments containing meristems (buds) are used (node 
cuttings). Genetic stability is the highest in direct tissue cultures, the explants are clones of the 
parent. Plants propagated in this way must then undergo a phase of root development induction 
and acclimatisation. For root developing elevated auxin/ decreased cytokinin medium is used.   

 
In indirect tissue cultures, a young piece of tissue of any organ (inoculum) is used as a starting 
material and passed onto a medium containing cytokinin to induce callus development 
(dedifferentiation). This is followed by the regeneration of shoots from the callus 
(redifferentiation).  The introduction of the callus phase should be expected to result in the 
appearance of somaclonal variability in the regenerated plants.  
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When using indirect organogenesis, the primer shoot culture is used as a starting point. In this 
technique a vegetative reproductive organ (tuber, bulb, protocorm) is induced from shoots. The 
acclimatisation phase is much simpler and shorter because a mature organ capable of reproduction 
and persistence is produced from which a complete plant can develop.  
In somatic embryogenesis, morphologically appropriate embryos are produced from somatic 
cells. The inoculum can be any young part of the plant what is capable to produce embryogenic 
cell suspension. In contrast to zygotic embryos, these embryos will be clones identical to the 
parent plant. Critical point of this technique to synchronize the embryos development.  
 
Task: 

 Prepare hormone free and zeatin containing solid media for plant micropropagation.  
o What are the advantages and disadvantages of solid and liquid media? Discuss with 

the group!  
o What is hormone-free and hormone-containing media used for? 
o  What effect do we expect from adding zeatin to the medium? Recall your previous 

studies, search for information on the internet! 
 Pass some plant on fresh media, pay attention for the sterile work! 

o Listen carefully to the demonstrator's instructions on the rules of sterile work. 
o direct tissue culture: shoots from nodal segments:  

 Choose a plant species and make single nodal cuttings, try to make as many 
cuttings as possible. Place the cuttings on fresh hormone-free medium. 
Make sure you work in a sterile environment! 

o indirect tissue culture: from tobacco/gloxinia leaf segments 
 Cut a young, healthy leaf off the plant, then use a sharp scalpel to cut the 

leaf into 1-5 mm pieces. Place the pieces on a medium containing zeatin 
and cover the vessel. 

o pass of pineapple protocorms 
 Carefully separate the pineapple plants using tweezers and a scalpel. Place 

the separated plants on fresh medium. 
After the micropropagation work is completed, cover all plant growing vessel and label (name, 
date).  
Discuss the advantages and disadvantages of direct and indirect tissue culture: 
Which method can produce more plants? 
How long does it take to grow a whole plant using this method? 
Which method is more expensive? 
Which method can be automated? 
 
Track and document the growth of your plants with photos over the next 5 weeks! Make a short 
report on the changes in the plants at the end of the 5th week (use the photos as an illustration). 
Explain the changes you have observed! 
 
References: 
Dudits, D., & Heszky, L. (2003). Agroinform, Budapest. Plant biotechnology and gene technology 
(in Hungarian)
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Exercise 6 Somatic embryogenesis, somatic seeds versus seedlings 
 
Purpose of the exercise: 
Understanding the theoretical background and practical applications of somatic embryogenesis. 
To learn about the results of artificial nucleus research and to assess the potential for its 
application. 
 
Required knowledge: plant micropropagation, plant anatomy, plant embryonic development  
 
Guidance: 
Somatic embryos are similar in anatomy to zygotic embryos and can also develop into whole 
plants. However, embryos derived from somatic cells are genetically identical to the parent plant. 
To produce somatic embryos, an in vitro embryogenic system must first be developed and 
optimised. As a starting point, we need to establish and maintain an embryogenic callus or cell 
suspension. Then need to ensure that the resulting embryos develop and mature synchronously 
into torpedo stage in the largest possible number. These criteria are rarely fulfilled to the desired 
extent, but the number of somatic embryos produced in large quantities is sufficient for certain 
valuable or difficult to propagate plant species (pines, ornamental species). The maturation of 
somatic embryos can be promoted by various treatments, such as the addition of hormones, drying 
or heat stress. 
 

 
Fig.6.1 Artificial seed 

source: Dudits, D., & Heszky, L. (2003) with some modification 
 

The artificial seed refers to the embryo developed in tissue culture and the material that envelops it 
- nourishing and protecting it. The term artificial is also used to replace synthetic or somatic seed. 
The latter also indicates that the artificial seed contains the genome of the somatic cells, so that 
reproduction with it means cloning or vegetative propagation.  
The production of an artificial seed requires materials that can perform the function of parts of the 
real seed (e.g. endosperm). After several experiments, sodium alginate has proved to be the most 
promising material. Sodium alginate is a gelatinous polymer with jelly-like properties that can 
protect the embryo from environmental influences without preventing it from germinating. In 
industry, somatic embryos are encapsulated in sodium alginate, to which various growth 
regulators, pesticides and nutrients are added. 
 
Task: 

 Study of somatic/zigotic embryogenesis in chosen embryogenic callus culture 
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Under a stereomicroscope, examine the structure of a pepper seed! Make a drawing 
or photograph the microscope image and name the observed parts. Make a note of 
the magnification at which you examined the seeds! Use tweezers and a scalpel to 
extract the embryo from the pepper seed! Examine the embryogenic callus nodules 
under the microscope and look for somatic embryos. Photograph or draw these too! 

Discuss with the group what anatomical similarities and differences you find between zygotic and 
somatic embryos? 

 Encapsulate chosen embryogenic callus with sodium alginate using an automatic pipette. 
 Place the selected somatic embryo into the Na-alginate solution using tweezers. Carefully 

suck a small amount of alginate with the pipette so that the embryo is immersed. With a 
firm movement, expel the alginate into the calcium solution. Na-alginate is solidified by 
calcium ions. Try to make a sphere shape with the method so that the somatic embryo is 
positioned in the centre of the alginate sphere. 

 Chemicals:  
 Na-alginate 2.5% (w/v)  
 100 mM CaCl2 

Prepare several artificial seeds and do test sowings in the plant growing room in sterile growing 
medium. Observe the development of the plants for a few weeks and report back on your findings. 
Highlight the difficulties of the method and look for possible solutions on the internet! 
 
Read the following research article: Guillou, Caroline, et al.: "Indirect somatic embryogenesis of 
Theobroma cacao L. in liquid medium and improvement of embryo-to-plantlet conversion rate” 
Find the article online: 
https://link.springer.com/article/10.1007/s11627-018-9909-y  
Summaries with your group what results have been achieved by researchers using somatic 
embryogenesis to reproduce the cacao plantlets? 
What other economically valuable plants would you recommend for somatic embryogenesis? 
Search it online! 
 
 
References: 
Dudits, D., & Heszky, L. (2003). Agroinform, Budapest. Plant biotechnology and gene technology 
(in Hungarian) 
Guillou, Caroline, et al. "Indirect somatic embryogenesis of Theobroma cacao L. in liquid medium 
and improvement of embryo-to-plantlet conversion rate." In Vitro Cellular & Developmental 
Biology-Plant 54.4 (2018): 377-391. 
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Exercise 7. Zygotic embryo cultures  
 
Purpose of the exercise: To discuss and evaluate sexual reproduction of different plant species and 
genera, with emphasis on biotechnological potential. 
 
Required knowledge: Basic knowledge of double fertilization mechanism of flower plants. To 
know zygotic embryo development in plants. 
 
Guidance: 
While the first steps of embryogenesis are almost identical in plants of different taxa, the later 
steps differ considerably. The development of dicot embryos is characterized by the development 
of a few cellular proembryos, followed by characteristic morphological stages (sphere, heart, 
torpedo, etc.), accompanied and followed by tissue differentiation (protoderm, procambium, basal 
meristem, etc.), at the end of which the embryo reaches the germination stage. The polarity of the 
embryo is determined by the root tip (root meristem) at one pole and the shoot tip (shoot 
meristem) and the two petiole leaves at the other pole (Fig.7.1). The embryo of a monocot differs 
in several respects from the former development. A scutellum is formed on which the embryo lies. 
A bud (plumula), covered by a coleoptile, is located laterally from the mesocotyl, and a radicle 
(radicle), covered by a coleorhiza, is in the opposite direction. 
 

 
Figure 7.1 The process of fertilization and embryogenesis in higher plants. Source: Zhao and Sun, 2015. 

 
The embryogenesis time varies between species (15-150 days). The position, size, and 
development of the embryos in the mature nucleus can vary considerably, and knowledge of these 
factors is particularly important for successful isolation. Some of the embryos are ready to 
germinate once they have reached full anatomical and physiological development, while others 
need further maturation, dormancy, drying, etc. to become ready to germinate. 
At this point, we must distinguish physiological rest from real (dormancy) rest. The physiological 
dormancy of the embryo (quiescence) is in fact the result of water loss (the seed matures), which 
is immediately terminated when the seed (embryo) takes up water again. In the true quiescence 
state, the inhibition of embryo germination is the result of the accumulation of growth retardants 
in the seed. This dormancy can last for years, depending on the species. 
Areas of use: 
-species crossing, 
-genera crossing, 
-bulbosum technique, 
-in all cases where there is an obstacle to normal embryogenesis in situ 



  
  
 
 
 

 

16 
 

 
Task: 

 During the exercise make a zygotic embryo culture guided by your lecturer. Make pictures 
and a lab-report. Every week take notes about the cultures and after 4 weeks take a max. 5 
slide long presentation and discuss with your lecturer the results. 

 Summarize the similarities and differences in embryonic development of 
monocotyledonous and dicotyledonous plants based on your previous studies and discuss 
with the lecturer based on your previous studies. 

 In small groups discuss what options do you know to eliminate seed dormancy and present 
your lecturer. 

 For the tasks above use the Internet and relevant publications. 

 
Reference: 

Zhao, P. and Sun, M-X. (2015): The Maternal-to-Zygotic Transition in Higher Plants: Available 
Approaches, Critical Limitations, and Technical Requirements. In: Current Topics in 
Developmental Biology Chapter: The Maternal-to Zygotic Transition. 
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Exercise 8. In vitro androgenesis 
 
Purpose of the exercise: 
Preparation of pollen-containing anthers at the appropriate stage of development and induction of 
androgenesis from the microspores developing in them under sterile, artificial conditions. 
Individual development can be switched from gametophytic to sporophytic without fertilization, 
artificially. Aim to produce haploid plants which chromosome sequence can be duplicated 
spontaneously or induced artificially to produce homozygous dihaploid individuals. Redirection 
from an in vivo developmental pathway to a completely new sporophytic pathway. 
 
Required knowledge: plant micropropagation, plant anatomy, plant embryonic development, 
microscopy  
 
Guidance: 
In contrast to diploid techniques (direct/indirect tissue cultures, indirect organogenesis, somatic 
embryogenesis), the use of haploid techniques (androgenesis, gynogenesis) represents a 
qualitatively new evolutionary pathway from gametophyton to sporophyton in vitro, which is 
possible by interfering with the regulation of gene function. Proper culture medium preparation: 
complex macro-, microelements and vitamins, with iron supplementation with carbohydrate 
(sucrose), solidifying agent (agarose), but also known floating culture in liquid medium.   
For the initiation of androgenesis stress induction is needed: growth regulators (2,4-diphenylacetic 
acid, quinetin, phenylelacetic acid and combinations thereof) and/or high NaCl concentration are 
used. To slow down the metabolism and development of microspores, cold pre-treatment of 
flower buds for shorter to longer periods, its slowed down microspore metabolism and 
synchronize mitosis in the cells.  
 

 
Fig. 8.1 Microgametogenesis 

source: Dudits, D., & Heszky, L. (2003) with some modification 
 
Only at a certain stage of pollen development are the developing microspores capable of 
undergoing androgenesis (Fig. 8.1). If the cells are older, they become determinant for the 
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formation of mature pollen. During the exercise, we will verify the maturity of the microspores 
under investigation by microscopic examination. To do this, the anthers are dissected from the 
buds of the plant under examination (pepper) and the pollens are floated out on a microscope slide 
in a drop of distilled water. The pollen grains are stained with aniline blue dye and examined 
under a light microscope. The aniline blue strongly stains the cells with dense cytoplasm. This 
allows us to determine how many androgenesis capable (pale blue) cells are present in the anther 
samples. Prepare anthers under sterile conditions from the pepper buds under test and graft them 
onto a special androgenesis medium containing 2,4D. 
 
Task 

 Prepare CP induction medium and pour it into a Petri dish. 
1 litre  
2,2 g/L MS complex 
3% sucrose 
1 mg/L 2,4D (from 10mg/mL stock solution) 
2,5g/L gelrite 

 Break the flower into parts, study the parts of the flower (make a diagram). 
Collect flowers and buds from different plant species. The flower buds can be kept fresh in the 
fridge for a few weeks between damp paper! At the beginning of the exercise, show which plant 
species' reproductive organs you have collected. With the help of your group, examine the 
structure of the flowers of different plants under a stereomicroscope. Identify the parts of the 
flower organs, specifically the stamen and pistil. 

 Microspore isolation by maceration and staining. Study of microgametogenesis. 
 Place anthers from pepper buds on the prepared medium. 

The surface of the buds is sterilised beforehand; the internal organs are sterile. Remove the 
receptacle with a sharp scalpel and make an incision on the side of the bud. This allows the bud to 
be opened and the anthers removed with tweezers. The anthers are incubated in dark at 25-30°C 
until callus emergence. 
Haploid and dihaploid plants can be regenerated from callus. Working in groups, what are the uses 
of haploid and dihaploid plants? Analyse internet sources! 
 
References: 
Dudits, D., & Heszky, L. (2003). Agroinform, Budapest. Plant biotechnology and gene technology 
(in Hungarian) 
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Exercise 9. Possibilities of increasing genetic variability in in vitro 
 
Purpose of the exercise: In this exercise, students will discuss and evaluate possible forms of 
genetic variability in in vitro plant cultures, with reference to somatic cells.  
 
Required knowledge: Basic knowledge of DNA extraction, PCR reaction and plant tissue cultures. 
 
Guidance: 
Definition: Detectable genetic differences between regenerated plants from somatic cell culture. 
Steward in 1958 was the first to regenerate a plant from a cell. According to accepted postulates of 
genetics, plants regenerated from their own cells should be genetically identical (clones). In the 
second half of the 1970s, after regeneration had become routine for the most important species, it 
was noticed that there were differences between regenerants. At first this was thought to be an 
epigenetic change. Genetic (cytological) changes during breeding were first observed in sugar 
cane in 1969. Subsequent research has demonstrated the genetic instability of cultured plant cells. 
Finally, two Australian researchers, Larkin and Scowcroft in 1981, systematized genetic instability 
and named this new source of variability as somaclonal variability. 

 
The origin of variability: 
The genetic causes of somaclonal variability can be divided into two main groups, depending on 
whether the change occurs de novo in the plant before isolation or under in vitro conditions after 
isolation. The first group thus includes pre-existing differences in the cells of the primary tissue, 
and the second group includes genetic instability induced by tissue culture. 
There are stable differences in DNA content between cells in different plant tissues. These 
variations (endopolyploidy, different DNA content, mutations, etc.) are most likely to occur 
during the differentiation of different tissues and organs and because of mutational events during 
the life of the plant. 
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Using flow cytometry, it has been shown that the relative DNA content of the interphase nuclei of 
different potato tissues is different. From the data the difference in DNA content between cells in 
the main organs of the potato is of the order of 2-3 times and does not depend on the original 
ploidy level of the plant. 
In addition, during the life of a plant, several mutations may arise in the cells of tissues 
differentiated for different purposes, which for some reason have not been corrected by the repair 
mechanism operating in the cells.  
Thus, when tissue culture is established, mutant cells can be introduced into the medium with the 
isolate and their progeny can be used to grow mutant plants after plant regeneration. Finally, the 
consequence of polysomaticity is that the plant isolate is already composed of heterogeneous cells 
when in vitro cultures are initiated. 
Task: 

 Before the exercise summarize in maximum 5 slides what genetic variations are you aware 
of in plants. Use the Internet and relevant publications. 

 In small groups discuss what methods can be used to increase genetic variability then 
present the lecturer an interactive way. 

 Prepare sterile tissue cultures according to the instructions of the lecturer. Observe the 
cultures for 4 weeks and record phenotypic characteristics in comparison with the donor 
plant. At the end of the fourth week, isolate DNA from the plantlets grown in the tissue 
culture as described in Exercise 1. and perform a PCR reaction. Run the PCR products on 
agarose gel and evaluate. 
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Exercise 10. Tissue cultures in bioreactors 
 
Purpose of the exercise: Comparison and evaluation of the effectiveness of conventional in vitro 
plant propagation methods and bioreactor applications. 

Required knowledge: Students should have knowledge of plant anatomy and physiology, as well 
as knowledge of micropropagation methods. To know what components are needed to prepare in 
vitro plant media in general. 

Guidance: 

Plant propagation by tissue culture technique is claimed an intensive labour requirement which 
entails high production cost. Also limitation of the conventional micropropagation techniques is 
the difficulty in controlling the chemical and/or physical properties in culture vessels. 

Bioreactors are vessels or devices that are designed to support a biologically active environment 
for the proper growth of cultures at a large scale. The basic function of a bioreactor is to provide 
optimum growth conditions by regulating various chemical and/or physical factors. Besides mass 
propagation of plant tissue/organs bioreactors can be used to culture of plants cells to produce 
metabolites or recombinant proteins. 

 

Compare the growing/propagation dynamics of chosen plant species/varieties in conventional 
semi-solid media, conventional liquid media and temporary immersion plant bioreactors.  
Form small groups of 2-3 students and follow the tasks: 

- During the practice use the material issued preparing multiplication media 
- Put the organogenic propagules into the different growing system (individual vessels and 

units of plant cloning bioreactors) 
- Start propagation of plant materials by setting on the bioreactor under the guidance of the 

teacher 
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- During the study period Record the data about new shoots week by week and take photos. 
- After 5 weeks harvest the plant biomass. 
- Prepare a report which contains: 

 Composition of plant growing media 
 Volume of media 
 Initiating numbers of propagules. 
 Environmental parameters of plant growing (temperature; light condition) 
 Weekly table about photos of multiplicating and developing plants both in 

vessels and bioreactors.  
 Assessment table on the number, average size and development status of 

harvested plants considering the growing systems 
On the basis of the reports and the calculated costs, discuss with the teacher the feasibility of using 
a bioreactor in plant in vitro practice.  
 
References 
Krol, A., Kokotkiewicz, A., Szopa, A., Ekiert, H., & Luczkiewicz, M. (2020): Bioreactor-Grown 
Shoot Cultures for the Secondary Metabolite Production. Plant Cell and Tissue Differentiation and 
Secondary Metabolites, 1–62. doi:10.1007/978-3-030-11253-0_34-1 
 
Kee-Yoeup Paek, Eun-Joo Hahn and Sung-Ho Son (2001): Application of Bioreactors for Large-
Scale Micropropagation Systems of Plants In Vitro Cellular & Developmental Biology. Plant Vol. 
37, No. 2 pp. 149-157 
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Exercise 11. Chemical compounds in plant biomass 
 
Purpose of the exercise: During this exercise, students will discuss and evaluate the possibilities of 
quantitative detection of different plant secondary metabolites, with particular emphasis on 
phenolic components and flavonoids. 
 
Required knowledge: Students should have biochemical knowledge. To know biomolecules in 
plant cells, primary and secondary metabolites. 
 
Guidance: 
Secondary metabolites are organic compounds that do not play a direct role in the growth, 
development, or reproduction of living organisms. Unlike primary metabolites, their deficiency 
does not lead to the rapid death of organisms, but in the long term they impair survival, fertility, 
cause aesthetic changes, and may have no consequences. The presence of secondary metabolites is 
often restricted to certain species within a phylogenetic group. Secondary metabolites often play 
an important role in plant defense against pests and in another interspecific defense. Secondary 
metabolites are the raw materials to produce many pharmaceuticals, flavorings, and pesticides, 
mainly metabolites from plants, fungi, and bacteria. 

 
Phenolic compounds, including stress-linked phytochemicals, have been related to favorable 
impacts, which are caused by the consumption of fruits and vegetables, particularly due to their 
antioxidant activity. Plant polyphenols as dietary antioxidants in human health and disease might 
protect against oxidative damage. As natural antioxidants, phenolic compounds are found 
abundantly in plant food and beverages, which play vital parts in pabulum and healthcare. Some 
researchers have indicated that phenolic compounds are the most affluent in ordinary human diets 
among the dietary antioxidants. Lately, phenolic compounds have obtained significant interest 
based on active reports of their conjectural part in holding back a variety of human illnesses. 
 Some polyphenol-rich foods, for instance grape, grape seed extract, pomegranate juice and 
cranberry juice, have been reported to play a beneficial part in reducing cardiovascular risk 
elements in patients with metabolic syndrome and type 2 diabetes. 
Flavonoids are ubiquitously occurring polyphenolic compounds and comprise the broad class of 
natural products. To date, it has documented over 8000 different flavonoids and most of them are 
present in the cells or surfaces of various plant tissue organs. A large variety of edible plant 
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species contains flavonoids, which are important human dietary constituents. Flavonoids are 
among the most abundant and widespread secondary metabolites groups, which is extremely 
valuable to mankind, not merely because of their contribution to imparting plant colors, but also 
due to its several physiologically active members too. The confirmation of flavonoid’s reliable 
positive benefits like cancer prevention has produced a considerable interest in research, including 
serving foods containing flavonoids. 
 
Task: 

 Before the exercise make a maximum 5 slides long presentation of what simple method is 
known to detect polyphenols and flavonoids. 

 In small groups discuss which polyphenol-rich plant or plant family do you know and 
present it your lecturer. 

 

 


