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Aims 
Fulfilling the course, students will be able to design and run of PCR as well as the possibilities 
for the usage of the different PCR techniques for plant protection problems. 
 
Developed competencies 

 Understand the concept of PCR will, and different PCR techniques 
 Familiar with design and run of PCR 
 Become committed to objective approach of science; 
 Able to choose the appropriate PCR techniques for plant protection questions 
 Able to make and run PCR, as well as interpret the results  

 
Contents 

1.  The basic concept of polymerase chain reaction (PCR), and different PCR techniques 
2. Basic concept and application of real time PCR. 
3. Application of PCR for cloning of genes 
4. PCR methods for identification of taxons. 
5. PCR methods for the identification of phylogenetic connections. 
6. PCR applications in biotechnology. 
7. PCR applications in the plant-pathogen interactions.  
8. Detection of plant pathogens with different PCR techniques. 
9. Setup and optimization of the PCR reactions. 
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Exercise 1 (Dr. Károly Pál) 
Basics of the polymerase chain reaction (PCR).  
 
Purpose of the exercise: Understanding the PCR reaction.  
 
Required knowledge:  
Identification of living organisms can be performed by numerous methods, but the PCR is one of 
the most popular techniques. The PCR is used for the amplification of short DNA pieces, which 
can be used in numerous subsequent reactions (see cloning, sequencing etc.). A regular PCR 
reaction is consisting of about 35 cycles and takes approximately 1,5-2 hours to be completed. A 
typical PCR program looks like this one below: 
 

 Step 1. Denaturation of template DNA at 95 °C (3 min) 
 Step 2. 

o Denaturation of template DNA at 95 °C (at the beginning of each cycle)(30 sec - 1 
min) 

o b) Annealing of primers at 50-65 °C (depending on the primers etc.,)(20 sec - 1 
min) 

o c) Elongation of new DNA strand at 72 °C (30 sec - 2 min) 
 Step 3. Final strand elongation at 72 °C (5-10 min) 
 Step 4. Cooling down of PCR reaction mix 

 
The primers are short oligonucleotide sequences that are used as ‘start’ and ‘end’ points of the 
amplified DNA fragment. You can find more information about primer design in Exercise 3. 
 
The PCR reaction takes place in a special device called thermal cycler. The core of the device is a 
metal block that can be heated and cooled down very precisely, according to the program. 
Programming of the device is quite intuitive (especially of the newer models), but programming of 
older thermal cyclers may require the use of the manual. Older models have a monochrome LCD 
display, while the new models are set up with a larger size LCD screen, that makes graphical 
programming possible (see examples below). 
 
 
 
 
 
 
 
 
 
 
 
Eppendorf Mastercycler Nexus 
Source: 
https://www.daigger.com/eppendorf-mastercycler-nexus-thermal-cyclers-i-epp6330000021 
Downloaded: 28 July 2020 
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Techne TC-3000X Thermal Cycler 
Source: http://www.keison.co.uk/techne_tc3000xthermalcycler.shtml 
Downloaded: 28 July 2020 
 
 
The PCR reaction mixture contains the following components: 

 template DNA 
 DNA polymerase enzyme 
 primers (forward and reverse) 
 dNTPs 
 magnesium (as cofactor) 
 buffer 

 
In most cases, we can use the concentrations set by the manufacturer of the components. But it 
may happen that we have to optimize the amount of one or more ingredients.  
 
To get a detailed description about the set-up of a PCR reaction and optimization of components, 
visit the following page: 
https://www.thermofisher.com/hu/en/home/life-science/cloning/cloning-learning-
center/invitrogen-school-of-molecular-biology/pcr-education/pcr-reagents-enzymes/pcr-
component-considerations.html 
 
Products of standard PCR reactions are visualized on agarose gels. The agarose gel has a 3D 
matrix structure, in which the negatively charged DNA strands (including PCR products) migrate 
when electric current is applied. The speed of migration depends mostly on the size of the DNA 
fragment, density of the agarose gel and the applied electric current. Further information about the 
protocol, required equipment, reagents and analyzation of gels can be found here: 
https://www.addgene.org/protocols/gel-electrophoresis/ 
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Task 1: Check Figure 1 and Figure 2 on the above mentioned ThermoFisher webpage. What 
factors may cause the appearance of nonspecific PCR products on the agarose gel? What 
optimization step is necessary to avoid the formation of nonspecific bands? 
 
Task 2: Visit the following page: https://learn.genetics.utah.edu/content/labs/pcr/ 
Practice the setup of the PCR reaction! 
 
Task 3: Visit the following page: https://www.biocompare.com/Bench-Tips/146243-Choosing-the-
Right-DNA-Polymerase-for-PCR/ 
Based on the four basic features of polymerase enzymes to be taken into account, make a 
descending order of the following polymerase enzymes listed on this page: 
https://www.civicbio.com/dna-polymerase-comparison-chart/ 
 

- Fidelity 
- Maximum amplicon size (processivity) 
- Extension rate 
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Exercise 2 (Dr. Károly Pál) 
Basics and application of the real-time PCR (qPCR).  
 
Purpose of the exercise: Understanding the qPCR reaction and its application possibilities in 
microbial research.  
 
The real-time PCR reaction is basically the same as the standard PCR reaction (see Exercise 1). 
The main difference is that until products of a regular PCR reaction must be visualized in a 
subsequent step (see agarose gel electrophoresis), product formation in the real-time PCR reaction 
is followed during the reaction, that’s how it got its name. 
 
In order to be able to detect the amplification of DNA fragments, fluorescent dyes are used in 
different forms (see list below). The reaction mixture is lighted with light of the proper excitation 
wavelength (depending on the dye) and then the dye starts to emit light of its emission wavelength 
(i.e. a given color is seen). Detectors in the qPCR device do record the sign and the attached 
computer makes a proper visualization from it. As the PCR reaction moves ahead in time, more 
and more amplified products can be found in the mixture and it results a stronger light signal. This 
is the basis of ‘quantification’, because the strength of the light is proportional to the amount of 
PCR product. So: quantitative PCR = qPCR. 
 
The following types of labeling and dyes are used in general: 

 Intercalating dye: the dye molecule settles into the double helix of the DNA 
stoichiometrically. The more dye attaching to the DNA the more light signal we can detect 
(e.g. SYBR Green). 

 Hydrolysis probe (=TaqMan probe): a third primer is used that settles onto one of the DNA 
strands between the forward and reverse primers. The TaqMan probe has a fluorophore 
dye on its 5’ end and a quencher on the 3’ end. While the probe is intact, the quencher 
absorbs the emitted energy from the fluorophore, so light signal is not detectable. During 
the reaction the polymerase enzyme digests the TaqMan probe, the fluorophore gets free 
and the quencher is not able to absorb the energy anymore: the result is a light signal of the 
fluorophore. 

 Hybridization probes (e.g. molecular beacon, scorpion probe): their structure is similar to 
that of the TaqMan probe, but the polymerase does not digest them, they are only pushed 
down from the template DNA: 

 
Video: https://www.youtube.com/watch?v=kvQWKcMdyS4 
Detailed info: https://www.gene-quantification.de/real-time-pcr-handbook-life-technologies-
update-flr.pdf 
 
The qPCR reaction is accomplished in qPCR devices that have the following components in the 
reaction chamber: 1. a LED that emits the exciting light and 2. a detector to record the light signal 
emitted by the fluorophore(s). By the use of more LEDs it is possible to track down the formation 
of multiple PCR products in the same reaction mixture. This method is called multiplex PCR, 
which can be cost effective and time saving when more than one DNS fragment must be detected 
in the same sample. 
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Optimization of a qPCR reaction might have several steps, for further information read the 
following article: https://www.frontiersin.org/articles/10.3389/fmicb.2017.00108/full 
 
There are two basic types of qPCR instruments: one type with a metal block and the other with a 
rotor. 
 
Rotor device: https://www.youtube.com/watch?v=NSvkHJghWZU 
Block device: https://www.thermofisher.com/hu/en/home/life-science/pcr/real-time-pcr/real-time-
pcr-instruments.html 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ABI QuantStudio 6 Pro (block system) 
Source: https://www.thermofisher.com/order/catalog/product/A44288#/A44288 
Downloaded: 28 July 2020 
 
 
 
 
 
 
 
 
 
      Corbett RotorGene 6000 (rotor system) 

Source: https://www.bid-on-
equipment.com/laboratory/testing-and-analyzing-
equipment/374074~corbett-research-rg-6000-rotor-gene-real-
time-rotary-analyzer-pcr-machine---2-plex.htm 

      Downloaded: 28 July 2020 
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The qPCR method is used for numerous purposes, including: 
 absolute and relative quantitation of targets 
 single cell analysis (clonality, genetic anticipation) 
 high resolution melting 
 genetic variation analysis (genotyping) 
 mutation detection 
 pathogen detection 
 antibiotic resistance detection etc. 

 
 
Tasks 
 
Visit the following page: https://www.gene-quantification.de/abi-rtpcr-pcr.pdf 
 
Task 1: Collect the problems of end-point detection from the document above and compare it with 
the possibilities of qPCR. 
 
Task 2: How would you define the ‘Cycle threshold’ (Ct) value? 
 
Task 3: SYBR Green is a well-known and widely used dye in qPCR reactions. Could you 
recommend other dye(s) in terms of human safety? 
Hints: https://biotium.com/faqs/what-is-the-difference-between-evagreen-and-sybr-green/ 
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Exercise 3 (Dr. Erzsébet Karaffa) 
Primer design, and checking oligos.  
 
Purpose of the exercise: Analyze some widespread used primers.  
 
Required knowledge:  
Perhaps the most critical parameter for successful PCR is the design of primers. The critical 
variables are: primer length, melting temperature (Tm), specificity, complementary primer 
sequences, G/C content and the 3’-end sequence. Specificity and the temperature of annealing are 
at least partly dependent on primer length. Oligonucleotides between 20 and 30 (50) bases are 
highly sequence specific, but it must be considered, that primer length is proportional to annealing 
efficiency: in general, the longer the primer, the more inefficient the annealing. On the other hand, 
the primers should not be too short (< 18 mer) as specificity decreases. Primer specificity is at 
least partly dependent on primer length: there are many more unique 24 base oligos than there are 
15 base pair oligos.  Regarding the complimentary primer sequences, a primer may be self-
complementary and be able to fold into a hairpin. It must be considered, that the 3´ end of the 
primer is base-paired, preventing it annealing to the target DNA. Moreover a primer may form a 
dimer with itself or with the other primer. Ideally a primer should have a near random mix of 
nucleotides, a 50% GC content. There should be no PolyG or PolyC stretches that can promote 
non-specific annealing the 3' terminal position in PCR primers is essential for the control of mis-
priming. Inclusion of a G or C residue at the 3' end of primers helps to ensure correct binding 
stronger hydrogen bonding of G/C residues). the goal should be to design a primer with an 
annealing temperature of at least 50°C. The relationship between annealing temperature and 
melting temperature is one of the “Black Boxes” of PCR. a general rule-of-thumb is to use an 
annealing temperature that is 5°C lower than the melting temperature. Both of the primers should 
be designed to have similar melting temperatures. Consequently the design of PCR primers is 
not easy, however computer programs devised to take all of the design criteria into account. 
 
Guidance:  
Check commonly used primers using different online programs. 
  
Task 1: Check minimum three primer pairs listed in in Practical Exercises for the Course of 
Molecular Biology, Exercise 14, Table 1 with the following program 
http://www.oligoevaluator.com/LoginServlet. Collect the characteristics of the oligos in a table. 
 
Task 2: Find another freely available program for checking the oligos. Compare the results. 
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Exercise 4 (Dr. Erzsébet Karaffa) 
Overview and understand the different PCR methods applied for identification of taxons. 
 
Purpose of the exercise: Understand the methods used in PCR based molecular identification with 
the help of descriptions, and videos.   
 
Required knowledge:  
There are several PCR based methods, which can be used for the identification of taxons. Those 
are the previously widespread RAPD, and the AFLP, PCR-RFLP, PCR for repetitive sequences 
and DNA Barcoding. Some of them has been previously described in details in the course of 
“Molecular Biology, and in previous chapters. There is only a brief summary for some of them. 
 
AFLP (Amplified fragment length polymorphism): The technique is suitable for detecting 
polymorphisms in regions of unknown sequence. The fragments are detected by PCR 
amplification. It provides well-reproducible pattern of 50-100 pieces. Application areas of this 
method are the determination of the genetic map for a new species, the examination of relationship 
for various species and the breeding (Figure 1.) (Kumar et al., 2013). 
 
  

 
Figure 1. Steps of AFLP method 

Source: Kumar et al., 2013. 

 
RAPD (Random Amplified fragment length polymorphism DNA): It is a random PCR method 
(amplifying a non-specific target region). Unknown genomic DNA sequences can be amplified 
with arbitrarily selected short (10 bps) primers. The PCR reaction takes place at a low annealing 
temperature. Several PCR products are formed on an agarose gel gives a band pattern after 
electrophoretic separation in the presence of ethidium-bromide. The size of the fragments can be 
determined using DNA markers run with the samples. The results are difficult to reproduce and it 
is necessary optimized conditions for the examination. The method is applicable for the 
examination of relationship and features for various species (Figure 2.) (Random amplification of 
polymorphic DNA, 20.09.2018.).  
 
 



  
  
 
 
 

 

12 
 

 
Figure 2. Process of RAPD technique 

Source: https://www.omicsonline.org/blog/2015/04/20/9526-Random-amplification-of-polymorphic-DNA.html; 
Downloaded: 09.20.2018. 

 

Investigation of repetitive sequences: There are a longer or shorter repetitive sequences in the 
genome. They may occur in 1 to 106 copies in eukaryotes. It can expose 20-80% of the genome. 
The role of repetitive sections is still unclear. Their formation is may the result of gene 
translocation/duplication or other random genetic processes. It is suitable to separation of closely 
related isolates. One example is microsatellite, which is non-protein-encoding DNA segment with 
high polymorphism. Few base pairs (1-10 bps) specific DNA sequences (SSR) repeat in the 
rDNA. The number of the tandem repetitions is variable. It can be found both in the genome of 
prokaryotes and eukaryotes.  They can be detected by PCR. The method is well reproducible. 
Special feature is that the DNA segments appear as a well-separated peak (satellite) in the 
presence of cesium-chloride (CsCl) during gradient centrifugation (PARKER et al., 1998). The 
method is used widely in case of detailed examination of the genome and the population genetic or 
genealogical research of a given species for fungi and insects (Figure 3.) (Jenkins et al., 2012.). 

 
Figure 3. Examination of microsatellites region  

Source: Jenkins et al., 2012. 

DNA Barcoding: The term appeared in the literature in the early 1990s (Arnot et al., 1993). This is 
a taxonomic method, which makes it possible to quickly identify species from an unknown sample 
by reading a “barcode”. The short (500-1000 bps) amplified DNA sequences from an unknown 
sample are compared with known marker sequences. It allows fast and inexpensive sequencing. 
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This method is capable for studying phylogenetic relationships between the species (Figure 4.) 
(Purty - Chatterjee 2016.).  
Different barcoding regions are:  

1. In animal, in the mitochondria: mitochondrial cytochrome C oxidase 1 subunit (CO1) (approx. 
600 bps.) 

2. In plant, in the chloroplast: matK and rbcL together 
3. In fungi: ITS region 

 

Figure 4. Steps of the DNA barcoding  
Source: Purty - Chatterjee 2016 

 
 
Guidance:  
Download and read the articles, than answer the questions 
 
Task 1: Watch the videos about the some commonly used PCR methods (AFLP, RAPD, and 
Identification with microsatellite regions, sequencing methods). 

Videos: 
AFLP: https://www.youtube.com/watch?v=YJNZQm7b7-s 
RAPD: https://www.youtube.com/watch?v=i5_ecgyY3dY 
Identification with microsatellite region: https://www.youtube.com/watch?v=lQSi84xFsrY 

Task 2: Search information (examples min. two with publication details), about the usage of   
microsatellite regions for identification of plant pathogen fungi. 
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Exercise 5 (Dr. Károly Pál) 
In this exercise are presented the useable bioinformatics programs (sequence alignment, creating 
phylogenetic tree) and databases for the fungi taxonomical identification. 
 
Purpose of the exercise: The students with this knowledge will be able to acquire knowledge about 
the analysis of the phylogenetic relationships. They can learn about the sequence analysis, 
GenBank databases, and different softwares, which can help to study of the phylogenetic 
examination. 
 
Required knowledge:  
For the PCR reaction is sufficient small amount of sample. It is not necessary too pure DNA is not 
required for testing and the method is methodologically simple. 
Main steps of DNA analyses: 

1. DNA extraction 
From a small amount of sample: 1 mg of total DNA, from a single spore and we can amplify with 
specific primers in case of obligate parasites. 

2. PCR amplification 
Several primer pairs are suitable for amplifying fungal rDNA segments (see ”Practical Exercises 
for the Course of Molecular Biology”, Exercise 14). Using the appropriate primers, and PCR 
conditions (see: previous exercises) can Amplicon (PCR product) can be sequenced to gain  data 
for phylogenetic analysis.  

3. Sequence analyses 
First step is the sequencing, which is in a sequencing center (e.g. BIOMI, Microsynth AG, 
Eurofins) with an automatic sequencer. After the given sequence blast into a GenBank database. It 
is necessary the collection of our sequences in FASTA format, as a document with the extension 
‘txt. (Note: the MS Word formats, inserts unnecessary characters) and If we have the our and the 
deponated reference sequences (searching same sequence in a Genbank databases – NCBI, EBI, 
DDBJ, TGI) we can create the phylogenetic trees. 
 

FASTA format of a sequence 
“>” begins with a sign, followed by any information about the data, followed by the sequence a 
new line 
>4_TA_48 ITS 4  
GGCTTAATGGATGCTAGACCTTTGCTGATAGAGAGTGCGACTTGTGCTGCGCTCCGAA
ACCAGTAGGCCGGCTGCCAATTACTTTAAGGCGAGCTCCAGCAAAGCTAGAGACAAG
ACGCCCAACACCAAGCAAAGCTTGAGGGTACAATGACGCTCGAACAGGCATGCCCTT
TGGAATACCAAAGGCGCAATGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCA
ATTCACACTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCCAGAACCAGAGATCC
GTTGTTGAAAGTTGTAATTATTAATTTGTTACTGACGCTGATTGCAATTACAAAAGGT
TTATGTTTGTCCTAGTGGTGGGCGAACCCACAAGGAAACAAGAAGTACGCAAAAGAC
AAGGGTGAATAATTCAGCAAGGCTGTAACCCCGAGAGGTTCCAGCCCGCCTTCATAT
TTGTGTAATGTCCCTCCGCAGGTTCACCTACGGAGACCTTGTTACGAT 
 

4. Analysis of phylogenetic relationships 
Phylogenetic analyzes estimate the relatedness of taxon evolution based on the nucleotide or 
protein sequence of certain genes in certain organisms. 
1. Find reference sequences in the database 
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 Sequence of (type) strains deposited in a strain collection 
 Published sequences 
 Cited as a reference sequence in a publication 

The Blast analyses is one of the most commonly used sequence analysis databases available to 
anyone. The program compares the own sequences with the sequences of the deposited strains in 
the database. It searches with different algorithms. Its purpose is to find the most similarities 
between two sequences and to start the alignments at these points. It determines the probability of 
similarities. The analyses evaluates the result based on certain criteria (e.g.: Score, E-value) 
(Altschul et al., 1990.; 1997). 
In GenBank databases are the deposited sequences. It searches by similarities, and a sequence 
(e.g. Accession No.: MK415990, see ”Practical Exercises for the Course of Molecular Biology”, 
Exercise 5) is compared to another sequence or database data (e.g. Accession No.: MH827043). It 
is possible to blast nucleotides (BLASTN), proteins (BLASTP), and genomes. The sequences can 
be put in FASTA format. The sequences are arranged in rows, where in a row up to 80 
nucleotides. 

2. Sequence alignment with Clustal X program 

Clustal X is a freely downloaded, widespread program. It integrates multiple sequence alignment 
and analysis of the results, it makes to visible the variable and the conserved region. First the most 
similar sequence groups are aligned, then it does gradually the farther and farther part of the 
sequence (Feng-Doolittle, 1987; Taylor, 1988). Refining the sequence is with the GeneDoc 
program. (Note for the alignment: It is important, do not include accented letters in the path to the 
sequences. The aligned sequences are the most suitable in MSF format for creating the 
phylogenetic tree. Characters in sequences move relative to each other, and you can add or remove 
gaps. 

 
Example 1.: Sequences before the alignment 

 
Example 2.: Sequences after the alignment 
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3. Preparation of the phylogenetic tree for the presentation of the results with MEGA6 program 

The basic assumption of the theory is that the more changes and differences between them, the 
more the two sequences are separated from the common ancestor and from each other. It assumes, 
that the evolution movers for the mutation. Some programs are suitable for creating phylogenetic 
tree: CLUSTAL W; MACCLADE; MULTILAIN; MEGA; PAUP; PHYLIP; PUZZLE. MEGA 
can be download freely.  As of version 6.0, there is an add-on application that can be used to 
create a time-based molecular evolution tree. It is possible to study the divergence of species and 
strains, as well as duplicate genes (Kumar - Hedges, 2011; Ward et al., 2013.). It allows to 
determine the statistical distribution of the proportion of evolutionary lines for users. The 
Bootstrap analysis means what percentage probability of one's own isolate is related to the 
deposited sequence of the type strain (reference strain). There is opportunity for comparison of 
obtained molecular data with non-molecular data (e.g. fossil and archaeological data) - 
examination of biological hypotheses (Kumar et al., 1994; Tamura et al., 2011). 
 
Guidance:  
Find, and download the Clustal X program. Blast (BLASTN) the “4_TA_48 ITS 4” sequence 
given in FASTA format (see above), and do the alignment. 

Task 1: Collect the similar sequences following the Blast, and save them is FASTA format in a file 
(…txt). Upload them into the CLUSTALX program, do the alignment, save and copy the created 
tree.  Give the name of the species with the most similar sequences with reference (authors, and 
publication details). 
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Exercise 6 (Dr. Károly Pál) 
The students with this knowledge will be able to acquire knowledge about the different molecular 
markers. They can learn about molecular markers that the identification of pathogens allow and 
contribute to the development of successful plant protection. 
 
Purpose of the exercise: Literature search to find appropriate marker sequences as well as primers 
for PCR amplification to appropriate species identification. 
 
Required knowledge:  

The DNA sequence analyzes are the most widely used method for detecting phylogenetic 
relationships between living organisms (Bruns et al., 1992). It compares large number of 
“characters”. The results from different laboratories are immediately comparable as the sequences 
are placed in electronic databases (GenBank, EMBL European Molecular Biology Laboratory, 
DDBJ). The DNA sequences encoding ribosomal RNA are often used in taxonomic studies of 
filamentous fungi. It is a general finding that the sequence change is small for closely related 
species. Fungi also contain a cluster of chromosomal (nuclear) and mitochondrial RNA genes. In 
addition, the rDNA contains conservative and variable regions. Fungal nuclear rRNA genes are 
repeated in tandem in the genome in hundreds of copies. The rDNA gene cluster contains coding 
regions: the small subunit - SSU (18S), the 5.8S subunit, and the large subunit - LSU (25-28S). 
There are two ITS sections between the subunits: ITS1 and ITS2 (Figure 5.). 

 

 

 

Figure 5. ITS region in the nuclear ribosomal DNA and the structure of fungal DNA. NTS: Non- transcribed spacer, 
ETS: External transcribed spacer, ITS: Internal transcribed spacer, genes 18S, 5.8S and 28S ribosomal the DNA. 

Sources: Horisawa et al., 2009.; Chandrasekera et al., 2017.  
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Repetitive gene clusters include an IGS (intergenic spacer) non-coding region (formerly known as 
a non-transcribed spacer (NTS)) and an ETS (external transcribed spacer) sections. The 5S subunit 
is usually located outside the rDNA gene cluster, so there is only one IGS region between SSU 
and LSU (White et al., 1990).  
The mitochondrial rRNA gene has changed approx. 16 times faster than the chromosomal rDNA 
during evolution (Bruns and Szaro, 1992). They are suitable for studying taxonomic levels within 
families (Bruns et al., 1991; Simon et al., 1994). The rRNA gene cluster is also found in the 
mitochondrial DNA of fungi. It occurs in a single copy, and it is used to identify the different 
fungal species (Ectomycorrhizal fungi - Gardes et al., 1991; Pneumocystis carnii - Wakefield et 
al., 1991). 
The tef1 (encoding the translation elongation factor 1 subunit alpha (EF-1α)) can be found in all 
living organisms. The gene encoding the protein allows more accurate phylogenetic relationship 
analysis in fungi (Cho et al., 1995). It provides more reliable result for the analysis of the 
relationship between species within each genus, as it is present in only one copy in the genome, 
unlike the ITS region (Baldauf and Doolittle, 1997). The translation elongation factor 1 subunit 
alpha (EF-1α) is a highly conserved and it is in intracellular cytosol (hyaloplasm). Druzhinina - 
Kubicek (2005) used it to isolate Trichoderma species complexes. Other researchers (Skovgaard 
et al., 2002; Knutsen et al., 2004) have used Fusarium species to isolate. This gene region is 
shorter than ITS. It is possible the identification of Botryosphaeria, Monilinia, Cytospora, 
Fusarium species.  
Some other markers has been listed in ”Practical Exercises for the Course of Molecular Biology”, 
Exercise 14. 
 
Guidance:  
Search for publications for the usage of different molecular markers for the identification of plant 
pathogens. 
 
Example: Find molecular marker for the appropriate identification of Colletotrichum species. Give 
the name of the marker, the primers used, and the details of the publication. 
Answer: Calmodulin gene 
Primers for identification:  

CL1C Foward: GAA TTC AAG GAG GCC TTC TC  
CL2C Reverse: CTT CTG CAT CAT GAG CTG GAC  

Reference: Weir, B.S.- Johnston, P.R. – Damm, U. (2012): The Colletotrichum gloeosporioides 
species complex. Studies in Mycology. 73. (1): 115–180. 
 
Task 1: Find molecular markers using for appropriate identification of Fusarium species. Give the 
name of the marker, the primers used, and the details of the publication. 
 
Task 2: Find molecular markers using for appropriate identification of Botrytis species. Give the 
name of the marker, the primers used, and the details of the publication. 
 
Task 3: Find molecular markers using for appropriate identification of Trichoderma species. Give 
the name of the marker, the primers used, and the details of the publication. 
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Exercise 7 (Dr. Erzsébet Karaffa) 
PCR applications in the plant-pathogen interactions 
 
Purpose of the exercise: Understanding the application of PCR in the plant-pathogen interaction 
with analyzing articles  
 
Required knowledge:  
It is possible not only to identify, but also to quantify the disease-causing pathogen by sensitive 
real-time PCR (see Exercise 2). Therefore, real-time PCR -based techniques can be used for 
sensitive and specific monitoring of phytopathogenic microbes in their host plant tissues.  
 
Guidance:  
Download and read the articles, then answer the questions 
 
Task 1: Download the following article: Hietala et al. (2003): Multiplex Real-Time PCR for 
Monitoring Heterobasidion annosum Colonization in Norway Spruce Clones That Differ in 
Disease Resistance. Applied and Environmental Microbiology Aug 2003, 69 (8) 4413-4420; DOI: 
10.1128/AEM.69.8.4413-4420.2003 (https://aem.asm.org/content/aem/69/8/4413.full.pdf) 
 
Answer the following questions: 
1) Give the name of the pathogen(s) to be detected, and its/there host. 
2) Summarize briefly the importance of the plant pathogen. Find pictures from the pathogen and 
the symptoms. 
3) Give the name (full name and abbreviation, in case mentioned) of the target genes. 
4) List the target genes with their fluorescent probes used in the experiments. 
5) What are the advantages using quantitative real-time PCR for the dedicated question? 
 
Task 2: Download the following article: Abdullah et al. (2018): Real-Time PCR for Diagnosing 
and Quantifying Co-infection by Two Globally Distributed Fungal Pathogens of Wheat. Frontiers 
in Plant Science 9, doi: 10.3389/fpls.2018.01086,  
(https://www.frontiersin.org/articles/10.3389/fpls.2018.01086/full) 
 
Answer the following questions: 
1) Give the name of the pathogen to be detected, and its host. 
2) Summarize briefly the importance of the plant pathogen. Find pictures from the pathogen and 
the symptoms. 
3) Give the name (full name and abbreviation, in case mentioned) of the target genes. 
4) List the target genes with their fluorescent probes used in the experiments. 
5) What are the advantages using quantitative real-time PCR for the dedicated question? 
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Exercise 8 (Dr. Károly Pál) 
PCR in gene cloning and biotechnology. 
 
Purpose of the exercise: To understand how PCR can be used for gene cloning and in 
biotechnology. 
 
Required knowledge:  
Gene cloning or molecular cloning is the process when a short piece of DNA of an organism (e.g. 
gene of interest) is placed into a genetic construct, a so called vector, which can be expressed in 
host organisms (in this latter case the name is expression vector). 
Popular vectors: plasmids, λ phage, cosmids, BACs, YACs. 
Popular host organisms: Escherichia coli, Saccharomyces cerevisiae. 
 
In biotechnology, cloning is an essential step, since the gene of interest is found in such organisms 
many times, which are very complicated to cultivate. In these cases, the needed gene is amplified 
by PCR and the amplicons are built into a cloning vector, which is put into an adequate host 
organism. This latter organism then can be used for the large scale production of proteins from the 
cloned genes. 
 
For detailed description of steps of traditional cloning see: 
https://www.thermofisher.com/hu/en/home/life-science/cloning/cloning-learning-
center/invitrogen-school-of-molecular-biology/molecular-cloning/cloning/traditional-cloning-
basics.html 
 
Video: https://www.youtube.com/watch?v=sjwNtQYLKeU 
 
How to choose the cloning vector: http://www.genomecompiler.com/how-to-choose-the-perfect-
vector/ 
 
Different cloning vectors can host different size of DNA pieces, see below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Principles and Techniques of Biochemistry and Molecular Biology.p. 207. 
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Free online vector designing tools: 
https://www.molecularcloud.org/dna-construct-design-tool.html 
http://serialbasics.free.fr/Serial_Cloner.html 
 
 
Task 1: Read the following article and answer the questions: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4203937/ 
 
What are the three major expression systems for production of biopharmaceuticals? 
What are the disadvantages of using E. coli for the production of insulin? 
Why is yeast (S. cerevisiae) a preferred host for expression of various heterologous proteins? 
What is an oilbody and what is it used for? 
 
 
Task 2: Getting information about plasmid sequences (e.g. restriction sites). 
Visit the following page: https://www.addgene.org/analyze-sequence/ 
Click onto ‘Browse catalog’ then ‘By Type: Plasmids’ 
 
 
 
 
 
 
 
 
 
 
 
Click onto ’Bacterial Expression’ (Plasmid Collections window). 
 
 
 
 
 
 
 
 
 
 
Scroll down until you see the following table and choose ’pCas9’. 
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Click onto ’Sequences’ (red arrow). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Click onto ‘Analyze sequence’ (red arrow). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sequence analysis windows gives you a detailed overview about the plasmid. If you visit the 
starting page, a sequence of your own choice can be analyzed. 
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Exercise 9 (Dr. Károly Pál) 
Detection of plant pathogens with different PCR techniques. 
 
Purpose of the exercise: Comparison of various PCR methods that can be used for identification of 
plant pathogenic microbes. 
 
Required knowledge:  
The basic PCR (Exercise 1), qPCR (Exercise 2), AFLP, RAPD and barcoding (Exercise 3) as tools 
for pathogen identification were introduced already. However, there are numerous other methods 
that can prove useful in routine investigations or in research. 
 
LAMP (loop-mediated isothermal amplification) PCR was introduced to the scientific community 
in 2000. It uses 4-6 primers that anneal to 6-8 distinct regions of the template DNA. The process 
and dynamics of amplification is different from the standard PCR. It is a very sensitive method 
and it has been gaining popularity amongst researchers. 
Video: https://www.youtube.com/watch?v=L5zi2P4lggw 
 
Nested PCR is a modified PCR and consists of two subsequent PCR reactions. The products from 
the first reaction are used as template in the second PCR to produce a smaller product (see figure 
below). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nested PCR. 
Source: https://en.wikipedia.org/wiki/Nested_polymerase_chain_reaction 
Downloaded: 28 July 2020 
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Touchdown PCR is used in order to increase the specificity of a PCR reaction. In the first few 
cycles the annealing temperature is gradually decreased, then a normal PCR program with 
constant annealing temperature is performed for 20-30 cycles (see figure below). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Touchdown PCR. 
Source: https://geneticeducation.co.in/what-is-touchdown-td-pcr/ 
Downloaded: 28 August 2020 
 
Digital PCR (dPCR) or droplet digital PCR (ddPCR): the PCR reaction mixture is divided into 
thousands of tiny droplets. The DNA sample is diluted to such a degree that a single template 
molecule can be amplified and detected by the use of fluorescent dye. There are droplets that give 
sign (positive, contains DNA), while others don’t (negative, does not contain DNA). The droplets 
are evaluated by Poisson statistical data analysis. 
Further information: https://www.bio-rad.com/en-uk/applications-technologies/introduction-
digital-pcr?ID=MDV300E8Z 
 
 
Task 1: Navigate to the following page: https://pubmed.ncbi.nlm.nih.gov/ 
Type ‘lamp pcr plant pathogen’ into the search field. 
What kind of plant pathogens are detected mostly by this method: bacteria or fungi? 
Which genus/species is the most abundant among the search results? 
 
 
Task 2: Read the following article: https://www.biorxiv.org/content/10.1101/582288v1.full 
Which method seems to be simpler to be performed in the laboratory, ddPCR or qPCR? Check 
materials and methods sections 2.5-2.8. 
What is the final conclusion, which method did result a better detection? 
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Task 3: Read the following article: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5247718/ 
What kind of DNA sequences were used for the design of nested PCR primers of Pilidiella 
granati? Why? 
How many different fungal species were used for the development of the primers? 
Why is it important to use so many species during the design of primers? 
What was the sensitivity of the essay? Is better or worse than that of the traditional PCR? 
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