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Preface

This book was created through the funding from the European Commission to 
the AREA project. AREA aimed to advance research capacity of the scientific 
groups at the Faculty of Agriculture, University of Belgrade, by strengthening 
implementation of the existing and introducing innovative technologies that 
are common to these groups and relevant for agricultural and food sciences.

The protocols and studies presented here are the results of collaboration 
between the prestigious European laboratories, specialized in state-of-the-
art DNA-based technologies or Raman spectroscopy, and the AREA- affiliated 
groups. The scientists, who were trained at the premises of collaborative 
 institutions, tested the knowledge of acquired techniques by designing and 
 performing experiments, pertinent to their scientific interests and AREA 
 projects.

This book consists of two parts, dedicated to the application of polymerase 
chain reaction (PCR) and Raman microscopy/spectroscopy in agricultural 
 sciences and food technology. Although conventional PCR and its variant, real-
time quantitative PCR (qPCR) have already been applied in different areas of 
natural and applied sciences, the use of Raman microscopy/spectroscopy has 
slowly propagated into agricultural sciences and food technology.

The four sections of the first part of the book present molecular methods for a 
wide scope of applications in agricultural sciences, and food technology,  giving 
introductory details and, emphasizing mostly the role of qPCR techniques in 
plant sciences, microorganisms, food biochemistry and technology, and fishery. 



xii Preface

Each chapter is written by scientists with hands-on experience in these fields 
and covers specific protocol and step-by-step instructions, including but not 
limited to: (i) two step RT-qPCR analysis of gene expression in plant organs, (ii) 
one step RT–PCR detection of phytopathogenic viruses, (iii) multiplex qPCR 
assay for simultaneous detection of quarantine plant pathogenic bacteria, and 
(iv) application of qPCR in identification of lineages, markers and loci that are 
responsible for economically important traits in aquaculture and fishery.

In the second part, the book presents techniques of Raman microscopy/spec-
troscopy, discusses available software for data manipulation and classification of 
Raman spectra, and includes a short instruction how to operate one of Raman 
microscope. A separate chapter is dedicated to a comprehensive list of working 
conditions that laboratory for Raman microspectroscopy should meet before 
setting up the sample analysis. Raman microspectroscopy is a safe,  sensitive 
and easy to use analytical technique. Utilizing near-infrared lasers reduces the 
risk of damaging biological samples that makes this method  suitable for in vivo 
study on structure, chemical composition and properties of cells and  tissues. 
In three sections on specific Raman microscopy protocols the focus is on: 
(i) microorganisms – characterization of microorganisms, (ii) food research –  
analysis of dairy products and mushroom extracts, and (iii) functional crop 
anatomy - carotenoids detection in fruit material.



PART I

PCR in agricultural sciences 
and food technology





Two-step RT-qPCR analysis of expression 
of 7 drought-related genes in tomato 

 (Lycopersicon esculentum Mill.)

Ivana Petrović

Abstract

The identification and characterization of genes induced under drought stress 
is a common approach to elucidate the molecular mechanisms of drought stress 
tolerance in plants.Examination of gene expression using quantitative PCR 
(qPCR) in combination with Reverse Transcription (RT) in plant responses to 
drought stress can provide valuable information for stress-tolerance improve-
ment. The purpose of this manuscript is to describe procedure for two step 
RT-qPCR analysis of gene expression in tomato leaves, under controled condi-
tions and under drought stress. Described protocol can be adjusted and used 
for gene expression analysis of different plant species.

1 Introduction

Climate change is one of the most serious problems facing the agriculture today. 
In a many countries, drought in conjunction with high temperature becomes 
a significant risk for sustainable agricultural production. In general, drought 
stress limits productivity of major crops by inducing different morphological, 
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physiological and molecular changes in plants (Ashraf et al. 2013). At the 
molecular level, drought stress induces expression of water-deficit-related 
genes. The products of those genes allow plants to protect cellular function and 
to adjust plant metabolism.

Tomato (Lycopersicon esculentum Mill.) is one of the most widely grown veg-
etables in the world. Tomato fruits are of special importance both as a fresh 
vegetable and as a component of food processing industry. However, most of 
the commercial tomato cultivars are drought sensitive at all stages of the devel-
opment, with the seed germination and seedling growth being the most sensi-
tive stages (Foulard et al. 2004). Similarly to many other vegetables, tomato has 
high water requirements (CA. 400–600 mm ha-1) and water supply is essential 
for successful production (Hanson & May 2004).

Real-time PCR is a technique that measures quantity of target sequence in 
real time and that is commonly used toquantify DNA or RNA in a sample. 
Using sequence-specificprimers, the number of copies of a particular DNA or 
RNA sequence can be determined. By measuring the amountof amplified prod-
uct at each stage during the PCR cycle, quantification is possible.SYBR Green-
based detection is the least expensive and easiest method available for real-time 
PCR. SYBR Green specifically binds double-stranded DNA by intercalating 
between base pairs, and fluoresces only when bound to DNA. Detection of the 
fluorescent signal occurs during the PCR cycle at the end of either the anneal-
ing or the extension stepwhen the greatest amount of double-stranded DNA 
product is present.

Expression of drought- related genes can reveil the role of their products 
in drought resistance mechanisms. Those informations can be helpful in the 
breeding efforts to produce tomato cultivars with the increased/sustained fruit 
quantity and quality in drought conditions.

2 Materials, Methods and Notes

Figure 1: Phases of two-step RT-qPCR.
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2.1 Sample preparation – tomato leaves

Note:

 – Only young and fully developed leaves should be collected. Old and damaged 
leaves are not a good material for qPCR analysis of drought-related genes.

 – To avoid RNA degradation by RNase, collected samples should not melt at 
any moment after freezing in liquid nitrogen.

 – To avoid cross-contamination, it is necessary to use clean tools for collect-
ing of each leaf and to clean the grinder well after every sample with some 
DNA/RNA cleaning reagent.

 2.1.1 Collect tomato leaves and put them into sterile, unused bags made 
from liquid-nitrogen proof material. Bags should be placed immedi-
ately into liquid nitrogen.

 2.1.2. Grind collected leaves in grinder with liquid nitrogen.
 2.1.3. Transfer around 150 mg of leaf powder into clean 2 ml tube.
 2.1.4. Store tubes at -80°C until analysis.

2.2 RNA extraction

Note:

 – Method which includes using of TRIzol REAGENT is one of the most effec-
tive methods of RNA isolation. The procedure with TRIzol REAGENT can be 
completed within 1 hour and the recovery of undegraded mRNAs is 30–150% 
greater than/ when compared to other methods of RNA isolation. For the 
extraction from tomato leaves, this method is efficient and RNA has good 
quality. In this study, TRIzol REAGENT-Thermo Fisher Scientific was used.

The extraction of RNA from tomato leaves is done by following steps:

a) HOMOGENIZATION
 2.2.1. Homogenize tissue samples in TRI Reagent (1 ml/100 mg tissue*). 

Mix well with vortex.
 2.2.2. Store the homogenate for 5 minutes at room temperature.
  *The sample volume should not exceed 10% of the volume of TRI-

zol because an insufficient volume can result in DNA contamina-
tion of isolated RNA.

b) SEPARATION
 2.2.3. Add 200μl of chloroform per 1 ml of TRI Reagent, cover the sam-

ples tightly and shake vigorously for 15 seconds with vortex.
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 2.2.4. Store the resulting mixture at room temperature for 2–15 minutes.
 2.2.5. Centrifuge at maximum speed for 15 minutes at 4 C.
 2.2.6. Transfer the 500 μl of the aqueous phase to a new tube.

c) RNA PRECIPITATION
 2.2.7. Add 500 μl of isopropanol and mix quickly by inversion.
 2.2.8. Store samples at room temperature for 5–10 minutes and centri-

fuge at max.speed for 10 minutes at 4°C.

d) RNA WASH
 2.2.9. Remove the supernatant and wash the RNA pellet (by vortexing) 

with 1ml 75% ethanol.
 2.2.10. Subsequent centrifugation at 10000rpm for 5 minutes at 4°C.

e) RNA SOLUBILIZATION
 2.2.11. Remove the ethanol wash and briefly air-dry the RNA pellet for 

5–10 min. It is important not to completely dry the RNA pellet 
because drying will decrease its solubility.

 2.2.12. Dissolve RNA in water RNase-free (50μl) by passing the solution a 
few times through a pipette tip, vortex if necessary.

 2.2.13. Store at -20° C for short periods, otherwise store at -80° C.

2.3 Quality and quantity check of isolated RNA

Validation of quality and amount of isolated RNA is required. Quality check 
can be done by agarose gel electrophoresis. In this study, RNA quality control 
was done on 1%agarose gel. Into precast gelsmixture of 2μl RNA, 3μl of RNase-
free H

2
O and 1μl of loading buffer was loaded. General information about RNA 

integrity can be obtained by observing the staining intensity of the major ribo-
somal RNA (rRNA) bands and any degradation products*. In this work, total 
RNA formed clear 28S and 18S rRNA bands (ratio 2:1), which is a good indica-
tion that the RNA had good quality.

Quantification of RNAs was done by NanoDrop spectrophotometer and 
samples were diluted, until concentration of 200 ng of RNA/1 μl of sample was 
obtained. For extracted RNA, the ration of 260/280 close to 2 indicates the 
high-quality material, suitable for further analyses.

 * Partially degraded RNA will have a smeared appearance, will lack the sharp 
rRNA bands, or will not exhibit the 2:1 ratio of high quality RNA. Com-
pletely ensure the gel was run properly. Degraded RNA will appear as a very 
low molecular weight smear. Use of RNA size markers on the gel will allow 
the size of any bands or smears to be determined and will also serve as a 
good control to
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2.4 DNase step

Note:

 – Important controle in RT-qPCRanalysis is DNase step, in which the iso-
lated RNA is treated with DNase enzyme. This step ensures that analyzed 
samples of RNA are clean from genomic DNA contamination that can 
affect results: The false-positive RT-PCR product could come from the 
presence of genomic DNA instead of RNA. DNase used in this work was 
part of the RNase-Free DNase Qiagen kit (ref: 79254).

Before performing DNase step, it is required to do efficacy test of DNase buffer 
and DNase enzyme. Buffer test and DNase efficacy test are performed with 2–3 
fold concentrated samples of RNA, compared to concetration used for RT-
qPCR reaction.

Three test tubes should be made:

Tube 0 = 18 μL H20 RNase free + 2 μL RNA
Tube 1 = 16 μL H20 RNase free + 2 μL RNA + 2μL DNase buffer
Tube 2 = 15.8 μL H20 RNase free + 2μL RNA + 2μL DNase buffer + 0.2 μLDNase

2.4.1 DNase buffer test 

 2.4.1.1. Incubate tubes 0, 1 and 2 during 30 min at 37°C + 5 min at 65°C. 
The purpose of incubation (at 65°C) is inactivation of DNase, present 
only in tube 2.

 2.4.1.2. Mixture from tubes 0 and 1 should be run on agarose gel, in order to 
check that DNase buffer did not degrade RNAs.

 2.4.1.3. Tubes should be kept at -80°C for DNase test.

Preparation of Tris-HCl (1M pH 8,00)

605,7 mg of Tris

235μL of 37 % HCL

Adjustement of pH=8,00

5mL of H
2
O

Preparation of MgCl
2
 0,5M

508 mg of MgCl
2

5mL of H
2
O

 

DNase solution

2 ml of 1M Tris-HCl pH=8,00

0,4 ml MgCl
2

0,4 ml DTT (0,1 M) – from DNase kit)

5mL of H
2
O

Filter DNase buffer by 0.22 μM filter

Store at –20°C

Table 1: DNase buffer (5 ml) preparation protocol.
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2.4.2 DNase test

Note:

 – This test is in fact a real time PCR with a housekeeping gene and SYBR 
Green as fluorescent probe. The aim is to check if there is still genomic 
DNA in the purified RNA sample after the DNase step treatment.

 – DNase test is done in presence of positive (tomato RNA) and negative 
(H

2
O) control.

 – For DNase test, it is recommended to use the products from DNase buffer 
test (from 2.4.1.) – content from tube 1 (sample without DNase enzyme) 
and tube 2 (sample with DNase enzyme).

95°C 10 min 1 cycle

95°C 30 sec

40 cycles55°C 1 min

72°C 30 sec

Table 2: Real-time PCR 
 conditions for DNase test.

Results should be checked. There should be no DNA in samples and no PCR 
products in qPCR reaction.

2.4.3 DNasestep

Note:

 – Before DNase step on all samples, it is important to dilute RNA until 2 μg/
μl concentrations is obtained. The easiest way is to dilute samples in wells 
of the plate, so the next step is easier. In this study after dilution each well 
contained 17.8 μL of diluted RNA.

 2.4.3.1. In each well add 2 μL of DNase buffer and 0.2 μL of DNase
 2.4.3.2. Incubate 30 minutes at 37°C.
 2.4.3.3. Incubate plate for 5 minutes at 65°C in order to inactivate DNase.
 2.4.3.4. Store plate at -80°C.

2.5 Two-step RT-qPCR

There are two approaches to RT-qPCR. First one is one-step RT-qPCR that 
combines the RT reaction and PCR in one plate. Second one is two-step RT-
qPCR where the RT reaction is performed separately from the qPCR. In this 
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study, we used two-step approach because it provides bigger control of pro-
cesses and higher level of flexibility. This approach also simplifies any required 
troubleshooting.

2.5.1 RT TEST

Note:

 – The aim of this test is to check the efficacy of the buffer and of the DNase 
during RT-PCR before to make this step on all the samples. For this test, 
2–3 samples can be used or a pool of RNA samples. If we have different 
conditions, it’s better to have one pool by condition (in this case, control 
and drought stress).

Figure 2: A. One step RT-qPCR B. Two-step RT-qPCR.

Without 

superscript

Without 

superscript

With 

superscript

With 

superscript

H
2
O 

test

Condition 1 Condition 2 Condition 1 Condition 2

Oligo (dT)21 1 μl 1 μl 1 μl

RNA / 10 μl 10 μl

dNTP Mix 2,5 μl 2,5 μl 2,5 μl

H
2
O 10 μl / /

Incubation 5 min at 65°C + 5 min on ice

Buffer (kit) 4 μl 4 μl 4 μl

DTT (kit) 1 μl 1 μl 1 μl

Superscript III 0,75 μl / 0,75 μl

Incubation 60 min at 42°C + 5 min at 70°C

Table 3: RT test.
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This test is done by RT PCR. After last incubation, results should be checked 
on agarose gel. On gel should be checked negative controls (H

2
O and RT with-

out superscript), and RT product with superscript. Negative controls do not 
contain DNA, so there should not be present DNA traceson gel. DNA ladders 
are used in gel electrophoresis to determine the size and quantity of testing 
DNA fragment. DNA leader can be also used as positive control, to confirm 
the formation of good smear – one clear band of DNA. If two bands appear, it 
could indicate that some of the products are single stranded. Presence of big 
smear indices that DNA is degraded.

2.5.2 RT

If initial RT test (2.5.1.) is successful, the RT procedure should be done for all 
samples. During this procedure the cDNA of each sample is synthesized. Once 
cDNA is made, 2 μl of every sample should be mixed into a pool (or multiple 
pools for multiple conditions) that is going to be used for primer validation.

The rest of cDNA should be stored in plate at -80°C.

1 sample 50 samples 98 samples

RNA 10μL 10 μL 10 μL by well

oligo(dT)21 1 μL 50μL 98 μL 3,5μL by well

dNTP Mix 2,5 μL 125 μL 245 μL

Incubation 5 min at 65°C + 5 min on ice

Buffer (kit) 4 μL 200 μL 392 μL 5,75 μL by well

DTT (kit) 1 μL 50 μL 98 μL

Superscript III 0,75 μL 37,5 μL 73,5 μL

Incubation 60 min at 42°C + 5 min at 70°C

Table 4: RT PCR.  

2.6 Primer optimization and validation

Primer optimization and validation are essential, even when using primers that 
have been predesigned and commercially obtained. Optimization is required 
to ensure that the primer is as sensitive as it is required and that it is specific to 
the gene of interest.

Primer validation should be carried out on a pool of all available cDNAs (pool 
of cDNA made from all analyzed samples). In this study, one pool of cDNAs was 
made from samples exposed to drought stress and second pool is made from 
control samples. Both pools are diluted with ultra-pure water (10μl of cDNA 
pool and 90 Μl of ultra-pure water). Dilutions are kept at -20°C. Primers also 
should be diluted to obtain different concentrations (10-3–10-12). Important 
data gotten from this step is also primer efficiency.



Figure 3: Dissociation peaks of primer with high specificity.

Figure 4: Dissociation peaks of primer with low specificity.
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Primer optimization is performed by qPCR which is done with a pool of 
samples for different primer dilution. This optimization is done to check the 
F-forwared and R-reverse primer are reacting properly at suggested reaction 
temperature and to find the most optimal dilution of primer that can be used a 
proper control when qPCR is done. In case of this study, primer dilutions from 
10-7 to 10-8 showed the most optimal Ctvalues, so those dilutions are saved for 
positive controls for qPCR reactions.

In this study 12 (forward and reverse) primers were tested, but only 7 passed 
primer validation and optimization criteria. Except those seven genes, two 
housekeeping genes should also be analyzed as internal controls. For tomato, 
β-actin and Elongation factor One are good choice for tomato housekeeping 
genes.

Primers F- forward R-reverse

ZEP1–1 ATCAACTGTGGGAACACCTG ACGACCAGACATCTGCAATC

ZEP1–2 TGCATGGCCATAGAGGATAG TGGATGACTCCAACTCGAAG

PPC2 TCAAACTCCACAGTGCGATG CCGCAATTGGAAACGATG

SlAPXcyto CCTTTGTGATCCTGCTTTCC CAGCTCTTCCAATCAGCATC

NCED1 AGGCAACAGTGAAACTTCCATCAAG TCCATTAAAGAGGATATTACCGGGGAC

SlAPXcp TTGATCCACCTGAGGGTTTC TCCCAAGCCTTCGTATTCTG

abi1 GGCAGCAAGGACAACATAAC TGAGGCCAATTGTGTTGAAG

Table 5: Primers for quantitative real-time PCR (optimized and validated).

2.7 qPCR analysis of samples

Note:

 – Each tested gene should be tested in two technical replicates.
 – Except our genes of interest, two housekeeping genes should also be 
included in analysis.

 – The proper negative and positive controls are essential for eliminating 
false-negative or positive results. In this regard, the following negative con-
trols should be included in the real-time PCR test:

Negative control is in the well containing PCR reaction mix and nucle-
ase-free water instead of the sample.

Positive controls are in the two wells containing PCR reaction mix and 
proper dilutions of corresponding primers (10-7 and 10-8) that are obtained 
in primer validation process and saved until qPCR analysis. Those posi-
tive controls are needed to validate accuracy of PCR reaction: it is impor-
tant that values from our primer validation process are similar to those 
obtained in qPCR reaction with our samples.
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 – During sample preparation and qPCR analysis, it is important to avoid 
contamination. If contamination occurs, it is essential to determine the 
source of contamination. More information about contamination detect-
ing and solving the problem can be found at this link http://www.gene-
quantification.com/mifflin-optimisation-report.pdf.

 2.7.1. Dilute all samples 1/15 (5 μl of cDNA and 70 μl of ultra-pure water) in 
the plate, in order in which all samples will be distributed during all 
analysis

 2.7.2. Distribute 2 μl of diluted cDNA into multiple plates. Those plates are 
“ready to use” and they can be stored at -20° C for short periods.

 2.7.3. Distribute 18 μl of Master Mix into “ready to use” plate
 2.7.4. Run qPCR and save the results.

To avoid potential contamination, it is desirable to separate samples from con-
trols on qPCR plate (controls should be on the other part of the plate).

Number of wells 1 6

H20 6.2 37.2

Briliant II Sybr Green Master Mix – 
Agilent Technologies Stratagene

10 60

Rox 1/500 0.3 1.8

primer 1.5 9

Table 6: Reagents mixture for real-time PCR.

95°C 10 min 1 cycle

95°C 30 sec

40 cycles55°C 40 sec

72°C 30 sec

Dissociation curve

Table 7:Real-time PCR conditions.

After qPCR, amplification plot and dissociation peak should be checked. For 
each gene, only one dissociation peak should be visible. It means that primer 
has good specificity. Ct values should be between 15 and 25, which mean that 
good level of expression is present. After qPCR analysis, it is necessary to do 
data normalization before statistical analysis.

Data normalization in real-time RT-PCR is one of the major steps in qPCR 
analysis. Data normalization can be carried out against an endogenous 
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unregulated reference gene transcript or against total cellular DNA or RNA 
content. In this study, normalization is done by using two internal controls, 
which are basically two reference housekeeping genes. Transcripts of such 
genes, which are expressed at relatively high levels in all cells, make ideal posi-
tive controls for determining whether or not genes of interest are expressed in 
given types of samples under given conditions.

It is recommended to use between two and five validated stably expressed 
reference genes for normalization. It is important to use genes which are vali-
dated and which for sure have stable expression. Stability of reference genes can 
be determined by calculating their M value (M) or their coefficient of variation 
on the normalized relative quantities (CV). These values can then be compared 
against empirically determined thresholds for acceptable stability.
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Application of molecular methods in 
weed science

Dragana Božić, Markola Saulić, Sava Vrbničanin

Abstract

Molecular methods are useful tools for weed science, especially in the area of 
weed resistance to herbicides and gene flow from herbicide tolerant crops to 
their wild relatives. Also, genetic variability plays an important role in weed 
susceptibility to herbicides and affect on strategies of control. For all of these 
studies, DNA, as a starting material, could be extracted by various methods; 
though, the easiest and the most suitable is extraction by using commercially 
available kits. The most important part of molecular analysis is selection and 
design of adequate primers for successful DNA amplification. Usually, primer 
selection and designing are based on DNA sequences stored in GenBank. Anal-
ysis following selected DNA fragments will depend on type of research. For 
weed resistance or gene flow studies, amplified fragments are sequenced and 
obtained information compared with the GenBank sequence database, with the 
aim to check for mutation(s) presence. For genetic diversity of weed species 
analysis of amplified DNA fragments include Capillary Electrophoresis.
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1 Introduction

Molecular methods can be useful for different weed science research top-
ics including molecular determination of weed species which is difficult for 
determination based on non- molecular methods, population variability, weed 
resistance to herbicides and gene flow between herbicide-tolerant crops and 
their wild relatives.

Over the last period weed resistance to herbicides has become an increas-
ing problem (Moss et al. 2007; Michitte et al. 2007). In most cases, evolved 
weed resistance is due to mutation/mutations within gene encoding enzymes 
which represent herbicide target site. Therefore, it is possible to use a variety 
of molecular-based assays that are much faster and less labor intensive than 
traditional methods (e.g. whole-plant bioassay). Detecting weed resistance to 
herbicides using DNA based techniques is a very important mission, especially 
with increasing use of newly-bred herbicide- tolerant crops. There are potential 
risks associated with growing these crops such as gene flow from herbicide-
tolerant crops to non-tolerant crops, or to wild relatives, or volunteer crops. 
This leads to incidences of resistant species (weeds) (Martinez-Ghersa et al. 
1997). Molecular markers have proven valuable in determining the frequency 
of crop-weed hybridization.

Molecular-based approaches have been used in a variety of ways to explore 
the genetic diversity of weeds. Studies of genetic diversity can be used for deter-
mination of species center of origin (Goolsby et al. 2006, Madeira et al. 2007). 
Such knowledge can be used to direct searches for potential biological control 
agents (Paterson et al. 2009). Other genetic diversity studies have been con-
ducted with vegetative propagated perennial weed species, with a goal to deter-
mine the relative role of sexual versus vegetative reproduction to the success of 
the weeds (Slotta et al. 2006). Also, studies of genetic diversity in weed popula-
tions can be extremely important because they provide essential background 
for their different susceptibility to herbicides.

2 Materials, Methods and Notes

2.1 Assessment of gene flow from herbicide tolerant sunflower to 
weedy sunflower by end-point PCR

End-point PCR is suitable for detection mutations responsible for weed resist-
ance to herbicides and confirmation gene flow from tolerant crops to weedy 
relatives. Namely, the alteration of ALS (acetolactate synthase) gene by one of 
many possible point mutations is main mechanism of weed resistance to ALS- 
inhibiting herbicides, which represent group of herbicides to which weeds usu-
ally developed resistance. There are eight possible point mutations detected 
until now in different weed species. As position of potential mutation is known, 
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their detection is based on amplification of the appropriate DNA fragment, 
using specific primers. After amplification PCR products have to be sequenc-
ing and check presence of mutation in obtained sequences.

2.1.1 Plant material

Seed material for weed resistance to herbicides research should be is collect in 
the fields for which there are indications about resistance development. Also, 
it is necessary to collect seeds of the same species from the areas where there is 
no herbicide application history. For gene flow studies, it is possible to establish 
field experiment which includes different variants of crop-wild relative distance 
or to collect seeds from wild relatives of crop (in our case weedy sunflower 
seeds) from the tolerant crop growing area. Young plants produced from col-
lected seeds are sampled and some leaf samples (taken from a single plant) 
were used for DNA extraction immediately after sampling, while some of them 
stored in a freezer (-20°C) until analysis. Before analysis samples were lyophi-
lized after storage at the -80°C during 24h.

2.1.2 DNA extraction

DNA extraction was done using the QiagenDneasy® Plant Mini Kit follow-
ing the manufacturer’s protocol (https://www.qiagen.com/dz/shop/sample- 
technologies/dna/dna-preparation/dneasy-plant-mini-kit/). The quality and 
concentration of extracted DNA were determined spectrophotometrically 
using a Nanodrop® 1000. DNA extracts were stored at -20°C when not in use.

Note: The samples were grinded to a fine powder either using a mortar and 
pestle or TissueLyser. The lyophilized samples were grinded successfully with both 
methods, but TissueLyser was not a good choice for fresh samples. Instead of get-
ting a fine powder, the TissuLyser was turning fresh material into squashy product.

2.1.3 Primers selection

DNA sequences from several sources were used to design oligonucleotide 
primers for amplifying ALS gene fragments (White et al., 2003, Kolkman et al., 
2004). Two primers were designed using the software Primer 3. The primers 
Hel ForA (CAATGGAGATCCACCAAGCT) and Hel RevA (AACGCAA-
GCAACAAATCACT) used for amplification approximately 700bp fragments.

Note: In the literature, there are plenty of primers, which can be used to 
detect mutations responsible for resistance/tolerance of different sunflower 
forms to herbicides. Based on their analysis and comparison, and analysis of 
sequences of DNA fragments from sunflower stored at the GenBank new prim-
ers were designed.
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2.1.4 Amplification of specific region of the ALS gene

Final PCR reaction condition were: 19 µl of mastermix (10 units Biomix, 7 
units DEPC water, 1 unit forward primer and 1 unit reverse primer) and 1µl of 
DNA sample. Cycling conditions were: 2 min incubation at 94°C; 35 cycles of 
30 sec denaturation at 94°C, 20 sec annealing at 53°C and 45 sec extension at 
72°C; and 5 min final extension at 72°C. PCR products were electrophoresed 
on 2% low-melt agarose gel containing ethidium bromide.

Note: Amplification of DNA fragments was successful while using Biomix, 
purchased from one manufacturer. Switching to other manufacturer of Bio-
mix failed to generate any PCR products. Initially, we didn’t realize what was 
causing the problem and spent significant time and materials, checking other 
components of PCR reaction and optimizing the assay itself, but without suc-
cess. Finally, when we changed Biomix again, and chose the one that had been 
initially used, the amplification became successful again.

2.1.5 Sequencing

PCR products purification was done before sequencing using the Spin Column 
PCR Purification Kit following the manufacturer’s protocol (http://www. nbsbio.
co.uk/downloads/DNA_Cleanup_Handbook.pdf). Purified products were 
sent together with the corresponding primer (Hel ForA) to Sorce Bioscience 
(Osford, UK) for sequencing. Analysis of obtained sequences were done based 

Figure 1: Chromatogram from repeated sequencing of the region of the ALS 
gene in weedy sunflower DNA.
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on comparison with sequences of the amplified region of ALS gene located in 
GenBank using a multiple sequence alignment program Clustal Omega.

Note: Several sequences obtained from Source Bioscience were not readable.
Therefore, it was necessary to repeat sequencing (Figure 1).

2.2 Multiplex PCR-based analysis of microsatellites in three weedy 
sunflower populations

Multiplex PCR-based analysis of microsatellites is suitable for studies popula-
tion variability of weeds. Namely, variation in satellite DNA sequences (differ-
ent size repeated DNA sequences) can be used to determine genetic differences 
between organisms or closely related individuals (e.g. weedy sunflower which 
is result of hybridization between different sunflower forms including crop 
plant, off-type plants, wild plants, volunteer plants and weedy forms). Satellite 
loci can be defined by the length of the core repeat, number of repeats or the 
overall repeat length. Microsatellites are DNA repeats with 2–6 nucleotides in 
length and they are also called simple sequence repeats (SSRs) or short tandem 
repeats (STRs).

2.2.1 Plant material

Seeds of three different population of weedy sunflower were collected and 
sown in the greenhouse. Seedlings were transplanted into larger pots. Fresh leaf 
material from 10 randomly selected plants from each population was collected 
for DNA extraction. Some leaf samples (taken from a single plant) were used 
for DNA extraction immediately after sampling, while some them stored in a 
freezer (-20°C) until analysis. Before analysis samples were lyophilized after 
storage at the -80°C during 24h.

2.2.2 DNA extraction

DNA was isolated from about 100 mg of fresh plant leaves according to the 
QiagenDneasy® Plant Mini Kit following the manufacturer’s protocol (https://
www.qiagen.com/dz/shop/sample-technologies/dna/dna-preparation/dneasy-
plant-mini-kit/). The quality and concentration of extracted DNA were deter-
mined spectrophotometrically using a Nanodrop® 1000. DNA extracts were 
stored at -20°C when not in use.

Note: Yield of DNA from lyophilized samples was low and curve on Nan-
odrop® 1000 was unacceptable. Possible reason was high concentration of 
proteins. To avoid that, we tried to add polyvinylpyrrolidone (PVP), but the 
problem persisted. Extraction was repeated using fresh leaf samples and satis-
factory yield of DNA was obtained.
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2.2.3 Primers selection

Seven microsatellite loci were selected from Garayalde et al. (2011) and Muller 
et al. (2010). The SSR flouorescently labelled markers were sorted by allele-
length range (Table 1).

Marker

Name

Forward primer sequence Reverse primer sequence Allele size 

range

ORS297 FAM-GTGTCTGCACGAACTGTGGT TGCAAAGCTCACACTAACCTG 214–237

ORS309 FAM-CATTTGGATGGAGCCACTTT GATGAAGATGGGGAATTTGTG 116–130

ORS337 FAM-TTGGTTCATTCATCCTTGGTC GGGTTGGTGGTTAATTCGTC 165–197

ORS342 NED-TGTTCATCAGGTTTGTCTCCA CACCAGCATAGCCATTCAAA 305–361

ORS371 HEX-GGTGCCTTCTCTTCCTTGTG CACACCACCAAACATCAACC 234–264

ORS432 HEX-TGGACCAGTCGTAATCTTTGC AAACGCATGCAAATGAGGAT 155–167

ORS656 NED-TCGTGGTAAGGGAAGACAACA ACGGACGTAGAGTGGTGGAG 181–254

Table 1: Microsatellite loci, fluorescent dye, sequence, allele size range for 7 
SSR markers.

The amplification reaction were examined for each primer separately con-
sisted of 0.1 µl of reverse primer and 0.1 µl of forward primer, flouorescently 
labelled with NED, HEX or FAM, 5 µl MMx2 (Taq), 3.8 µl Rnase-free water 
and 1µl template DNA in a total volume of 10 µl. Also, the actual amplification 
reaction for 7 primer together consisted of each unlabelled reserve primer (7 
× 0.1 µl) and each of forward primer (7 × 0.1µl), 5 µl MM × 2 (Taq), 2.6 µl H

2
O 

and 1µl template DNA a total volume of 10 µl.

2.2.4 PCR analysis

PCR was done following the manufacturer’s protocol Type-it®Microsatellite 
PCR Handbook (https://www.qiagen.com/dz/resources/search-resources).

Thermal Cycler (Applied Byosistems Verite 95 Well) was programmed for 
initial denaturation step of 94°C for 5 min, followed by 6 touchdown cycles of 
94°C for 30 s, touchdown annealing temperature (Tx) for 90 s (Tx is initially 
63°C and decreases of 1°C per cycle for the six first cycles, until it reaches 57°C) 
and 72°C for 60 s. PCR products were subsequently amplified for 29 cycles at 
94°C for 30 s, touchdown annealing temperature 57°C for 90 s and 72°C for 60 s 
with a final extension at 63°C for 30 min. DNA Fragment Analysis by the Capil-
lary Electrophoresis system is done in Source Bioscience (Nottingham, UK).

Data analysis

GENEMAPPER (Applied biosystem) and PEAK SCANNER software were 
used for analyses of the DNA fragments and to score the genotypes (Figure 2).
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DNA Extraction and Application of SSR 
Markers in Genetic Identification of 

Grapevine Cultivars

Zorica Ranković-Vasić, Dragan Nikolić

Abstract

Microsatellite markers (SSR markers) are widely used in grapevine genetic 
research for identification of cultivars, parentage analysis, and genetic char-
acterization of germplasm. Aim of this work was extraction of total DNA, 
primer selection and design, PCR protocols and analysis of DNA sequences 
with special emphasize on variability between collected samples of different 
grapevine cultivars. The material used in this study were samples of grapevine 
leaves of different autochthonous and introduced cultivars from grapevine 
collection on Experimental field “Radmilovac” at the Faculty of Agriculture, 
University in Belgrade and from the National fruit collection “Brogdale” from 
UK. Standard set of nine primers for grapevine was used. Analyses were per-
formed in Molecular Genetics Laboratory, School of Agriculture, Policy and 
Development, University of Reading, Reading, UK. Extraction and purifica-
tion of total DNA from fresh and frozen plant material (grapevine leaves) was 
performed using a DNeasy ® Plant Mini (Qiagen Inc.) kit. The concentration of 
extracted DNA was measured by NanoDrop spectrophotometer and stored on 
-20°C until use. In the study, we utilized the protocol for Type-it Microsatellite 
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PCR Kit, optimized for fluorescent primers, and subsequent high-resolution 
fragment analysis by capillary sequencing instruments, following the Type-
it Microsatellite PCR Handbook (Qiagen Inc.). The results of DNA analyses 
should be combined with ampelographic descriptors in identification of culti-
vars and planning the selection of grapevine varieties with desirable viticultural 
and enological values.

1 Introduction

Grapevine (Vitis vinifera L.) is one of the most valuable horticultural species. 
Currently, there are a large but imprecise number of grapevine cultivars in 
the world. In many regions have the synonyms (different names for the same 
cultivar) as well as homonyms (different cultivars identified under the same 
name). This number could likely be reduced once all cultivars are properly 
genotyped and compared. Identification of grapevine cultivars based on mor-
phological differences between plants may be incorrect due to the influence 
of ecological factors. Therefore, methods for analysis at the cultivar genotype 
level have been developed. In the last twenty years, various techniques for the 
characterization of cultivars at the level of DNA (RFLP, RAPD, AFLP, SCAR 
and SSR markers) and isoenzymes have been established. The most appropri-
ate for genotyping are those, using microsatellite markers (Jakše et al. 2013). 
In the past decade, the application of methods for molecular characterization 
has been significantly enhanced, particularly, DNA technology in ampelogra-
phy, helping to identify varieties and their origin. Microsatellite markers (SSR 
markers) are widely used in grapevine genetic research for identification of cul-
tivars, parentage analysis, and genetic characterization of germplasm. Micros-
atellites or simple sequence repeats (SSRs) have proved to be the most effective 
markers for grapevine genotyping (Sanchez-Escribano et al. 1999; Laucou et 
al. 2011). Thomas and Scott (1993) first used microsatellites for the identifica-
tion of grapevine cultivars and demonstrated that microsatellite sequences are 
often represented in the grapevine genome and are very informative for the 
identification of Vitis vinifera cultivars. Hundreds of microsatellite markers for  
grapevines have been developed and most of them are publicly available 
( Bowers et al. 1996; Arroyo-Garcia & Martinez-Zapater, 2004; Adam-Blondon 
et al. 2004; Merdinoglu et al. 2005; Cipriani et al. 2008). A set of six (VVS2, 
VVMD5, VVMD7, VVMD27, VrZag62, VrZAG79) or nine (previous six, com-
bined with the following three: VVMD32, VVMD36, VVMD25) microsatellite 
markers has been used in grapevine genotyping studies, mostly for determin-
ing genetic variability among European grapevine cultivars, which are highly 
polymorphic (Sefc et al. 2001; This et al. 2004; Žulj et al. 2013). Aim of this 
research was extraction total DNA, primer selection and design, PCR protocols 
and analysis of DNA sequences with special emphasize on variability between 
collected samples of different grapevine cultivars.
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2 Materials, Methods and Notes

2.1 Plant material

The material used in this study, were the samples of grapevine leaves of differ-
ent grapevine cultivars. The source of the material was either the developed 
leaves from vines in the vineyard from collection “Brogdale”, UK (leaves should 
be the size of a few centimeters, Fig. 1a, b, c), and leaves obtained from cuttings 
in the laboratory (the method of “provocation”), from collection “Radmilovac”, 
Serbia (Fig. 2a, b).

Note:

•	You can not use partially developed or fully developed buds (Fig. 3).
•	Buds have a high concentration of protein.
•	Isolation of DNA will fail (will be very difficult) if extraction is carried out 

from the buds (if used Kit); would not provide adequate DNA concentration.

Figure 1: Collection of plant material from the vineyard.

Figure 2: Plant material obtained from cuttings in the laboratory.
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•	The leaves can be kept in the freezer (in paper bags) until the beginning of 
DNA isolation (Fig. 4)

•	The samples can be kept in the 1.5 or 2 ml tubes (-20°C) (Fig. 5).
•	The samples can be lyophilized (weight about 20 mg), but the extracted 

DNK is not of desirable quality (Fig. 6).

Figure 3: Buds.

Figure 4: Leaves in the freezer. Figure 5: Tubes for sample keeping .
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•	Working with lyophilized samples is more difficult (weight measurement of 
samples is complicated).

•	Each sample must have a code.

2.2 DNA extraction

Extraction and purification of total DNA from fresh or frozen plant material 
(grapevine leaves) was performed using a DNeasy ® Plant Mini Kit following 
the standard protocol for isolation of DNA from plant leaf tissue outlined in the 
DNeasy Plant protocol handbook (Qiagen Inc.).

Notes before starting:

•	Perform all centrifugation steps at room temperature (15–20°C).
•	If necessary, redissolve any precipitates in buffer AP1 and buffer AP3/E 

concentrates.
•	Add ethanol to buffer AW and buffer AP3/E concentrates.
•	Preheat a water bath or heating block to 65°C.

Extraction protocol:

 1. Plant leaves (about 150–170 mg fresh material) (Fig. 7) are grinded 
under liquid nitrogen (Fig. 8) to a fine powder using a mortar and pestle 
(Fig. 9) or Tissue Lyser (Fig. 10). The tissue powder and liquid nitrogen 
were transferred to 1.5 ml tube and allowed the liquid nitrogen to evapo-
rate (Fig. 11).

Figure 6: Measurement of the sample weight.
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Figure 11: Tubes for samples.

Figure 7: Measurement of the sample weight.

Figure 8 & 9: Grinding under liquid nitrogen.

Figure 10: Grinder.
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 2. 400 μl of Buffer AP1 and 4 μl of RNase were added into the tube(s) with 
material and vortexed vigorously (Fig. 12).

Figure 12: Vortexing.

 3. The tubes were incubated at 65°C for 10 min on Termomixer that was 
set up to shake from 450 to 500 rpm (Fig. 13). During this step cells were 
lysed.

Figure 13: Termomixing.

 4. 130 μl of Buffer AP2 (P3) were added to the lysate, mixed, and tubes 
were incubated for 5 min on ice. During this step detergent, proteins 
and polysaccharides were precipitated. The tubes with lysate were centri-
fuged for 5 min at 14 000 rpm speed (or on max 14 680 rpm) in order to 
remove the precipitates (Fig. 14). The samples in the centrifuge must be 
uniformly distributed (in equilibrium) (Fig. 15).
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 5. The obtained lysate (Fig. 16) was applied to the QIAshredder spin col-
umn placed in a 2 ml collection tube (with pink cover) and centrifuged 
for 2 min at 14 000 rpm speed (or max speed on 14 680 rpm).

 6. The flow-through fraction (400–450 µl) from step 5 was transferred to a 
new tube without disturbing the cell-debris pellet.

 7. 600 µl of Buffer AW1 were added to the cleared lysate and mixed by 
pipetting.

 8. 650 μl of the mixture from step 7 were transferred to the DNeasy mini 
spin column sitting in a 2 ml collection tube and centrifuged for 1 min at 
8000 rpm. After that flow-through were discarded.

 9. The centrifugation at 8 000 rpm for 1 min was repeated.
 10. DNeasy column were placed in a new 2 ml collection tube and 500 μl 

Buffer AW2 (AW) were added to the DNeasy column and centrifuged for 
1 min at 8 000 rpm. After that flow-through were discarded.

Figure 16: Lysate.

Figure 14: Centifugation. Figure 15: Position of the samples in 
centrifuge.
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 11. 500 μl Buffer AW2 (AW) were added to the DNeasy column and centri-
fuged for 2 min at 14 000 rpm (or max 14680 rpm) to dry the membrane. 
It is important to dry the membrane of the DNeasy column since residual 
ethanol may interfere with subsequent reactions. This spin ensures that 
no residual ethanol will be carried over during elution. After centrifuga-
tion flow-through were discarded.

 12. The DNeasy column were transferred to a 1.5 ml tubes and pipeted 
60 μl of preheated (65°C) Buffer AE directly onto the DNeasy mem-
brane. The column were incubated for 5 min (may be up to 15 min-
utes) at room temperature and then centrifuged for 1 min at 8 000 
rpm to elute DNA.

 13. Step 12 was repeated.
 14. The filter is removed. Tube with the DNA sample should be closed and 

placed on ice.

Note:

•	Always mark the tubes used in the extraction.
•	Take care of the cleanliness of the desk.
•	The working surface has to be cleansed several times during the procedure
•	Always wear clean gloves (change the gloves several times during the work).
•	For each pipetting must be put new sequel to the pipette.

2.3 Measuring the DNA concentration

Spectrophotometry is used to determine the concentration of DNA in the sam-
ple. The concentration of extracted DNA was measured by NanoDrop spectro-
photometer (Fig. 17) and storage on -20°C until use.

Procedure:

 1. Turn on the laptop.
 2. On the screen click NanoDrop 2000.
 3. Click on Nucleic Acid.
 4. 1.5 μl of blank Buffer AE were added on the needle spectrophotometer.
 5. Spectrophotometers closed.
 6. Click on the blank.
 7. Wait for sensing.
 8. Wipe the spectrophotometer needle with a paper towel.
 9. 1.5 μl DNA sample from ice were added on the spectrophotometer 

 needle.
 10. Click on measure. Typical DNA Spectrum is shown in the Fig. 18a and 

the one obtained during measuring of extracted DNA from our samples 
is shown in Fig. 18b.
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17

18a 18b

Figures 17, 18a and 18b: Measuring the DNA concentration.

Code Conc. DNA (ng/μl) A260 A280 260/280 260/230

28 175.6 3.513 1.907 1.84 2.66

31 128.3 2.566 1.439 1.78 2.05

32 335.8 6.716 3.660 1.84 2.60

34 89.3 1.786 0.975 1.83 2.76

Table 1: Measured concentration of DNA in different grapevine cultivars.

Note:

•	When configuring, spectrophotometer must be closed.
•	When the blank is read, should not get any spectrum on the screen (without 

spectrum).
•	Good concentration of DNA is shown in Table 1.
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•	The ration of 260/280 and 260/230 must be higher of 1.7, for extracted DNA, 
to be considered as high-quality material, suitable for further analyses.

•	In addition to estimate the quality of purified total DNA by calculating the 
ration 260/280 and 260/230, we also analyzed all samples by gel electropho-
resis (see 2.6.1).

2.4 PCR amplifications

2.4.1 Microsatellite analysis

Analysis was performed using nine microsatellite loci: VVS2 (Thomas and 
Scott, 1993), VVMD5, VVMD7, VVMD25, VVMD27, VVMD28, VVMD32 
(Bowers et al., 1996, 1999), VrZAG62 и VrZAG79 (Sefc et al., 1999). This set of 
highly polymorphic markers was used by the European Grape-Gen06 consor-
tium (http://www1.montpellier.inra.fr/grapegen06/accueil.php) as the stand-
ard set for the screening of grapevine collections. Equivalent list primers for 
Vitis vinifera L. is shown in Table 2. All forward primers were labeled with 
6-FAM, VIC, PET, or NED fluorescent dyes.

Note:

The DNA analyses should be combined with ampelographic descriptions, 
IPGRI, UPOV, OIV (1997) in planning the selection of grapevine varieties with 
desirable viticultural and enological value.

Material needed for PCR amplification:

 1. Taq enzyme mix
 2. Primers (R and F)
 3. Samples
 4. Deionized water

Master mix (for 1 sample):

 1. Taqenzymemix (10×1 μl)
 2. Primers R (0.7 μl)
 3. Primers F (0.7 μl)
 4. Deionized water (7.6 μl)

Note:

•	Total of master mix is 19 μl.
•	All this is carefully shaken with pipette about 20 times.
•	A volume of master mix components is multiplied by the number of sam-

ples (for bigger number of samples).
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Name   Sequence Source Fluorescent

VVS2 „forward” 5'-CAG CCC GTA AAT GTA TCC ATC-3'
Thomas and Scott (1993.) 6FAM

„reverse” 5'-AAA TTC AAA ATT CTA ATT CAA CTG G-3'

VVMD5 „forward” 5'-CTA GAG CTA CGC CAA TCC AA-3'
Bowers et al. (1996.) 6FAM

„reverse” 5'-TAT ACC AAA AAT CAT ATT CCT AAA-3'

VVMD7 „forward” 5'- AGA GTT GCG GAG AAC AGG AT -3'
Bowers et al. (1999.) VIC

„reverse” 5'- CGA ACC TTC ACA CGC TTG AT -3'

VVMD25 „forward” 5'-TTC CGT TAA AGC AAA AGA AAA AGG-3'
Bowers et al. (1999.) NED

„reverse” 5'-TTG GAT TTG AAA TTT ATT GAG GGG-3'

VVMD27 „forward” 5'-GTA CCA GAT CTG AAT ACA TCC GTA AGT-3'
Bowers et al. (1999.) NED

„reverse” 5'-ACG GGT ATA GAG CAA ACG GTG T-3'

VVMD28 „forward” 5'-AAC AAT TCA ATG AAA AGA GAG AGA GAG A-3'
Bowers et al. (1999.) 6FAM

„reverse” 5'-TCA TCA ATT TCG TAT CTC TAT TTG CTG-3'

VVMD32 „forward” 5'-TAT GAT TTT TTA GGG GGG TGA GG-3'
Bowers et al. (1999.) PET

„reverse” 5'-GGA AAG ATG GGA TGA CTC GC-3'

VrZAG62 „forward” 5'-GGT GAA ATG GGC ACC GAA CAC ACG C-3'
Sefc et al. (1999.) PET

„reverse” 5'-CCA TGT CTC TCC TCA GCT TCT CAG C-3'

VrZAG79 „forward” 5'-AGA TTG TGG AGG AGG GAA CAA ACC G-3'
Sefc et al. (1999.) NED

„reverse” 5'-TGC CCC CAT TTT CAA ACT CCC TTC C-3'

Table 2: Equivalent list primers on Vitis vinifera L.
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Procedure:

 1. In the PCR tube add 1 μl isolated DNA and 19 μl master mix.
 2. In the control PCR tube add 1 μl deionized water and 19 μl master mix.
 3. Centrifuge for 1–2 sec.
 4. Sett of PCR machine – VeritiTM Thermal Cycler (Applied Biosystems, 

Foster City, California, USA) (Fig. 19).

Note:

•	PCR machine typically works about 1.30 hours.
•	Depending on primers and overall experimental design, the different tem-

perature and time settings could be used (Fig. 20). Different temperature is 
shown in Table 3.

•	PCR reactions in a VeritiTM Thermal Cycler (Applied Biosystems, Foster 
City, California, USA) using the following conditions: 94°C for 2 min, 35 
cycles of 1 min at 94°C, 1 min at 50°C, and 1 min at 72°C, with a final exten-
sion of 30 min at 72°C.

•	PCR reactions in a GeneAmp PCR 9700 thermocycler (Applied Biosystems, 
Foster City, CA) using the following conditions: 94°C for 5 min, 30 cycles 
of 1 min at 94°C, 1 min at 51°C or 49°C (for multiplex or singleplex PCR, 
respectively), and 1 min at 72°C, with a final extension of 30 min at 72°C.

•	Can be used singleplex and multiplex reactions. Two multiplex PCR reac-
tions were carried out for five (VVS2, VVMD7, VVMD27, VrZAG62, 
VrZAG79) and three (VVMD25, VVMD28, VVMD32) of the analyzed SSR 
a singleplex for VVMD5 (Vilanova et al. 2009).

Figure 20: PCR mashine settings.Figure 19: PCR mashine.
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2.5 Preparing for sequencing analysis (Protocol for Purification of 
PCR Products):

Transfer PCR reaction mixture (whole quantity, about 35 μl) to a 1.5 ml 
microfuge tube (blue cover) and add 3 volumes of Binding buffer 1 (105 μl). 
Then, according to the protocol described in DNA Cleanup Handbook at 
http://www.nbsbio.co.uk/downloads/DNA_Cleanup_Handbook.pdf

 1. Transfer the above mixture solution to the spin column and keep it at 
room temperature for 2 minutes. Centrifuge at 10 000 rpm for 2 minutes. 
Discharge the eluate from the tube.

 2. Add 750 μl of Wash solution to the column and spin at 10 000 rpm for 
2 minutes.

 3. Repeat the previous washing procedure using the same conditions. In 
order to remove any residual wash solution, extend spinning duration 
for 1 minute.

 4. Place the column into a clean 1.5 ml tube and add 30–50 μl (usually 30 
μl) of Elution buffer exactly into center of the column. Leave it at room 
temperature for 2 minutes (can also stand for 5 minutes). Centrifuge at 
10 000 rpm for 2 minutes to elute the DNA.
Note:

•	The incubation of the column, with the Elution buffer, at higher tempera-
tures (up to 50°C) may slightly increase the yield especially for large DNA.

PCR  

amplification 

steps

Primer

VVS2, 

VVMD5,

VrZAG79, 

VVMD7

VVMD27

VVMD28

VrZAG62 VVMD25

VVMD32

Precycle/ 

Initialization

95°C 1 min 94°C 2 min 94°C 2 min 94°C 2 min

30x  
or  
35x

Denaturation 95°C 30 sec 92°C 40 sec 92°C 40 sec 92°C 40 sec

Annealing 51°C 30 sec
(57–58°C,  
30 sec)
(48–56°C,  
30 sec)

55–56°C 
30 sec
49°C 30 sec 

56–59°C  
40 sec

44–45°C  
30 sec
48–49°C  
30 sec

Elongation/

Extension

72°C 30 sec 72°C 2 min 72°C 2 min 72°C 2 min

Postcycle/Final 

elongation

72°C 1 min 72°C 5 min 72°C 5 min 72°C 5 min

Table 3: Suggestions of different temperature for different primers in PCR.
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•	The purified DNA can be stored at 4°C for immediate use or in a deep 
freezer at -20°C for use in future.

•	It is recommended to use the DNA Gel Extraction Kit if non-specific 
amplified DNA fragments are formed in a PCR experiment.

2.6 Electrophoresis

Electrophoresis is a method that is used to separate DNA fragments and deter-
mine their sizes by comparing them to the sizes of known fragment lengths. In 
our protocol, we applied this meted to test purified total DNA (2.2.) and the 
PCR products (2.4.)

2.6.1 Gel Electrophoresis

Procedure for making agarose gel:

 1. Measure 0.25 g of the agarose and 25 ml × 1 of TAE buffer (100 ml TAE × 
10 add 1000 ml distilled water).

Note: Agarose gels: Commonly are used concentrations of agarose gel 
from 0.7% to 2% depending on the size of bands needed to be separated. 
Measure 0.60 g of the agarose and 60 ml × 1 of TAE buffer for biggest 
size electrophoresis box. Simply adjust the amount of starting agarose to 
%g/100 mL TAE (i.e. 2g/100mL will give you 2%).

 2. Dissolve agarose by heating in microwave oven (20–30 sec).
Note: Caution HOT! Be careful stirring, eruptive boiling can occur.

 3. Let agarose solution cool down for 5 min.
 4. According to https://www.addgene.org/protocols/gel-electrophoresis/ 

add ethidium bromide (EtBr) to a final concentration of approximately 
1.0 μg/ml. Ethidium bromide binds to the DNA and allows visualization 
of the DNA when the gel is exposed to ultraviolet (UV) light.
Note:

•	EXTREME CAUTION! It is known that ethidium bromide is a  mutagen.
It is necceassary to wear gloves, a laboratory coat and safety glasses 
when using this techique.
•	Mildori Green Nucleic Acid Staning Solution is a safe alternative to tra-

ditional EtBr stain for detecting DNA in agarose gels.
 5. Position the well comb in place and pour the agarose into a gel tray.

Note: Avoid formation of air bubbles which will disrupt the gel network 
by pouring agarose solution slowly. If bubbles are formed use a pipette 
tip to push them away towards the edges of the gel.

 6. Cool newly poured gel for 10–15 minutes in a refrigarator or let it cool at 
room temperature for 20–30 minutes, until it completely solidifies.
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Preparation of samples for electrophoresis:

 1. Carefully load your samples DNA (4μl) on the plate designated for mix-
ing sample with sample buffer.

 2. Add loading buffer to each of your samples DNA (2 μl “stop blue”).

Procedure of placing gel in electrophoresis box:

 1. Remove protection tape.
 2. Put the tray in electrophoresis box.
 3. Remove the comb.
 4. Fill gel box with 1×TAE until the gel is covered.

Loading samples and running an agarose gel:

 1. Carefully load a molecular weight ladder (DNA 1000) into the first lane 
of the gel (add 3–4 μl).

 2. Carefully load your DNA samples (4 μl of DNA + 2 μl of loading buffer – 
“stop blue”) into the additional wells of the gel (Fig. 21).

 3. Carefully load a molecular weight ladder (DNA 1000) into the last lane 
of the gel (add 3–4 μl).

 4. Apply power supply at 80–150V to the gel until the dye reaches approxi-
mately 25–20% of the way from the end of the gel (Fig. 22).
Note:

•	  Negatively charged DNA molecules will move towards the positive 
electrode. Always place the gel in such a way that samples migrate 
towards positive electrode (red is positive electrode – connect it to the 
end of the gel; black is negative electrode – connect it to the start of 
the gel) (Fig. 23a, b).

•	 A typical run time is about 1–1.5 hours, depending on voltage.
 5. Turn OFF power supply, disconnect the electrodes from the 

power source, and then carefully remove the tray with a gel from the 
gel box.
Note:

•	TAE buffer can be replenished and used up to 10 times.
•	Tape is obligatory placed at the gel box (write how many times used 

buffer) (Fig. 24).
•	For a gel of small to mid-size, good separation of DNA fragments is 

achieved if gel is running at 50V for about 45 minutes (Fig. 25).
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21

23a 23b

22

Figures 21., 22, 23a and 23b: Loading samples and running an agarose gel.

24 25

Figures 24. and 25: Electrophoresis apparatus.
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2.7 Visualization of DNA fragments

 1. By using any device that has a source of UV light your DNA fragments 
will visualize and look like bands on the gel. According to https://
www.addgene.org/protocols/gel-electrophoresis/ pay attention to the 
 following:
•	UV light is very harmfool to your eyes and skin. Wearing protective 

glasses, gloves and laboratory coat is necessary.
•	Using long-wavelength UV and the shortest possible exposition time 

will minimize damage to the DNA in the case that further analysis of 
DNA is planned.

 2. Visualize DNA fragments by WP (GelDoc – ItTS2/Imager Benchop UV 
Transilluminator) (Fig. 26).

 3. Gel in Transilluminator (Fig. 27).
 4. Software: UVP TS2 (Fig. 28).
 5. Printing by digital graphic printer UP-D897.

26 27 28

Figures 26., 27. and 28: Visualization of DNA fragments.

2.8 Analyzing Gel:

Use the DNA ladder, in the first lane, as a guide (the manufacturer’s instruc-
tion will indicate the size of each band) to determine the length of the bands 
detected in the sample lanes and visualize purified total DNA (Fig. 29) and also 
visualize the PCR products (Fig. 30).

Note (according to https://www.addgene.org/protocols/gel-electrophoresis/):

•	In order to get better resolution (crispness) of samples DNA bands lower 
voltage in a longer duration of a run can be used. Alternative is to choose a 
wider gel comb or to load lesser amount of DNA into the well.

•	In order to get better separation of bands in the case of similarly sized frag-
ments a higher percentage of agarose gel can be used to better separate 
smaller bands, and a lower percentage of agarose gel to separate larger bands.
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Application of qPCR Method for 
Investigation of Plant Colonization by 

Human Pathogen Bacteria

Kljujev Igor

Abstract

The consumption of vegetables is very important for prevention cardiovascu-
lar diseases and it is recommended by WHO. The fresh vegetables are essential 
for healthy nutrition and provide minerals and vitamins. The vegetables are 
mostly consumed raw and it is very important to avoid its microbiological 
contamination during the production chain. The disease which are caused 
by human pathogen bacteria are very big problem for public health. These 
bacteria are able to contaminate fresh vegetables in any part of chain of food 
production.

The Salmonellosis is the usual foodborne infection which is caused by bacte-
ria Salmonella spp. According to U.S. Public Health Service (2009), Salmonella 
is in the second place as causer of foodborne disease in the USA. Approximately, 
there are 40 000 cases of Salmonellosis in the USA per year (DFBMD 2009).

The most common serovars which are found worldwide are Salmonella ente-
ritidis and Salmonella typhimurium but others serovars are limited to specific 
regions in the world (OIE 2005).

How to cite this book chapter:

Igor, K. 2019. Application of qPCR Method for Investigation of Plant Colonization by 
Human Pathogen Bacteria. In: Vucelić Radović, B., Lazić, D. and Nikšić, M. (eds.)  
Application of Molecular Methods and Raman Microscopy/ Spectroscopy in 
 Agricultural Sciences and Food Technology, Pp. 45–57. London:  Ubiquity Press. 
DOI: https://doi.org/10.5334/bbj.d. License: CC-BY 4.0



46 Application of  Molecular Methods and Raman Microscopy

Today, there is lot of methods for detection human pathogen bacteria in 
food. The conventional methods are generally timeconsuming. The PCR is 
much faster and with qPCR we can get results only in few hours.The PCR 
allows increasing speed, sensitivity, specificity of detection of human pathogen 
 bacteria in fresh vegetables.

The aim of this study is application of the qPCR method for detection of 
Salmonella enterica subsp. Welteweden and Salmonella typhimurium LT2 in 
wheat seedlings.

Bacterial strains used in this experiment were Salmonella enterica subsp. 
Welteweden and Salmonella typhimurium LT2. The model plant was wheat. 
The bacterial suspension applied for inoculation seeds was ≈ 108 CFU. The 
inoculated plants left to grow in phitochamber for 3 weeks. The standard PCR 
was done for Salmonella strains. The primers for Salmonella were: rfbJ; fliC; 
fijB; invA, hilA. It was done cloning for getting plasmid with invA gene which 
was used for preparing standards for qPCR. Isolation Salmonella DNA from 
plants was done using kit. The sequencing of invA isolated from plant samples 
also was done.

The qPCR was done for DNA samples isolated from wheat root, shoot and 
substrate liquid inoculated with Salmonella strains. The Fluorescence In Situ 
Hybridization was done for inoculated plant samples. It was used specific 
probes for detection Salmonella by CLSM.

The results show that both investigated Salmonella strains were able to colo-
nize wheat plants. The number of Salmonella DNA copies was 4.01 × 106 per 1 g 
root (S. enterica) and 3.32 × 107 per 1 g root (S. typhimurium).

1 Introduction

In recent years, there is an increasing number of outbreaks caused by consump-
tion fresh vegetables which are contaminated with human pathogen bacteria. The 
application organic fertilizers and contaminated irrigation water are the main 
reasons of contamination by pathogen bacteria during the food  production.

The consumption of vegetables is very important for prevention cardiovas-
cular diseases and it is recommended by World Health Organization. The fresh 
vegetables are essential for healthy nutrition and provide minerals and vita-
mins. The vegetables are mostly consumed raw and it is very important to avoid 
its microbiological contamination during the production chain.

Recently there has been an increasing number of outbreaks caused by con-
taminated fresh vegetables. According to CDC (Center of Disease Control and 
Prevention, 2010), the lettuce was the one of the most frequent source of food-
borne outbreaks in USA during the 2007.

Today, there are many methods for detecting human pathogen bacteria in 
food. The conventional methods which are based on cultures are generally 
timeconsuming and new methods are needed to exceed their performance. 
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Immunology-based methods for detection human pathogen are very powerful 
tools and they provide extraction pathogen from bacterial suspension usingan-
tibody coated magnetic beads. The PCR methods give more conclusive results, 
especially recent advances in PCR technology.Thus, with Real-Time-PCR (RT 
PCR), we are able to get very precise results only in few hours. Today, the most 
common methods for human pathogen detection in fresh vegetables are: colony 
counting technique, PCR and immunology-based methods. The PCR is much 
faster than other techniques and it takes approximately 6 to 24 hours to get result 
and this method does not need and include any previous enrichment steps. On 
the other hand, with RT PCR we can get results faster, only in few hours.

The general (conventional) PCR protocol for detection human pathogen bac-
teria in samples includes: denaturation of DNA, annealing of sequence specific 
primers, extension by polymerase 25–40 cycles. The PCR product can be analysed 
by gel electrophoresis or DNA sequencing. The qPCR is technique for amplifi-
cation and simultaneously quantification a targeted DNA molecule.The qPCR 
allows detection and quantification of DNA sequence in real time after ampli-
fication cycle. The quantification includes fluorescent dyes which insert with 
double-stranded DNA during PCR oligonucleotide probes that illuminate after 
hybridization with complementary DNA and extension. The qPCR is combina-
tion of the amplification DNA and quantification of amplified DNA in real time.
Also, it is possible to use probes which are labeled with different dyes and they 
allow quantification and detection of multiple target genes in one PCR reaction.

In comparing with conventional microbiology methods, the PCR technique 
is much faster and requires less time to achieve precise and valid results. The 
advantage of PCR is detection of bacteria which are not able to grown in cul-
ture. The PCR allows increasing speed, sensitivity, specificity of detection 
human pathogen bacteria in fresh and ready to eat vegetables.

Today, it is known two qPCR methods, TaqMan and SYBR Green. The 
TaqMan PCR is based on fluorescent probes which must be selected accord-
ing to very strict conditions and it cannot be always applied. The SYBR Green 
qPCR provides fast result compared to others technique and detection is based 
on binding of SYBR-Green dye into double stranded PCR products. It could be 
applied without the needing for probes linked to fluorescent molecules.

This study tries to develop protocol for rapid and precise detection of human 
pathogen bacteria in contaminated plants using the qPCR. The aim of this work 
is to develop and improve microbiological laboratory analysis of human patho-
gens using real-time PCR, develop a PCR method and develop a validation 
of protocol for it. It is very important to establish simple and reliable qPCR 
method which is using SYBR Green that could be suitable for routine analyses 
of Salmonella spp. in plants and fresh vegetables.

In general, the aim is application of the real time qPCR method for detection 
ofSalmonella enterica subsp. Welteweden and Salmonella typhimurium LT2 in 
wheat seedlings and to get an expertise with pathogen detection methods using 
real time qPCR techniques.
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2 Materials, Methods and Notes

Bacterial strains which are used were Salmonella enterica subsp. Welteweden 
and Salmonella typhimurium LT2. The model plant for inoculation was wheat. 
The sterile wheat seed was incubated on NB plates at 30° C for 3 days, letting 
them germinate and plants were grown on quartz sand in sterile conditions. 
The bacterial suspension which is applied for inoculation seeds was ≈ 108 CFU 
(OD

600
 = 0.7) for both Salmonella strains. Before inoculation, the seedlings 

were washed in sterile H
2
O five (5) times and they were kept in bacterial (Sal-

monella) solution 1 hour at 20°C before planting. The inoculated plants left to 
grow in phytochamber for 3 weeks.

The standard PCR was done for pure culture of Salmonella enterica subsp. 
Welteweden and Salmonella typhimurium LT2. The standard PCR included 
extraction bacterial (Salmonella) DNA using the Genomic DNA From Tis-
sue kit, NucleoSpin Tussue (Machery-Nagel, www.mn-net.com). It was used 
specific primers for Salmonella: rfbJ; fliC; fijB; invA and hilA (for Salmonella 
typhimurium LT2). It was used 16 S PCR Program: Hotstart at 94°C – 5 min.; 
Denaturating at 94°C – 45 sec.; Annealing at 54°C – 45 sec.; Elongation at 72°C 
– 45 sec.; Final elongation at 72°C – 5 min.; Store at 4°C – continous (30 cycles). 
The electrophoresis was done in 1% Agarose in TAE Buffer + 3µl EtBr/100 ml 
at 120V; 400mA; 100W; 45 minutes.

Also, FISH (Fluorescence In Situ Hybridization) was done for pure cultures 
of Salmonella enterica subsp. Welteweden and Salmonella typhimurium LT2. 
The cultures of Salmonella strains incubated overnight in NB Broth at 37°C 
with shaking. After that, it was done fixation in Paraformaldehyde (PFA) (for 
G- bacteria) according to Protocol Fixation Of Bacterial Liquid Cultures. The 

Figure 1: The wheat plant in glass tubes and seed germination in Petri dish.
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Primer Target

gene

Primer

length

(bp)

Sequence Size of

amplified

fragment

(bp)

Numbers 

designate 

Genbank-

EMBL-DDBL 

ID numbers 

of the 

sequences in 

databases

RfbJ-s
RfbJ-as

rfbJ 24
24

5'-CCAGCACCAGTTCCAACTTGATAC-3'
5'-GGCTTCCGGCTTTATTGTTAAGCA-3'

663 AE008792

FliC-s
FliC-as

fliC 24
24

5'-ATAGCCATCTTTACCAGTTCCCCC-3'
5'-GCTGCAACTGTTACAGGATATGCC-3'

183 D13689

FljB-s
FljB-as

fljB 24
24

5'-ACGAATGGTACGGTCTCTGTAACC-3'
5'-TACCGTCGATAGTAACGACTTCGG-3'

526 AF045151

139-s
141-as

invA 26
22

5'-GTGAAATTATCGCCACGTTCGGGCAA-3'
5'-TCATCGCACCGTCAAAGGAACC-3'

284 Malorny at al. 
(2003)

Table 1: Primers for Salmonella strains.

Figure 2: Standard PCR for pure culture of Salmonella.
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oligonucleotide probes used in this analyze were: Salm-63-Cy3; Gam42a-Fluos; 
Bet42a-Oligo. The FISH protocol is: add 1–10µl PFA-fixed sample onto glass 
slide; drying at 46°C; EtOH-dehydration in 50%, 80%, 100% for 3 min. each; air 
drying; add 8µl hybridization buffer and 1µl probe. The samples were observed 
by CLSM (confocal laser scanning microscope).

Figure 3: FISH for pure culture of Salmonella typhimurium LT2.

qPCR Analyses: In the goal to preparing standards for qPCR, cloning was 
done to get plasmid of Salmonella strains. PCR cloning was done for invA gene 
at Salmonella strains (Salmonella enterica subsp. Welteweden and Salmonella 
typhimurium LT2) according to PCR cloning protocol StrataClone PCR Clon-
ong Kit (Stratagene). The protocol includes: Isolation plasmid with invA from 
E. coli competent cells (it is done by kit Plasmid DNA purification according 
to protocol NucleoSpin Plasmid QuickPure protocol); preparing standards for 
qPCR (it is calculated a number of moleculs per 1 µl of invA copies). After that, 
qPCR for DNA samples of Salmonella pure cultures was done according to 16 
S PCR program and qPCR-samples were run on the gel.

Figure 4: Colonies of transformed competent cells with plasmid of invA.
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Isolation of Salmonella DNA from plants: The Salmonella DNA was iso-
lated from:wheat root; wheat shoot (stem and leaves) (quartz sand) liquid.
The protocol for isolation Salmonella DNA from wheat plants and substrate 
liquid includes: it is taken 0.5 g of plant material and 500 µl of liquid for 
analyses; the plant root and shoot were crashed with mortar and pestle in 
liquid nitrogen; after that, DNA from plant material and substrate liquid are 
further isolated according to FastDNA SPIN Kit for Soil (www.mpbio.com).
Standard PCR for DNA isolated from plant and liquid samples was done to 
check presence of Salmonella DNA. The positive control is DNA isolated 
from Salmonella pure culture and negative control is reaction mixture with-
out DNA.

Figure 5: The standard PCR for DNA isolated from plant samples to check 
presence of Salmonella DNA (invA).

Legend: 3–wheat root inoculated by Salmonella typhimurium LT2; 4–wheat 
shoot inoculated by S. typhimurium LT2; 5–wheat root inoculated by Salmonel-
laenterica subsp. Welteweden; 6–wheat shoot inoculated by S.enterica subsp. 
Welteweden; 7–substrate liquid inoculated by S. typhimurium LT2; 8–substrate 
liquid inoculated by S.enterica subsp. Welteweden; S.e. and S.t.-positive con-
trol; NC-negative control.

Also, sequencing of invA isolated from plant samples was done and this anal-
ysis consisted of thefollowing: standard PCR; run gel; purification PCR master-
mix samples; determination of DNA concentration by NanoDrop; Seq-PCR; 
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purification Seq-PCR product; putting samples in microtiter plate and doing 
sequencing.

Finally, the quantitative PCR (qPCR) was done for DNA samples isolated 
from: wheat root inoculated with Salmonella typhimurium LT2; wheat shoot 
inoculated with Salmonella typhimurium LT2; wheat root inoculated with Sal-
monella enterica subsp. Welteweden; wheat shoot inoculated with Salmonella 
enterica subsp. Welteweden; liquid inoculated with Salmonella typhimurium 
LT2 and liquid inoculated with Salmonella enterica subsp. Welteweden. The 
DNA samples were run on the gel.

Figure 6: qPCR products of wheat samples inoculated with Salmonella strains 
(3; 4; 5; 6) on the gel.

Legend: 3–wheat root inoculated by Salmonella typhimurium LT2; 4–wheat 
shoot inoculated by S. typhimurium LT2; 5–wheat root inoculated by Salmonel-
laenterica subsp. Welteweden; 6–wheat shoot inoculated by S.enterica subsp. 
Welteweden; PC-positive control; NC-negative control.

Also, FISH was done for inoculated plant samples and CLSM analyses and 
sampleswere: wheat root, stem and leaf. The specific probes which were used 
for detection Salmonella strains by CLSM were: Salm 63 – Cy3 (red); Gam 42 – 
Fluos (green) and Bet 42 a – Oligo. The FISH analyses were done according to 
protocol: In Situ Hybridization Protocol for plant material.
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The investigated Salmonella strains were able to colonize wheat plants. The 
number of Salmonella DNA copies was 4.01 × 106 per 1 g root (S. enterica) and 
3.32 × 107 per 1 g root (S. typhimurium).

Figure 7: CLSM micrograph of endophyt colonization root by Salmonella 
 typhimurium.
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Abstract

The aim of this chapter is to describe some of the protocols which are used in 
the diagnostics of plant viruses, fungi and fungus-like organisms. Special adap-
tation of certain protocols is required for each of this group of pathogens and 
even more, for every type of virus, fungus or fungus-like organism, each type 
of raw material in terms of plant organs, plant host species, time of year and 
conditions in the laboratory. The protocols of molecular methods for detec-
tion, identification and characterization of phytopathogenic organisms cited 
here in include detailed instructions for its application. This chapter contains 
specific recommendations for selection of plant material, extraction of total 
RNAs or DNAs, detailed procedure for RT-PCR or PCR depending on phy-
topathogenic organisms and instruction for interpretation of obtained results. 
The chapter also focuses on application of DNA cloning in plant virology. The 
text on DNA cloning contains instruction for basic steps including amplifica-
tion of DNA fragment that we want to clone, ligation of PCR product with vec-
tor DNA, insertation of recombinant DNA into bacteria cells, the reproduction 
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of bacteria together with the recombinant DNA, screening clones with recom-
binant DNA, and plasmid extraction and purification from the bacterial cells.

1 Molecular methods in plant virology and mycology

Identification of plant pathogens, in addition to conventional methods, requires 
the use of a variety of different molecular methods, which contribute to the 
accuracy, reliability, speed and efficiency in phytopathology at all. In addition, 
the risk of introduction of invasive plant pathogens whether cultivated, orna-
mental plants or in natural communities (forests, pastures) grows as a result of 
globalization, increased mobility of people, climate changes and pathogens and 
vector evolution (Anderon et al. 2004; Miller et al. 2009).

Generally speaking plant pathogens, whether they are expansive (emerging), 
re−emerging (e.g., new races, pathotypes, forms resistant to pesticides or anti-
biotics), and chronic/endemic pathogens that are known and present for long 
time, but still can prompt epidemics, can cause economically significant yield 
losses (Strange & Scott 2005). Because of this, the application of molecular 
methods is of great importance and it is impossible to get totally reliable results 
in the detection, identification and characterization of plant viruses, fungi 
and fungus like−organisms without the application of this group of methods 
(Miller et al. 2009).

Adequate and timely diagnosis of diseases and detection of pathogens are 
crucial for prompt protection of cultivated crops, as well as natural biocoeno-
sis (forest ecosystems and pastures), or in order to undertake preventive or 
application of a small number of therapeutic measures. Errors during detec-
tion of pathogens and disease diagnosis may lead to applications of inadequate 
control measures, and thus to the reduction in yield or market value of the 
crop. Inadequate phytosanitary measures based on an irregular and out of time 
identification of causal agent of disease may lead to the introduction of new, 
invasive and quarantine pathogen if the pathogen is detected late, which can 
cause economically very negative impact on production in the country, as well 
as on the export of plant production products (Miller et al. 2009).

Conventional methods which are used in the detection of plant pathogens, 
are sometimes time consuming, tedious, and often require extensive experi-
ence and expertise of the person who is applies them. In the certain cases of 
closely related pathogens, conventional methods can lead to the wrong con-
clusion or to inaccurate levels of identification. Because of these limitations, 
several methods have been developed based on the properties of nucleic acids 
that make up the genome of plant pathogens. These methods are usually collec-
tively referred to as molecular methods. There is a large number of molecular 
methods, and common to all of them is that they are fast (often significantly 
faster than conventional), reliable and specific. Usage of molecular methods 
allows the detection of pathogens in different parts of the host plants, as well as 



The Application of  Molecular Methods in Diagnostics of  Phytopathogenic Viruses 61

in different natural environments, such as water for drinking or irrigation or in 
soil (McPherson & Møller 2000; Reece 2004).

Molecular methods are used in the science for various purposes since the 
late 50’s and early 60’s of the 20th century, however the greates progress and the 
fastest development was achieved by Kary Mullis in 1983 with the invention of 
the Polymerase Chain Reaction (PCR). This breakthrough changed molecular 
biology completlly, as well as virtually all biological and other sciences that rely 
on it, and deal with the research of genes and genomes. Since the invention 
of PCR, a number of modifications are made to particular usages, so today 
this method has a very wide range of use in all spheres of life, from medi-
cine, through criminology, to the production of food and control of food safety 
(McPherson & Møller 2000).

PCR method has several basic components that are used in everyday labora-
tory work to create a large number of copies of a specific portion of DNA in 
laboratory tube. PCR actually functions as a DNA copier. Although seemingly 
simple, PCR is actually a complicated process which involves a large number 
of components/reactants. Some of them, such as the DNA matrix, at the begin-
ning are present in a very low concentrations, but as the reaction is going on 
their concentration increases dramatically, while the concentration of some 
components (dNTP, primers) do not significantly changes during the process. 
Also, rapid changes in the temperature and the pH value have significant influ-
ence on the interaction of the molecules during the process of PCR. All this 
makes PCR at the same time very complicated, but it opens a large number 
of various possibilities for manipulation and analysis of DNA (McPherson & 
Møller 2000).

In the following text we have listed some of the protocols which are daily 
used in the research of plant viruses, fungi and fungus−like organisms, includ-
ing detailed instructions, as well as the positive experience acquired during the 
research. Each of this group of pathogens, and even more every type of virus, 
fungus or fungus−like organism, each type of raw material in terms of plant 
organs, plant host species, time of year and the conditions in the laboratory 
requires special adaptation of certain protocols. The following text contains spe-
cific recommendations gained on the basis of experience in working with molec-
ular methods during the research at the Laboratory of Virology and Mycology, 
Department of Plant Pathology, Faculty of Agriculture, University of Belgrade.

2 The application of molecular methods in detection of 
phytopathogenic viruses

2.1 Selection of plant material

When selecting a starting plant material for preparation of samples for molecu-
lar analysis possible uneven distribution of viruses in the plant must be taken 
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into account. In order to improve accuracy of test and obtaining valid results, it 
is recommended to prepare compound samples of the smaller pieces of leaves 
with more expressed symptoms from many different parts of plant. In the case 
of necrotic symptoms, green tissue that borders necrotic parts should be used. 
Young, fresh and fully developed leaves are recommended for usage, older 
parts of plants are to be avoided. With the aging or necrosis of plant tissue 
virus concentration decreases and successful detection is harder (Krstić et al. 
2008, 2010).

2.2 Extraction of Total RNA

Before reverse transcription followed by polymerase chain reaction (RT−PCR) 
total ribonucleic acid (RNA) should be extracted from infected plant material. 
For this purpose numerous protocols for total RNA extraction from plant mate-
rial are developed. Like commercial kits: RNeasy Plant Mini Kit (Qiagen, Hilden, 
Germany; https://www.qiagen.com) and RNAqueous Small Scale Phenol−Free 
Total RNA Isolation Kit (Ambion, Inc., Applied Biosystems, USA; http://www.
appliedbiosystems.com/http://www.thermofisher.com) which includes usage 
of columns with membranes on which nucleic acid is attaching. However, if 
extraction of total RNA is from seeds or plant species with high concentration of 
polyphenols or starch, which easily can clog membranes (McKirdy et al. 1998), 
CTAB (hexadecyltrimethylammoniumbromide) is recommended method 
(Bekesiova et al. 1999; Zeng and Yang 2002; Iandolino et al. 2004). Application 
of these and other different commercial kits is somewhat more expensive, but it 
requires less training and experience and usually gives uniformed results, while 
the use of CTAB method ensures that the extraction is better adopted to the 
specific characteristics of the starting material (Krstić et al. 2008, 2010).

2.2.1 Total RNA extraction using RNeasy Plant Mini Kit 
(Anonymous, 2012b)

Important Note:

 1. The RNeasy Plant Mini Kit comprises two buffers: Buffer RLT and Buffer 
RLC, containing guanidine thiocyanate and guanidine hydrochloride, 
respectively. Buffer RLT is commonly used. In the cases when guanidine 
thiocyanate causes solidification of the sample Buffer RLC should be 
used.

 2. If the Buffer RLT precipitates during storage, redissolve it by heating.
 3. All steps of the procedure must be done quickly and at room  temperature.
 4. Add 10 µl of β−Mercaptoethanol per 1 ml of the buffer, stored buffer solu-

tion at room temperature (15–25°C). After addition of β− Mercaptoethanol, 
the buffer should be used for up to 1 month.
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 5. Before using Buffer RPE for the first time, add 4 ml ethyl alcohol (96–
100%) per each ml of buffer.

Total RNA extraction protocol:

 1. Choose 100 mg of the symptomatic plant material.
 2. Homogenize chosen plant material in liquid nitrogen using, for example, 

a mortar and pestle. Transfer plant tissue together with liquid nitrogen 
into a 2 ml microcentrifuge tube and add 450 µl Buffer RLT or Buffer 
RLC, after liquid nitrogen was evaporated.

 3. Vortex vigorously and incubate samples at 56°C for 1–3 min.
 4. After incubation, transfer the sample to a QIAshredder spin column 

(lilac) in collection tube and centrifuge at full speed for 2 min. This cen-
trifugation allows additional grind of plant material and retention of 
large parts of plant tissue.

 5. Transfer only the supernatant in a new 2 ml microcentrifuge tube with-
out disturbing pellet forms during centrifugation and add 225 µl of etha-
nol (96–100%). Mix by pipetting.

 6. About 650 µl of the sample transfer to an RNeasy spin column (pink) in 
a 2 ml collection tube and centrifuge at ≥10,000 rpm for 15 s.

 7. Discard the liquid from collection tube and add 700 µl Buffer RW1 to the 
RNeasy spin column.

 8. Centrifuge sample at ≥10,000 rpm for 15 s and discard the fluid from 
collection tube.

 9. In order to wash membrane, add 500 µl Buffer RPE to the RNeasy spin 
column and centrifuge at ≥10,000 rpm for 15 s. Discard the fluid from 
collection tube and reuse it in the next step.

 10. Pipet new 500 µl Buffer RPE to the RNeasy spin column and centrifuge 
at ≥10,000 rpm for 2 min.

 11. To remove residues of ethanol or extraction buffer, transfer the RNeasy spin 
column in a new 2 ml collection tube and centrifuge at full speed for 1 min.

 12. In order to elute RNA, transfer the RNeasy spin column in a new 1.5 ml 
microcentrifuge tube and add 30–50 µl RNase−free water. Centrifuge at 
≥10,000 rpm for 1 min.

 13. Store isolated RNA at -20°C or -80°C.

2.2.2 Total RNA extraction using RNAqueous Small Scale Phenol−
Free Total RNA Isolation Kit (Anonymous, 2008)

Important Note:

 1. Prior to the first use, add 100 ml of 38.4% ethanol in water to obtain a 
64% ethanol solution.
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 2. Wash Solution #2/3 Concentrate is supplied as a concentrate. Before using 
for the first time, add 64 ml 100% ethaol to obtain a working solution.

 3. Briefly inspect the Filter Cartridges before use. If glass fiber filters are 
dislodged gently push the filter down to the bottom of the cartridge using 
RNase−free pipette tip.

 4. Befor use heat Elution Solution in an RNase−free microcentrifuge tube 
in a heat block set to 70–80°C.

 5. Perform all centrifugation steps at 20–25°C in a standard microcentri-
fuge. Ensure that the centrifuge does not cool below 20°C.

Total RNA extraction according follow protocol:

 1. Weigh 60 mg of plant material with syptoms.
 2. Place the weighed tissue in liquid nitrogen, and grind thoroughly with 

a mortar and pestle. Allow the liquid nitrogen to evaporate, but do not 
allow the tissue to thaw. Add 12 volumes (720 µl) Lysis/Binding Solution 
and 60 µl Plant RNA Isolation Aid in completely homogenized material.

 3. Transfer sample in to 2 ml microcentrifuge tube and centrifuge for 2−3 
min at 10000–14000 rpm.

 4. Carefully transfer the supernatant in to new 2 ml microcentrifuge tube 
without disturbing the cell−debris pellet in the collection tube, and then 
add 720 µl 64% ethanol. Mix the sample using pipette.

 5. Apply the ethanol mixture to a Filter Cartridge assembled in a Col-
lection Tube (the maximum volume that can be applied at one time is 
approximately 700 μL). Close the lid gently, and centrifuge for 1 min at 
1000−14000 rpm (13000 rpm). Discard the flow−through and reuse the 
Collection Tube.

 6. Repeat this step until the entire sample has been drawn through the filter.
Note: Maximum 2 mL of sample mixture can be passed through the filter 
without clogging or exceeding its RNA binding capacity.

 7. Apply 700 μL Wash Solution #1 to the Filter Cartridge. Close the lid gen-
tly, and centrifuge for 1 min at 1000−14000 rpm (13000 rpm). Discard 
the flow−through and reuse the Collection Tube.

 8. Apply 500 μL Wash Solution #2/3 to the Filter Cartridge. Close the lid 
gently, and centrifuge for 1 min at 1000−14000 rpm (13000 rpm). Dis-
card the flow−through and reuse the Collection Tube.

 9. Repeat this step using new 500 μL Wash Solution #2/3.
 10. Discard the flow−through, centrifuge Filter Cartridge for 1 min at 

1000−14000 rpm (13000 rpm).
 11. Pipet 40 µl Elution Solution preheated to 70–80°C to the center of the 

Filter Cartridge and centrifuge for 30 s at 1000−14000 rpm (13000 rpm).
 12. Repeat this step using new 10 µl Elution Solution.
 13. Isolated RNA store at -80°C.
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2.2.3 Total RNA extraction using CTAB method  
(Bekesiova et al. 1999)

Important note:

 1. Using CTAB method homogenization is done with 2% CTAB, 2% PVP K 
25, 100 mM Tris−HCL, 25 mM Na−EDTA and 2 M NaCl extraction buffer 
pH 8.0. Prepared buffer is stored at room temperature under diffuse light.

 2. Before using extraction buffer, it should be added 20 µl of β− Mercaptoethanol 
(β−ME) per 1 ml of the buffer. After addition of β−ME, the buffer must 
be stored at room temperature (15–25°C) and should be used for up to 
1 month.

 3. Before isolation prepare chlorophorm:isoamyl alcohol mixture in 24:1 
proportion, 10 M LiCl and 3 M sodium acetate pH 5.2.

 4. Perform all centrifugation steps at 4°C.
 5. Transfer certain amount of extraction buffer into microcentrifuge tube 

and preheat it at 65°C in a water bath.

Total RNA extraction protocol:

 1. Use up to 100 mg of plant material.
 2. Homogenize plant tissue in liquid nitrogen with a mortar and pestle. 

Transfer plant tissue together with liquid nitrogen into a 2 ml microcen-
trifuge tube and add 700 µl of preheated extraction buffer, after liquid 
nitrogen was evaporated.

 3. Vortex vigorously. Incubation for 10 min at 56°C may help to disrupt the 
tissue, periodically shake microtube.

 4. After incubation add 700 µl of chloroform: isoamyl alcohol mixture in 
24:1 proportion. Centrifuge at 4°C for 10 min at 10 000 rpm.

 5. After centrifuge three phases are phormed. Tranfer top phase, which 
contains RNA, into new 2 ml microtube and add another 700 µl of chlo-
roform: isoamyl alcohol mixture in 24:1 proportion.

 6. Centrifuge at 4°C for 10 min at 10 000 rpm.
 7. After cetrifuge transfer top phase into new 2 ml microtube and add 175 

µl 10 M LiCl. Incubate over night at 4°C.
 8. Centrifuge at 4°C for 20 min at 10 000 rpm to form RNA pellet. Discard 

supernatant, pellet disolve by adding 50 µl of DEPC water.
 9. Precipitate RNA by adding 70 µl of 3 M sodium acetate (pH 5.2), 1750 µl 

96% ethanol and 30 min incubation at –70°C.
 10. After incubation centrifuge at 4°C for 20 min at 10 000 rpm. Discard 

supernatant, wash pellet by adding 1 ml of 75% ethanol.
 11. Centrifuge at 4°C for 5 min at 10 000 rpm to form RNA pellet. Discard 

supernatant, let pellet to dry at room temperature.
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 12. After all ethanol evaporate disolve RNA in 30 µl of RNase free water by 
mixing it with pipette.

 13. Isolated RNA store at −80°C.

2.3 RT−PCR method

The vast majority of plant viruses are single−stranded RNA viruses with plus−
sense polarity and for its detection, using PCR, are necessary to translate previ-
ously viral RNA into complementary DNA strand (cDNK). This step is referred 
to as reverse transcription or RT step.

RT step and PCR may be carried out as two separate processes in a single step 
or one after other in the same reaction tube. Application of „One–step“ RT–
PCR protocol presumes combination of two enzymes and has several advan-
tages compared to protocol that takes place in two stages. The main advantage 
is that the reverse transcription of isolated RNA to cDNA and the amplification 
of cDNA itself taking place in the same tube, thus reducing the risks of possible 
contamination of the test sample. The continuous RT–PCR, in which RT and 
PCR methods make continuous reaction, is more sensitive from protocol that 
takes place in two separate steps (Sellner & Turbet 1998).

Procedure for OneStep RT–PCR Kit (Anonymous, 2012a)

Important notes before starting:

•	The QIAGEN OneStep RT−PCR Enzyme Mix contains HotStarTaq DNA 
Polymerase that must be activated befor amplification. Incubation at 95°C 
for 15 min activates this polymerase but also inactivates the reverse tran-
scriptases.

•	Using The QIAGEN OneStep RT−PCR Kit with gene−specific primers at 
a final concentration of 0.6 μM, amplification of nonspecific products is 
avoided.

•	All reactions must be carried out on ice and preheat thermal cycler to 50°C 
before put samples in it.

•	Final concentration of MgCl
2
 in the reaction mix is 2.5 mM, which provides 

adequate results.
•	Preparation of reaction mix must be done in sterile, RNase−free area, sepa-

rated from that used for RNA isolation or PCR product analysis.
•	To avoid cross−contamination, tips with hydrophobic filters should be used.

Instructions and preparation

Preparation and storage of QIAGEN OneStep RT–PCR kit

 1. The QIAGEN OneStep RT−PCR should be stored immediately upon 
receipt in laboratory at –20°C in a constant−temperature freezer.
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 2. The QIAGEN OneStep RT−PCR Enzyme Mix always stays in a freezer at 
–20°C. Do not centrifuge and vortex. As soon as you take the necessary 
amount for PCR–mix, return it into the freezer.

 3. The 5x QIAGEN OneStep RT−PCR Buffer and dNTP Mix are divided 
into smaller portions that are stored in a freezer at −20°C. 5x QIAGEN 
OneStep RT−PCR Buffer divided into tubes per 50 µl, dNTP Mix per 10 
µl. Quantities that are used daily keep in a refrigerator at 4°C.

 4. RNase–free water when the first thaw out, kept in a refrigerator at 4°C.
 5. Each ingredient of Kit (except enzyme mix), before putting PCR–mix, is 

briefly vortex (vortex is especialy necessary for MgCl
2
 because it affect of 

its activity) and centrifuge (10 s at 5000 rpm/min). When all ingredients 
of PCR–mix is poured into the tube, it is briefly vortex or mixed by pipet-
ting while adding each reagent before PCR–mix is pour into the tubes for 
individual samples.

Procedure for RT–PCR:

 1. To avoid localized differences in concentration, thaw isolated RNA, 
primers, dNTP Mix, and 5x QIAGEN OneStep RT−PCR Buffer, vortex 
vigorously and centrifuge at 5000 rpm for 10 seconds. After that put all 
components on ice.

 2. Prepare a reaction mixture using all the components required for RT−
PCR, except the template RNA, which in its composition and quantity 
corresponds to the recommendations from Table 1. A negative control 

Component Volume/reaction Final concentration

Master mix

RNase−free water (provided) Variable –

5x QIAGEN OneStep RT−PCR Buffer 10 µl 1x

dNTP Mix (containing 10 mM of each 
dNTP)

2.0 µl 400 µM of each 
dNTP

Primer A 3.0 µl 0.6 µM1

Primer B 3.0 µl 0.6 µM1

QIAGEN OneStep RT−PCR Enzyme 
Mix

2 µl –

Template RNA (added at step 4) Variable 1 pg–2 µg/reaction

Total volume 50 µl –

Table 1: Reaction components for one−step RT−PCR mix in volume of 50 µl.

1A final concentration of 0.6 μM of primers in the reaction mixture produces 
satisfactory results in most cases. However, sometimes using other primer 
concentrations (0.5–1.0 μM) may give better results.
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(RNase free water) and a positive control (RNA of the reference isolate) 
should be included in each experiment.

Note: If it is not possible to measure the extracted RNA concentration using a 
spectrophotometer, it is suggested to add 2 µl RNA sample to 50 µl of reaction 
volume.

 1. Mix the master mix thoroughly, and dispense appropriate volumes 
(48 µl) into PCR tubes, for each sample.

 2. Add template RNA (≤ 2 μg/reaction) to the individual PCR tubes.
Between samples must be altered extensions pipette and carefully handle 
the microtubes to avoid the formation of aerosols and possible contami-
nation.

 3. Put microtubes into the thermal cycler programmed according to the 
conditions shown in Table 2. The temperatures and cycling times, as well 
as number of cycling depend on virus−primers combination and the 
conditions are necessary to adjust for each specific primer pair.

Conditions in Thermal cycler Duration t°C Number of cycles

Reverse transcription 30 min 50°C

Initial PCR activation 15 min 95°C

Denaturation 0.5–1 min 94°C

25–40Annealing 0.5–1 min 50–68°C

Extension 1 min 72°C

Final extension 10 min 72°C

Table 2: Thermal cycler conditions for application of QIAGEN OneStep RT–
PCR Kit.

Note: Before amplification, hold the microtubes on the ice until Thermal cycler 
is warmed to 50°C.
Note: After amplification, store samples at 2–8°C overnight, or at –20°C for 
longer period.

3 The application of molecular methods in detection of 
phytogenetic fungi and fungus−like organisms

3.1 Selection of plant material for DNA extraction

Detection of phytogenetic fungi and pseudofungy by PCR method could be done 
after DNA extraction directly from plant tissue, leaf or branches, or from pure 
mycelium culture which are identified based on morphological characteristics. 
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In both cases DNA could be efficiently extracted by using described method. If 
DNA extraction is done from pure mycelium culture they need to be grown in 
liquid culture and segregate mycelia from agar in nutrient medium.

3.2 Growing mycelium for DNA extraction

There are a few different liquid mediums for growing mycelium which are usu-
ally adopted to the specific characteristics of fungi or pseudofungy which is 
subject of research. The most commonly used are potato dextrose broth (PDB) 
and pea broth (PB).

PDB (potato dextrose broth) is prepared of 200 g of potato and 20 g of dex-
trose in 1 l distillated water, all together autoclaved 15 min at 121°C. Diffuse 
150 ml of PDB in Erlenmeyer bulb and sterilize, then sow with five fragments 
of colony (1 cm2) from older cultures, reared on the PDB or other medium at 
24°C in the dark. Seeded Erlenmeyer bulbs incubate for 15 days in the dark, at 
24°C occasionally mixing with horizontal rotation. Liquid cultures of selected 
isolates are filtered over a layer of filter paper, then collect mycelium and dry 
under vacuum. Divide dried mycelia in parts of 100 mg, froze at –80°C, and 
keep in that condition until use (Konstantinova et al. 2002).

PB (pea broth) liquid medium is prepared of 120 g of frozen pea and 1 l of 
distillated water, all together autoclaved 15 min at 121°C. After sterilization 
filter medium and diffuse in prepared Erlenmeyer bulbs, 150 ml per isolate. 
Again sterilize Erlenmeyer bulbs by 15 min autoclaving at 121°C and seed frag-
ments of pure 7 days old cultures, tested by rearing on CPA at 20°C in dark. 
Incubation of seeded Erlenmeyer bulbs is carried out at room temperature in 
terms of natural shifts day and night during 7 days. After the expiry of incuba-
tion collect developed mycelium without fragments of agar and keep at –80°C 
until extraction (Kroon et al. 2004).

3.3 DNA extraction

Method of polymerase chain reaction is preceded by extraction of total des-
oxyribonucleic acid (DNA). There are several protocols for extraction, as well 
as commercial kits. The most used are methods using DNeasy Plant Mini Kit 
(Qiagen, Hilden, Germany; https://www.qiagen.com) and standard CTAB 
(Cetyltrimethylamonium bromide) method (Day & Shattock 1997).

3.3.1 DNA extraction using DNeasy Plant Mini Kit  
(Anonymous, 2015a)

All components of DNeasy Plant kit, including RNase A liquid keep in dry 
condition, at room temperature (15−25°C), and under this condition they are 
stable for one year.
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Note: This procedure is provided to process maximum of 100 mg of plant mate-
rial. Using of larger quantities may adversely affect the success of extraction.

DNA isolation protocol with explanations:

Important notes before starting:

•	Buffers AP1 and AP3/E concentrate may form precipitates and turn yellow 
upon storage. This does not affect its efficiency.

•	All steps of centrifugation perform at room temperature (15−20°C) in a 
microcentrifuge.

•	To redissolve Buffer AP3/E, warm it up to 65°C. Ethanol must be added 
after heating.

•	To obtain working solutions of AW and AP3/E buffers, appropriate amount 
of ethanol (96–100%) should be added.

•	Buffer AE should be warmed to 65°C.

 1. Homogenize plant or fungal material using liquid nitrogen and mortar 
and pestle or tube and pestle. Transfer obtained homogenate to tube 
leaving liquid nitrogen to evaporate. Proceed immediately with proce-
dure until the sample thawed.

 2. Put 400 µl of AP1 Buffer and 4 µl of RNase A to 100 mg of ground tissue 
and mix it vigorously until no tissue clumps are visible. If needed, pipette 
supernatant to remove clumps because clumps are difficult to lyse and 
therefore could lower DNA yield.

 3. To lyse the cells, put tube to incubation for 20 min at 65°C. During incu-
bation, mix them 2−3 times manualy by flipping them up and down.

 4. After incubation, add 130 µl of AP2 buffer and incubate mixture for 
5 min on ice. In this step polysaccharides and proteins are being precipi-
tated together with remain of detergent from previous steps.

 5. In the case when lysate is very viscous, centrifuge it for 5 min at maxi-
mum speed. Pipette supernatant to QIAshredder spin column (lilac).

 6. Centrifuge QIAshredder spin column for 2 min at maximum speed. After 
centrifugation, most precipitates and cell debris stays on column. Pipette 
liquid from collection tube making sure not to disturb pellet which could 
be formed.

 7. Use a new tube to transfer approximately 450 µl of flow−through lysate 
from previous step.

 8. Add Buffer AP3/E to lysate and mix it by pipetting, not vortex, immedi-
ately. For 450 µl lysate amoun of 675 µl of Buffer AP3/E must be added.

 9. Transfer 650 µl of the mixture from previous step, toghether with pre-
cipitate could be formed, onto the new DNeasy mini spin column and 
centrifuge for 1 min at ≥6000 x g. Discard flow−through and use same 
collection tube in next step.

 10. Repeat previous step using remaining sample.
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 11. Use a new 2 ml collection tube to place DNeasy column. Apply 500 µl of 
Buffer AW to the DNeasy column and centrifuge for 1 min at ≥6000 x g 
(≥8000 rpm). After centrifugation discard the flow−through and reuse 
the same collection tube in the next step.

 12. Apply another 500 µl of Buffer AW to the DNeasy column and centrifuge 
for 2 min at maximum speed. After centrifugation discard collection 
tube together with flow−through.

 13. Carefully transfer the DNeasy column to a 2 ml microcentrifuge tube 
(making sure that column does not contact with ethanol in collection 
tube) and pipette 100 µl of Buffer AE directly onto the DNeasy membrane 
(preheat Buffer AE to 65°C, previously). Leave tube for 5 min at room 
temperature. After incubation, centrifuge tube for 1 min at ≥6000 × g 
(≥8000 rpm) to elute DNA from membrane. If higher final concetration 
of DNA is needed, elute mambranes with 50 µl. If larger amounts of DNA 
are expected, elute mambranes with 200 µl.

 14. If needed, previous step could be repeated in the same or in a new tube.
 15. Isolated DNA is stored at −20°C or −80°C.

3.3.2 The extraction of DNA using a CTAB method  
(Day & Shattock 1997)

 1. Homogenize 100 mg of frozen mycelium at −80°C in the presence of 
liquid nitrogen, and then add 800 µl of extraction buffer.

 2. The resulting suspension is transferred to a microtubule volume of 2 ml 
and incubated in a water bath at 65°C for a period of 1 h. Every 15 min-
utes the contents mixed thoroughly. During this part of the  extraction 
leads to the degradation of the cell walls and release the cell contents.

 3. In each microtubules add 600 µl of chloroform and mix on the Vortex 10 
seconds, and then centrifuged for 10 min at 13 000 rpm.

 4. After centrifugation consists of two different phases. The upper layer, the 
approximate volume of about 500 µl, pipetted to a new microtube tube, 
then add 300 µl of isopropanol and incubated for 10 min at room tem-
perature, and then centrifuged for 10 min at 13 000 rpm.

 5. The supernatant is carefully poured away, and the residue was rinsed 
with 600 µl of 70% ethanol and centrifuged for 10 min at 13 000 rpm.

 6. Decant the liquid phase, and the microtube dry at room temperature for 
3 min or at 56°C in a heating block.

 7. The resulting pellet resuspended in 50 µl TE buffer.
 8. Isolation of DNA stored at −80°C.

The composition of the buffer for the isolation

100 mM Tris HCl, pH 8.0
1.4 M NaCl



72 Application of  Molecular Methods and Raman Microscopy

20 mM EDTA
2% CTAB (cetyltrimethylammonium bromide) pH 8.0

The composition of TE buffer

10 mM Tris−HCl pH 8.0
1 mM EDTA

3.4 Application of conventional PCR

Reliable and sensitive method for the detection of pathogenic fungi from myce-
lium is implemented using universal primers ITS1/ITS4 (White et al. 1990). 
This pair of universal primers allows amplification and subsequent sequenc-
ing of the ITS region of ribosomal DNA of eukaryotes. ITS region is highly 
variable among morphologically different fungi species but it is conservative 
at the species level and in many genera of plant pathogenic fungi and it is used 
for phylogenetic analysis. ITS1/ITS4 is primers pair that can amplify the ITS 
region of eukaryotes and it can be used to check the success of DNA extraction. 
In addition, these primers are included in the survey in order to test their suit-
ability for use within the protocol to sequencing identification. This method is 
proved to be reliable for the detection of various plant pathogenic fungi.

Prepare PCR master mix (reaction mixture) using 2x PCR master mix (Ther-
moFisher Scientific; http://www.thermofisher.com), which in its composition 
and quantity corresponds to the recommendations from the table.

Components 1 sample No. of samples+1K++nB+nR

RNase−free water 9 µl

2x PCR master mix (ThermoFisher 
Scientific)

12.5 µl

Primer 1 concentration of 10 µM 1.25 µl

Primer 2 concetration of 10 µM 1.25 µl

Sample (template DNA) 1 µl

Total volume 25 µl

Table 3: Quantities and components for prepareing the PCR mix in a volume 
of 25 µl.

1K+– positive control; nB – appropriate number of negative controls (Blank); 
nR – appropriate number of excess working reagent losses during manipu-
lation; n= number of samples/10. (For every 10 samples to be tested, add 
one negative control (PCR mix with RNase free water) and capacity for 
another sample for the loss of reagents during manipulation. The amount of 
each component of PCR mix is multiplied by this number and added to the 
tube for the master mix)
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Master mix is prepared in a separate, preferably sterile, in a laminar flow 
hood. The required ingredients are prepared, so that the solution of PCR mix 
and primers are melted, thoroughly mixed on vortex and then centrifuged 
briefly (10 seconds at 5000 rpm/min) in order to avoid localized differences in 
the concentration. In one microtube of 0.5 ml or more if necessary, pour in the 
measured quantities for the required number of samples and the negative con-
trols following the recommendations below the table. All the ingredients except 
the DNA sample are poured. Thus prepared master mix is stirred on vortex and 
centrifuged briefly (10 seconds at 5000 rpm/min).

In prepared and marked 0.2 ml microtubes dispense by 24 µl mix, and then 
adds the extracted sample DNA and mixed by pipetting. Between samples 
must be changed extensions for micropipette. Microtubes is then centrifuged 
in order to equalize the concentration and placed in the Thermal cycler pro-
grammed according to the conditions shown in the table.

Conditions in Thermal cycler Duration t°C Number of cycles

Initial denaturation 2−5 min 95°C

Denaturation 0.5–1 min 94°C

25–40xAnnealing 0.5–1 min 50–68°C

Extension 1 min 72°C

Final extension 10 min 72°C

Table 4: Thermal cycler conditions for PCR reactions.

As a positive reaction is considered to be the occurrence of the amplicon 
of about 500−600 bp, which must be present in the positive control (DNA 
extracted from reference isolates) and which should not be present in the B 
(blank − PCR mix with RNase free water) − negative control.

4 Analysis of PCR products

Whether applied in the study of plant pathogenic viruses or fungi and fungus−
like organisms, after completing the PCR reaction it is necessary to make the 
results visible in order to be analyzed. The resulting product of amplification 
can be detected in several ways, but the most often is using agarose gel electro-
phoresis. Depending on the size of the PCR product, prepared gel with various 
concentrations of agarose (1−2%), stained with Ethidium bromide (EtBr) and 
examined under UV transilluminator (Lee et al. 2012).

If the size of the expected fragments is about 1000 bp, which is usually the 
case in the detection and characterization of viruses, and plant pathogenic 
fungi, a 1% agarose gel is used. The gel is loaded with all analyzed samples, all 
positive and negative controls as well as markers with fragments in the appro-
priate size range.
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Preparation of the gel and gel electrophoresis (Lee et al. 2012)

 1. Prepare 1% agarose gel by the addition of an appropriate mass of agarose 
in 1x TBE buffer.

 2. Place and fix separators in the gel tray to create a mold. Also, put the 
combs into the gel mold to creat the wells.

 3. Warm solution of agarose and buffer up to boil in a microwave (about 30 
s, or until the agarose is melted).

 4. Cool the melted agarose to a temperature of 50−60°C under the tap water 
and pour it in the gel mold with combs. When pouring the gel be careful 
do not create air bubbles.

 5. Place the gel on the flat surface to be hardened and cooled (about 
30  minutes).

 6. When the gel is hardened, remove the combs and put it into electropho-
resis with 1x TBE buffer.

 7. From 20 µl of amplicon sample for electrophoresis is using 5 µl pre−
mixed with colour. The resulting amplicons are colored that there could 
be monitoring their movement in the gel and to be heavier and thus sank 
to the bottom of the well.

Note: For colouring samples are used specially made or bought color Loading 
Day. Color is kept in the fridge, for longer periods kept in freez at −20°C.

 8. Prepare samples for electrophoresis mixing with colour. On a piece of 
Parafilm make balls of approximately 1 µl loading color in the number of 
how many samples and one more for the marker. A marker is placed in 
an amount of 5 µl. Marker is kept in the freezer, and one that is used in 
the refrigerator.

 9. Prepared samples are inflicting to wells required changing the extensions 
after each sample.

 10. The electrophoresis is carried out under conditions of constant power of 
100 V / 40 mA in a period of about 1 h or until the front of colour comes 
to about 1 cm before the bottom edge of the gel. Turn off the power 
source before releasing a gel from the device.

 11. After completion of the electrophoresis gel to incubate for 15−30 minutes 
in a solution of Ethidium bromide (EtBr) in distilled water to a final con-
centration of 0.5 µg/ml. EtBr is a powerful mutagen and require special 
precautions in their work. Gel put into solution with Ethidium bromide 
using a wide spatula, container must be close. Gel leave for 15 minutes 
in order to reach the visualization of PCR products. When working with 
EtBr use 2 pairs of gloves, while the other pair touches only what is in 
constant contact with EtBr.

Note: An alternative method of staining the gel with the method in which a 
0.1% solution of EtBr added directly to the dissolved gel (before pouring into 
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the mold) in an amount of 5 μl to 100 ml of the gel. In this way, samples are 
immediately color while flowing through the agarose gel.

 12. Flushing gel (bleaching) is carried out by incubation in distilled water for 
15−20 min.

 13. Observing the gel is carried out with UV transilluminator. DNA frag-
ments are visible as strips of orange color. Gel expose UV−light as short 
as possible due to the fact that UV light gradually destroying and dam-
ages the DNA. UV light is also dangerous for the observers so be sure to 
use protection during observation.

 14. Check the results by comparing the strip markers and reactions both 
positive and negative controls.

 15. Take an image with camera with a yellow filter.
 16. The gel inserts in a plastic bag that sticks and then into a container for 

destruction EtBr or leave it under UV light or direct sunlight until dries.

5 DNA cloning

Cloning of the DNA or recombinant DNA technology is one of the methods 
of molecular biology, which enables obtaining of identical copies of a specific 
DNA fragment or the gene of interest. Cloning is accomplished by incorporat-
ing the desired gene fragment into genom of plasmid or virus (phage) of certain 
bacteria, so that the inserted DNA sequence multiplies along with its replica-
tion. The genome of a carrier in which is incorporated a desired DNA frag-
ment is referred to as a vector. Bacteria Escherichia coli is the most commonly 
used host which enables amplification of the vectors, although the vectors are 
designed for other types of bacteria and some simple eukaryotic cells such as 
yeast (Lodish et al. 2000).

In general, the DNA fragment that we want to clone is obtained using pol-
ymerase chain reaction (PCR). Subsequently, these fragments are combined 
with vector DNA and then inserted into a host organism which easy−to−grow, 
such as E. coli bacteria. This will generate a population of organisms in which 
recombinant DNA molecules are replicated along with the host DNA.

Although a very large number of host organisms and molecular cloning vec-
tors are in use, the great majority of molecular cloning experiments begin with 
a pGEM®−T Easy plasmid vector and a laboratory strain DH5α of the bacte-
rium E. coli. The pGEM®−T Easy vectors are linearized vectors with a single 
3'− terminal thymidine at both ends which preventing recircularization of the 
vector and improve the efficiency of ligation of PCR product with adenine at 
both 3' ends generated by thermostable polymerase such as GoTaq, Taq and 
AmpliTaq as well as Tfl and Tth polymerase. In addition, the pGem−T easy 
vector containing the gene for bacterial resistance to ampicillin as well as 
the T7 and SP6 RNA polymerase promoter flanking a polylinker region (the 
multiple cloning region) within the lacZ gene coding region of the enzyme 
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beta−galactosidase. Insertion of a DNA sequence into a plasmid leads to inac-
tivation and unable to create a beta−galactosidase, and so that the colonies 
with a recombinant DNA molecule identified as white colonies on the medium 
containing lactose. The clones containing the plasmid with the PCR product 
produced white colonies, and plasmid clones with no PCR products give blue 
colonies on the medium with lactose because of the lacZ gene is functional and 
produces beta− galactosidase. Within polylinker region there are numerous 
restriction sites for different restriction enzymes (endonucleases) that allow the 
separation of the inserted DNA fragment from the plasmid (Lodish et al. 2000; 
Russell & Sambrook 2001).

The cloning of any DNA fragment essentially involves several steps: (1) 
amplification of DNA fragment that we want to clone, (2) ligation of PCR 
product with vector DNA (creation of recombinant DNA), (3) insertation of 
recombinant DNA into bacteria cells, (4) the reproduction of bacteria together 
with the recombinant DNA, (5) screening clones with recombinant DNA, and 
(6) plasmid extraction and purification from the bacterial cells.

5.1 Ligation of PCR product with vector

The use of pGEM−T Easy Vector Systems Kit (Promega GmbH, Mannheim, 
Germany; https://promega.com) based on using pGEMT Vectora which was 
linearized, containing one nucleotide thymine at the 3' end of both strands, has 
a gene responsible for resistance to amplicilin and a multiple cloning region 
that recognize a number of restriction enzymes. Ligation of the PCR product 
and the vector is simple and is based on the complementarity between adenine 
and thymine since most of the polymerase during synthesis of the fragment in 
a PCR reaction added one adenine nucleotide at the ends of DNA fragment.

Kit Contents:

 1. pGEM®−T Vector (50 ng/μl)
 2. Control Insert DNA (4 ng/μl)
 3. T4 DNK Ligase
 4. 2X Rapid Ligation Buffer, T4 DNK Ligase
 5. JM109 Competent Cells, High Efficiency (optional, since there is posibil-

ity to purchase kit without the transformed cells)

Protocol (Anonymous, 2015b):

 1. Thaw pGEM®−T vector, 2X Rapid Ligation buffer and control insert 
DNA, than vortex (it is especially important vortex the buffer vigor-
ously because the salt in buffer can precipitated during store), spin down 
briefly and put on ice. Enzyme T4 DNA ligase is constantly kept on ice 
and no mix.
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 2. Vortex PCR product, spin down and put on ice.
 3. Prepare mix according table 5.

Reaction component Sample Positive control

2X Rapid Ligation Buffer 5 μl 5μl

pGEM®−T or pGEM®−T Easy Vector 
(50ng)

1 μl 1 μl

PCR product 3 μl* −

Control insert DNA − 2 μl

T4 DNA Ligase (3 Weiss units/μl) 1 μl 1 μl

Nuclease free H
2
O up to a final 

volume of 10 μl
up to a final volume of 
10 μl

Table 5: The amounts and components for the preparation of mix for applica-
tion pGEM−T Easy Vector Systems kit.

* The amount of PCR product is determined depending on the concentration 
of the PCR product and the desired ratio of the vector and the PCR product. 
The ratio of the vector and the PCR product is from 8:1 to 1:8, but it is the 
best to use a ratio of from 3:1 to 1:3. The propriat amount of PCR product 
was calculated according to the following equation:

ng of vector × kb size of insert
 × PCR product:vector ratio = ng of PCR product

kb size of vector

Example: If ratio of the PCR product and vector is 3:1 and size of PCR fragment 
1000 bp, than you should add 50 ng of the PCR product

because
50 ng x 1 kb

× 3 = 50 ng
3 kb

 4. In most cases you can use 3 ml of the PCR product. Make a mix contain-
ing all components except sample (PCR product), vortex and spin down 
briefly and then divide by 7 ml in tubes of 1.5 ml. After that in the tubes 
added to 3 ml of the PCR product, vortex, spin down and incubate over-
night at 4°C (refrigerated).

5.2 Transformation of cell of Escherichia coli strain DH5α

Instead of transformed cells that are purchased in a kit, transformed cells 
of E. coli strain DH5α can be used. Transformation of E. coli cells includes 
opening of a pore in the cell wall of the bacteria and increase the number 
of receptor sites in order to put plasmid with the desired PCR product into 
bacterial cells.
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Protocol (Gallitelli et al., Dipartimento di Scienze del suolo, della pianta 

e degli alimenti, Università degli Studi di Bari Aldo Moro, Bari, Italy, per-

sonal communication):

 1. Inoculate bacteria cells in 3 ml of LB liquid media and incubate over-
night at 37°C with constant stirring at 250 rpm (to do this in the same 
day as ligation of the PCR product).

 2. Transfer the 50 ml suspension of bacteria in a new 10 ml of LB liquid 
media and incubate for 3.5 h at 37° C with constant stirring at 250 rpm 
(the bacteria suspension transfer in the new tube using large pipette or 
small pipette, but in this case, cut off the top of tips).

 3. After incubation, centrifuge bacteria suspension at 4°C for 5 min at 6000 
rpm.

 4. Discard the supernatant and add 5 ml of transformation buffer on the 
opposite side of the pellet. Gently resuspend pellet tapping of the tube 
with your finger, incubate on ice for 20 min, and then centrifuge for 5 
min at 6000 rpm at 4°C.

 5. Discard the supernatant and add 600 μl of transformation buffer on the 
opposite side of the pellet. Gently resuspend pellet tapping of the tube 
with your finger and incubate on ice for 2 h.

 6. After incubation, bacteria cells are transformed and prepared for cloning.

Transformation buffer

•	735 mg of CaCL
2
xH

2
0 (necessary to dilate the pores of the cell wall)

•	5 mg of thymidine (active receptors of the bacterial cell)
•	1 ml of 1M Tris−HCl pH 7.5 (buffer function)

Make up the volume to 100 ml with sterile H
2
O, and sterilize by bacteriological 

filter.
Instead of transformation buffer it can be used 100 mM CaCl

2
 sterilized in 

the autoclave for 20 minutes.

5.3 Insertation of plasmid into transformed bacteria cells 
(Anonymous, 2015b)

 1. Add 100 μl of transformed cells in 10 μl of ligation product and gently 
mix by tapping of the tube with your finger, and than incubate on ice for 
30 min. Make sure you work on ice and the bacteria cell add using large 
pipette or small pipette, but in this case, cut off the top of tips. Before 
each addition of the bacteria cell, you must mix gently suspension of 
bacterial cells by tapping with your finger.

 2. After that, incubate tube in water bath at 42°C for 3 min.
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 3. After this incubation, the tubes put on ice for 2 min, and than incubate at 
room temperature for additional 2 min.

 4. After this incubation, in each tube add 300 μl of LB liquid media and 
incubate for 1 h at 37°C with constant stirring at 150 rpm.

5.4 Plating of bacteria cells (Anonymous, 2015b)

 1. Thaw LB media with agar and cool down at 50°C, and then add 1 ml of 
ampicillin concentration of 100 mg/ml per 1 ml of the media.

 2. Spilled the media in Petri dishes and allow tightening (for each sample 
prepared by 2 Petri dishes).

 3. Distribute carefully 40 μl of X−Gal onto Petri dishes 15 min before plant-
ing of bacteria cell and leave Petri dishes to absorb X−Gal (X−Gal applied 
by pipette as drops and then evenly distributed on the media).

 4. Aftre that, add 100 μl of transformed bacteria cells by pipette as drops 
and distribute well onto the media (be sure to use a smaller pipette but 
cut off the top of tips).

 5. Spin−down the remaining of the bacteria suspension, discard 100 µl of 
the supernatant and gently resuspend pellet in the remaining volume by 
tapping with your finger.

 6. Add 100 μl of bacteria suspension onto second Petri dishes and distrib-
ute well onto the media.

 7. Incubate Petri dishes over night at 37°C, so the lid downwards.
 8. After incubation, appears white (which contain plasmid) and blue colo-

nies (which do not contain plasmid).
 9. Petri dishes kept in the refrigerator until the moment of purification of 

plasmid.

X−Gal

Dissolve 100 mg of 5−bromo−4−chloro−3−indolyl−β−D−galactopyranoside 
in 2 ml of 2 NN dimethyformamide and store at −20°C.

5.5 Plasmid DNA extraction from Escherichia coli (Gallitelli  
et al., Dipartimento di Scienze del suolo, della pianta e degli alimenti, 

Università degli Studi di Bari Aldo Moro, Bari, Italy, personal 
communication)

 1. Inoculate 3 ml LB media containing 100 μg/ml ampicilin with one white 
colony picked up from Petri dishes and incubate at 37°C with constant 
stirring at 250 rpm.

 2. After incubation, transfer part of suspension in a 1.5 ml tube and centri-
fuge for 30 s at 14000 rpm. Discard the supernatant and dry tube on the 
filter paper. Repeated this step with the rest of suspension.
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 3. Add 350 μl of STET solution in each tube (8% sucrose, 20 mM Tris−HCl 
pH 8, 50 mM EDTA, 0.5% Triton) and 15 μl of 20 μm/μl lysozyme and 
dissolve pellet on vortex.

 4. Incubate tubes on boiling water for 40 s and immediately put on ice and 
incubate for 5 min.

 5. After incubation, samples centrifuge for 20 min at 14000 rpm.
 6. After centrifugation, remove the bacterial chromosome DNA with a 

sterile toohtpick.
 7. Add 175 μl of phenol and 175 μl of chloroform: isoamyl alcohol mixture 

in 24:1 proportion, vortex for 40 s and centrifuge for 10 min at 14000 
rpm.

 8. Recover the aqueous phase in new 1.5 ml tube and add 200 μl of 5 M 
ammonium acetate pH 5.5 and 1 ml of cold absolte ethyl alcohol, and 
vortex.

 9. Centrifuge tubes at 14000 rpm for 10 min, and than discard the superna-
tant and dry well tube on the filter paper.

 10. Wash the pellet with 500 μl of cold 70% ethyl alcohol, and than centri-
fuge for 3 min at 14000 rpm. Discard supernatant by pipette and dry 
pellet at 65°C for 5 min.

 11. Resuspend pellet in 50 μl of TE buffer (10 mM Tris−HCl pH 8, 1mM 
EDTA) and digest RNA with 1 μl of RNaseA (concentration 10 mg/ml) 
at 37°C for 30 min.

 12. Add 30 μl of PEG−NaCl (20% Polyetilen glikol 6000 and 2.5 M NaCl) in 
each tube and mix carefully on vortex. Incubate samples on ice for 1 h.

 13. After incubation, centrifuge tubes for 10 min at 14000 rpm.
 14. Discard supernatant and wash pellet with 300 μl of cold 70% ethyl alco-

hol.
 15. Centrifuge tubes for 2 min at 14000 rpm, discard supernatant and dry 

pellet at 65°C for 5 min.
 16. After that, dissolve pellet in 30 μl of RNase free water.

The pellet represents the cloned target DNA fragment wich was obtained in a 
large amount and can be used for further analizis using other methods, such as, 
for example, sequencing to verify the identity or other molecular methods for 
identification of phytopathogenic viruses, fungi and fungus−like organisms.
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Abstract

This chapter focuses on molecular detection of quarantine plant pathogenic 
bacteria associated with potato and olive plants. A real-time PCR for detec-
tion of two bacteria of potato in Europe: Ralstonia solanacearum race 3 and 
Clavibacter michiganensis subsp. sepedonicus, is described. This method allows 
the simultaneous detection of both species in a single PCR reaction with an 
internal control from potato. Described protocol is sensitive and specific and 
can be used in large scale screening tests. Quarantine pest Xylella fastidiosa is 
recently detected in Europe for the first time. Considering the importance of 
early detection, procedure for real-time PCR detection of Xylella fastidiosa in 
olive plant tissue is described.
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1 Introduction

Ralstonia solanacearum (Smith) Yabuuchi et al. race 3 (Rs) and Clavibacter 
michiganensis (Smith) Davis et al. subsp. sepedonicus (Spieckermann et Kot-
thoff) Davis et al., (Cms) are the causal agents of brown-rot (Figure 1) and 
ring-rot (Figure 2) of potato, respectively. These diseases represent a serious 
threat to potato (Solanum tuberosum) production in temperate climates. Both 
bacteria are listed as A2 pests in the EPPO region and as zero-tolerance quar-
antine organisms in the European Union. These bacteria remain latent for a 
long time in asymptomatic potato tubers which are one of the main factors for 
the disease’s dissemination. The existing phytosanitary regulations rely on the 
availability of pathogen-free seed tubers.

2 Materials, Methods and Notes

Since the protocols involve detection of quarantine organisms and include the 
use of viable cultures of Rs andCms, it is necessary to perform the procedures 
under suitable quarantined conditions with adequate waste disposal facilities 
and under the conditions of appropriate licenses as issued by the official plant 
quarantine authorities.

2.1 Sample preparation – potato tubers

Note:

 – The standard sample size is 200 tubers per test. Larger numbers of tubers 
in the sample will lead to inhibition or difficult interpretation of the results. 
However, the procedure can be conveniently applied for samples with less 
than 200 tubers where fewer tubers are available.

 – Detection methods described below are based on testing of samples of 200 
tubers.

 – Optional pre-treatment in advance to sample preparation: wash the tubers. 
Use appropriate disinfectants (chlorine compounds when PCR-test is to be 
used in order to remove eventual pathogen DNA) and detergents between 
each sample. Air-dry the tubers.

 – This washing procedure is particularly useful (but not required) for sam-
ples with excess soil and if a PCR-test or direct isolation procedure is to be 
performed.

 2.1.1. Remove with a clean and disinfected scalpel or vegetable knife the 
skin at the heel end of each tuber so that the vascular tissue becomes 
visible. Carefully cut out a small core of vascular tissue at the heel end 
and keep the amount of non-vascular tissue to a minimum.
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Figure 1: Symptoms of brown rot on stored potato tubers caused by bacteria 
Ralstonia solanacearum. Note the brown staining of the vascular ring. (Foto: 
M. Ivanović).

Figure 2: Breakdown and hollowing of stored potato tuber with ring rot, 
caused by bacteria Clavibacter michiganensis. subsp. sepedonicus (Photo: M. 
Ivanović).
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Note: If during removal of the heel end core suspect symptoms of ring 
rot are observed, the tuber should be visually inspected after cutting 
near the heel end. Any cut tuber with suspected symptoms should be 
suberised at room temperature for two days and stored under quaran-
tine (at 4 to 10°C) until all tests have been completed.

 2.1.2. Collect the heel end cores in unused disposable containers which can 
be closed and/or sealed (in case containers are reused they should be 
thoroughly cleaned and disinfected using chlorine compounds). Pref-
erably, the heel end cores should be processed immediately. If this is 
not possible, store them in the container, without addition of buffer, 
refrigerated for not longer than 72 hours or for not longer than 24 
hours at room temperature. Drying and suberisation of cores and 
growth of saprophytes during storage may hinder detection of the 
brown rot and ring rot bacterium.

 2.1.3. Process the heel end cores by one of the following procedures: either,
 (a) cover the cores with sufficient volume (approximately 40 ml) of 

extraction buffer (see recipe below) and agitate on a rotary shaker 
(50 to 100 rpm) for four hours below 24°C or for 16 to 24 hours 
refrigerated; or

 (b) homogenize the cores with sufficient volume (approximately 40 
ml) of extraction buffer, either in a blender (e.g. Waring or Ultra 
Thurax) or by crushing in a sealed disposable maceration bag 
(e.g. Stomacher or Bioreba strong gauge polythene, 150 mm × 
250 mm; radiation sterilized) using a rubber mallet or suitable 
grinding apparatus (e.g. Homex, Bioreba).

Note:

 – The risk of cross-contamination of samples is high when samples are 
homogenized using a blender. Take precautions to avoid aerosol genera-
tion or spillage during the extraction process. Ensure that freshly sterilized 
blender blades and vessels are used for each sample. If the PCR test is to 
be used, avoid carry-over of DNA on containers or grinding apparatus. 
Crushing in disposable bags and use of disposable tubes is recommended 
where PCR is to be used.

 – Recipe for extraction buffer (50 mM phosphate buffer): Na
2
HPO

4
 (anhy-

drous), 4.26 g; KH
2
PO

4
, 2.72 g; distilled water, 1 L. Dissolve ingredients, 

adjust pH to 7.0 and sterilize by autoclaving at 121°C for 15 min.

 2.1.4. Decant the supernatant. If excessively cloudy, clarify either by slow 
speed centrifugation (at not more than 180 g for 10 minutes at a tem-
perature between 4 to 10°C) or by vacuum filtration (40 to 100 μm), 
washing the filter with additional (10 ml) extraction buffer.
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 2.1.5. Concentrate the bacterial fraction by centrifugation at 7 000 g for 15 
minutes (or 10 000 g for 10 minutes) at a temperature between 4 to 
10°C and discard the supernatant without disturbing the pellet.

 2.1.6. Resuspend the pellet in 1,5 ml pellet buffer (see recipe below). Use 
500 μl to test for Rs, 500 μl for Cms, and 500 μl for reference purposes. 
Add sterile glycerol to final concentration of 10 to 25 % (v/v) to the 
500 μl of the reference aliquot and to the remaining test aliquot, vortex 
and store at – 16 to -24°C (weeks) or at -68 to -86°C (months). Pre-
serve the test aliquots at 4 to 10°C during testing. Repeated freezing 
and thawing is not advisable. If transport of the extract is required, 
ensure delivery in a cool box within 24 to 48h.

Note:

 – Recipe for pellet buffer (10 mM phosphate buffer): Na
2
HPO

4
•12H

2
O, 2.7 g; 

NaH
2
PO

4
•2H

2
O, 0.4 g; distilled water, 1 L. Dissolve ingredients, adjust pH 

to 7.2 and sterilize by autoclaving at 121°C for 15 min.
 – It is imperative that all Rs and Cms positive controls, and samples are 
treated separately to avoid contamination.

2.2 DNA extraction (method according to Pastrik 2000)

 1.1.1. Pipette 220 µl of lysis buffer (100 mM NaCl, 10 mM Tris-HCl [pH 
8.0], 1 mM EDTA [pH 8.0]) into a 1.5 ml Eppendorf tube.

 1.1.2. Add 100 µl sample extract and place in a heating block or water bath 
at 95°C for 10 min.

 1.1.3. Put tube on ice for 5 min.
 1.1.4. Add 80 µl Lysozyme stock solution (50 mg Lysozyme per ml in 10 mM 

Tris HCl, pH 8,0) and incubate at 37°C for 30 min.
 1.1.5. Add 220 µl of Easy DNA® solution A (Invitrogen), mix well by vortex-

ing and incubate at 65°C for 30 min.
 1.1.6. Add 100 µl of Easy DNA® solution B (Invitrogen), vortex vigorously 

until the precipitate runs freely in the tube and the sample is uni-
formly viscous.

 1.1.7. Add 500 µl of chloroform and vortex until the viscosity decreases and 
the mixture is homogeneous.

 1.1.8. Centrifuge at 15 000 g for 20 min at 4°C to separate phases and form 
the interphase.

 1.1.9. Transfer the upper phase into a fresh Eppendorf tube.
 1.1.10. Add 1 ml of 100% ethanol (-20°C) vortex briefly and incubate on ice 

for 10 min.
 1.1.11. Centrifuge at 15 000 g for 20 min at 4°C and remove ethanol from pellet.
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 1.1.12. Add 500 µl 80% ethanol (-20°C) and mix by inverting the tube.
 1.1.13. Centrifuge at 15 000 g for 10 min at 4°C, save the pellet and remove 

ethanol.
 1.1.14. Allow the pellet to dry in air or in a DNA speed vac.
 1.1.15. Resuspend the pellet in 100 µl sterile UPW and leave at room tem-

perature for at least 20 minutes.
 1.1.16. Store at -20°C until required for PCR.
 1.1.17. Spin down any white precipitate by centrifugation and use 5 µl of the 

supernatant containing DNA for the PCR.

Note:

 – It is also recommended to prepare one decimal dilution of sample DNA 
extract (1:10 in sterile distilled water) for PCR analysis.

 – Other DNA extraction methods, e.g. Qiagen DNeasy Plant Kit, could be 
applied providing that they are proven to be equally as effective in purify-
ing DNA from control samples containing 103 to 104 pathogen cells per ml.

2.3 Real-time PCR assay (method according to Massart et al. 2014)

This multiplex real-time PCR assay allows simultaneous detection of Rs and 
Cms in potato tubers. For both bacteria, the primers and probes (Table 1) were 
selected in the rRNA gene intergenic spacer sequences. Additionally, the reli-
ability of this molecular diagnostic test has been improved by the simultaneous 
amplification of an internal control, corresponding to a potato gene co-extracted 
from the sample. For the internal control, primers and probes (Table 1) were 
designed based on chloroplastic ATP synthase beta-subunit from Solanum 
tuberosum. The Minor Groove Binder (MGB) probes were supplied by Applied 
Biosystem with a 5' covalently attached reporter dye (FAM, VIC or NED), a 
nonfluorescent quencher and MGB moiety at the 3' end. The composition of 
reaction mix and thermal cycling conditions are given in Tables 2 and 3.

The proper negative and positive controls are essential for eliminating false-
negative or false-positive results. In this regard, the following negative controls 
should be included in the real-time PCR test:

 – DNA extracted from sample extract that was previously tested negative for Rs 
and Cms. Sample extracts should be as free as possible from soil. It could there-
fore, in certain cases, be advisable to prepare extracts from washed potatoes.

 – Buffer controls used for extracting the bacterium and the DNA from the 
sample,

 – Incorporate a negative control sample containing only PCR reaction mix 
and add the same source of nuclease-free water as used in the PCR mix in 
place of sample.
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Primer or probea Sequence (5'-3') Dye

MultiRaso-F CGCGGAGCATTGATGAGAT

MultiRaso-R TCGTAATACTGGTTGATACAATCACAAC

MultiRaso-P CTCGCAAAAACGC VIC

MultiClav-F TGGTTTCTTGTCGGACCCTTT

MultiClav-R CGTCCACTGTGTAGTTCTCAATATACG

MultiClav-P CGTCGTCCCTTGAGTGG FAM

MultiPot-F GGTTTCGTAATGTTCCTCACCAA

MultiPot-R AAAGGTATTTATCCAGCAGTAGATCCTT

MultiPot-P CATGGTTGACGTTGAAT NED

Table 1: Primers and probes for quantitative real-time PCR.

aF, forward; R, reverse; P, probe

Reagent Volume

Qiagen mix 12.5 μl

Molecular grade water 0.75 μl

10 μM Forward MultiPot-F Primer 0.75 μl

10 μM Reverse MultiPot-R Primer 0.75 μl

10 μM TaqMan MultiPot-P Probe 1.25 μl

10 μM Forward MultiRaso-F Primer 0.75 μl

10 μM Reverse MultiRaso-R Primer 0.75 μl

10 μM TaqMan MultiRaso-P Probe 0.5 μl

10 μM Forward MultiClav-F Primer 0.75 μl

10 μM Reverse MultiClav-R Primer 0.75 μl

10 μM TaqMan MultClav-P Probe 0.5 μl

Template DNA 5 μl

Total 25 μl

Table 2: Reaction mix for quantitative real-time PCR.

95°C 15 min 1 cycle

95°C 20 sec
40 cycles

60°C 60 sec

Table 3: Real-time PCR conditions.
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In addition, the following positive controls should be also included:

 – DNA extracted from sample extract that was previously tested negative for 
Rs and Cms spiked withsuspensions of Rs and Cms(several dilutions)

 – DNA extracted from suspension of 106 cells per ml of Rsand Cms in water 
from a virulent reference strain (e.g. NCPPB 4156 = PD 2762 = CFBP 3857 
for Rs; NCPPB 2140 or NCPPB 4053 for Cms).

 – If possible use also DNA extracted from positive control samples in the 
PCR test.

To avoid potential contamination prepare positive controls in a separate envi-
ronment from samples to be tested.
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Real-Time PCR detection of Xylella fastidiosa subsp. pauca 

(CoDiRo strain) from olive plants

1 Introduction

The olive quick decline syndrome (OQDS) is a disease that appeared suddenly 
a few years ago in the province of Lecce (Italy). In 2013, it has been found that 
the most relevant factor for this disease is a quarantine pathogen Xylella fastidi-
osa. This was the first confirmed record in the European Union. In addition, 
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almond, oleander, cherry and several other perennial ornamentals have been 
reported as hosts (Cariddi et al. 2014, EPPO 2016). Isolation and culturing of 
the bacterium on media are fundamental in phytobacteriology, but considering 
that some Xylella subspecies are very slow-growth, molecular and serological 
techniques showed as more suitable methods for screening a large number of 
samples. The purpose of this manuscript is to describe procedure for real-time 
PCR detection of X. fastidiosa in plant tissue.

2 Materials, Methods and Notes

Since the protocols involve detection of a quarantine organisms and include the 
use of viable cultures of X. fastidiosa, it is necessary to perform the procedures 
under suitable quarantined conditions with adequate waste disposal facilities 
and under the conditions of appropriate licenses as issued by the official plant 
quarantine authorities.

2.1 Collecting samples

During the training, we collected mostly symptomatic or asymptomatic olive 
plant material for X. fastidiosa isolation. Typical symptoms for OQDS are the 
presence of leaf scorch (Figure 1) and scattered desiccation of twigs and small 
branches. In the early stages of the infection, symptoms prevail on the upper 
part of the canopy. Later, these symptoms become increasingly severe and pro-
gress into the rest of the crown, which becomes blighted.

2.2 Sample preparation

Extraction of X. fastidiosa DNA from culture and plant tissue for molecular 
analyses has been achieved by both standard commercial column kits and 

Figure 1: First symptoms of OQDS on olive leaves (Photo: N. Zlatković ).
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by basic CTAB buffer. Basal leaf portion and peduncles excised from mature 
leaves in total weight between 0,5–0,8 g are used for DNA extraction. Selected 
leaves should be representative of the whole sample. Symptomatic leaves have 
priority.

2.3 CTAB-based total nucleic acid extraction from plant tissue

 2.3.1. Weigh out 0,5–0,8 g of fresh small pieces of midribs and petioles (1/4 
if lyophilized), transfer the tissue into the extraction bags and add 2ml 
of CTAB. Crush with a hammer and homogenize.

 2.3.2. In each extraction bag add 3ml of CTAB.
 2.3.3. Transfer 1ml of sap into a 2ml microcentrifuge tube.
 2.3.4. Heat samples at 65°C for 30 minutes.
 2.3.5. Centrifuge samples at 10,000 rpm for 5 minutes and transfer 1ml to a 

new 2ml microcentrifuge tube, being careful not to transfer any of the 
plant tissue debris. Add 1ml of Chloroform: Isoamyl Alcohol 24:1 and 
mix well by shaking or vortex.

 2.3.6. Centrifuge sample at 13,000 rpm for 10 minutes. Transfer 750 ml to 
a 1.5 ml microcentrifuge tube and add 450 μl (approximately 0.6 vol-
ume of cold 2-Propanol. Mix by inverting 2 times. Incubate at 4°C or 
-20°C for 20 minutes.

 2.3.7. Centrifuge the samples at 13.000 rpm for 20 minutes and decant the 
supernatant.

 2.3.8. Wash pellet with 1ml of 70% ethanol.
 2.3.9. Centrifuge sample at 13,000 rpm for 10 minutes and decant 70%  ethanol.
 2.3.10. Air-dry the samples or use the vacuum.
 2.3.11. Re-suspend the pellet in 100μl of TE or RNAse- and DNase-free water.
 2.3.12. Extracts of total nucleic acid can be stored at 4° C for immediate use 

or at 2.3.13. 20°C for use in the future.
 2.3.14. Determine the concentration at the spectrophotometer (Nanodrop 1000 

or similar). Read the absorption (A) at 260nm and at 280 nm. Optimal 
A260/280 ratio should be close to 2 for high quality nucleic acid.

 2.3.15. Adjust the concentration to 50–100ng/μ l, and use 2 μl (in a final volume 
of 20–25μl) to set up the conventional and real time PCR reactions.

Note: Recipe for CTAB buffer: 2% CTAB (Hexadecyl trimethyl-ammonium 
bromide), autoclaved 0.1M TrisHCl pH 8, autoclaved 20mM EDTA, autoclaved 
1.4M NaCl, 1% PVP-40.

2.4 DNA extraction using commercial kit

DNeasy Plant Mini Kit, Cat. No. 69104 – Qiagen, Valencia, CA
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 2.4.1. Weigh out 200 mg fresh tissue (1/4 if lyophilized) and homogenize 
with mortar and pestle in liquid nitrogen and transfer powered tissue 
into 2ml microcentrifuge tubes. Remaining tissues can be stored at 
-20°C for future use.

 2.4.2. Add 800 μl of the Qiagen DNeasy Plant Mini extraction kit AP1 buffer 
and 8 μl of RNase A stock solution (100 mg/ml) into a sample tube.

 2.4.3. Incubate cellular lysate at 65°C for 10 min.
 2.4.4. Add 260 μl of Buffer AP2 to the lysate, vortex briefly and incubate on 

ice for 5 min.
 2.4.5. Centrifuge at 20,000 × g (14,000 rpm) for 10 min.
 2.4.6. Pipet lysate into a QIAshredder Mini Spin Column (lilac colored col-

umn) in a 2 ml collection tube and centrifuge for 2 min at 20,000 x 
g (14,000 rpm), then, discard the column (typically about 500 μl of 
lysate can be recovered).

 2.4.7. Measure the volume and add 1.5 volumes of Buffer AP3/E to the lysate 
and mix by pipetting.

 2.4.8. Transfer 650 μl of the mixture including any precipitate to the DNeasy 
Mini Spin Column sitting in a 2 ml collection tube. Centrifuge at 
6000 × g (8000rpm) for 1 min. (Discard flow through).

 2.4.9. Repeat Step 12 with the remaining portion of the mixture. Discard 
flow-through and collection tube.

 2.4.10. Place the spin column in a new 2 ml collection tube. Add 500 μl of 
Buffer AW to the column and centrifuge at 8000 rpm for 1 min. Dis-
card flow-through.

 2.4.11. Add another 500 ml of AW and centrifuge for 2 min at 20,000 x g 
(14,000 rpm) to dry the membrane.

 2.4.12. Transfer the spin column to a 1.5 ml microcentrifuge tube and pipet 
200 μl of Buffer AE (room temperature) onto the column membrane. 
Incubate for 5 min at room temperature and then centrifuge for 1 min 
at 6,000 x g (8000rpm) to collect DNA elution (do not allow the col-
umn to dry).

 2.4.13. Extracts of total genomic DNA can be stored at 4° C for immediate use 
or at -20°C for use in the future.

2.5 Real-time PCR (method according to Harper et al., 2010)

Harper et al. (2010) developed Real-time PCR assays targeted to the rimM 
gene of X. fastidiosa, which detected all bacterial subspecies. The primer set 
has been previously tested and proved to be suitable for detection of CoDiRo 
strain in olive tissues (Table 1). The composition of reaction mix and thermal 
cycling conditions are given in Tables 2 and 3. Each reaction should include the 
positive, the negative and the non-template controls. For this method, samples 
should be run in duplicate wells. Presence of DNA band of expected size means 
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that sample is positive. If a sample produces a FAM Cq value in the range of 
0.00< FAM Cq< 35.00, the sample is determined to be positive for X. fastidiosa 
and if produces a FAM Cq=0.00 or >35.0, then it is determined to be negative. 
If the FAM Cq value is between 32.01 and 34.99, then the samples have to be 
tested again in real-time PCR to confirm the result.
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Primer or probe Sequence (5'-3')

XF-F (forward) CACGGCTGGTAACGGAAG

XF-R (reverse) GGGTTGCGTGGTGAAATCAAG

XF-P (probe) 6FAM-TCGCATCCCGTGGCTCAGTCC-BHQ1

Table 1: Primers and probes for quantitative real-time PCR.

Reagent Volume

Total genomic DNA 1 μl

2× master mix for probes 5.5 μl

10 μM Forward Primer 0.3 μl

10 μM Reverse Primer 0.3 μl

10 μM TaqMan Probe 0.1 μl

Molecular grade water 3.8 μl

Total 11 μl

Table 2: Reaction mix for quantitative 
real-time PCR.

50°C 2 min 1 cycle

95°C 10 min 1 cycle

94°C 10 sec
39 cycles

62°C 40 sec

Table 3: Real-time PCR conditions.
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supervisor. All detection protocols are published by CNR Instituto per la Pro-
tezione Sosteinibile delle Piante (Bari, Italy), in the framework of workshop 
“Current tools for the detection of Xylella fastidiosa in host plants and vectors” 
(Saponari et al. 2014).
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Application of PCR in Food Biochemistry
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Abstract

For detection of genetically modified organisms, several different method-
ologies could be employed. Different types of quantitative PCR (qPCR) are 
used for tracing changes of DNA and/or RNA differing in type of compound 
and mechanism used for detection (intercalating dyes, primers and probes). 
Different types of PCR were developed based on specific part of DNA being 
investigated. Besides PCR methods, several novel methods are employed. Next 
generation sequencing is used for obtaining information about localization and 
sequence of insert and its flaking regions. Microarray technology allows for 
multiple DNAs to be analyzed simultaneously on the chip. Decision-support 
system that detect and quantify GMO based on the Ct and Tm values and the 
LOD and LOQ is used in so-called matrix based methods. In so-called “food 
forensics” parameters like protected designation of origin (PDO) and pro-
tected geographic indication (PGI) that serve as an indication of food quality 
are being determined. In PGI determination several methods can be employed 
depending from type of molecule or parameters being analyzed, e.g. mass 
spectrometry for determining isotope ratio, spectroscopy or chromatography 

How to cite this book chapter:

Pavlićević, M. and Vucelić-Radović, B. 2019. Application of PCR in Food Biochemistry. 
In: Vucelić Radović, B., Lazić, D. and Nikšić, M. (eds.) Application of Molecular 
Methods and Raman Microscopy/ Spectroscopy in Agricultural Sciences and Food 
Technology, Pp. 97–117. London:  Ubiquity Press. DOI: https://doi.org/10.5334/
bbj.g. License: CC-BY 4.0



98 Application of  Molecular Methods and Raman Microscopy

for monitoring changes in lipid profiles etc. For determination of PDO, PCR 
methods that trace unique sequences, like single nucleotide polymorphisms 
(SNPs), restriction fragment length polymorphisms (RFLPs), amplified frag-
ment length polymorphisms (AFLP), simple sequence length polymorphisms 
(SSLPs) are used. Novel method called DNA barcoding uses markers (short 
sequence complementary to target region) that can identify variation among 
cultivars. Today, in food forensics genomics, proteomics and metabolomics 
for determining authenticity are used. Both for DNA and RNA extraction, 
due to “matrix effect” choice of extraction method is of crucial importance for 
obtaining high amount of non-degraded pure nucleic acid. Thus, although both 
extraction of DNA and RNA consist of same basic steps (homogenization, lysis 
and extraction, purification (precipitation or binding), elution or resolubiliza-
tion), lysis and extraction step will have the most influence on quality of isolated 
nucleic acid. During DNA extraction it is possible to use either kits (that are 
developed for specific purpose) or “traditional methods” were organic solvents 
are used for extraction. Today, for extraction of RNA mostly kits developed for 
RNA extraction from specific organisms and/or tissue are used. Since RNA 
is chemically more unstable than DNA it can easily be degraded during sam-
pling and homogenization. For monitoring gene expression, Real Time PCR is 
used. Design of primer is possible in on-line free software such as Primer3 and 
Primer3Plus from NCBI or in software that are supplied with Real time PCR 
apparatus. Analysis of primers (possibility of formation of secondary structure, 
like hairpins and/or primer-dimmers) can be done in software like Vector NTI 
and MP primer.

1 “Food forensics”

Since in recent years safety and quality of food has become hot topic, deter-
mination of protected designation of origin (PDO) and protected geographic 
indication (PGI) as parameters for food quality has become imperative.

In determination of geographical origin of food, several methodologies clas-
sified by type of molecule being analyzed and parameters that are monitored 
have been employed (Luykx et al. 2008). In mass spectrometry methods com-
position of sample is determined by ionization of sample and subsequent meas-
urement of ions m/z ratio and production of mass spectrum. So-called isotope 
ratio mass spectrometry has successfully being employed in authentication of 
food of animal origin by examining ratio of isotopes (Vinci et al. 2013). Iso-
topes ratio depends of several factors, such as animal diet, use of fertilizers etc., 
but among them geographical factors (such as soil composition, altitude etc.) 
play crucial role (Luykx et al. 2008). Spectroscopic methods such as infrared 
spectroscopy, can be used either to monitor production process like ripening in 
cheeses (Woodcock et al. 2008) or for determining authenticity by measuring 
changes in, for example, fatty acids profile, sterol and/or phenolic composition, 
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volatile compounds, etc. Chromatographic methods, such as gas chromatog-
raphy or high pressure liquid chromatography, can be used for determining 
authenticity of plant oils by, for example, determining its diacylglycerol and 
triacylglycerol profiles (Cserháti et al. 2008).

Food forensics employs genomics, proteomics and metabolomics for deter-
mining authenticity (Primrose et al. 2010). Mayor advantage of this integrative 
approach is that results of each individual method are verified in subsequent 
steps and limitations of particular technique are overcome by employing sev-
eral levels of analysis.

PCR methods that are used for food authentication are based on tracing 
unique sequences (so-called DNA fingerprinting). Such methods include sin-
gle nucleotide polymorphisms (SNPs), restriction fragment length polymor-
phisms (RFLPs), amplified fragment length polymorphisms (AFLP), simple 
sequence length polymorphisms (SSLPs) and, the use of real-time PCR and 
heteroduplex analysis (Primrose et al. 2010, Agrimonti et al. 2011). All of these 
methods detect small variation in base-pair sequence (“polymorphism”).

In new approach, called DNA barcoding, markers (short sequence comple-
mentary to target region) are used to indentify not only species, but variation 
among cultivars (Galimberti et al. 2013). Although DNA barcoding is rapid, 
cheap and sensitive method, applying this technique on highly processed food 
can be unreliable, due to loss of DNA integrity (Galimberti et al. 2013).

Nowdays, for determination of protected designation of origin, genomic 
methods are combined with hysic-chemical detection. For example, Ganop-
oulos et al. (2011) used detection of microsatellite sequences with subsequent 
analysis by capillary electrophoresis and high resolution melting in determina-
tion of protected designation of origin of sweet cherry products.

2 Detection of GMO in food

Detection of genetically modified organisms in food could be achieved by 
employing several methods. Generally, these methods can be divided based 
on in what type of molecule changes is being detected. For tracing changes 
on protein level, enzyme-linked immunosorbent assay (ELISA), lateral flow 
sticks, Western blot and 2D electrophoresis are used. For tracing changes on 
DNA and/or RNA level, PCR methods are used. Broadly, PCR methods can 
be divided depending on their application and mechanism which is used for 
detection.

In so-called quantitative PCR (qPCR) that is used for screening of GMO, 
three types of chemistries are used. Intercalating dyes are molecules which aro-
matic ring(s) which are able to insert themselves between bases in DNA (usu-
ally in major groove). PCR methods using intercalating dyes (such as SYBR 
Green) are the cheapest, but sensitivity with single stranded DNA is low and in 
higher concentration they inhibit PCR reaction (Gasparic et al., 2010). There 
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are several different chemistries currently employed in primer-based PCR. 
Their basic principle is the same: fluorescent dye (fluorofore) is attached to 
one end of primer and fluorescent signal is changed (decreased or increased) 
following annealing and extension step. However, crucial differences in these 
methods are in additional presence of synthetic bases (like in Plexor primers) 
or quenchers on the other end of primers (like in AmpiFluor primers). Such 
modifications enhance sensitivity and specificity of PCR reactions. Although, 
primer-based chemistry is more expensive than chemistry employing interca-
lating dyes, it is more sensitive and with higher specificity compared to SYBR 
Green PCR and it also gives possibility of multiplex PCR (when 4 different 
fluorofores, each specific to particular base, are used). However, primer-dimers 
and unspesific amplicons will also be detected (Gasparic et al. 2010). In probe-
based chemistries (such as TaqMan) additional nucleotide sequence comple-
mentary to target sequence between primers (called probe) is used. Probe 
is marked with quencher at one end and fluorofore at the other end. After 
the extension step, quencher and fluorofore are realeased and absorbance is 
increased. TaqMan probe PCR is more expensive than SYBR Green PCR and 
primer-based PCR, but it has higher dynamic range, amplification efficiency 
and repeatability (Gasparic et al. 2010). Minor groove binding TaqMan probe 
is a variation of TaqMan PCR where TaqMan probe is bound to minor groove 
of DNA which in turn makes DNA-probe complex more stable and enhances 
specificity. Additional probe designs such as locked nucleic acid probe (LNA), 
cycling probe technology (CPT), and molecular beacons are also used.

The gene-specific PCR is more rigorous and more sensitive approach com-
pared to real time PCR (Wen-Tao et al. 2009). It allows for multiplication of 
specific gene that codes for protein that can alter properties of particular cul-
tivar or food product. For example, p35 gene in tomato codes for inhibitor 
of caspases, inhibiting cell death and providing for protection against diseases 
(Lincoln et al, 2002).

Target for construct-specific PCR is junction between two elements in DNA, 
usually between promotor and transgene. Therefore, positive signal will be pre-
sent only in GMO material. However, if the same “foreign DNA” is present in 
different samples, difference in samples can’t be detected (Wen-Tao et al. 2009). 
This type of PCR can be used, for example, for detection of Bt gene (coding for 
cytotoxin Cry A) in Roundup crops (Mesnage et al. 2013).

Since event-specific PCR targets locus between recipient and inserted DNA, 
it is even more specific and robust than construct-specific PCR (Randhawa et 
al. 2016). Event-specific PCR is often used for detection of Roundup Ready 
soybean and Bt-176 “Maximizer” maize in food (Berdal et al. 2001) even in 
highly-processed foodstuffs (Tengel et al. 2001).

To obtain information about localization and sequence of insert and its 
flaking regions, next generation sequencing is employed. Mayor difference 
between “classical” sequencing (by capillary electrophoresis) and next gen-
eration sequencing is that instead sequencing single DNA fragment in next 
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generation sequencing a large number of DNA fragments are sequenced simul-
taneously. Next generation sequencing coupled with site-finding PCR allowed 
detection of vip3Aa20 gene (coding for insecticidal protein) in MIR162 maize 
(Randhawa et al. 2016).

In microarray technology, DNA is attached to surface in form of microscopic 
spots. The biggest advantages of microarray technology are high sensitivity 
and high throughout (Berdal et al. 2001). Since different sequences can be ana-
lyzed simultaneously, there are different variations of microarray methodology 
(multiplex microarray, ligation detection reaction coupled with universal array 
technology, event-specific microarray, etc). For example, an event-specific 
DNA microarray was used to detect multiple GM events in processed food 
(soybean, maize, canola and cotton) (Kim et al. 2010).

Matrix based methods, like “Combinatory qPCR SYBR Green screening”, use 
decision-support system that detect and quantify GMO based on 4 values: the 
Ct and Tm values and the LOD and LOQ (Van der Bulcke et al. 2010). Ct or 
“threshold cycle” represents a level above which fluorescence of sample exceeds 

Figure 1: From left to right: lanes 1 and 11. 50-bp molecular mass markers; 2. 
PCR blank; 3 and 4. PCR products obtained by amplifying, in the presence 
of primer pairs (441 bp) for detecting DNA from Roundup Ready soybean; 
5 and 6. Roundup Ready soybean (156 bp); 7 and 8. soybean lectin (210 bp); 
lanes 12–18. multiplex PCR products obtained by amplifying, in the pres-
ence of seven primer pairs for the simultaneous screening of endogenous 
genes of soybean and maize and five recombinant DNA constructs of geneti-
cally modified crops: Roundup Ready soybean and Bt11, Bt176, GA21, and 
MON810 lines of maize.
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background fluorescence. Ct value is inversely proportional to amount of DNA. 
Tm is a melting temperature. LOD represents limit of detection, while LOQ 
represents limit of quantification.

In contrast to previously mention methods, loop-mediated isothermal 
amplification (LAMP) is performed at constant temperature. Characteristic of 
LAMP is that 4 different primers are used for detection of 6 distinct regions 
on the target gene, with additional loop primers that accelerate reaction. Pres-
ence of multiple primers enhances sensitivity. During last few years, real-time 
LAMP assays for detection of two major commercialized Bt cotton events, 
MON531 and MON15985 were developed (Randhawa et al. 2016).

Key factor determining not only method for detection of GMO, but also for 
extraction is quality of DNA. During technological processing, quality, quantity 
and purity of DNA are all affected. For example, at lower pH (pH 3–4), glycosilic 
bonds between base and ribose are broken (Gryson et al. 2010). At pH above pH 
8, the tautomeric state of the bases is affected. These tautomers can form non-
standard base pairs that fit into the double helix and can cause the introduction 
of mutations during DNA replication. High temperature causes depurination 
and deamination which lead to degradation of DNA (Gryson et al. 2010). The 
effect of both temperature and water pressure during autoclaving has stronger 
degrading effect than cooking. For example, after autoclaving of soybeans at 
121°C for 15 min only DNA fragments shorter than 295 bp are obtained (Ogasa-
wara et al. 2003). Baking experiments at different temperature showed that bak-
ing reduces the size of the extracted DNA (Hrncirova et al. 2008).

2.1 Extraction of DNA from food

2.1.1 Introduction:

Nowadays, there are a variety of different methods for extraction of DNA from 
food sources that are being employed. In order to account for so-called “matrix 
effect” choice of extraction method largely depends on type ofsample that is 
being analyzed and degree of processing. However, goal of each of these meth-
ods is to gain high amount of non-degraded pure DNA of sufficient length. 
These requirements for intact DNA of substantial size stem from the fact that 
isolated DNA usually needs to be amplified for further experiments.

Although different in types of chemicals that are used and the mechanism by 
which DNA is isolated, each protocol for extraction of DNA from food samples 
consists of several basic steps:

 1. Homogenization
 2. Lysis and extraction
 3. Purification (precipitation or binding)
 4. Elution or resolubilization
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Homogenization step serves for two purposes: to disrupt cells membranes (and/
or cells walls) and to obtain the homogeneous, representative sample. Although 
different methods of homogenization exist (mortar and pestle, bead mills, 
rotor-stator homogenizator etc.) all of them use mechanical force. The impact 
of homogenization method on quality of obtained DNA is scarcely known, but 
several researches suggest (Colatat, Miller et al. 1999) that method of homog-
enization affects yield and purity as well as the fragment size of isolated DNA. 
In terms of yield and purity of DNA, homogenization with bead mill was found 
to be the best method, but rotor-stator homogenization gave the best results 
when it comes to fragment length. Food samples that contain large amount of 
compounds that can act as PCR inhibitors (lipids, phenolic compounds, poly-
saccharides etc. (Wilson et al. 1997) require pre-treatment (Terry et al. 2002). 
Methods for elimination of such contaminants depend on contaminant type 
(Terry et al. 2002). For example, lipids could be removed by hexane.

In lysis and extraction step cell wall or/and cell membrane that were dis-
rupted in previous step are now being dissolved and cell releases its content, 
thus facilitating extraction of DNA from nucleus. For this purpose, lysis buffers 
are used and although their composition might vary depending on extraction 
method, they must contain following components: detergents (compounds 
able to remove/solubilize membrane lipids), RNAses (enzymes that degrade 
RNA) and proteinases that denaturize proteins. Often lysis buffer contains salt 
(for disturbing ionic bonds between proteins, mainly histones, and DNA) and 
chelating agent (that prevents degradation of DNA by binding ions like Mg2+ 
that serve as cofactors for DNAses). Generally, new methods for DNA extrac-
tion are mainly based on use of so-called kits. Two major types of kits used 
for extraction of DNA from food samples are: silica-based kits (like Wizard, 
NucleoSpin Food, QIAamp DNA Stool (Turci et al. 2010, Pirondini et al. 2010, 
Tung Nguyen et al. 2009) and kits that contain magnetic beads (like PrepFiler™ 
Forensic DNA Extraction Kit). In “traditional methods” organic solvents (e.g. 
phenol, chloroform, ethanol etc.) are used for extraction. Of these methods, 
SDS (sodium dodecyl sulfate) extraction and CTAB (cetyl trimethylammonium 
bromide) extraction are still used and modified today. Both of these methods 
give a high amount of DNA (Turci et al. 2010) and use relatively cheap chemi-
cals, which are the main reasons behind their popularity. However, by compar-
ing SDS and CTAB extraction, it could be concluded that CTAB method gives 
high yield even with thermally or chemically processed samples (such as cheese 
or cooking cream) while the same is not true for SDS extraction (Turci et al. 
2010, Pirondini et al. 2010, Tung Nguyen et al. 2009). Also, with such samples 
that contain a high number of PCR inhibitors, SDS method gives a fragmented 
DNA (Turci et al. 2010, Pirondini et al. 2010). However, since modification of 
original CTAB procedure often involve transferring of sample from one tube 
to another, that can cause loss of the sample and increase risk of contamina-
tion. Also, both SDS and CTAB methods are time-consuming. Since CTAB 
method employs use of aggressive chemicals it gives DNA of lower quality 
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compared with some novel methods such as Wizard (Turci et al. 2010). Mayor 
advantage of new methods is that they are fast. However, since most of the kits 
were developed for specific purpose, they don’t give DNA of substantial yield 
or good quality with samples with higher degree of processing or with sam-
ples that greatly differ in their chemical composition from samples for which 
kit was developed. For example, with fresh and processed tomato products, 
NucleoSpin Food kit gave highest yield of all examined kits, but DNA was more 
degraded when compared to QIAamp DNA Stool and Wizard kits. Additional 
problem with usage of kits for DNA extraction is a high cost of chemicals that 
are needed for binding and purification of DNA.

During purification, DNA is separated from contaminants in solution. With 
traditional methods, this is done by precipitation of DNA. However, these 
methods differ in their ability to remove particular types of contaminants. Rel-
atively high concentration of salt in CTAB buffer prevents co-precipitation of 
polysaccharides with DNA. However, CTAB is not as efficient as SDS in dena-
turating proteins and therefore proteins can remain as contaminants in precipi-
tate. Both silica-based kits and kits with magnetic beads use negative charge of 
DNA for purification. Mechanism of purification of DNA by silica-based kits 
is not yet fully understood, but it is considered that chaotropic salts present in 
buffer are involved in formation of salt bridges between silica membrane and 
DNA. In complex mixtures such as food this can present a problem, since dif-
ferent compounds with same charge as DNA might remain in solution. There-
fore, they will bind with DNA to the column and co-elute. Kits with magnetic 
beads are more successful in binding DNA, since negatively charged DNA is 
adsorbed on positively charged magnetic beads.

Since change in pH and/or ionic force is usually necessary for elution from 
membranes and columns, this step is also very sensitive, because such changes 
can fragment DNA. With traditional methods, resolubilization of precipitate 
might be an issue because usage of organic solvents might cause changes in 
DNA structure that can interfere with resolubilization of precipitate.

Since economics also plays significant part in choosing preferred method, a 
new approach called “fuzzy logic” is introduced in evaluation of methods for 
extracting DNA from food samples. That approach takes into account com-
plexity of individual sample and ranks method not only by yield and quality of 
isolated DNA, but also by its cost.

Purity and concentration of isolated DNA can both be assessed using spec-
trometry to measure A

260
/A

280
 ratio. Absorbance at 260 nm steams from aro-

matic rings in nitric bases in DNA, while absorbance at 280 nm is caused by 
presence of aromatic amino acids. Thus, this ratio is indicator of protein con-
tamination. DNA with value higher than 1.8 for A

260
/A

280
 ratio is generally con-

sidered as pure.
Quality of isolated DNA is determined by agarose electrophoresis and/or 

number of successful PCR reactions.
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2.1.2 Materials, Methods and Notes

 A. DNA extraction from milk using CTAB method (according to Cor-
bispier et al. (2007))

Reagents needed:
CTAB extraction buffer (20 g of cetyl trimethylammonium bromide was dis-
solved in 1 l of 0.1 M Tris-HCl buffer pH 8 containing 1.4 M NaCl and 20 mM 
EDTA)

CTAB precipitation buffer (5g of trimethylammonium bromide was dis-
solved in 1 l of 40 mM NaCl)

RNAse A solution (100 mg/mL)
Proteinase K solution (20 mg/ml)
1.2 M NaCl
Chloroform
Ethanol (absolute and 70 % (v/v))
Nuclease free water

Procedure:
 1. Incubate 100 μl of sample with 300 μl of nuclease-free water, 700 μl 

of CTAB extraction buffer and 5 μl of RNase A solution at 65° C for 
15 min.

 2. Add 20 μl of proteinase K solution and incubate for 15 min at 65°C.
 3. Centrifuge for 10 min at 12000 g.
 4. Transffer supernatant to a new tube and mix with 500 μl of chloroform
 5. Transffer aqueous phase (700 μl) to new tube and mix with 700 μl of 

chloroform
 6. Centrifuged for 5 min at 12000 g
 7. Transffer suppernatat in new tube and incubate with with a double vol-

ume of CTAB precipitation buffer for 1 h at room temperature
 8. Centrifuge for 15 min at 12000 g
 9. Ressuspend pellet (DNA) in 400 μl of 1.2 M NaCl.
 10. Resuspended DNA was mixed with 400 μl of chloroform
 11. Centrifuge for 10 min at 12000 g
 12. Transffer aqueous phase in new tube and mix with a double volume of 

ice-cold absolute ethanol.
 13. Incubate for 20 min at 20°C and then centrifuged for 15 min at 12000 g.
 14. Wash pellet (2x) with 500 μl of 70 % ethanol and air-dry
 15. Dissolve in 100 μl of nuclease-free water.

 B. DNA extraction from milk using PrepFiler™ Forensic DNA Extrac-
tion Kit (according to manufacturer user guide, Applied Biosystem 
(2008))
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Reagents needed:
PrepFiler™ Lysis Buffer
1 M DTT (dithiothreitol)
PrepFiler™ Magnetic Particles
Isopropanol
PrepFiler™ Wash Buffer
PrepFiler™ Elution Buffer

Procedure:
 1. 40 μl of sample was mixed with 300 µL of PrepFiler™ Lysis Buffer and 

3 µLof 1M DTT in 1.5 ml tube and vortex for 5 s
 2. Incubate for 20 min at 70°C at 900 rpm.
 3. Centrifuge for 2 s at 14000 rpm.
 4. Using pippette, transffer solution into PrepFiler™ Filter Column that is 

placed into 1.5 mL PrepFiler™ Spin Tube
 5. Centrifuge for 2 min at 14000 rpm.
 6. Prepare magnetic particles by vortexing the PrepFiler™ magnetic parti-

cles tube for 5 seconds at low speed and centrifuging for 2 s at 14000 rpm.
 7. Disscard filter column and Pipette 15 µL of magnetic particles into 

1.5 mL PrepFiler™ Spin Tube.
 8. Vortex spin tube at 1200 rpm for 10 seconds and centrifuge for 2 s at 

14000 rpm.
 9. Add 180 µL of isopropanol and vortex for 5s at low speed .
 10. Centrifuge for 2 s at 14000 rpm.
 11. Mix at room temperature at 1000 rpm for 10 minutes.
 12. Vortex for 10 s at 14000 rpm.
 13. Centrifuge for 2 s at 14000 rpm.
 14. Place the tube in the magnetic stand and wait for 1–2 min until size of 

the pellet remain constant
 15. Discard supernatant carfully (not to disturb DNA in pellet)
 16. Wash the pellet 3x by pipetting 300 µL of PrepFiler™ Wash Buffer, vortex-

ing 5 s at maximum speed and centrifuging for 2s at 14000 g. Superna-
tant is discard after each washing step

 17. Place sample tube in the magnetic stand, open it and allow DNA to air-
dry for 7 to 10 minutes at room temperature.

 18. Add 50 µL of PrepFiler™ Elution Buffer and vortex for 5 s at maximum 
speed

 19. Centrifuge for 2 s at 14000 rpm.
 20. Incubate at 70°C at 900 rpm for 5 minutes.
 21. Vortex 5 s at maximum speed.
 22. Centrifuge for 2 s at 14000 rpm.
 23. Place the tube in the magnetic stand and wait until the size of the pellet 

stops increasing (at least 1 minute).
 24. Pippete suppernatant (that contains sample DNA) into new 1.5 ml tube.
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 25. Additional step: if the eluted DNA extract is turbid, centruge for 5 min at 
14000 rpm and transffer supernatant into new tube.

2.2 Extraction of RNA from food

2.2.1 Introduction:

Basic steps in RNA extraction are the same as for DNA (homogenization, lysis, 
extraction and purification and elution). However, RNA is chemically more 
unstable compared to DNA, thus it is prone to degradation by RNAses (Lepin-
ske et al. 1997) and sensitive to changes in temperature. Therefore, when work-
ing with RNA, it is crucial to prepare and maintain RNAses-free environment, 
by inhibiting enzymes with alcohol and low temperatures. Unlike DNAses, 
RNAses don’t need addition of divalent ions for their activity. Further inhibi-
tion of endogenous RNAses is achieved by adding either 2-mercaptoethanol 
and/or guanidinium salts in extraction (lysis) buffer. 2-mercaptoethanol inhib-
its enzymatic action by breaking disulfide bonds in enzymes. Guanidinium 
salts also denature proteins, causing inhibition of RNAses.

Because most of the potential degradation of RNA by RNAses happens dur-
ing sampling and homogenization, these two steps are crucial for obtaining 
non-degraded RNA of sufficient quantity (MacRae 2007). During sampling 
care must be taken to quickly place sample in liquid nitrogen in order to avoid 
degradation. Although it was thought that because of higher amount of RNA 
younger plant tissues are better choice, recent experiment (Johnson et al. 2012) 
showed that difference in amount of total RNA among older and younger tis-
sues was only around 13%. Also, not all plant tissues are equally metabolically 
active and thus don’t contain same amount of RNA and/or same amount of 
inhibitors (such as phenolic compounds, among them especially tannins, poly-
saccharides, proteins, etc). During homogenization, there are a few possible 
obstacles in extracting RNA. Firstly, short time and/or not enough force during 
disruption will not release all RNA from cells in samples, thus leading to lower 
yield. Secondly, environment that is not exogenous RNAses-free will cause 
degradation of RNA during homogenization. Thirdly, during this step loss of 
sample might occur.

Extraction of RNA might be done either by commercial kits or by extraction 
with organic solvents. Of the latter, very popular is so-called Trizol extraction 
that uses guandinum thiocyanate, phenol and chloroform for extraction and 
purification of RNA. However, as every method it has its setbacks such as not 
giving good results with plant tissues that are rich in polysaccharides and phe-
nolic compounds and it might be hard to dissolve the pellet (Rio et al. 2010). In 
most cases, extraction procedures are adjusted for a specific tissue or a purpose. 
Most of these modifications consider removal of specific inhibitors that would 
otherwise co-precipitate with RNA or bind with it. Among these inhibitors, 
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polysaccharides and phenolic compounds are the most prominent. Polysac-
charides can cause formation of slurry during resuspension (Dal Cin et al. 
2005). Unlike with DNA extraction, enzymes like pectinase could not be used 
during extraction of RNA because of the risk of degradation (Dal Cin et  al. 
2005). Some protocols are adjusted not for a type of tissue but for a purpose. 
For example, in gene expression studies, it is necessary to modify a method to 
be quick, to work well with tissues with varying levels of inhibitors and to avoid 
steps that can affect yield (Vasanthaiah et al. 2008). Similar to DNA extraction, 
basic principle of RNA extraction is binding to silica-based column or mem-
brane. Such binding can be based on negative charge of RNA or on differences 
in molecular masses between RNA and inhibitors in the extract.

During extraction of RNA by organic solvents, precipitation of pellet con-
taining RNA is necessary. Resuspension of pellet could be a problematic step 
because it is known that presence of secondary metabolites could lower solubil-
ity of pellet after extraction involving guanidinium salts (Ghawana et al. 2011).

2.2.2 Materials, Methods and Notes

 A. Extraction of total RNA from leaves and roots of Arabidopsis thaliana 
(according to RNeasy Mini Handbook Qiagen)

Reagents needed:
Buffer RLT
Buffer RW1
Buffer RPE
RNase-free water

Protocol
 1. Homogenize 100 mg of plant tissue (leaves or roots) in liquid nitrogen 

using mortar and pestle
 2. Place grinded sample into 2 ml tube
 3. Add 450 µl Buffer RLT (lysis buffer) and vortex at maximum speed
 4. Transfer the lysate to a QIAshredder spin column that is already placed 

in a 2 ml tube and centrifuge for 2 min at maximum speed.
 5. Transfer the supernatant into new 2 ml tube, without disturbing pellet
 6. Add 500 μl of absolute ethanol and mix by turning the tube
 7. Transfer entire sample into the RNeasy spin column that is already placed 

in a 2 ml tube. Close the lid.
 8. Centrifuge for 15 s at 14000 rpm
 9. After discarding flow-through, without changing tube, add 700 µl Buffer 

RW1 to the RNeasy spin column. Close the lid.
 10. Centrifuge for 15 s at 14000 rpm
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 11. After discarding flow-through, without changing tube, add 700 µl Buffer 
RPE to the RNeasy spin column. Close the lid.

 12. Centrifuge for 15 s at 14000 rpm
 13. After discarding flow-through, without changing tube, add 700 µl Buffer 

RPE to the RNeasy spin column. Close the lid.
 14. Centrifuge for 2 min at 14000 rpm
 15. Place the RNeasy spin column in a new 1.5 ml collection tube.
 16. Add 30–50 µl RNase-free water directly to the spin column membrane.
 17. Close the lid and centrifuge for 1 min at 14000 rpm. RNA remains in 

solution.
Notes: If the gene expression is going to be tested, two additional steps (elimina-
tion of genomic DNA and construction of cDNA) are necessary.

The QuantiTect Reverse Transcription kit combines these steps.
 B. cDNA synthesis using QuantiTect Reverse Transcription kit (according 

to QuantiTect Reverse Transcription Handbook)

Reagents needed:
gDNA Wipeout buffer
RNAse- free water
Quantiscript reverse transcriptase
Quantiscript RT buffer
RT primer mix

Protocol:
 1. While keeping tube with sample DNA on ice, add 2 μl of wipeout buffer 

and with RNAse- free water adjuct volume, so that the total reaction 
 volume is 14 μl

 2. Incubate for 2 min at 42°C (during this time, genomic DNA eventualy 
present as contaminant is eliminated)

 3. Place tube on ice and add 1 μl of Quantiscript reverse transcriptase, 4 μl 
of Quantiscript RT buffer and 1 μl of RT primer mix.

 4. Incubate for 15 min at 42° C (during this step, cDNA is constructed)
 5. Incubate for 3 min at 95°C (in order to denaturate reverse transcriptase).

3 Real time PCR

3.1 Introduction

At the moment real-time PCR is the only method that allows absolute quanti-
fication of nucleic acid. Its main application include: detection and quantifica-
tion of pathogens (Kubista et al. 2006, Yang et al. 2004), detection of allergens 
in food (Parfundo et al. 2009), measurement of gene expression (Wong et al. 
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2005), etc. Depending of purpose, it is possible to perform real time PCR from 
DNA and/or from RNA as a template.

Regardless whether starting material is RNA or DNA, the most critical steps 
in every real time procedure are obtaining good quality sample and choosing 
“good” primers. Good quality sample is high amount of purified, non-degraded 
nucleic acid. In case when different expression of gene is monitored, additional 
care must be taken in removing all traces of genomic DNA from mRNA. Oth-
erwise, during synthesis of cDNA and further amplification, falsely high results 
might be expected. Of course, since as for “conventional” PCR integral part is 
amplification of target sequence, all inhibitors (lipids, proteins, carbohydrates, 
etc.) that affect success of “conventional” PCR will also influence reaction of 
real-time PCR.

Beside specificity, primers for real-time PCR must be stable (characterized 
by Tm values and GC content) and of certain size (in order to avoid miss-par-
ing or loss in amplificability). Since there are different types of real-time PCR 
(such as duplex, multiplex, etc.) for each of these techniques there are addi-
tional conditions for primers (Shen et al. 2010). However, irrelevant of type 
of real-time PCR, analysis of sequence of forward and reverse primers must 
be done in order to avoid creation of secondary structure within primer itself 
or creation of so-called primer-dimmers. Primer-dimmers are created when 
hybridization happen not between primer and template but between forward 
or reverse primers with each other. There are several software (e.g. Primer 3, 
MPrimer, etc.) which give possibility to choose the best primer sequence based 
on the sequence of target gene. In such software characteristics of primers, such 
as melting temperature, GC content and possibility of production of second-
ary structures (including primer-dimmers) are given. Specificity of primers 
and eventual existence of primer-dimmers can be examined by melting curve 
analysis. In ideal situation, only one peak should be present for each curve. 
Also, location of peak for each curve must be the same, e.g. curves should over-
leap. As a control some of genes which have a constant expression (because of 
its involvement of basic metabolic pathways) are usually used. Such genes are 
called housekeeping genes. Also, to check efficiency of amplification, internal 
amplification control is used. Internal amplification control represents non-
target DNA fragment (of known concentration) that is added to the reaction 
and amplified in parallel with the target sequence.

There are two ways to monitor amplification process in real time. First 
approach uses SYBR Green chemistry. SYBR Green is fluorescent dye that 
intercalates with double stranded nucleic acid. Major disadvantage of SYBR 
Green approach is that it can bind to any double stranded nucleic acid and not 
just only to hybridization products between primer and target. Therefore, it will 
also bind to primer-dimmers. This binding decreases specificity of this method 
in comparison to TaqMan probe chemistry. TaqMan probe is a sequence-
specific oligonucleotide probe that binds to a target in between forward and 
reverse primers. TaqMan probe has at each end attached a fluorescent dye-at 
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5' end –fluorofore and at 3' end-quencher. Before PCR cycle fluorescence of 
fluorofore is “quenched” (inhibited) by quencher. During cycle, as DNA poly-
merase moves from 3' to 5' end, it encounters and hydrolyzes fluorofore from 5' 
end. Since emission of unbound fluorofore is no longer inhibited, fluorescence 
starts to increase. Sequence of TaqMan probe might be determined by same 
software in which it is possible to determine sequence of primers. However, 
due to chemistry of reaction, conditions for “good” TaqMan probe are different 
from those for primers. To ensure stability and specificity, Tm value and length 
for TaqMan probe are usually higher for those of primers. Since using guanine 
near the 5' end of the TaqMan probe can quench fluorescence, it should be 
avoided. As for primers, sequence with consecutive stretches of the same base 
must be excluded (because it can affect hybridization efficiency due to forma-
tion of secondary structure).

Quantification is done by measuring fluorescence during cycles. Fluores-
cence is higher for higher concentration of product. Firstly, number of copies of 
DNA is insufficient for fluorescence to surpass threshold level. After few cycles, 
concentration of sample is sufficient for surpassing threshold level and fluores-
cence starts to increase exponentially. Because reaction efficiency is stable dur-
ing exponential phase, a threshold level should be chosen so that it reflects data 
during this phase. After subtracting background from raw data, comparison of 
concentration of samples can be done.

3.2 Materials, Metodes and Notes

Procedure for Real time PCR (according to Getting Started Guide Applied Bio-
systems 7500/7500 Fast Real-Time PCR System Standard Curve Experiments)

A Preparation for experiment:

Two steps are necessary before measuring flourescence of sample and those are, 
of course, design of primers and prepartion of mix (layering the plate).

B Primer design:

Among on-line free based software for designing and analyzing samples, one 
of the most popular are Primer3 (Thornton et al. 2011) and Primer3Plus from 
NCBI (National Center for Biotechnology Information). However, designing 
and analyzing primers is also possible in software that are supplied with Real 
time PCR apparatus (with 7500/7500 Fast Real-Time PCR System, Primer 
Express v.3 software is supplied). Although procedure for preparing design 
for Real Time PCR using TaqMan probe involve additional step(s) for probe 
design, there are few parametars that are neccessary to adjust to get succesfull 
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Real time PCR reaction. Those parametars are: primer lenght, melting tem-
perature (T

m
), GC content, product size, 3' stability.

Length of the primer: if the primer is to short, due to the lack of specificity, 
it will not hybridize with template, while if it is too long hybridization will take 
too long and it will be hard to remove product. Optimal primer length is 18–24 
base pairs (bp). Difference in primer pair length should be less than 3bp.

Melting temperature (T
m

) is defined as temperature at which 50% of the 
primer is hybridized with its template. Again, too high T

m
 will lead to second-

ary annealing, while to low T
m 

will impede with hybridization. Optimal T
m 

range is 57–65°C. Difference in T
m

 of forward and reverse primer should be less 
than 5°C (ideally 1°C).

GC content is defined as the number of guanine and cytosine bases, expressed 
as a percentage of the total bases in primer. GC content is a measure of primer 
stability (stability is expressed through ΔG value) and should be 40–60%. In 
addition to this, number of guanine and cytosine within the last five bases from 
the 3' end of primers is called GC clamp. GC clamp value should be less than 
3, because although G and C residues at 3' end will enhance specific binding to 
template, such sequence will give amplicons of bigger sizes.

Size of product- fluorescence during SYBR® Green detection will be more 
intense if product is longer. Ideal amplicon size is between 80 and 150 bp. 
Shorter amplicons are amplified more efficiently than longer ones.

3' stability is expressed as maximum ΔG value of the last five bases at 3' end of 
the primers. Higher 3' stability means improved efficiency of the primers. Also, 
some factors, as for example concentration of divalent ions, might need to be 
changed (usually SYBR® Green buffer mixes contain 3 to 6 mM of Mg2+). During 
primer synthesis it is essential to check number of repeats and runs, since higher 
number of repeats and/or runs will lead to miss-priming or/and formation of 
primer secondary structures. Repeats are repeated sequences of dinucleotide 
(maximum number of repeats should be 4). Runs are defined as single nucleo-
tide sequence repeats and their preferred maximum number is 3–4 bp. Also, 
when working with TaqMan probe, it is necessary to adjust T

m
 of the probe to 

around 10°C higher than T
m

 of primers (because the minor groove binding will 
increase T

m 
of the probe) and size should be less than 30 bp (not to affect speci-

ficity). Also, guanine residue at 5' end should be avoided because it can quench 
fluorescence.

Analysis of primers can be done in software like Vector NTI and MP primer. 
In this software there is an option to check for possibility of formation of sec-
ondary structure, like hairpins and/or primer-dimmers.

Steps

 1. Finding and coping the sequence in FASTA Format NCBI website (http://
www.ncbi.nlm.nih.gov/guide/) → nucleotide database (from dropdown 
menu) → in search box enter gene code → search → display settings → 
FASTA→ apply Copy FASTA sequence into new word document.



Application of  PCR in Food Biochemistry 113

 2. NCBI website → tools→ BLAST→ primer BLAST or alternatively go to 
Primer3 website (http://bioinfo.ut.ee/primer3–0.4.0/)

 3. Copy sequence from word file in PCR template (or in sequence ID in 
Primer3)

 4. Either use your own primers or give a range for forward and reverse prim-
ers (in primer 3 check boxes: Pick left primer, or use left primer below 
and Pick right primer, or use right primer below; if you are working with 
TaqMan also check box Pick hybridization probe)

 5. In exon/intron selection, cut the intron part (In primer3 →excluded 
regions)

 6. Change primer parameters or leave it default (In Primer3→ General 
primer picking conditions)

 7. Click get (pick) primers

C Layering the plate

Microtitar plate with 96 wells is used. Beside samples, 2 internal standards and 
blanc probe should also be loaded in wells. Blanc (negative) probe contains all 
that is in sample, except cDNA. Internal standards are so-called housekeeping 
gens that code for proteins that are expressed in all cells, since they are involved 
in basic cellular processes (e.g. gen for GAPDH). In sample wells load: 25 µl 2x 
SYBER Green PCR Master Mix + 6.2 µl forward primers + 6.2 µl reverse primers 
+ 6.2 µl cDNA sample + 6.4 µl RNAse-free H

2
O. However, concentration of water, 

primers and sample is variable and should be optimized for particular reaction.

D Run

Cover the plate with transparent foil and centrifuge for few seconds (Centrifu-
gation is done in order to avoid air bubbles).

Load the plate in plate holder and align.
By pushing, close the tray door.
In Setup page, choose run option.
In Run Method, it is possible to select number of cycles and change run 

parameters. Default run settings: 

 1. pre-PCR phase -60°C, 30s (elongation)
 2. holding stage -95°C, 10 min (activation of Hot-Start DNA polymerase)
 3. cycling stage -92°C,15s (melting of DNA); followed by 90s at 60°C 

(annealing of primers to templates and in the case of TaqMan Real time 
PCR, also the probe).

Click start run button.
Note: Run can be monitored by selecting amplification plot and choosing option 
of view plate layout.
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Abstract

Early aquaculture studies were mainly engaged in practising different culturing 
systems, primarily focusing on the improvement of fish growth and feed type. 
The significant advances in molecular biology during the last century greatly 
influenced the development of genetic research and application of molecu-
lar methods in aquaculture and fishery. These methods provided substantial 
opportunity for increased production efficiency, better product quality and 
improvement of animal health. Additionally, DNA based methods provided 
tremendous improvement in species determination, family tracking, pedigree 
determination of individuals, identification of lineages, identification of mark-
ers and loci that are responsible for economically important traits. In this work 
we pay special attention to the utilization of restriction fragment length poly-
morphism (RFLP) in aquaculture and fishery as a practical and relatively cheap 
method for determination of genetic lineages in polymorphic fish species. We 
also focus on gene expression as an excellent method for understanding physi-
ological processes in fish. Currently, quantitative real-time PCR is one of the 
most accurate methods for gene expression analysis. It is very precise, sensitive 
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and gives relatively fast results. The growing knowledge in this area has enabled 
better understanding of fish physiology in aquaculture aiming to achieve eco-
nomical feasibility and sustainability at the same time.

1 Introduction

Identification of fish species is traditionally based on external morphological 
characters as body shape, colour, scale size, position and size of fins as well as 
relative size of different body parts (Strauss & Bond 1990).

In species that are morphologically more similar number of gill rakers can be 
used as a significant systematic character. Furthermore, morphology of otoliths 
is also used in determination of fish age and size, but is especially useful for 
identification of the fish species from fossil remains or gut content of a predator 
(Granadeiro & Silva 2000).

However, in some cases the external morphology is not sufficient for the 
identification and determination even with whole specimens, either due 
to considerable intraspecific variations or small interspecific differences 
( Teletchea 2009). In addition, identification of fish species using morphology 
is not possible when specimens are semi degraded caused by digestion, when 
coming from the gut content or due to processing (e.g. canning or filleting). 
 Identification of early life stages, as eggs or larvae, is more complicated that 
identification of adult stages. Due to all these difficulties, researchers were 
looking for new methods that would provide easier and more reliable identifi-
cation of fish  species.

Increased fish and seafood consumption worldwide caused Intensification 
of international trade and consequently varying levels of supply and demand 
of certain high quality fish or seafood species. Development of the fish market 
also led to economic fraud and the substitution of one species (usually more 
expensive) with another fish species or seafood product (less expensive). This 
was particularly successful when processed fish and seafood were used as fillets 
or canned products (Rasmunsen et al. 2008). Thus, it has become more and 
more important to know valuable facts about the products on the market and 
the authentication of fish and seafood species an important issue. In Europe, 
a law has been established for fish and aquaculture products requiring trace-
ability information as identity and origin of fish as well as production method 
(Regulation (EC) No 104/2000).

Traditional and official methods for the identification of different species, 
including fish, have been based on the separation or characterization of specific 
proteins using techniques as electrophoresis, liquid and gas chromatography 
or utilization of immunological assays (ELISA) (Moretti et al. 2003, Kvasnicka 
2005, Hubalkova et al. 2007). Although these methods are valuable in species 
identification, especially on fresh and frozen products, they are less reliable 
on products that are heat processed or dried, mainly due to the biochemical 
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destruction of proteins. Therefore, these methods are not practical for routine 
sample analysis since proteins are quite unstable after the animal death, they 
are thermolabile and additionally, they are variable depending on the tissue 
type, age and status of specimen.

During the 20th century, as an alternative to protein analysis, DNA based 
methods for species identification have been developed. The advantages of 
DNA based methods are in the better resistance and theromostablility of the 
DNA molecule compared to proteins, and by using the polymerase chain reac-
tion (PCR) small fragments of DNA can be amplified providing sufficient 
information for species identification (Lenstra 2003). Additionally, DNA can 
be recovered from almost any substrate, since it is present in all cells of an 
organism. Due to the development of molecular biology, identification of fish 
species is possible from most tissues including muscles, fins or blood.

There are a few molecular techniques that have been mostly used during the 
past decade for fish identification as RFLP (restriction fragment length poly-
morphism), PCR sequencing (known also as FINS – forensically informative 
nucleotide sequencing) and PCR specific primers. More recently, two methods 
have developed, real-time PCR and microarray, both used in gene expression 
research as well as in species identification (Teletchea 2009).

In fish breeding programs, DNA based methods are used for family track-
ing, pedigree determination of individuals, identification of lineages, identi-
fication of markers and loci that are responsible for economically important 
traits as growth, survivorship, sexual maturity, disease resistance, deformities 
and nutrient utilization (Davis & Hetzel 2000).

1.1 Application of Restriction fragment length polymorphism (RFLP) 
in aquaculture and fishery

RFLP is a quite simple, robust and relatively cheaper method (Aranishi 2005). 
It is based on the polymorphisms in the lengths of particular restriction 
fragments of the geneticcode (Rasmunsen et al. 2008). The target genes are 
amplified with PCR and then cut by specific endonucleases on a few smaller 
fragments, different in size, that are used for identification of fish lineages or 
species (Liu & Cordes 2004). Different fragments are separated by agarose gel 
electrophoresis. The gel is then exposed to UV light and with the gel documen-
tation system (transluminator) is photographed. The lengths of the fragments 
are measured by using the DNA standard (ladder).

This method is particularly useful for the identification of genetic distance 
between different populations of a species coming from a wider geographic 
region. It is of key importance that the fish populations under research are 
highly polymorphic, meaning that they have not been frequently crossbred.

For identification of low polymorphic fish population, other methods men-
tioned above, or microsatellites are used.
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1.2 Application of real-time PCR (qPCR) in aquaculture

A significant part of research in fishery and aquaculture focuses on gene 
expression as an excellent method for understanding physiological processes in 
aquatic animals, mainly fish (Overturf 2009). Evaluation of genes that play sig-
nificant roles in different biological processes as embryonic and adult growth, 
efficiency in nutrient utilization, disease resistance and other are used in many 
research programs in fishery and aquaculture (Nilsen & Pavey 2010). Provided 
by numerous investigations, the growing knowledge in this area has enabled 
better understanding of fish physiology in aquaculture aiming to achieve eco-
nomical feasibility and sustainability at the same time.

Quantitative real-time PCR (qPCR) is one of the most accurate methods for 
gene expression analysis. It is very precise, sensitive, shows good reproduc-
ibility, as well as relatively fast results (Derveaux et al. 2010). Although this 
method is quite easy to use, it is very important to maintain a high level of qual-
ity control throughout the entire process. Imprecision in the protocol applica-
tion can significantly influence the accuracy of results and affect the credibility 
of research conclusions.

Traditional end-point PCR provides only information on the presence or 
absence of a specific genetic product, while the advantage of quantitative real-
time PCR (qPCR) is in the measurement of the number of copies and the detec-
tion of small differences between samples during the reaction.

In real-time qPCR, the detection of PCR products is provided by the pres-
ence of a fluorescent dye that binds to the double stranded DNA. The registered 
amount of fluorescence signal in the qPCR machine responds to the amount of 
amplified product during every amplification cycle. The most commonly used 
fluorescent dye that binds to the DNA molecule is SYBR Green I. This non-
specific dye binds to the double stranded DNA molecule whose fluorescence 
intensity in increased up to 1000 times during the binding. Ct or threshold 
cycle is the value showing the number of amplification cycles during which 
the fluorescent signal reaches the threshold level (level above the background 
fluorescence). Lower number of cycles i. e. Ct values lower <29 shows higher 
amount of the product.

The relative gene expression method is based on the differences in the level of 
expression in target genes (gene of interest) compared to one or several refer-
ence genes (genes whose expression is not affected by the applied treatment) 
(Pfaffl 2006). To identify the reference gene it first has to be checked how is it 
expressed. There are several on line programs to evaluate which gene is best to 
use as reference, e.g. http://fulxie.0fees.us/. The Ct values of the gene are added 
and the program calculates the most stable gene.

For calculating the gene expression there are different mathematical models. 
One that is frequently used is the delta delta Ct method:

2^ (-ddCt), where ddCt = (Ct target gen treated– Ctreference gen treated) – 
(Ct control target gen– Ct control reference gen)
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Aquacarp laboratory equipment:

2 Materials, Methods and Notes

2.1 Determination of genetic lineages of highly polymorphic fish 
species, Brown trout (Salmo trutta), by PCR-RFLP-based analysis

In this method two genes were tested, one nuclear (gene for lactate dehydro-
genase) and one mitochondrial gene (gene for the control region of the mito-
chondrial DNA).

2.1.1 DNA isolation

For DNA extraction, a commercial kit (ZR Genomic DNA™-Tissue MiniPrep 
Kit, Zymo Research, Irvine, USA) was used and following procedure is listed 
according to manufacturer`s instruction:

 – 25 mg of fish fin is placed in eppendorf tube of 1.5 ml
 – Add to every tube:

H2O 95 μl
2X Digestion Buffer 95 μl
Proteinase K 10 μl
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 – Vortex the mix and incubate in the thermostat at 55°C 1 do 3 hours (option-
ally it can stay during thenight). One hour after the incubation shake the 
tube a couple of times to allow proper digestionof the fin.

 – After the incubation period, add 700 μl Genomic Lysis Buffer and vortex 
the mix thoroughly. Centrifugeat 10,000 × g 1 min to eliminate the cell 
debris (1 g = 1 RCF).

 – Put the Spin Column (Zymo-Spin™ IIC Column) into a 2 ml eppendorf 
tube without a cap (collection tube)

 – Transfer the supernatant into the Spin Column. Centrifuge at 10,000 × g 1 
min (DNA binding to themembrane).

 – Transfer to a new collection tube and add 200 μl DNA Pre-Wash Buffer. 
Centrifuge at 10,000 x g 1 min(DNA I washing).

 – Add 400 μl g-DNA Wash Buffer into the column. Centrifuge at 10,000 × g 
1 min (DNA II washing).

 – Transfer to a new column, a regular clean 1.5 ml eppendorf tube with a cap. 
Add ≥50 μl DNA ElutionBuffer or Milli-Q water (e.g. if 25 mg of fin tissue 
is used add 200 μl of liquid) in the spin column.

 – Incubate for 2–5 min. at room temperature than centrifuge at maximal 
speed for 30 seconds to eluate the DNA.

Eluated DNA can be used immediately or can be kept at ≤-20°C and used later. 
If the isolated DNA will be used in the next few weeks, it can be kept in the 
refrigerator.

2.1.2 Primer selection

For CRmtDNA gene 28RIBa and CytR primers were used and for LDH gene 
Ldhxon3F and Ldhxon4F (Table 1). These primers were selected since they 
proved to be very useful in distinguishing trout of Atlantic and Danubian line-
ages in previous studies (McMeel et al. 2001, Maric et al. 2010).

Primers are received in lyophilized form. They should be dissolved with Mil-
liQ water adding 10x µl more water into the total number of primer nmol: e.g. 
primer 28RIBa has in total 31.6 nmol, it should be added 31.6 x 10 µl = 316 µl 
water

Primer name Sequence Gene

Ldhxon3F GGCAGCCTCTTCCTCAAAACGCCCAA LDH

Ldhxon4R CAACCTGCTCTCTCCCTCCTGCTGACGAA LDH

28Riba CACCCTTAACTCCCAAAGCTAAG CR mtDNA

CytR GTGTTATGCTTTAGTTAAGC CR mtDNA

Table 1: Primers and their sequences used in the study (T.-K. Knutsdatter Østbye).
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The working primer solution is made by dissolving the solution 10x (10 µl of 
solution and 90 µl of water is added into the ependorf tube). Both solutions are 
kept in the freezer.

2.1.3 PCR-RFLP protocol for control region of mRNA and nuclear 
gene coding for lactate dehydrogenase

For the PCR reaction, first the PCR Mix should be made. All the reagents, 
except Taq polymerase, should be taken out of the freezer and warmed up at 
room temperature. While waiting for the warm up of reagents, put the eppen-
dorf tubes (0.2 ml) in the cooling stand and add 1 µl of eluated DNK into every 
tube. Number of PCR tubes depend on the number of fish samples (10 fish – 10 
PCR eppendorf tubes). The PCR mix is made in one eppendorf tube of 1.5 ml 
kept in the cooling stand.

The amount for 10 reactions is (if less or more reaction done, this amount 
should be recalculated):

171.5 µl MilliQ H
2
O

25 µl buffer A
12.5 µl MgCl

2

10 µl dNTP
10 µl of dissolved forward primer
10 µl of dissolved reverse primer
1.5 µl Taq polymerase

Polymerase is added at the end, very quickly, taking care that it doesn’t stay too 
long at room temperature. Vortex the Mix and add into every PCR eppendorf 
tube 24 µl:

1 µl DNK + 24 µl Mix-a
The Mix should always be made for one more reaction than the number of 

samples, to have enough in case something goes wrong e. g. if we analyze DNA 
of 10 fish, the mix should be made for 11 fish. The PCR eppendorf tubes are 
kept in the cooling stand. If it starts changing colour, a new cooling stand from 
the freezer should be taken and tubes transferred to it. Switch on the cycler and 
wait until the cover reaches 100°C, and then quickly transfer the tubes from the 
cooling stand into the cycler.

The conditions of the cycler are adopted depending on the gene analyzed.
For the entire controlregion of mitochondrial DNA (CR mtDNA) (1088 bp)

the conditions are:

 1. step: 94°C – 3 min
 2. step: 94°C – 45 sec*
 3. step : 54°C – 45 sec*
 4. step: 72°C – 1 min 20 sec*
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 5. step: 72°C – 10 min
 6. step: 10°C – ∞
*** steps 2–4 are repeated 32 times

For the nuclear gene coding for lactate dehydrogenase (LDH) (428 bp), the 
conditions are:

 1. step: 94°C – 3 min
 2. step: 94°C – 45 sec*
 3. step: 62°C – 45 sec*
 4. step: 72°C – 1 min*
 5. step: 72°C – 10 min
 6. step: 10°C – ∞

*** steps 2–4 are repeated 32 times

After the program is finished the PCR product is kept in the refrigerator for a 
few weeks. If the product should be kept for longer it should be put it the freezer.

2.1.4 Separation of the LDH and CR mtDNA restriction fragment

Before the gel electrophoresis, the agarose gel should be made, cast into the gel 
tray, and the buffer added. The buffer is an electrolyte that allows the electric 
current flow.

Preparation of 1.5% agarose gel

The total amount of gel that should be made is 140–150 ml.
For 140 ml:

 – measure 210 g of agarose on the analytical balance in a small beaker.
 – Transfer the agarose into the Erlenmeyer flask.
 – Add 140 ml TBE x0.5 buffer.
 – Put the flask into the microwave and cover it with a Petri dish.
 – Switch on the maximal hear and let it boil
 – When it starts boiling switch off the microwave and shake the agarose so it 
can dissolve completely. Than let it boil for 10 more seconds.

 – When the solution cools down a bit, so it stays liquid, cast it into the 
tray with the combs (well former templates) and dams (rubber end caps) 
already in position.

 – Wait until the gel cools down and carefully take out the combs.
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Preparation of TBE x5 buffer

Tris 54.48 g
Boric acid 27g
EDTA 10 ml 0.5 M solution
Distillate water up to 1000 ml

Put Tris into a small volume of distillate water and mix well. Add Boric acid and 
mix. These two substances easily mix. Make the the EDTA buffer I and keep it 
in the refrigerator in a volumetric flask. TBE x5 buffer is made by 10x dilution 
(mix 100 ml TBE x5 buffer and add 900 ml of distillate water). TBE x0.5 buffer 
can be kept at room temperature until it is used up.

Note: Take care not to put the pH electrode into Tris, because it will destroy it.

Preparation of sample buffer

Buffer blue is used as a carrier for loading the sample on the gel:
Distilled water 1 ml
Glycerol 0.5 ml
A very small amount of Bromophenol Blue (enough to stain the solution)

The mixture separates into two phases, glycerol and water, but after vortexing 
the mix for 20 min the phases will integrate. The colour of the solution can vary 
from red (if the pH is low) to blue (if the solution is neutral or higher than 7). 
The solution should be vortexed every time before using it. Keep it in dark at 
room temperature.

After the gel cools down transfer it with the tray into the electrophoresis 
apparatus chamber, take off the rubber end caps and add TBE x0.5 buffer to 
cover the gel. Cut a piece of parafilm and place 5–20 µl of sample on it (elu-
ated DNA, PCR product or product of restriction-more details at Fig. 1) in 
droplets, separated by 2–3 cm from one another. Next to the sample droplets, 
5 µl of DNA standard (ladder) should be placed. Into every sample droplet 0.5 
µl Midori green is added, except into the ladder where 1 µl of Midori green is 
added. After this, into every droplet 2–3 µl of Buffer Blue is added. Then the 
parafilm with sampes (droplets) is transferred to the gel and added into every 
well. Mark the wells. The ladder is added in the first or last well. Adapt the elec-
trical current to be constantly 120 V.

2.1.5 Gel documentation

Switch on the apparatus (Transilluminator) for taking a picture of the gel and 
click on the button „Live“. Enter the USB into the port that is on the right side 
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of the apparatus. Stop the electrical current 45–60 minutes after the electro-
phoresis, raise the cover and pour out the buffer. The tray with the gel is trans-
ferred near the apparatus. Gel is then moved on to the transluminator surface 
by opening the apparatus door and sliding out the surface so that the transfer 
of the gel is easier. Gel should be laid smoothly with no air bubbles present 
under the gel. Push the transluminator surface back into the apparatus, close 
the door and switch on the UV light (button for UV light). Sometime the gel 
slides backward so it is advisable to put a piece of plastic underneath. Adjust the 
contrast and intensity pressing the buttons „+“ or „-“ until the sufficient quality 
is reached. Adjust the zoom and focus on the objective manually (objective is 
positioned on the top of the apparatus). Take a picture of the gel by pressing the 
button „freeze“. If the USB in in the apparatus, the picture will automatically 
be saved in the folder „Images“ on the USB (Fig. 1.). If the folder doesn’t exist, 
the apparatus will automatically create it, and if the USB is not inserted, the 
picture will be saved in the internal memory of the apparatus. The gel should be 
photographed immediately, since after few hours, DNA will become invisible.

Digestion results are visible on Fig.1. On the left side of the DNA ladder 
the restriction digestof 4 fish sampes (A4, A5, P4, P5) were done with the SatI 

Figure 1: The gel with obtained restriction fragments of brown trout genes after 
RFLP assay.
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enzyme of the control region on the mtDNK (1088 bp). Control region of Dan-
ubian lineage remains uncutwhile Atlantic (At) lineage is cut into two frag-
ments (654 and 434bp). On the right of DNA ladder, the restriction digestof 
6 fish samples (A1-A3 and P1-P3) is done with the BseLI endonucleasesfor 
the gene for lactate dehydrogenase (428 bp). Danubian lineage remains uncut 
whileLDH gene of Atlantic lineage is cut into two fragments (353and 75 bp; 
fragments of 75 bp were too small to be visible on gels).

2.2 Expression of the genes in intestines of Atlantic salmon 
(Salmo salar) after various feeding treatments, detected by reverse 

transcription (RT) qPCR method

The expression of selected genes was investigated in the intestines of salmon 
(Salmo salar) fed different levels of n-3 fatty acids i. e. eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) throughout life. These selected genes 
are involved in EPA and DHA synthesis, fatty acid oxidation, and synthesis of 
prostaglandins and immunity.

2.2.1 Sample preparation

Fish were reared in cages and fed pre-diets (5 different types of diets) in the 
period from 4 to 400g. During the later period fish from 400g to 4kg were 
fed main diets (3 types). Fish intestines were sampled from the 4kg group and 
stored at -80°C prior toanalysis. Intestines from six specimens per treatment 
were selected for the analysis. In total 84 samples.

2.2.2 Total RNA extraction

For Total RNA extraction, a commercial kit (PureLinkTM 96 Pro 96 Total RNA 
Purification Kit, Invitrogen, USA) was used and following procedure is listed 
according to manufacturer`s instruction:

 – Add 1 mL TRIzolTM Reagent (Invitrogen) to 2 mL tubes for Precyllis24 with 
2–3 beads.

 – Add approximately 20 mg tissue.
 – Homogenize the sample in Precyllis24 in centrifuge at 5500 rpm 2x 20 sec-
onds.

At this point samples are processed in batches, in case there is a lot of samples 
e.g. 24 samples (depending on the type of refrigerated centrifuge) can be further 
processed while rest have to be stored at -80°C, and processed within a month.
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2.2.3 Trizol protocol:

 – Incubate the homogenized sample for 5 minutes at room temperature to 
permit the completedissociation of the nucleoprotein complexes.

 – Add 0.2 ml of chloroform per 1 ml of Trizol Reagent. Cap sample tubes 
securely.

 – Shake tubes vigorously by hand for 15 seconds.
 – Incubate the samples at room temperature for 2 to 3 minutes.
 – Centrifuge the samples at no more than 12,000 × g for 15 minutes in the 
refrigerated centrifuge at 4°C (Fig.2 right).

Following centrifugation, the mixture separates into a lower red, phenol-
chloroform phase, an interphase, and a colourless upper aqueous phase. RNA 
remains exclusively in the aqueous phase. The volume of the aqueous phase is 
about 60% of the volume of Trizol Reagentused for homogenization (Fig.2 left).

2.2.4 Transfer of samples to PureLinkTM 96 Well Total RNA Filter 
Plates

 – Transfer 350 uL the colourless upper aqueous phase to new tubes. Add 1× 
volume of PureLink Pro96 Lysis Buffer, 350 uL.

 – Add a volume of 100% ethanol equal to the aqueous phase;x. 350 uL.
 – Mix well.
 – Place the PureLinkTM 96 Well Total RNA Filter Plate on top of a PureLinkTM 
96 Receiver Plate. Transfer samples to the PureLinkTM Well Total RNA Fil-
ter Plate (Fig.3).

 – Seal the plates with a cover.
 – Centrifuge the stacked plates at ≥2,100 × g for 1–2 minutes at room tem-
perature.

Note: If some of the samples did not go through the columns, remove the cover and 
spin 1 minute at 2,100 × g.

Figure 2: Left-tubes with separated phases, middle – preparation of tubes for 
tissue homogenization, right – 24 tubes in refrigerated centrifuge.
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•	Discard flow-through from the PureLinkTM Receiver Plate and place the 
PureLinkTM RNA Filter Plateon top of the PureLinkTM Receiver Plate.

2.2.5 On-Column DNase Digestion:

For On-Column DNase Digestion a commercial kit (PureLinkTM 96 DNase for 
use with PureLinkTM Kits,On-Column Protocol Only, Invitrogen, USA) was 
used and following procedure is listed according to manufacturer`s instruc-
tion:

Prepare DNase solution depending on the number of samples, e.g. if you 
have 24 samples always add reagents for two more reactions (Table 2).

Note: Make the DNAse solution in a bigger eppendnof tube and keep it on ice 
until used.

 – Add 500 uL wash buffer I to each sample. Centrifuge at 2100 xg for 
2  minutes.

 – Add 80uL DNase solution to each sample.
 – Incubate for 15 minutes at room temperature

Figure 3: Left – marked PureLinkTM 96 Well Total RNA Filter Plates, right – 
samples numbers marked in the tables indicating which will be used in the 
PureLinkTM 96 Well Total RNA Filter Plates.

100×: 1×: 16×: 26×:

10 × DNase I buffer 0,8 ml 8 µl 128 µl 208 µl

DNase I 2700 U 9,9 µl 158 µl 257.4 µl

RNase-free water to 8 ml 62 µl 992 µl 1612 µl

Table 2: Amount of DNase reagents for digestion, right highlighted column 
shows the amount for 26samples.
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2.2.6 Buffer washing

 – Add 500 uL wash buffer I and incubate for 5 minutes
 – Centrifuge at 2100 xg for 2 minutes, discard flow-through.
 – Add 750 uL wash buffer II – Centrifuge at 2100 xg for 2 minutes, discard 
flow-through.

 – Add 750 uL wash buffer II
 – Centrifuge at 2100 xg for 2 minutes, discard flow-through.
 – Dry the plate by centrifugation at 2100 xg for 10 minutes.

Note: Buffer II should be prepared freshly before adding to the samples. Buffer 
II needs to be diluted 1:5 with 95–100% ethanol; 24×750 uLx 2 (washes)=36 ml 
(8ml of 5× buffer II+32ml of 96% ethanol)

2.2.7 RNA Eluation

 – Place the filter plate on top of a new PureLinkTM Pro 96 Eluation Plate 
(Fig. 4 left).

 – Add approximately 60 uL RNase free water (regularly add 45uL, but more 
can be added, depending on the type of tissue).

 – Incubate for 1 minute at room temperature.
 – Centrifuge at 2100 xg for 2 minutes to eluate RNA.
 – Transfer eluated RNA to tubes. Work on ice.
 – Measure concentration and quality of RNA of every sample with the Nan-
odrop (Fig.4 right).

 – Store the RNA samples at -80°C.

Figure 4: Left PureLinkTM Pro Eluation Plates with marked wells that will be 
used, right Nanodrop spectrophotometer connected to the computer  program.
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2.2.8 TaqMan qPCR Assay: cDNA synthesis and specific gene 
amplification

For cDNA synthesis and expression of selected genes TaqMan Reverse Tran-
scription Reagents (Applied Biosystems) with SYBR™ Green (LightCycler® 
480SYBRGreen Master I) dye method for labelling and detecting qPCR prod-
ucts was used.

cDNA was made from 1000 ng of RNA. According to the concentration of 
RNA received from the Nanodrop, calculation is made for every sample by 
dividing 1000 with the RNA concentration e.g. 1000/536.2= 1.80 µL RNA. In 
order to calculate the amount of RNA free water that that should be added to 
every sample, the µL of RNA is subtracted from 7.7 (e.g. 7.7–1.8 = 5.8 µL of 
RNA free water) for a 20 µL TaqMan reaction (Table 3).

For calculating the amount of Taqman regents for the total number of 
samples, the number of samples (84) is multiplied with the amount of every 
TaqMan® reagent (Table 3, right). Than the volume of TaqMan reagent per one 

Taqman cDNA 

synthesis 

Number of 

samples

TaqMan® Reverse 
Transcription Reagents

stock conc. 20 uL reaction 
(uL)

84

10x TaqMan® RT Buffer 10× 2 168

25mM MgCl
2

25 mM 4.4 369.6

10mM dNTP mixture 10 mM 4 336

Oligo d(T)
16, 50 uM

50 uM 1 84

RNase Inhibitor 20 U/ul 0.4 33.6

Reverse Transcriptase 
(50 U/µl)

50 U/ul 0.5 42

RNA 250–1000 ng   x  Σ 1033.2

Rnase free water   7.7  

Total   20  

Table 3: TaqMan® Reverse Transcription Reagents and calculation of the 
amount for the 20 uL reaction, right column amount of TaqMan reagents for 
84 samples.

Note: The first 4 reagens from the table should be kept on ice before using them, 
while the Rnase inhibitor and Reverse Transcriptase are kept frozen before using.
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sample is calculated by dividing the total volume of reagents for all samples 
with the number of samples (e. g. 1033.2/84=12.3 µL ).

Samples are transferred to a new type of plated and RNA free water and 
12.3 µL per sample of Taqman mixture is added. In one well a mixture of RNA 
samples without enzymes is added to check for the presence of genomic DNA 
(NTC – non template control) (Table 4. up).

After adding all the parts, the plate are shortly centrifuged (1 min on 2000g), 
and placed in the PCR machine. The reaction conditions should be 25°C for 10 
min, 48°C for 60 min and 95°C for 5 min

After the amplification, 180µL of RNA free water is added to every sample. 
Then from every sample 10 µL is taken and transferred into one eppendorfer 
tube to make the “cDNA mix”. The “cDNA mix” is used for making a standard 
curve later.

Next step is transferring the samples from the main plate to the master plates 
(1 and 2) (Table 4. up). Half and half of samples (42) are transferred to the 
master plates 1 and 2. During this every sample was duplicated (Table 4, qPCR 
master plate 1 and master 2).

Using the microdispenser machine, from every master plate, 15 white Light-
Cycler per master plate were copied (in total 30 plates). After this process, every 
sample contains 4µL of cDNA.

Note: Always make more copies than number of primers analyzed. (e.g. if 13 
primers are analysed, 10 target genes and 3 referent genes, a few more copies are 
made – 15 plates per master plate, in total 30 new plates (Fig.5).

Every plate is covered with a special sealing cover, centrifuged for 1min at 
2000 rpm, and stored at -20 until used.

Next step is adding chosen primers and SybrGreen fluorescent dye to every 
sample before placing them into the qPCR machine.

Figure 5: Left master plate 1, right 15 copies of master plate.
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cDNA synthesis

1 2 3 4 5 6 7 8 9 10 11 12

A 1 3 7 8 9 10 11 13 14 16 20 23

B 25 26 27 28 29 30 33 40 43 45 62 72

C 153 86 144 136 128 149 141 108 147 116 82 130

D 128 154 134 140 123 115 139 96 150 110 53 146

E 182 80 163 124 212 88 183 91 159 173 180 221

F 175 170 107 185 122 145 111 168 118 174 169 165

G 54 117 77 126 102 160 161 90 NTC

H

qPCR masterplate 1

1 2 3 4 5 6 7 8 9 10 11 12

A 1 1 3 3 7 7 8 8 9 9 10 10

B 25 25 26 26 27 27 28 28 29 29 30 30

C 153 153 86 86 144 144 136 136 128 128 149 149

D 128 128 154 154 134 134 140 140 123 123 115 115

E 182 182 80 80 163 163 124 124 212 212 88 88

F 175 175 170 170 107 107 185 185 122 122 145 145

G 54 54 117 117 77 77 126 126 102 102 160 160

H cDNA 
mix

cDNA 
mix

cDNA 
mix

qPCR masterplate 2

1 2 3 4 5 6 7 8 9 10 11 12

A 11 11 13 13 14 14 16 16 20 20 23 23

B 33 33 40 40 43 43 45 45 62 62 72 72

C 141 141 108 108 147 147 116 116 82 82 130 130

D 139 139 96 96 150 150 110 110 53 53 146 146

E 183 183 91 91 159 159 173 173 180 180 221 221

F 111 111 168 168 118 118 174 174 169 169 165 165

G 161 161 90 90 NTC NTC

H cDNA 
mix

cDNA 
mix

cDNA 
mix

Table 4: Upper table, main plate used for making the two master plates (qPCR 
masterplate 1 i 2), middle and lower table.
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For the qPCR reaction mix use:
0.5 µL reverse primer
0.5 µL forward primer
5 µL Sybrgreen dye
4 µL cDNA (amount in every sample)

Diluted primers are kept in the freezer. Defrost1–2 minutes at room tempera-
ture before use. Initially, primers are delivered in lyophilized form and are dis-
solved with RNA free water. The amount of primer needed should be calculated 
according to the total number of reactions. If 96 well plates (96 samples) are 
used than 0.5 µL × 96=48 × 2 (if there is two master plates)= 96µL of primer. 
Into this, 10× more RNase free water is added – 960 µL.

Selected target genes were ACO, COX1, COX2, d5d, d6fad_a, d6fad_b, 
Elovl2, Elovl5b, nrf, nfkb. Referent gene were: etif and Ef1a (Table 5).

Every primer is made in a separate eppendorf tube marked at the beginning 
(e.g. COX1 r and COX1 f) (Fig.6).

Dissolved primers are kept on ice before transferring to the samples. Sybr-
Green is kept in the freezer until the package is opened. An open package is 
saved in the fridge until it’s used up. It should be used within one week. The 
amount of SybrGreen is calculated for the total number of reactions 5 µL × 
96=480µL.

Into every sample 6 µL of dissolved primer and Sybrgreen reagent is added 
preferably using the multistep pipette, especially when having plates with 96 or 
more wells. The plates are sealed with a special type of translucent protective 
foil for qPCR (LightCycler sealing foil) and centrifuged 1 min at 2000 rpm. The 
plates are then placed in the LightCycler (qPCR machine) and runned using 
the chosen type of program (Fig. 7).

The qPCR reaction was run on a LightCycler™480 (Roche Diagnostics Gmbh, 
Germany) under the following conditions: Preincubation at 95°C for 5 min-
utes, amplification with 45 cycles at 95°C for 15 seconds and 60°C for 1 min-
utes, melting curve at 95°C for 5 seconds and 65°C for 1 minutes, cooling at 
40°C for 10 seconds.

Figure 6: Left reverse and forward primer COX1 (marked with register nume-
brs), right marked eppendorf tube for dissolved primer COX 1r.
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Primer name Sequence

Ssa elong 2F1 CGGGTACAAAATGTGCTGGT

Ssa elong 2R1 TCTGTTTGCCGATAGCCATT

Ssa ACO F1 CCTTCATTGTACCTCTCCGCA

Ssa ACO R1 CATTTCAACCTCATCAAAGCCAA

Ssa d5d F2 GCTTGAGCCCGATGGAGG

Ssa d5d R2 CAAGATGGAATGCGGAAAATG

Ssa d6d A F3 TCCCCAGACGTTTGTGTCAGATGC

Ssa d6d A R3 GCTTTGGATCCCCCATTAGTTCCTG

Ssa d6d B/C R2 CACAAACGTCTAGGAAATGTCC

Ssa d6d B F3 TGACCATGTGGAGAGTGAGGG

Ssa d6d B R3 AACTTTTGTAGTACGTGATTCCAGCT

Ssa d6d C F2 TGAAGAAAGGCATCATTGATGTTG

Ssa EF1a F CACCACCGGCCATCTGATCTACAA

Ssa EF1a R  TCAGCAGCCTCCTTCTCGAACTTC

Ssa etif3 F1 CAGGATGTTGTTGCTGGATGGG

Ssa Etif3 R1 ACCCAACTGGGCAGGTCAAGA

Ssa nrf F2  CCGGACTCCTCGCCTTCGGA

Ssa nrf R2 GTGGATAGTTGGCTTGTCCCTTCGT

Ssa nfkb F1 CAGCGTCCTACCAGGCTAAAGAGAT

Ssa nfkb R1 GCTGTTCGATCCATCCGCACTAT

Ssa Elovl5b F2 GCAACCTTGACCCAAACAGG

Ssa Elovl5b R2 CCTTGTCTCTACGCAAGGGA

Ssa cox2 F2 CCCCCGACTTACAATGCTGA

Ssa cox2 R2 GCGGTTCCCATAGGTGTAGG

Table 5: The primers and sequences used in the study (T.-K. Knutsdatter Østbye).

Figure 7: Left – plates ready for adding the primers and SybrGreen-a, middle – 
Roche™ LightCycler™ 480, right – monitoring the process of amplification on 
the LightCycler computer program.
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Note: Be careful while putting the solution in the wells, since this small volume, 
can jump out of the well. Best is to bring the pipette tip next to the wall lower 
in the well, but not touching. If a droplet “jumps” out of the well, take it a away 
with a ordinary pipette and tip, and add once more a droplet from the multistep 
pipette. Take a note on the exact sample where we made a mistake.

After all plates are runned in the qPCR machine, the data for Ct values for all 
reactions are taken from the LyghtCycler software (can be transfered to excel) 
and are further processed using chosen mathematical model for relative gene 
expression.
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Spectroscopy

Dejan Lazić

Abstract

Raman microscopy/spectroscopy is a non-destructive technique that affords 
detection of vibrational, rotational or other low frequency excitations of the 
observed system. Vibration will be active in the Raman spectrum when it 
causes a change in polarizability of molecule. Characteristics of Raman spectra 
depend on the mass of the atoms, their geometrical arrangement in the mol-
ecule, as well as the intensity of the forces that connect these atoms. Coupling 
Raman spectroscopy with microscopy afforded obtaining precise morphologi-
cal and structural images of the observed sample. A large number of papers has 
been published in the field of physico-chemical characterization of materials 
using Raman microspectroscopy. Its use has slowly propagated into biological 
sciences as a method for quality control of pharmaceutical products. Applica-
tion of Raman microspectroscopy will expand as researchers of biological sys-
tems become more aware of the possibilities of this method.

Spectroscopy is the field that deals with the study of radiation after its interac-
tion with matter. Such radiation may have electromagnetic or mechanical prop-
erties or it might be composed of particles. In order for frequency spectrum 
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of electromagnetic radiation to be used, interval of the frequencies can be 
between frequencies of radio waves to the frequency of γ radiation, whereas 
for the radiation made up from particles interaction with electrons, neutrons, 
muons, and in some cases the entire atoms or ions can be used. Information on 
the matter is obtained from the spectrum that occurs after interaction of radia-
tion with the matter (Kuzmany 2009).

Due to the possibility of determining physical and chemical properties of a 
substance, Raman microscopy is used in chemistry, medicine, astronomy, met-
allurgy.

The methods used in spectroscopy vary depending on which substance is 
used, an atom, molecule or substance, and of the properties of matter that are 
being tested (http://web.mit.edu/spectroscopy/history/history-classical.html). 
Thus, spectroscopy as a discipline can be divided into several sub-disciplines, 
according to:

 – The type of radiation – it’sfrequency (radio, microwave, and ahercna, infra-
red, visible, ultraviolet, X-ray, gamma)

 – Level of interaction (nuclear, atomic, molecular, aggregation)
 – Inventor (Raman, Mesbauerova)
 – Technique (Fourier, resonance, laser, coherent, emission, absorbent)

Based on the phenomenon that causes coupling of electromagnetic radiation 
spectroscopy can be divided into:

 – rotational spectroscopy
 – electron spectroscopy
 – vibrational spectroscopy

(Http://web.mit.edu/spectroscopy/history/history-classical.html)
Vibrational spectroscopy is the branch of spectroscopy that studies the spec-

tra, which are caused by vibrations of molecules. This includes infrared spec-
troscopy and Raman spectroscopy. It is used for identification of molecules 
based on their atomic vibrations, and periodic changes in the angles and dis-
tances of atoms.

Vibrational spectroscopic techniques can be based on the absorption or dis-
persion of electromagnetic radiation, and therefore we can distinguish between 
infrared and Raman spectroscopy.

All molecules vibrate. In contrast to the vibrations of macroscopic bodies 
vibrations of molecules are quantum. Molecules can vibrate with very specific 
amplitudes which correspond to the vibrational energy levels. The spectro-
scopic transition can occur only if the energy of absorbed or emitted photon is 
equal to the difference between two vibrational energy levels (Bohr condition) 
or if the difference between energy of scattered and the energy of the incoming 
photon equals to the energy difference between levels (Figure 1). If vibrations 
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of molecule cause change in the dipole moment of the molecule, coupling 
between such vibrations with vibrations of electromagnetic radiation will hap-
pen which causes either absorption or emission of radiation. Such vibrations 
will be active in the infrared spectrum (Crouch 2007). Vibration will be active 
in the Raman spectrum when it causes a change in polarizability of molecule.

The study of the spectrum of electromagnetic radiation is carried out using 
a spectroscope i.e. spectrometer. The analysis provides data on the presence of 
different types of atoms and molecules in matter.

Since the molecule represents a system of atoms which are linked together by 
certain forces, as a result of this resilient connection it is possible for the atoms 
within the molecule to oscillate. Oscillation of atoms and the changes occur-
ring as a result of these oscillations are described by vibrational spectra. These 
characteristics depend on the mass of the atoms, their geometrical arrange-
ment in the molecule, as well as the intensity of the forces that connect these 
atoms. Substances containing a large number of molecules such as crystals act 
like super molecules and in them individual oscillations of molecules can cou-
ple and intereact with each other. The exact explanation of these phenomena 
is not possible; therefore, certain approximations must be introduced. One of 
the introduced approximations is neglecting mutual interactions of molecules. 
As any substance or molecule has its own unique characteristics their vibra-
tional spectra will vary. Using Raman spectroscopy one can identify the type of 
unknown molecule. Also, it is possible to determine molecular structure and to 
calculate other characteristics of the molecules from their vibrational spectra. 
That is why today this kind of spectroscopy plays an important role in science.

1 Raman spectroscopy

Sir Chandrasekhara Venkata Raman (1888 -1970) was an Indian physicist 
whose work largely influenced the development of physics. In 1930 he won 
the Nobel Prize for Physics for explaining the effect of light changing its wave-
lengths as it passed through the transparent material (Raman scattering) 
(http://en.wikipedia.org/wiki/C._V._Raman).

Inelastic reflections of light in interaction with matter theoretically pre-
dicted Brillouin in 1922. The first to observe it in experiments were Raman and 
Krishnan in 1928. For the light source they used focused and filtered beam of 
sunlight, the sample was liquid in the bucket, a detector was an eye. The same 
principle applies today. During development of the method as a light source 
different lamps, lasers were used and today laser diodes prevail, while photo-
multipliers or CCD cameras are used as the detectors.

Raman spectroscopy uses inelastic scattering of monochromatic light (usu-
ally a laser). Raman scattering is used to gather spectroscopic data. Inelastic 
scattering means that the frequency of monochromatic photons in the light 
changes after its interaction with the sample. The electromagnetic radiation 
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that is scattered by a molecule contains two components which come from the 
vibration or the rotation of the molecules (Schrader 1995). Photon that exits 
the system does not have the same energy as a photon entering the system. 
Raman scattering system receives or loses power. The difference in the energy 
of the system before and after scattering corresponds to the difference between 
the energy of the incoming and outgoing photons. If the outgoing photon has 
lower energy of incoming photons then the system will recieve energy through 
scattering. This type of scattering is called Stokes scattering, in the opposite 
case, the scattering is called anti-Stokes (Figure 1).

Energy of spectroscopic transfer is determined by the energy difference of 
Stokes or anti-Stokes band and the wavelength of incident monochromatic 
radiation. As the Stokes and anti-Stokes bands are of much lower intensity than 
scattered Rayleigh* radiation it is necessary to apply a high-intensity radiation 
source (Schrader 1995).

*Rayleigh scattering in the atmosphere is due to the scattering of light on air 
molecules (whose dimensions are much smaller than the wavelength of the 
incident radiation) that are moving chaotically, thus it is the result of the fluc-
tuations in air density (leading to different values of refractive index in the 
areas of different densities).

Stokes and anti-Stokes scattering depends on the change in polarizability of 
molecules in time and in the Raman spectrum only the vibrations and rota-
tions that modify the polarizability of molecules can be observed. Therefore, in 
the Raman and infrared spectra, the same bands usually have different inten-
sities, and sometimes they are in one of these spectra completely invisible. 
Therefore, infrared and Raman spectroscopy are considered complementary 
(Schrader 1995)

Raman spectroscopy has a great advantage over infrared spectroscopy 
because Raman spectra can be recorded in aqueous solutions. Raman spec-
troscopy can be also used for the study of solid and gas samples. Around 
99.999% of all photons in spontaneous Raman spectroscopy belong to elas-
tic Rayleigh scattering category. This type of scattering is useless for practi-
cal application for molecular characterization. Only 0.001% of the incident 
monochromatic light produces inelastic Raman signal of frequency Vo ± 
Vm. Spontaneous Raman scattering is very weak and it is necessary to take 
specific measures in order to differentiate it from the prevailing Rayleigh 
scattering.

Raman spectroscopy system typically consists of four main components: the 
source of radiation that is usually a continuous laser type system for illumi-
nating the sample, the system for separating wavelengths and the systems for 
detection and signal processing (Ferraro 2002).

Raman spectrophotometers use the source of monochromatic radiation that 
is directed at the sample. Radiation, scattered at an angle (usually 90°) is leaded 
to the monochromator which allows radiation of only one wavelength to go 
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out. Spectrum is obtained by scanning in the wavelengths around the wave-
length of the radiation source.

Raman spectra can be:

 – rotational
 – rotaional vibrational and
 – electron (rarely)

Raman effect is based on inelastic scattering of monochromatic incident radia-
tion (laser radiation) from a ultraviolet, visible or near IR part of spectra.

 – When light passes through a transparent material, the largest part of the 
light is scattered in all directions.

 – Majority of the light, consisting of photons whose energy is not converted, 
is known as Rayleigh scattering.

 – The much smaller part of the incident radiation having a change in energy 
is known as Raman scattering.

 – The difference in energy is directly dependent on the molecular species 
present in the assay system.

If the incident radiation has a discrete spectrum then the spectrum of the scat-
tered radiation in the three components occurs:

 – radiation of the same frequency as the incident radiation (Rayleigh  scattering)
 – radiation of a higher frequency of the incident radiation (Stokes 
 ANTI-RADIATION) and

 – radiation of lower frequency of the incident radiation (Stokes  RADIATION)

Figure 1: Stokes and anti-Stokess Raman scattering.
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1.1 Surface-enhanced Raman spectroscopy (SERS) and surface-
enhanced resonance spectroscopy

Spectroscopy of surface enhanced Raman scattering (SERS) is a method that 
has been developing in the last thirty years, and owing to its very high sensitiv-
ity it found application in numerous areas such as chemical and biochemical 
analysis, medicine, forensics and archeology (McNay et al. 2011, Schlüker et al. 
2011). SERS spectroscopy provides vibrational spectrum of the molecule that 
has been adsorbed onto metal nanostructured surface. Practical use of SERS is 
difficult due to the formation of spectrum that is very difficult to interpret. It is 
extremely necessary to take into account physical and chemical factors influ-
encing appearance and intensity of lines in the spectrum. To overcome these 
complications a type of SERS that uses amplification effect due to adsorption 
on the surface and Raman resonance was developed. It gives signal intensity up 
to even 1014 (Stiles et al 2008; Schatz and Van Duyne, 2002). The most impor-
tant reason for the development of SERS technique is its applicability in various 
fields of natural sciences. By increasing intensity of scattered radiation on a 
metal substrate molecule, sensitivity of Raman spectroscopy is also increased 
and allows structural analysis of molecules based on vibrational spectrum. 
Since spectroscopy of surface enhanced Raman scattering has exceptional sen-
sitivity and provides information on the structure of molecules, it is an ideal 
technique for examination of various chemical and biological systems. An 
additional advantage of the SERS spectroscopy is fluorescence quenching near 
the metal surface due to transfer of energy from the molecule to the metal 
(Schlüker 2011).

1.2 Raman microspectroscopy

Coupling Raman spectroscopy with microscopy has become significant dur-
ing 70-ies. In addition to its classical use, use of the electron beam in micros-
copy gave precise morphological and structural images of the observed sample. 
Scanning electron microscopy, x-rey microanalysis and analytical electron 
microscopy give precise details of the elemental composition of the tested sub-
stance but these methods don’t give information on structural coordination as 
can be obtained by Raman microspectroscopy. A large number of papers have 
been published in the field of physico-chemical characterization of materials 
using Raman microspectroscopy. Its use has slowly propagated into biological 
sciences as a method for quality control of pharmaceutical products. Applica-
tion of Raman microspectroscopy will expand as researchers of biological sys-
tems become more aware of the possibilities of this method.

Although Raman microspectroscopy is a relatively new method, its popu-
larity due to simple procedure of sample preparation and high number of 
data available from one spectrum has lead to development of a high number 
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of specific protocols. Majority of protocols is focused on enhancing specifity 
and sensitivity of the method. This is done by modifying sample preparation, 
changing the parameters etc. (Butler et al. 2016). In order to facilitate data 
manipulation and to allow classification of samples based on their „ spectral 
fingerprint“, new softwares and subprograms in already existing programs were 
developed (Table 1).

Software Website Licence

CytoSpec http://www.cytospec.com/ftir.php Comercial

ImageLab http://www.imagelab.at/en_home.
html

Comercial

Biodata Toolbox
(in MATLAB)

http://www.mathworks.com/
matlabcentral/fileexchange/22068-
biodata-toolbox

Open acess

Extended Multiplicative Signal 
Correction (EMSC) Toolbox

http://www.models.life.ku.dk/
emsctoolbox 

Open acess

IrootLab https://code.google.com/p/irootlab/ Open acess

Multivariate Image Analysis 
(MIA) Toolbox

http://www.eigenvector.com/
software/mia_toolbox.htm

Open acess

Multivariate Curve 
Resolution– Alternating Least 
Squares (MCR-ALS) Toolbox

http://www.cid.csic.es/homes/
rtaqam/tmp/WEB_MCR/welcome.
htm

Comercial

PLS Toolbox (in MATLAB) http://www.eigenvector.com/
software/pls_toolbox.htm

Open acess

Raman Processing Program 
(in MATLAB-a)

http://cares.wayne.edu/rp/ Comercial

Origin for Spectroscopy http://www.originlab.com/index.
aspx?go=Solutions/Applications/
Spectroscopy

Comercial

PeakFit https://systatsoftware.com/products/
peakfit/

Comercial

PyChem (in Python 
programe)

http://pychem.sourceforge.net/ Open acess

PyVib2(in Python programe) http://pyvib2.sourceforge.net/ Open acess

HyperSpec (in R programe) http://hyperspec.r-forge.r-project.
org/

Open acess

The Unscrambler X (in R 
programe)

http://www.camo.com/ Comercial

Table 1: Softwares for data manipulation and classification of Raman spectra 
(adopted from Butler et al. 2016).
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Working Conditions in the Laboratory  
for Raman Microscopy

Steva Lević

Abstract

Raman spectroscopy/microscopy technique allows monitoring of various 
chemical processes in real time, and material characterization in terms of the 
distribution of individual chemical components via method known as Raman 
mapping. Equipping laboratory for this technique requires following: a stable 
supply of electricity, anti-vibration table for the instrument, constant tempera-
ture and controlled source of light. Prior to beginning the measurement it is 
necessary to select the laser of the appropriate wavelength and to calibrate the 
instrument.

The instruments that are used in Raman spectroscopy/microscopy allow moni-
toring of various chemical processes in real time, and material characterization 
in terms of the distribution of individual chemical components via method 
known as Raman mapping. To carry out complex analyzes of sample’s surface it 
is necessary to possess a Raman microscope with motorized stand that allows 
automatic scrolling and analyzing previously given points on the sample. The 
resultant spectra form a “chemical map” of the sample.
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In order to work in accordance with the requirements of the sample analysis, 
laboratory for Raman microscopy should meet several basic conditions. First 
of all, microscope needs a stable supply of electricity. It is necessary to eliminate 
sources of vibration that could adversely plug on the operation of the micro-
scope, by placing it on the appropriate anti-vibration table (Figure 1). In addi-
tion, air-conditioning in the room is necessary in order to ensure conditions 
for the work of staff but also the stable temperature required for the smooth 
operation of the device.

In addition to the elimination of the effect of vibration, it is necessary to 
eliminate the influence of ambient light on the analysis in progress (Figure 2), 
which is achieved by shutting down the lights during excitation of the sample 
or by using microscope equipped with special curtain. Small table lamps that 
don’t affect the operation of the device can be used.

1 Selection of laser of the appropriate wavelength i.e. choice of 
instrument

The first and basic condition for successful implementation of analysis by 
Raman microscopy is selection of the device i.e. laser. Older device types usu-
ally have only one laser that allows use of only one wavelength. Modern Raman 

Figure 1: Raman microscope XploRA (Horiba Jobin Yvon) is set to the appro-
priate anti-vibration table.
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microscopes can be equipped with multiple lasers allowing quick switch from 
one source of excitation to another depending on the needs of the analysis or 
properties of analyzed material.

Selecting the appropriate laser primarily depends of the nature of tested 
material and its interaction with the laser. Specifically, by using certain lasers 
(e.g., 532 nm) fluorescence whose intensity exceeds the Raman signal (signal 
completely obscured) may occur. This phenomenon can be expressed so much 
that any technique for removing the fluorescence does not give any result. In 
such cases, lasers operating in higher wavelength range where the fluorescence 
is lesser or none (785 nm or 1064 nm) can be selected.

2 Calibration of the instrument

Prior to beginning the measurement it is necessary to calibrate the instru-
ment. This is usually done by using pure substances of known positions of 

Figure 2: Influence of ambient light on the Raman spectrum of titanium 
 dioxide. a) Recorded range without the influence of ambient light; b) includes 
the range of ambient light. The arrow marked signal from the ambient light. 
Laser 532 nm, acquisition time of 1s.
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Raman signals in their spectra. Following substances can be used for calibra-
tion: silicon, sulfur, barium, etc. Example of calibration of Raman microscope 
XploRA (lasers at 532nm and 785nm) with silicon (peak at 520cm-1) is shown 
in  Figure 3.

Procedure of calibration depends on the type of device and the calibration 
procedure recommended by the manufacturer. Modern Raman microscopes 
have adequate indicator showing whether the calibration was made in accord-
ance with the recommended procedure.

3 Procedure with samples

When it comes to working on Raman microscope, one should pay attention to 
some basic steps that should be taken before the analysis. The first and basic 
step is sample preparation prior to the measurement and the method of its con-
servation. It should be noted that the final form of the sample must be adopted 
to the dimensions of the microscope and its capabilities.

Generally, for Raman microscopy glass, quartz or gold (nanometer layer 
on the plate) microscopy slides are used. Unless otherwise specified, it is 

Figure 3: The result of using different lasers for calibration (calibration with 
silicon).
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recommended to use quartz slides in order to eliminate as much as possible the 
influence of slide spectrum on the spectrum of the analyzed sample. Other sub-
strates like a calcium fluoride are also available. Calcium fluoride could be used 
in the broad lasers’ wavelength, with only on peak at around 320cm-1. Also, in 
the recent years, SERS substrate based primarily on the silver nanoparticles are 
available, enabling Raman analysis of diluted samples.

If possible, one should avoid the use of plastic containers for holding samples 
during analysis because signals arising from the sample and from the container 
may overlap. In this case as well as when quartz plates are used, it is recom-
mended to record spectrum of empty container prior to analysis, in order to 
avoid problems due to spectra overlapping.

3.1 Analysis of solid samples

Before the analysis it is necessary to properly apply a sample on the appropri-
ate holder for recording. It is best to use quartz slides as this ensures minimum 
impact of the holder on Raman spectrum of the sample. When doing inverse 
Raman microscopy, the sample is analyzed from the bottom side and laser exci-
tation of the sample is carried out from below. With such a configuration it is 
recommended to use a strip of two-sided-selfadhesive tape, first placing it onto 
a glass microscopic slide and then placing the sample on the other surface of 
the selfadhesive tape. Attention should be payed to possible negative impact of 
the strip material especially in the case of analyzing particles of smaller size and 
transparent samples because signals originating from the strip might appear in 
the sample spectrum.

3.2 The analysis of liquid samples

Most of the fluid samples may be analyzed immediately after application to the 
surface of the slide. This mode of recording is applicable for liquid samples that 
do not vary significantly (e.g. minimally evaporate) during analysis.

4 The effect of laser wavelength on the quality of  
Raman spectrum

The selection of the appropriate laser wavelength is certainly one of the most 
important tasks before starting the analysis (Figure 4).

When device is equipped with multiple lasers it is an easy procedure to 
change from one to the other laser. Before choosing the laser wavelength one 
should consult the literature from the field of investigation but also examine 
which laser is appropriate for particular sample.
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However, the selection of the appropriate laser is limited to the available 
lasers that are installed. Lasers are part of larger optical system that includes 
adequate lenses, filters, spectrometer and detector.

5 The impact of laser power on the quality of Raman signal

The quality of the Raman spectra depends on the power of the applied laser. 
A general recommendation is to tend to obtain the maximum possible signal 
intensity. On the other hand it is necessary to take into account the stability of 
the samples that were exposed to the laser. In the Raman microscopy the laser 
is focused on a relatively small surface area which may lead to sample damage 
and can result in a signal which does not correspond to the actual spectrum 
of the sample. In extreme cases, too high intensity of the laser may completely 
disable the analysis due to the large sample damage. An example of such laser 
mediated damage of the sample is given in Figure 5.

It can be noticed that the laser greatly damaged the sample and therefore the 
analysis in these conditions is impossible. In order to prevent such a negative 
impact on the sample, the recommendation is to reduce the intensity of the 

Figure 4: The effect of laser wavelength on Raman spectrum of carnauba wax.
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Figure 5: The impact of laser power on the sample: a) magnetite sample prior 
to analysis; b) after analyzing the sample of magnetite. Laser 532nm, filter 
100%, acquisition time of 1s, the lens 50xLWD, laser power 25mW.

laser in combination with shortening duration of acquisition. The 25mW is 
enough, in the case of magnetite, to make considerable sample damage, while 
gradually reduction of laser power below 1mW (and combined with adequate 
acquisition time) usually provides satisfactory results. Other materials, like a 
previously mentioned titanium dioxide or carnauba wax could be analyzed 
using even greater laser power (e.g. 125mW), without visible sample damage.

Note: it is recommended to inspect the surface of the sample after the analy-
sis in order to determine whether there has been any damage. In many cases it 
is possible to notice during recording that sample has been damaged. If severe 
damage of the sample occurs while recording in real time, the spectrum is rap-
idly shifting and usually at some point signal disappears (spectrum completely 
lost). This is the sign to stop recording, inspect the sample, confirm the damage 
and then change the parameters of the analysis in order to obtain a spectrum 
of adequate quality and avoid the sample damage. However, as previously men-
tioned, Raman microscopy analysis should aim at getting signal of high inten-
sity in order to interpret the results correctly.

The impact of the laser intensity on Raman spectrum quality is shown in Fig. 6.
Displayed spectra of titanium dioxide indicate that with any of the filters 

spectrum can be obtained, whereby the best signal is obtained at maximum 
intensity of the laser (filter 100%). Here also the rule applies that the use of laser 
at maximal intensity is dependent of the stability of the analyzed sample.

6 The effect of grooves density in the grating of spectrometer 
on quality of Raman signal

The number of lines in the grating of the spectrometer is set before recording. 
It is recommended to start with a smaller number of grooves and then if the 
analysis requires it increase this number. Higher number of grooves assures 
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better resolution and better separation of the peaks in the spectrum. It should 
be noted that using a higher number of grooves leads to the decrease in signal 
intensity as well as the increase in duration of recording. Signal intensity can be 
increased by increasing the duration of the recording.

Note: when recording involves a change in number of grating grooves, be 
sure to wait for the device to complete the procedure of changing the recording 
conditions to continue analysis under the new conditions. Program LabSpec 6 
does not allow recording until the change of grooves number in the grating is 
not completed.

7 The influence of analysis duration on the quality of Raman 
spectrum

Duration of recording directly affects quality of the Raman signal. Generally, 
the longer is acquisition the obtained spectrum is more intense and therefore 
more reliable in terms of interpreting the results. Usually, the analysis of the 

Figure 6: Effect of laser intensity on the quality of Raman spectrum of titanium 
dioxide. 532 nm laser, acquisition time of 1s, variable filters 0.1%, 1%, 10%, 
25%, 50% and 100%.
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sample begins with a shorter acquisition time which can then be extended in 
order to obtain a quality spectrum. On the other hand, too short acquisition 
time can lead to a drastic reduction in signal intensity and finally to a bad inter-
pretation of the results.

Note: When selecting the time of acquisition one should pay attention to all 
possible phenomena. The first one is possible damage to the sample due to the 
long exposure to a laser. Another possible phenomenon is that the signal inten-
sity is higher than the selected range of intensities, and the resulting spectrum 
is unusable. Therefore, the timing of acquisition is performed gradually, start-
ing with a minimum of time that provides a signal and gradually increasing it 
until a maximal intensity of the spectrum is obtained.





Characterization of Microorganisms 
Using Raman Microscopy

Danka Radić

Abstract

Raman spectroscopy has recently gained popularity as an attractive approach 
for the biochemical characterization, rapid identification, and an accurate clas-
sification of a wide range of prokaryotes and eukaryotes organisms. In the case 
of eucariotes it is necessary to obtain higher number of Raman spectra in order 
to perform statistical analysis and to draw conclusions.

“Raman spectroscopy (RS) is a powerful molecular fingerprinting technique 
which analyzes materials through the interaction of the material’s molecules with 
an incident laser beam” (Hanlon et al., 2000).

Vibrational spectroscopic technique, Raman spectroscopy (RS), has been 
used extensively to identify samples of different microorganisms by a careful 
investigation of the vibrating modes of the molecules in the microorganisms 
(Rӧsch et al. 2005). Raman spectroscopy has recently gained popularity as an 
attractive approach for the biochemical characterization, rapid identification, 
and an accurate classification of a wide range of prokaryotes and eukaryotes 
organisms (Hamasha 2011).
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The Raman spectra of the microorganisms are superposition of spectra of the 
biochemical components inside the cells like e.g. protein, DNA, RNA, lipids, 
carbohydrates, water, as well as a few components with minor concentrations 
(Rӧsch et al. 2011).

Accordingly, the Raman spectra of two different species or strains show 
minor variations which originate from different chemical compositions due to 
variations in e.g. the cell wall (Rӧsch et al. 2011).

For the Raman spectroscopic characterization of eukaryotes like yeasts or 
fungi, different approaches are mandatory. It is not recommendable to use only 
one Raman spectra, in case of eukaryotes, because of the variations due to vari-
ous organelles. An average of fifty spectra is necessary in order to perform statis-
tical analysis and to draw conclusions. On this basis, it can be concluded, that the 
Raman spectroscopy can be used to identify yeasts or fungi (Stöckel et al. 2015).

For example, distribution of the width of the bands mirrors the different 
compounds and parts of the yeast cell (Figure 1a). Characteristic C = O stretch 
vibrations (1731–1765 cm-1) represent the lipid fraction; mapping over the 
amide I region (1624–1687 cm-1) produces bands arousing from the C= C lipid 
bonds. The phenylenic C = C Raman band (1567–1607 cm-1) can be only seen 
in the periphery of the cells (Rӧsch et al., 2005).

During recording of a spectrum problems can occur. Fluorescence often appears 
when the examined material is complex and in color (Figure 1b), (Jang and Akkus, 
2013). Another problem that might appear is burning of a sample (Figure 1c).

1 Preparation of the sample

1.1 Yeasts

The yeast cells were incubated at 28°C in a nutrient-rich YPD medium. Ali-
quots of the cell suspension were centrifuged (3000 rpm, 2min), washed three 
times with sterile water, and final suspended in the new aliquot of water (origi-
nal suspension: water = 1:9). Spectra of the yeast (Fig. 1a).

Acquisition parameters

Recommendations for the spectra recording:
Laser wavelength: 532 nm, Greeting: 1200 gr/mm, Slit: 50 µm, Hole: 500 µm, 

Acquisition time: 20s, Range: 400–3200 cm-1. Use a quartz plate!

1.2 Bacteria

The bacteria cells were incubated at 30°C–37°C in an appropriate nutrient-rich 
medium.

Sample preparationis the same as for the yeasts!
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Figure 1a: Spectrum of the yeast. Different pronounced bands originated from 
lipids and proteins can be observed.

Figure 1b: Spectrum of fluorescence is marked by red label.
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Acquisition parameters

Recommendations for shooting:
Laser wavelength: 532 nm, Greeting: 600 gr/mm, Slit: 50 µm, Hole: 500 µm, 

Acquisition time: 30s, Range: 400–3200 cm-1. Use a quartz plate!

In addition: All obtained spectra have to be processed using R program, which 
includes: spike removal, calibration, background removal, cutting, vector nor-
malization, removing of the silent region.

2 References

Hamasha, K. M. (2011). Raman spectroscopy for the microbiological characteri-
zation and identification of medically relevantbacteria (Doctoral disserta-
tion, Wayne State University)

Hanlon, E. B., Manohran, R., Koo, T. W., Shafer, T. W., Motz, J. T., Fitzmaurice, 
M., Kramer, J. R., Itkazan, I., Dasari, R. R., & Feld, M. S. (2000). Prospects 
for in vivo Raman spectroscopy. Physics in Medicine & Biology, 45(2), R1 59.

Rӧsch P., Harz, M., Peschke, K.D., Ronneberger, O., Burkhardt, H., & Popp, J. 
(2006). Identification of Single Eukaryotic Cells with Micro-Raman Spec-
troscopy. Biopolymers, 82, 312–316. DOI: https://doi.org/10.1002/bip.20449

Figure 1c: Spectrum of burned cells is presented by red label.



Characterization of  Microorganisms Using Raman Microscopy 165

Rӧsch, P., Harz, M., Schmitt, M., & Popp. J. (2005). Raman spectroscopic iden-
tification of single yeast cells. Journal of Raman Spectroscopy, 36, 377–379. 
DOI: https://doi.org/10.1002/jrs.1312

Rösch, P., Stöckel, S., Meisel, S., Münchberg, U., Kloß, S., Kusic, D., Schu-
macher, W., & Popp, J. (2011, November). A Raman spectroscopic approach 
for the cultivation-free identification of microbes. Paper presented at the SPIE 
8311, Optical Sensors and Biophotonics III, Shanghai, China. DOI: https://
doi.org/10.1117/12.901241

Stöckel, S., Kirchhoff, J., Neugebauer, U., Röscha, P., & Popp, J. (2015). The 
application of Raman spectroscopy for the detection and identification of 
microorganisms. Journal of Raman Spectroscopy, Special Issue: International 
Year of Light, 47(1) 89–109. DOI: https://doi.org/10.1002/jrs.4844

Yang, S. Akkus, O. (2013). Fluorescence Background Problem in Raman Spec-
troscopy: Is 1064 nm Excitation an Improvement of 785nm, Wasatch Pho-
tonics: Report 2013.





Polysaccharide Mushroom Extracts – 
Digging Into the Unknown

Jovana Vunduk

Abstract

Mushroom polysaccharide extracts are complex with many compounds that 
could block the signal which results in fluorescence that is covering some part 
or all the important data of the spectra. In other case the sample is emitting no 
signal at all. Mushroom polysaccharide extracts are shyly emerging in relation 
with Raman spectroscopy.

Polysaccharide mushroom extracts are complex systems obtained mainly by 
water extraction, and their prevailing compounds are polysaccharides, mainly 
glucans, which was confirmed by Raman studies of Moharram et al (2008). 
Depending on the mushroom species fruiting bodies could contain different 
proportions of different glucans.

Glucans are polymer compounds which consist of glucose units connected 
with α-(1,3), α-(1,6), β-(1,4) and β-(1,6) glycoside bonds (Synytsya and Novak, 
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2013). These complex substances are known to be responsible for biological 
effect of medicinal mushrooms, mainly as immunomodulators (Kozarski et al., 
2015). Chemical composition of mushroom extracts greatly depends on the 
type of extraction. Thus characterization of different kind of extracts could elu-
cidate the effect of the applied extraction procedure.

Theoretically Raman microspectroscopy provides an effective tool for the 
observation of biological material such as mushroom extracts. This method is

•	undestructive
•	does not acquire coloring agents to make the material visible
•	there is no special preparation procedure for the sample
•	measurement lasts from several seconds to several minutes

Literature data evidence for the different wavelengths that have been used in 
aim to characterize polysaccharide extracts; the main two are 850 and 1064 
nm. Regions that belongs to polysaccharides are 1485–1464, 1363–1371, 
1258–1267, 1118–1131, 1074–1084 and 1040–1048 cm-1 (Synytsya et al., 2009). 
Signals in the region between 750 and 950 cm-1 are from anomeric structures 
around glycoside bounds and they confirm α and β configuration (Mohaček-
Grošev et al., 2001). One could expect complex spectra of the polysaccharide 
samples due to a very large number of possible vibrations (OH, C-H, C-C, C-C-
O, C-O, C-O-C, C-O-H) (Lamrood et al., 2014).

1 Sample preparation

Raman spectroscopy does not require a special preparation procedure. The sam-
ple could be measured directly – in bulk, or dissolved in water. This technique is 
not invasive. The amounts that are required for the measurement are several mg.

2 Choosing the acquisition time

Acquisition time is the time during which the sample is exposed to the laser 
beam. This parameter is not fixed, so it should be chosen according to the real 
sample. One should make several spectra with several acquisition times and 
choose the time which gains the best spectra.

3 What is behind the expression „the good spectra“?

A good spectrum is the one whose characteristic peaks are clearly separated, 
without regions that are covered with fluorescence, since the fluorescence 
 covers the distinctive lines and does not enable characterization. In order to 
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obtain the statistical significance of the data approximately 50 good spectra 
should be collected.

4 Dead ends

Theoretically Raman spectroscopy is the perfect tool for the mushroom extracts 
observation. In reality the situation is less promising. The mushroom samples 
are complex with many compounds that could block the signal which results in 
fluorescence that is covering some part or all the important data of the spectra. 
In other case the sample is emitting no signal at all. The reason for such behav-
ior is complexity of the samples. Pure β-glucan is clearly visible with distinctive 
lines, but the samples contain not just this type of glucans, but the phenolic 
compounds and proteins, too. These later might result in no signal.

5 Future perspective

Mushroom extracts are shyly emerging in relation with Raman spectroscopy 
which means that this topic is at its start (hopefully) or an inadequate technique. 
More attempts should be made, with a complex purification of the samples.
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Application of Raman Microscopy for 
Dairy Products Analysis

Aleksandar Nedeljković

Abstract

Raman microspectroscopy is applied for analysis of milk and dairy products.
The quality of spectra depends on type of the sample as well as on monitoring 

parameters. In the case of diluted samples problem can occure due to fluores-
cence of water. The choice of objective, duration of acquisition and temperature 
are essential for obtaining a good quality spectrum.

Raman spectroscopy, vibrational spectroscopic technique based on inelas-
tic light scattering, provides qualitative and quantitative information about 
numerous types of samples and has therefore been applied in various research 
fields. Application of Raman spectroscopy in food science includes industri-
ally oriented process and quality control, compositional analysis as well as 
more in-depth research utilization (examination of structure and structural 
changes of food components). Compared to another vibrational spectroscopic 
 technique – IR absorption spectroscopy – Raman spectroscopy is more suitable 
for  studying complex food systems, primarily due to the weak Raman scatter-
ing properties of water (Li-Chan 1996).
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However, several questions arise during the course of Raman analysis. There-
fore, in order to employ the full potential of this powerful technique and to 
acquire satisfactory spectra it is important to appropriately setup the Raman 
system by tuning several parameters (excitation wavelength i.e. laser, acquisi-
tion time, spectral range) and in addition to consider specific issues coming 
from the particular analyzed sample (Koca et al. 2010).

Raman spectroscopy is generally well-known for lack of sample preparation. 
As an illustration, for solid dairy products (cheeses, butter etc.) it is sufficient 
just to place the sample on the microscope slide. At the same time analysis 
of liquid dairy products (milk, yogurt etc.) requires employment of appropri-
ate sample holder. Even though most of the Raman systems are equipped with 
specialized accessories for the analysis of liquid samples, where the cuvette is 
utilized, one can simply use custom-made sample container placed on micro-
scope slide. For this purpose plastic cylinders are usually the best choice. Fur-
thermore, usage of glass cuvette for analysis of milk has not shown best results 
because of the high turbidity of milk.

Figure 1: Fluorescence in analysis of milk samples.
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Major drawback of Raman spectroscopy is the occurrence of fluorescence, 
and in the case of milk and dairy products it occurs with 532 nm lasers. Accord-
ing to Nedeljković et al. (2016) the spectral region 1800–800 cm-1 is important 
for milk fat analysis, which is almost completely overlapped by fluorescence by 
laser at 532nm (Figure 1). This drawback can be overcome by using lasers of a 
higher wavelength (785 nm, 1064 nm) (Figure 1.), at the expense of lower peak 
intensities. However, with the selection of slightly longer acquisition time, high-
quality spectra can easily be acquired. Similarly, longer acquisition time (longer 
than 45 s) is also required for analysis of milk (Figure 2.). As can be seen, the 
short acquisition time provides only strong intensity of the CH

2 
and CH

3 
vibra-

tions (around 2900 cm-1), while increasing of the acquisition time enables clear 
visibility of peaks from milk sugars and proteins (Júnior et al. 2016) or from 
milk fat (Nedeljković et al. 2016). In contrast, with various “concentrated” milk 
systems (milk powders, cheese, kajmak etc.) where the water content is lower 
compared to milk, acquired spectra intensities are higher; hence acquisition 
time of 10 – 20 s is sufficient for satisfactory spectra.

Figure 2: Influence of acquisition time on quality of milk spectra.
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Another important feature in the Raman analysis of dairy products is the 
selection of objective which is used to focus the laser light to the sample. Gen-
erally if the specific task of the analysis is to examine the bulk of dairy product, 
and not to address the specific micro-structural issue, it is better to use the 
objective of lower magnification (x10, x5). The microscope can be used to get 
data successfully, but using small spot sizes can be very difficult for systems 
that can phase separate or contain domains of well-defined shape and refrac-
tive index – such as a lipid spheres i.e. milk fat globules. This can be addressed 
by taking multiple sample spot measurements on one sample or even mapping 
one of the samples to prove that domains are not a serious issue.

Finally, sample temperature during the spectra acquisition is quite important 
for Raman measurements (Abbas et al. 2009, Baeten et al. 2005). For that rea-
son, consideration should be given to the selection of appropriate temperature 
and the selected temperature should be used throughout the given analysis. 
This is especially important for high-fat dairy products (cream, butter, high-
fat cheeses) since the structural properties of the milk fat change considerably 
with the change of temperature and since the part of spectra in the “fingerprint” 
region corresponds to physical state of milk fat. Nevertheless, it was observed 
that holding the sample at room temperature for approximately 30 – 60 min 
prior to analysis would give adequate results. In the case of other temperatures, 
it is necessary to use temperature control system.
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Raman Microscopy in Plant Science, 
Carotenoids Detection in Fruit Material

Ilinka Pećinar

Abstract

Non-destructive nature of Raman analysis makes it exceptionally useful for 
various investigations of plant materials. It afforded the analysis of carotenoids 
in different fruits. The introduction of the NIR-FT-Raman technique led to 
many applications to green plant material by eliminating the problem of sam-
ple autofluorescence.

To gain a better understanding on structure, chemical composition and 
properties of plant cells, tissues and organs several microscopic, chemical 
and physical methods have been applied during the last years (Gierlinger & 
Schwanninger 2007). Raman spectroscopy with its various special techniques 
and methods has been applied to study plant biomass for about 30 years; such 
investigations have been performed at both macro- and micro-levels. Raman 
spectroscopy is in contrast to techniques like light microscopy, scanning 
electron microscopy (SEM), and transmission electron microscopy (TEM) 
which provide only morphological information of a material. Moreover, 
the non-destructive nature of Raman analysis along with none-to-minimal 
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requirement of sample preparation makes it exceptionally useful for vari-
ous investigations. Raman spectroscopic applications on plants are very far 
ranging, going from investigations on structural polymers to metabolites to 
mineral substances (Gierlinger & Schwanninger 2007). In the field of plant 
science, Raman was first applied to study tracheid cells in the xylem of woody 
tissues in 1980s (Atalla & Agarwal 1986). Over the years, technological devel-
opments in the fields of filters, detectors, and lasers have made Raman instru-
mentation more suited to investigations of plant tissue (Agarwal 2014). Raman 
spectroscopy is an important method for investigating various plant tissues 
because it provides molecular level information on composition and struc-
ture of cellular components in situ without any staining or complicated sam-
ple preparation (i.e. cellulose and pectin: Atalla & Agarwal 1986, Gierlinger 
et al. 2010, carotenoids in tomato fruit: Qin et al. 2012, Baranska et al. 2006, 
starch, lipid and proteins in wheat grain: Manfait et al. 2004). It is a relatively 
specific spectroscopic technique that measures rocking, wagging, scissor-
ing, and stretching fundamental vibrations of functional groups containing 
such bonds as C=C, C–C, C–O, C–H and O–H (Marquardta & Wold 2004). 
The major advantage of this technique is the capability to provide informa-
tion about concentration, structure, and vibrational fingerprint of molecules 
within intact cells and tissues (Nikbakht et al. 2011). One of the main prob-
lems associated with the use of conventional Raman on plant materials is the 
very strong autofluorescence that is produced when phenolic compounds (i.e. 
lignin) are excited by visible light. In addition, the energies required to gen-
erate a Raman signal detectable above the autofluorescence, can cause heat-
ing and subsequent modification of the plant tissue. The introduction of the 
NIR-FT-Raman (1064 nm) technique led to many applications to green plant 
material by eliminating the problem of sample fluorescence (Agarwal 2014). 
For mapping and imaging of whole plant organs (seeds, fruits, leaves) the 
lateral resolution (about 10μm) of the NIR-FT technique is adequate, whereas 
for investigations on the lower hierarchical level of cells and cell walls higher 
resolution gained by a visible laser based system is needed. For investigation 
at the cellular level and it’s compartments (i.e. carotenoids inside plant cells) 
resonance Raman spectroscopy could give promising results (Bhosale et al. 
2014). Despite the fact that Raman scattering is an extremely weak by itself, 
when the energy of the scattered photon matches the energy of an electronic 
transition of the molecules, absorption and scattering of the chromophore 
are strongly increased (Meinhardt-Wollweber et al. 2018). This resonance 
effect may enhance the Raman spectrum by several orders of magnitude, 
where the molecules can be detected even at lower concentrations inside the 
sample. In large, complex molecular structures resonance selectivity helps 
to identify bands originating from vibrational modes of specific parts of the 
molecule, such as protein-cofactor complexes. In that way the target mol-
ecules could be recognized and enhanced above the others based on their 
resonance behavior.
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1 Raman microspectroscopy and carotenoids  
detection in fruit material

Although carotenoids are minor components in plant material (lower than 
0.1 mg per kg; Vitek et al. 2017), due to the specifics excitation of the Raman 
spectra in the visible wavelength excitation (532 nm), detection of carotenoids 
can be achieved by resonance Raman spectroscopy (Skoczowski & Troc, 2013; 
Zeise et al. 2018). Due to the high Raman activity of these compounds and the 
resonance effect resulting in a strong enhancement of the carotenoids bands, 
the resulting Raman spectroscopy has quite high potential for evaluating carot-
enoid biosynthesis (Vitek et al. 2017). Raman detection of carotenoid mole-
cules allows strong and broad absorption bands for resonant excitation in the 
fluorescence-free wavelength at 532 nm, appropriate for sensitive detection of 
the molecule’s highly specific Raman response (Bhosale et al. 2014). The Raman 
response of carotenoids is characterized by three strong high-frequency signals 
originating from C=C bond and C-C single bond stretches of the polyene chain 
and from methyl bonds (Koyama 1995). In this study investigation of different 
carotenoids was done on several fruit types of species such as: rose, nectarine, 
plum, pepper, maize and tomato. The aim of the study was recognising possible 
differences in carotenoids in different fruit types, eg. in a case of tomato fruit 
was observed carotenoids changes during fruit ripening, especially in pericarp 
and its parts.

2 Spectroscopic Measurements

The Raman spectra were recorded in the range 900–2000 cm-1 with a micro-
Raman setup (HR LabRam inverse system, Jobin Yvon Horiba). Raman scatter-
ing was excited by a frequency-doubled Nd/YAG laser at a wavelength of 532 
nm with a laser power incident on the sample of about 2 mW. The dispersive 
spectrometer has an entrance slit of 100 lm and a focal length of 800 mm and is 
equipped with a grating of 1200 lines mm-1. Raman scattered light was detected 
by a CCD camera operating at 220 K. For the calibration procedure, titanium 
dioxide and 4-acetamidophenol (4AAP) were measured daily.

For the analysis of tomato carotenoids the following fruit stages were used: 
immmature green (20 DPA, days post antesis), mature green (39 DPA) and ripe 
fruit stage (52 DPA). On the fruit cross section three spots (pericarp, gel tissue 
and collumela) were measured for about ten times, and in total a minimum of 
30 spectra were made   from each fruit developmental stage. The total acquisi-
tion time per spectrum during the measurement was 1s, without filter correc-
tions. These measurements were treated for baseline correction, normalization, 
cosmic spikes removal and intensity correction.

In Figure 1 it is clearly shown that carotenoids exhibit two strong Raman 
peaks in two separate spectral regions, 1100–1200 and 1400–1600 cm-1, due 
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to the stretching vibrations of the C-C and C=C bonds in the polyene chain 
which composes the structure of carotenoids lycopene, β-carotene and 
α-carotene (Schulz & Baranska 2007). Based on the intensity of the spectra in 
tomato immature green stage as well as at mature green fruit stage, lutein can 
be detected at 1520 and 1523cm-1. It can also be noted that no carotenoids were 
detected in the outer pericarp, exocarp, before the first phase of ripening while 
in mature green fruit stage peaks that indicate the presence of β-carotene and 
lycopene were observed.

Lycopene occurred first in gel issue at ripe fruit stage while before that signal 
was not observed. The intensity of lycopene signal was growing in gel tissue 
and in the whole pericarp during fruit ripening. In tomato fruit at ripe stage, 
the bands at 1.156 and 1.510 cm-1 are related to stretching vibrations of C-C 
and stretching vibrations of C=C of lycopene, respectively (Fig. 2). Moreover, 
the bands that appeared at 1.524 cm-1, 1.157 cm-1 can be assigned to stretching 
C=C and stretching C-C of β-carotene, respectively (Schulz et al. 2006). Addi-
tionally, in-plane rocking mode of CH

3 
groups attached to the polyene chain 

and coupled with C-C bands can be observed as a peak of medium intensity in 
the 1.000–1.020 cm-1 region which is obvious in Figure 2.

According to Figure 1 and considering the number of conjugated bonds in 
carotene and lycopene, it can be concluded that the peak observed at 1.520 

Figure 1: Raman spectrum of immature tomato fruit stage.
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cm-1 in Figure 2 implies the predominance of carotenes rather than lycopene. 
However, it can be seen that the band at 1.143 cm-1 (or 1.157 cm-1) is asymmet-
ric and there appear a three shoulders related to β-carotene or lycopene). The 
aim was to observe two separate spectral regions at better spectral resolution 
(grating 1200 lines mm-1) for better detection of carotenoids (Fig. 3). Detailed 
analysis of the above mentioned spectral regions was done with deconvolu-
tion of the spectra. This analysis was done by tool “peak analyzer” of Origine 
software using Voight function. With deconvolution of spectra some of param-
eters could describe different fruit carotenoids type, such as: peak area, relative 
intensity, position and full wide at half maximum (FWHM) of spectra. Some 
of parameters indicated on differentiations in tomato fruit regions related with 
ripening processes, especially peak relative intensity and peak area.

Similar Raman spectra for different kind of carotenoids were collected in 
other fruit types (Fig.4).

Figure 2: Raman spectrum of a red ripe tomato fruit at the region 900–1,600 
cm-1, having several peaks related to stretching vibrations of C-C and C=C 
groups.
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Figure 3: Deconvolution of two main carotenoids peaks in tomato fruit.
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Figure 4: Raman spectra of carotenoids in other fruit types: a) rose hip, b) plum 
drupes, c) pepper berry, d) nectarine drupes, e) maize caryopsis.
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Figure 4: (continued).



Raman Microscopy in Plant Science, Carotenoids Detection in Fruit Material 185

3 References

Agarwal, U.P. (2014). 1064 nm FT- Raman spectroscopy for investigations of 
plant cell walls and other biomass materials. Frontiers in Plant Science. 5, 
1–12. DOI: https://doi.org/10.3389/fpls.2014.00490

Atalla, R. H. & Agarwal, U. P. (1986). Recording Raman spectra from plant 
cell walls. Journal of Raman Spectroscopy, 17, 229–231. DOI: https://doi.
org/10.1002/jrs.1250170213

Baranska, M, Schultze, W & Schulz, H. (2006). Determination of Lycopene and 
â-Carotene Content in Tomato Fruits and Related Products: Comparison 
of FT-Raman, ATR-IR, and NIR, Spectroscopy. Analytical Chemistry, 78, 
8456–8461. DOI: https://doi.org/10.1021/ac061220j.

Bhosale, P., Ermakov, I. V., Ermakova, M. R., Gellermann, W. & Bernstein, P. S. 
(2004) Resonance Raman Quantification of Nutritionally Important Carot-
enoids in Fruits, Vegetables, and Their Juices in Comparison to High-Pres-
sure Liquid Chromatography Analysis, Journal of Agriculture Food Chemis-
try, 52, 3281−3285. DOI: https://doi.org/10.1021/jf035345q

Gierlinger, N. & Schwanninger, M. (2007). The potential of Raman microscopy 
and Raman imaging in plant research. Spectroscopy 21, 69–89. http://dx.doi.
org/10.1155/2007/498206.

Gierlinger, N., Luss S., König, C., Konnerth, J., Eder, M. & Fratzl, P. (2010). Cel-
lulose microfibril orientation of Picea abies and its variability at the micron-

Figure 4: (continued).



186 Application of  Molecular Methods and Raman Microscopy

level determined by Raman imaging. Journal of Experimental Botany, 61, 
587–595. DOI: https://doi.org/10.1093/jxb/erp325.

Koyama, Y. (1995). Resonance Raman spectroscopy. In Carotenoids; Britton, 
G., Liaaen-Jenson, S., Pfander, H., Eds.; Birkhaeuser: Basel, Switzerland, 
Vol. 1B, pp 135–146.

Lang, P.L., Katon, J. E., & O’Keefe, J. F. (1986). The identification of fibers by 
infrared and Raman microspectroscopy. Microchemical Journal, 34, 319–
331. DOI: https://doi.org/10.1016/0026-265X(86)90127-X

Manfait M., Piot, O., & Autran, J. C. (2004). Raman Mapping of Wheat Grain 
Kernels. Retrieved from http://www.horiba.com/fileadmin/uploads/
Scientific/Documents/Raman/Bio04.pdf

Marquardta, B. J. & Wold, J. P. (2004). Raman Analysis of Fish: A Potential 
Method for Rapid Quality Screening. Lebensm.-Wiss. u.-Technology, 37, 
1–8. DOI: https://doi.org/10.1016/S0023-6438(03)00114-2

Meinhardt-Wollweber, M., Suhr, C., Kniggendorf, A.-K. & Roth, B. (2018). 
Absorption and resonance Raman characteristics of β-carotene in water-
ethanol mixtures, emulsion and hydrogel, AIP Advances 8:5 https://doi.
org/10.1063/1.5025788

Nikbakht, A. M., Tavakkoli Hashjin, T., Malekfar, R. & Gobadian, B. (2011). 
Nondestructive Determination of Tomato Fruit Quality Parameters Using 
Raman Spectroscopy, Journal of Agricultural Science and Technology, 13, 
517–526.

Qin, J, Chao, K. & Kim, MS. (2012). Nondestructive evaluation of internal 
maturity of tomatoes using spatially offset Raman spectroscopy. Posthar-
vest Biology and Technology, 71, 21–31. https://doi.org/10.1016/j.posthar-
vbio.2012.04.008

Schulz, H., Schütze, W. & Baranska, M. (2006). Fast determination of carotenoids 
in tomatoes and tomato products by Raman spectroscopy. Acta Horticulture 
712, 901–906. DOI: https://doi.org/10.17660/ActaHortic.2006.712.118

Schulz, H. & Baranska, M. (2007). Identification and Quantification of Valuable 
Plant Substances by IR and Raman Spectroscopy. Vibrational Spectroscopy, 
43, 13–25. http://dx.doi.org/10.1016/j.vibspec.2006.06.001

Skoczowski, A. & Troc, M. (2013). Isothermal Calorimetry and Raman Spec-
troscopy to Study Response of Plants to Abiotic and Biotic Stresses, In 
Molecular Stress Physiology of Plants, Editors: Gyana Ranjan Rout, Anath 
Bandhu Das, Springer Dordrecht Heidelberg New York London

Vítek, P., Novotná, K., Hodaňová, P., Rapantová, B., & Klem, K. (2017). Detec-
tion of herbicide effects on pigment composition and PSII photochemistry 
in Helianthus annuus by Raman spectroscopy and chlorophyll a fluores-
cence, Spectrochimica Acta Part A: Molecular and Biomolecular Spectros-
copy, 170, 234–241. DOI: https://doi.org/10.1016/j.saa.2016.07.025

Zeise, I., Heiner, Z., Holz, S., Joester, M., Büttner, C. & Kneipp, J. (2018). Raman 
Imaging of Plant Cell Walls in Sections of Cucumis sativus, Plants 7, 7, DOI: 
https://doi.org/10.3390/plants7010007



Materials Characterization by Raman 
Microscopy

Steva Lević

Abstract

By using Raman microscopy it is possible to obtain various information such 
as chemical composition of material, its morphological and mechanical prop-
erties, distribution of specific compounds, structure of materials, etc. In order 
to localize the presence of specific compound in the complex mixtures such 
as in the case of solid capsules containing active compounds it is necessary to 
process its spectra.

In recent years Raman microscopy has attracted great attention as  suitable 
 technique for characterization of different solids and composites. By using 
Raman microscopy it is possible to obtain various information such as  chemical 
composition of sample, its morphological properties, distribution of specific 
compounds, structure of materials, mechanical properties of sample, etc. The 
main advantages of Raman microscopy are reliability, generally easy data inter-
pretation, non-destructive analysis of sample, possibilities for mapping of sample 
surface as well as deep profile analysis (Hollricher 2011, Fries and Steele 2011).
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The analysis of pure compounds is recommended before performing any 
chemical process or compounds mixing. Solid samples like crystals or pow-
ders can be analysed by simple deposition of material on the microscopic slide. 
Results could be obtained in the maters of seconds (Fig.1).

The Raman spectrum of ethyl vanillin (Fig. 1) exhibits several strong bands 
that are in agreement with chemical structure of this flavour compound. Usually, 
for material characterization the most important part of the spectrum is “finger-
print region”, i.e. the part of spectrum with characteristic bands. For ethyl vanil-
lin, “fingerprint region” could be defined in the spectral range 1000–1800cm-1, 
where main bands are mainly associated with vibrations of the benzene ring.

Materials with crystal structure (like ethyl vanillin) can be relatively easily 
analyzed by Raman spectroscopy since the spectrum can be collected under 
short acquisition time and at maximum laser power.

When the spectra of pure compounds are known then it is possible to localize 
the presence of compounds in the complex mixtures. This is especially suitable 
in the case of formation of solid capsules that contain active compounds (e.g. 
encapsulated active compound). The efficiency of encapsulation process could 
be analysed using Raman microscopy in combination with mapping of parti-
cles’ surface (Fig. 2).

Figure 1: Raman spectrum of ethyl vanillin. Acquisition time 1s, laser 532 nm.
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The free flavour is visible in the form of crystals on the particle surface. How-
ever, spherical shape of the particle prevents simultaneous identification of all 
crystals on the particle surface by light microscopy (Fig. 2a). Using Raman 
mapping it is possible to overcome this problem and as a result more visible 
ethyl vanillin crystals could be observed (Fig. 2b). The mapping spectra were 
collected using acquisition time of 1s and data were showed as maximum at 
1576cm-1 (the most intensive band in the Raman spectrum of ethyl vanillin).

However, some analyses require longer acquisition time in order to ensure 
useful Raman spectra. In the Fig. 3 the two spectra of the same sample collected 
at two different acquisition times are showed. As can be seen, the longer acqui-
sition time enables better visibility of bands at around 2900cm-1 (CH vibra-
tions) which are important for cellulose characterisation (Agarwal et al. 2010).

Longer acquisition time is required when the intensity of main bands are 
not so strong and good for interpretation. In this case, Raman microscopy was 
found to be excellent for characterization of composite materials and successful 
determination of differences that occurred during sample preparation.

Characterization of natural polymers could be efficiently carried out by using 
Raman microscopy. As can be seen in the Fig. 4 Raman spectrum of sodium 
alginate exhibits several intensive bands that are linked to its structure and 
molecular properties. The use of Raman microscopy for such analyses usually 
requires optimisation of measuring method in order to provide useful data that 
can be further interpreted (see below).

Several key parameters must be adjusted before final sample analysis. The 
main parameter is selection of laser wavelength that will be used for analy-
sis. Many materials exhibit strong fluorescence, especially when laser such as 
532nm laser is used. Generally, in the case of high fluorescence it is recom-
mended to use laser of higher wavelength (e.g. 785 nm or 1064 nm).

Figure 2: Raman mapping of carnauba wax microparticles and free ethyl van-
illin that is not encapsulated into structure of carrier material (i.e. wax). 
Acquisition time 1s, step 1μm, laser 532 nm.
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Figure 3: Influence of acquisition time on the spectra of cellulose based com-
posite material. Laser 532nm.

Figure 4: The post-analysis treatments of sodium alginate Raman spectra. 
Acquisition time 1s, laser 532 nm.
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The data collected during Raman microscopy usually require some sort of 
treatment and interpretation before final conclusions. In the Fig. 4 the basic 
and processed Raman spectra of sodium alginate film are showed.

In the case of sodium alginate, the important bands are at 1413cm-1 (carbox-
ylate group), while the bands between 1300–800cm-1 are related to the internal 
structure of alginate molecule and specific ratios of alginate subunits (Campos-
Vallette et al. 2010).

The obtained spectrum of pure sodium alginate is subsequently processed by 
smoothing interpolation and baseline correction in order to eliminate as much 
as possible of data that do not belong to spectrum of alginate. Finally, processed 
spectrum obtained after baseline corrections and peaks identification provides 
data that could be used for further analyses.

The processing of obtained (basic) spectra can be divided in following opera-
tions:

 1. Smoothing;
 2. Baseline correction;
 3. Intensity normalization;
 4. Removing of suspicious points (i.e. peaks) form spectra.

These treatments are usually called a “pre-processing” of data and are 
required steps, especially when further analyses are necessary (e.g. statistical 
data analyses).

When an unknown compound is analysed, then the spectra of similar com-
pounds could be found online (i.e. in the online bases of spectral data) and 
compared with analysed sample (http://sdbs.riodb.aist.go.jp/sdbs/cgi-bin/
direct_frame_top.cgi). This could be useful for identification of compounds 
and results interpretation.
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Polarized Light Microscopy

Dragana Rančić

Abstract

Polarized microscopy and a variant of it polarized Raman spectroscopy are 
techniques that are used for analysis of anisotropic objects. It gives information 
on absorption, colour, structure, composition and other characteristics of dif-
ferent substances thus affording characterization and identification of variety 
of biological materials.

1 Polarized light microscopy

Polarized microscopy includes ilumination of the sample by polarized light. 
Normal, unpolarized, light (originated from both natural sunlight or most 
forms of artificial illumination) can be thought of as many sine waves, each 
oscillating at any one of an infinite number of planes around the central axis, 
while polarized light oscillates only in one plane. Unpolarized light can be 
transformed into polarized light, passing throught the special filter permitting 
the passage of light oscilating in only one plane (Fig. 1) (Collett 1993).
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Microscopic examination using polarized light is especially useful for inves-
tigations of anisotropic objects. Isotropic materials, like unstressed glasses and 
cubic crystals, demonstrate the same optical properties in all directions, while 
anisotropic materials have optical properties that vary with the orientation of 
incident light. Around 90% of all solid substances are anisotropic. When these 
anisotropic materials are rotated, the observer may see brightness and color 
changes under polarized light that depend on the orientation of the material 
in the light path. This technique allows researchers to obtain information on 
color absorption, structure, composition, light refraction and other  properties 
of  different substances what can be used to characterize and identify various 
materials. Specimens having more than one index of refraction (eg. many 
organic as well as inorganic crystalline materials) produce birefringence effects, 
meaning that in field of view bright against the black background will appear. 
Views of some biological samples in polarization light can be similar to the 
darkfield technique, but polarized light is a contrast-enhancing technique that 
improves the quality of the image obtained with birefringent materials.

The polarized light microscope is equipped with two polarizing filters: first 
one (called polarizer) is positioned in the light path somewhere before the 
specimen, and the second one (called analyzer) is placed in the optical pathway 
after the objective rear aperture (Collett 1993). Polarized light is created by 
passing light through a polarizing filter, which transmits light in one direction 
only. An analyzer determines the amount and direction of light that illumi-
nates a sample and image contrast arises from the interaction of polarized light 
with a birefringent specimen. When both the analyzer and polarizer are in the 
optical path, their permitted vibration directions are positioned at right angles 
to each other, so no light passing through the system and a dark field of view 
present in the eyepieces. Therefore, the image that is projected by the objective 

Figure 1: Polarizing filter allows passing only the light waves vibrating in a 
specific direction.
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is mostly dark, except for bright specimen parts that are bierefringent or other-
wise optically anisotropic (Fig 2).

Polarizing microscopy can be used with both, reflected or transmitted light. 
Transmitted light refers to the light diffused from below the specimen. This 
light is often passed through a condenser, which allows the viewer to see an 
enlarged contrasted image. Reflected light is especially useful for the study of 
opaque materials, such as metals, alloys, mineral oxides and sulfides.

Polarized light microscopy has a wide range of applications. The technique 
can be used both qualitatively and quantitatively in materials science, geology, 
chemistry, biology, metallurgy and medicine. Although polarized microscope 
is perhaps best known for its geological applications and is primarily used for 
the study of rocks and minerals, it can also be used to study many other materi-
als including both natural and industrial minerals, composites such as cements, 
ceramics, mineral fibres, polymers, and crystalline. It is also useful in forensic 
examination. The various components in several biological specimens display 
beautifully in polarized light: different plant parts (Fig. 2A) especially fibres and 
wood, trichomes, pollen and starch grains (Fig. 2B) (Henry et al. 2011), bones, 
fish scales, wool (Fig. 2C) and hairs (Fig. 2D). It is also possible to observe cell 

Figure 2: Some biological samples observed in polarizing light microscope:  
A- wheat stem cross section, B- potato starch, C- wool, D- human hair.
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division process and cell arrangement in tissues (Ivanov & Ignatov 2013), cellu-
lose microfibrils and other details of plant cell wall (Leney 1981), silica body in 
plants (Dayanandan et al. 1983), numerous opaque and/or “thick” specimens 
and a wide variety of other specimens.

2 Polarized Raman scattering

Polarized Raman spectroscopy is a vibrational spectroscopic technique where the 
polarization of light which has been subjected to Raman scattering by a sample is 
determined. Raman spectroscopy is an ideal technique for polarization measure-
ments because the lasers used for excitation emitte linearly polarized monochro-
matic light. But since Raman results can be misleading if one does not account for 
laser polarization, in conventional general purpose instruments the laser excita-
tion beam is intentionally depolarized so as to give consistent results regardless of 
sample orientation. Advanced Raman instruments can be configured to provide, 
in addition to conventional Raman measurements, also polarized Raman meas-
urements. In polarized Raman spectroscopy the polarized Raman scattering is 
observed as a result of the interference of the polarized light with the molecules 
vibrating. By using Raman polarization analyzer, the precise directional infor-
mation about the differential polarizability of the molecules can be obtained, so 
polarized Raman spectroscopy probes provide insightful information such as 
molecular orientation and symmetries of the bond vibrations. Therefore, in addi-
tion to the general chemical identification which conventional Raman provides, 
these technique can improve the quality and quantity of the hyperspectral Raman 
dataset (Chiu et al. 2015) and it helps to reduce the depolarized auto-fluorescence 
backgrounds over the polarized Raman bands (Thomas et al. 1995).

This technique has been developed and usually applied for the chemical and 
physical analyses in material since, mainly in the aim to provide useful infor-
mation relating to molecular composition and orientation in synthetic and nat-
ural polymer systems (Jarvis et al. 1980, Ward 1985, Bower 1972), but recently 
the role of polarization-resolved Raman spectroscopy in life science increased, 
opening new possibilities in monitoring biochemical composition, structures 
and symmetry of vibrations in biological tissues. It has already been used in 
the studying of various biomolecules including proteins, nucleic acids , crystals 
and fibers (Fanconi et al. 1969, Tsuboi et al. 1996, Tsuboi et al. 1997, Ko et al. 
2006, Lim et al. 2011), in determining detailed architecture of viruses (George 
and Thomas 1999), evaluating three-dimensional collagen fibril orientation in 
tissues (Galvis et al 2013), Benevides et al 1997) or obtaining more chemical 
information from living cells (Chiu et al 2015). This technique also has applica-
tions in pharmaceutical science (Kiefer 2017) and has good diagnostic poten-
tial in medicine, for example in detection of cancer cells (Pachaiappan et al. 
2017, Abramczyk et al. 2018).
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Short Instructions for Raman Microscope 
Horiba Xplora

Dejan Lazić

When laser light hits the sample most of the light is reflected with no shift in 
the frequency. Part of photones transfer energy to the sample which irradiates 
it with the shifted frequency. Fluorescence occurs when the sample absorbes 
energy and releases it slowely. Instantaneous changes in frequency are Raman 
scattering. Shift in frequency, Raman effect correlates to the energy differ-
ence between ground and virtual state. Emmited light of lower energy than 
the energy of laser are called Stokes lines and ones of higher energy are called 
anti-Stokes lines. They are formed if electron was excited before light hit it. 
Concidering the fact that more molecules are in the ground state, it is expected 
to see more Stokes than anti Stokes lines. Antistokes lines could be interesting 
if Stokes lines are masked with fluoresence.
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As Horiba Xplora instrument is the only Raman microscope at the Faculty 
of Agriculture further short instructions are aimed to facilitate its use by newly 
trained staff and PhD students in their reseach.

Turn on by pressing a switch on the extension cord. Switch on the computer, 
start LabSpec 6, icon on the middle of the screen.

Chech if lasers are powered on.

Figure 1: Construction of Raman microscope.
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Figure 2: Basic commands on LabSpec 6.
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Figure 3: Video acquisition.
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Figure 4: Acquisition parameters.
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Figure 5: Options for viewing the spectrum.
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Figure 6: Overlay view of Raman spectra.



This book has been prepared with the aim to present the application 

of these two state-of-the art technologies in agricultural sciences and 

food technology, and to explain the protocols for analyses of different 

plant, animal, microbiological and food samples as well as for different 

biotechnology procedures. 

Selected methods and protocols which are used in plant stress physiology, 

weed science, fruit breeding research, microbial ecology, plant virus and 

fungus diagnostics, phytobacteriology, fishery, food biochemistry, food 

materials and food technology are described. Special adaptation of certain 

protocols is required for application in each of these sciences, for every 

type of GMO organism, food technology raw material, and food technology 

product, as well as for every type of bacteria, virus, fungus or fungus-like 

organism, for each type of raw material in terms of plant host species, plant 

organs, year period and conditions in the laboratory.  

Application of molecular methods, primarily qPCR, and Raman microscopy/

spectroscopy in agricultural and food sciences provides substantial 

opportunity for increased production efficiency, food safety, better product 

quality and improvement of plant and animal health.

This book is aimed for students, scientists and professionals working in the 

field of agriculture and food technology.

www.ubiquitypress.com
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