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ABSTRACT  

Viral diseases are among the most critical determinants of potato production in many parts of the world, and 
this is reflected in the importance of developing early diagnosis methods to detect these diseases in the fields. 
The study showed that potato fields in Nineveh Province are infected with several strains of Potato Y virus, 
depending on the symptoms of potato or indicator plants and serological tests. For the first time locally in 
Nineveh Province and at the level of Iraq, using a single molecular test and one step, it was possible to 
distinguish between the ancient parental strains (PVYº and PVYN), as well as between the PVYNTNT hybrid 
strain resulting from recombination between the genome of the parental strains when using the pairs of primers 
N-868-7-F + N -9236-R, which yielded a genome segment of DNA with a length of 441 bp. The emergence 
of such a new strain in the tested samples in the potato fields in Nineveh province infected with PVY may 
have arisen from mixed infections.  
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INTRODUCTION

The potato crop is one of the strategic crops, an important economic source of income in the world and is 
ranked fourth in the world in terms of nutritional importance after wheat, corn and rice, and tops the tuber 
crops1. Potato Solanum tuberosum L. is exposed to several pests and diseases that reduce productivity and 
quality. Viral diseases are among the most essential determinants of potato production in many parts of the 
world, and this is reflected in the importance of developing early diagnosis methods to detect these diseases 
in the fields. The spring crop is generally considered the primary season for producing potato seeds. The source 
of these seeds varies in the cultivated fields, as the most significant quantity comes from importing from 
European countries. Many farmers usually rely on keeping or selling part of their crop as local seeds for the 
next season, allowing the insertion, replication and hybrid evolution of locally new or old viruses, isolates or 
strains2. Potatoes are infected with more than 40 viruses, which causes significant losses in the crop3. The 
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potato virus Y is one of this crop's most prevalent and harmful pathogens, as it poses a significant threat and 
danger to the crop and is one of the most important reasons for the low production in different regions around 
the world 4, 5, 6. PVY spreads in most countries worldwide, in addition to its spread in the field on different 
crops such as tomatoes and peppers and industrial crops such as tobacco, wild herbs, and ornamental plants 7. 
It is a highly genetically heterogeneous virus that exists in several strains that differ from each other in the 
symptoms they cause on the plants they infect and serological reactions, depending on the type of strain and 
the sensitivity of the affected varieties 5. These strains are widely distributed globally and locally 3. Potato 
virus Y strains cannot accurately be diagnosed by relying only on serological methods such as DAS-ELISA. 
However, they must resort to a more accurate method of characterizing strains, such as TAS-ELISA, using 
monoclonal antibodies and biological and molecular methods to reach a more accurate diagnosis. Since the 
potato virus, Y, is one of the most widespread viruses on the potato crop in the Arab and regional regions, it 
has been characterized in many countries 7,8. In Iraq, the virus has been recorded through many studies 9,10,11, 
but these studies did not address any information about the strains of this viral type, so we decided to conduct 
this study. To find out the pathological reality of this pathogen. 

 

MATERIALS AND METHODS 
Collection of potato samples: Several samples were collected from potato plants showing viral symptoms 
similar to those caused by the PVYN strain of the potato virus, and they were collected during field visits to 
potato fields planted with that crop in Nineveh province. These visits took place during the spring and autumn 
seasons for the years 2021-2022, which included several areas, namely the district of Mosul (Kubba, Rashidiya, 
Hawi al-Kanesa), Nimrud sub-district of Hamdaniya district and Sheikhan district (Al-Nyuran village).   
Serological and biological diagnosis: The leaf samples of potato plants with suspected symptoms of the virus 
under study were crushed in a phosphate buffer (0.01 M, pH 7.0) at a ratio of 1:3 g/ml in a ceramic mortar. 
The extract was used for biodiagnostic purposes by inoculation of potato plants Solanum tubersum, Nicotiana 
tabacum and Nicotiana glutinosa, and DAS and TAS-ELISA serological assay, using monoclonal and 
polyclonal antisera of Potato Y virus and PVYN strain of Potato Y virus. They were equipped by the Swiss 
company BIOREBA, according to the attached protocol of the supplying company. The results of the ELISA 
test were evaluated chromatically and spectroscopically by examining the calibration wells of the ELISA dish 
containing the samples using a Spectrophotometer UV-9200 at 405 nm. Cut-off = (X – 3Sd + 10%) on the 
deterministic equation for the affected samples. 
Isolation of Viral RNA: Total viral RNA was isolated from leaves of plants (potato and tobacco which gave 
positive results in the presence of the virus by ELISA tests, which depended on the extraction kit supplied by 
Real Total RNA From Tissue and Cell using Spin Column method. 
Measurement of viral RNA purity: The purity of viral RNA was measured using a Nanodrop-spectrometer 
device to detect and measure nucleic acid concentration. The purity of RNA was measured by reading the 
absorption at a wavelength of 260/280 nm. 
Complementary RNA preparation: For cDNA preparation, the RT-Pre-Mix kit was used, following the 
protocol of the Korean manufacturer (add bio), where the extracted template RNA was mixed with the reverse 
initiator, 20 picomoles concentrated in a 0.2 ml Eppindorf tube, and the mixture was heated at a temperature 
of 70 °C. The tube was then placed on ice for five minutes. The mixture was transferred to an RT Pre-Mix 
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tube containing all the requirements for the reaction and the volume to 20 µL with sterile distilled water. All 
contents were mixed using an electric vibrator for 10 seconds. The centrifugation process was performed at 
8000 rpm for another 10 seconds to bring the contents down to the bottom of the tube, and then the tube was 
placed in the polymerase chain (PCR) machine at 42 °C for one hour, then at 95 °C for 5 minutes. Five µL of 
the cDNA was taken and later used in PCR.  

PCR polymerase chain reaction: PCR technique was applied using nucleic acids extracted from infected 
plants after cDNA synthesis, depending on (forward and reverse) primers, designated for detecting PVY vi-
rus and PVYN strain, as shown in Table (1). 
 

Primer Specificity 

virus group 

Polarity Primer sequence(5ʹ-3ʹ) Position 

Nib2-F * 

 
Potyvirus Sense 

 

5ʹ-GTITGYGTIGAYGAYTTYAAYAA-3ʹ 

 Nib 

*Nib3-R Potyvirus Antisense 5ʹ -TCIACIACIGTIGAIGGYTGNCC-3ʹ 
Nib 

S2-F 

 
PVY  Sense 

 
5ʹ -AAGCTTCCATACTCACCCGC-3ʹ 

P1 

A-R PVY Antisense 5ʹ -CATTTGTGCCCAATTGCC-3ʹ 
P1 

N-868-7-F * 

 
PVYN Sense 

 
5ʹ -TCTGGAACTCAYACTGTGCCAC-3ʹ 

CP 

N-9236-R PVYN Antisense 5ʹ -TGTACTGATGCCACCGTCGAAC-3ʹ 
CP 

*N= A+C+G+T, Y=C+T, I= deoxyinosine    
 
Table 1. Primers were designed for the detection of PVY and PVYN strains.                                            

 
 
The Master-Mix was prepared for PCR  amplification using the Korean kit Genet Bio, catalog No. KM4100, 
according to the sizes needed for the reaction components as shown in Table (2)  

 

 

 

Reagents Volumes ( µl) 

2x Master Mix  10  
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PCR grade water  5  

Forward primer 20 µM 1  

Reserve primer 20 µM 1  

cDNA Template  3  

Total 20 

Table 2. Components of the master mix for RT-PCR. 

 
After preparing the Eppendorf tubes for the Master-Mix, they were placed in the Thermocycler T 100TM, 
Bio-Rad, USA, and the programs for PCR amplification were used to suit each initiator as shown In Table (3), 
then the PCR-amplified products were separated on a 1.4% agarose gel stained with Red safe Nucleic acid 
(Intron Korea). After completing the electrophoresis process, the gel was examined using the EL Gel 
Documentation System (Bio-Rad USA), and images were taken. 
 

Step Temperature 

ºC 

Required duration No. of 

cycles 

 Initial Denaturation 

DNA 

95 10 minutes 1 

Final denaturation DNA 95 45 seconds 35 X 

Annealing DNA AT* 45 seconds 

Initial extension 72 one minute 

Final Extension 72 Five minutes 1 

Cooling 4 ∞ - 

*AT=the optimum temperature of annealing depend on primers (Nib2-F = 52 ºC/ Nib3-R = 53 ºC, S2-F = 61ºC / A-R =57ºC, N-
868-7-F = 63ºC / N-9236-R = 63ºC ). 
Table 3. PCR conditions were used in this study. 
 
 
 
 

RESULTS  

Symptoms on the potato plant: On the leaves of the infected potato plants in the different sampling areas in 
the field, slight mosaic symptoms were evident in the sensitive varieties Sifera (Figure 1); these symptoms 
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were accompanied by the appearance of necrosis on the veins, on the main surface of the lower surface, this 
necrosis extended to include the secondary veins and the leaf holder, forming a network of blackish lines. 

 

  

(a) (b) 

Figure 1. Symptoms of Potato virus Y strain N (PVYN) on Sifera cultivar (a whole plant, b- leaves)  

 

DAS-ELISA. The DAS- ELISA test showed a positive reaction only in the wells of the ELISA dish containing 
extracts from infected potato samples when using polyclonal antibodies to the common potato Y virus strain 
PVYº. The highest concentration of the virus under study appeared in the asymptomatic samples of the potato 
variety (Siefra), as the absorbance value at 405 nm reached 0.606 nm compared to the positive sample, which 
was 0.790 nm. 
 
TAS-ELISA. The triple ELISA test showed a positive reaction in the wells plate containing extracts from 
infected potato samples containing necrosis symptoms. In contrast, the reaction was adverse in the wells 
containing healthy potato samples when monoclonal antibodies of the PVYN strain were used. 
 
The symptoms induced by the indicator plants 
- Nicotiana glutinosa: The fresh apical leaves of the plant showed apparent mosaic symptoms after 12 dpi 
(days post-inoculation). The leaves with an extract of the leaves were infected, and these symptoms were 
accompanied by deformations that were less visible on the large lower leaves. (figure 2-a). 
- Nicotiana Samsun:  About 22 days after infection of the lower leaves of this plant with an extract containing 
the virus, small distinct yellow spots appeared on the fresh apical leaves after 30 days of infection (figure 2-
b) 

 

http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/


Bionatura http://dx.doi.org/10.21931/RB/2023.08.04.60 6 
 

 
Clinical Biotec, Universidad Católica del Oriente (UCO) and Universidad Nacional Autónoma de Honduras (UNAH) 

 
 

  

(a) (b) 
Figure 2. Symptoms of N. glutinosa (A) and N. tabacum (B), inoculated with extract of potato plants infected with PVYN. 

Molecular diagnosis of potato virus Y strains using (RT-PCR): The RT-PCR test that was carried out 
on potato and tobacco samples gave positive results in the ELISA tests in the presence of the standard 
strain PVYº and PVYN, and this test was able to multiply the DNA of these isolates when using a pair of 
specialized Nib2-F + Nib3-R primers that double target regions of the viral genome responsible for en-
coding part of the (Nib) protein of the potato Y virus. All infected samples were given a piece of DNA 
with a length of 295 bp, characteristic of the presence of the potato Y virus (figure3-a). After confirming 
the presence of the virus in the tested samples, they were retested by RT-PCR reaction, but using more 
specialized primers and working to the gene region of the every day strains PVYº and PVYN of the PVY, 
where it gave samples in which the pair of primers S2- F + A-R duplication of the segment of the genome 
responsible for encoding a region operating on the gene (P1) of the PVYº strain with a size of 856 bp. 
While samples in which the primer pair N-868-7-F + N-9236-R was used, which encoded the cap protein 
(CP) segment of the genome of the PVYN strain, gave 549 bp (figure 3-b,c). Some samples also gave 
pieces of DNA of different lengths: 441, 250 and 175 bp, and this site may be characteristic of a different 
group of strains of the potato virus Y, including the PVYNTN strain, which may be the result of recombi-
nation between the parental strains of the potato Y virus (figure 3-d). For the first time locally in Nineveh 
province and at the level of Iraq, using a single molecular test and one step, it was possible to distinguish 
between the ancient parental strains (PVYº and PVYN), as well as between the PVYNTNT hybrid strain 
resulting from recombination between the genome of the parental strains when using the pairs of primers 
N-868-7-F + N -9236-R, which yielded a genome segment of DNA with a length of 441 bp. 
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Figure 3. RT-PCR products of target gene segments Nib, P1 and CP, for detection of Potyviruses, potato samples infected 
with PVY strains with yields 295, 856, 549, 441, 250 and 175 bp (A, B, C, D), respectively. 

 

DISCUSSION 
The symptoms of potato plants agree with 12, 13, 14. This result does not agree with what 15 mentioned, as no 
necrosis symptoms were observed on potato plants infected with this strain in Finland. The ELISA test 
confirmed the presence of a potato virus Y in those samples. Many researchers consider the ELISA test one 
of the most efficient tests in detecting the potato virus, primarily because this virus is characterized as one of 
the viruses with a high immune capacity that is easy to purify 16. The ELISA test is one of the efficient 
serological tests for the detection of plant viruses, which provides high sensitivity in detecting low viral 
concentrations that range from 1-10 ng/ml in plant tissue; if 17 mentioned that a virus was detected Cucumber 
mosaic CMV at a concentration of 2.5 ng/ml by DAS-ELISA assay. At the same time, the TAS-ELISA test 
confirmed the possibility that the previous symptoms were caused by infection with a tobacco necrosis strain 
PVYN. The effectiveness of this test in detecting this strain has been reported by several researchers 14, 18. As 
a result of the powerful serological kinship between the strains of the Y potato virus, it is not possible to 
accurately determine and diagnose infection based on serological methods based on polyclonal antibodies only, 
as it is necessary to resort to more than one method for detecting the virus 19. The RT-PCR is an efficient 
method to detect many plant viruses from different viral groups, such as Potyvirus, Carlavirus, Begomovirus 
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and Torradovirus 20,21 22. For the first time locally in Ninawa province and at the level of Iraq, using a single 
molecular test and one step, it was possible to distinguish between the ancient parental strains (PVYº and 
PVYN), as well as between the PVYNTNT hybrid strain resulting from recombination between the genome of 
the parental strains when using the pairs of primers N-868-7-F + N -9236-R, which yielded a genome segment 
of DNA with a length of 441 bp. The old parental isolates, especially the new strains or isolates resulting from 
recombination, have a high antagonistic ability, that is, more aggressive than the parental isolates 23. It was 
previously found that the most frequent isolates of PVY in Egypt belong to the PVYNTN group 24. Also, the 
PVYNTN and PVYNW strains dominate most potato-growing areas in Poland 25. The emergence of these hybrid 
strains, PVYNTN and PVYNW, resulting from the recombination of the ancient classic strains PVYº and PVYN, 
was followed by a sudden increase in their presence and spread within a relatively short time in the fields, 
which dominated most of the potato production areas in the world 26, 19, 27.  

 

CONCLUSIONS 
The emergence of such a new strain in the tested samples in the potato fields in Nineveh province infected 
with PVY may have arisen from mixed infections, and this is consistent with many recent studies that confirm 
the prevalence and spread of such strains compared to other strains. This reflects the evolutionary ability of 
the virus, which affects the mechanism of the methods used in its control, and also increases the importance 
of conducting more survey studies periodically to detect the components of the community of this virus in the 
different potato production areas to see the effectiveness of the control programs used.  
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