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Editorial on the Research Topic
 Perspective challenges for applied research in potato pathogens: From molecular biology to bioinformatics




The potato crop is prone to infection by an estimated 50 different categories of pests and diseases whose causal agents are either viruses, bacteria, nematodes, insects, or fungi (Hussain and Singh, 2016; Jansson and Raman, 2019; Mangal et al., 2022; Munyaneza and Bizimungu, 2022). These pathogenic organisms are either soil or air-borne and usually inflict harm on all plant parts. The most commonly encountered diseases that affect potato growth and development include common scab, dry rot, black scurf, late blight, stem canker, premature deaths, and a wide array of nematodes. Soil-based infections that affect the quality of tubers include pink rot, common scab, leak, black scurf, powdery scab, black dot, Fusarium dry rot, and root knot nematode (Fiers et al., 2012; Hussain et al., 2021; Kowalska, 2021; Póss et al., 2021; Tegg and Wilson, 2022). However, it should be noted that Rhizoctonia solani, Alterneria solani, Phytophthora infestans, Verticillium wilt, and Streptomyces scabies rank highly among the most predominant re-emerging pathogens within the potato sector on a global scale (Muhammad et al., 2013; Abdurahman et al., 2019). Screening and detection of the aforementioned pathogens is deemed important for the planning of timely mitigation measures against these diseases, as well as predicting future outbreaks, especially within the asymptomatic zones (Hussain et al., 2017). Therefore, it is essential to develop effective, sensitive and credible diagnostic techniques that can detect resistant strains prior to the early onset of diseases (Islam et al., 2017; Kumar et al., 2019). Detection methods can utilize pathogen molecular markers, which additionally allows the distinction of strains within a given species, allowing farmers to adopt and embrace the most robust mitigation strategies before the emergence of disease symptoms. What's more, these same markers can be utilized for pre-plant seed health testing in order to guarantee that seed movement occurring across borders is only for the disease-free materials, which also limits the need for quarantine periods.

DNA-based technologies exemplified by techniques such as polymerase chain reaction (PCR), loop-mediated isothermal amplification (LAMP), quantitative-PCR (qPCR), and sequencing methods are often largely utilized in the identification and screening of plant-based pathogens (Bock et al., 2010; Hussain et al., 2014; Khan et al., 2018; Lees et al., 2019). What's more interesting, bioinformatics has made it possible for researchers in the field of plant pathology to identify sequences of DNA and their motifs, thereby elevating the precision of modern diagnostic techniques (Bock et al., 2010). Proteomics holds the potential of providing information regarding virulence factors and pathogenicity, which can subsequently lead to novel techniques in the diagnosis and screening of plant related diseases, while also simultaneously determining the most suitable protective measures. Cumulatively, practices that are centered around disease management, the invention of new disease-resistant cultivars and rapid, cost-effective pathogen diagnostic techniques are the fundamental approaches in the deterrence of devastating crop losses caused by these potato pathogens.

Potato ranks fourth as the world's widely consumed crop with its production totaling to 368 million tons annually. Despite the instrumental role played by the potato crop in the food chain, very scarce studies are available detailing the distribution and composition of endophytes in potato and their correlation with the associated diseases. Considered the largest soil-borne disease in the potato market, Potato Common Scab (PCS) is solely responsible for severe economic losses globally. PCS is known to cause both shallow and deep blemishes on potato surfaces (Leiminger et al., 2013; Arslan et al., 2018; Sarwar et al., 2018), which then negatively impact on the taste, palatability and quality of potatoes (Getahun, 2018). Given that PCS can be regulated using certain micro-organisms, the present study sought to investigate the distribution, composition, and occurrence of endophytes belonging to bacteria within potato tubers, roots and stems. The immediate response of these endophytes to PCS was also studied by conducting field trials in Jiaozhou City, Shandong Province, China. Sampling was done per plant with the stem, tuber, and roots collected for analysis. Analysis was done via high-throughput sequencing, and the composition of endophytes in all the aforementioned three plant parts showed significant differences (p < 0.05).

Distribution of bacteria-based communities additionally showed a gradual sloping from soil to root to tuber/stem (GS/RS to RE to TE/SE). The study was able to demonstrate that roots function as the gate pass for soil bacteria, a factor that explains 50% presence of root endophytes in potato soil communities. Additionally, the study illustrated that PCS significantly lessened the ACE and OBS indexes of root endophytes, without considerably diminishing the indexes of TE and SE. The specific PCS pathogen investigated in this research, OTU62, was found to be present in roots, stems, and tubers, even if the PCS symptoms were mild and strong networks of endophytes were present. Given these findings, the current study offers novel insights into the characteristic composition and distribution of endophytic communities in the potato crop and their immediate response to potato common scab.

Viral diseases are equally responsible for causing severe constraints on production systems of potatoes (Devaux et al., 2020; Kreuze et al., 2020), resulting in ~50% tuber yield reduction (Wale et al., 2008). Vegetative propagation, which is mainly utilized in potato reproducibility, often results in viral transmission over successive generations making the potato crop susceptible to numerous viral infections (Kreuze et al., 2020; Jones, bibx2014). At least 40 potato viruses have been documented globally, with the potato viruses X (PVX), S (PVS), M (PVM), Y (PVY), A (PVA), and potato leaf roll virus (PLRV) being the principal pathogens responsible for majority of yield reductions in the potato crop (Zheng et al., 2010; Awasthi and Verma, 2017; Kreuze et al., 2020). Given the remarkable advancements made in the identification of plant viruses, it has become possible to utilize novel molecular diagnostic tools to accelerate virus detection and screening (Maclot et al., 2020). In this study, potato viromes were identified using total RNA-sequencing, with 22 libraries being prepared from leaves, stems, roots, tubers and stolons. The latter parts were sampled from 5 cultivars bin native landraces of Liangshan and some from Russia, all of which were virus-free at the time of collection.

The study aimed at addressing the ramifications of indigenous viruses on both native and newly-acquired potato germplasms by comparing viromes belonging to diverse varieties and later characterizing the host-specific viral communities in a tissue-level atlas. Data analysis of viral genome sequences was done using bioinformatics through which the complexity and uniqueness of viral communities was revealed. The results of this study showed that potato viruses PVS, PVY, and PVM were the most dominant and frequently encountered viruses in the field, with infection bias being observed in both indigenous and infected cultivars. Tissue-specific infection was also observed in which underground parts of the potato plant (tubers ad roots) harbored more unusual viruses. Sequence variation in viruses showed higher frequency of the single nucleotide polymorphism more than other tissues. The findings of the present study establish firm foundations of viral disease control strategies in potato farming for future cultivation and production.

The potato industry ranks among one of the leading food sectors that is heavily relied upon for nourishment and sustenance of the global populace (Soare and Chiurciu, 2021). Despite its importance, the potato plant remains predisposed to pathogen and pest invasion, including severe viruses and viroids (Harahagazwe et al., 2018). Amongst these viruses, PVY (Potyviridae), which contains approximately 160 species (ICTV Report on Virus Classification Taxon Nomenclature, 2020, ranks in the fifth position in terms of the global top ten important plant viruses (Scholthof et al., 2011) considered to be the most economically potent (Valkonen, bibx2007). Infections caused by PVY on potatoes manifest as either mild to severe symptoms including yellows, mosaic, mottling, rogues, necrosis, leaf malformation, and plant defoliation (Valkonen, bibx2007). The intensity and type of the aforementioned symptoms varies widely based on prevailing environmental conditions and genetic diversity of the PVY strain (Lacomme and Jacquot, 2017). Severe economic impact of the PVY on potato yield has been reported in various countries including Ireland (16.5%), Canada (34%), India (30–40%), Kenya (37%), America and Poland (40–44%), and also China (50%) (Gray et al., 2010; Were et al., 2013; Hutton et al., 2015; Jailani et al., 2017).

Regardless of numerous mitigation strategies being implemented for PVY eradication, it remains incurable under field conditions. The most promising approach in dealing with this viral infection is the molecular approach, in which understanding the molecular response and molecular aspects of PVY infection, genome organization, and PVY enconded proteins is paramount. Bioinformatics tools have shown promising results in monitoring viral transmission and demonstrating the impact of PVY on infected potato cultivars. Given that PVY transmission dynamics are highly complex, more intensive work needs to be done in order to better understand its mechanisms at a molecular, biochemical, and bioinformatics level. The present review sought to present current knowledge on PVY viral transmission from a molecular to bioinformatics approach, focusing on the epidemiology, genome organization and effective management of this viral disease in the potato plant.

Early blight (EB) is a lethal plant disease caused by the filamentous fungus Alternaria solani and causes devastating yield losses in potato crops. Most often, EB infects plant parts above ground, with symptoms manifesting as either small brown lesions or large ones that grow on leaves (Dhaval et al., 2021). Under favorable climate, these lesions normally enlarge to form concentric-like rings often engulfed by yellowish like halos (Bessadat et al., 2017; Dhaval et al., 2021). Conidia is the primary inoculum of A. solani and therefore, the pathogen is aerially transmitted with infections spreading from infected to uninfected leaves via wind, insects, or splash (Pandey et al., 2021). Upon maturity, these conidiospores form germ tubes, which then invade the host plant tissues occasionally (Mamgain et al., 2013; Jindo et al., 2021; Mushrif et al., 2021) The distinctive feature of A. solani conidium being airborne renders it problematic to control and manage its occurrence in potato plants. Therefore, accurate and timely detection of this fungal pathogen at the infection stage is very crucial for the forecasting of epidemics associate with EB. The current study sought to develop an RNA-based approach, which is both highly sensitive and precise in the detection of A. solani in whole potato leaves at a single spore level, based on quantitative real-time PCR. Twenty-two fungal isolates of A. solani were sourced from Hebei Agricultural University, alongside other supplementary fungal and bacterial species sourced from China. Primers specific to A. solani were designed followed by RNA extraction, DNA digestion and quantitative real-time PCR. The study was able to develop an RNA-based method for the specific and sensitive detection of this fungal pathogen. The main breakthrough of this research was the discovery of a new gene, jg1677, which is specifically and stably expressed by A. solani. Using the 22 sourced pathogens including A. solani, the study was able to verify that jg1677 is specific for A. solani and therefore, can be used to detect EB disease. The invented method can be used to detect as minute as one spore infesting a potato leaf or leaves. Conclusively, the adoption of this innovative technology can enormously assist in the screening, identification and detection of pathogens whilst introducing novel curbing measures for disease epidemics; thereby leading to increased food availability.


Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Funding

This research was financially supported by all institutes of authors.




Conflict of interest

HT was employed by Matimate Agromart Pvt. Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Abdurahman, A., Parker, M., Kreuze, J., and Sharma, K. (2019). Emerging and Re-emerging Ralstonia Solanacearum Species Complex straining causing Bacterial Wilt of Potato in Sub-Saharan Africa. Available online at: https://repo.mel.cgiar.org/handle/20.500.11766/13051 (accessed January 10, 2023).


 Arslan, M., Xiaobo, Z., Shi, J., Rakha, A., Hu, X., Zareef, M., et al. (2018). Oil uptake by potato chips or French fries: A review. Euro. J. Lipid Sci. Technol. 120, 1800058. doi: 10.1002/ejlt.201800058


 Awasthi, L. P., and Verma, H. N. (2017). Current status of viral diseases of potato and their ecofriendly management-A critical review. Virol. Res. Rev. 1, 1–16. Available online at: https://www.oatext.com/pdf/VRR-1-122.pdf


 Bessadat, N., Berruyer, R., Hamon, B., Bataille-Simoneau, N., Benichou, S., Kihal, M., et al. (2017). Alternaria species associated with early blight epidemics on tomato and other Solanaceae crops in northwestern Algeria. Euro. J. Plant Pathol. 148, 181–197. doi: 10.1007/s10658-016-1081-9


 Bock, C. H., Poole, G. H., Parker, P. E., and Gottwald, T. R. (2010). Plant disease severity estimated visually, by digital photography and image analysis, and by hyperspectral imaging. Crit. Rev. Plant Sci. 29, 59–107. doi: 10.1080/07352681003617285


 Devaux, A., Goffart, J. P., Petsakos, A., Kromann, P., Gatto, M., Okello, J., et al. (2020). “Global food security, contributions from sustainable potato agri-food systems,” in The Potato Crop: Its Agricultural, Nutritional and Social Contribution to Humankind, eds H. Campus and O. Ortiz (Springer), 3–35.

 Dhaval, P., Shete, P. P., Faraaz, M., and Dholu, D. (2021). Early blight (Alternaria solani) etiology, morphology, epidemiology and management of tomato. Pharma Innov. 10, 1423–1428. Available online at: https://www.thepharmajournal.com/archives/2021/vol10issue5/PartR/10-5-159-397.pdf


 Fiers, M., Edel-Hermann, V., Chatot, C., Le Hingrat, Y., Alabouvette, C., and Steinberg, C. (2012). Potato soil-borne diseases. A review. Agron. Sustain. Dev. 32, 93–132. doi: 10.1007/S13593-011-0035-Z/FIGURES/2


 Getahun, B. B. (2018). Potato breeding for nitrogen-use efficiency: Constraints, achievements, and future prospects. J. Crop Sci. Biotechnol. 21, 269–281. doi: 10.1007/s12892-018-0014-0


 Gray, S., De Boer, S., Lorenzen, J., Karasev, A., Whitworth, J., Nolte, P., et al. (2010). Potato virus Y: an evolving concern for potato crops in the United States and Canada. Plant Dis. 94, 1384–1397. doi: 10.1094/PDIS-02-10-0124

 Harahagazwe, D., Condori, B., Barreda, C., Bararyenya, A., Byarugaba, A. A., Kude, D. A., et al. (2018). How big is the potato (Solanum tuberosum L.) yield gap in Sub-Saharan Africa and why? A participatory approach. Open Agricult. 3, 180–189. doi: 10.1515/opag-2018-0019


 Hussain, T., Khan, A. A., and Khan, M. A. (2021). Biocontrol of soil borne pathogen of potato tuber caused by Rhizoctonia solani through Biosurfactant based Bacillus strain. J. Nepal Agric. Res. Council 7, 54–66. doi: 10.3126/JNARC.V7I1.36921


 Hussain, T., and Singh, B. P. (2016). “Molecular diagnosis of killer pathogen of potato: Phytophthora infestans and Its Management,” in Current Trends in Plant Disease Diagnostics and Management Practices. Fungal Biology, eds P. Kumar, V. Gupta, A. Tiwari, and M. Kamle (Cham: Springer). doi: 10.1007/978-3-319-27312-9_1


 Hussain, T., Singh, B. P., and Anwar, F. (2014). A quantitative real-time PCR based method for the detection of Phytophthora infestans causing Late blight of potato, in infested soil. Saudi J. Biol. Sci. 21, 380–386. doi: 10.1016/j.sjbs.2013.09.012

 Hussain, T., Singh, B. P., and Anwar, F. (2017). Development of specific marker for PCR diagnostic of late blight of potato caused by Phytophthora infestans using RAPD based SCAR methodology. J. Saudi. Soc. Agri. Sci. 16, 299–305. doi: 10.1016/j.jssas.2015.10.001


 Hutton, F., Spink, J. H., Griffin, D., Kildea, S., Bonner, D., Doherty, G., et al. (2015). Distribution and incidence of viruses in Irish seed potato crops. Irish J. Agri. Food Res. 54, 98–106. Available online at: https://www.jstor.org/stable/26194198

 Islam, M., Dinh, A., Wahid, K., and Bhowmik, P. (2017). “Detection of potato diseases using image segmentation and multiclass support vector machine,” in Canadian Conference on Electrical and Computer Engineering. doi: 10.1109/CCECE.2017.7946594


 Jailani, A. A. K., Shilpi, S., and Mandal, B. (2017). Rapid demonstration of infectivity of a hybrid strain of potato virus Y occurring in India through overlapping extension PCR. Physiol. Mole. Plant Pathol. 98, 62–68. doi: 10.1016/j.pmpp.2017.03.001


 Jansson, R. K., and Raman, K. V. (2019). Sweet potato pest management: a global overview. Sweet Potato Pest Manage. 18, 1–12. doi: 10.1201/9780429308109-1


 Jindo, K., Evenhuis, A., Kempenaar, C., Pombo Sudré, C., Zhan, X., Goitom Teklu, M., et al. (2021). Holistic pest management against early blight disease towards sustainable agriculture. Pest Manag. Sci. 77, 3871–3880.

 Jones, R. A. (2014). “Virus disease problems facing potato industries worldwide: viruses found, climate change implications, rationalizing virus strain nomenclature, and addressing the Potato virus Y issue,” in The potato: Botany, Production and Uses (Wallingford: CABI), 202–224.


 Khan, M., Wang, R., Li, B., Liu, P., Weng, Q., and Chen, Q. (2018). Comparative evaluation of the LAMP assay and PCR-based assays for the rapid detection of Alternaria solani. Front. Microbiol. 9, 2089. doi: 10.3389/fmicb.2018.02089

 Kowalska, B. (2021). Management of the soil-borne fungal pathogen – Verticillium dahliae Kleb. causing vascular wilt diseases. J. Plant Pathol. 103, 1185–1194. doi: 10.1007/S42161-021-00937-8/METRICS


 Kreuze, J. F., Souza-Dias, J. A. C., Jeevalatha, A., Figueira, A. R., Valkonen, J. P. T., and Jones, R. A. C. (2020). “Viral diseases in potato,” in The Potato Crop: Its Agricultural, Nutritional and Social Contribution to Humankind, eds H. Campus and O. Ortiz (Springer), 389–430.


 Kumar, R., Kumar Tiwari, R., Kaundal, P., Sharma, S., and Chakrabarti, S. (2019). Potato viruses and their diagnostic techniques: an overview. J. Pharmacogn. Phytochem. 8, 1932–1944.


 Lacomme, C., and Jacquot, E. (2017). “General characteristics of Potato virus Y (PVY) and its impact on potato production: an overview,” in Potato Virus Y: Biodiversity, Pathogenicity, Epidemiology and Management. p. 1–19.


 Lees, A. K., Roberts, D. M., Lynott, J., Sullivan, L., and Brierley, J. L. (2019). Real-time PCR and LAMP assays for the detection of spores of Alternaria solani and sporangia of Phytophthora infestans to inform disease risk forecasting. Plant Dis. 103, 3172–3180. doi: 10.1094/pdis-04-19-0765-re

 Leiminger, J., Frank, M., Wenk, C., Poschenrieder, G., Kellermann, A., and Schwarzfischer, A. (2013). Distribution and characterization of Streptomyces species causing potato common scab in Germany. Plant Pathol. 62, 611–623. doi: 10.1111/j.1365-3059.2012.02659.x


 Maclot, F., Candresse, T., Filloux, D., Malmstrom, C. M., Roumagnac, P., Van der Vlugt, R., et al. (2020). Illuminating an ecological blackbox: using high throughput sequencing to characterize the plant virome across scales. Front. Microbiol. 11, 578064. doi: 10.3389/fmicb.2020.578064

 Mamgain, A., Roychowdhury, R., and Tah, J. (2013). Alternaria pathogenicity and its strategic controls. Res. J. Bio. 1, 1–9.


 Mangal, V., Sood, S., Dalamu, Kumar, V., and Bhardwaj, V. (2022). Role of genetic resources in management of potato pests and diseases. Sustain. Manage. Potato Pests Dis. 1, 185–211. doi: 10.1007/978-981-16-7695-6_8

 Muhammad, Abbas, F., Naz, F., and Irshad, G. (2013). Important fungal diseases of potato and their management-a brief review. Mycopath 11, 45–50.


 Munyaneza, J. E., and Bizimungu, B. (2022). Management of potato pests and diseases in Africa. Insect Pests Potato. 23, 407–426. doi: 10.1016/B978-0-12-821237-0.00016-0


 Mushrif, S. K., Sangeetha, C. G., Reddy, T. B., and Kumar, J. S. (2021). Cultural, morphological and biochemical variability studies among the isolates of Alternaria solani, the causal agent of early blight disease of Tomato. Int. J. Bio-resour. Stress Manag. 12, 584–593.


 Pandey, J., Scheuring, D. C., Koym, J. W., Coombs, J., Novy, R. G., Thompson, A. L., et al. (2021). Genetic diversity and population structure of advanced clones selected over forty years by a potato breeding program in the USA. Sci. Rep. 11, 8344. doi: 10.1038/s41598-021-87284-x

 Póss, A. M., Fehér, A. S., Bogdányi, F. T., and Tóth, F. (2021). The spread of the soil-borne pathogen Fusarium solani in stored potato can be controlled by terrestrial woodlice (Isopoda: Oniscidea). Agriculture 12, 45 doi: 10.3390/AGRICULTURE12010045


 Sarwar, A., Latif, Z., Zhang, S., Zhu, J., Zechel, D. L., and Bechthold, A. (2018). Biological control of potato common scab with rare isatropolone C compound produced by plant growth promoting Streptomyces A1RT. Front. Microbiol. 9, 1126. doi: 10.3389/fmicb.2018.01126

 Scholthof, K. B. G., Adkins, S., Czosnek, H., Palukaitis, P., Jacquot, E., Hohn, T., et al. (2011). Top 10 plant viruses in molecular plant pathology. Mole. Plant Pathol. 12, 938–954.

 Soare, E., and Chiurciu, I. A. (2021). “Study on the dynamics of potato production and worldwide trading during the period 2012-2019,” in Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development, Vol. 21. Available online at: https://www.researchgate.net/profile/Ia-Chiurciu/publication/357328970_STUDY_ON_THE_DYNAMICS_OF_POTATO_PRODUCTION_AND_WORLDWIDE_TRADING_DURING_THE_PERIOD_2012-2019/links/61c78e32b6b5667157a6d7be/STUDY-ON-THE-DYNAMICS-OF-POTATO-PRODUCTION-AND-WORLDWIDE-TRADING-DURING-THE-PERIOD-2012-2019.pdf


 Tegg, R. S., and Wilson, C. R. (2022). Management of major fungal and fungal-like soilborne diseases of potato. Sustain. Manage. Potato Pests Dis. 1, 525–540. doi: 10.1007/978-981-16-7695-6_21


 Valkonen, J. P. (2007). “Viruses: Economical losses and biotechnological potential,” in Potato Biology and Biotechnology (Elsevier Science BV), 619–641.


 Wale, S., Platt, B., and Cattlin, N. D. (2008). Diseases, Pests and Disorders of Potatoes: A Colour Handbook. CRC Press.


 Were, H. K., Kabira, J. N., Kinyua, Z. M., Olubayo, F. M., Karinga, J. K., Aura, J., et al. (2013). Occurrence and distribution of potato pests and diseases in Kenya. Potato Res. 56, 325–342. doi: 10.1007/s11540-013-9246-9

 Zheng, H. H., Zhao, J., Wang, T. Y., and Wu, X. H. (2010). Characterization of Alternaria species associated with potato foliar diseases in China. Plant Pathol. 64, 425–433. doi: 10.1111/ppa.12274










OPS/images/crossmark.jpg
(®) Check for updates





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Perspective challenges for applied research in potato pathogens: From molecular biology to bioinformatics



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Microbiology

Editorial: Perspective challenges
for applied research in potato
pathogens: From molecular
biology to bioinformatics





OPS/images/logo.jpg
& frontiers | Frontiers in Microbiology





