Morphological and molecular identification and characterization of Alternaria alternata isolates associated with tomato fruits spoilage during post-harvest storage in Saudi Arabia
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Novelty statement:
This research recommends that fruits that are going to be stored prior to marketing need to be handled with care at harvest. Minor injuries of fruits at harvest , handling predispose fruits to microbial infection even at proper storage conditions. Such infections result in significant yield losses, render fruits unmarketable and unfit for human consumption. Results of this study suggest further investigations as to whether isolates of Alternaria, in general, are closely related as this research indicated close phylogenetic relationships among the Saudi isolates of the fungus as well as their close relationships with isolates in the GenBank.

Abstract 
The high water content of tomato fruits is probably one of the reasons for its susceptibility to microorganism’s  spoilage during post harvest storage. Microorganisms’ infections deteriorate the tomato fruits, decreasing their quality and economic value. Fungi that spoil tomato fruits produce mycotoxins harmful to human beings upon their consumption. Fungal disease symptoms were observed on tomato fruits in a supermarket in Riyadh city, Saudi Arabia. Symptoms included fruit rot, sunken dark spots and patches covering most of the fruit surface. Isolation that was made from the symptomatic fruits on PDA plates indicated growth of a dark mycelium fungus. Light microscope examination of slides prepared from the fungal growth revealed septate mycelia and chains of pear-shaped conidia typical of Alternaria. Use of DNA extracted from the fungal growth in the PDA plates and specific primers in the PCR assay indicated positive results for Alternaria alternata. Nucleotide sequencing of purified DNA fragments that were excised from the jell subsequent to electrophoresis, indicated occurrence of five distinct isolates of Alternaria alternata in the affected fruits. Upon submission of nucleotide sequences of the distinct Saudi isolates of the fungus to GenBank, they were assigned accession numbers as follows: MK560182.1, MK560183.1, MT991478.1, MT991479.1 and MT991480.1.
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Introduction
Tomato fruit is rich in proteins, vitamins, carbohydrates, fats, potassium, fibres  and known to have several medical benefits (Bello et al., 2016). It is one of the favorite vegetables that are consumed raw, cooked or processed. However its high water content is probably one of the factors that predispose it to microorganisms infections such as fungi (Mohammed and Kuhiyep, 2020). Mycotoxins produced as a result of spoilage render the fruit unfit for human consumption (Mukesh and Swarnmala, 2019).  The Deuteromycetes fungal genus Alternaria has several species (Anuj Mamgain et al., 2013 ). Some of these species are well known as notoriously destructive plant pathogens that cause a widespread destruction in many of the major crops such as vegetable, field and tree crops. Alternaria has a severe impact on  many plant species in several plant families including Cruciferae, Cucurbitaceae, Solanaceae and Bracicaceae which are of nutritional as well as economical significance. Alternaria infections cause world-wide  economic  losses on plant species belonging to these families  (Conn and Tewari, 1990; Kirk,  2008; Anuj et al., 2013).    Rotting symptoms induced by fungal infection can be seen on field plants, during storage, shipping, and even at supermarkets. One of the most prevalent diseases of tomato (Solanum lycopersicum) is the rot disease induced by Alternaria alternata which causes tangible losses in fruit quality rendering large amounts of tomato fruits unfit for marketing and consumption (Asai and Shirasu, 2015). Alternaria spp. usually induces diseases of variable symptoms such as early blight disease of potato and tomato, leaf blight and the leaf spot diseases in other host plants such as the one produced in Withania somnifera (Akhtar et al., 2004; Pati et al., 2008; Younes et al., 2019) in addition to its capability of infecting many other plant species producing symptoms on several plant parts such as leaves, petioles and fruits.  As a result of  fruit infection, lesions of purple to dark colour were formed on the stem- end. Most of fruit surface as well as the inner fruit tissues are commonly affected due to expansion of these lesions. Infection induces premature fruit drop and if fruits reach maturity they become unmarketable. During the post-harvest storage, tomato fruits are subject to deterioration due to diseases induced by some fungal pathogen agents such as black mold disease of tomato caused by Alternaria  (Akhtar et al., 1994; Rosalba et al., 2014; Onuorah Samuel and Orji M.U., 2015; Hussein, 2020).
For its sensitivity, precision and the rapid results obtained by polymerase chain reaction (PCR), it was employed as a detection tool to identify phytopathogenic fungi (Johnson et al., 2000; Pryor and Gilbertson, 2001) and will consequently be used for the same purpose in this study as well. The objective of the current investigation is to isolate and identify post-harvest pathogenic agents that induce deterioration and spoilage of tomato fruits during storage in Saudi Arabia, using morphological methods and polymerase chain reaction (PCR) assay. 
  
Materials and Methods
Source of tomato fruits and fungal isolation
Tomato fruits expressing variable symptoms including irregularity in fruit colour and patches covering large areas of the fruit surface, sunken dark spots and fruit rot, were collected from a supermarket in Riyadh city (Fig 1). Fungal isolation isolation was made on PDA prepared according to Ana Beatriz et al. 2019.  Small pieces of symptomatic tomato were excised, sterilized in NaOCl at a concentration of 1% and aseptically placed in PDA plates after being rinsed with sterilized distilled water according to methods described earlier (Thilagam et al., 2018; Marak et al., 2014). The plates were allowed to incubate for seven days in an incubator at 37 °C. Microscopic slides were prepared from the fungal culture and examined in a light microscope. The fungus was then purified using single spore technique according to (Ke Zhang et al., 2013). 
Molecular identification of fungal isolates:
	PDA was prepared, autoclaved and dispenced in petri plates. The petri plates, which were used to grow the fungal isolates, were incubated for a weak at optimum temperature for growth, 28°C, (Pitt and Hocking, 2009). The extraction kit (Patho-gene-spin DNA/RNA) obtained from the Korean company, Intron Biotechnology, was employed for  extraction of DNA of the fungal isolates in Assiut University Molecular Biology Research Unit. Polymerase chain reaction (PCR) of the extracted DNA and ITS sequencing of purified PCR products were performed at the Korean company, SolGent.  Two universal primer sets namely, ITS1 (forward) and ITS4 (reverse) were added to the PCR reaction mixture before performing the assay. Composition of Primers was as follows: ITS1 (5' - TCC GTA GGT GAA CCT GCG G - 3'), and ITS4 (5'- TCC TCC GCT TAT TGA TAT GC -3').  PCR products were purified and sequenced using the above primers after addition of ddNTPs in the reaction mixture (White et al., 1990). Analysis of nucleotide sequences was performed using BLAST tool obtained from NCBI website. MegAlign (DNA Star) software version 5.05 was used for phylogenetic analysis of the sequences. Sequences of the Saudi isolates of the fungus were used to make a phylogenetic tree (Fig 4). Another phylogenetic tree was constructed by aligning sequences of the Saudi isolates of the fungus with those obtained from the GenBank using Clustal-W method (Fig 5).
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Fig 1. Fruit rot and sunken dark areas caused by Alternaria alternata on tomato fruits.

Results
Fungal growth and identification 
Fungal growth was observed in the incubated PDA plates a few days after incubation. The growth of this isolate was relatively fast. In a few days, the fungus was able to produce a circular colony of dark central region and lighter margins composed of massive mycelial growth that was progressively turning from white to light brown colour. Examination of the slides prepared from the fungal growth in different PDA plates under light microscope revealed light brown, septate and irregularly branched mycelium and abundant number of conidia (Fig 2). Conidia were typical of Alternaria, club-shaped spores, dark brown in colour, with the characteristic longitudinal and transverse septation, and were produced in chains (Fig 3). 
PCR assay using DNA extracted from the fungal growth in the different single spore culture plates and specific primers for the fungus revealed positive results for Alternaria alternata indicating infection of the tomato fruits with this fungus. Nucleotide sequences of most of the sequenced DNA fragments excised from the jell were similar, however sequences of five isolates
were found to be distinct enough from each other and from the rest of all other identical sequences, indicating occurrence of five different isolates of Alternaria alternata in the infected tomato fruits. 
The phylogenetic tree constructed from nucleotide sequences of the A. alternata isolates detected in Saudi Arabia indicated very close relationships of (99.5-100%) among them (Fig 4). Similarly, the phylogenetic tree constructed from nucleotide sequences of the Saudi isolates of A. alternata and isolates for the same fungus reported in the GenBank indicated close phylogenetic relationships of (99-100%)  between them (Fig 5).
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Fig 2. Seven days old colony of Alternaria alternata on PDA.
The phylogenetic tree constructed from nucleotide sequences of the A. alternata isolates detected in Saudi Arabia indicated very close relationships of (99.5-100%) among them (Fig 4). Similarly, the phylogenetic tree constructed from nucleotide sequences of the Saudi isolates of A. alternata and isolates for the same fungus reported in the GenBank indicated close phylogenetic relationships of (99-100%)  between them (Fig 5).
Discussion
Although Several fungi were reported to deteriorate tomato fruits during  the post-harvest storage (Onuorah and Oriji, 2015; Bello et al., 2016), causing substantial economic losses and sometimes
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Fig 3. Conidia chains of Alternaria alternata 
contaminate fruits with toxins produced during their infections (Bahaskara et al., 2000), A. alternata, the tomato black mold rot disease agent, is one of the fungal species often associated with such infections (Johnson et al., 2000; Onuorah Samuel and Orji M.U., 2015; Hussein, 2019).
In earlier investigations, fruit losses caused by some of these fungi were estimated to reach 32-57% (Conn and Tewari, 1990). However, more recent studies have shown that losses of tomato fruits as a result of microbial infections during the post-harvest storage  were found to be even higher and were reported to range between 50-90% (Bello et al., 2016). By inducing disease symptoms on tomato fruits during storage, Alternaria alternata frequently causes such significant
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Fig 4: Phylogenetic tree of nucleotide sequences of Five Alternaria alternata strains isolated from post-harvest storage tomato fruits in Saudi Arabia [Jehan (16, 17, 31, 32 and 33)] that showed sequence identity of 99.5% - 100%.

losses in tomato fruits (Hussein 2019). Of seven fungal isolates associated with deterioration of tomato fruits during post-harvest storage, A. alternata was the one that was frequently detected (Akhtar et al., 1994). The ability of Alternaria alternata  to infect a variety of  fruits and vegetables under a wide range of variable cultivation and storage conditions suggests that losses resulting from infections of this fungus are as high as those induced by other fungal genera such as Penicillium Link, Fusarium Link, Aspergillus P. Mich ex Link, Rhizopus stolonifera, Saccharomyces cerevisiae, and Geotrichum candidum  (Stinson et al., 1980; Bhaskara et al., 2000; Onuorah and Orji, 2015). It seems that Alternaria uses different means of pathogenic factors to affect its host. One of these factors is the production of toxins that contaminate tomato
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Fig 5: Phylogenetic tree of nucleotide sequences of the five Saudi strains of A. alternata from tomato [Jehan (16, 17, 31, 32 and 33)] and strains reported in the GenBank. The Saudi Alternaria alternata strains detected in the current study showed 99% - 100% identity with similar strains in the GenBank.

 fruits (Bahaskara et al., 2000). A  recent study reported that Alternaria pathogenesis is attributed  to production of toxic substances that usually contaminate fruits, causing severe poisoning (Mukesh and  Swarnmala, 2019)  and render fruits unfit for human consumption. It was also reported that volatile substances that are released during the infection process are probably responsible for the change in fruit aroma and interfere with the resistance response of the fruit (Encinas et al., 2017). It is interesting that the phylogenetic study that was carried out indicated close relationships among the Saudi isolates of A. alternata as well as close phylogenetic relations between them and the isolates obtained from the GenBank.  Although it seems plausible to think that phylogenetically related Alternaria isolates would probably have less pathogenic diversity, it turns out that variability among isolates of this fungus seems to be not only dependent on phylogenetic relationships but also on other factors such as the host plant, as was suggested from previous studies (Pryor and Michailides, 2002; Sima and Mahdi, 2013; Zhu and Xiao, 2015).
Conclusion
Tomato fruits are subject to spoilage as a result of microorganisms infections in the post harvest storage (Akhtar et al., 1994; Fatih et al., 2005). Alternaria is one of the important fungi associated with spoilage of fruits during the post-harvest storage (Hussein, 2019). Alternaria has several species,  some of which cause plant diseases of great significance, destructive nature and severe impact on several important plant species belonging to different plant families (Stinson, 1980). Hence it causes economic losses on plants in the field as well as on fruits in post-harvest storage. Although several fungal species were reported to cause spoilage of fruits during post-harvest storage (Pitt and Hocking, 2009; Onuorah and Orji, 2015), Alternaria alternata is not only one of the important fungi that cause such effect but it also produce toxins that render fruits unmarketable and unfit for human consumption as well. Fruit losses due to microbial infections during post-harvest storage were reported to reach 32-57% (Conn and Tewari, 1990), however recent studies have reported losses of 50-90% (Bello et. Al, 2016, Hussein, 2019). It is interesting that five Alternaria isolates were isolated from infected tomato fruits in Saudi Arabia in this study. These Saudi isolates of A. alternata were found to be phylogenetically closely related with each other as well as with some other isolates reported in the GenBank.
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MK560182.1 Aternaria altemnata isolate Jehan16

MT991479.1 Alteraria alternata isolate JEHAN 32

MT991478.1 Aternaria altemnata isolate JEHAN 31
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MK560183.1 UNVERIFIED ORG: Alternaria altemata isolate Jehan17
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