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Abstract

Solanum lycopersicum is the second most important crop after potato across the globe. This
important crop is however highly perishable and subjected to rot due to the effect of
microorganism. Fungi has been described as the most destructive phytopathogens of
Solanum lycopersicum which can appear symptomless on the crop and they have been
attributed to 41% loss in Nigeria. The molecular characterization of fungi associated with
Solanum lycopersicum fruits rot was studied in certain markets of Oyo and Osun state using
two varieties namely; Royal and Cherry (Cerasiforme)and the objective of this study was to
detect and identify molecular characterization of fungi responsible for Solanum
lycopersicum fruits rot. Thirty-two rotting Solanum lycopersicum fruits were assi to
four groups with 8 samples in each group. Direct culture plate method was used(te ig0]ate
fungi and the gDNA was analyzed using PCR, Sanger sequencing method ard ge was
obtained using Blast on NCBI data base. The result from the Blast iden ‘Qo different
fungi from both varieties and the four locations. Geotrichum candi \ d” Rhizopus
delemar were isolated from Eleekara market of Oyo state from bo arieties with
frequency of 4 out the 4 samples and a percentage of 18.2%. Aspegreillus,flavus and Pichia
kudriavzevii were identified from Sasa market of Oyo state with,t quency of 4 out 4
samples and a percentage of 18.2%. Aspergillus niger icillium citrinum were

identified from Oluwo market of Osun state with freq out of 4 samples and
percentage of 13.6% for both. Special preventive e resistant cultivar, basic
sanitary rules, sun drying and organic preservative inimize Solanum lycopersicum
fruits rots caused by fungal organism is very para The storage of tomato should be
done at a temperature and relative humidity th. s'not favour the growth of fungi.

Keywords: Solanum lycopersicum, Bla@ A, PCR, Fungi
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Chapter One
Introduction
1.1 Background to the Study

Phytopathogenic fungi species has been attributed to enormous loss of Solanum
lycopersicum yields and this has been a major economic issue globally!'. OW
ost

lycopersicum (Tomato) is popularly referred to as tomato and is considered t %‘m

important crop after potato!. A whole lot of fungi like Alternaria alter. etotrichum
truncatum, Phytophthora infestans, Geotrichum species and F&% ‘épecies had been
detected in Solanum lycopersicum fruits using direct plate %( conventional method'.
They are capable of causing diseases with differen % d symptoms' These fungi
reduce Solanum lycopersicum produce and qualit to the severe economic loss and

they can lead to health problem in human Q(;K

the fungi can produce mycotoxin as rep@\'n some studies'. Alternaria solani, Rhizopus

stolonifer and Aspergillus nige@(@en tagged as the most common pathogenic fungi

across the globe and the}&e egh traced to causing about loss of 52.7%, 35.9% and 25%

fruits are consumed because some of

L)
respectively in Sol lycopersicum fruits rots in Egypt being the number one largest

producer of S@copersicum in Africal
Fungi ha 1story of poor growth using direct plate method or conventional method
cou@w h identification challenge of different species and ones with closely related

hacaeteristics which requires expertise!. Correct, accurate, timely, precise and rapid

9,

detection and identification of fungi infecting Solanum lycopersicum fruits is highly
essential to prevent health problems that may result from effect of mycotoxin?. Also, to
facilitate effective management from tomato fruits rots diseases in order to improve quality

and quantity of the tomato produce and as well boosting the economy?. Molecular



techniques have become popular methods for correct and accurate plant disease diagnosis
which has since inception reduce identification challenge which require expertise of fungi from old

conventional method?. Recently, developments in standard and variants of polymerase chain
reaction (PCR) assays including nested, multiplex, quantitative, bio and magnetic-capture
hybridization PCR techniques, post and isothermal amplification methods, DNA and RNA
based probe development, and next-generation sequencing has provided novel @,'{n

molecular diagnosis of fungal detection and differentiation fields?. (((/k

Solanum lycopersicum history has its origins traced back to early Aztec 00 AD as
it is believed that it is native to Americas® It was introduced \A()p\eans around 16
century when early explorers set to sail in order to discover %s throughout Southern
Europe?. This plant was quickly accepted into the kitc %ymoved to Northern Europe?.
The British admired it for its beauty but they be it was poisonous because it looks
similar to poisonous wolf peach?. Solanum@é{rsicum is popularly referred to as Tomato
and it is an herbaceous annual plant belohging*to the family Solanaceae grown for its edible
fruits®>. The plant can be erect rt stems or vine-like with long spreading stems?.
Most of the time it has x% covered in coarse hairs where the leaves are arranged
.
spirallys?. It is call a

in Nahuti language, Tomate in Spanish language and it is

known as Tomato\in English language although originated from Greek® Tomato plant is

classified of the members of Solanaceae family which comprises most utilized and
sy

1 ants like potato, all peppers, ground cherries and eggplant’. They are often
re d to as nightshade family as they also comprise some deadly toxic plants represented

by belladonna, mandrake, Jimson weed, henbane and tobacco?.

Solanum lycopersicum was first referred to as fruit because people at that time were only
eating it raw and there was a belief that only fruits can be eaten raw*. But later called

vegetable when they began adding it to dishes in cooked form*. Solanum lycopersicum has



over 3000 varieties with about seven most popular and important species used in different
dishes and delicacies like puree, salad and many more all over the world*. The Solanaceae
family members have potent psychoactive Alkaloids as they are plant with veritable
chemical soup of desirable and toxic compound known as tropane alkaloids*. These
chemicals include scopolamine, nicotine, solanine, capsaicin, atropine and hyoscyamine
which have been used as healing drugs in small doses or as an addictive drug w@&e
dosage is abused and has been used also as pesticides including warfare age@g) arin)’.

Solanum lycopersicum has been described as a vegetable that h r important
antioxidant called lycopene which gives the vegetable its red@mmon colour and
protection of the skin against ultraviolet ray of sun’. It pl@bstantial role in human
health against some health issues like risk of heart disx’%gtalthy blood pressure, reduce

blood glucose level in people with diabetics, eye gainst light-induced damage and

, €
certain cancer’. l\&

N\
This antioxidant serves as good a@gﬂﬂant source of vitamins (C, B, E), potassium,
folate, simple calories, water, @\and fibre in appropriate values per serving®. Despite
the aforementioned fu@}e’neﬁm and importance of lycopene in the tomato there is
still major challeQ e whole plant diseases and fruits rot mostly caused by certain
pathogenic agengs stich as fungi®. These fungi is capable of causing rot as it attacks this

importa able’. It poses a very big threat against all the health benefits of the

etabl¢ to human and reduction in tomato quality and quantity’. .Alternaria alternata,
Aspergillus niger, Aspergillus flavus, Geotrichum candidum, Alternaria solani and
Fusarium oxysporum are fungi that have been most of the time isolated from Solanum
lycopersicum fruits rots and attributed to most of rots diseases®. The most favourable
temperature for fungi attack is between 27- 31°C but fungi disease severity and prevalence

are at the peak when tomato has its fruits®.



The other signs and symptoms of fungi infection on Solanum Ilycopersicum plant from the
root to the apex of the plant include -; lesions, dark spot, leaf darkening, foliage turning
yellow, a gray to white moldy growth, fruits turn greasy, olivaceous-brown decay and
powdery mildews® Pathogenic fungi cause damage and rots in most edible plants of
importance and health benefit of which Solanum lycopersicum is one®. Although other
microorganisms have their contribution but this study will concentrate on the toma%s
rot caused by fungi, its identification and the molecular analysis to each r ﬁq/ sulted
from the fungi infections’. Fungi are kingdom of usually multicell sometimes
unicellular eukaryotic organism that are heterotrophs®. They have& jotic association too
with plant and bacteria and can also function in nutrients G%Cn')g\ an ecosystem’. Fungi
are among the dominant causative agents of seases found in Solanum
lycopersicum®. Phytopathogenic fungi use diverse Strategies to either kill the host and feed
on them or colonize the living plant for \‘%{ul invasion till plants manifest infections
and died off®. The rot of this plant scribed as a broad term used to describe the
visible effects that certain pathogemic¥microorganism or non-biotic factors have on the

plants and its fruits'®, Th@&ose rot-causing diseases have on the plant and its fruits is
a

the sickly-look, the @n colour depicting appearance!'’.

Tomato rot_typically makes the plant and fruit get progressively more decayed with dark
spots a% es, weakened and shriveled plant parts and that of the fruits are further

. The diseases of tomato caused by fungi are immense and a major threat to
survival of the plant including the health benefits derived from the plant by human'!. The
rots diseases caused by Fungi in Solanum lycopersicum are anthracnose fruits rot, early
blight, Septoria leaf spot, late blight, buckeye rot, Fusarium wilt and rot, Verticillium wilt

and soil rot of fruit and many other ones!'.Fungi infections is most common and most

destructive pathogen in Solanum Ilycopersicum as the infection occurs rapidly when the



weather condition is warm and wet'2. Alternaria alternata, Aspergillus niger, Aspergillus
flavus, Geotrichum candidum, Alternaria solani and Fusarium oxysporum are fungi that
have been most of the time isolated from Solanum lycopersicum fruits rots and attributed to
most of rots diseases!?. The major postharvest tomato fruits rot caused by fungi are Sour rot,
Rhizopus rot, Buckeye rot and Black mold rot. The most favourable temperature for fungi

attack is between 27- 31°C but fungi disease severity and prevalence are at the pea\»@

tomato has its fruits!2. @(/

The other signs and symptoms of fungi infection on Solanum lycop rsic% ant from the
root to the apex of the plant include -; lesions, dark spot, le %ﬂ é, foliage turning
yellow, a gray to white moldy growth, fruits turn grea%' eous-brown decay and
powdery mildews'?. Farming of Solanum lycopersi \%practice throughout Nigeria'?.

Kano, Borno, Benue, Sokoto, Katsina, Bauc@ ra are major producer states of the

Northern region of the variety known as @h
the major states producer of Yoru%c

between latitudes 8.3°N an @P temperature range of 21 — 33°C which favour the

le Oyo and Osun of Southwest region are

variety!?2. Most of these producing states lie

cultivation of tomato'2. %ﬂgltlvation temperature of tomato in the South-South region is

not really favourabl Lto heavy downpour and too much rain or water is not good for

tomato leadgxgvlproduction of tomato from the region!?.
1.2 @%ﬁ of the Problem

L&Am lycopersicum has been described as second most important crop after potato
across the globe!?. It is an important income generating crop and also contain abundant
antioxidant that is very beneficial to human health against some diseases!?. As important as
this crop is, it is highly subjected to rot due to the effect of microorganism mostly and

Fungi has been described as the most destructive phytopathogens of Solanum lycopersicum



which can appear symptomless on the crop at initial stage and eventually cause irreversible
damage of the entire plant over time!2. There have been incidence of 40-45% loss with
severity index of 2.0-2.5 of fungi effect on Solanum lycopersicum fruits in Nigeria'?. This
havoc reduces the yield quantity, quality, nutritional values and the economic growth. There
are have been reports on causative organisms responsible for Solanum lycopersicum fruits

rot across different countries and some states in Nigeria but there is dearth of inf i

on fungi responsible for solanum lycopersicum fruits rot in Oyo and Osun, Nigetial?. This

called for the need to isolate, identify and characterize fungi associ@ut Solanum
lycopersicum fruits rot in certain markets of Oyo and Osun statel@Qc\ accurate, timely

detection and identification of fungi associated with this r@nolecular method will

play important role about prevention and management@ to the menace.

The aim of this study is to identify fun:‘m\ idted with Solanum lycopersicum fruits rot

1.3 Aim and Specific Objectives of the Stu(@
o

using molecular tools in major veg

The specific objectives are as\é\/&:
L)

1. To isola %i associated with Solanum lycopersicum fruits rots in Osun

an&g\Sy €.
ntify and characterize the isolates using molecular method.

ets of Oyo and Osun state.

ii.

Q o identify the fungi to species level by using Sanger sequencing and BLAST
Q search (NCBI) and

iv. To establish the peculiarities of fungi isolated to their location.

1.4 Research Questions

1. Are fungi associated with the Tomato Rot?



2. Are fungi isolated really responsible for the rot observed on the samples?

3. Are fungi isolated from rotting tomato samples variety based?

4. Are the fungi isolated from both tomato varieties location dependant?
1.5 Justification of the Study

Solanum lycopersicum fruits rot caused by fungi is a big threat to second mosti %’ﬂt
crop causing huge economy loss as revealed by Geodesign optimization proble P) in
2016 and 2018. The increasing importance and health benefit of Sol@rycopersicum

actually call for combat on organisms responsible for its rot Whi@l “about greater loss

during cultivation and storage!'>. %)
Due to challenges of fungi identification which requi &%{knowledge and expertise in

fungal plant pathology and taxonomy when con%entional method is used makes molecular
technique an alternative better option!3. h@l r method of detection, identification and
characterization of fungi has be at help since inception for growers, crop
agronomists and plant pathologi etect fungi even when symptomless because their

attack on plants manife@ﬁte when little or no remedy can be done'’. Molecular

L)
techniques have ;g{ to permit early detection of phytopathogenic fungi, prompt

prevention, céntrol*and management measures which may in return improve quality and

quantit Qlability is a major components of food security because a nation with

od is a nation half —way to healthy living'?.

1.6  Significance of the Study
Fungi attack on Solanum lycopersicum has been attributed to the largest percentage of
tomato fruits rot all over the world and detecting fungi using conventional method only has

been very challenging due to expertise required'®>. The need to characterize fungi using



molecular techniques cannot be over-emphasized because it identifies organism to their
very basic fundamental molecular unit as no two organisms share the same order of
nucleotides arrangement, each organism with its own unique genetic expression'?. There
have been reports on organisms responsible for Solanum lycopersicum fruits rot across
different countries and some states in Nigeria but there is dearth of information on fungi

responsible for Solanum lycopersicum fruits rot in Oyo and Osun, Nigeria. This cb@fqr

the need to isolate, identify and characterize fungi associated with Solanur@ sicum

fruits rot in certain markets of Oyo and Osun state. %\
& .
1.7 Scope of the Study

This study was carried out on fungi isolated from Sola ersicum fruits rot from

certain vegetable markets of Oyo and Osun state bet *bruary 2022 and March, 2022.

1.8 Limitation of the Study @
This study was carried out on only t@ties of Solanum lycopersicum fruits from

certain major vegetable markets nd Osun state. Polymerase chain reaction, Sanger

sequencing method and Blast\és}uhe only molecular tools used.
1.9 Operational Q%o.f Terms

PCR - Polyme s@ reaction

gDNA-@: deoxyribonucleic acid
%Qoxyribonucleic acid

BLAST- Basic Local Alignment Search Tool

NCBI- National Centre for Biotechnology Information.
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Chapter Two

Literature Review

2.1 Origin and History of Solanum lycopersicum

Solanum Lycopersicum has been around for centuries as the first wild species originated in
the Andes of Mountains of Western south and Central America'. Its name was derived
from Nahuatl (Aztec) word tomati which literally translate to “a plump thing \% e

but it was introduced to Europe by the Spanish in the early 16™ centu @msh and

Italians seem to have been the first Europeans to adopt it as food wl&w become a
vegetable of the globe!. It was considered deadly poisonou@t\

people were not

getting closer to let alone consumption because it r % oisonous wolf peach'.

Folklore had it that if tomato is eaten, its poison W rn human blood into acid and

instead the colonists grew tomatoes purely for &@1 n'. In France and Northern Europe,

the tomato was initially grown as oma@kgl nt and was regarded with suspicion as a
e

food because botanists recognizec% afive of the poisonous belladonna and deadly

nightshade?. \<§\

Although, the root ant%* of tomato plant are said to be poisonous because it contains
neurotoxin solani@ Italians called tomato pomodoro (golden Apple) which has given
rise to spec@s that the first known tomatoes to Europeans were yellow and it has been
said gthat in “French language, it is called pomme d’amour (love apple) because it was
t o have aphrodisiacal properties®>. A French Botanist, Joseph Pitton de Tournefort
gave the Latin botanical name lycopersicum esculentum to tomato which portray it to be
exactly like wolf peach?. Modern age of commercially grown tomato started with the effort
of an American botanist cum scientist who dedicated much of his life upgrading tomato
with selective breeding into the most commonly known forms of today?. Solanum

lycopersicum was botanically classified as fruit while United State of America tariff law of
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1887 classified it as vegetable on the basis that it’s often served with dinner and not a

dessert’. There are more than 7000 varieties of tomatoes and they all represent only one

species of tomato that is cultivated as Solanum lycopersicum®.

2.2 Taxonomical Classification of Solanum lycopersicum*

Tomato is classified as follows-;

Kingdom Plantae
Subkingdom Viridiplantae
Infrakingdom Streptophyta
Superdivision Embryophyta
Division T racheoph@
Subdivision Spe@(wtina
Class QJ ]

Super order

Order

Asteranae

Solanales

Solanaceae

Solanum

lycopersicum

2.3 Description of Solanum lycopersicum

Tomato plants are generally much branched spreading 60-180 cm (24-72inches) and

somewhat trailing when fruiting but a few forms are compact and upright*. The tomato
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leaves are more or less hairy, strongly odorous and pinnately compound up to 45¢cm long*.
It has five petals yellow flowers, fruits are berries that vary in diameter from 1.5 to 7.5cm
or more and fruits are usually red, scarlet, or yellow*. Though green and purple varieties do
exist and they vary in shape from almost spherical to oval, elongate to pear-shaped, each
fruits contains at least two cells of seeds surrounded by jelly pulp*.Solanum lycopersicum
requires relatively warm weather and much sunlight but grown chiefly in hot houxw
climates is cooler and usually staked, tied or caged to keep the stems an s“off the

ground’. Consistent watering is necessary to avoid blossom — end rot @k ing of the

fruits®. The plant is susceptible to a number of pests and dlseai(\ ugh many of these

problems can be solved with crop rotation, fungicides, @s usage and planting

genetically engineered resistant varieties’.

Cultivating tomato plant yield best at optim @ ure of 21-24 degree celsius and it
ith minimum light intensity which affect

requires medium rainfall, warm and COOQ
pigmentation, fruits colour and frui >. AXlthough different climatic condition is require at

different stages of seed geru@& seedling growth, flower, fruits set and fruits quality®.

The Solanum lycopersi produces yellow flowers which can develop into a cyme of 3-12

usually a round ) which is fleshy, smooth skinned and can grow up to 0.7-2m in

helght asa al plant which can be harvested after only one growing season”.

Varieties
@e thousands varieties of tomatoes all over the world that can be a wide range of
colours from pink to purple, yellow to white, and sometimes even dark as black but most
common colour is red’. Determinate (bush) tomato are varieties of tomato that have been
purposefully bred to grow vertically and remain relatively compact as it stops growing once
fruits begins developing at the terminal shoot’. All the fruits of the determinate varieties

ripen at around the same time®. In contrast, indeterminate (vining) tomato varieties spread
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laterally and will continue to grow and produce fruits until end of season begin’.
Indeterminate can produce fruits all season and fruits will develop and ripe at the same
time®. Heirloom tomatoes are generally open-pollinated varieties which have been
conserved over many generation due to certain desirable characteristics such as flavor!®,
They are hybrid tomatoes, the product of cross-pollination between two parents with
desirable characteristics such as high yield, early maturation, improved flavor or r %ﬂ

to diseases!®. There are different varieties of tomatoes namely-; Beefsteak@% alad,

Chery and Grape'®. %\
2.5 Descriptions and Appearances of Different VarleaeQK 1}lat0es and their

Sub-
varieties.
A. Beefsteak Tomatoes §
Beefsteak Tomatoes are known for ize, 6 inches in diameter, weighing about

1-3pounds, hence, they are Very arge '°, It requires long growing season and it is

thick and meaty makm%h(/ ect slicing tomatoes!®.
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Fig 2.1: Beefst&@o Fruits'®

B. Cherry and Grape Tomatoﬁ\l&
and it has small size with 1 inch diameter!!. It is

well even in the cases of drought or otherwise poor

This type of tomato is easy t

very resistance to dlseas

soil !, This varie &ll in containers which is one the reasons it is recommended

for first time @

Fig 2.2: Cherry Tomato'!
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C. Roma Tomatoes
They are also called plump tomatoes, larger than Cherry and Grape tomato but still not
large enough for convenient slicing'?. One Roma tomato contains 11 grams of Calories with
1 gram of fibre and they are naturally sweet and juicy though very little which enables them

for long time storage'?.

» . :
Fig 2. 3: Roma Tomatoes Fruits'? &(/

D. Salad Tomatoes \

Salad tomato normally get up to 3 inches in d@ a little bit tart and juicier than cherry

or beefsteak, easy to slice and good f@, especially when cooked down to a good

%mbination of tartness, juiciness and acidity which
e

consistency'?. In fact, they are the.b
balances one another out to % ;

rfect tomato taste as this variety is best eaten raw'2.

Fig 2.4: Salad Tomato'?

2.6 Nutritional Benefits of Solanum lycopersicum
Solanum lycopersicum is highly nutritious, its water content is about 95% while the other

5% contain mainly carbohydrate and fibre'®. 100g of raw tomato contain 3.89g of
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carbohydrate, 0.9¢g protein, sugars (glucose and fructose) 2.6g, fibre 1.2g, fat 0.2g and a
good source of vitamins and minerals (C, K, B, potassium)'®. There is also presence of

some compounds like Lycopene, Beta carotene, Naringenin and Chlorogenic acid'®.

2.7 Lycopene

Lycopene is a non-provitamin A and a type of organic pigment called carotenoid related to
beta-carotene which gives some vegetable and fruits red colour'. It is a natur. \%ﬁl
antioxidant that might help protect red plant cells from damage and it’s foun omato,

watermelon, red orange, pink grapefruits, apricot, rose hip and guaya'. ioxidants are

molecules that fight free radicals in the system of organisms b il\d up naturally as

cell ages and it can increases on the influence of envirx(%(,

pollution and smoking?’. High level of free radicals i \K man system can lead to serious

d behavioral factors like

health conditions like cancer, diabetes, cardi&1 lar problem and antioxidant is believed
ne

to be playing stabilizing role in the aforeg\é\

still on going to establish the major copene in addressing health issues?’.

&

2.8 Naringenin \/
Naringenin is a fla %longing to flavanones subclass and is widely distributed in

health issues?®. Although, researches are

several citrus &I}e bergamot but very abundant in tomato®!. It is believed to poses

antiviral, 4 % ammatory, antiadipogenic and also has cardio protective effect?!.

%@Ith Benefits of Solanum lycopersicum
Co

nsumption of tomatoes and its product has been linked to some health benefits like skin
health by reducing sunburn, lower risk of cardiovascular disease and cancer prevention or

risk reducer?2.

2.10 Heart Benefit
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American journal of clinical nutrition has reported that antioxidant in tomato play major
role in reducing LDL and increase HDL which in turn able to lower risk of heart attack,

clogged arteries, reduce blood pressure and other cardiovascular diseases?.
2.11 Skin Health

There have been claims in some quarters that raw tomato direct application on skin preyvents
Xe

aging, skin cancer and sunburn, this was established and reported in a jo d

“scientific reports nature search” of year 20173, Some hairless and %@Q\@ompetent

i
mice were fed with tomato powder for 35 weeks and also exposed to Ultraviolet light to

\

reveal the effectiveness of lycopene against cancer, sun@%%d aging, the result

established that dietary lycopene mitigate against the u %effect and the mice skin

appeared unaffected?. §

2.12 Cancer Prevention <</Z

It was reported in an ican cancer society journal of year 2015 that consumption of
tomatoes and toa@ucts has been found to be associated with a reduced incidence of
a number ifferent types of cancer notably prostate, lung and stomach?®. Another study

also

bs%that high concentration of carotenoids found in tomatoes may protect against

eahcer and skin cancer too if incorporated in daily skin care routine?.

2.13 Diseases
Diseases has been described as disorder or a particular abnormal condition that negatively
affects the structure or function of all or certain part(s) of an organism or plants especially

with manifestation of specific signs and symptoms?*.
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2.14 Diseases of Tomato Plant

Solanum lycopersicum disease can be described as any problem that leads to a reduction in
yield, well-being, appearance and deviation from normal functioning of physiological
processes due to the effect of the pathogens that can be virus, bacteria, fungi, nematodes

and some other physiological and environmental conditions®*.

2.15 Pathogens \2

They are described as microbes or microorganism that can cause harm, dis @ﬁamages
in the susceptible host like animate and inanimate?>. The damagin ct comes to

manifestation once there is favorable environmental condition?> ’\
The Solanum lycopersicum fruits rots associated with @ as listed below?®;

i. Alternaria Stem Canker

This rot is caused by Alternaria alternat, %{can affect stem, leaves, and fruits?’. The
symptoms appear on tomato plants c&k} brown cankers with concentric zonation on
stems near the soil line or a bit@ab ound?®. The cankers can become enlarge and then
girdle the stem before the\harvesy which mostly kill the plant although, the vascular tissue
above and below t ers ;xhibit brown streaks®. There is presence of dark brown to
black areas o degd\p'ssue between leaf veins which is caused by toxin produced by the

fungus?’. here may be dark brown sunken lesion with characteristic concentric rings

deVd n green fruits either on plant or during postharvest of ripening fruit°.
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Fig 2.5: Alternaria Stem Canker of Tomato *

Colletotrichum (C. dermatium, C. gloeosporioi occodes and Glomerella cingulata)

ii. Anthracnose %
This is a serious rot of overripe tomatoe:@ several species of fungus
and it can affect green fruits too but sy@ay not really show until fruits begin to

ripe’. The symptom usually start a, alspot, circular and depressed which may enlarge

over time to concentric rings entre become very dark®®. Tomato is referred to as

a cull if it has more tha.%o\ﬁthracnose lesions aggregating more than a circle as the
‘ e

causal organism duces spore- containing structures known as microsclerotia and
S

acervuli®’. Thése s are dispersed mostly by wind to other plant on the field when the

weatherd %or humid as the other fruits nearest to ground are most affected and

s%@s root are not spared*’.
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Fig 2.6: Anthracnose on Tomato Fruit*

iii. Black Mold Rot &/

Different fungi are responsible for this disease but \st common is Alternaria alternata
and others like Stemphylium botryosum, ’@Am herbarum, Pleospora herbarum,
Ulociadium consortiale’'. This rot is CQR\S ized by obvious lesion that appear on the
surface of a ripe tomato fruit as 'on grows from light to dark brown?2. The lesion
varies from small flecks affedting,oitly epidermal tissue to large sunken lesions with decay
extending into the ca all and as well as seed locule*®. The causal organism may
sporulate to form@, velvet like layer on the surface of the sunken lesion during warm
or humid Vs@&e\and this disease has higher incidence with late season rain because it only

takeé otrs of wetness for the causal organism to begin actions**

Q
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\
Fig 2.7: Black Mold Rot on Tomato @{

vi. Buckeye Rot A Q
This rot is caused by P@ species (P. capsici, P. drechsleri, P. nicotianae var.

parasitica) and the attack on tomato plant varies based on the region®. This disease
1s most comm th¢“Southeast and Central of United States and the major symptoms of
the infecti &from the seed or transplant as it begins to show on the fruits near the
SOﬂ@lC ye rot disease is favoured by prolonged warm wet weather and non — staked
to plant are most affected*®’. The spot that resulted from this infection begins as small
brown on the fruits which grow to large, round, oblong lesion with alternating concentric

ring of light to dark brown coloration as the lesions are firm with smooth margin but later

become soft and rot away*!.
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Fig 2.8: Buckeye Rot on a Tomato Fruit*!. ((/
viii. Charcoal Rot §

This rot is also known as dry weather wil hxa soil borne disease of tomato caused by

fungus Macrophomina phaseolina**. Th@d exhibit wilting symptoms, drying and death

of older leaves while the }@s appears unaffected at start but later collapse

eventually®. When crowns are,_cif opened, they show dark brown necrotic areas in the
e
internal cortex and v; r tissue because it is a disease that attacks roots, stem and fruits*®.

The stem deveglops baSal cankers that girdle the stem resulting in yellowing of foliage,

wilting f the whole tomato plant*’.
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Fig: 2.9: Internal Crown and Vascular Charcoal Rot 0{8@
x. Early Blight of Tomato ®

Alternaria species (A. solani, linariae) a@la fungi of tomato early blight disease
and it can affect leaves, stem and fruits as the symptoms can occur at any stage of
development*. The lesion first %s at lower leaves as small, brownish-black spots
which can expand in diamet%‘}f characteristic concentric rings in the darkened area®.
The area surroundin @io‘n may become yellow as the disease progresses and it may
turn the entire le glour yellow’. Lesion may appear at upper leave and defoliation
may occ r@er part of the plant leaving the fruits susceptible to sunscald®'. The

% may not die but become weaken leading to abnormal set of tomato fruit®.

infe%
y, early blight disease affects older tomato but at times can still affect seedlings and

stressed plant>?,
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Q Fig 2.10.1: Early blight with Concentric Rings on a Tomato Leaf >*.

25



Fig 2.10.2: Early blight on tomato stem>* @

xi. Fusarium Wilt, Crown and Root Rot of Tomato )

This disease is the most damaging soil-borne 1n® tomato caused by Fusarium
oxysporum and it was first discovered in FI %e year 19745, The disease is a soil —
borne which makes his way through t@ root which may resulted in clogging and
blocking of the xylem preventin %ment of water and other important nutrient to the
stem. Branches and lea e tomato plant will become weakened and less

productive’’. The caus ent of Fusarium wilt may remain in the soil for years which

makes it a tough @ tomato and it can also infect the resistant variety>®.

The sym he tomatoes infected by Fusarium wilt often start with single leaf near

%plant showing yellow coloration as well as lower leaves and mostly at only
&d 9. The wilted leaves tend to dry and eventually fall off but, if the stem is cut
opened, dark brown streak discoloration will be observed which is the typical
characteristics of Fusarium infected tomato plant®®.The disease can spread from root — to -

root contact, air spread, the surface of equipments and from workers touch®'.
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Fig 2.11: Fusarium Wilt on Tomato plant®'  Fig 2.11.1 Fu@ own and Root
\

Rot®! : (_}
xii. Gray Leaf Spot \Q(/
12

Stemphylium species (S. lycopersici, S. bot@%}ani} is the causative organism of
tomato gray leaf spot leaving the toma @e

Center and crack®. This in turn ;%c hot holes and as the disease progresses, the

lesion can grow up to 0.3lcm€{§s\ e affected leaves®. Stems may also develop spots

and primarily, young ste;@ﬁetioles are infected as the organism can hide under the

e
debris or other ni:@ plant to infect tomato®. Like most of tomato diseases, moist,

warm conditién, fa the organism to attack while consistent dropped leaves expose the

with lesions that become glazed in the

fruits to% thereby affecting the quality and quantity of tomato fruits yield®*.

N
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Fig: 2.12: Gray leaf Spot of Tomato® (\&

xiii. Late Blight \&V

It is a potentially devastating disease of tomat w%:an infect the leaves, stems, fruits

and spreads quickly in the field resulting i@ op failure if prompt action is not taken®.

This disease is caused by PhytophthQSjwans, a fungus —like organism also called water

mold but not true fungi®. Its sy@m

brown blotches with a %)ledge which not is confined by major leaf veins but as the

on tomato leaves manifest appearance of large dark

disease progresses %gection of dry brown foliage results through leaflets and petioles®.
Stem infectio&agitm, dark brown and a rounded edge with circular spots growing to

cover 1 of the fruits while the spot may become mushy as secondary bacteria

§
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Fig 2.13: Late blight Tomato on leav® Fig 2.13.1: Late blight Tomato

xv. Powdery Mildew \\<§/

e
It is a disease of tc@glant worldwide, mostly occur when the weather is warm as the

fruit®®

disease is ca@ Leveillula taurica which brings about dryness and brittle®®. The
sympto pear on tomato leaves as pale yellow spot which is later covered with spots
as i has been dusted with white flour and it progresses till the leaves turn brown and
shrivel™. It is a disease of late season, although, stressed tomato plant are the most
susceptible’. The damaging effect of powdery mildew is that the fungus clog up the leaf
pores which blocks light and affect photosynthesis process’. The tomato plants become

weaken as a result of inability to use light for energy and in turn stops growth. It causes
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the fall off of the old leaves as the plants struggle to live and the fruits produced by infected

plants of this disease most of the time lack flavour’!.

Fig: 2.14: Powdery Mildew on Tomato leai@

xvi. Damping — off and Fruits Rot

This disease is caused Py, ecies (P .aphanidermatum, P. arrhenomanes,
Debaryanum, P. myriotyl ﬁ\/ timum) and some other fungi’?. Damping off of tomato
occurs in two stag@\e pre-emergence and the post-emergence phase’. In the pre-
emergence p Qb_e;seedhngs are killed just before they reach the soil surface with the
young ra nd the plumule being killed and there is complete rotting of the

.The post-emergence phase is characterized by the infection of the young,
J%le tissues of the collar at the ground level where the infected tissues become soft and
water soaked as the seedlings toppled over or collapsed’.Seedlings affected by damping-
off fail to emerge or fall over and die soon after emergence while stems usually have a dark,
shriveled portion at the soil line’*. Damping-off is generally limited to areas where drainage

is poor or where soil is compacted but whole fields can be affected especially if early
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plantings are exposed to rain’>. Although, other organisms like Phyto-
phthora and Rhizoctonia can also infect tomato seedlings in warmer soils’®. Once tomato
seedlings reach the leaf stage, they are no longer susceptible to infection

by Pythium or Rhizoctonia, however, Phytophthora can infect tomato plants at any stage”’.

Fig: 2.15: Damping —off and fruits Rot on Tomato seedling”’

xviii. Southern Blight D

Tomato plants with Southern blight ha@ons on the stem at or near the soil line and

these lesions develop rapidly gixd % stem resulting in a sudden and permanent wilting
of tomato plant®”- Southe b\&,’also known as Southern wilt or Southern stem rot, is a
serious and frequenti &f‘tomato which was first reported in North Carolina on tomato
plant among { hades®”. It was later reported on hundreds of other economically
importan including pepper, bean, cantaloupe, carrot, potato, sweet potato,
wat@%:otton, peanut, tobacco, and soybean®®. High temperatures of 77 to 95°F,
&c and moist conditions favor the growth of the causative organism known as Athelia
rolfsii®®. The most common symptom of Southern blight occurs as brown to black lesion

usually develops on the stem near the soil line which completely girdle the stem and cause a

sudden and permanent wilt of every part of tomato plants®.
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Fig 2.16: Southern blight®.

xix. White Mold - w )

This disease is caused by Sclerotinia sclerotioru . minor which generally appears
on tomato plants at flowering stage!. ymptoms include water-soaked areas on

flowers and at stem joints where senes(e}ﬂower petals have fallen as the infection can

quickly kill stem resulting in drje leached appearance!®. Water-soaked stem lesions
may also appear at the soi lirﬁ%ﬁescem plant debris is present around the plant showing

white infected fruit gar y. and rot'’!. The pathogen is monocyclic and thus does not

spread from a& ctiQff site during a season and it can survive for years in soil'!.

N}
$
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Fig 2.17: White Mold on Stem!?!

Fruits!?!

xX. Sour Rot

Sour rot of tomato is caused by Geotrich andidum and a Galactomyces geotrichum,

they are common soil borne fungi that @ e disease not only in tomatoes, but also in

citrus fruits and some other veg %02. The lesion from this disease may be initially
AS

watery but later become co‘ag/

gelatinous mass simila@s@éarance to cottage cheese and remains relatively firm unless a

h fungal growth!®. This growth resembles a thick

secondary infectign soft rot bacterium occurs'®.The odor of the lesion is distinctive

and is simiat produced by lactic acid bacteria, hence the disease name, sour rot'%,

Su@ Spread of G. candidum and other species of its kind are opportunistic

Ay

natural environment are found in almost all soil and tomatoes are most resistant when they

that can live on plant debris in the soil'®. Saprophyte and ubiquitous in the

are relatively dry and firm but mature green tomatoes are more resistant to this disease than

ripe fruits!%,
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Fig: 2.18: Sour Rot of Tomato Fruit'%

xxi. Target Spot-

Corynespora cassiicola is the causative organism of Target spot of tomato disease which
often cause necrotic lesions!'%. It appears in a concentric pattern similar to early blight and
is favored by temperatures of 68- 82°F!'%7. The fungus can survive in host residue for a long
period of time and it attacks older leaves which spread upward and its first sign is irregular-
shaped spots less than 1mm with a yellow margin'?’. Some of the spots enlarges up to 10
mm and show characteristics rings, hence the name of 'target spot''®®. It spreads to all leaves
causing the leaves to turn yellow, collapse and die while spots can also occur on the fruits,

stems as long, thin, small light brown with dark margins!'%®

O~
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Fig: 2.19: Target Spot on Tomato Leaf!'*® @V

2.15 Management of Solanum lycopersicu Qes Caused by Fungi

Solanum lycopersicum, like any other ﬁ%m be infected with diseases, this is a major
limiting factor for tomato product'o@w world considering the economic importance and
health benefits of it!®. Toma&}a be produced in large scale for commercial purpose or
small scale for indivi e!®”. The abnormal condition of a tomato is majorly in two
phases, the emer@ase where the leaf is covered with irregular spot and the mature
phase whe &tem or fruit is withered!?”. The infectious microorganism is contagious
and can from plant to plant in a field'?. This most times spread very rapidly when

ental conditions are favorable!'%.

The non-infectious diseases of Solanum Ilycopersicum such as adverse environmental
factors, nutritional or physiological disorders are not contagious like the ones caused by

pathogen'?.
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In the effective disease management of Solanum lycopersicum, it is very important to first
identify the disease and its symptoms'!®. Then, begin prevention at early phase to avoid
diseases or delay its occurrence at the emerging phase than controlling the disease at
maturity stage!'. When symptoms of diseases are confusing, the sample of the infected
plant can be taken for laboratory diagnosis for accurate and proper identification of

causative agent''?, Some of the tomato diseases and mode of management include: -\V\

2.16 Early Blight \@V

This disease is caused by Alternaria linariae (formally known a&s ) and 1is first

observed on the plants as small brown lesions mostly on Eab%r féliage with spots

becoming enlarge and concentric rings in a bull’s-eye p e%& e center of the infected

area!ll, %\

Prevention, Treatment and Managem Reststant or tolerant tomato cultivars,
pathogen-free seeds, crop rotation, weecﬁr\)@ ation and volunteer tomato plants should be

prioritize!'!. Spacing, mulch plan %ertilizer of proper chemical combination should be

used''!" Tomato foliage wetti d be avoided as well as trimming off and disposing
infected lower branch@ﬂéaves to reduce disease severity should be regularly done'!!.
The garden soil u@ tested annually in which a sufficient level of potassium must be

maintained@g of the soil according to soil test results and side dressing of tomato

plar@y with calcium nitrate for adequate growth!'!. But if it is too severe to the
1 :

chlorothalonil or copper fungicides''2.

sing chemical control, one of the following fungicides can be selected; mancozeb,
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2.17 Late Blight
Late blight is a potentially serious disease of potato and tomato and is caused by the water
mold pathogen known as Phytophthora infestans''’. Late blight is especially damaging

during cool, wet weather and this pathogen can affect all parts of tomato plants''3.

Prevention, Treatment and Management: The following guidelines should@:d

to minimize late blight problems:

a. Tomato foliage must be kept dry by locating the garc@{ege it will receive

morning sun'!3. @
> Allowing extra room between the plants an@&@nce of overhead watering,

especially late in the day'!> @
c. Certified disease-free seeds and @v I reduce the incident of the disease to the

minimum if planted'!?. Q
d. Destroy volunteer to@otmo plants as well as nightshade family weeds such

as Carolina hor@@ or black nightshade which may harbor the fungus''3.

e. Plantrﬁnt tivars!!3.

2.18 Sept af Spot

chtive disease of tomato foliage, petioles, and stems (fruit is not infected) is
caused by Septoria lycopersici and infection usually occurs on the lower leaves near the
ground after plants begin to set fruit''. Numerous small, circular spots with dark borders

surrounding a beige-colored center appear on the older leaves''4.

Prevention, Treatment and Management: Most currently grown tomato cultivars are

susceptible to Septoria leaf spot but crop rotation of 3 years and sanitation (removal of crop
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debris) will reduce the amount of inoculum!'*. But avoidance of overhead irrigation and

repeated fungicide applications can keep the disease in check!'%.

2.19 Leaf Mold
Passalora fulva causes leaf mold and it is first observed on older leaves of tomatoes near

the soil where air movement is poor and humidity is high!'!>. The initial symptoms are pale

green or yellowish spots on the upper leaf surface which enlarge and turn a@ ive

yellow!!s, \%

Prevention and Treatment of Leaf Mold: Infected crop residuw%d be removed from
la

\
the field while Staking and pruning should be done to increase(aN tion'!>, In order to

control the disease, spacing tomato plants further apa@bter air circulation between
plants should be observed!!>. §

2.20 Anthracnose \;\
Anthracnose on tomatoes is caused ggsdp of fungi within the genus Colletotrichum and

these species are primarily pa@s\f the tomato fruits!''®. As the fruit are ripening the

symptoms first becomeq@ﬁe as small, circular indented areas which later develop
L)

darkened centers!'0

% iseased spots continue to grow larger with time as each infection
site also spreﬁ\d%gér into the fruits'!®, With warm, moist, and humid weather the fungus

produc -colored spores that are exuded from the black fungal material in the center
ts and these spores are spread by splashing water!!°.

Prevention, Treatment and Management of Anthracnose

Purchasing of disease-free seed as the fungus that causes anthracnose of tomato may be
within the seed!!”. Tomato seed may be treated by soaking them in hot water (122 °F) for 25
minutes to destroy the fungus but some varieties of tomatoes have resistance to

anthracnose'!’.  Some of the resistance cultivar is chef’s Choice Orange Hybrid which
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dwell best in a sunny site Staking or caging tomato plants to provide better air

117

movement should be put in place''’. Fungal spores can remain in the soil to infect plants the

following year and so, proper clearing, mulching, help create a barrier between the soil

surface and the fruit to reduce infections!'8.

2.21 Fusarium Wilt
This is a warm-weather disease caused by the Fusarium oxysporum and the firstdnhdi iion

of disease in small plants is a drooping and wilting of lower leaves with,_4 I green

color'!®, This is then followed by wilting and death of the plant whil l($stance spread

is through seed and transplants!!®. :\'\

Prevention, Treatment and Management of Fusa %lt: Pathogen-free soil,
disease-free transplants and growing only cultiva \; east resistance to races 1 and 2
of Fusarium wilt is the first step to preventing\the ‘atfack of the disease on tomato plant!'®.
Then, raising the soil pH to 6.5 — 7.0 @ use of nitrate nitrogen such as in calcium

nitrate rather than ammoniacal @n will retard disease development because no

chemical control is available™N) <</
2.22 Damping-o@;g Disease)

The fungi P 'u&*\d Rhizoctonia cause damping-off where seedlings fail to emerge

from t the greenhouse or small seedlings wilt and die soon after emergence or

Q@

6f any surviving tomato plant''.

ting ''°. There is appearance of water-soaked areas on the stem close to the soil

line

Prevention, Treatment and Management of Damping- off: This disease is often a
problem in tomato that are planted too early in the spring as the fungi are more active in

cool, wet, rich soil ''°. To prevent damping-off, these precautions are necessary'?’

i.  Seeds should be started indoors in a sterilized mix pot or new and clean containers.
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ii. Avoidance of planting seeds in soil that has a high nitrogen level but nitrogen

fertilizer can be added after the seedlings have produced their first true leaves.

iii. The surface of the soil should be allowed to dry between watering.

2.23  Summary of General Management and Control of Fungal Associated with
Tomato

Rot ®
Solanum lycopersicum is susceptible to some diseases caused by pathog Q;bemg the
second most cultivated vegetable, it is exposed to these patho ur{ng cultlvatlon or

post-harvest storage'?!. So, it is a necessity to manage and diseases to avoid its

benefit and importance being defeated because toma&f;} one of the major factors

limiting or influencing the production of tomatoes to products'?!.

Soil Testing- Soil testing should be the %qnagement and control of tomato disease
before planting because the soil is gw.w which will aid the cultivation of tomato and
anything fall short of the best{so lity will jeopardize whatever planted'?!. The soil
should be tested for p ominage, soil minerals and nutrients adequacy should be

ascertained!!?, Maké(e the soil is in good condition will set everything in motion for

planting tom gd.dr transplanting!?!

Promp@lantmg Planting of Solanum lycopersicum should be timely which will

t from certain harsh weather conditions like high temperature and too much

moisture aid the pathogen to thrive well on the plant'?!.

Resistant Cultivars — Molecular Biologist have done some great research analysis to
improve tomato varieties quality for it to be able to resist pathogen in order to increase the
yield seasonally!?2. Planting improved cultivar is another way of controlling and managing

tomato rot'?2,
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Weed Clearing-Clearing of weeds from the tomato farm goes a long way of preventing the
plant from attacks of pathogen because the weeds harbors some of these pathogens that in

turn affects tomato!?.

Chemical Control- Fungicide management should be used and control of fungi infected

tomato that appears spreading fast should be permanently removed!?3.

Space Planting- Spacing out one tomato plant a certain centimeter from anoth®; of

curbing, controlling and managing the spread within the farm space!?*. \%

Certified Seed — some seeds are treated and certified resistance )QA&mgen attacks using

such seed will minimize or eradicate some forms of pathoge@

Crop Rotation- Rotating crop on a piece of land wh \Aa has been previously planted
helps in controlling and managing fungi attacksys fungi can survive in the soil for 3

years after tomato has been harvested, pl@ mato back immediately to same piece of

land may be disastrous'?’. Q
Proper Irrigation- Irrigati@ farm land from overhead can contribute to its

pathogenic attacks sin dwell beautifully well in moisture environment'?®, Wetting or

irrigation of tom 0@ should be at the base in order not to create enabling environment

for fungi ir@)\ﬂzs.

Dai %est— Harvesting on daily basis when tomato fruits has matured or ripe will
e and control the action of pathogens '?°. Leaving or neglecting the mature and ripe
fruits of tomato will expose them to pathogen because some fungi only attacks overripe and

mature tomato fruits!'2°.
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Hand Picking- Picking of infected plant is the only solution to some fungi infection due to
the fact that they cannot be controlled with the aforementioned action but to only hand-

picked before other plants become infected!?’.

2.24 Molecular Tools for Detecting Fungi Associated with Solanum lycopersicum Rots

Some fungi cannot be taxonomically detected and identified from phenotypic

127.

characteristics'*” Recently, detecting and identifying fungi associated wit um

specific probes and nucleic acid amplification which is far different conventional

lycopersicum diseases is based on the application of genotypic techni;m\@& highly

ways of detection'?8. Precise and rapid detection and iden@g@ }phytopathogens
f

infecting plant are essential to facilitate effective me@

recent developments in standard and variant polymer

fungi diseases'?®. But
in reaction (PCR) assays which
include nested, multiplex, quantitative, bio 21\61 gnetic-capture hybridization PCR

techniques, post and isothermal ampl@ﬁ{\ ethods, DNA and RNA based probe

development and next-generation%en ing has provided novel tools in molecular

diagnosis against phytopathaé(;/ icularly fungi being the most destructive pathogen of

Solanum lycopersicumuQ\ .

These molecular @etection techniques are effective in detecting symptomatic and
asymptom@ases of both culturable and unculturable fungi in sole and co-infections'?’.
Altk@l, molecular diagnostic approaches have expanded substantially in the recent

0

diagnosis in plant diseases'?. Molecular techniques or tools used in Phytofungal diseases

there is still a long way to go in the development and application of molecular
diagnosis are said to be more reliable, faster and easier than conventional methods'?.
Recent advancement in the improvement and application of molecular methods for
diagnosing the widespread and emerging plant fungi infection in Solanum lycopersicum

diseases cannot be overemphazised'%.
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Basic conventional methods used to detect pathogenic organism mostly rely on microscopy,
culture, morphological and biochemical identification approaches that require extensive
time, labour and classical taxonomical knowledge '*°. This approach though being the
cornerstone of microbial diagnosis is cumbersome and at the same time can lead to
unreliable results due to the problems of identification!3®. Then, experts and specialist with
a practice in microbial identification are required for its effectiveness'3®. Then, du\wﬁe
conventional methods limitations, molecular techniques came into exi S(/ r the
investigation, identification and classification of microorganism chara@ss to species
level 3. /\& \

High varieties of molecular methods are increasingly % valuable tools in all
aspects of Phytopathology diagnosis and these techni inolide immunological methods,
nucleic acid-based probe technology and pol)% hain reaction technology'?®. The
former method rely upon phenotypic ¢ ﬂ while the latter is based on genotypic
characters which give fast, highly spgcifie, effective and potentially more accurate results in

contrast to the basic methodKo(/ isms isolation'*!. But molecular techniques also

require bioinformatics &1}25 known as GenBank like National Centre for

Biotechnology Info@l

European Bi@ ics Institute (EBI) and MycoBank as they are platforms for

CBI), Nucleotide Sequence Database Collaboration at the

referencin umenting microorganism nomenclatural novelties, storing and retrieving
facio ucleotide sequences!'3!.

Theésenormous effect of fungi infecting tomato plants accelerate the use of molecular tools
to potentially diagnose and perform species delimitation among existing and evolving
different species of microorganism!'3!. Rapidly emerging and novel fungi threaten the global
economy hence rapid and accurate detection and identification of fungi in tomato plant and

its fruits is crucial being most consumed and popular plant after potato'*2. The molecular
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markers are no longer looked upon as simple DNA fingerprinting markers in variability
studies or as mere forensic tools but they are constantly being modified to enhance their
utility and to bring about automation in the process of genomic analysis'32.

This is in order to offer a number of evolutionary new insights into the detection of
phytopathogens and also to provide information on identifying unknown or novel species
from their DNA or RNA sequences'3* Detection and identification of diseases i(t\%&
fruits can be realized through both direct and indirect methods as discu@(e/ lier!33,

Direct detection of diseases includes conventional and molecular m at involve

high-throughput analysis when large numbers of samples are n@@{g be analysed!®. In
these direct methods, the disease-causing pathogens such%(ﬁ'@ ia, fungi, insects and
viruses are directly detected by providing accura& fication of the pathogens
responsible for the disease!*. ®

But on the other hand, indirect methods @Qifying tomato plant diseases are through
various parameters such as morphologieal ghanges, temperature changes, transpirational
rate changes and volatile organic ounds released by infected tomato plants'3*. The
molecular diagnostic to%bﬂ@een designed to detect diseases and identify organisms
genetically in plan as .tomatoes which is needed to monitor the occurrence and

development ,f\&sﬂwgens”“. Also, to come up with proper and judicious ways in

establishi agement strategies aimed at combating and limiting the occurrence of

tom diseases!3*.

2.25" The Polymerase Chain Reaction (PCR)

In the years of 1984 and 1993, Nobel prices were won by some researchers for the
development of monoclonal antibodies and amplification of nucleic acid sequences
respectively using the technology of polymerase chain reaction (PCR)'*°. Based on the

fidelity of DNA hybridization and replication, PCR was initially used for highly specific
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detection of clinical diseases caused by bacteria and viruses!*. Now, it has been widely
used for the detection of other plants pathogens as well'3>. In addition to the basic PCR
technology, advanced PCR methods such as reverse-transcription PCR (RT-PCR) has also
been used for plant pathogen identification due to its high sensitivity!3*>. Multiplex PCR was
proposed to enable simultaneous detection of different DNA or RNA by running a single

reaction'?®, Real-time PCR platforms have also been used for on-site, rapid d@qf

plant diseases based on the bacterial, fungal and viral nucleic acids '*.

X
S
Pcr technique can provide high sensitivity and specificity due t the%lity of DNA
amplification but it is also limited by lack of operational robu h@a}me it depends on
the efficacy of DNA extraction'?®. The performance is a @ inhibitors present in the
sample assay, polymerase activity, PCR buffer w entration of deoxynucleoside
=

triphosphate %, In addition, application of PC gen detection requires designing a

primer to initiate DNA replication w@l limit the practical applicability of this

technique for field sampling of diSgases’”®. The tools used in DNA diagnosis are well

appreciated among the tech@use it is an extremely sensitive Invitro method and

capable of amplifyin e amounts of microorganism nucleic acid in samples to a

detectable levels13l®

2.26 Nest

Sen@'ty%d specificity problems associated with conventional PCR and RT-PCR can be
r%d by using nested PCR-based methods!?’. It is based on two consecutive rounds of
amplification and usually the products of the first amplification are transferred to another
tube before the nested PCR is carried out 7. It uses one or two internal primers as
heminested or nested amplification respectively'®’. The potential of nested-PCR in plant

pathology has been reported and there are many published examples of its application to
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fungi detection in plants '37. It uses small volume of reagent which could increase
susceptibility to inhibitors and requiring a previous RNA extraction to reach a good
sensitivity in detection'*’. The nested PCR was performed to diagnose the Pilidiella
granati infection in the pomegranate samples that were collected from the different areas of
Anhui Province, China to validate the protocol, artificially infected pomegranate fruits were
also used!¥’. The genomic DNA were isolated from naturally infected, artificiall ﬂ'@&d
and healthy control fruits and subjected to the nested PCR assay. Both the na %ected
and artificially infected samples were found to be positive for P. grand# 0-bp PCR

product was obtained on the agarose gel. Whereas, no PCR pr(x&@\wﬁre obtained with

DNA from the control samples'?’. (@
2.27 Multiplex or Duplex PCR ®

The simultaneous detection of two or more D A targets can be afforded by duplex

or multiplex PCR in a single reaction 1&\%@%'&1 specific primers included'*®. Multiplex

ause different fungi, bacteria or viruses frequently

e detected and identified'3®. This methodology has

PCR is very useful in plant patho

infect a single crop or ho&

demonstrated to be a lestool for detection and identification purposes and there are

several example@ultaneous detection of viruses, bacteria and fungi at the same

time!38,

The 651%{ a multiplex RT-PCR is based on the use of compatible primers specific to
targets, which must be evaluated theoretically in silico and empirically tested in

vitro 138, Tt is worth noting that the use of general and common primers to amplify different

targets such as those based on 16SrRNA gene sequence is not appropriate because the

targets are competing and the reaction will be displaced to the most abundant target thereby

making detection of the less abundant ones more difficult!3*
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2.28 Multiplex Nested PCR

This technology was first used by Chamberlain in the year 1998 for the diagnosis of
Duchenne muscular dystrophy'*®. A Multiplex PCR System has been used for the Specific
detection of Cylindrocarpon liriodendri, C. macrodidymum, and C. pauciseptatum from
Grapevine at Instituto Agroforestal Mediterraneo, Universidad Politécnica de Valencia, and
Spain'®®. Multiplex nested PCR method in a single tube combines the advanta e\»&e
multiplex PCR with the sensitivity and reliability of the nested PCR'%. It sav % and
reagent costs because two reactions are sequentially performed usin@n@ge reaction
cocktail and it enables simultaneous detection of RNA and DN targets!®. The accurate
design of compatible primers is necessary to avoid hairpins@er-dimer formation'*”.
Although there are some examples in which multi ed PCR has been used for
detection of Phytoplasma, fungi and viruses in pl%

2.29 Real-time PCR l\&

Conventional PCR has demonstrated._it itivity and specificity under optimized and
controlled conditions'*. Howeyer, s not provide information about the amount of the
pathogen in the sample an uéfsﬂwst employ agarose gel electrophoresis, hybridisation or
colorimetric detecti e er;dpoint analysis'4’. On the contrary, real-time PCR allows the
monitoring o h&gction while it is in course, thus avoiding the need to manipulate
amplico plies high risk of contamination'#’, At the same time the method requires
few@g nts and less time and also allows additional studies to be performed during
detéetion i.e quantification of original target population and detection of several variants of
a pathogen or point mutations in a gene'*!. Among the different variants of PCR, real-time
PCR represents a quantum leap and is a tool that has proven indispensable in a wide range
of molecular biology protocols'!. In the detection field this high throughput technique has

improved the systems by achieving very accurate speed, specificity and reliability'#!.
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2.30 BIO-PCR

BIO-PCR assay is a modification of end-point PCR technique which involves a pre-assay
incubation step in a diseased sample to increase the biomass of the causal agent '*2. This
technique is mainly used to concentrate target pathogens by growing the target pathogen in
a growing media that prevent the growth of non-target microorganisms to improve
detection and has been effectively used to detect seed-borne fungal pathogen'#2. A xe\»qd
airborne lupin anthracnose disease caused by Colletotrichum lupini was di g@ using
the BIO-PCR method!#?. Incubation of the seeds with amended Yeast \\@ot was done
to enrich C. lupine biomass and a species-specific primer pairsyasideveloped based on
rDNA IGS sequence!®. The seed-borne fungal pathogens A#féxnaria alternata, A. radicina,
and A. dauci were detected using specific primers of [ ’% ranscribed Spacer in rDNA
with the help of a deep-freeze blotter method e BIO-PCR!4, High sensitivity,
elimination of PCR inhibitors and detectio@k(ving cells to avoid false positives are the
advantages over endpoint PCR techni u&}l‘imitations of this technique is that it is time

consuming and costs incurred \Q/ tive media is used for the assay'®.
2.31 Quantitative PCR \/
L)

Quantitative PCR ( permits detection and quantification of particular DNA or RNA
sequences of %gp@&\ogenic fungi in a PCR reaction mixture in real-time!*. The relative
144

number% of target DNA and RNA sequences can be estimated by projecting a cycle
\%

thre lue of the fungal samples using sequence-specific primers'**. Fluorescent dyes
suchsas SYBR Green I, Eva Green, Molecular Beacons or sequence-specific fluorescence-
labeled reporter probes such as TagMan are used to monitor the reaction during
amplification steps!#44. The basic principle is that the fluorescent signal is proportional to the

amount of amplicons produced in each cycle and can be generated by an intercalating dye

or from the breakdown of a dye-labeled reporter probe during amplification'¥. An
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emerging fungal pathogen Ramularia collo-cygni shows typical symptoms of small, brown
spots on leaves, sheaths, and awns which made it difficult to accurately diagnose this
disease using conventional techniques'#.

qPCR test was developed and submitted as the first report on molecular detection of R.
collo-cygni in barley seed .and an aggressive and emerging British Verticillium
longisporum that was diagnosed with a qPCR approach!'*®. Also, gPCR was\@{o
distinguish and quantify Diaporthe helianthi and D. gulyae, the funga ogens of
Phomopsis stem canker in sunflower!4’. This technique is fast and Ve@mve and can
provide reliable information on pathogen load and high through %‘ ntification of target
DNA in biological areas!4” However, qPCR needs a spec1a S“y ment and cost of the
instrument and probe can be very high!4” \

2.32 Magnetic-Capture Hybridization PCR ®

Magnetic-capture hybridization PCR (M %R) uses DNA isolation with a purification
phase that contains hybridization wi gg,gjp stranded DNA (ssDNA) probe on magnetic
beads followed by the PCR ampli n of target DNA sequences'#.This PCR assay was
chiefly established to d %(CR inhibitors in plant extracts during DNA isolation
steps!“%. The magn@ds used are coated with a biotiny lated oligonucleotide that is
specific to a glon of the pathogen of interest'®s. The hybridization of double
strande dsDNA) and magnetic beads allows for separation of the complex from
1nh11 Designing of a capture probe used in MCH-PCR involves selection of
011 ucleo‘ude probe sequence from highly conserved regions of pathogens and the
selected sequence can be examined in silico for specificity using BLAST!'#. The 5° end of
the probe is biotin-labeled to allow attachment with streptavidin-coated magnetic beads

which would decrease the total detection time, increase PCR sensitivity and remove most of

the inhibitors of the amplification reaction and excess of non- target DNA!%.
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2.33 Post Amplification Techniques

DNA Microarray

Development of a DNA Microarray-Based Assay has been used for the detection o@yr
Beet Root Rot Pathogens'*’. A DNA microarray (DNA chip, gene chip, orgbido¢hip) is an
assemblage of microscopic DNA spots attached to a solid surface usuA@ss in defined
positions'>®, The microscopic spots consist of thousands of speoi c%{\hé probes that are
used to hybridize a ¢cDNA (target) sample'°. Hybridize@DNA systems can be
detected and quantified using fluorophores, silver, or s@ﬁminescence-labeled targets to
define the comparative abundance of transcript%%ample”o. Advancement of DNA
microarray technology has led to high &gﬁput and multiple detection of various
phytopathogens including viruses, V'%fd, agteria, and fungi'>!.

A novel microarray assay (Apta using marker genes ITS, TEF-1a and 16StDNA

with well performing @\A owed the detection of various pathogens!®!. DNA
c

microarrays can be@{

consistent, af&(g&i‘fﬁdent way'®!. A major drawback of microarray is that it can only

ed batch wise on standard microscope slides in a rapid, easy,

detect sequ % that the array is designed to identify'®!. Microarray technique is used for
the @ta eous detection of multiple pathogens infecting plants in a single reaction's!.
Thisymethod uses pathogen-specific oligos immobilized on a membrane or glass slide as
probe'>!. The total RNA isolated from infected plant is converted into cDNA and amplified

through PCR using pathogen-specific primers and labelled using suitable molecules for

detection'>!.
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2.34 DNA or RNA Probe Based Assays

In Situ Hybridization V\
In situ hybridization (ISH) technique functions to detect mRNAs prese 1%ﬁxed
sample. Designing of an antisense sSRNA probe aimed to bind target r@quence of
interest) is the main step of this assay'>>. However, synthetic o@Kclgotide probes and
cDNA probes can also be used typically because probes abeéled with the radioactive
isotopes 35S, 1251, and 32P as they are very sensitivem\%l ity quantified for detection'*2.
Non-isotopic probes can use biotin, digoxig% amide, alkaline phosphatase, or
bromodeoxyuridine for probe labeling as @graphy, autoradiography with X-ray film,
liquid emulsion, and microscopic t n%can be used in signal detection'>?. The rust
fungi in their respective paraffin plant tissues using the ISH technique has been
detected and identified!> I\ha'v imitations of ISH are cost and hazardous nature of

radioactive probes the difficulty in identification when the target has low

concentratimg&ng,A and RNA!%2,

2.35 Ne ation Sequencing

Neer tion sequencing (NGS) or high throughput sequencing (HTS) is a new
appreach for diagnostics!*?. The development of NGS technologies has fueled innovative
ways for detection and Identification of phytopathogens'*2. Isolation and fragmentation of
DNA, library preparation, massive parallel sequencing, bioinformatics analysis, and
variant/mutation annotation and interpretation are the major steps involved in DNA based

NGS'>2, Massively parallel signature sequencing, pyrosequencing, polony sequencing and
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sequencing by oligonucleotide ligation detection (SOLID) are some commonly available
advanced sequencing methods in HTS, RNA-Sequencing (RNA-Seq) offers advanced

152 Tllumina

coverage and greater resolution of the dynamic nature of the transcriptome
HiSeq platform is the most universally functional NGS platform for RNA-Seq and has
established the standard for NGS!*2. The platform more recently released a desktop
sequencer, MiSeq and RNA-Seq based NGS that can be used in the rapid identiﬁc@wf
phytopathogens inducing novel diseases'>?. A whole-genome sequencing @ using
[Nlumina MiSeq was established to detect the Sarcococca blight-ca@novel fungal

pathogen, Calonectria pseudonaviculata in ornamental plantsl59§qparative genomics

using RNA-Seq of close relative species of P. humuli identi@n specific regions in P.

cubensis that allowed for the development of diagn@%&kers and was also used on

@ngal pathogen!>2. The sequenced

Monilinia fructicola, a brown rot disease cau
reference genomes can be used to stud genome biology and evolution with other
species and the arrival of a novel p o&g} an instance where the target cannot be well-
defined'®®  Since NGS involves or knowledge of pathogen sequences, the whole
genome of the causal or@is&ay be sequenced without using specific primer pairs and
PCR amplification'3 maj ;r limitation in NGS is the time consumption incurred during

assembly an. ne&sj} of large amounts of sequence data'>* Next generation applications

are ofte d by low RNA yield or integrity, RNA stability, and impurities with DNA,

wn

alt@h micals'>. Bioinformatics are necessary for NGS analysis, even if the data can
begily and quickly obtained, knowledge about bioinformatics analyses are mandatory to
avoid any misinterpretation!>3.

2.36 Nucleic Acid Sequence Based Amplification (NASBA)

NASBA is an isothermal amplification method that can be used to detect RNA targets and

153.

the reaction requires the use of three enzymes'>>: The enzymes are AMV-RT for reverse
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transcription and to obtain double stranded cDNA, RNase H to hydrolyze the RNA
fragment of the hybrid molecule, DNA RNA and T7 RNA polymerase to produce a large
amount of anti-sense, single strand RNA transcripts corresponding to the original RNA
target!>?. It can be achieved by using two specific primers, one of them including at 5° end
the T7 promoter, NTPs and also dNTPs but the entire NASBA process is performed at 41°C
for 60 min'>3. The detection of NASBA products can be assessed by chemi-lumine@wr
colorimetric detection using an internal specific probe digoxigenin labelled Q&d-time
assay using molecular beacons (Amplidet RNA)'>3, NASBA-beaco@y offers the

advantages that no contaminating DNA is amplified and it is perfi at41°C without the

need of a thermal-cycler'>* This reaction affords high leveirs}u itivity and superior in

some cases to real-time PCR!%, ®
2.37 Fluorescence In-situ Hybridization @

Another type of molecular detection tec ni’xs fluorescence in-situ hybridization (FISH),
which is applied for bacterial det@n combination with microscopy and hybridization

of DNA probes and target gene 153.

plant samples'>>- Due to the presence of pathogen-
specific ribosomal RI\Q A) sequences in plants, recognizing this specific information
by FISH can hel d@the pathogen responsible for infections in plants'>®. In addition to
bacterial @gs, FISH could also be used to detect fungi and viruses and other
End@%c bacteria that can infect plant because its high affinity and specificity of

5

the ribosomes in the sample

obes provide high single-cell sensitivity in FISH as the probe will bind to each of

153.

However, the practical limit of detection lies in the range of around 10° CFU/mL and in
addition to the detection of culturable microorganisms that cause plant diseases, FISH could

also be used to detect yet-to-be cultured (unculturable) organisms in order to investigate
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complex microbial communities'®*. Some pitfalls compromise the technique’s potency for
plant disease detection like false positive results with auto fluorescence materials is a
common problem that often lowers its specificity 9. Accuracy and reliability of FISH is
highly dependent on the specificity of the nucleotide probes, insufficient penetration and

photo bleaching'>.

2.38 Enzyme Linked Immunosorbent Assay (ELISA) ®2
t Vir

The enzyme-linked Immunosorbent assay (ELISA) was first introduced @ ology by
Voller, Clarks and Adams as another method for identification of diSeases based on
\

antibodies and colour change in the assay'>*. In this method, e’\%ﬂ epitopes (antigens)

from the viruses, bacteria and fungi are made to ally bind with antibodies

conjugated to an enzyme and the detection can \Na ized based on colour changes
resulting from the interaction between the &and the immobilized enzyme!>*. The
performance of ELISA can be improved%)t with the application of specific monoclonal
and recombinant antibodies whi ommercially available as the specific monoclonal
antibodies have been used iP\Eg;k\to achieve lower limits of detection in the order of
10°-10° CFU/mL for isease detection'**. Tissue print-ELISA and lateral flow devices
that enable detection been fabricated for on-site detection, however, the sensitivity for
bacteria is @Qly low (10°-10%° CFU/mL) but ELISA technique detects tomato mosaic
Vim§$§
AW

oop-Mediated Isothermal Amplification (LAMP)

154

It is a powerful molecular diagnostic tool and innovative gene amplification technique that
amplifies nucleic acid at a very rapid pace, maintaining high sensitivity, specificity and
efficiency'. An attack by disease causing organisms generates a complex immune

response in a plant and this may bring about the production of disease-specific proteins
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involved in plant defence for detection'>®. Crop damage can be minimized if plant diseases
are diagnosed with right tools designed to detect plant diseases early either by identifying
the presence of the pathogen in the plant or the molecules (proteins) produced by either the

pathogen or the plant during an infection as a response in order to protect the plant!*.

2.40 Random Amplified Polymorphic DNA (RAPD) %\

RAPD is based on the amplification of genomic DNA with s@ri}ners of arbitrary

nucleotide sequence!®®. These primers detect polymorp '@he absence of specific

nucleotide sequence information and the polymorphi ction as genetic markers which
can be used to construct genetic maps'*°. Sinc rh% the RAPD markers are dominant, it
is not possible to distinguish whether B’%\hﬂed DNA segment is heterozygous (two
different copies) or homozygous (tv%g(al copies) at a particular locus'>®. In rare cases,
co-dominant RAPD markers 0&/ as different-sized DNA segments amplified from the
same locus may be det l%e basic technique of RAPD involves extraction of highly

pure DNA, additi@u le arbitrary primer, polymerase chain reaction (PCR), separation
e

of fragment ectrophoresis, visualization of RAPD-PCR fragments after ethidium
bromid@ under UV light and determination of fragment size comparing with known

marker with the help of gel analysis software!*. It is important to note that
RAPD technique requires maintaining strictly consistent reaction conditions in order to
achieve reproducible profiles!*®. In practice, band profiles can be difficult to reproduce
between (and even within) laboratories, if personnel, equipment or conditions are
changed'®. Despite these limitations, the enormous attraction of this technique is that there

is no requirement for DNA probes or sequence information for primer design as the
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procedure involves no blotting or hybridizing steps'3. The technique is quick, simple and

efficient and requires only the purchase of a thermocycling machine and agarose gel

apparatus with relevant chemicals which are available as commercial kits (e.g., Ready-To-

Go RAPD analysis beads; GE Healthcare, Buckinghamshire, UK)!*6. Another advantage is

that it requires only small amounts of DNA (10-100 ng per reaction) !¢

»

8.
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The samples were bought and &@ﬁ from four different markets of Oyo and Osun states

3.1 Sample Collection

with two markets select rom each state. The four markets are Eleekara and Sasa from
Oyo state with Oluwig d Obada markets from Osun state.

l. Eleekara o town (Oyo state) denoted as Market A (Al and A2 for Cherry and

Royal v@espectlvely).

3. Obada market, Ikire (Osun state) denoted as Market C (C1 and C2 for Cherry and Royal
varieties respectively)
4. Oluwoo market, Iwo (Osun state) denoted as Market D (D1 and D2 for Cherry and Royal

varieties respectively)
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3.2. Sample Size Calculation

2% (1—
Sample Size (N) = #
N= required sample size,

t =represents confidence level at 95% (standard value of 1.96).

Nigeria

P= represents 2.7% average incidence of fungi tomato rot in previo@\in

m= 5 % (standard value of 0.05) margin of error 2 '@
_ (1.96)? x 0.027(1 — 0.027) \
B (0.05)2 %)

__3.8416%0.027(0.973)

0.0025 §
Total =40.36  Approximately 40. Q

3.3 Sampling Method Analysis Q

A total number of 32 Sol Ltg(l/zopersicum fruits samples of two different varieties

(Cherry and Royal Va@kwith obvious sign and symptom of rot from different sellers of
the four Vegetabl®s and 8 apparent clean, fresh fruits of Solanum lycopersicum fruits
samples w d as test and control samples respectively'. The samples were cultured
using d% ate culture method and the isolated fungi undergone deoxyribonucleic acid
( xtraction for further molecular analysis technique to unfold their molecular
characterization! The isolated fungi genomic DNA (gDNA) were identified to the species
level using Polymerase chain reaction with the appropriate primer designed in forward and
reverse forms, Sanger sequencing and Basic Local Alignment Search Tool (BLAST) was
used on National Centre for Biotechnology Information (NCBI) data base 2.

Table 3.1 Experimental Design
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Markets Cherry variety Rovyal Variety Control

Market A (Ai1- A4) four samples A (A21-A24) four samples two samples
Market B (Bi-B4) four samples B> (B21-B24) four samples two
samples

Market C (C1-C4) four samples C> (C21-C24) four samples two

samples

Market D (D1-D4) four samples D, (D2 ;-D24) four samnle@(v.; two
samples %\
\

Total =40 16 samples 16 samples Q

34  Study Site &

The direct culture method of this study was ca 'e%t the department of microbiology

8 samples

laboratory, Lead City University, Ibadan, Cﬁé@te and the Molecular Analysis of grown

organisms was carried out at Ir%&}ja\ec, Africa Genomics Company, Opposite
International Institute of Tropi@i@ ture (IITA), Moniya, Ibadan, Oyo State, Nigeria..

3.5 Sterilizatio les, Glass wares and other Materials
Solanum ly icum fruit samples with sign and symptom of rot were sterilized with 3 %
sodium orite and 70 % ethanol, followed by repeated washings with sterile distilled

alpels and inoculating needles used to cut the rotting parts of tomato fruits were
sterilized by dipping them into 70% ethanol and passing them over a spirit lamp flame until
red hot before using it to culture. The glass wares were soaked in soapy water, washed,
Rinsed under running tap water and sterile distilled water. They were drained and dried in

an oven at 65°C before and after use.

3.6 Preparation of Potato Dextrose Agar Media
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Thirty — eight point nine grams of Potato dextrose agar was dissolve in 1litre of distilled
water according to manufacturer’s manual. But the right amount of the agar was measured
and dissolve in distilled water according to the volume needed to go round for the
experiment. The constituted mixture was heated till boiling in a water bath at 100°C to have

homogenized mixture. Then, the dissolved media mixture was Autoclaved at 1210{5 and
ml

15psi for 15minutes. The media mixture was allowed to cool down and strepto%

of constituted streptomycin to 1000ml of Agar) was added to inhibit th&%%
i

since Phytopathogenic fungi from tomato fruits rot are the organis%f rest. Then, the

acteria

media was poured into Petri-dishes and was allowed to set or sQi-)'l at?oom temperature
before sample were inoculated. ®
3.7 Isolation of Fungi Pathogen from Solanum I %um Fruits Samples

Small sizes of Solanum Iycopersicum samples Withaot signs and symptoms segments were
cut with sterilized forceps or cutting to s\%ﬂ the edges in order to isolate the causative
fungal organism and inoculated @e already solidified culture media. The sample’s

media was tapped and covemé/@

28°C for 7days at Dep t of Microbiology Laboratory, Lead City University, Ibadan.

3.8 Sub- culture @te to Produce Pure Culture

Isolates fro@\gowtb was sub -cultured onto new Potato dextrose agar plates and each

foil paper to avoid contamination®. They were kept at

culture %oculated onto potato dextrose broth (PDB) McCartney bottles and incubated
ys at 28°C. The new pure isolates were taken for molecular identification and

characterization’.

3.9 Pathogenicity Test for the Fungi Isolated

Six apparently clean, fresh healthy tomato fruits were properly washed under running tap

water to removes dirt and debris, disinfected with 70% alcohol and then rinsed repeatedly

with distilled water®. Then already Sterilized 6 hole borers were used to create about 2mm
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diameter holes in each of the 6 apparently cleaned tomato fruits with the removed part kept
intact in order to use them to cover all the holes created after organism inoculation®. Each
of the 6 already identified fungi were inoculated into the 6 fruits and the earlier removed
parts were used to cover the inoculum sites®. The surrounding of the holes was sealed with
petroleum jelly to prevent environmental contamination®. Each of these 6 tomato fruits were
placed in a sterile nylon sample bags and incubated for 5days at 28°C and tht@sge
observed for rot’. All the 6 samples inoculated with the already identified éQe/ oped
rot signs like original tomato fruits used in this study’. These rottin es were re-

inoculated into potato dextrose agar media and the growth obse)féx e compared with

the original growth’. The growth observed confirmed t@ genicity of the fungi

identified from the original experiment and not contam@ om environment.

3.10 Genomic Fungal Extraction Protocol Q
(Microcentrifuge, Vortex, Cell Dlsrupt< er er) Genomic DNA was extracted from

pure culture using Quick-DNA™ F

No.D6005) extraction kit °. T, &{%ﬁ)llowmg steps were taken

1. 50 — 100 mg funga from pure culture was suspended in up to 200 pl of water or

cteria Miniprep kit (Zymo Research, Catalogue

isotonic buffer (e to a ZR BashingBead™ lysis tube (0.1 mm & 0.5 mm) and 750

ul Bashing fer was added to the tube to homogenize the mixture.

2. Ab er was fitted to a 2 ml tube holder assembly and process at maximum speed
inutes and the mixture was centrifuged in a microcentrifuge at 10,000x g for 1

minute.

3. The supernatant was transfer to a Zymo-Spin™ III-F Filter in a Collection Tube and

centrifuge at 8,000 x g for 1 minute.

4. 1,200 pl of genomic Lysis Buffer was added to the filtrate in the Collection tube.
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5. 800 pl of the mixture from Step 4 was transfer to a Zymo-Spin™ IICR Column 3 in a
Collection tube and centrifuge at 10,000 x g for 1 minute.

6. The flow through was discarded from the Collection tube and Step 5 was repeated.

7. Another 200 ul DNA Pre-Wash Buffer was added to the Zymo-Spin™ IICR Column in
a new Collection tube and centrifuge at 10,000 x g for 1 minute.

8. Then 500 pl g-DNA wash Buffer was added to the Zymo-Spin™ IICR Col%d
centrifuge at 10,000 x g for 1 minute. @/

9. The Zymo-Spin™ I[ICR Column was transferred to a clean 1.5 ml nit \utrifuge tube
and 100 pl (35 pl minimum) DNA Elution Buffer was added dire&%ﬂ\e column matrix,
then, it was Centrifuged at 10,000 x g for 30 seconds to e@DNA. Ultra-pure DNA

from this extraction was used for Polymerase Chain R&@l nalysis.

3.11 Polymerase Chain Reaction agzgi)\

Polymerase chain reaction wﬁ(/ out on pure gDNA from extraction process by
following these steps-; \\/

1. Denatur@afte; the DNA extraction, the genomic DNA was heated to 94° C
in grdettosbreak the bonds that hold DNA strands together in a helix structure
se the process normally act on the two strands when not bonded together.

Q he polymerase chain reaction (Pcr) tube contained the gDNA template,
Q polymerase enzymes, primers, Pcr buffers and they are together referred to as
Pcr Mixture.

2. Annealing: The mixture was allowed to cool down to 50°C in order to allows

the primers (ITS-1 Ribosomal RNA sequence TCCGTAGGTGAACCTGCGG

and Primer ITS-4 Ribosomal RNA sequence TCCTCCGCTTATTGATATGC in
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both forward and reverse reaction) to bind or anneal to their complementary
sequence in the template DNA.

3. Extension: The reaction was heated up to 72° C which is the optimal
temperature for DNA polymerase enzymes to add more nucleotides and elongate

the template nucleotide to produce maximum samples.

3.12  Gel Electrophoresis of Amplicons %&

The PCR products or amplicons was run on a agarose gel to ascertain @ get segment
were actually amplified following this protocol-; The agaro w&s prepared from
Agarose powder and casted using comb to create sample @ e amplicons mixture
was applied to agarose gel sample wells alongside 1 etect the presence of target
size DNA fragments. The gel was allowed to bout lhour and the movement is
usually based on the size of each DNA fra
3.13 DNA fragments Purification rose Gel
The DNA fragment from A was extracted with the Zymoclean™ Gel DNA
recovery kit as follows-;
1. The Exo/S %er rr.lix was prepare and added to a 0.6ml micro-centrifuge tube:
a. xgnudease I (Catalogue No. NEB M0293L) 20 U/ul 50 ul
rimp Alkaline Phosphatase (Catalogue No. NEB M0371) 1 U/ul 200 pl
Qw s followed by the Preparation of the following reaction mixture:
Q Amplified PCR Product 10 pl
ExoSAP Mix (step 1) 2.5 ul
3. The whole mixture was Mix well and incubated at 37°C for 15 min

4. The reaction was heated for 15minutes and stopped at 80°C.

3.14 Sequencing Protocol
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DNA fragments recovered from agarose gel was sequenced using the Nimagen,
BrilliantDye™ Terminator Cycle Sequencing Kit V3.1, BRD3-100/1000 according to
manufacturer’s instructions. The labelled products was cleaned with the ZR-96 DNA
Sequencing Clean-up Kit (Catalogue No. D4053): The cleaned products was injected on the
Applied Biosystems ABI 3500XL Genetic Analyser with a 50cm array, using POP7: The
purified fragments was analyzed on the ABI 3500x1 Genetic Analyzer (Applied Bio%s,

ThermoFisher Scientific) for each reaction of every sample. DNAstar was ® alyze
0

the abl files generated by the ABI 3500XL Genetic Analyzer and resa@& tained by
BLAST (Basic Local Alignment Search Tool) on NCBI (Nation %qfor biotechnology

information). Sequence chromatogram analysis was perfo@g Finch TV analysis

&
\\\)
3.15 Statistical Analysis &

Data obtained were statistically aqa% using statistical package for social sciences (SPSS)

software.

software version 24.0. Descrﬁ?% alysis was used to present prevalence and frequencies
Q\ :

of outcomes.
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Resulti iscussion of Findings
4.0 Results \<§/

4.1 The Result of t@qlated Fungi

The tomato séﬁile Itured on pototo dextrose agar produce growth that were identified
using method as represented in the table 4.1 below. They were identified based
0 mato fruits’ variety, the location where they were bought and frequency of the
growth. Geotrichum candidum was isolated from Royal varitety bought from Eleekara
market and Rhizopus delemar was isolated, identified and speciate from Cherry variety
from Eleekara as well. With frequecy of 4 out of the samples a percentages of 18.2% for
organisms. Aspergillus flavus was isolated, identified and speciate from Royal variety from

Sasa and Pichia kudriavzevii was isolated and identified from Cherry from Sasa with
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frequency of 4 out of the 4 samples cultured and percentage of 18.2% for both organisms.
Aspergillus niger and Penicillum citrinum were both isolated and identified from Royal
and Cherry respectively with frequncies of 3 out 4 samples cultured and percentage of
13.6% for both organisms from both varieties. No organism was isolated from samples

cultured from Obada market in both varieties.

Table 4.1: Shows the Fungi Speciﬂs%ted from Tomato fruits Samples from

Royal and Cherry Varxie and their Locations

NS

Names of fungi Tomato ) ket Location Frequency Percentage %
isolated and vari .
Identified

&
Geotrichum @d Eleekara (oyo state) A1 4 18.2 %
candidum
Rhizop% Cherry Eleekara (Oyo state) A2 4 18.2%
dele%
Aspggillus Royal Sasa (Oyo state) B 4 18.2%
flavus
Pichia Cherry Sasa (Oyo State) B> 4 18.2%
kudriavzevii
Aspergillus Royal Oluwo (Osun state) D 3 13.6%
niger
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Penicillum Cherry Oluwo (Osun state) D 3 13.6%
citrinum

No isolate Both Obada (Osun state) C1 & 0 0.0 %
varieties  C»

Total - - 22 100%

N
(Source: Laboratory result, 2022) @/

&

The results from Eight fruits of solanum% icum with signs and symptoms of

infection asigned to group A with fo@from Cherry and Royal varieties each with

one controls from each varieties (%ad as indicated below. From all the eight fruits of
A

both varieties, only two pureY\/ ere recorded one from each variety with frequency of

4 out 4 samples resp as represented by Table 4.2. The results from conventional
culture and sub -cult ere as shown in Fig 4.1 and Fig 4.2 respectively. Result from

sanger seq@@ and Genbank identifiction were represented below with Plate 1, plate

—

Aq @Table 4.3 and Table 4.4 respectivey. The two pure isolates were identified as
c“%

Table below represent growth observed on direct culture plate method from cherry and

um candidum for that of Royal variety and that of Cherry as Rhizopus delemar.

royal varieties of the samples gotten from Eleekara market denoted as group A. From the 4
samples of each varieties, growth were observed from all the 4 samples out of the 4

samples cultured.
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Table 4.2 Growth Distribution of Pure Isolates'from the Cherry and Royal Varieties

Samples from Market A, Royal Vari@ - Al(s) and A2, Cherry Variety (A2(1)—

A2(4). \Q
A G NG \%ﬂ.’c A2 G NG AC

(Source: Laboratory result, 2022)

Key note
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Al - Royal variety , A2- Cherry variety
A1C- Control for Cherry variety, A2C- Control for Royal variety
14- number of Royal and Cherry variety growth recorded

NG - No growth

G- Growth Q\/\V\

The figure 4.1 and figure 4.2 below represe ectedlture method of tomato samples from

group A as freshly cultured on potato de@( ar.

Fig 4.1 Freshly Cultured Royal Variety of Solanum lycopesricum on PDA for Grp A2
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X~

The figure 4.3 below represents direct culture m@mmo samples from group Az and

growth obtained at first culture. &
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Fig 4.4 Growth Observed after Few Days of Sub- cultufe Al and A2.

(Source: Laborator® 022).

S
O

The Plates below Represent tb%, of Nucleotides for Each Organism Isolated at the End
of Sanger Sequencing Tun

CCTTKGATYCTGG ATAGTGTTGTTTTTCAAACGAATTTGATTCG
AAATT@AGCAATGCAATTCCAAGAGAGAAACAACGCTCAAACAA

(‘%@' TTGGGGGATACCCCAAAGTGCAATGTGCGTTCAAAAACTGATG

ATTCACTTCTGCAATTCACAAGAAATATCGCGTTTCGCTGCGTTCTTCAT

CGATACGAGAACCAAGAGATCCATTGTTAAAAGTTTTRATTATTTTTGTT

TTRATTGWWTGATTATGGTTKGYTGKGTAAWTTYCMCAAWTATTATCAAT
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TCTWAWTGATCCTTCCSMRGGTTCMCCTACGGAA

Plate 1: Sanger Sequence Result of Speciation for Organism Isolated from Grp Al

(Source: Laboratory Result, 2022)

N

CAAWWTTTGKGGAATT& CAAACAATAATCATACAATCAAAACAA
e

X

AAATAATCAAAA@ICAAGGGATCTCTGGGTTCTCGAATCGATGAAA
AACGC@ACGCATTATTTCTTGGAATTTGARGAAGKGAATCATCAG
O
"l%’GAACGCCCATGGCACTTTGGGGWATCCCCCAAGGWATACTKGTTK
GAGSGTKGTTCCTCTCTTGRAATKGCATTGTTTTTCTAAATTTTCRAATC
AAATTCKTTKGAAAAMCAACACTATTCAACCTCAAATCARGWAGGATTAC

CCSCTGAACTTAASCATATCAWTAACSGRAGAAA
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Plate 1.1: Sanger Sequence Result of Speciation of Fungi Isolated from Grp A1(2)

(Source: Laboratory result, 2022)

TTTWAAGGS SGSCTTACC'@’GGGTTTCCTCTGGGGTAAGTGATTGCT
TCTACACTGTGAAIQ&FGGCTGAGAGACTCAGACTGGTCATGGGTAGAC
CTATCTGG?{@TCGATGCCACTCCTGGTTTCAGGAGCACCCTTCAT
AAT GAAATTCAGTATTATAAAGTTTAATAAAAAACAACTTTTA
GATCTCTTGGTTCTCGCATCGATGAAGAACGTAGCAAAGTGCGA
TAACTAGTGTGAATTGCATATTCAGTGAATCATCGAGTCTTTGAACGCAG
CTTGCACTCTATGGTTTTTCTATAGAGTACGCCTGCTTCAGTATCATCAC
AAACCCACACATAACATTTGTTTATGTGGTAATGGGTCGCATCGCTGTTT

TATTACAGTGAGCACCTAAAATGTGTGTGATTTTCTGTCTGGCTTGCTAG
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GCAGGAATATTACGCTGGTCTCAGGATCTTTTTCTTTGGTTCGCCCAGGA
AGTAAAGTACAAGAGTATAATCCAGCAACTTTCAAACTATGATCTGAAGT
CAGGTGGGATTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA

Plate 1.2 : Sanger Sequence Result of Isolated Fungi from Grp A2(1)

(Source: Laboratory result, 2022) V\
S

N\

QAR

QN

&

N

Table below represent the prediction of IKsLi\or ism from genbank when blasted.The
predicted organism showed a percen%:\/g 85.36% similarity with information of

Geotrichum candidtum present or@]k data base with reference number OM3970721 .

Table 4.3 Fungi Present 'n%w from Market A ( Royal Variety)

QN

Name of the Sam@\ Al
O

Per@e\m 85.36%

Predicted Organism Geotrichum candidum
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Genbank Accession OM397072.1

(Source: Laboratory result, 2022) \V\
Q \
Table below represent the prediction of likel rg%n from genbank when blasted.The
predicted organism showed a percentag }%{Vo similarity with information of Rhizopus

delemar present on genbank data a%th reference number LC514331.

Table 4.4 Fungi Presen@! from Market A ( Cherry variety)

Name of the Sampl@ - A2
O

T@ Efnt 1D 100%

Predicted Organism Rhizopus delemar
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Genbank Accession LC514331.1

(Source: Laboratory result, 2022)

The results from another Eight samples of %m copersicum with signs and symptoms

of infection asigned to group B with f@i from Cherry and Royal varieties each with
one controls from each varieties %ad as indicated in Table 4.3 below. From all the
eight samples of both Varietiésé/‘br two pure isolate were recorded one from each variety
with frequency of 4 “samples respectively. The results from two consecutive
conventional cu@d sub -culture were as shown in Fig 4.5 Fig 4.6 and fig 4.7
respectivel@sult from sanger sequencing and Genbank identifiction were represented
bGIO@ ate 2, plate 2.1, plate 2.2, Table 4.5 and Table 4.6 respectivey. The two pure
is were identified as Aspergillus flavus for that of Royal variety and Pichia

kudriavzevii for that of Cherry variety.
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4.6 Freshly Cultured Cherry Variety of Solanum lycopesricum on PDA for Grp B2
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The Figures 4.7, 4.8 , 4.9 and 4.10 below represent the growth observed from ﬁr@

plate culture method to sub —culture and pure isolate of tomato samples ﬁou@p .
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Fig 4.7 Growth Observed after Few Days of Sub- culture of Grp B1 and B2

(Source: Laboratory result, 2022)
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Fig: 4.8 Growth Observed after Few Days of Sub- culture of Grp B1 and B2.

(Source: Laboratory result, 2022)

Fig: 4.9 Growth Observed after Few Days of Sub- culture of Grp B1 and B2.

(Source: Laboratory result, 2022)
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Fig : 4.10 Growth Observed after Few Days of Sub- culture of Grp B1 and B2.

(Source: Laboratory result, 2022)
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Table below represent growth observed on direct culture plate method from cherry and
royal varieties of the samples gotten from Sasa market denoted as group B. From the 4

samples of each varieties, growth were observed from all the 4 samples out of the 4,

samples cultured. ®

Table 4.5 Growth Distribution of Pure Colonies from the Cherry a omato
Varieties of Market B1 Royal (B1 — B4) and B2, Cherry(Bi1-B4)

B G NG B:C B> G @ \ B.C
PaN

@w:‘ Laboratory result, 2022)
Key note l\&/

B1- R ty
variety
B1C- Control for Cherry variety
B2C- Control for Royal variety
14- number of Royal and Cherry variety growth recorded

NG - No growth , G- Growth
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The Plates (Plates; 2, 2.1 & 2.2, below Represent the Order of Nucleotides of each

Organism Isolated at the End of Sanger Sequencing Techniques for Group B
TCCKGAAYCCGAGGTCAACCTGGAAAAAGATTGATTTGCGTTCGGCAAGC
GCCGGCCGGGCCTWCAGAGCGGGTGACAAAGCCCCATACGCTCGAGGA%
GGACGCGGTGCCGCCGCTGCCTTTGGGGCCCGTCCCCCCCGGAGA
CGACGACCCAACACACAAGCCGTGCTTGATGGGCAGCAA'&%‘CGGA
’Xc \
CAGGCATGCCCCCCGGAATACCAGGGGGCGCAATG@R AAAGACTC
GATGATTCACGGAATTCTGCAATTCACACTA '@ CATTTCGCTGCG
TTCTTCATCGATGCCGGAACCAAGAGA C@TTGAAAGTTTTAACTG
ATTGCGATACAATCAACTCAGACT@AGATCAGACAGAGTTCGTGGT
GTCTCCGGCGGGCGCGGG@GCTGAGAGCCCCCGGCGGCCATGAAT

GGCGGGCCCGCCGA,@CTAAGGTACAGTAAACACGGGTGGGAGGTTG

GGCTCGCTAG@E "TACACTCGGTAATGATCCTTCCGCAGGTTCACCT

ACGG 6\

P l% Sanger Sequence Result of Speciation for Organism Isolated from Grp
1

B

(Source: Laboratory result, 2022)
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TCWTTWGWMTACACTGCGTGAGCGGACGAAAACAACAACACCTAAAATGT
GGAATATAGCATATAGTCGACAAGAGAAATCTACGAAAAACMAACMAAAC
TTTCAACMACGGATCTCTTGGKTCTCSCATCSATGAARARCGCAGCGAAA
TGSGATACCTARTGKGAATTGCAGCCATCGTGAATCATCSAGTTCTTG®
CGCACMTTGSGCCCCTCSGSATTCCGGGGGGSATGSCTGKTTGA @&
TTTCCATCTTGCGCGTGCGCAGAGTTGGGGGAGCGGAGC C§ CSTGK
AAAGAGCGKCGGARCTGCGACTC SCCTGAAAGGG@GCTGGCCSAR
CGAACTARACTTTTTTTCMGGGACSCTTGGC@ARARCGAGTGKTGC
GARACAACMAAAAGCTC SACCTCMN&X RGAATACCCGCTGAACT
TAAGCATATCAATAARCGGAGGAQ

Plate 2.1 : Sanger Sequence % or Organism Isolated from Grp B2(1)

‘;Qes Laboratory result, 2022)
S
O
QQ
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ACKKGATTTGAAGGTCGAGCTTTTTGTTGTCTCGCAACACTCGCTCTCGG
CCGCCAAGCGTCCCTGAAAAAAAGTCTAGTTCGCTCGGCCAGCTTCGCTC
CCTTTCAGGCGAGTCGCAGCTCCGACGCTCTTTACACGTCGTCCGCTCCG
CTCCCCCAACTCTGCGCACGCGCAAGATGGAAACGACGCTCAAACAG@

TGCCCCCCGGAATGCCGAGGGGCGCAATGTGCGTTCAAGAAC%@[

TCACGATGGCTGCAATTCACACTAGGTATCGCATTTCGC&C{F TTCA
TCGATGCGAGAACCAAGAGATCCGTTGTTGAAAG @‘TGTTTTTCS
TARATTTCTCTTGKCSACTATATGCTATATTC %TTTARGKGKTGKT

GKTTTCSTTCCGCTCAC SCAGTGKAG}"& TCACAGKAATGATCCTT

CCGCAGGKTCACCTACSGAA Q

Plate 2.2 Sanger Sequence R\Qg?hr Organism Isolated from Grp B2(3)
ce: Laboratory result, 2022)

S
QQ
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Table below represent the prediction of likely organism from genbank when blasted.The
predicted organism showed a percentage of 100% similarity with genetic information of

Aspergillus flavus present on genbank data base with reference number MT645322.

Table 4.6 Fungi Identification from Sanger Sequence for Sample B

Name of Sample B, @g E
N

Percentage ID 100% \4\\ \
Predicted Organism Aspergillus flavus \@
Genbank Accession MT645\§§\

N\ .
S

§ (Source: Laboratory result, 2022)
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Table below represent the prediction of likely organism from genbank when blasted.The
predicted organism showed a percentage of 100% similarity with genetic information of

Pichia kudriavzevii present on genbank data base with reference number MT071789.1

Table 4.7 Fungi Identification from Sanger Sequence for Sample B;

Name of Sample B>

Percentage ID 100%

Predicted Organism  Pichia kudriavzevii §
Genbank Accession ~ MTO07 22?%

N\ .
S

4\\1
% (Source: Laboratory result, 2022)
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The results from third set of eight samples of solanum [lycopersicum with signs and
symptoms of infection asigned to group C with 4 fruits samples from Cherry and Royal
varieties each with one controls from each varieties were read as indicated below in Table
of 4.8 From all the eight fruits of both varieties, no isolate were recorded from both

varieties. The results from two consecutive conventional culture and sub-culture were as

shown in Fig 4.11 and Fig 4.12

Fig 4.12 First Cultured Royal Variety of Solanum lycopesricum on PDA for Group C1

and C2.

(Source: Laboratory result, 2022)
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The figure 4.3.2 below represent tomato samples from group C which showed no

substancial growth after some days at 28°C.

Fig : 4.1 bstantial Fungus Growth after Some Days

QQ (Source: Laboratory result, 2022)
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Table 4.4 below represent growth observed on direct culture plate method from cherry and
royal varieties of the samples gotten from Obada market denoted as group C.From the 4

samples of each varieties, No growth were observed from all the 4 samples cultured.

Table 4. 8 Growth Distribution of Pure Isolates from the Cherry and Royal tomato

Varieties of Market C, Royal variety C1(Cy)- Cl(4) and C2, Cherry Variety (C2(1)—

C20. N
C e w e e @
4 N

_ _ <\Q

X
(S%&lboratory result, 2022)

C1 - Roy
o

CI1C- Control for Cherry variety
C2C- Control for Royal variety

NG - No growth G- Growth
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The results from fourth set of eight fruits of solanum lycopersicum with signs and
symptoms of infection asigned to group D with four fruits from Cherry and Royal
varieties each with one controls from each varieties were read as indicated Table 4.9 below.
From all the eight fruits of both varieties, only two pure isolate were recorded from one
variety. The results from conventional culture and sub -culture were as shown in Fig 4.14,
4.15, 4.16 and Fig 4.17 respectively.  Result from sanger sequencing and %{
identifiction were represented below with Plate 3, plate 3.1, plate 3.2, Table 49 \&able 4.10
and Table 4.11 respectivey. The two pure isolates from the two Varieti@! entified as

Aspergillus niger and Penicillium citrinum from Group D; a Twith frequency of 3

f4 of samples cultured. \

out o @
NN
N
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The Figures 4.14 and 4.15 below represent tomato samples from group D, freshly cultred

on potato dextrose agar.

Fig 4.15 Freshly Cultured Royal Variety of Solanum lycopesricum on PDA for grp D2.

(Source: Laboratory result, 2022)
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The Figure 4.16 below represent growth observed from samples from group D after some

days on potato dextrose agar

N
QQ

Fig 4.16 First Culture of Grp D1 and D2

(Source: Laboratory result, 2022)
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The figure 4.4.2.1 below represent the growth observed from group D samples when sub-

cultured for pure isolates.

Q Fig 4.17 Sub- culture of Grp D1 and D2

(Source: Laboratory result, 2022)
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Table below represent growth observed on direct culture plate method from cherry and

royal varieties of the samples gotten

from Oluwoo market denoted as group D. From the 4

samples of each varieties, growth were observed from 3 samples out of the 4 samples

cultured from both varities.

Table 4.9 Growth Distribution of Pure Isolates from the Cherry and Royal tomato

Varieties of Market D, Royal variety D1(1y- D1(4) and D2, Cherry Variety

D2(4).

O
D1 G NG D:C D; G % D:C
13 + - - 13 + (§ ‘\_‘ _
2 + - 2 %‘@ _
. Q.

g\m
S
DI - Roya@w

Key note

D2-
re%ed

DI1C- Control for Cherry variety

variety ,

NG - No growth

aboratory result, 2022)

D2C- Control for Royal variety

13- number of Royal and Cherry variety growth

G- Growth
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The Plates (Plates; 3, 3.1, 3.2 and 3.3) below Represent the Order of Nucleotides of Each
Organism Isolated at the End of Sanger Sequencing Technique for Group D.

CCYKKGAATCCGGAGGTCACCTGGAAAAATGGTTGGAAAACGTCGGCAGG
CGCCGGCCAATCCTACAGAGCATGTGACAAAGCCCCATACGCTCGAGGAT
CGGACGCGGTGCCGCCGCTGCCTTTCGGGCCCGTCCCCCCGGAGAGGGG
\s
ACGGCGACCCAACACACAAGCCGGGCTTGAGGGCAGCAATGACG@
CAGGCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTTC CTC
GATGATTCACTGAATTCTGCAATTCACATTAGTTATC GCTGCG
TTCTTCATCGATGCCGGAACCAAGAGATCCATTG & GTTTTAACTG
ATTGCATTCAATCAACTCAGACTGCACGG@ACAGTGTTCGTGTTG
GGGTCTCCGGCGGGCACGGGCCC %CAAAGGCGCCCCCCCGGCGGC
CGACAAGCGGCGGGCCCGC CAACAGGGTATAATAGACACGGATGG

GAGGTTGGGCCCAAA @(GCACTCGGTAATGATCCTTCCGCAGGTTC

ACCTACGGAA. Q{
Plate 3 : S@\Sequence Result of Fungi Isolated from Grp_D1(3)

NS

(Source: Laboratory result, 2022)
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ACAGATCCGAGGTCAACCTGAGATAATTAAAGGTTGGGGGTCGGCTGGCG
CCGGCCGGGYCTACTAGAGCGGGTGACGAAGCCCCATACGCTCGAGGACC
GGACGCGGTGCCGCCGCTGCCTTTCGGGCCCGTCCCCCCGGCGGGGGGGA
CGGGGCCCAACACACAAGCCGGGCTTGAGGGCAGCAATGACGCTCGGACA
GGCATGCCCTCCGGAATACCAGAGGGCGCAATGTGCGTTCAAAGACT@
TGATTCACTGAATTCTGCAATTCACATTAGTTATCGCATTTCGC @‘/
CTTCATCGATGCCGGAACCAAGAGATCCGTTGTTGAAA(%{&A\A TAAT
TTCGTTATAGGTCTCAGACTGCAACTTCAGACAG@&%-“GGGGGCCGT
CGGCGGGCGCGGGGCCCGCCGAGGCAACAI@CGGGCAACACGGGTG

GGAGGTTGGGCCCCGAGGGGCCCGC&& AATGATCCTTCCGCAGGT

TCACCTACGGAA. Q
Plate 3.1 : Sanger Sequenc@r Organism Isolated from Grp D2(2)

‘;Qes Laboratory result, 2022)
S
O
QQ
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GGSSGGGGTCTTTGGGGCCAACCTCCCATCCGTGTCTATTATACCCTGTT
GCTTCGGCGGGCCCGCCGCTTGTCGGCCGCCGGGGGGGCGCCTTTGCCCC
CCGGGCCCGTGCCCGCCGGAGACCCCAACACGAACACTGTCTGAAAGCGT
GCAGTCTGAGTTGATTGAATGCAATCAGTTAAAACTTTCAACAATGGATC
TCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAAT@
GAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACAT &@C
CCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTG CC\ CAAG
CCCGGCTTGTGTGTTGGGTCGCCGTCCCCCTCTCC@ACGGGCCCG
AAAGGCAGCGGCGGCACCGCGTCCGATCCT@TATGGGGCTTTGTC
ACATGCTCTGTAGGATTGGCCGGCG(}&C ACGTTTTCCAACCATTTT
TTCCAGGTTGACCTCGGATCAGGF@GATACCCGCTGAACTTAAGCATA

TCAATAAGCGGAGGAA \<§\:

Plate 3.2 : Sanger Se@ Result of Fungi Isolated from Grp D1(4)

’\@: Laboratory result, 2022)
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AGSGGGGGCCTCGGGGGCCAACCTCCCACCCGTGTTGCCCGAACCTATGT
TGCCTCGGCGGGCCCCGCGCCCGCCGACGGCCCCCCTGAACGCTGTCTGA
AGTTGCAGTCTGAGACCTATAACGAAATTAGTTAAAACTTTCAACAACGG
ATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAA
TGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTG@
CCCTCTGGTATTCCGGAGGGCATGCCTGTCCGAGCGTCATTGCT
AAGCCCGGCTTGTGTGTTGGGCCCCGTCCCCCCCGCCGG@/{ GGCC
CGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGA GGGGCTTCG
TCACCCGCTCTAGTAGGCCCGGCCGGCGCC:@?&CCCCAACCTTTAA
TTATCTCAGGTTGACCTCGGATCAG(& ACCCGCTGAACTTAAGC

ATATCAATAAGCGGAGG

Plate 3.3 : Sanger Sequence @\of Fungi Isolated from Grp D1(4)

(Source: QIQ‘A@W result, 2022)
@
QQ
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Table below represent the prediction of likely organism from genbank when blasted.The
predicted organism showed a percentage of 99.83% similarity with genetic information of

Aspergillus niger present on genbank data base with reference number MG228418.1.

Table 4.10 Fungi Identification from Sanger Sequence for Sample D

Name of Sample Dl.

Percdentage ID 99.83%

Predicted Organism  Aspergillus niger :\
Genbank Accession MG228418.1 %\

\
<§\\
(Source: La%or result, 2022)
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Table below represent the prediction of likely organism from genbank when blasted.The
predicted organism showed a percentage of 99.82% similarity with genetic information of

Penicilliun citrinum present on genbank data base with reference number MN879404.1.

Table 4.11 Fungi Identification from Sanger Sequence for Sample D2y

Name of Sample D2,

Percdentage ID 99.82%

Predicted Organism Penicillium citrinum

Genbank Accession MN&79404.1

-
S
S
QQ
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The results from control samples from both varieties showed no growth for days at 28°C.

The figure 4.5 below represented culture from apparently clean samples used as control for

cherry and Royal varieties with no visible growth of any organism.

QQ Fig 4.18 Apparently Clean Samples Showing no Growth of Fungus.
(Source: Laboratory result, 2022)

116



4.2 Photomicrograph Image of Internal Transcribed Spacer

Figure 4.6 below represent Photomicrograph Images of Gel Electrophoresis for Each of the

Organism Isolated from Each Sample and their Frequencies.

Ty AR SULIATLES)
AR LA (LS AL al e 82 Dia Db NTC
Al Az [} LM Dia Db NTC

\
Frequeny 1 equency 2
Al a2 “s:.ﬂ‘:?u-zju Db NTC &\& an

az e: 8z
\'4
= | ~
—— v~ b —
Frequency 4

Fig 4.19 A Photomicrograph Image of an Agarose Gel Indicating the Amplification of
the ITS Target Region.

(Source: Laboratory result, 2022)
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The table below represent the summary of organism isolated and identified to species level

from this study and their locations.

Table 4.12 Conclusion of Blast Prediction of Each Isolate Analyzed

Name of Location

organisms V\
¢ AN

Al Geotrichum candidum  Sasa Market

A2 Rhizopus delemar Sasa market

Bl Aspergillus flavus Eleekara market §/

B2 Pichia kudriavzevii Fleekara n(?;j&\\

Dl1. Aspergillus niger O\@\market

D2y Penicilliu@m Oluwoo market

4\\\
N

(Source: Laboratory result, 2022).
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4.3 Discussion of Findings

Phytopathogenic fungal species have been traced and isolated from several researches as
the cause of enormous loss in quantity and quality of tomato crop yields and this has been
a major economic issue in the global agricultural sector. Precise and rapid detection and
identification of plant infecting fungi are essential to facilitate effective management of
disease. Molecular techniques have become most important methods for accura&nt
disease diagnosis. Fungi have been found to be the most destruction pathogeh¢intomato
fruits rots leading to economic loss of tomato in field, storage and r@ t has been
reported that 21% of tomato produced in Nigeria were lost to ro&&e\ﬁeld and 20% in

storage and markets. Although, tomato fruits contain s@igh level of nutritive

elements with low pH value which make them targe\

infections. ®

The increasing world population and tom@&i consumption necessitates well-organized

ceptible to fungal pathogen

plant disease management and contgo] i culture to assure food security and safety of

which an efficient and effecti @ork for early alert and quick response is a crucial

element to combat phyt atkgbnic fungi. Diagnosis of fungal plant pathogen is of
0

significance in the @Q

health. Therefate, al disease management requires accurate diagnosis of diseases which

con@u

maybe very difficult to distinguish. The list that covers a known plant disease, its typical

ant protection as it contributes to improving crop vigor and

on the identification of causative agents. Moreover, it is very important to

ngal diseases even though the diagnosis based on the visible signs and symptoms

sign and symptoms, its known potential phytopathogen for a precise host is a perquisite for
disease diagnosis before the advent of molecular method diagnosis.
Olden day’s conventional methods include culturing, isolation, re-inoculation, microscopic

techniques and biochemical tests which require knowledge and expertise in fungal plant
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pathology and taxonomy. Molecular phytodiagnostic techniques need no sign and
symptoms before detection and identification of diseases and causative organism can be
established. It functions effectively on symptomless plant which can always give edge on
prevention instead of curation or eradication.

The tomato fruits sample from Obada market of Osun state did not show any growth from
both varieties. It shows that Geotrichum candidum, Rhizopus delemar, Aspergill-%a
and Aspergillus niger has highest frequencies of occurrence and percentag % ichia
kudriavzevii, Penicillium citrinum has lower frequency and percentage. ings of this
study can be linked to work of Nizamani S., Khaskheli A.M a@&aﬁi S.A from India
where Geotrichum candidum was reported as one of the co %gal species responsible
for tomato fruits rots which may be traced to level pP&&o‘sﬂto fruits?. It is in agreement
with findings of another two researchers, Etawas% etunji from department of botany

and microbiology, University of Ibadan @spergillus flavus and Aspergillus niger

were isolated and identified as most_c n fungi pathogenic species responsible for
highest percentage in tomato fi 't@

The result agreed with the wo}%ne at Ungwan Rimi, Kaduna State by Mohammed S.S.D
and Kuhiyep C.Y @it V\;as reported that Aspergillus niger had the highest rate of
occurrence ir&(cqmato fruits rot and the study concluded that the fungus may be the
major o responsible for the spoilage of tomato fruits. This study goes in line with
w e on tomato fruit rot by Sobowale A.A and Oguntoye O, from Botany department,
University of Ibadan and department of crop, soil and pest management technology, Rufus
Giwa Polytechnic, Owo that Geotrichum candidum and Fusarium oxysporum were isolated
and identified from major markets of two Southwestern state and one North central state of
Nigeria. It was established that the two organism are frequently responsible for most of

tomato fruits rots.
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Hussain A, Khan S.W, Alli S, Faiz F, Hussain M, Alli A, Shams U.R and Qasim S from
Karakoram International University concluded from their work on tomato fruits rots that
Aspergillus flavus and Aspergillus niger were the dominating fungal species isolated and
identified as the major cause of most tomato fruits rots in the district Gilgit, Balistan *.
Tomato fruits rot caused by fungi is a major problem of second most important crop across
the globe and the prevention, management and control must be of global action inx@dp
reduce to minimum. Tomato fruits is said to have low pH and the high m@(e/ ontent
which make the crop a suitable medium for microbial growth especia% 1 and some
bacteria that dwell very well in acidic habitat or host. Although, @Qn\ato fruits rots are
caused by contamination through mishandling and unhygie@mm when transporting
the fruits to the vendors from farm and not alwayS\‘S&(ﬁrm soil or land. The fungi
identified have no peculiarity to the geographia%%}n of where they are isolated . The
infection and the effect of the fungi on @\fmits is not based on the geographical
location as they can be found acro tl&g\bbe from the properties and characteristics of
fungi identified . So, those isolat tomato samples from Osun state markets has no
peculiarity to Osun state {dM isolated from Oyo state markets are not based on the
location because th yto;:athogenic fungi causing tomato fruits rot can actually be

isolated acros;ﬂe(gbbe and that explains why tomato fruits rot is a major challenge across

he W%Q
NS
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Chapter Five
Conclusion
5.1 Summary of Findings
Based on the findings of this research work, there are 6 different fungal species isolated and

characterized molecularly using molecular tools like polymerase chain reacti@r

sequencing method and referenced on NCBI data base which identified t}e\ species

as  Aspergillus niger, Rhizopus delemar, Aspergillus flavus, @ﬂ candidum,
S

Penicillium citrinum and Pichia kudriavzevii that were found e\@s c\fated with tomato

fruits rots in certain vegetable markets of Oyo and Osu(&

fungi isolated from Eleekara and Sasa markets 0% te have highest frequency and

percentage compared to fungi isolated from @ et of Osun state.

outh-west Nigeria. The
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5.2 Conclusion

Basic sanitary rules during plantation, harvesting, storage and handling during selling of

fresh tomatoes should be employed to improve hygienic condition of the fresh tomato fruits

consumed to avoid food- borne outbreak especially when eaten raw. Tomatoes fruits rots is

higher in fresh ones compared to the sun-dried tomato fruits because the moisture\@wt

has been reduced to a level unfavourable for fungal growth. These fungi ¢ ignificant

loss of tomato fruits to the farmers, companies that use it as raw materiﬂ@r finished

products and vendors. There is a need in the future to come L@Kspecial preventive

methods like resistant cultivar, basic sanitary rules, sun ic preservative which

is the best of preservation to minimize tomato fi 2gﬂaused by fungal organism.

Moreover, the storage of tomato should be done% erature and relative humidity that

does not favour the growth of fungi. l\\
D

N

Qo

S

N

B

\

Q
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5.3 Recommendations

i. There is a need in the future to come up with special preventive methods like planting
resistant cultivar, sun drying of tomato fruits, organic preservative which is the best of
preservation to minimize tomato fruits rots caused by fungal infection.

ii. The storage of tomato should be done at a temperature and relative humidity that@\

not favour the growth of fungi. <(/

iii. Fungi attack on tomato fruits result in loss of economic resourc@vell as food
poisoning from mycotoxin therefore, basic sanitary rules should@fqﬁowed in order to

reduce to the barest minimum the menace of tomato fruits r " )

locally woven baskets and sacks under conditions t ncourage the growth of fungi. These

iv. The fruits are usually transported from areas 0’@6 to areas of consumption in

baskets and sacks should be sanitized befo, fter use or discarded after single use.
fo

v. Frequent inspection of the frults od inspectors is also recommended which

will go a long way in prevent@\ nsumption of contaminated tomato fruits thereby

reducing the health h@ ed by the mycotoxin produced by fungi especially
Aspergillus flavus. QQ
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5.4 Contribution to Knowledge

The prevalence of Geotrichum candidum, Aspergillus flavus and Aspergillus niger species
were significantly higher among other fungal species identified in this study and previous
studies. More emphasis should be on control, prevention and management on those fungal
species and most essentially, tomato cultivars that will be resistant to these species%i
should be focused more on. This will reduce having higher frequency and@éc/kge of

these fungi and in turn increases the quality and quantity of tomato yield%\
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5.5 Suggested Areas for Further Research

Further study should be carried out on larger sample size and more locations in other to
capture more fungi that may be causing tomato fruits rots. More locations will generate
more data that will help in planning of how to reduce the menace of fungi effect to barest

minimum on Solanum lycopersicum fruits
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