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Background: Fungal species that parasitize crops cause significant losses annually 

as they affect the quality and quantity of crops. Infected crops are considered a poor 

product that negatively affects the local and international agricultural sector. 

Therefore, the rapid and accurate early detection of the pathogen is crucial for the 

crop and to avoid losses. A loop-mediated isothermal amplification (LAMP) assay is 

used to detect about 100 pg fragments of DNA genes per reaction, which accurately 

detects fungal infections. This assay is used after isothermal amplification to detect 

genes without the use of PCR. In addition, the analysis of the whole genome (AGE), 

a global method for determining micro genes, includes experimental practice 

analysis and bioinformatics testing. Recent tests to detect pathogenic fungi include 

isothermal amplification analysis, polymerase chain reaction (PCR) techniques, 

overlapping, biomagnetic, and quantum biometric methods. One of the modern 

methods is the bioinformatics approach, which involves comparing the entire gene to 

identify distinctive and specialized areas of the fungus and designing polymer 

interaction tests for the species and genus to be diagnosed. Objective: The current 

study aims to survey accurate and rapid methods for diagnosing fungi that infect 

local crops, with the goal of controlling these infections, finding solutions, and 

preventing crop damage. Conclusion: Due to the increase in pathogenic fungi that 

cause plant diseases, there is a need to dedicate efforts to following developments in 

modern biological and molecular techniques and to work on the diagnosis of new 

fungal species. The traditional detection of pathological fungi yields dubious and 

inaccurate results, which do not facilitate effective treatment against this pathogenic 

fungus. It has proven its efficiency in accurately and rapidly diagnosing fungal 

species and diseases that do not exhibit symptoms. Although many assays focus on 

polymer chain reaction, most recent studies tend to use quantitative polymer chain 

reaction on a vast scale for quantitative measurement and differentiation between the 

factors causing fungal pests on plants, especially when the sample quantity is too 

small to detect, where the Lamb technique has succeeded in discovering many 

fungal species such as Alternaria spp., Fusarium spp., Puccinia spp., Colletotrichum 

spp., and Foma spp.. By amplifying the genomes of samples, modern genetic 

techniques have also succeeded in identifying fungal species and comparing them 

with the dolphin data without prior knowledge. 
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INTRODUCTION 

      The fungus can spread widely in nature due to the spores it forms and has the ability to grow in various 

ecological zones. Fungi are considered organisms that feed on numerous nutrients in different ways, depending on 

their vital requirements. They can be saprophytic, living on other organisms, or parasitic on animals and plants (1). It 

is characterized by rapid adaptation in all soil and water environments due to its ability to decompose large molecules 

and convert them into absorbable fine molecules such as carbohydrates and amino acids (2). Fungi play a crucial role 

in maintaining the ecological balance of the soil due to their vast numbers and diverse species, with approximately 

3,000,000 species identified (3). About 8000 types cause different plant diseases and are considered one of the most 

dangerous types of microorganisms that cause economic losses and the inefficiency of local economic crops due to 

their ability to infect the roots, as they cause rotting diseases, as well as infecting some types of seeds and affecting 

the plant's production of fruits (4,2). Fungal spores are spread in the soil, which can survive and withstand the harsh 

conditions for an entire agricultural season and return to growth in the new season, where they are endemic to the 

farming area, which negatively affects production, especially with the lack of efficiency of commercial fungicides 

used and the ability of fungi to resist. In recent years, numerous modern techniques have been developed for the early 

detection of fungal infections in crops, both in the laboratory and in the field.  The issue of plant disease control is of 

great importance to biotechnologists, as understanding the mechanisms that have rapid diagnostic power and the 

future of sustainable agriculture will depend on the future of modern technology, in addition to traditional agricultural 

practices (5). The current study aims to explore modern techniques, particularly genetic techniques, for the early 

detection and protection of local crops, to obtain high-yielding plants that are free from fungal infections, which cause 

significant losses to the country. 

 

1- Molecular methods of detecting fungi 

2.1 Steps of molecular diagnosis of infectious fungi of plants 

         The discovery and diagnosis of pathogenic fungi on plants using modern molecular techniques involves 

several steps before carrying out the analysis process to detect fungi. These steps include the extraction of fungal 

DNA and the quantification of the DNA in these samples. Several protocols are available for extracting DNA from 

infectious plant fungi (1,6); however, laboratories rely on methods such as freezing fungal filaments and breaking 

the cell wall that contains chitin by grinding, which allows the nuclear material to come out, removing proteins by 

adding a mixture of phenols and chloroform, then precipitating with propanol. Other modern DNA isolation 

methods include the pelletizing method, spin filter, silica membrane, and silica-coated magnetic particle separation 

(7,8). Finally, the standard concentration of DNA can be determined using ultraviolet light and a spectrophotometer. 

Additionally, sterile, ion-free distilled water can be added to achieve the necessary nuclear concentration, allowing 

for the completion of the remaining techniques for the early detection of infectious plant fungi (9). 

 

2.2 Loop-Mediated Amplification (LAMP)  

         It is considered one of the essential analyses for diagnosing fungal plant diseases, as this analysis has a huge 

potential for early detection of fungi, as well as plant protection and plant disease management (10). The reaction 

includes three main phases: the initial step, the cycle amplification process, and the elongation step. For the (LAMP) 

assay, two sets of prefixes are used: the first is the front internal, the second is the inner posterior, and the third set of 

outer prefixes is the two outer and the rear B-loop primer. Exponential and isothermal amplification produce twice 

as much DNA at 60-65 °C, making this production ideal for promoting the activity of polymerase Bst (DNA 

polymerase, a polymerase enzyme derived from Bacillus stearothermophilus). An important application of this 

technique was its ability to diagnose the cytochrome within record time, specifically within 30 minutes, and target 

the fungal DNA sequence, thereby enabling targeted and accurate analysis. It was also revealed that the development 

of systems for analysis and quantitative analysis using code for Magnaporthe oryzae enabled the immediate and 

precise detection of rice plant explosion disease (11, 12). 
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2.3 Analysis of Whole Genome (AGE)  

       The basic working idea of an AGE analysis is based on the fact that different types of fungi have complete 

genes. The analysis consists of two steps: the first is the analysis of life informatics, and the second is experimental 

practice (13, 14). The target genetic sequences, which are called targets from the whole genome, are examined, and 

the targets for this whole genome are determined and compared with other genes of other species. To ensure the 

identification of the specific target, we first enrich the sequences of the identified target, known as the target DNA, 

in the genomic DNA, using specific elementary pairs (15). Different applications of these techniques were used to 

identify the specific targets of the species, including genetic sequencing and the CRISPR-Cas12A system; regarding 

sequencing, the enlarged genes were sequenced, the sample of the species of the plant pathogenic fungi was 

identified and compared with the target sequences, and thus the rapid detection of the sample (16). As for the 

CRISPR-Cas12a system, after the corresponding crRNA is synthesized, the Cas12a protein is incubated to form the 

Cas12a-crRNA compound. After this, fluorescence signals are transmitted through the separators to ssDNA and 

recorded by the instant microplatelet analyzer, corresponding to (17). 

 

2.4 End-Point PCR 

       This technique revolutionized the early detection of fungal plant pathogens. In this technique, a piece of DNA is 

amplified many times through repeated cycles of denaturation, annealing, extension, and stabilization reactions at 

different temperatures, using specific primers. In this reaction, it is possible to design a small number of specific 

target nucleotides targeting specific fungal types for plant disease, or to use a primary universal to amplify specific 

fungal species with a specific genetic sequence. Then it can be compared with an NCBI GenBank database to 

confirm the diagnosis of the type causing the disease (18). 

 

2.5 Quantitative PCR 

       This analysis enables the detection of a specific genetic sequence of DNA or RNA from pathological fungi, 

which is measured by a polymerase chain reaction device in record time. The relative number of copies of the target 

DNA sequence is calculated by dropping the cycle threshold value of fungal species samples using sequence 

activation (19). Special fluorescent dyes are also used to monitor the reaction during the amplification period. The 

basic principle of this technique involves fluorescent indicators that are commensurate with the amount of 

amplification. This approach has been successfully applied to diagnose many highly virulent plant fungi, including 

blight, bark ulcers, leaf wilting, root rot, and other diseases (20). 

 

CONCLUSION 

         The rise in pathological fungi causing plant diseases necessitates a commitment to advancing modern 

biological and molecular techniques, as well as diagnosing new fungal species, as shown in Figure (1) (21).  
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Figure (1): Molecular assay on pathogenic fungi development (21)   

          

         The traditional detection of pathological fungi yields dubious and inaccurate results, hindering effective 

treatment against this pathogen. New methods based on modern technologies, such as Loop Mediated Amplification 

(LAMP), Genome (AGE) assay, End-Point PCR, and Quantitative PCR, are being developed. It has proven its 

efficiency in the accurate and rapid diagnosis of fungal species and fungal diseases that also do not exhibit 

symptoms (22). Although many assays focus on polymer chain reaction, most recent studies tend to use quantitative 

polymer chain reaction on a massive scale for quantitative measurement and differentiation between the factors 

causing fungal pests on plants, especially when the sample quantity is too small to detect, where the Lamb technique 

has succeeded in discovering many fungal species such as Alternaria spp., Fusarium spp., Puccinia spp., 

Colletotrichum spp., and Foma spp. (15, 19). By amplifying the genomes of samples, modern genetic techniques 

have also succeeded in identifying fungal species and comparing them with the dolphin data without knowing them 

in advance, thanks to these techniques (7). 
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•Molecular tests should be for a specific purpose, 
such as diagnosing the pathogen, helping to 
remove the pathogen, controlling the disease, and 
preventing new infections of the same species. 

 

The evolution of genetic 
analysis 

 

•The ability to test and detect the target genetic 
sequence of non-target DNA while renouncing 
unwanted organisms that enter into the 
interaction with the least possible amount of DNA, 
with accurate results 

Analysis 

 

•Some plant inhibitory compounds may enter with 
such phenols in the amplification reaction, leading 
to false results. Despite these obstacles, modern 
technologies show accurate results when there are 
components that overlap with genes. 

Tools used in diagnosis 
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 : مراجعةعية في العراقاالتقنيات الحديثة للكشف عن الفطريات التي تسبب الامراض للمحاصيل السر       

طيبة هاشم محمد     
1

          ،
  

زهراء عباش عبد
2       

     ،
  

طه  رافع زهراء
1 

 ، صبِؼت بغذاد، بغذاد، اٌؼشاق ، و١ٍت اٌؼٍَٛ ٌٍبٕبث لغُ ػٍَٛ اٌح١بة 1
 اٌؼشاق ،، صبِؼت إٌٙش٠ٓ، بغذاد ِشوض بحٛد اٌخم١ٕبث الاح١بئ١ت 0

 

 الخلاصة 

حخغبب الأٔٛاع اٌفطش٠ت اٌخٟ حخطفً ػٍٝ اٌّحبص١ً فٟ خغبئش وب١شة ع٠ٕٛب لأٔٙب حؤرش ػٍٝ ٔٛػ١ت ٚو١ّت  :عن الموضوع خلفية

اٌّحبص١ً. حؼخبش اٌّحبص١ً اٌّصببت ِٕخضب سد٠ئب ٠ؤرش عٍبب ػٍٝ اٌمطبع اٌضساػٟ اٌّحٍٟ ٚاٌذٌٟٚ. ٌزٌه ، فئْ اٌىشف اٌّبىش اٌغش٠غ 

 (LAMP) ب اٌخغبئش. ٠خُ اعخخذاَ ِمب٠غت اٌخعخ١ُ ِخغبٚٞ اٌحشاسة بٛعبغت حٍم١تٚاٌذل١ك ٌّغبببث الأِشاض ُِٙ ٌٍّحصٛي ٚحضٕ

صضء ِٓ ص١ٕبث اٌحّط إٌٛٚٞ ٌىً حفبػً ، ٚاٌزٞ ٠ىخشف بذلت الاٌخٙبببث اٌفطش٠ت. ٠غخخذَ ٘زا الاخخببس بؼذ  122ٌٍىشف ػٓ حٛاٌٟ 

 ١شاص اٌّخغٍغً ببلإظبفت إٌٝ رٌه ، فئْ حح١ًٍ اٌض١َٕٛ بأوٍّٗاٌخعخ١ُ ِخغبٚٞ اٌحشاسة ٌٍىشف ػٓ اٌض١ٕبث دْٚ اعخخذاَ حفبػً اٌب١ٌّٛ

(AGE)  غش٠مت ػب١ٌّت ٌخحذ٠ذ اٌض١ٕبث اٌذل١مت ، ٠شًّ حح١ًٍ اٌّّبسعت اٌخضش٠ب١ت ٚاخخببس اٌّؼٍِٛبح١ت اٌح٠ٛ١ت. الاخخببساث ٟ٘ٚ ،

،  (PCR) ١بث حفبػً اٌب١ٌّٛش اٌّخغٍغًاٌحذ٠زت ٌٍىشف ػٓ اٌفطش٠بث اٌّغببت ٌلؤِشاض ٚحح١ًٍ اٌخعخ١ُ ِخغبٚٞ اٌحشاسة ، ٚحمٕ

ٚاٌم١بط اٌح١ٛٞ  ٚاٌم١بط اٌح١ٛٞ اٌّخذاخً ٚاٌّغٕط١غٟ اٌح١ٛٞ ٚاٌىّٟ. إحذٜ اٌطشق اٌحذ٠زت ٟ٘ غش٠مت احببع اٌّؼٍِٛبث اٌح٠ٛ١ت

إٌّبغك ا١ٌّّضة اٌّؼٍِٛبح١ت اٌح٠ٛ١ت ٚاٌخٟ حمَٛ ػٍٝ ِمبسٔت اٌض١ٓ بأوٍّٗ ٌخحذ٠ذ  اعخخذاَاٌىّٟ. ِٓ اٌطشق اٌحذ٠زت ٟ٘ غش٠مت 

حٙذف اٌذساعت اٌحب١ٌت إٌٝ  :من الدراسة الهدف .ٚاٌخبصت ٌٍفطش ٚحص١ُّ اخخببساث حفبػً اٌب١ٌّٛش ٌلؤٔٛاع ٚاٌضٕظ اٌّشاد حشخ١صٙب

 اٌىشف ػٓ غشق دل١مت ٚعش٠ؼت ٌخشخ١ص اٌفطش٠بث اٌخٟ حص١ب اٌّحبص١ً اٌّح١ٍت ٌٍغ١طشة ٚإ٠ضبد اٌحٍٛي ٚحضٕب حٍف اٌّحبص١ً. 

ٔظشا ٌخضا٠ذ اٌفطش٠بث اٌّشظ١ت اٌّغببت ٌلؤِشاض إٌببح١ت ، ِّب دػٝ اٌخفبٟٔ فٟ ِخببؼت اٌخطٛساث فٟ اٌخم١ٕبث اٌب١ٌٛٛص١ت  :الاستنتاج

ٚاٌضض٠ئ١ت اٌحذ٠زت ٚاٌؼًّ ػٍٝ حشخ١ص أٔٛاع فطش٠ت صذ٠ذة. ٠ؼطٟ اٌىشف اٌخم١ٍذٞ ػٓ اٌفطش٠بث اٌّشظ١ت ٔخبئش ِشىٛن ف١ٙب ٚغ١ش 

 حغّ  ببٌؼاجس اٌفؼبي ظذ ٘زٖ اٌفطش٠بث اٌّشظ١ت. ٌمذ أربخج وفبءحٙب فٟ اٌخشخ١ص اٌذل١ك ٚاٌغش٠غ ٌلؤٔٛاع اٌفطش٠ت دل١مت ، ٚاٌخٟ لا

ػٍٝ اٌشغُ ِٓ ٚصٛد اٌؼذ٠ذ ِٓ اٌّمب٠غبث اٌخٟ حشوض ػٍٝ حفبػً اٌب١ٌّٛش اٌّخغٍغً ،  ٚالأِشاض اٌفطش٠ت اٌخٟ لا حخٛلغ أػشاظب أ٠عب.

ت ح١ًّ إٌٝ اعخخذاَ حفبػً اٌب١ٌّٛش اٌّخغٍغً اٌىّٟ ػٍٝ ٔطبق ٚاعغ صذا ٌٍم١بط اٌىّٟ ٚاٌخّب٠ض ب١ٓ إلا أْ ِؼظُ اٌذساعبث اٌحذ٠ز

اٌؼٛاًِ اٌّغببت ٌلآفبث اٌفطش٠ت ػٍٝ إٌببحبث ، خبصت ػٕذِب حىْٛ و١ّت اٌؼ١ٕت صغ١شة صذا بح١ذ لا ٠ّىٓ اوخشبفٙب ، ح١ذ ٔضحج حم١ٕت 

،  .٠Alternaria spp ، .Fusarium spp.  ،Puccinia sppت ِزً اٌخشٚف فٟ اوخشبف اٌؼذ٠ذ ِٓ الأٔٛاع اٌفطش

Colletotrichum spp ٚ ، .Foma spp خاجي حعخ١ُ ص١ِٕٛبث اٌؼ١ٕبث ، ٔضحج اٌخم١ٕبث اٌض١ٕ١ت اٌحذ٠زت أ٠عب فٟ ِؼشفت ِٓ .

 الأٔٛاع اٌفطش٠ت ِٚمبسٔخٙب بب١بٔبث اٌذلاف١ٓ دْٚ ِؼشفخٙب ِغبمب بفعً ٘زٖ اٌخم١ٕبث.

 

 ، اٌض١َٕٛ. LAMPاٌّحبص١ً ، اٌفطش٠بث اٌّغببت ٌاجِشاض ،   المفتاحية:الكلمات 

 


