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Abstract:  

This study investigated the cultural characteristics and pathogenicity isolates of broad bean chocolate spot 

pathogens collected from 352 fields across 143 villages, 66 towns, and 4 prefectures in Qinghai Province, 

where broad beans are predominantly cultivated. Genetic diversity analysis was conducted on the dominant 

Botrytis pathogens causing broad bean chocolate spot, with populations grouped by species and 

geographical origin. Results showed that the growth rate of Botrytis strains primarily ranged between 20-25 

mm/d (68 strains) and 15-20 mm/d (96 strains), indicating an overall rapid growth rate. Based on colony 

characteristics, spore-type pathogens were the most prevalent. Pathogenicity assays revealed that most 

pathogens exhibited strong to moderate virulence, with variations in virulence distribution among strains 

from different geographical origins. Using 15 selected ISSR primers, 235 Botrytis strains were amplified, 

yielding 166 loci with 100% polymorphism. Analyses indicated genetic differences among strains from 

different geographical regions, which correlated with their geographical locations, alongside evidence of 

gene flow between regional populations. Genetic diversity analysis by pathogen species showed scattered 

relationships and significant genetic differences among populations. This study provides a critical basis for 

understanding the genetic evolution of Botrytis, the dominant pathogen of broad bean chocolate spot. 

Keywords: Broad bean chocolate spot, Cultural characteristics, Pathogenicity, Genetic diversity, 

ISSR markers 

1. Introduction 

 

Broad bean (Vicia faba L.) is a characteristic cash 

crop in Qinghai Province, one of China’s major 

broad bean-producing regions (Liu. 2018). Rich in 

high-quality protein, carbohydrates, minerals, 

vitamins, and trace elements (Cui. et al. 2012; 

Zhuang. et al. 2018), broad beans serve as food 

(Li. et al. 2015), medicinal resources(Wang. et al. 

2007a), and a crucial component of dietary 

diversification. They are also used as feed to 

improve fish meat quality (Fu. et al. 2024) and 

contribute to soil fertility, soil structure 

improvement, and enhanced nitrogen fixation 

when cultivated (Fu. et al. 2024; Zhu. et al. 2023). 

However, broad bean production is vulnerable to 

various pests and diseases (Zhou. et al. 2016), 

among which chocolate spot is a primary threat, 

severely hindering the development of the broad 

bean industry and requiring urgent resolution (Yu. 

et al. 2021; Yu. 1979; Xu. et al. 2016; Wang. et al. 

1997). 
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Broad bean chocolate spot is a significant fungal 

disease caused by a complex of Botrytis species, 

primarily Botrytis cinerea, Botrytis fabae, and 

Botrytis fabiopsis (Deverall. et al. 1961; Zhang. et 

al. 2010). B. cinerea exhibits high morphological 

variability in culture (Zhang. et al. 2018), with 

single strains capable of forming sclerotia, 

hyphae, and diverse cultural forms, enhancing its 

adaptability to the environment. The pathogenicity 

of strains varies among different strains and 

different crops (Bi.et al.2023). A study by Brauna 

et al (Brauna.et al. 2023) showed that the 

pathogenicity of broad bean chocolate spot is 

affected by the type of crop. At present, research 

on the pathogen of broad bean chocolate spot in 

Qinghai Province is in the preliminary stage. 

However, Qinghai Province is an area with 

complex ecological environment and changeable 

climatic conditions, and whether there are 

regional differences in the pathogen of broad bean 

chocolate spot remains an unsolved scientific 

problem. 

ISSR (Inter-simple sequence repeat) is an 

amplification reaction using single long 

oligonucleotides anchored to simple sequence 

repeats at both ends, which was first described by 

Meyer et al(Meyer. et al.1993). The ISSR 

molecular marker technology has been widely 

applied in research fields such as the population 

genetic structure, genetic diversity, pathogen 

classification, and genetic relationship between 

strains of plant pathogens (Wen. 2010). At 

present, there are few reports on the genetic 

diversity analysis of the pathogen causing broad 

bean chocolate spot at home and abroad. Huang 

Yan (Huang. 2012) found that there are certain 

genetic variations among the populations of 

Botrytis pathogens in different geographical 

regions. The results of Aouzal et al (Aouzal. et al. 

2022) showed that the Botrytis cinerea population 

in Morocco exhibits high genetic diversity. 

Samuel et al (Samuel. et al. 2012) conducted 

studies on the pathogenicity and genetic diversity 

of the pathogen causing broad bean chocolate spot 

in different agricultural ecological zones in 

Ethiopia, and evaluated the quantity and 

distribution of genetic variations within and 

between broad bean populations from the humid 

and semi-humid agricultural ecological zones in 

northern Ethiopia. 

In this study, the dominant pathogen Botrytis 

causing broad bean chocolate spot in Qinghai 

Province was divided into different populations 

according to their geographical origin, cultural 

characteristics, growth rate, etc., for genetic 

diversity analysis. The purpose is to clarify the 

genetic relationship of the pathogen causing broad 

bean chocolate spot in Qinghai Province, 

understand the genetic relationship between 

various populations, and thus provide a 

preliminary theoretical basis for the development, 

utilization, and control of such fungal resources. 

Materials and Methods 

Pathogen Sources 

The 235 Botrytis isolates used in this study were 

collected and identified from 352 fields across 

143 villages, 66 towns, and 4 prefectures in 

Qinghai Province between 2020 and 2023, 

encompassing 11 Botrytis species (Annex 1). 

Determination of Cultural Characteristics 

Cultural characteristics of 235 Botrytis pathogens 

were observed. The purified pathogens were 

inoculated onto new PDA medium and cultured at 

25°C in the dark. The colony diameter was 

measured using the cross method on the 2nd and 

4th days (Hui. et al. 2021), and after the 

measurement on the 4th day, the colony 

morphology, color, and conidial conditions were 

observed and recorded. In one replicate test, each 

strain was tested in 3 dishes. After the 

measurement, the culture was continued until the 

15th day, and the presence or absence of sclerotia 

was observed and recorded. 

Pathogenicity Assay 

The pathogenicity of the isolated and identified 

Botrytis pathogens was determined using the 

detached leaf method (Castro. et al. 2003). The 

mycelial discs were inoculated onto fresh and 

healthy broad bean leaves (Yun-122 and Lingxi 1 

Cun), with pure PDA used as the blank control 

(all the above operations were carried out in a 

clean bench). After 3 days of cultivation, 

observations were made and recorded, and the 

diameter of the lesion at the inoculation site was 

measured using the cross method. Referring to the 

method of Huang Yan(Huang. 2012), the disease 

severity was statistically analyzed according to the 

size of the lesion diameter. 
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Establishment of ISSR-PCR Reaction System 

DNA was extracted from 235 isolates using the 

CTAB method (Doyle. et al. 1987). 

PCR Amplification System: A 10 μL reaction 

mixture containing 5 μL Premix Taq, 1 μL of 2 

μmol/L primer, 1 μL of 50 ng/μL DNA, and 

ddH₂O to volume. 

PCR Program: 95°C pre-denaturation for 4 min; 

35 cycles of 94°C denaturation for 40 s, annealing 

for 40 s, and 72°C extension for 1 min; final 

extension at 72°C for 10 min. 

Electrophoresis: Amplified products were 

separated on 8% polyacrylamide gels at 300 V 

and 150 mA for 90 min, then photographed. 

ISSR Primer Screening 

Six random isolates were used to screen 10 

reference primers from Wang et al (Wang. et al. 

2007b) and Huang (Huang. 2012), plus 10 

additional polymorphic primers for Botrytis 

designed by Yangling Tianrun Aoke 

Biotechnology Co. Ltd. Primers yielding clear, 

reproducible bands were selected for genetic 

diversity analysis. For low-clarity bands, an 8-

gradient annealing temperature test (±6°C from 

the initial temperature) was performed to 

determine optimal annealing temperatures. 

Data Statistics and Analysis 

Statistical analysis was performed using Excel for 

data processing. Amplified bands were converted 

into a binary matrix (1 = clear band, 0 = absent or 

unclear band) and saved as an Excel file. 

Popgene32 software (Nei. 1973; Yeh. et al. 1999) 

was used to calculate genetic diversity indices: 

Shannon’s index, Nei’s index, number of alleles, 

and effective alleles within and between 

populations. Nei’s genetic distances among 

populations grouped by geographical origin. 

SAHN clustering in NTSYSpc 2.10e (Rohif. 

2000) was used to construct dendrograms, and 

GenAlEx was used for PCoA analysis based on 

genetic similarity coefficients. MEGA7.0 (Kumar. 

et al. 2016) was used to build individual-based 

phylogenetic trees.  

Results and Analysis 

Analysis of Cultural Characteristics 

Colony Morphology of Botrytis Isolates 

After 14 days of cultivation on PDA, the colonies 

of Botrytis pathogens showed significant 

differences. Based on the colony characteristics, 

the pathogens were classified into sclerotial type, 

mycelial type, and spore type, as shown in Figure 

1a. There were 80 sclerotial-type, 20 mycelial-

type, and 135 spore-type pathogens. The 

distribution of the three cultivation morphologies 

of Botrytis pathogens in 12 districts and counties 

is shown in Figure 1b. 

Analysis of colony growth rate of Botrytis 

pathogens. 

According to the colony growth rate, they were 

divided into 7 grades, and the distribution of 

strains in each growth interval was counted. As 

shown in Figure 1c, the number of strains with a 

growth rate of 20-25 mm/d was the largest, 

reaching 96. Overall, Xunhua County had the 

most abundant strains, with all 7 growth rate 

grades represented. Generally, the strains from 

Hualong County all had relatively fast growth 

rates (Figure 1d). 

 



CURRENT SCIENCE CS 5 (4), 4149-4160 (2025) 

 

4152 

Lu Hou et al. 
CURRENT SCIENCE  

 

 
 

                        
Figure 1 Physiological characteristics of Botrytis spp under different classification scenarios. 

Pathogenicity Analysis 

 

Analysis of Pathogenicity of Botrytis Pathogens 

on Different Varieties 

Detailed results of the pathogenicity of 235 

Botrytis strains are shown in Annex 1. 235 strains 

exhibited significantly stronger pathogenicity on 

Yun-122 than on Lingxi 1 Cun, and B. fabae 

showed the strongest pathogenicity (Annex 3). 

The pathogenicity of the strains on Yun-122 was 

stronger than that on Lingxi 1 Cun (Figure 2a). 

When the same strain was inoculated onto 

detached leaves of the two broad bean varieties in 

the laboratory, the pathogenicity identification 

results showed that the lesion size on Yun-122 

was significantly larger than that on Lingxi 1 Cun, 

with an obvious difference (Figure 2b). 

 

                  
Figure 2 Pathogenic status of Botrytis pathogens. 
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Fig a Three culture types of Botrytis spp. isolates 

Note: A. Sclerotial type (ZS031A); B. Hyphal type (ZS048D); C. Conidial type (PY015) The sclerotial type produces a large number of sclerotia, 

with a small amount of aerial hyphae and little or no sporulation. The hyphal type does not produce sclerotia, has vigorous aerial hyphae, and 

produces little or no spores. The conidial type has vigorous aerial hyphae, produces a large number of spores during cultivation, and forms few or no 

sclerotia. 

Fig b The distribution of culture morphology of three Botrytis pathogens in 12 districts and counties 

Fig c Statistical figure of the number of pathogens in different growth rate ranges of Botrytis spp. 

Fig d Growth rate of Botrytis spp. pathogens in 12 counties 
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Fig a Statistics of the diameter of different pathogens after inoculation of different varieties 

Fig b The results of differentiating the pathogenicity of different faba bean varieties inoculated with test isolate 

Note: A is the symptom of the pathogen inoculated on Yun-122; b is the symptom of the pathogen inoculated on Lingxi 1 cun, and the same 

pathogen was inoculated. 
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Screening of ISSR Primers and Determination 

of Annealing Temperatures 

From 20 ISSR primers, 15 primers that produced 

clear, bright(Annex 2), and highly reproducible 

electrophoresis bands were selected for 

subsequent ISSR genetic diversity analysis of 

Botrytis pathogens. These 15 ISSR primers were 

then used for PCR amplification of 235 samples, 

resulting in a total of 166 polymorphic bands with 

a polymorphic locus percentage of 100%. 

Genetic Polymorphism Analysis of ISSR 

Target Fragments in Broad Bean Chocolate 

Spot Pathogens 

Results from 12 geographical populations showed 

that the average percentage of polymorphic bands 

was 91.22%. Based on the calculation results of 

Nei's diversity index and Shannon's diversity 

index, the total genetic diversity related to 

different geographical populations of Botrytis 

pathogens was 0.3745 and 0.5538, respectively 

(Table 1). The above results indicate that there is 

abundant genetic diversity among different 

geographical populations of Botrytis pathogens 

causing broad bean chocolate spot in Qinghai 

Province.

 

Table 1 Genetic diversity of 12 Botrytis spp. populations by ISSR analysis 

Population PPB (%) Na Ne H I 

Xunhua 93.98 1.9398 1.6226 0.3526 0.5189 

Tongren 95.78 1.9578 1.6338 0.3615 0.5326 

Pingan 98.80 1.9880 1.6314 0.3676 0.5456 

Minhe 81.33 1.8133 1.5208 0.2984 0.4426 

Ledu 87.95 1.8795 1.5377 0.3163 0.4724 

Huangzhong 96.39 1.9639 1.6048 0.3495 0.5192 

Huangyuan 75.30 1.7530 1.4743 0.2745 0.4084 

Hualong 93.98 1.9398 1.6137 0.3548 0.5243 

Huzhu 88.55 1.8855 1.5626 0.3248 0.4817 

Gonghe 95.18 1.9518 1.6149 0.3536 0.5232 

Datong 96.39 1.9639 1.6183 0.3561 0.5273 

Chenbei 90.96 1.9096 1.5742 0.329 0.4879 

Average 91.22 1.9122 1.5841 0.3366 0.4987 

Total 100.00 2.0000 1.6495 0.3745 0.5538 

Note: PPB: Polymorphic band ratio. Na: Number of observed alleles. Ne: Effective numbers of alleles. H: 

Nei 's gene diversity index. I: Shannon's information index. 

 

Genetic Differentiation of Broad Bean 

Chocolate Spot Pathogens 

Analysis of molecular variance (AMOVA) of 

ISSR revealed that among the 12 geographical 

populations, 4.503% of the genetic variation 

existed among populations, and 95% of the 

genetic variation existed within populations 

(Table 2). 

 

Table 2 Molecular variance analysis ( AMOVA ) between and within populations of 12 different 

geographical sources of Botrytis spp. 

Source of 

variation 

Df Sum of 

square 

Variance 

component 

Percentage of 

variation 

P value 

Among pops 11 634.048 1.460 5% <0.001 

With pops 223 6601.825 29.605 95%  

Total 234 7235.872 31.065 100%  

 

Homology Analysis of Broad Bean Chocolate 

Spot Pathogens 

It can be seen from Annex 4 that the average 

values of genetic distance and genetic similarity 
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were calculated for the 12 populations of 

pathogens causing broad bean chocolate spot from 

different geographical sources in Qinghai 

Province. The average genetic distance among the 

12 populations was 0.0542, and the average 

genetic similarity was 0.8642. The genetic 

distance between Gonghe County and Huzhu 

County was the smallest (0.0263). The results of 

Huangyuan County and Xunhua County showed 

that the farther the genetic distance, the lower the 

genetic similarity. Based on the comprehensive 

analysis of the above results, it can be concluded 

that there is a certain relationship between genetic 

distance and genetic similarity. 

Analysis of Population Structure of Broad 

Bean Chocolate Spot 

Using NTSYS-pc software, a UPGMA cluster 

analysis was performed based on the 12 

geographical populations (Figure 3). The results 

showed that there was an obvious clustering 

phenomenon in the populations. At a similarity 

coefficient level of 0.94, the 12 geographical 

populations were divided into 3 groups and 6 

subgroups. The genetic distance between Gonghe 

County and Datong County was close, with the 

smallest genetic difference. At a genetic similarity 

coefficient of 0.96, Ledu District and Chengbei 

District formed independent branches, each being 

a subgroup, and their genetic distances from other 

populations were also relatively large. 

 

 
Figure3 Cluster Analysis of 12 Geographical Populations of Botrytis spp. 

 

Note : population 1 is Xunhua County, population 

2 is Tongren City, population 3 is Ping 'an 

District, population 4 is Minhe County, population 

5 is Ledu District, population 6 is Huangzhong 

District, population 7 is Huangyuan County, 

population 8 is Hualong County, population 9 is 

Huzhu County, population 10 is Gonghe County, 

population 11 is Datong County, population 12 is 

Chengbei District. 

Cluster analysis of 235 Botrytis strains was 

performed using NTsys2.10e software, and the 

results are shown in Suppl 1. At a similarity 

coefficient level of 0.605, all 235 strains were 

divided into 5 groups (I, II, III, IV, V). Among 

them, Subgroup 1 mainly included pathogens 

from Gonghe County and Huangzhong District, 

indicating that the adjacent Botrytis pathogens 

from different geographical populations have a 

close genetic relationship with a high genetic 

similarity coefficient, and there is a certain degree 

of gene flow between different pathogen species.
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Suppl 1Cluster analysis of 235 isolates of Botrytis spp. 

Note : The pathogen number is the number used in the previous sequencing. 

Based on the ISSR experimental data, a PCoA 

(Principal Coordinate Analysis) was performed on 

235 individuals from 12 geographical populations 

(Figure 4). In the two-dimensional scatter plot, 

most individual plants from different populations 

formed overlapping distribution areas. The 

individual plants from Gonghe County, Datong 

County, and Huangzhong District clustered 

together with mutual overlaps, showing a 

relatively close relationship. The two populations 

from Minhe County and Huangyuan County were 

relatively distant and scattered, with only some 

individuals overlapping partially with those from 

other populations. The overlapping populations 

from Tongren County and Ping'an District 

gradually showed differentiation. Meanwhile, 

Hualong County and Huzhu County were 

connected through their overlapping populations. 

These results are consistent with those of the 

UPGMA cluster analysis. Compared with the 

PCoA analysis, the UPGMA cluster analysis 

revealed that, in terms of genetic relationship, the 

analysis at the individual plant level shows a 

stronger tightness than that at the inter-population 

level.
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Figure.4 PCoA analysis of 235 individuals from 12 geographical populations of Botrytis spp. 

 

Note : population 1 is Xunhua County, population 

2 is Tongren City, population 3 is Ping 'an District, 

population 4 is Minhe County, population 5 is 

Ledu District, population 6 is Huangzhong 

District, population 7 is Huangyuan County, 

population 8 is Hualong County, population 9 is 

Huzhu County, population 10 is Gonghe County, 

population 11 is Datong County, population 12 is 

Chengbei District. 

Population structure analysis based on 

mathematical models was performed on 235 

strains, and the appropriate number of populations 

was selected according to the maximum 

likelihood value corresponding to K. When K=4, 

ΔK showed an obvious peak (Figure 5a), and the 

pathogenic fungi had the highest similarity. 

Therefore, K=4 was selected as the final number 

of populations according to the principle of the 

maximum likelihood value. The 235 strains were 

divided into 4 groups with different genetic 

compositions, where different colors represent 

different genetic compositions. Most individuals 

in the 4 groups could be distinguished, but there 

were also many interactive phenomena (Figure 

5b), indicating frequent gene exchange of 

pathogenic fungi among different geographical 

populations, which may be caused by factors such 

as gene flow and mutation. 

 

                                     
Figure 5 Analysis of the population structure of Botrytis pathogens 
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Fig a Line chart of K value changing with ΔK sequence 

Fig b Population structure result of 235 Botrytis fabae. 
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Discussion 

Broad bean chocolate spot is a disease caused by 

complex infections, with Botrytis pathogens being 

the main causative agents (Alemneh. et al. 2024). 

Previous studies have shown that Botrytis 

pathogens exhibit different growth morphologies 

on culture media, such as sclerotial type and 

mycelial type (Zhang . et al. 2018). In this study, 

we also observed three distinct morphologies on 

the culture medium: spore type, sclerotial type, 

and mycelial type, among which the spore type 

was dominant. Many studies have indicated that 

the pathogenicity of fungi varies across different 

crop varieties (Chen. et al. 2024; Zheng. et al. 

1993). When we tested the pathogenicity of 

Botrytis pathogens using two different broad bean 

varieties, we also found differences in the strains 

between the two varieties. Specifically, when 

comparing the strains overall, their pathogenicity 

was weaker on 'Lingxi Yicun' and stronger on 

'Yun-122'. Analysis of the pathogenicity of 

different pathogen types revealed that B. fabae 

had the strongest pathogenicity. From a 

geographical perspective, the pathogenicity of 

Botrytis pathogens varied across each district and 

county. However, areas such as Tongren, Gonghe, 

and Xunhua had a relatively high proportion of 

highly pathogenic strains, while Hualong County 

had the highest proportion of weakly pathogenic 

strains. We speculate that different physiological 

races may be prevalent in different regions, and 

the differentiation in pathogenicity among fungal 

populations is attributed to differences in 

physiological races. Although geographical 

distance and variations in environmental 

conditions may be the main factors contributing to 

the differentiation of physiological races, the 

differentiation in pathogenicity within fungal 

populations suggests the possibility of population 

migration and gene exchange between adjacent 

regions. 

As an efficient molecular marker technique 

(Gemmill. et al. 2021), ISSR markers have shown 

unique advantages in studying the genetic 

diversity of pathogens (Gramaje. et al. 2014; 

Abadio. et al. 2012). Based on the characteristics 

of microsatellite sequences in the genome, it 

amplifies the regions between repetitive 

sequences using anchored primers, enabling rapid 

detection of polymorphic loci within pathogen 

populations (Abadio. et al. 2012; Wang. 2002). In 

this study, ISSR primers amplified rich band 

polymorphisms among strains from different 

geographical origins and populations, with the 

polymorphic band ratio reaching 100%, 

confirming that this technique can effectively 

reveal the genetic variation of pathogens. 

Compared with traditional morphological 

identification and biochemical analysis, ISSR 

markers can directly reflect genetic differences at 

the DNA level, overcoming the limitation that 

phenotypic characteristics are easily affected by 

the environment, thus providing a stable and 

reliable basis for analyzing the population 

structure of pathogens. The results of genetic 

diversity of broad bean chocolate spot pathogens 

revealed by ISSR markers showed that there was 

no significant difference in the fungal species 

whether viewed from geographical origin or 

population. However, there was a certain degree 

of exchange between the pathogens. The reason 

for this result may be the exchange of broad bean 

seeds between regions in Qinghai Province. 

Another possibility is that the seeds used by 

cooperatives engaged in large-scale broad bean 

cultivation are purchased, and factors such as 

variety differences and seed coating treatments 

may change the fungal community structure. 

Additionally, differences in climatic conditions 

lead to a complex and chaotic occurrence of broad 

bean chocolate spot. Furthermore, AMOVA 

(Analysis of Molecular Variance) indicated that 

95% and 96% of the genetic variation exists 

within populations, suggesting that random 

mutations during the asexual reproduction of 

pathogens contribute significantly to genetic 

diversity, while genetic recombination resulting 

from sexual reproduction may only play a key role 

in local regions. 

ISSR marker analysis provides theoretical support 

for the precise prevention and control of broad 

bean chocolate spot. It can monitor the dynamics 

of pathogen populations (Alemneh. et al. 2024), 

evaluate the impact of fungicide selection pressure 

on genetic structure, and prevent the spread and 

enrichment of resistant strains. Future research 

may involve joint analysis of ISSR markers and 

phenotypic data (Brauna. et al. 2023) to establish 

prediction models for genetic diversity and 

disease prevalence (McDonald. et al. 2002; 

Taliadoros. et al. 2023), thereby providing more 

accurate theoretical support for the intelligent 
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prevention and control of broad bean chocolate 

spot. 
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