
Botrytis cinerea: mating types distribution and NEP1 protein sequence analysis 

 

1 
 

TABLE OF CONTENTS 

1. RESUMO ................................................................................................................................ 2 

2. RESUMO ALARGADO ............................................................................................................ 3 

3. ABSTRACT ............................................................................................................................. 6 

4. lNTRODUCTION ..................................................................................................................... 7 

4.1. THE PATHOGEN BOTRYTIS CINEREA ............................................................................ 8 

4.2. SEXUAL REPRODUCTION AND MATING GENETICS .................................................... 11 

4.2.1. BOTRYTIS CINEREA MATING SYSTEM ................................................................ 13 

4.3. BOTRYTIS CINEREA GENETIC TRANSFORMATION ..................................................... 14 

4.4. AIM OF THE RESEARCH ............................................................................................... 15 

5. MATERIALS AND METHODS ............................................................................................... 16 

5.1. MATING TYPE PCR-BASED SCREENING ...................................................................... 16 

5.2. uORF PCR-BASED TARGETED MUTAGENESIS............................................................. 17 

5.3. NEP1 PROTEIN SEQUENCE STUDY .............................................................................. 21 

5.4. BOTRYTIS CINEREA MAT LOCUS STUDY ..................................................................... 22 

5.5. SOUTHERN BLOT ANALYSIS ........................................................................................ 24 

6. RESULTS............................................................................................................................... 26 

6.1. MATING TYPE PCR-BASED SCREENING ...................................................................... 26 

6.2. BOTRYTIS CINEREA MAT LOCUS STUDY ..................................................................... 27 

6.3. SOUTHERN BLOT ANALYSIS ........................................................................................ 28 

6.4. NEP1 PROTEIN SEQUENCE STUDY .............................................................................. 30 

6.5. uORF PCR-BASED TARGETED MUTAGENESIS............................................................. 32 

7. DISCUSSION ........................................................................................................................ 34 

7.1. MATING TYPE DISTRIBUTION ..................................................................................... 34 

7.2. BOTRYTIS CINEREA MAT LOCUS STUDY ..................................................................... 35 

7.3. SOUTHERN BLOT ANALYSIS ........................................................................................ 36 

7.4. NEP1 PROTEIN SEQUENCE STUDY .............................................................................. 36 

7.5. uORF PCR-BASED TARGETED MUTAGENESIS............................................................. 37 

8. CONCLUSIONS ..................................................................................................................... 38 

ACKNOWLEDGMENTS ................................................................................................................. 39 

WORKS CITED .............................................................................................................................. 40 

APPENDICES ................................................................................................................................ 43 

 



Botrytis cinerea: mating types distribution and NEP1 protein sequence analysis 

 

2 
 

1. RESUMO 

O patogénio Botrytis cinerea [teleomorfo: Botryotinia fuckeliana] é um ascomycota 

com a capacidade para infectar mais de duzentos hospedeiros vegetais. O seu controlo 

fitossanitário é ainda bastante difícil de realizar. Pouco é conhecido acerca do seu 

mecanismo de reprodução sexual e dos loci MAT, mas esta pode ser uma ferramenta 

importante para o desenvolvimento de melhores estratégias de controlo. Durante o 

processo de infecção por parte de B. cinerea, proteínas fitotóxicas tais como proteínas 

NEP1 são produzidas. A sua função ainda não é conhecida, mas pensa-se que estas 

proteínas podem ser um mecanismo importante na especialização parasitária dentro 

do género Botrytis. 

Este relatório descreve um screening da polaridade sexual numa população de            

80 isolados de B. cinerea. Os resultados indicaram uma distribuição típica Mendeliana 

de 1:1 dos genes MAT, e um isolado com ambos os genes MAT foi encontrado. Um 

scan dos loci MAT revelou a ausência do locus MAT1-1 nos isolados “dual maters”. 

Através dum Southern Blot foi demonstrada a possível presença dum locus MAT1-1 

num isolado “dual mater”, em vez do previsto locus MAT1-1 incompleto (dMAT1). Para 

além do estudo dos loci MAT, foram também analizadas sequências genómicas do 

gene BcNEP1 provenientes de 16 isolados diferentes de B. cinerea. Os resultados 

demonstraram a existência de três haplótipos e dois alelos. A selecção “diversificante” 

é identificada como responsável pela evolução dentro do gene. 

Finalmente, quatro mutantes knockout independentes para o gene uORF foram 

criados. Este gene encontra-se localizado no locus MAT1-1, mas a sua função é ainda 

desconhecida. 

Palavras chave: Botrytis cinerea, genes MAT, proteínas NEP, silenciamento genético 
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2. RESUMO ALARGADO 

Até há poucos anos, a reprodução sexual como parte activa na dispersão e 

variabilidade genética de Botrytis cinerea, era largamente subestimada. Estudos 

efectuados recentemente têm permitido um maior conhecimento dos princípios 

fundamentais do processo de reprodução sexuada e da estrutura e funcionamento do 

locus MAT deste patogénio, contribuindo para o desenvolvimento de novas estratégias 

de controlo deste fungo.  

A reprodução sexuada é normalmente encarada como uma fonte de grande 

variabilidade genética intra-específica (Giraud et al., 1997), mas este mecanismo 

evolucionário parece ter sido abandonado algures no tempo pela B. cinerea. As 

estruturas sexuadas de B. cinerea raramente foram encontradas na natureza. 

A B. cinerea é um fungo bipolar heterotálico. A sua compatibilidade sexual é regulada 

por um único gene MAT com dois alelos. Estes genes MAT codificam reguladores de 

transcrição que controlam a reprodução sexuada (Coppin et al., 1997; Kronstad & 

Staben, 1997; Nelson, 1996). Nos Ascomycetas heterotálicos duas sequências de DNA 

dissimilares ocupam um único locus. O idiomorfo MAT1-1 contém um gene que 

codifica uma proteína com um motivo alfa box (Coppin et al., 1997; Turgeon, 1998), e 

o idiomorfo MAT1-2 codifica uma proteína reguladora com um domínio de ligação de 

DNA, pertencente ao grupo de alta mobilidade (HMG) (Nelson, 1996). É ainda sabido 

que o locus MAT1-1 de B. cinerea contém uma região ORF cujas funções são ainda 

desconhecidas, denominada uORF e, a montante desta região, uma sequência parcial 

do locus MAT1-2, mas com uma omissão do domínio HMG (dMAT-2). Também é 

possível encontrar no locus MAT1-2 uma região com algum grau de homologia em 

relação ao locus MAT1-1, mas com falta do domínio alfa (dMAT-1). 

Neste trabalho efectuaram-se estudos relativos à polaridade sexual de uma população 

de 80 isolados de B. cinerea, provenientes de hospedeiros diversos e pertencentes à 

colecção do Laboratório de Fitopatologia da Universidade de Wageningen. Para além 

dos loci MAT, também sequências genómicas do gene BcNEP1 de 16 isolados 

diferentes de B. cinerea foram analisadas. Finalmente, quatro mutantes 

independentes knockout do gene uORF foram criados.  
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Dos 80 isolados estudados foi extraído DNA de 67 isolados e do screening dos genes 

MAT por PCR obtiveram-se resultados de amplificação para 59 destes. A análise dos 

dados permite concluir que 31 isolados (52.5%) eram MAT1-1, 27 isolados (45.8%) 

eram MAT1-2 e apenas 1 isolado (1.7%) foi descrito como sendo um “dual mater”, ou 

seja, um MAT1-1/2. Constatámos igualmente uma distribuição Mendeliana do tipo 1:1 

quase perfeita, tal como Faretra et al. (1988) já tinham encontrado.  

Quando fizemos a comparação da distribuição dos loci MAT com a família botânica do 

hospedeiro em que cada isolado foi recolhido, podemos concluir que os isolados 

MAT1-1 não apresentam qualquer preferência por uma determinada família ou gama 

de famílias botânicas. Quando a mesma análise foi feita para os isolados MAT1-2, é 

notória a preferência destes isolados pela família das Rosáceas. 

Foi igualmente feita uma análise completa dos loci MAT e podemos observar que não 

foi possível amplificar nenhum fragmento MAT1-1 com primers específicos, enquanto 

os fragmentos MAT1-2 foram amplificados na medida do esperado. Foi depois 

efectuado um alinhamento das sequências genómicas de dois dos isolados (RS11 e 

JD27), com a sequência genómica dum isolado de referência para o locus MAT1-2 

(SAS405) o que permitiu encontrar mais de 20 SNP’s, três dos quais contidos no gene 

HMG.  

Nos estudos com vista a uma melhor compreensão da organização do locus MAT 

através da análise por Southern blotting foi possível observar que os isolados SAS405 e 

RS11 produziram o mesmo padrão de bandas para dois dos três tratamentos de 

digestão e, do mesmo modo, os isolados RS56 e SAS56 produziram o mesmo padrão 

de bandas para todas as digestões. Estes resultados permitem-nos concluir que o 

isolado RS56 tem um arranjo do locus MAT semelhante ao do isolado de referência 

MAT1-2, SAS56. Esta é a primeira evidência de um isolado dual mater ter, 

possivelmente, um locus MAT1-1 em vez de MAT1-2. No que respeita à análise do 

locus MAT1-2, não foi possível visualizar quaisquer resultados. No entanto, este dado é 

fundamental para que mais e melhores conclusões possam ser retiradas acerca da 

organização do locus MAT em isolados “dual mater”. 
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Actualmente sabe-se que o fungo B. cinerea tem a capacidade de produzir uma grande 

variedade de proteínas fitotóxicas, como por exemplo as proteínas NEP, conhecidas 

como ferramentas potencialmente poderosas para o processo infeccioso, mas cuja 

função na patogénese continua ainda por esclarecer.  

Os genes produtores de proteínas tóxicas têm adquirido grande importância nos 

estudos da evolução das espécies, quer ao nível intra quer inter-específico. Estes genes 

pertencem a um grupo alargado que se encontra sujeito a uma selecção 

“diversificante”. Proteínas NEP produzidas por diferentes espécies de Botrytis podem 

conferir diferente fitotoxicidade para com diferentes hospedeiros, podendo 

eventualmente contribuir para um fenómeno de especialização parasitária.  

No que respeita ao estudo das sequências genómicas da proteína NEP1, foi possível 

detectar através de alinhamentos múltiplos com o recurso do software ClustalW 

(v1.83), quatro polimorfismos, três dos quais não resultando em alterações na 

sequência de aminoácidos, e um deles levando à ocorrência duma substituição num 

aminoácido. Nos resultados obtidos encontrou-se um valor de dN/dS = 0.33, indicando 

a ocorrência de um possível processo de selecção purificante, o que quer dizer que ao 

nível intra-específico, a evolução adaptativa não tem um papel importante num 

hipotético processo de especialização. Nos resultados obtidos verificou-se igualmente 

a existência de 3 haplotipos. Contudo, não foi possível estabelecer qualquer tipo de 

relação entre estes haplotipos e outras características tais como, por exemplo, a 

família botânica do hospedeiro em que os isolados foram recolhidos. 

Tendo em vista o desenvolvimento de uma ferramenta para o estudo genético do 

locus MAT1-1 foram construídos mutantes silenciados para o gene uORF. Obtiveram-se 

43 transformantes dos quais 12 foram seleccionados para um screening inicial. Seis 

deles mostraram ter o fragmento silenciador integrado e foram escolhidos para 

futuros screenings de heterozigotia, obtendo-se no final quatro knockouts 

independentes do gene uORF. Com estes resultados pensamos ter sido dado um passo 

que permita revelar a função deste gene no processo de acasalamento.  

Palavras chave: Botrytis cinerea, genes MAT, proteínas NEP, silenciamento genético 
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3. ABSTRACT 

Botrytis cinerea [teleomorph: Botryotinia fuckeliana] is a heterothallic filamentous 

plant pathogenic Ascomycete with over two hundred different hosts, and its control at 

the crop level is still very difficult to achieve. Sexual reproduction as an active part in 

the fungus dispersal and variability has been underestimated until recent years. 

Research leading to more insight into the MAT locus and the fundamental principles of 

the mating process can prompt new strategies for B. cinerea control. During the             

B. cinerea infection process, phytotoxic proteins such as NEP1 are produced. Their 

function is yet to be unraveled, but it was postulated that they might play a role in 

speciation in the genus Botrytis. 

This report describes a mating type screening of a population of 80 field isolates of     

B. cinerea. Findings indicate a typical 1:1 Mendelian distribution of the MAT loci, and 

one strain with both MAT genes is reported. A scan of the MAT locus suggests the 

absence of the MAT1-1 locus in dual mating strains. Furthermore, Southern blotting 

demonstrates for the first time the possible presence of a complete MAT1-1 locus in a 

dual mating strain, instead of the predicted incomplete MAT1-1 locus (dMAT1). 

Besides the MAT loci, genomic sequences of the BcNEP1 gene in 16 different B. cinerea 

strains are analyzed, and results demonstrate the existence of three haplotypes and 

two alleles. Purifying selection is accounted for evolutionary changes within the gene. 

Finally, four uORF independent knockout mutants were created. This predicted gene is 

located within the MAT1-1 locus, but its function is yet to be described. 

Key words: Botrytis cinerea, MAT genes, NEP proteins, gene knockout 
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4. lNTRODUCTION 

The second half of the last century was a period of growing awareness for the 

environmental problems that resulted from more than 100 years of industrial 

revolution. Agriculture played and still plays an important role in contributing for those 

environmental issues of our planet. At the end of the Second World War, the 

application of pesticides had become of general use in agriculture, and products such 

as DDT (organochloride) were indiscriminately applied to crops or, even used as 

weapons against human disease vectors (malaria, ty

In 1962, the book Silent Spring

for the problematic aspects

changes would occur. New and safer chemical products were developed and new laws 

were established to regulate production and app

At the start of this new millennium, we possess a more environment

agriculture but still, and because of all developments in the biotechnology field, we 

have to look for higher environmental safety standards and alternativ

decrease pathogen-derived loss in yield. The intensification of agriculture practices led 

to an increase in pesticide use (although safer to use, still pesticides). There

many diseases for which we do not have effective pesticides. 

example of this situation. 

Botrytis cinerea (teleomorph: 

infecting more than 200 different, mainly 

Dicotyledonous plant species

sometimes, as a secondary pathogen, 

Monocotyledonous.  The dif

resides in the variety of modes of attack, in the 

diversity of hosts that can serve as inoculum sources, 

and its ability to survive as mycelia and/or conidia or, 

for longer periods, as sclerotia in crop debris (Williamson 
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reasons control strategies based on only one tactic are ineffective, and a more 

thorough understanding of the host

it lives and possible antagonists is of extreme im

control of B. cinerea (Williamson 

 

 

4.1. THE PATHOGEN BOTRYTIS CINEREA

The genus Botrytis was established in 1729 by Michelis (Elad 

a necrotrophic pathogen, obtaining its nutrients from dead or dying tissue. Unlike 

saprophytes, it doesn’t need a wound to colonize the host due to its large toolbox of 

cell wall degrading enzymes (Kars 

geographical area in which it has been found is also enormous, ranging from tropical 

and sub-tropical latitudes to cold regions (Elad 

The pathogen can overwinter in the form of mycelium within

seeds and it can form long

sclerotia. The latter ones usually start to grow in early 

spring, and mycelium is formed, producin

conidiophores with conidia on its ends

are considered to be the predominant and 

dispersal for Botrytis species, mainly spreading 

the wind and rain. Sometimes

insect vectors (Louis et al.

initiate infections even under 

(Engelbrecht, 2002 cited in Elad 

the host tissue B. cinerea

inoculations brought to light a different reality (Salinas 

1995). Williamson et al. (1995) were

conidia on rose petals held at precise humidity conditions.

able to germinate on dry surfaces, this only happened at high 
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l strategies based on only one tactic are ineffective, and a more 

thorough understanding of the host-pathogen interactions, the microclimate on which 

it lives and possible antagonists is of extreme importance to succeed in the effective 

(Williamson et al., 2007). 

BOTRYTIS CINEREA 

The genus Botrytis was established in 1729 by Michelis (Elad et al., 2004). 

a necrotrophic pathogen, obtaining its nutrients from dead or dying tissue. Unlike 

’t need a wound to colonize the host due to its large toolbox of 

cell wall degrading enzymes (Kars et al., 2005a). Besides its immense host range, the 

geographical area in which it has been found is also enormous, ranging from tropical 

itudes to cold regions (Elad et al., 2004).  

The pathogen can overwinter in the form of mycelium within crop debris or inside 

form long-term survival structures called 

sclerotia. The latter ones usually start to grow in early 

ycelium is formed, producing tree-shaped 

conidia on its ends (Figure 22). Conidia 

predominant and effective way of 

species, mainly spreading with help of 

ometimes dispersal is mediated by 

, 1996) that allow the pathogen to 

initiate infections even under unfavorable weather conditions 

cited in Elad et al., 2004). It was assumed that for germination in 

B. cinerea needed a water film, but studies in the 1980s using dry 

inoculations brought to light a different reality (Salinas et al., 1989; Williamson 

(1995) were able to describe the behavior of wet and dry 

conidia on rose petals held at precise humidity conditions. Although dry conidia were 

able to germinate on dry surfaces, this only happened at high humidity levels, 
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conidiophores of 

(electron scan microscopy)
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portance to succeed in the effective 

, 2004). B. cinerea is 

a necrotrophic pathogen, obtaining its nutrients from dead or dying tissue. Unlike 

’t need a wound to colonize the host due to its large toolbox of 

). Besides its immense host range, the 

geographical area in which it has been found is also enormous, ranging from tropical 

crop debris or inside 

). It was assumed that for germination in 

needed a water film, but studies in the 1980s using dry 

1989; Williamson et al., 

able to describe the behavior of wet and dry 

Although dry conidia were 

humidity levels, >94% 

Source: http://www.ua.es/secretaria.gral/es/memoria/1998_99/VI.1.5%20Ingresados/foto6.jpg 

Figure 2 - Tree shaped 

conidiophores of B. cinerea 

(electron scan microscopy) 
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RH, and the germ tube generally stayed shorter than the conidia. Cole 

reported that dry-inoculated conidia were able to germinate and penetrate 

leaves, staying firmly attached to the substratum even if their g

in length. 

plant cell walls however, the appressorium of 

septum to seal itself from the germ tube thus, being unable t

pressure (van Kan, 2006; Williamson 

As mentioned above, B. cinerea

namely cutinases and lipases. Once the 

cuticle has been breached, the penet

peg attacks the anticlinal wall of the 

underlying epidermal cell, 

pectin.  Activation of pectinases is then 

undertaken by the pathogen

Endoplygalacturonase BcPG2 

important enzyme in this stage of the 

infection (van Kan, 2006). Kars 

showed that a deletion of the gene 

resulted in a delay of primary lesion formation 

in tomato and bean leaves. 
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and the germ tube generally stayed shorter than the conidia. Cole 

inoculated conidia were able to germinate and penetrate 

leaves, staying firmly attached to the substratum even if their germ-tubes were short 

When conidia adhere to the host surface 

germination starts with the growth of the 

tube (Figure 33). Along this structure an 

extracellular matrix of β-(1,3)(1,6)

(cinerean) is formed when a water film is 

present. At the end of this tube an a

is formed. Appressoria of many fungi act by 

producing a high osmotic pressure to disrupt the 

, the appressorium of B. cinerea does not possess the required 

seal itself from the germ tube thus, being unable to generate high levels of 

pressure (van Kan, 2006; Williamson et al., 2007).  

B. cinerea can make use of enzymes to degrade the plant cutic

namely cutinases and lipases. Once the 

has been breached, the penetration 

peg attacks the anticlinal wall of the 

underlying epidermal cell, which is rich in 

pectin.  Activation of pectinases is then 

rtaken by the pathogen (Figure 4). 

ndoplygalacturonase BcPG2 is the most 

in this stage of the 

Kars et al. (2005a) 

showed that a deletion of the gene BcPg2 

resulted in a delay of primary lesion formation 

in tomato and bean leaves.  
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(electron scan microscopy) 

Figure 4 - Necrotic effect of BcPG1 and BcPG2 in 

broad bean leaves (Source: Kars 
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and the germ tube generally stayed shorter than the conidia. Cole et al. (1996) 

inoculated conidia were able to germinate and penetrate Vicia faba 

tubes were short 

When conidia adhere to the host surface 

germination starts with the growth of the germ 

. Along this structure an 

(1,3)(1,6)-D-glucan 

(cinerean) is formed when a water film is 

present. At the end of this tube an appressorium 

ppressoria of many fungi act by 

ssure to disrupt the 
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ymes to degrade the plant cuticle, 
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Until recently it was thought that pectin methylesterases (PMEs) were essential to help 

PGs depolymerize highly methylated pectin but, Kars et al. (2005b) demonstrated that 

mutants in one or two B. cinerea PMEs had similar phenotypes to the wild type. 

Mutants and wild type even grew better on 75% methylated pectin than on non-

methylated pectin.  

The next step in the infection is the process by which the fungus transforms living host 

cells into dead or dying tissue. For this the pathogen actively triggers the host 

programmed cell death (PCD) (Hoeberichts et al., 2003) by inducing an oxidative burst 

as result of H2O2 accumulation. PCD is beneficial for the pathogen and maybe even 

essential for the completion of the infection process. Several Arabidopsis mutants with 

accelerated or retarded PCD were inoculated by van Baarlen et al. (2007) with three 

different Botrytis species (including B. cinerea). Arabidopsis mutants with a delayed or 

reduced cell death response were generally more resistant to Botrytis infection, 

whereas mutants in which cell death was accelerated were more susceptible. On the 

other hand, B. cinerea mutants lacking the gene Bcsod1, that codes for a secreted 

superoxide dismutase, (a fungal enzyme that might have a key role in triggering the 

oxidative burst) expressed reduced virulence on diverse hosts (Rolke et al., 2004).  

Botrytis cinerea is also able to produce a wide range of phytotoxic compounds and 

proteins such as botrydial, botcinolides and Necrosis and Ethylene Inducing Proteins 

(NEP proteins). Three strains lacking a gene involved in botrydial synthesis were 

produced by Siewers et al. (2005), resulting in a severe reduction of virulence in one of 

these strains. This leads to the conclusion that different strains rely on different toxins, 

some only being able to produce botrydial, and others able to produce additional 

phytotoxic compounds such as botcinolides (Reino et al., 2004).  

Phytotoxic proteins produced by B. cinerea include the NEP1-like proteins, belonging 

to the same family as the Fusarium oxysporum NEP1. Staats et al. (2007) identified in 

the B cinerea B05.10 genomic sequence two sequences with significant similarity to 

the NEP1 of F. oxysporum. The most similar was called BcNEP1 and the second one 

BcNEP2. These are two potentially powerful tools in the B. cinerea phytotoxic arsenal, 

but their role in pathogenesis is still to be unraveled.  
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Toxin protein genes are among the genes subject to positive selection (Liu et al., 2005). 

This important evolutionary force intensifies divergence between homologous proteins 

(Swanson et al., 2001). Distinct NEP proteins produced by different Botrytis species 

may confer differential phytotoxicity towards different plant hosts, thereby possibly 

contributing to speciation. Staats (2007) analyzed amino acid substitution rates in 

NEP1 and NEP2 proteins of different Botrytis species, concluding that most of the 

protein encoding regions are under purifying selection but, nonetheless, specific 

positions under diversifying selection were identified. There were seven residues in 

NEP1 and one residue in NEP2 under diversifying selection.   

 

4.2. SEXUAL REPRODUCTION AND MATING GENETICS 

Sexual structures of B. cinerea have rarely been found in natural conditions (Beever 

and Weeds, 2004) although apothecia can be obtained fairly easy in the laboratory 

following protocols described by Faretra & Antonacci (1987) and Faretra et al. (1988). 

Sexual reproduction is usually accounted for generating a high level of genetic 

variability within the species (Giraud et al., 1997) but this evolutionary path seems to 

have been abandoned by B. cinerea.  Staats et al. (2005) propose that this strategy 

reflects a habitat adaptation, where in the current more arid climates thick walled 

macroconidia are more resistant than thin walled ascospores, thus being a more 

effective dispersal agent. Raposo et al. (2001) and Yunis and Elad (1989) confirm the 

rarity or absence of apothecia in regions with an arid climate. 

Botrytis cinerea is a heterothallic filamentous Ascomycete. The sexual cycle is initiated 

with the production of the female reproductive structures, the sclerotia, under 

appropriate light, humidity and temperature conditions. In heterothallic species such 

as B. cinerea, this female sexual structure needs to be fertilized by a male element of 

the opposite mating type, microconidia. With the fertilization step begins the 

development of the fruiting body, the apothecium, in which asci are formed through a 

complex developmental process (Coppin et al., 1997). 
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Botrytis cinerea has been described as a bipolar heterothallic fungus. The sexual 

compatibility of B. cinerea is regulated by a single mating type gene (MAT) with two 

alleles. MATs encode transcriptional regulators that control sexual reproduction 

(Coppin et al., 1997; Kronstad & Staben, 1997; Nelson, 1996). In the heterothallic 

Ascomycetes two dissimilar DNA sequences (idiomorphs) occupy a single locus. 

Turgeon and Yoder (2000) reviewed and made changes to the previous established 

nomenclature for mating type genes of filamentous Ascomycetes proposed by Yoder 

et al. in 1986. Under this revised nomenclature the two idiomorphs of the single 

mating type locus are designated MAT1-1 and MAT1-2. In the presence of a 

homothallic fungus/strain, the authors propose that the locus be called MAT1-1/2. 

Idiomorph MAT1-1 carries a gene that encodes for a protein with an alpha box motif, 

homologous to the one present in the MATα1 protein of Saccharomyces cerevisiae and 

the MAT1-Pc protein of Schizosaccharomyces pombe (Coppin et al., 1997; Turgeon, 

1998).  

On the other hand, idiomorph MAT1-2 encodes a regulatory protein with a DNA-

binding domain of the high mobility group (HMG) (Nelson, 1996). HMG regions are 

authentic DNA binding domains that can fold independently of the rest of the DNA 

(Coppin et al., 1997). Specific DNA target sequences have been detected in some 

cases, but sequence specificity is limited and different HMG boxes tend to recognize 

distinct DNA fragments.  

In many Ascomycetes, both idiomorphs are contained within sequence regions that 

are flanked by a DNA lyase gene at the 5´end, and a SLA2 gene at the 3’ end.  

In addition, it is known for B. cinerea that the MAT1-1 locus contains an ORF region 

with unknown functions thus being called uORF (Figure 5) and, upstream of this region, 

a partial sequence of the MAT1-2 region, but lacking the HMG domain (dMAT-2). On 

the MAT1-2 locus we can also find a region with some degree of homology to the 

MAT1-1 region, but lacking the alpha domain (dMAT-1). 
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4.2.1. BOTRYTIS CINEREA 

Faretra et al. (1988) were among the first researchers studying the sexual behavior and 

mating system of Botryotinia fuckeliana

led them to assign reference strains for each idiomorph: strain SAS56 for the MAT1
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still used as reference strains in lab sexual crosses. Faretra 
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registered a 6% occurrence of homothallism in their 

even 16% among their field isolates. No phenotypical correlation could be assigned to 
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ordered dissection of eight spored asci

these asci were positione

conclusion that a process of unidirectional mating type switching is 

situation may account for the slightly h

(Elad et al., 2004).  
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(Source: Paul Dyer, University of Nottingham, UK

: mating types distribution and NEP1 protein sequence analysis 

BOTRYTIS CINEREA MATING SYSTEM 

(1988) were among the first researchers studying the sexual behavior and 

Botryotinia fuckeliana, the teleomorph of B. cinerea

led them to assign reference strains for each idiomorph: strain SAS56 for the MAT1

d strain SAS405 as the reference strain for MAT1-2. Nowadays they are 

still used as reference strains in lab sexual crosses. Faretra et al. (1988) concluded that 

follows a typical Mendelian 1:1 segregation. Nonetheless, they 

occurrence of homothallism in their lab crosses, and this value was 

16% among their field isolates. No phenotypical correlation could be assigned to 

the different mating types, or the ability to produce sclerotia and apothecia.  

concluded that these dual mating strains are heterokaryotic for 

Faretra and Polastro (1996) showed that a pair of asci in an 

ordered dissection of eight spored asci also behaved as homothallic. Furthermore, 

these asci were positioned where a MAT1-2 locus was expected, leading to the 

conclusion that a process of unidirectional mating type switching is 

for the slightly higher presence of MAT1-1 strains in the field 

Botrytis cinerea idiomorph region shows the difference in organization between isolates B05.10

); blue and yellow boxes indicate identical flanking regions, red box indicates Alpha domain gene typical o

1 isolates and green box the HMG domain, typical of MAT1-2 isolates; lines extending from boxes represent idiomorph sequence

Source: Paul Dyer, University of Nottingham, UK) 

13 

(1988) were among the first researchers studying the sexual behavior and 

B. cinerea. Their studies 

led them to assign reference strains for each idiomorph: strain SAS56 for the MAT1-1 

2. Nowadays they are 

. (1988) concluded that 

Nonetheless, they 

lab crosses, and this value was 

16% among their field isolates. No phenotypical correlation could be assigned to 

the ability to produce sclerotia and apothecia.   

dual mating strains are heterokaryotic for 

Faretra and Polastro (1996) showed that a pair of asci in an 

also behaved as homothallic. Furthermore, 

was expected, leading to the 

conclusion that a process of unidirectional mating type switching is happening. This 

1 strains in the field 

anization between isolates B05.10 

); blue and yellow boxes indicate identical flanking regions, red box indicates Alpha domain gene typical of 

lines extending from boxes represent idiomorph sequence. 



Botrytis cinerea: mating types distribution and NEP1 protein sequence analysis 

 

14 
 

The whole genome sequence of B. cinerea has been recently obtained. The strain 

sequenced was strain B05.10, a MAT1-1 strain. Another group working on the B. 

cinerea genome sequencing obtained the sequence for a MAT1-2 strain – T4 strain. 

With this knowledge, researchers can do a more in depth study of the B. cinerea 

genetics, allowing new methodologies to be applied. It is of special importance in the 

mating type research, where previous techniques were rather time consuming. 

 

4.3. BOTRYTIS CINEREA GENETIC TRANSFORMATION 

There are two main genetic transformation methods used in B. cinerea: transformation 

using protoplasts and transformation using Agrobacterium tumefaciens. Furthermore, 

there are two different possible strategies for gene function analysis: gene knockout 

replacement, using the natural homologous recombination mechanism or, gene 

knockdown, using RNAi constructs. 

Botrytis cinerea can be transformed when using linearised vector DNA. Homologous 

recombination works best when linear transformation cassettes are used (high 

knockout rates of 70-100%). There are several available resistance cassettes, such as 

phleomycin, hygromycin, nourseothricin and glufosinate (Williamson et al., 2007). 

The standard technique for B. cinerea transformation has become the use of 

protoplastation combined with gene knockout (homologous recombination) 

(Williamson et al., 2007), where the target gene is replaced by a resistance cassette, 

fused with long (500-1000 bp) gene homologous flanks. This technique is based on the 

overlap-extension PCR, where the flanking regions are fused to the resistance cassette. 

For this, the primers used to amplify the flanks contain an extension complementary to 

the end regions of the cassette, thus allowing the fusion of the two target-gene 

fragments to the selection marker cassette in a single PCR amplification reaction    

(Kars et al., 2005a). Further in this report, more insight is given to this subject.  

Other transformation techniques have been used with B. cinerea, namely 

Agrobacterium-T DNA transfer system (Rolland et al., 2003) and RNAi (R. Patel, G.D. 



Botrytis cinerea: mating types distribution and NEP1 protein sequence analysis 

 

15 
 

Foster and J. van Kan; J. Schumacher and B. Tudzynski; all unpublished data referenced 

in Williamson et al., 2007).  

Strain B05.10 is the most common strain used in transformation, partially due to its 

high virulence on several hosts and its genetic stability and, partially, to its consistent 

high transformation rates. Recent investigations have shown that specific genes in 

different B. cinerea strains can play a different role in virulence.  For example, the 

synthesis of the toxin botrydial contributes to the virulence of strain T4 whereas for 

strain B05.10 it plays no significant role in virulence (Siewers et al., 2005).  Another 

example shows that strain B05.10 mutated in the gene BOs1 (a histidine kinase) leads 

to the incapacity to penetrate host tissue, whereas the same mutant in strain UWS 111 

is still able to form normal apressoria and penetrate (Viaud et al., 2006). 

 

4.4. AIM OF THE RESEARCH 

Although there aren´t many reports of sexual reproduction of this pathogen in the field 

(Beever and Weeds, 2004), it is thought that sex can account for the extremely high 

genetic variation of the B. cinerea population (Polach & Abawi, 1975; Giraud et al., 

1997). In this report, the distribution of the MAT genes in a collection of B. cinerea 

isolates is studied. We also look into the MAT loci organization and we study the 

genetic variability of NEP1 proteins and its possible contribution to speciation. A new 

tool for functional analysis of B. cinerea uORF gene is also produced and discussed.  
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5. MATERIALS AND METHODS 

 

5.1. MATING TYPE PCR-BASED SCREENING 

List of B. cinerea strains for screening. An assembly of 80 different strains of B. cinerea 

belonging to the B. cinerea research group collection was used for the mating type 

PCR-based screening. Strains were grown on malt extract agar (MEA) (Oxoid) for a 

period of 8 to 10 days in the dark at 19⁰ C (view Appendix I). 

DNA extraction. Mycelial tissue was harvested and lyophilized. For the extraction 20 

mg of lyophilized tissue were weighed and grinded in a 12 mL tube with a metal 

spatula, both previously cooled in liquid nitrogen. Genomic DNA was extracted using 

the GenElute™ Plant Genomic DNA Miniprep Kit (Sigma-Aldrich Co.) according to the 

manufacturer’s instructions with minor changes. DNA pellets were dissolved in 200 μL 

of TE buffer (10mM Tris-HCl [pH 8.0], 1 mM EDTA) and stored at -20⁰ C. 

Construction of primers. Primers for the MAT1-1 locus were designed based on a 

BLAST of B. cinerea strain B05.10 (MAT1-1; accession BC1G_15148.1 at the Broad 

Institute B. cinerea Database) to Sclerotinia sclerotiorum. The targeted region was the 

Alpha box domain. Primers for the MAT1-2 locus were designed based on a BLAST of S. 

sclerotiorum to B. cinerea strain T4 (MAT1-2; accession BofuT4_P160320.1 at INRA 

private B. cinerea T4 Database). The targeted region was the HMG domain. Table 1 

contains the sequences of these primers. 

Table 1 - PCR primers used for the PCR-based mating type screening 

 

 

 

 

PCR-based MAT screening. PCR amplification was carried out in a 50 μL reaction 

mixture, containing 10-50 ng of genomic DNA, 5 µL 10x Taq buffer + MgCl2, 0.5 µL of 20 

mM dNTP’s mixture (Promega), 1 µL of each primer (10 μM) and 0,3 μL of 5 U/µL Taq 

Primer name Target region Primer sequence (5’ – 3’) 

BcMAT1alpha-for 
Alpha domain 

CCAGCAGTAAATGCAGAAGAGCCAA 

BcMAT1alpha-rev CATCATACCAGTGGACCAAGGAGG 

BcMAT2HMG-for 
HMG domain 

GACTAGGAAAATGGGTACCGCATC 

BcMAT2HMG-rev GAATGTGTAGAGATCCTGTTGTTG 
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DNA polymerase (Roche). Amplifications were carried out in a Peltier Thermal Cycler-

200 (Biozym, Landgraaf, the Netherlands). The following thermocycler program was 

used to amplify the targeted fragments: 94⁰ C for 5 min., 30 cycles of: 94⁰ C for 1 min., 

51⁰ C for 45 sec. and extension at 72⁰ C for 1 min. and 30 sec; a final extension at 72⁰ C 

for 3 min. Results were observed on a 1% agarose gel electrophoresis under UV light 

(0.5 μg/L concentration of EtBr). 

 

5.2. uORF PCR-BASED TARGETED MUTAGENESIS 

uORF replacement construct. Amplification of two target-gene fragments from the 

MAT1-1 reference strain B05.10, of approximately 500 bp, was carried out with 

primers 5.1 or 3.3, chosen just outside the ORF and primers 5.3 or 3.1, respectively, 

with an extension complementary to the selection marker cassette (Table 2). The 

amplification was done in a 50 μL volume using 10-50 ng of genomic DNA, 5 µL 10x Taq 

buffer + MgCl2, 0.5 µL of 20 mM dNTP’s mixture (Promega), 1 µL of each primer (10 

μM) and 0,3 μL of 5 U/µL Taq DNA polymerase (Roche). The PCR conditions were as 

follows: heating at 95⁰ C for 3 min.; 30 cycles of 94⁰ C for 1 min., 60⁰ C for 1 min. and 

72⁰ C for 2 min; followed by a final extension at 72⁰ C for 5 min. 

An hph cassette (2.7 kb; Genbank accession AJ439603) carrying resistance to 

hygromycin B was used as a selection marker. The resistance gene was flanked by the 

Aspergillus nidulans oliC promoter and TrpC terminator. The selection marker cassette 

was amplified with primers 20 and 21 (Table 2). The amplification was carried out in a 

volume of 100 μL using 0.5 μL of Expand High Fidelity polymerase with appropriate 

PCR buffer, 0.2 mM of dNTP’s mixture, 0.4 μM of each primer and 50-100 ng of 

plasmid DNA. The PCR conditions were: heating at 94⁰ C for 2 min.; 9 cycles of 94⁰ C 

for 30 sec., 50⁰ C for 30 sec. and 72⁰ C for 2 min., followed by 19 cycles of 94⁰ C for 30 

sec., 50⁰ C for 30 sec. and 72⁰ C for 2 min. plus 5 sec. more per each cycle. The last step 

was a final extension at 72⁰ C for 8 min. The technique known as One Step Overlap-

extension PCR (Figure 6) was used to fuse the two target-gene fragments to the hph 

cassette in a single PCR amplification. Primers 5.2 and 3.2 (Table 2) were used. The 

amplification reaction was carried out in a volume of 50 μL using 0,2 mM of the dNTP’s 
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mixture, 0.5 μL of Expand High Fidelity polymerase and the appropriate PCR buffer, 

and 1 μM of each primer. For gene fusion to the hygromycin cassette equal amounts of 

the three templates were used (20-50 ng). The PCR conditions were: heating to 94⁰ C 

for 2 min.; 9 cycles of 94⁰ C for 15sec., 50⁰ C for 30 sec and an extension for 3 min. at 

68⁰ C; 29 cycles of 94⁰ C for 15 sec., 50⁰ C for 30 sec. and an extension at 68⁰ C for 3 

min. plus 5 sec. per each cycle; A final extension at 68⁰ C for 7 min. was done. 

Table 2 - PCR primers used to amplify target gene fragments, gene replacement construct, and to check for 

correct homologous integration of gene-replacement construct in transformants 

Target gene Primer name Primer sequence (5’ – 3’) 

uORF 

MATuORF5.1 TGTAGGAATTCGAATATGGGTAGG 

MATuORF5.2 GTCGATTTCGTGGACTACGGGTC 

MATuORF5.3 GCGCGCCGAGAGAGAAGCTTGATACTGAACTATCTCCCGTTCCC 

MATuORF3.1 GGGTACCGAGCTCGAATTCCCAGGACGAGCAGATGGAAAGCAC 

MATuORF3.2 GTCTCCGGCCTGTCTCCAGTC 

MATuORF3.3 GCTTCGTTGAACAGCTTCTG 

hph cassette 

cassette-5 (20) GAATTCGAGCTCGGTACCC 

cassette-3 (21) AAGCTTGATATCTGTTAGTA 

screen-3 (22) GGGTACCGAGCTCGAATTC 

screen-5 (23) GATTACTAACAGATATCAAGCTT 

 

 

Figure 6 - One Step Overlay Extension PCR scheme (Source: Kars et al., 2005b) 
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Cloning the uORF knockout construct. In order to have the overlay-extension-PCR 

product available for easy amplification, the fragment was cloned into the PCR XL-

TOPO vector (Invitrogen) according to the manufacturer’s indications. 

Culturing of B. cinerea. Fresh MEA medium was inoculated with a 0.5 μL droplet of 

B05.10 strain conidial suspension stock. Plates were incubated for 2-5 days at 19⁰ C in 

the dark. Sporulation was induced by irradiation with near ultraviolet light for 16-24 

hours. The plates were incubated for another 5 days at 19⁰ C in the dark in order to 

allow the conidia to mature. Conidia from 7-10 days old cultures were mechanically 

harvested in distilled water by scraping the mycelium surface with a glass rod to 

release conidia. Mycelium fragments were removed by sterile fiberglass wool plug 

filtration. The conidial suspension was then centrifuged for 5 min. at 800xg in order to 

separate macroconidia (pelleted on the bottom) from microconidia (suspended in the 

solution). Spore concentration was assessed using a haemocytometer.  

Protoplastation. 1 liter of 1% malt extract (Difco) was inoculated with 2x107 conidia. 

Liquid cultures were pre-incubated at room temperature for 2 hours, with occasional 

shaking. Adequate mycelium growth was achieved after 16-20 hours incubation in a 

rotary shaker set to 20⁰ C with 160 rpm agitation. 

Mycelium was collected using a 22.4 μm filter system, then washed twice in KC (0.6 M 

KCl, 50 mM CaCl2) buffer and incubated with a filter-sterilized suspension of Glucanex 

in KC (final concentration of 5 mg/mL) for approximately 1-2 hours at 25⁰ C in an 

orbital shaker set to 150 rpm. Protoplast formation was checked regularly and the 

incubation stopped once the desired level of protoplastation was achieved. Protoplasts 

were separated from mycelium fragments by filtration on 22.4 μm filter system and 

recovered by centrifugation at 1200 x g for 10 min. Protoplasts were then washed once 

in KC buffer and re-suspended in the same solution to a final concentration of 1x107 

protoplasts per 100 μL and incubated on ice for 5 min. 

Transformation. The uORF construct DNA amplified from the PCR XL-TOPO vector was 

precipitated with NaAc and Ethanol, re-suspended in 10 μL volume and 5 μL of 5 mM 

spermidin were added and brought to a final volume of 100 μL with KC buffer. This 

mixture was incubated on ice for 5 min. After, 100 μL of protoplast suspension was 
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added, and another 5 min. of incubation on ice was performed, followed by the 

addition of 100 μL of filer-sterilized PEG solution (25% PEG 3350 in 10 mM Tris 7.4, 50 

mM CaCl2) and incubation at room temperature for 20 min. Another 500 μL of PEG 

were added and 10 min. of incubation at room temperature was performed. An 

additional aliquot of 500 μL PEG solution was added and the tubes incubated for 10 

min. at room temperature. A final volume of 1 mL was achieved by adding 200 μL of KC 

buffer. Half a mL aliquots of the transformation mixture were added to 100 mL of 1.2% 

agar SH medium (0.6 M sucrose, 5 mM HEPES [pH 6.5], 1 mM NH4H2PO4) stored at 42⁰ 

C, quickly mixed and immediately plated in 10 mL aliquots. Plates were incubated 

overnight at 19⁰ C, in the dark. 

Selection and screening of mutants. The next day, a layer of 10 mL SH agar with 100 

μg/mL of hygromycin was added to the regeneration plates. Because of the diffusion 

of the hygromycin to the first SH layer, the final antibiotic concentration was 50 μg/mL. 

No hygromycin was added in the regeneration control plate. Colonies that appeared 

after 4-5 days suggested possible resistant transformants. Growing colonies were 

transferred to new MEA plates amended with 100 μg/mL of hygromycin. Surviving 

colonies were further plated on MEA for conidia production and harvesting. 

Molecular analysis of the mutants. After these selection rounds, about 20 mg of 

mycelium were harvested and subject to DNA extraction as described above, with the 

difference that the tissue was not previously lyophilized. A first series of 12 

transformants was screened with primer combinations 5.1/23 and 22/3.1 for 

amplification of the target-gene fragments and primer combination 5.1/3.1 for 

amplification of the whole knockout construct. For the PCR reaction, 50-100 ng of the 

DNA templates was used, and Taq DNA polymerase was chosen for the target-gene 

fragments amplification, whereas Expand High Fidelity polymerase was used to amplify 

the whole knockout sequence. The thermocycler programs used were the same as 

described for the uORF replacement construct. Results were observed on a 1% agarose 

gel electrophoresis under UV light (5 μg/L concentration of EtBr). 

Single spore cultures. Transformants that scored positively in the molecular screening 

were single spore cultured on hygromycin-containing MEA (100μg/mL). Here, 7-10 
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days old conidia from transformants were harvested and diluted to a concentration of 

500 spores per mL. An aliquot of 100 μL of this suspension was used for inoculating 

MEA+hygromycin plates. Four individual colonies of each single spore culture were 

picked out after 2-3 days and subject to one round of selection on hygromycin-

containing MEA (100 μg/mL). A mycelium plug of each of these colonies was plated on 

MEA plates. A second molecular screening was done according to the same technique 

mentioned above in order to check if possible heterokaryons had been successfully 

removed. Conidia of the positively screened colonies were harvested according to the 

same technique referenced above, and glycerol stocks were made and kept at -80⁰ C.  

 

5.3. NEP1 PROTEIN SEQUENCE STUDY 

List of B. cinerea strains for NEP1 protein study. Same list as referenced in chapter 5.1 

DNA extraction. See technique described in chapter 5.1. 

Construction of primers. Primers used for NEP1 amplification (Table 3) were 

previously designed by Staats et al. (2007) for amplification of the NEP1 gene of 

Botrytis species belonging to clade 1, according to the phylogeny established by Staats 

et al. (2005). These primers amplify a partial NEP1 gene region with 831 bp in length 

(Staats et al., 2007). 

Table 3 - NEP1 primers used for NEP1 gene fragment amplification 

Primer name Target region Primer sequence (5’ – 3’) 

NEP1for NEP1 gene gtgactgtaaaacgacggccagtCCAACGCAAAATTCCTTTCTATCC 

NEP1revA NEP1 gene gtgaccaggaaacagctatgaccCTTGGCGAGGTTGTTGTTGAAGTT 

 

NEP1 gene fragment amplification. PCR amplification was carried out in a 50 μL 

reaction mixture, containing 10-50 ng of genomic DNA, 5 µL 10x Taq buffer + MgCl2,          

0.5 µL of 20 mM dNTP’s mixture (Promega), 1 µL of each primer (10 μM) and 0,3 μL of 

5 U/µL Taq DNA polymerase (Roche). Amplifications were carried out in a Peltier 

Thermal Cycler-200 (Biozym, Landgraaf, the Netherlands). The thermocycler program 

was the same as described in chapter 5.1. Results were observed on a 1% agarose gel 
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electrophoresis under UV light (5 μg/L of EtBr) and fragments that had a yield good 

enough for further sequencing were extracted from gel and purified with GFX PCR DNA 

and Gel band purification Kit (GE Healthcare), according to the manufacturer’s 

instructions. PCR products were sent directly for sequencing (BaseClear NV, Leiden). 

5.4. BOTRYTIS CINEREA MAT LOCUS STUDY 

List of B. cinerea strains for MAT locus study. The MAT locus study focused mainly on 

dual mating strains and in other strains that were studied during this project, and 

resulted in intriguing results. Table 4 comprises all the strains used for this experiment: 

Table 4 - List of B. cinerea strains for MAT locus study 

Strain name Characteristic 

Bc7 

Dual mater 
Bc12 

RS11 

RS26 

Bcin9B Possible dual mater according to mating type PCR-

based screening 

Bcin10B Possible dual mater according to mating type PCR-

based screening (strange ±1300 bp band amplified 

with primers for MAT1-1 locus) 

SAS56 Reference MAT1-1 strain 

SAS405 Reference MAT1-2 strain 

 

DNA extraction. DNA from samples was extracted using QIA prep Spin Miniprep Kit 

(Qiagen), following the manufacturer’s instructions. 

Construction of primers. Primers were designed in order to amplify five adjacent 

fragments in both MAT loci, thus rendering an almost complete amplification of the 

MAT loci (Figure 7). Primers BotMAT101 to BotMAT108 are MAT1-1 specific therefore, 

a combination of primers having one of the above mentioned should only give 

amplification products on MAT1-1 strains or dual maters. Likewise, primers 

BotMAT201 to BotMAT207 are MAT1-2 specific, and the same logic can be applied to 
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them. Primers BotMAT3 and BotMAT5 comprise sequences present in both strains. 

Table 5 resumes all the primers used for this experiment: 

Table 5 - List of primers used for B. cinerea MAT locus study 

Primer name Primer sequence (5’ – 3’) 

BotMAT3 GTGACCAGGAAACAGCTATGACCACATACTCGCATTAGTGGAAC 

BotMAT5 GTGACTGTAAAACGACGGCCAGTTCCGTATTCACAATCCATCC 

BotMAT101 GTGACTGTAAAACGACGGCCAGTCGAGCTAGCTGCAGCACTAGAG 

BotMAT102 GTGACCAGGAAACAGCTATGACCCCGTTCCCCTATCAGTCAACA 

BotMAT103 GTGACTGTAAAACGACGGCCAGTCTCAACTCTGGCTGTAAACTACGTG 

BotMAT104 GTGACCAGGAAACAGCTATGACCCTCCGGCCTGTCTCCAGTCTT 

BotMAT105 GTGACTGTAAAACGACGGCCAGTGATTTTGACGGTGCTTGGGAA 

BotMAT106 GTGACCAGGAAACAGCTATGACCCCCACAAGACACTGAGGATAGC 

BotMAT107 GTGACTGTAAAACGACGGCCAGTCACACTCCAGCATGGAGCTACC 

BotMAT108 GTGACCAGGAAACAGCTATGACCCAGCGAGTATAAACGTCCATCC 

BotMAT201 GTGACTGTAAAACGACGGCCAGTGGGCATGGAAGATGAGGCAAG 

BotMAT202 GTGACCAGGAAACAGCTATGACCGCTGGAGCTACTCCTTGTTCTAC 

BotMAT203 GTGACTGTAAAACGACGGCCAGTGAACACTGCGGAGCCAGAAATGAC 

BotMAT204 GTGACCAGGAAACAGCTATGACCGATGGTATGGCAGCTGAGATG 

BotMAT205 GTGACTGTAAAACGACGGCCAGTGAGAGTAAGTTCGGTCCATGCTTG 

BotMAT206 GTGACCAGGAAACAGCTATGACCGACTGCAACGAATTAGTATAGGCAG 

BotMAT207 GTGACTGTAAAACGACGGCCAGTACTGACGCAGGCGGTCTCTAC 

BotMAT208 GTGACCAGGAAACAGCTATGACCGTGGTGGTGAAGGGACATCTTC 

 

Figure 7 - MAT loci study primers location within the MAT loci 
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PCR conditions and primer combinations. Amplifications were carried out in a 50 μL 

volume containing, 10-50 ng of genomic DNA, 5 µL 10x Taq buffer + MgCl2, 0.5 µL of 20 

mM dNTP’s mixture (Promega), 1 µL of each primer (10 μM) and 0,3 μL of 5 U/µL Taq 

DNA polymerase (Roche). Amplifications were carried out in a Peltier Thermal Cycler-

200 (Biozym, Landgraaf, the Netherlands). The following thermocycler program was 

used to amplify the targeted fragments: Initial heating to 94⁰ C for 5 min., followed by 

30 cycles of: 94⁰ C for 30 sec., 50⁰ C for 45 sec. and 72⁰ C for 1.5 min. Results were 

observed on a 1% agarose gel electrophoresis under UV light (5% concentration of 

EtBr). Table 6 contains primer combinations used and expected amplification products 

sizes: 

Table 6 - Primer combinations and expected amplification product sizes for MAT locus study 

Primers combination Expected amplification product size (bp) 

 MAT1-1 strain MAT1-2 strain 

BotMAT5 + BotMAT102 972 - 

BotMAT5 + BotMAT202 - 1000 

BotMAT101 + BotMAT104 965 - 

BotMAT201 + BotMAT204 - 961 

BotMAT103 + BotMAT106 950 - 

BotMAT203 + BotMAT206 - 950 

BotMAT105 + BotMAT108 950 - 

BotMAT205 + BotMAT208 - 1000 

BotMAT107 + BotMAT3 655 - 

BotMAT207 + BotMAT3 - 833 

 

 

5.5. SOUTHERN BLOT ANALYSIS 

Strains used and DNA extraction. Strains RS11, RS26, RS56 and reference strains 

SAS56 and SAS405 were used for the Southern blot analysis. DNA extractions were 

performed as described in chapter 5.1.  

Restriction enzymes digestion. All DNAs were digested with restriction enzymes EcoRI, 

EcoRV and HindIII. The digestion was carried out in a 200 μL volume, containing 625 ng 

of DNA template (or a 50 μL maximum volume of DNA sample), 20 μL of appropriate 



Botrytis cinerea: mating types distribution and NEP1 protein sequence analysis 

 

25 
 

10x buffer and 5 μL of restriction enzyme. Samples were incubated at 37⁰ C for 2 

hours. Another 3 μL of restriction enzyme were added to each sample and incubation 

was carried out for 1 hour at 37⁰ C. 

Southern blotting. DNA samples were precipitated with NaAc/Ethanol and re-

dissolved in 40 μL TE buffer (10mM Tris-HCl [pH 8.0], 1 mM EDTA). Samples were 

loaded on a 0.8% agarose gel (5 μg/L EtBr concentration) and the gel was run at 100 

Volts for 3-4 hours. The blot was performed according to the manufacturer’s 

instructions onto Hybond-N+ membranes (Amersham). Blots were hybridized in Church 

buffer at 65°C for 48 h in the presence of probe radioactively labeled with α-32P-dCTP 

(Amersham) and a Prime-a-Gene labeling kit according to manufacturer’s manual 

(Promega). The blots were washed twice in 2X SSC/0.5 % (w/v) SDS and once in 

0.5XSSC/0.5% (w/v) SDS at 65°C. Autoradiograms were made using Kodak Scientific 

Imaging film X-OMAT AR with an intensifying screen at -80°C overnight. 
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6. RESULTS 

 

6.1. MATING TYPE PCR

From the initial collection of 

them, and results from the mating type PCR

strains (Appendix II). The screening was based on a set of primers designed to amplify 

either the alpha box of MAT1

features of the respective 

of about 850 bp, and for a MAT1

mater strain was anticipated

 

 

 

 

 

 

 

From the data analysis we can conclude 

(45.8%) were MAT1-2 and only 1 (1.

1/2 (chart 1). 
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MATING TYPE PCR-BASED SCREENING 

ection of 80 strains, DNA was successfully extracted from 67 of 
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The screening was based on a set of primers designed to amplify 

MAT1-1 or the HMG box of MAT1-2, each one of them specific 

 loci. For a MAT1-1 strain it was expected to amplify a band 

of about 850 bp, and for a MAT1-2 strain, a band of approximately 1100 bp.

was anticipated to render the two bands (Figure 8). 
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When the MAT loci distribution is compared with the host botanical family, one can 

conclude that the MAT1-1 strains have no evident preference for a specific family or 

range of families. When the same comparison is done for the MAT1

noticeable preference for the Rosaceae family can be observed (chart 2).

 

Chart 2 – Distribution
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Table 7 – Botrytis cinerea MAT locus study amplification results 

      Primers 

Strains 

BotMAT5 

+ 102 

BotMAT5 

+ 202 

101 

+ 104 

201 

+ 204 

103 

+ 106 

203 

+ 206 

105 

+ 108 

205 

+ 208 

107 + 

BotMAT3 

207 + 

BotMAT3 

Bc7 NA NA NA 961 NA 937 NA 1000 655 NA 

Bc12 NA NA NA 961 NA 937 NA 1000 655 NA 

RS11 NA NA NA 961 NA NA NA NA 655 833 

RS26 NA NA NA 961 NA 937 NA 1000 655 NA 

JD27 NA NA NA 961 NA 937 NA NA 655 NA 

JD28 NA NA NA 961 NA 937 NA 1000 655 NA 

B05.10 
NA 

(972) 
NA 

(NA) 

965 

(965) 

NA 

(NA) 

955 

(955) 

NA 

(NA) 

965 

(965) 

NA 

(NA) 

655 

(655) 

833 

(NA) 

SAS405 
NA 

(NA) 
NA 

(1000) 

NA 

(NA) 

961 

(961) 

NA 

(NA) 

937 

(937) 

NA 

(NA) 

1000 

(1000) 

655 

(NA) 

833 

(833) 

       NA – no amplification      ( ) – expected result for controls  

These results led to RS11 and JD27 being cloned and sent for sequencing. In addition, a 

sub-clone of strain RS11 was also sent for sequencing (BaseClear NV, Leiden). 

 

6.3. SOUTHERN BLOT ANALYSIS 

Southern blotting (Figure 9) was performed on dual mater strains RS11, RS26, RS56 

and reference strains SAS56 and SAS405, using as MAT1-1 probe an Alpha gene 

fragment and as a MAT1-2 probe the HMG box fragment. Amplification of the probes 

was performed with primer combinations contained in Table 1. 

 

 

 

 

 

 

 

 

Figure 9 - Southern blot with strains RS11, RS56, SAS56 and SAS405, 

hybridized with MAT1-1 probe 

2 kb 

3 kb SAS405 RS11 
RS56 SAS56 SAS405 RS11 

RS56 SAS56 
RS56 SAS56 

EcoRI EcoRV HindIII 
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DNA samples were digested with restriction enzymes EcoRI, EcoRV and HindIII. A 

restriction map was made for each MAT locus (Figure 10) based on the sequences of 

strains B05.10 (MAT1-1) and T4 (MAT1-2). The results are contained in Table 8. 

Hybridization with the MAT1-2 probe failed for unknown reasons.   

 

Table 8 - Expected and obtained bands for the Southern blot 

  MAT1-1 locus MAT1-2 locus 

 Restriction enzyme Expected band Obtained band Expected band Obtained band 

M
A

T
1

-1
 

p
ro

b
e

 

EcoRI 3034 bp ± 3000 bp 2711 bp ± 2700 bp 

EcoRV 2654 bp ± 2700 bp 3246 bp ± 3200 bp 

HindIII 3062 bp ± 3000 bp 5321 bp ± 5200 bp 

 

 

Figure 10 - Restriction maps for MAT1-1 and MAT1-2 locus 
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The blot developed a high background, making it very difficult to visualize bands. Still, 

it is possible to observe that strains SAS405 and RS11 gave the exact same bands for 

two out of three digestion treatments and, likewise, strains RS56 and SAS56 had the 

same band pattern for all digestions. 

 

6.4. NEP1 PROTEIN SEQUENCE STUDY 

NEP1 fragments were successfully amplified from 32 strains included in the list 

mentioned above, plus from strain RS26. From this total, 25 fragments were sent for 

sequencing (BaseClear NV, Leiden) and 16 NEP1 nucleotide sequences were obtained.  

These sequences were subjected to multiple sequence alignment with ClustalW 

(v1.83). In this alignment, 4 polymorphisms were detected, 3 having no effect on the 

amino acid sequence, and 1 leading to an amino acid substitution. Polymorphism 1 led 

to an amino acid substitution from an Asparagine to Tyrosine (Figure 11). 

Strain names corresponding to the sequencing codes are as follows: 

 

Table 9 - Sequence codes and corresponding strain names 

Sequencing code Accession number Strain name Sequencing code Accession number Strain name 

JD1 1 Bc18 JD12 14 spp6B 

JD4 4 m6a.12 JD13 15 spp12A 

JD5 5 Bc29 JD14 16 spp10A 

JD7 8 Bc25 JD15 17 spp33A 

JD8 10 spp9A JD18 20 spp21A 

JD9 11 spp20A JD20 22 Bcin3A 

JD10 12 spp34A JD21 23 Bcin4A 

JD11 13 spp19B JD24 26 Bcin7A 
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It is also observable the existence of 3 haplotypes. Strains marked green constituted 

haplotype ATTC, while strains marked red formed haplotype TCCA and finally, strain  

JD 15 (marked yellow) accounted for haplotype ATCC.  

JD5   ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD24  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD8   ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD21  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD1   ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD4   ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD14  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD9   ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTTATGGTAACACCAGGTATG 180 

JD18  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTTATGGTAACACCAGGTATG 180 

JD10  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTTATGGTAACACCAGGTATG 180 

JD13  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTTATGGTAACACCAGGTATG 180 

JD11  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTTATGGTAACACCAGGTATG 180 

JD12  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTTATGGTAACACCAGGTATG 180 

JD7   ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD15  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

JD20  ACATTGCTCATGGTTGTCAACCATACAGTGCCGTTGATGGTAATGGTAACACCAGGTATG 180 

 

1 

2 

JD5   CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD24  CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD8   CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD21  CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD1   CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD4   CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD14  CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD9   CTCCAAGACACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD18  CTCCAAGACACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD10  CTCCAAGACACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD13  CTCCAAGACACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD11  CTCCAAGACACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD12  CTCCAAGACACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD7   CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD15  CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

JD20  CTCCAAGATACTGGCAATGTCTCAGCCGGCTGCCGTGATCAGAGCAAGGGCCAAACCTAT 300 

 

JD5   ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD24  ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD8   ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD21  ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD1   ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD4   ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD14  ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD9   ACCAGCCGCCGGAAACGTCGTAGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD18  ACCAGCCGCCGGAAACGTCGTAGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD10  ACCAGCCGCCGGAAACGTCGTAGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD13  ACCAGCCGCCGGAAACGTCGTAGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD11  ACCAGCCGCCGGAAACGTCGTAGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD12  ACCAGCCGCCGGAAACGTCGTAGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD7   ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

JD15  ACCAGCCGCCGGAAACGTCGTCGGAGGTCACCGTCATGACGGGTAGTATGTCGTCGCTTG 480 

JD20  ACCAGCCGCTGGAAACGTCGTCGGAGGTCACCGTCACGACTGGGAGTATGTCGTCGCTTG 480 

 

3 4 

Figure 11 - NEP1 multiple sequence alignment – polymorphisms (1, 2, 3 and 4) and 

aminoacid substitution detected (1) 

Tyrosine 

Asparagine 

Tyrosine 
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6.5. uORF PCR-BASED TARGETED MUTAGENESIS

The MAT1-1 locus contains a novel gene (uORF) with unknown function, which has no 
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Figure 13 - Screening of the single spore germlings for heterozygoty
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BASED TARGETED MUTAGENESIS 

contains a novel gene (uORF) with unknown function, which has no 

Ascomycete except Sclerotinia. To study the possible function 

of this gene, targeted mutagenesis was performed. We obtained 43 transformants and 

12 transformants were selected for initial screening 

combinations 5.1/23 and 22/3.1, six scored positive for either or both tests, and were 

selected for further heterozygoty screening with primers 5.1/3.1 (Figure 1

lacked the wild type locus and was considered to be a clean 

ts spores were collected and stored at -80⁰ C in a glycerol 

uORF3 and uORF4 only contained the wild type 
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Another screening with primers 5.1/3.1 was performed on the monospore cultures 

germlings, and this time, from the 12 transformants tested, only 3 (uORF2.2, uORF5.1 

and uORF5.4) still had the wild-type gene i.e., the B05.10 gene (Figure 13). Spores from 

homokaryote transformants were collected and glycerol stock solution were created in 

triplicate and stored at -80⁰ C.   

In the end, four independent uORF knockout transformants were obtained. 
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7. DISCUSSION 

 

7.1. MATING TYPE DISTRIBUTION 

Here, we report a PCR-based assessment of the mating type in Botrytis cinerea 

isolates. Previous techniques were based on crossings between the isolates being 

tested and the reference strain for each locus, SAS56 (MAT1-1) and SAS405 (MAT1-2). 

These procedures are very laborious and fastidious, taking at least 4 months for each 

cross to be achieved. On the other hand, the PCR-based screening takes around 2 

weeks to be completed. Nonetheless, the PCR-based technique has some 

disadvantages like, for example, having different levels of reproducibility between 

strains, or even between DNA samples of the same strain thus, being sometimes 

difficult to confirm results.  It can be used as a fast tool for selecting interesting strains 

for further analysis, being complemented afterwards with the classic technique of 

crossings. 

The B. cinerea population studied in this project demonstrated an almost perfect 

Mendelian 1:1 distribution, being 52.5% of the strains MAT1-1 and 45.8% MAT1-2. This 

result agrees with conclusions by Faretra et al. (1988) from a previous study. The same 

authors registered a 16% occurrence of homothallism in crosses of field isolates, but 

we observed that only one out of 59 strains (1.7%) had both genes, as detected by 

PCR. Effectively, strain 27 was predicted to be a dual mater, due to the fact that one 

band was visible for each mating locus-specific primer combination. 

When distribution of the mating types along the different botanical families of the 

hosts of collection was studied, we concluded that the MAT1-1 strains had a 

homogeneous distribution between the different families. In contrast, MAT1-2 strains 

were found preferably in Rosaceae species (70%). These results may, however, be 

influenced by the fact that there was no data available concerning the host for all the 

strains. Furthermore, a fairly large number of isolates were collected in the same 

period and in the same place, a rose (Rosaceae) greenhouse. 
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7.2. BOTRYTIS CINEREA MAT LOCUS STUDY 

It was known that several dual mater strains were included in the B. cinerea collection 

subject to the mating type screening. Surprisingly, only strain JD27 seemed to contain 

both an Alpha and an HMG gene. Whether it is a real dual mater remains to be 

confirmed. PCR techniques although very fast, can produce misleading results due to a 

various number of factors such as, for example, the region for which the primer was 

created suffered some kind of mutation, thus leading to no amplification. These results 

led us to devise an experiment in which a complete scan of both MAT loci would be 

performed using five primer combinations for each locus, approximately 1000 bp 

apart. 

This experiment led to even more surprising results. We observed that no MAT1-1 

fragments were amplified (with the exception of primers 107+BotMAT3 but, for which 

the negative control also resulted in amplification), while MAT1-2 fragments produced 

the expected results. Even so, no amplification was observed using DNA of strain RS11 

and primers 203+206 or 205+208. Also no amplification was observed for strain JD27 

using primers 205+208. 

Genomic sequences obtained from strains RS11 and JD27, amplified with primers 

BotMAT3/BotMAT5 and 203/208, respectively, were aligned with the MAT1-2 

reference strain SAS405. From this analysis it was concluded that in a region 

supposedly highly conserved due to its function in the sexual reproduction of the 

fungus, it was possible to find a high number of single nucleotide substitutions (SNP’s). 

In fact, more than 20 SNP’s were found, three of which were within the HMG gene. 

Besides the HMG gene, the MAT1-2 locus is not considered to encode any additional 

protein. The question arises whether the SNP’s outside the HMG gene might 

contribute to the dual mating phenotype by some unknown regulatory mechanism.  

 

 

 



Botrytis cinerea: mating types distribution and NEP1 protein sequence analysis 

 

36 
 

7.3. SOUTHERN BLOT ANALYSIS 

Genomic sequences from three dual mating strains appear to be similar but not 

identical to the sequence of the MAT1-2 reference strain SAS405 (van Kan et al., 

unpublished results). In the Southern blot, dual mater strain RS56 has the same band 

pattern as SAS56 for three different restriction-digestions. This leads to the conclusion 

that strain RS56 has a similar locus arrangement as reference MAT1-1 strain SAS56. 

This is the first evidence of a dual mating strain probably possessing a MAT1-1 locus 

rather than a MAT1-2 locus. The cloning and sequencing of the MAT locus of strain 

RS56 will confirm whether this is the case. 

Because we could not obtain the blot for the MAT1-2 locus, no further conclusions can 

be inferred, but such experiment could bring additional insight to the organization of 

the MAT locus in dual maters. 

 

7.4. NEP1 PROTEIN SEQUENCE STUDY 

Genes are said to be under, positive selection (also known as diversifying selection) 

when the non-synonymous nucleotide substitution rate (dN) exceeds the synonymous 

substitution rate (dS), i.e., dN/dS > 1. Diversifying selection is assumed to confer a 

selective advantage and it is often observed to occur in genes that encode proteins 

that are important in recognition of other (self or non-self) proteins. The substitution 

may alter the protein recognition specificity.  

Phytotoxic proteins are among compounds known to be under positive selection      

(Liu et al., 2005). Staats et al. (2007) proved that some evolutionary changes in NEP 

genes of Botrytis species are driven by positive selection. This variability may confer 

new important adaptive characteristics such as, for example, novel phytotoxic 

specificity against new hosts.  Diversifying evolution may therefore contribute to a 

certain degree of speciation.  

It is important then to study this phenomenon also within the species level.  Analysis 

performed on NEP1 sequences from 16 different B. cinerea strains, revealed 4 

polymorphisms, 3 being synonymous substitutions and 1 non-synonymous 



Botrytis cinerea: mating types distribution and NEP1 protein sequence analysis 

 

37 
 

substitution. Polymorphism 1 led to an amino acid mutation from Asparagine to 

Tyrosine. From the data collected and analyzed, we calculate a value of dN/dS = 0.33 

thus, a purifying process might be occurring rather than positive selection.  From these 

results we can see that within the same species, adaptive evolution doesn’t play a role 

in a possible speciation process. Nevertheless, more strains should be added to similar 

further studies in order to obtain more statistically significant results.   

We also observed the existence of 3 haplotypes. Strains marked green constituted 

haplotype ATTC, while strains marked red formed haplotype TCCA and finally, strain  

JD 15 (marked yellow) accounted for haplotype ATCC. However, we could not establish 

a relation between this haplotype and other features, like, for example, botanical 

family of the host. 

 

7.5. uORF PCR-BASED TARGETED MUTAGENESIS 

Because of its location inside the MAT1-1 locus in the region that lacks sequence 

homologues with the MAT1-2 locus, it was considered that the uORF might play a role 

in the mating process. 

A PCR-based technique was applied to B. cinerea B05.10 strain to achieve knockout 

mutants of the uORF gene. Four independent uORF knockout transformants were 

obtained. Crosses between uORF mutant strains and reference strains SAS56 and 

SAS405 have already been started. As mentioned before, these crosses take up to four 

months to produce results. From this experiment, we expect to have some initial 

insight into the uORF locus function. 
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8. CONCLUSIONS 

A wide range of new tools and knowledge has become available since the early MAT 

loci studies by Faretra et al. (1988). We are just starting to understand how the MAT 

locus is organized both in single and in dual maters. 

In this study we tested a fast PCR-based method for assessment of the mating type in 

Botrytis cinerea strains. A contribution was also made for the better understanding of 

the MAT locus organization: for the first time we showed that a dual mater had the 

MAT1-1 complete gene rather than the dMAT-1 incomplete gene. A new tool for the 

study of the gene functions within the MAT1-1 locus was also developed: mutants in 

the uORF gene of MAT1-1 strain BO5.10 were generated and, with further 

experiments, it is expected that its function in the mating process might be unraveled. 

In this study we observed remarkably high sequence diversity in the B. cinerea NEP1 

gene in 16 strains. Within a 300 bp region, 4 SNP’s were detected and the 16 isolates 

could be grouped into three haplotypes. The biological and evolutionary consequences 

of this diversity remain to be resolved.  

Botrytis cinerea still hides many mysteries amongst its genome and pathogenic 

mechanisms. A continued and profound study of its genetics and specially, the 

effective contribution of sexual reproduction to its propagation are of keen interest for 

the establishment of a successful management program against this pathogen.  
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