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ABSTRACT 

 

Cultivable bacterial and fungal endophytes from apple tissues and their potential for biological 

control of Venturia inaequalis 

 

 

 

Lucia Emilia Muresan                                                                             Advisors:  

University of Guelph, 2017                                                                     Professor P.H. Goodwin 

                                                                                                                 Dr. D. Errampalli                 

 

A collection of 55 bacterial isolates, mostly from roots (52%) or leaves/petioles (34%), 

and 60 fungal isolates, mostly from roots (78%) whereas none from leaves/petioles, was made 

from apple trees (Malus domestica) in Guelph, Simcoe and Vineland, Ontario. Half the bacteria 

were Bacillus species, and 60% of the fungi were Penicillium or Trichoderma species. However, 

the species were diverse in culture. For example, there were 7 colony types among 9 Bacillus 

aryabhattai isolates and 12 colony types among 16 Penicillium corylophilum isolates. For 

bacterial endophytes, 54 significantly inhibited growth of the apple scab pathogen, Venturia 

inaequalis in vitro, and the most effective was B. megaterium BRV13 with 100% inhibition. For 

fungal endophytes, 55 significantly inhibited growth of V. inaequalis in vitro, and the most 

effective was F. oxysporum FRS09 with 83% inhibition. This collection of endophytes shows 

that there is a diverse range of potential biological control agents for organic apple production. 
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1. Introduction and Literature Review 

1.1 Apple  

Apple, Malus domestica Borkh, belongs to the Rosaceae family, which includes over 100 

genera and 3000 species distributed worldwide, most commonly in temperate regions (Velasco et 

al 2010). Species of agronomic importance in the Rosaceae family include almond, apple, 

apricot, cherry, peach, pear, plum, quince, raspberry, sour cherry, sweet cherry, and strawberry 

(Shulaev et al 2008; Webster 2005a; Westwood 1993). Other non-edible Rosaceae family species 

with ornamental value include rose, hawthorn, potentilla, cotoneaster, and pyracantha (Shulaev et 

al 2008). Apple is the most economically important rosaceous species with annual world fruit 

production and the fourth most important fruit after citrus, grapes, and banana. Apples are 

produced in all temperate and subtropical countries of the world, with minor production in high 

altitudes of tropical countries.  

Apple production is a key contributor to Canada‟s horticultural sector. The market 

volume in 2014 was 133 million kg in Ontario, 105 million kg in British Columbia, 33 million 

kg in Nova Scotia and 3 million kg in New Brunswick. The most common Canadian apple 

varieties are Mc Intosh, Gala, Empire, Spy, Spartan, Red Delicious, Cortland, Honeycrisp, 

Idared, Ambrosia, Golden Delicious, Paula Red and Fuji (Makki 2015). 

1.2 Apple scab biology 

1.2.1 History, taxonomy  

The fungal pathogen Venturia inaequalis (Teleomorph: Venturia inaequalis Cooke 

(Wint.); Kingdom Fungi; Phylum Ascomycota; Subphylum Euascomycota; Class 

Dothideomycetes; Family Venturiaceae; genus Venturia; species inaequalis. Anamorph: 

Fusicladium pomi (Fr.) Lind or Spilocaea pomi (Fr.) (Bowen et al 2011) is the causal agent of the 

scab disease of apple, the most important disease in apple.  

Development of apple scab is favoured by rainy, humid and cool spring weather 

conditions. If it is not properly controlled, it will cause scab lesions on fruits that will reduce fruit 

quantity and value. The first apple scab lesions on young leaves are pale, irregular, and small. As 

they age, they become circular and olive-colored with a velvety texture. Lesions in a more 

advanced stage become black and slightly raised. Heavily scabbed leaves can desiccate, become 

deformed and fall. The lesions on flowers resemble those on the leaves. A single lesion on the 

pedicel or a sepal can make the flower desiccate and fall. The early infections can lead to 
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abnormal growth (fruit deformation) and fruit drop. The lesions on the fruits are similar to those 

on the leaves, but as they age, they will produce cracks. If the fruit is infected late in the summer 

or just before harvest, black, circular, very small (0.1 - 4 mm diameter) lesions called „pin-point 

scab‟ will appear during storage. Apple scab generally does not kill the trees, but it can cause 

defoliation, which will weaken the tree and influence its survival during winter conditions 

(Carisse and Jobin 2006). 

V. inaequalis is a heterothallic haploid ascomycete that reproduces both sexually and 

asexually (MacHardy 1996). During winter, the fungus grows as a saprobe in dead apple leaves 

and produces meiospores (ascospores). In spring, when temperature and moisture conditions are 

favorable, ascospores are released and dispersed by wind to initiate epidemics. When an 

ascospore land on a susceptible fruit or leaf, it germinates and proceeds to form lesions 

producing mitospores (conidia) that are blown by wind or splashed by rain to cause secondary 

infections. The landing of the ascospores on susceptible host tissue marks the switch from the 

saprophytic phase of fungal growth to the parasite phase (MacHardy et al 2001). Both ascospores 

and conidia have limited dispersal capacities. Conidia are only dispersed over a few meters, 

while ascospores do not spread over a hundred meters, and wind distribution of infected leaves 

probably does not exceed a few kilometers. The only way to achieve long-distance dispersal is 

man-mediated transportation of infected fruits or plants. Based on this feature, the population 

structure of the pathogen is expected to mirror historical movements of its host (Wirth et al 

2005). 

V. inaequalis has invaded all apple-growing regions. The disease has a negative 

economic impact due to yield losses, the cost of breeding programs aimed at producing resistant 

varieties and the use of fungicide inputs, with the corresponding environmental and health 

hazards. Despite this detrimental effect, the population biology of the fungus outside Europe is 

virtually unknown (Tenzer and Gessler 1997; Tenzler et al 1999) and, unlike apple, its origin and 

introduction pathways are not documented. Gladieux et al (2008) conducted a study to make up 

for this lack of knowledge. They used multilocus microsatellite typing (Taylor and Fisher 2003) 

to describe the population structure of a set of samples from Central Asia, Europe, North Africa, 

North and South America, Australasia and South Africa. Their conclusion was that V. inaequalis 

emerged in Central Asia and followed its host into Europe along the Silk Roads and more 

recently into newfound lands with the expansion of apple growing. Venturia inaequalis appeared 
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as a model of invasive phytopathogenic fungus that has reached the ultimate stage of the 

invasion process with a broad geographic distribution and well-established populations 

displaying high genetic variability, regular sexual reproduction and demographic expansion. 

1.2.2 Life cycle 

V. inaequalis occurs as two mating types. Both must be present in order for sexual 

reproduction to be initiated. Mating takes place in the early spring within infected fallen leaves 

left from the previous season. It consists of fusion of a male organ (antheridium) formed from a 

hyphal tip of one mate to a female receptive hypha (trichogyne) from the opposite mate. The 

trichogyne is attached to a coil of hyphae called the pseudothecial initial. During fertilization, a 

nucleus passes from the antheridium through the trichogyne into a cell at the base of the 

pseudothecial initial. After fertilization, the pseudothecial initial develops into a pseudothecium. 

The pseudothecium is a cavity located within a dense mat of fungal mycelium called a stroma. 

Inside this cavity the asci and ascospores are formed. The very brief diploid stage in the life 

cycle of V. inaequalis occurs within the pseudothecium in single hyphal cells (croziers) which 

give rise to the haploid ascospores following meiosis. The asci are elongated, sac-like structures, 

each of which contains eight ascospores in a linear arrangement. The ascospores are brown, two-

celled, and have a characteristic "footprint" shape. The shape of the ascospores inspired the Latin 

name for apple scab, "inaequalis", which refers to the unequal size of the cells. They measure 

between 5 and 7 µm wide and between 11 and 15 µm long. In the spring, when the fallen leaves 

become wet, the mature pseudothecia swell and protrude from the surface of the leaf. The 

ascospores are released and carried by rain and wind. If they land on the young blossoms and 

leaves of apple trees, they germinate and initiate infection. There is only one cycle of ascospore 

production and infection within a season (Vaillancourt and Hartman 2000). The first apple scab 

lesions on young leaves are pale, irregular, and small. The lesions on the fruits are similar to 

those on the leaves and can lead to abnormal growth (fruit deformation) and fruit drop (Carisse 

and Jobin 2006). 

In living leaves, the growth of the apple scab fungus is confined to the area between the 

host cuticle and the epidermis. It is not clear where the fungus obtains nutrients since it does not 

grow into the leaf cells, but it is generally believed that it degrades and utilizes the cuticle itself 

as well as some host cell wall and pectic material. Once infected leaves have fallen and died, the 

fungal mycelium colonizes them completely. V. inaequalis usually overwinters in the fallen 
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leaves as mycelium and pseudothecial initials. In milder climates, the fungus may overwinter in 

infected buds and produce conidia which serve as primary inoculum. In leaf debris, most of the 

pseudothecial initials form within a month after the leaves fall, and then enter a period of 

dormancy. 

In the spring, mating takes place in the leaves between two mating types. When the 

mature pseudothecia become wet, the asci expand through the top of the pseudothecium. The 

ascospores are forcibly discharged into the air where they are spread by the wind and by wind-

blown rain. If there is sufficient moisture from rain or dew, the ascospores infect and produce 

lesions on apple blossoms and young unfolding leaves. In most years, ascospore release 

coincides with the several-week period from budbreak through the end of bloom. The first apple 

scab lisions on young leaves are pale, irregular, and small (Carisse and Jobin 2006). 

Like most other ascomycetes, V. inaequalis reproduces asexually by producing spores 

called conidia. The conidial stage of the V. inaequalis lifecycle has its own name, Spilocaea 

pomi. The conidia are single-celled, uninucleate, brown or olive in mass but lighter when viewed 

individually under a microscope, and are narrower at one end than the other. They measure 

between 6 and 12 µm wide and between 12 and 22 µm long. Conidia are produced by specialized 

short hyphae called conidiophores. The conidiophores are formed on a dense mat of mycelium 

which pushes up through the leaf cuticle and ruptures it. It is the mass of conidia and 

conidiophores which causes the velvety appearance of the young lesions. Conidia are produced 

within the lesions from nine to thirty days after initial infection of the leaf, depending on the 

temperature. Conidia are disseminated by wind and by wind-blown and splashing rain. Once a 

conidium lands on an apple leaf, blossom or fruit, it adheres to the surface and germinates, 

provided the tissue is wet. The germination hypha penetrates the cuticle and establishes a new 

infection. There can be many cycles of conidial production and infection within a single growing 

season. As the apple leaves age, the symptoms of apple scab change and the lisons become 

circular and olive-colored with a velvety texture. Lesions in a more advanced stage become 

black and slightly raised. Heavily scabbed leaves can desiccate, become deformed and fall. The 

lesions on flowers resemble those on the leaves. A single lesion on the pedicel or a sepal can 

make the flower desiccate and fall. The lesions on the fruits are similar to those on the leaves, but 

as they age, they will produce cracks. If the fruit is infected late in the summer or just before 

harvest, black, circular, very small (0.1 - 4 mm diameter) lesions called „pin-point scab‟ will 
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appear during storage (Carisse and Jobin 2006). When infection of fruit occurs late in the fall it 

may not be detected until the fruit has been stored for several months (Vaillancourt and Hartman 

2000). From 9 to 30 days later, the primary lesions produce conidia, which are dispersed to other 

leaves and developing fruit where they establish secondary infections. Up to 100,000 conidia can 

be produced by a single lesion. Lesions from ascospore or conidial infection expand at a rate 

which is determined partly by temperature and partly by characteristics of the host tissue, 

including genotype and age. The rate of lesion expansion in turn affects the speed with which 

new spores are produced. During a cooler season, or on more resistant apple trees, lesions 

expand more slowly and may be smaller in size. As a result, the number of secondary cycles will 

be fewer. 

The production of conidia is affected by humidity. Levels of at least 60-70% are required 

for spore production. Infection of leaves by ascospores and conidia is highly dependent on how 

long the leaves or fruit stay wet, and on the average temperature. The Mills table relating leaf 

wetness duration and temperature is used to determine the likelihood that infection will occur if 

conidia are present. For example, at an average temperature of 18° C , light infection will result 

if leaves remain wet for nine hours, but if leaves are wet for 18 hours or more heavy infection 

will occur. Lesions will produce conidia after nine days if the temperature averages 18° C, but 

not until 17 days if the temperatures are lower, averaging only 8° C (Vaillancourt and Hartman 

2000). 

1.2.3 Economic impact 

Apple scab is of major economic importance. It occurs every year and can cause 100% 

losses if not treated on time Losses result directly from fruit infections which affect yield, fruit 

quality and storability or indirectly from defoliation which can affect tree vigour and winter 

survival. Apple scab management is most often based on repeated fungicide applications that 

result in high costs in terms of money and time dedicated to scab management. Because of 

increasing pressure on apple growers to reduce pesticide use and reduce production costs, while 

maintaining a high level of crop quality, we believe it is crucial and timely to simplify and 

optimize apple scab management. Moreover, development of resistance to some fungicides may 

complicate the situation further. Apple scab management is based on fungicide applications. 

However, some fungicides could lose their efficacy following the development of resistance in 

the fungus causing apple scab. The loss of these fungicides, mainly used as postinfection sprays, 
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may have major consequences, among which is increased usage of pre-infection fungicides that 

are more harmful to the environment (Vaillancourt and Hartman 2000). 

1.2 Chemical control (for parasitic phase)  

1.2.1 Fungicide control with synthetic compounds  

Management of apple scab on susceptible trees is focused on the prevention of primary 

infection by ascospores in the spring. Early infection of trees may result in poor fruit set, and will 

result in more secondary inoculum being produced throughout the season. The initial fungicide 

sprays are therefore timed to coincide with the spring release of primary inoculum. Later sprays 

are often targeted at other fungal diseases, in addition to scab, but also are effective against apple 

scab secondary inoculum. In commercial orchards, air blast sprayers are typically used to apply 

fungicides. 

Chemical fungicides for apple scab control are generally of two types, preventive 

(protectant) and curative. Most growers use a combination of the two for maximum 

effectiveness. Preventive fungicides are applied to the leaves and fruit before infection. When 

ascospores or conidia are present on susceptible plant surfaces and leaf moisture and temperature 

are suitable, the fungicide prevents the fungal spores from germinating or penetrating the host 

tissue. Curative fungicides have limited systemic activity and if applied soon after infection, are 

capable of penetrating the leaf and stopping further development of the fungus, thus preventing 

symptom development (Vaillancourt and Hartman 2000). 

Scab control since 1980 has been characterised by several factors: the development of 

new systemic sterol biosynthesis inhibitor fungicides („DMI fungicides‟), the development of 

resistance to benzimidazole group fungicides (Olivier, 1986) and later to all main chemical 

groups including anilinopyrimidins, strobilurins, sterol biosynthesis inhibitors and also to some 

multi-site contact group products such as guanidines (Micoud and Remuson, 2006), and the 

updating of fungicidal application schemes based on infection forecasts along with improved 

weather recording equipment as an aid to identifying infection periods (MacHardy 1996). 

1.2.2 Fungicide control with natural chemicals 

Sulphur and copper, which have long been known for their fungicidal properties, occur 

naturally in the environment (Dämmgen et al 1998). Sulphur has been used in agriculture since 

time immemorial to „disinfect‟ crops (Williams and Cooper 2004). These two contact fungicides 

have a mainly preventive action (Holb et al 2003). Managed use of sulphur in agriculture is 
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considered to have little adverse effect on the environment (Williams and Cooper 2004). The 

quantities of sulphur used in organic apple growing in temperate climates may in some cases be 

substantial, even exceeding 100 kg per ha per year (Holb and Heijne, 2001). Copper and sulphur 

can both be phytotoxic (Holb et al 2003). The phytotoxicity of sulphur and copper varies 

according to the cultivars, weather conditions, vegetative stage, rate applied and formulation.  

The fungicidal properties of bicarbonates have long been known (Clayton et al 1943) but 

have never been significantly exploited and used in agriculture. However, bicarbonate salts have 

experienced a revival of attention in recent years as alternatives for plant disease control (Tamm 

et al 2006; Heijne et al 2007). Bicarbonates of sodium, potassium and ammonium, in particular, 

are known to have fungicidal properties. Several studies have shown the effectiveness of 

bicarbonate salts in apple scab control (Beresford et al 1996; Schulze and Schönherr 2003; 

Montag et al 2005; Ilhan et al 2006; Tamm et al 2006, Heijne et al 2007. Ihlan et al 2006) 

showed the scab-reducing effect of 1% sodium bicarbonate treatments in orchards during the 

primary infection season. A new commercial formulation of potassium bicarbonate, called 

Armicarb, has been developed in the USA, especially for foliar applications (McGovern et al 

2003). Homma et al (1981) and Palmer et al (1997) showed that the effectiveness of the 

bicarbonate ion is independent of its effects on pH. Mitre et al (2010) demonstrated that 

treatments with Armicarb (based on potassium bicarbonate) were equally effective in reducing 

attack of apple scab on leaves and fruit of apple like wettable sulphur or copper hydroxide.   

Several authors have shown certain plant oils to be effective in controlling fungal 

diseases involving various leaf pathogens in cultivated plants (Steinhauer and Besser 1997; 

Osnaya-Gonzalez et al 1998). As many saponins have fungicidal properties and often occur in 

healthy plants, these substances are regarded as determinants of plant resistance to fungal attack 

(Osbourn 1996). Saponins are glycosides with four different types of radical: triterpene, 

spirostanol, alkaloid and furostanol. They have the ability to destroy cells containing sterols. A 

recent study shows that a product containing Yucca schidigera, which is rich in saponin, has 

fairly pronounced anti-scab properties (Heijne et al 2007; Bengtsson et al 2009). 

Sodium and potassium silicates are conventionally recommended in organic farming 

manuals. Silica is an important constituent of epidermal tissues and supporting tissues, but its 

effects on scab are not described in any publication. On the other hand, several studies confirm 

the prophylactic effects of silica against numerous plant pathogens (Belanger et al 1995). There 
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is evidence that silica has the ability to trigger plant defence mechanisms (Belanger et al 1995). 

One formulation, named Myco-Sin, has been reported to be effective against apple scab (Tamm 

et al 2004).  

The application of lime to leaves is often recommended, notably because of its favourable 

effects in protecting against fungal diseases. Palmer et al. (2003) showed that the use of copper 

combined with slaked lime limits the incidence of scab on fruit to a level comparable with the 

IPM (Integrated Pest Management) programme (<2%), whereas copper or lime used on their 

own, in the same proportions cannot reduce the incidence of scab under5.5 and 6.7%. Grimm-

Wetzel and Schonher (2005) demonstrated that large scale applications of lime in spring, during 

the primary infection season, limited the occurrence of scab on the fruit under the 1% threshold. 

Kunze et al (2008) tested in greenhouse trials 15 g/l lime sulphur, 2.5 g/l Netzschwefel 

Stulln (active ingredient: sulphur), 10 g/l Biofa Cocana (a.i.: coco soap), 5 g/l Vitisan (a.i.: 

potassium bicarbonate) and 5 g/l Omni Protect (a.i.: potassium carbonate). Lime sulphur  

reduced scab lesions to 100% when applied protectively or during the germination period. Coco 

soap and potassium carbonate had only moderate efficiency and potassium bicarbonate had no 

effect when applied protectively.  

Kunze et (2008) also screened Algo Vital Plus, Biofa Cocana, BlossomProtect, Cuprozin, 

Goemar fruton sp., HF-Pilzvorsorge, Hydrocal super, Kaliwasserglas, Kumulus WG, Lime 

sulphur, Mycosin, Netzschwefel Stulln, Nu-Film P, OmniProtect, Saponin, SPU-01010-F, SPU-

02610-Z, SPU-02720, SPU-02980, Steinhauer‟s Mehltauschreck, TGS and Vitisan against apple 

scab. Wettable sulphur, some copper formulations and Saponin reduced the number of scab 

lesions by more than 90%, when applied protectively. Netzschwefel Stulln reduced the 

proportion of scab lesions from 98% to 89%. Additives were tested in order to increase the rain 

fastness of Netzschwefel Stulln (sulphur). The additives had no influence on the efficiency of 

Netzschwefel Stulln without artificial rain. However, the addition of Saponin, AlgoVital Plus, 

Nu-Film P, Goemar fruton sp., Mycosin or Vitisan to Netzschwefel Stulln tended to increase its 

rain fastness. Because the use of fungicide combinations during the whole season would be too 

expensive, strategies for the alternative use of different products should be developed, where 

each product is used at its best performance.  

1.2.3 Systemic Induced Resistance (SIR) control with chemicals 

Plants possess a range of active defense apparatuses that can be actively triggered in 

http://www.ipm.msu.edu/
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response to PAMPs (Pathogen-associated molecular pattern) or effectors of pathogens 

(Mogensen 2009). The timing of this defense response is critical and reflects on the difference 

between coping and succumbing to such biotic challenge of necrotizing pathogens/parasites. If 

defense mechanisms are triggered by a stimulus prior to infection by a plant pathogen, then 

disease can be reduced. The two major forms of this are systemic acquired resistance (SAR) and 

induced systemic resistance (ISR) (Vallad and Goodman 2004).  

While induced resistance has not been tested against apple scab, it has been demonstrated 

against many other plant diseases. The first synthetic compounds reported to activate SAR were 

2,6 dichloroisonicotinic acid and its methylester  both reffered to as INA  (Kessman et al 1994). 

INA induced resistance in tobacco plants against Pseudomonas syringae and in cotton plants 

against Alternaria macrospora leaf spot (Colson and Deverall 2002). Later, acibenzolar-S-

methyl and BTH (benzo (1,2,3) thiadiazole-7-carbothioic acid S methyl ester;was found to 

activate SAR (Gent and Schwartz 2005; Ziadi et al 2001). BTH has been widely tested. For 

example, Nair and Anith (2009) found that BTH protected pepper plants systemically and locally 

against Xanthomonas campestris pv vesicatoria, Pradhanang et al (2005) demonstrated that BTH 

induces resistance in tomatoes plants against bacterial wilt of tomato caused by Ralstonia 

solanacearum, Baysal et al (2005) showed induced resistance to Phytophthora blight of pepper 

(Capsicum annum) and Mandal et al (2008) showed SAR by BTH in flue-cured tobacco against 

tomato spotted wilt virus (TSWV). Probenazole (3-allyloxy-1,2-bezisothiazole-1,1-dioxide) was 

developed in Japan and is marketed as Oryzemate® for inducing resistance against rice blast 

(Iwata et al 1980).  

Natural compounds can also be effective. Riboflavin induced systemic resistance in 

Arabidopsis thaliana against Perenospora parasitica and P.  syringae pv tomato and tobacco 

against tobacco mosaic virus and A. alternata (Dong and Beer 2000). The non-protein amino 

acid DL-β amynobutyric acid (BABA) is an inducer of plant resistance. BABA is not found in 

plants naturally. Worall et al (2011) demonstrated that BABA (β-aminobutyric acid) -induced 

resistance in tomato (Solanum lycopersicum) against Botrytis cinerea and Oidium neolycopersici. 

Para-aminobenzoic acid (PABA) is a cyclic amino acid belonging to the vitamin B group that 

induced resistance against Cucumber mosaic virus and Xanthomonas axonopodis in peppers by 

inducing SAR (Song et al, 2013). Menadione sodium bisulfite (MSB) is a vitamin K3 derivative 

that induced resistance of rape plants (Brassica napus) against Leptosphaeria maculans, banana 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181288/#B91
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against Fusarium oxysporum and Arabidopsis against P. syringae (Borges et al 2003a, 2003b, 

2004, 2009). Chitosan is a polymeric deacetylated derivative of chitin that is naturally present in 

some fungi cell walls, and has various deacetylation degrees and molecular weights. Iriti and 

Faoro (2009) pointed out that chitosan can directly activate systemic resistance or can prime the 

plant for a more efficient defense response upon challenge, depending on dose, by considering 

the different cytotoxicity thresholds for each chitosan derivative and plant. However, 

experiments which specifically address the role of priming in the complex chitosan-plant 

interaction framework are still scarce. Oligogalacturonides (OGs) are plant cell wall pectin-

derived oligosaccharides that are considered endogenous elicitors, and treatments with OGs 

protect grapevine leaves against B. cinerea infection in a dose-dependent manner (Aziz et al, 

2004). Hexanoic acid treatment has also been found to protect Arabidopsis plants against B. 

cinerea (Kravchuk et al 2011).   

1.3 Genetic control (for parasitic phase) 

1.3.1 Breeding  

Plant disease management has always been one of the main objectives of any crop 

improvement programme. Plant disease resistance (R-) genes have the ability to detect a 

pathogen attack and facilitate a counter-attack against them. There are three ways in which 

resistance against V. inaequalis has been characterised: no visible symptoms from natural 

infection, reduced lesion number in comparison with another cultivar and comparably smaller 

lesions with less severe symptoms that often include reduced colonisation of the subcuticular 

space, reduced sporulation and necrotic or chlorotic flecks (MacHardy 1996; Carisse and 

Dwedney 2002). The Vf gene has been the most frequently used resistance gene (Williams and 

Kuc 1969). Vf is a qualitative resistance gene. Qualitative resistance genes are not dependent on 

the environment or host conditioning and are usually dominant single genes (Williams and Kuc 

1969). Many of the resistant species carry alleles of the Vf gene (Williams et al 1966; Williams 

and Dayton 1968; Carisse and Dewdney 2002). The attributes of Vf are that so far there is no 

evidence of any fungal races overcoming the resistance, no other undesired effects and it is a 

truly dominant in any conditions. Other resistance genes present in apple scab-resistant cultivars 

include the pit gene (Vm), from M. micromalus and M. astrosanguinea, the Vr gene that 

originated from M. pumila R 12740-7A, Vbj from Malus baccatta jackii, Vb discovered in 

Hansen‟s baccata 2 and Va from Antonovka PI 172623 (Crosby et al 1992).  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181288/#B12
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181288/#B14
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181288/#B52
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181288/#B52
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181288/#B7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181288/#B7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181288/#B60
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The major resistance gene, Vf, was thought to be linked to a group of minor genes in Malus 

floribunda 821 (Williams and Kuc 1969; Carrisse and Dewdney 2002). Subsequently, thanks to 

molecular techniques, the increase in sporulation was found to be related to the loss of 

resistance-modifying genes that might or might not be linked to Vf by segregation (Gardiner et al 

1996). Tartarini (1996) demonstrated that the progeny of „Prisma‟, „Jerseymac‟ cross, was more 

resistant to scab than that from crosses between „Prima‟ and „Golden Delicious‟ or „Summer 

Red‟. Their conclusion was that even though a lot of research was performed by breeders to 

obtain cultivars resistant to apple scab, these cultivars were not popular with cultivators, because 

cultivars resistant to apple scab have low fruit quality, poor storability, low yield and 

unpopularity in the market (Crosby et al 1992; MacHardy 1996; Merwin et al 1994). Another 

problem is that when a new cultivar is introduced the market sales often tend to be low (Carrisse 

and Dewdney 2002).  

1.3.2 Transgenic technology 

Research on transgenic crops, as with conventional plant breeding and selection by farmers, 

aims selectively to alter, add or remove a character of choice in a plant, bearing in mind the 

regional needs and opportunities. It offers the possibility of not only bringing in desirable 

characteristics from other varieties of the plant, but also of adding characteristics from other 

unrelated species.  

Belfanti et al (2003) demonstrated that a gene, the HcrVf2, derived from wild Malus species, 

can induce apple scab resistance in transformed cv Gala. The transfer of scab resistance genes, 

found in small-fruited wild species, to cultivated apples, by classical breeding, is difficult 

because there is a self-incompatibility and also it is impossible to reproduce the heterozygous 

state of cultivated varieties. The scab resistance cultivars bred from the wild species Malus 

floribunda 821, carrying the Vf gene, did not have commercial success. The direct transfer of the 

Vf gene to apple cultivars had good results. 

Bolar et al (2001) inserted genes from the biocontrol fungus Trichoderma 

atroviride encoding the antifungal proteins endochitinase or exochitinase (N-acetyl-β-D-

hexosaminidase) into apple singly and in combination. The genes were driven by a modified 

CaMV35S promoter. The resulting plants were screened for resistance to V. inaequalis, and for 

effects of enzyme expression on growth. Disease resistance was correlated with the level of 

expression of either enzyme when expressed alone but exochitinase was less effective than 

http://link.springer.com/search?facet-creator=%22Jyothi+Prakash+Bolar%22
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endochitinase. The level of expression of endochitinase was negatively correlated with plant 

growth while exochitinase had no consistent effect on this character. Their conclusion was that 

plants expressing both enzymes simultaneously were more resistant than plants expressing either 

single enzyme at the same level; analyses indicated that the two enzymes acted synergistically to 

reduce disease.  

Faize et al (2004) transformed apple genotypes carrying or not carrying the natural 

resistance Vf gene, respectively, with the gene encoding wheat puroindoline B (pinB), under the 

control of the CaMV35S constitutive promoter. These transgenic plants were examined for the 

accumulation of PinB protein using enzyme linked immunosorbent assay (ELISA) assay and for 

resistance to two races of the fungal pathogen V. inaequalis. Their conclusion was that a 

significant negative correlation between PinB protein content and disease susceptibility was 

observed among transgenic lines after inoculation with the race 6 of the V. inaequalis pathogen.   

Flachowsky HT (2009) demonstrated that transgenic apple plants (cv. 'Holsteiner Cox') 

overexpressing the Leaf Colour (Lc) gene from maize (Zea mays) exhibit strongly increased 

production of anthocyanins and flavan-3-ols (catechins, proanthocyanidins). Leaves often 

developed necrotic lesions resembling hypersensitive response lesions. Higher resistance against 

fire blight and against apple scab was observed.  

1.4 Biological control (for parasitic phase) 

Simard et al (1957) made a collection of microorganisms from apple leaf microflora. 

They were hoping they would produce antibiotics that would fight against V. inaequalis. They 

observed that 34 antibiotics produced by isolated micro-organisms inhibited mycelial growth of 

V. inaequalis, but they had an inhibiting effect upon the growth and reproduction of fungi 

without destroying them.  

Andrews et al (1983) made a collection of apple leaf epiphytes and evaluated their effect 

on V. inaequalis vegetative growth and conidial germination. They found an antagonist, 

Chaetomium globosum, that affected vegetative growth and conidial germination. Andrews et al 

(1983) evaluated 50 microorganisms on the vegetative growth and conidial germination of V. 

inaequalis. The most antagonistic fungi were Aurobasidium pullans, T.viride, C. globosum and 

Microsphaeropsis olivacea. The antagonist C. globosum had a very high consistency and 

efficacy. Cullen et al (1984) evaluated the potential of C. globosum and Athelia bombacina for 

controlling apple scab. Their results showed that the antibiotics produced by C. globosum 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Flachowsky%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19967387
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reduced the disease caused by V. inaequalis by 20% and the antibiotics produced by A. 

bombacina reduced the disease by 60–100 %.The mode of action of C. globossum demonstrated 

its poor capacity for colonization and the photodegradation of the C. globossum suspension 

needed for antibiosis. They considered that the treatment was a failure. 

Fiss et al (2000) found that six isolates of Aureobasidium, Botrytis, Cladosporium, 

Epicoccum and Fusarium inhibited mycelial growth of V. inaequalis by more than 80% and the 

conidial germination by more than 50%. In the greenhouse assay the isolates suppressed scab to 

a level comparable to the fungicide control with penconazole and mancozeb. Their conclusion 

was that these isolates from the Hyphomycetes class, which had no adverse effects on the plant, 

should be used against V. inaequalis when it is in its parasitic phase. 

Fiss et al (2003) tested 22 endogenous yeasts isolated from leaves and fruits from 

German apple orchards. In the laboratory screening, the isolates displayed only weak inhibitory 

activity when tested for their antagonistic activity against V. inaequalis. In greenhouse trials, 

three strains suppressed scab on seedlings as efficiently as fungicide controls. In the field 

experiments, application of the yeasts on apple trees once in May led to significant scab 

reduction by strain H10, whereas the strains H15 and H25 were less effective. However, the field 

trials suffered from the well-known lower reproducibility of field experiments due to climatic 

factors. The developmental status of the plant was also important in terms different degrees of 

susceptibility between young and mature tissues and between leaves versus fruit. Therefore, a 

major aim of future research under complex orchard conditions should be directed towards 

finding the optimum time of application or use of mixtures of antagonists. 

Cladosporium cladosporioides strain H39, originating from a sporulating colony of V. 

inaequalis, was tested in eight trials over two years in orchards in Hungary, Poland, Germany 

and the Netherlands (De Rijk et al 2014). H39 successfully reduced apple scab in leaves and 

fruits both in the conventional and organic growing systems. Control efficacies reached 42 to 98 

% on leaf scab incidence and 41 to 94 % on fruit scab (De Rijk et al 2014). They concluded that 

they were able to formulate a commercial biological product that had long shelf life and UV 

stability.  

A total of 150 epiphytic isolates from the phyllosphere of an apple orchard in North 

Germany that had been under non-chemical pest management for ten years were tested for 

inhibition of mycelial growth and conidial germination of V. inaequalis. Twenty seven epiphytes 
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displayed a distinct antagonistic activity in vitro. However, more than one third of these 

antagonists were not further studied as they induced necrotic lesions on apple seedlings and 

hypersensitive reaction on tobacco. The remainder were 18 strains of Pseudomonas, two strains 

of Erwinia, six strains of Bacillus and one strain of Curtobacterium. Due to their strong 

inhibition of mycelial growth and conidial germination, five strains of P. fluorescens and one 

strain of B. pumilus which displayed no plant-deleterious effects were suggested as potential 

biocontrol agents of V. inaequalis (Kucheryava et al 1999). 

Using confocal laser scanning microscopy, the movement of Pseudomonas on apple 

leaves was studied in order to understand its antagonistic interactions against V. inaequalis, and it 

was demonstrated that the epiphytic P. fluorescens Bk3, localized near stomatal openings of 

apple leaves, traversed the cuticle through the secretion of cutinases, entered the apoplastic space 

and acquired nutrients from fluids in the apoplast. Also, isolated leaf cuticles stimulated bacterial 

extracellular proteins (Singh et al 2004). Many plant defence-related transcripts, such as those 

encoding for β1,3-glucanase, cysteine protease inhibitor and metallothioneins, were at higher 

levels in the apple scab resistant cultivar. The presence of P. fluorescens Bk3 was demonstrated 

to elevate the defence mechanisms in the apple trees and could serve as an effective biocontrol 

strategy. The authors did not investigate whether P. fluorescens Bk3 induced SAR or ISR, and 

the agent was not tested against any apple diseases (Degenhardt et al 2005).  

1.5 Endophytes  

The term endophyte refers to the location of an organism, with “endo” meaning “inside” 

and “phyte” meaning “plant”. The term “endophyte” was introduced by de Bary as organisms 

that colonize internal plant tissues (de Bary 1866). Therefore, endophyte refers to organisms that 

live within plants (Wilson 1995). Endophytes can include a diverse range of viruses, bacteria and 

fungi (Bacon and White 2000). Endophytic microorganisms depend on the nutrients supplied by 

host plants, so the parameters that affect plant nutrient supplies will consequently influence 

endophytic communities. Physical factors, such as temperature, rainfall, edaphic factors 

(abiotic factors relating to the physical or chemical composition of the soil found in a particular 

area) and UV radiation, will affect endophytic communities indirectly. These factors will 

influence the microorganisms from the rhizosphere and phyllosphere in a similar way. In 

addition, the physical and chemical factors of soil will also have an indirect effect on endophytic 

communities. Factors including the pH, salinity and soil texture can alter the saprophytic bacteria 
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in the rhizosphere, resulting in pre-selection in the endophytic bacterial source (Schulz and Boyle 

2006). Some endophytic species induce plant defence mechanisms which fight pathogen attack 

(Zabalgogeazcoa 2008). 

1.5.1 Bacterial endophytes 

Bacterial endophytes can be divided in several ways. The taxonomy of endphytic bacteria 

is less diverse than the rhizosphere bacteria, and mostly are members of the divisions 

Actinobacteria, Bacteroidetes, Firmicutes and α-, β- and γ-proteobacteria (Berg et al 2005, 

Bulgarelli et al 2013). Bacterial endophytes can also be classified by their adaptation for 

endophytism. Those with few adaptations and are enter the outer root cortex tissue only by 

chance are called passenger endophytes. Greater adaptation for endophytism is found with 

opportunistic endophytes, which are still confined to root cortex tissues. The most adapted are 

the competent endophytes, which have higher populations in tissues, are able to colonize the 

vascular tissue and can spread inside the plant for near complete plant colonization. These 

adaptations are believed to have arisen as beneficial endophytic bacteria are selected for due to 

the benefits that they provide the plant (Hardoim et al 2008). Finally, based on their ability to 

survive away from the host, bacterial endophytes can be classified as obligate or facultative. 

Obligate endophytes are completely dependent on the host plant for their growth and survival 

and transmission to other plants occurs vertically or via vectors, while facultative endophytes 

have a stage in their life cycle in which they live outside host plants (Hardoim et al 2008). The 

majority of bacterial endophytes are facultative (Ambrose et al 2013).  

1.5.2 Life cycle of bacterial endophytes 

Facultative bacterial endophytes are defined as those endophytes that have a biphasic life 

cycle, alternating between plants and the environment. Endophytes often originate from the soil, 

initially infecting the host plant by colonizing, for instance, cracks formed in lateral root 

junctions and then quickly spreading to the intercellular apoplastic spaces in the root cortex (Chi 

et al 2005). The bacterial endophytes can also enter into plants through wounds caused by 

microbial or nematode phytopathogens, but root cracks are recognized as the main path for 

bacterial colonization (Sorensen and Sessitsch 2006). Endophytes can also enter other plant 

parts: leaves, stems, fruits and seeds (Hardoim et al 2015). For leaves, stems and fruits, the 

endophytes enter inside the plants through wounds or the natural openings, such as the stomata in 

leaf tissue (McCully 2001). Once inside the plant, competent endophytes will grow 
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biotrophically in the apoplast, eventually penetrating the endodermis in roots, entering the xylem 

and then spreading in the xylem to other plant parts (Hardoim et al 2015). Bacterial endophytes 

can be released back into the environment, like soil and water, when plant tissues die and decay 

(Bacon and White 2000).  

1.5.3 Mutualism between bacterial endophytes and plants 

Bacterial endophytes and plants often, but not always, have a mutualistic symbiosis. The 

bacterial endophytes benefit from obtaining host photosynthates, which provides major sources 

of carbon, nitrogen and energy for the bacteria (Vandenkoornhuyse et al 2007). They also benefit 

from a protected niche (i.e., the host apoplast) that is also a source of water and minerals (Aly et 

al 2011). Plants benefit from the  the compounds secreted by bacteria, for example the 

phytohormones, such as auxin and cytokinin, and also benefit from additional nutrients obtained 

from,  nitrogen fixation and soil phosphate solubilisation, resulting in increased plant growth 

(Hardoim et al 2015). Plants also benefit by reduced disease as endophytes produce pathogen-

associated molecular pattern (PAMPS) and effectors that can induce disease resistance (Kloepper 

and Ryu 2006). Bacterial endophytes can also increase stress resistance by production of reactive 

oxygen species (ROS) (Aly et al 2011).  

1.5.4 Fungal endophytes  

Two major groups of endophytic fungi have been recognized, based on their evolutionary 

relatedness, taxonomy, plant hosts, and ecological functions. The clavicipitaceous endophytes 

(C-endophytes), which infect some grasses, and the non-clavicipitaceous endophytes (NC-

endophytes), which infect nonvascular plants, such as marine algae, ferns and mosses, as well as 

conifers and angiosperms (Rodriguez et al 2008). C-endophytes represent a small number of 

phylogenetically related clavicipitaceous species that are fastidious in culture and limited to 

some cool- and warm-season grasses (Bischoff and White 2005). Typically these endophytes 

occur within plant shoots, where they form systemic intercellular infections. There are three 

types of clavicipitaceous endophytes. Type I are pathogenic thus causing symptoms, Type II are 

nonpathogenic for most of their life cycle providing several benefits to their host but at some 

point they are pathogenic (e.g., choke disease), and type III being nonpathogenic and thus are 

asymptomatic endophytes (Clay and Schardl 2002). Transmission of C- endophytes is primarily 

vertical with maternal plants transmitting them via seed infections (Saikkonen et al 2002).  
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NC-endophytes are a highly diverse group of ascomycetous fungi. NC-endophytes cause 

asymptomatic infections and have been recovered from every major group of land plants from all 

terrestrial ecosystems, including natural and agro-ecosystems, and from biomes ranging from the 

tropics to the tundra (Arnold and Lutzoni 2007). NC-endophytes can be differentiated into four 

functional classes based on host colonization, transmission between host generations, in planta 

biodiversity and ecological function. Class 1 endophytes are associated with shoots and rhizomes 

of grasses, their diversity is low being restricted to the Pezizomycotina, are transmitted vertically 

in seeds and horizontally by spores and have ecological functions of increasing plant biomass, 

confering drought tolerance and producing chemical toxic for decreased herbivory. Class 2 

endophytes grow in shoots, roots and rhizomes of almost all plants, their diversity is higher 

belonging to the Basidiomycota as well as a few members of the Agaricomycotina and 

Pucciniomycotina but with limited diversity in individual host plants, are transmitted vertically 

on seed coats and/or rhizomes, and horizontally by spores with a low level of sporulation or 

appressorial formation in healthy plants (Newsham 1994), and high level of sporulation during 

host senescence (Weber et al 2004) and have ecological functions of increasing plant biomass 

under stressful conditions, confering stress tolerance to plant pathogens, heat, drought and salt 

stress by altering water relations, increasing osmolyte production, producing abscisic acid and 

generating reactive oxygen species (ROS). Class 3 endophytes grow exclusively in above-ground 

tissues (shoots, leaves, flowers, fruits, wood and inner bark) of a wide range of vascular and non-

vascular plants (Davis and Shaw 2008), their diversity is higher belonging to the Ascomycota 

and Basidiomycota, but mostly in the Ascomycota with high diversity within individual plants, 

transmitted horizontally by spores and have no known ecological function with several studies 

showing no observable change in growth rate and biomass accumulation. Class 4 endophytes 

grow in fine roots of boreal and temperate forest trees, especially conifers roots, their diversity is 

high, primarily a group of ascomycetous fungi also referred to as „dark septate endophytes‟ 

(DSE), with high diversity within individual plants, are transmitted horizontally by hyphal 

fragmentation and spores, and have uncharacterized ecological functions (Rodriguez et al 2008).  

However, there is a fifth class of NC non-DSE fungal endophytes that grow in roots and 

above-ground plant parts of a wide range of plants, belonging to the ascomyetous fungi 

commonly regarded as saprophytes in soil and other locations in the environment, and have 

ecological functions such as plant litter decay, increased resistance to diseases and insects, 
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improved stress resistance, plant growth promotion and improved plant nutrition (Sieber and 

Grünig 2009, Mukherjee et al 2012; Cosgrove et al 2012; Zhang et al 2014, Osono 2006). 

Examples of these are species of Alternaria found in Pinus tabulaeformis branches and needles 

(Guo et al 2004), Cladosporium from roots of soybean (Hamayun et al 2009), Clonostachys in 

onion bulbs (Muvea et al 2014), Colletotrichum in A. thaliana roots (Hiruma et al 2016), 

Fusarium in tomato stems (Imazaki and Kadota 2015), Penicillium in cotton roots, stems and 

leaves (Li et al 2014 ) and Trichoderma in trunks, stems and fruit of tropical trees like cacao 

(Bae et al 2011). These NC non-DSE ascomycetous fungal endophtyes are the focus of this 

thesis. 

1.5.5 Life cycle of fungal endophytes 

Three distinct life strategies of fungal endophytes are recognized. The first is with strictly 

spore reproducing pathogenic fungi causing „choke‟ disease, which castrates all host 

inflorescence, the second is with spore reproducing pathogenic fungi causing „choke‟ disease that 

can also transmit with symptomless endophyte-infected seeds, and the third is with strictly 

asexual and asymptomatic fungi infecting seed (Saikkonen et al 2015). For spore reproducing 

pathogenic fungi, propagules arrive from the environment, germinate and form an external 

stromata with conidia (White et al 1996) that colonise plant tissue directly (Saikkonen et al 

2004). However, the stromata can also form condia or ascospores inside perithecia (White et al 

1996). For asexual fungi, hyphae from infected seed grow intercellularly through above-ground 

tissues of the host plant but not roots, eventually growing into the developing inflorescence and 

penetrating the embryo within the seeds, and thus are transmitted vertically from maternal plant 

to offspring within the host meristematic tissues (Saikkonen et al 2004).  

However, there is a fourth life strategy for NC non-DSE endophytic fungi. They infect 

roots or above ground plant parts by hyphal growth from spores using existing resources in soil 

or plant surfaces (Sieber and Grünig 2009). These fungi also survive in decomposing plant litter 

as saprophytes, which has been demonstrated for species of Trichoderma, Clonostachys, 

Penicillium and other fungi (Mukherjee et al 2012; Cosgrove et al 2012; Zhang et al 2014). They 

can act as early successional saprophytes (Osono 2006) contributing to leaf senescence and 

abscission (Saikkonen et al 2015). Some of these fungi spread from litter by producing sexual 

spores and infect intact leaves to become endophytes (Osono 2006). However, when conditions 

are appropriate, saprophytic fungi like Trichoderma, Clonostachys and Pennicilium change their 
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life style to infect and become endophytes (Mukherjee et al 2012; Cosgrove et al 2012; Zhang et 

al 2014). They can remain localized in plant tissues or can spread inside the plant. They can be 

transmitted vertically in seed infected by growing hyphae or transmitted horizontally with 

asexual and sexual spores and spread from root into the soil or air. They can have high levels of 

sporulation during host senescence (Weber et al 2004) and spread in the soil after colonized 

leaves fall on the ground (Saikkonen et al 2015).  

1.5.6 Mutualism between fungal endophytes and plants 

Fungal endophytes and plants often, but not always, have a mutualistic symbiosis, 

meaning that they provide benefits to the host as well as receiving benefits from the host. The 

fungal endophytes benefit from obtaining host photosynthates, which provides carbon, nitrogen 

and energy, mainly as sucrose converted into hexose, that are crucial for the completion of the 

life cycle of the endophyte (Strobel 2002; Vandenkoornhuyse et al 2007). The endophytes also 

benefit from a protected niche (i.e., the host apoplast) that is also a source of water and minerals 

(Aly et al 2011). Plants benefits by compounds from fungal endophytes that have antimicrobial 

activity, like pyrrocidine A and B, brefeldin A, fumigaclavine C, fumitremorgin, fonsecinone A, 

cytosporone B, enfumafungin, preussomerin, brefeldin A and isopestacin, resulting in protection 

against phytopathogens (Gunatilaka 2006). Fungal endophytes can also trigger the PAMP 

triggered immunity (PTI) and effector triggered immunity (ETI) to activate host defense systems 

against diseases (Pieterse et al. 2014). Plant growth promotion can also occur as endophytes 

produce plant growth hormones, such as indole-3-acetic acid, indole-3-acetonitrile and 

cytokinins, or enhance the absorption of nutritional elements, such as phosphate, nitrogen and 

potassium, from the soil (Tan and Zou 2001; Zhang et al 2006; Hartley and Gange 2009). Fungal 

endophytes can also increase stress resistance by production of antioxidant compounds 

(flavonoids and other phenolic antioxidants), which was assumed to be triggered by the 

production of ROS by the endophytes (Herrera-Carillo et al 2009; Torres et al 2009; Hardoim 

2015). Furthermore, endophytes can directly produce antioxidant compounds, such as phenolic 

acid derivatives (Huang et al 2007b), isobenzofuranones (Strobel et al 2002), isobenzofurans 

(Harper et al 2003) and mannitol (Richardson et al 1992), to enhance plant stress tolerance 

(Huang et al 2007a; White and Torres 2010). 

1.6 Mode of action of biocontrol  

1.6.1 Competition for nutrients and space (antagonism) 
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Competition is considered to be an indirect interaction whereby pathogens are excluded by 

depletion of a food base or by physical occupation of site (Lorito et al 1994). Generally, nutrient 

competition has been believed to have an important role in disease suppression, although it is 

extremely difficult to obtain conclusive evidence. Biocontrol by nutrient competition can occur 

when the biocontrol agent decreases the availability of a particular substance thereby limiting the 

growth of the pathogen. Microbes may also compete for physical space (Pandey et al 2016) and 

nutrients for growth. Also competition for infection site also plays a role in biological control of 

plant diseases. 

1.6.2 Production of antimicrobial substances (antibiotics) 

Antibiosis may be involved and play an important role in plant disease suppression by certain 

bacteria and fungi. The role of antibiotic production by antagonistic fungi has been less studied 

than with bacteria. Gliocladium (now Trichoderma) virens, which controls damping off of cotton 

caused by Phytium ultimum, produces gliovirin. Mutant analysis has been used to demonstrate 

that the antibiotic gliovirin plays a role in biocontrol (Fravel 1988, Howie and Suslow 1991). 

Chaetomin is produced by Chaetomium globossum, peptaibols are produced by T. harzianum, 

and pyrones are produced by Trichoderma spp. (Di Pietro et al 1992, Ghisalberti and 

Sivasithamparam 1991, Graeme-Cook and Faull 1991, Schirmbock et al 1994).  

Endophytes from potato plants show antagonistic activity against fungi (Berg et al 2005; 

Sessitsch et al 2004) and also inhibit Erwinia and Xanthomonas (Sessitsch et al 2004). Some of 

the endophytic isolates produce antibiotics and siderophores in vitro (Sessitsch et al 2004). A 

root endophyte corresponding to Serratia plymuthica, has been found to be a highly effective 

fungal antagonist against Ceratocystis fagacearum (Berg et al 2005). Endophytic actinobacteria 

are effective antagonists of the pathogenic fungus Gaeumannomyces graminis in wheat (Coombs 

et al 2004) and several endophytes have shown antagonism against Rhizoctonia solani (Parmeela 

and Johri 2004). Most of the assays to test antagonism are in vitro, and it remains to be 

established if this correlates to effects in nature.  

1.6.3 Induced resistance  

Many endophytic bacteria as well as external root tissue colonizing bacteria (rhizobacteria 

and plant growth-promoting rhizobacteria) can elicit ISR in host plants (Koppler 1993; Koppler 

et al 1997). To demonstrate that ISR is the mechanism by which a bacterial endophyte controls a 

disease, it must be shown that no contact occurs between the inducing bacteria and the disease-



21 
 

causing pathogen in the plant and that no symptoms of disease develop. In addition, the 

possibility that biocontrol results from the translocation of pathogen-inhibiting substances 

produced by endophytic bacteria in situ must also be eliminated. The use of heat-killed 

endophytic bacteria as controls and purified bacterial compounds known to induce systemic 

resistance have helped demonstrate ISR by endophytic bacteria. It is also reassuring if the 

induction microorganisms show no sign of pathogen inhibition or antagonism in vitro (Hallmann 

et al 1997). 

Inoculating the root system of carnation (Dianthus caryophylus) with Pseudomonas 

fluorescens strain WCS471r (van Peer et al 1991) and then challenging using F. oxysporum f.sp. 

dianthi on the stems resulted in plants treated with the bacterial endophyte developed disease 

symptoms less frequently and with less intensity than the controls. Because the WCS417r strain 

could not be isolated from stem tissues which also displayed the protective effect, the conclusion 

was that the biocontrol mechanism was ISR (van Peer et al 1991). 

Wei et al (1991) demonstrated that strain G8-4, later designated 89B-61, elicited systemic 

protection against Colletotrichum lagenariumi causing the cucumber anthracnose. The treatment 

was applied to cucumber seeds. The research group at Auburn University isolated the Bacillus 

pumilus endophyte strain INR7 from a surface-sterilized stem of a surviving cucumber plant 

from a field heavily infested with cucurbit wilt disease caused by Erwinia tracheiphlia,. In two 

field trials, after inoculation with P. syringe pv lachrimans, INR7 reduced the severity of angular 

leaf spot. INR7 also reduced the naturally occurring anthracnose. In the same study, strain 89B-

61 reduced both angular leaf spot and anthracnose. In another trial, INR7 reduced the severity of 

cucurbit wilt (Zehnder et al 2001). 

Serratia marcescens strain 90-166 colonizes roots internally (Press et al 2001), and its 

elicitation of ISR against Fusarium wilt of cucumber  reduced the number of dead plants and the 

severity of the disease significantly over a six-week experimental period (Liu et al 1995a). Liu et 

al (1995b) showed that strain 90-166 elicited ISR against the bacterial disease, angular leaf spot 

of cucumber with the treatment of seeds or cotyledons. S. marcescens 90-166 also elicited ISR 

against foliar infections by Erwinia carotovora in A. thaliana (Ryu et al 2004). Liu et al (1995c) 

found that strain 90-166 elicited protection against cucumber anthracnose caused by 

Colletotrichum orbiculare throughout a five-week period based on a reduction in the total lesion 

diameter. Press et al (1997) demonstrated that 90-166 elicited ISR in tobacco against wildfire 
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disease, caused by P. syringae pv tabaci. Strain 90-166 was injected into the tobacco stem and 

the pathogen was sprayed onto the tobacco leaves. After 10 days, there was a decrease in the 

severity of the disease. Furthermore, Raupach et al (1996) demonstrated that strain 90-166 

elicited ISR against the cucumber mosaic virus (CMV) on cucumber and tomato. The cucumber 

seeds were treated with strain 90-166. On tomato, strain 90-166 delayed the symptoms of the 

disease.  

Zhang et al (2002a, 2002b, 2004) demonstrated that the endophytes B. pumilus strain SE34, S. 

marcescens strain 90-166 and Pseudomonas fluorescens89B-61 reduced the severity of blue 

mould on tobacco caused by Peronospora tabacina. Zhang et al (2002b) showed that strains 

Bacillus pumilus SE34, S. marcescens 90-166 and P. fluorescens 89B-61 elicited ISR using three 

tobacco cultivars reducing the leaf area with lesions and sporulation caused by P. tabacina 

inoculated onto leaves one week after bacterial treatment.   

Jetiyanon and Kloepper (2002) demonstrated that B. amyloliquefaciens IN937a and four 

mixtures (IN937a + B. subtilis IN937b; IN937b + B. pumilus SE34; IN937b + B. pumilus SE49; 

and IN937b + B. pumilus INR7) significantly reduced the incidence or severity of R. 

solanacearum on tomato, C. gloeosporioides on long cayenne pepper and R. solani on green 

kuang futsoi. The results also showed that mixtures of two bacterial strains were superior to 

individual strains in eliciting significant protection in multiple hosts against different pathogens. 

Jetiyanon et al (2003) then conducted field investigations with a mixture of strains IN937a and 

IN937b to protect tomato against southern blight (Sclerotium rolfsii), cucumber against CMV 

and long cayenne pepper against anthracnose.  

ISR efficacy can be significantly enhanced when plants are treated with endophytic bacteria 

and elicitors at the same time. Tomato (Lycopersicon esculentum) resistance to F. oxysporum 

f.sp. radices-lycopersici was enhanced when treated with Bacillus pumilus SE34 in combination 

with chitosan (Benhamou et al 1998).  

Conn et al (2008) showed that endophytic actinobacterium, Micromonospora sp strain 

EN43, from healthy wheat tissue were able to supress a number of wheat fungal pathogens. In A. 

thaliana, they saw that upon pathogen challenge with Erwinia caratovora, EN43 primed the 

JA/ET pathways and upon challenge with F. oxysporum primed the SA pathway. The culture 

filtrate of EN43 grown in a minimum medium activated the SA pathway, whereas activated the 

JA/ET pathway when grown in a complex medium. Their conclusion was that endophytic 
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actinobacteria are capable of activating key genes in the SA and the JA/ET pathways both in 

vitro and in planta.  

Fungal endophytes can also induce resistance. Piriformospora indica is a root endophyte 

with a wide host range, including several species of cereals and Arabidopsis. Barley plants 

inoculated with this endophyte showed induced resistance to a vascular (F. culmorum) and leaf 

pathogen (Blumeria graminis) (Waller et al 2005). Trichoderma spp. found in soil and root 

ecosystems have evolved as intercellular root colonizers and can elicit ISR by JA/ET-dependent 

pathways triggering priming responses in the plant (Hermosa 2012). Trichoderma can induce 

resistance against F. oxysporum in cucumber (Alizadeh et al 2013).  

1.7 Conclusions and hypotheses 

The management of apple scab on susceptible trees can be highly effective using 

synthetic fungicides, such as demethylation inhibitors, benzimidazoles, anilinopyrimidins, 

strobilurins and sterol biosynthesis inhibitors. However, such compounds would not be permitted 

in organic managed orchards. One alternative would be fungicides made of natural chemicals 

based on copper or sulphur, but sulphur and copper-based compounds often result in insufficient 

control and phytotoxicity. Another alternative would be to use cultivars resistant to apple scab, 

but such cultivars have not proven to be popular because of low fruit quality, poor storability and 

low yield. Thus, new control alternatives against apple scab are needed for organic orchards. One 

possibility is to use biological control agents. These can control apple scab by being directly 

inhibitory to V. inaequalis or by inducing systemic resistance in the host through activation of 

defense mechanisms against apple scab. A number of studies have isolated biological control 

agents from the environment and tested them against apple scab in vitro and in vivo. One source 

of biological control agents are endophytes. Compared to biological control agents from soil or 

water, these bacteria and fungi have the advantages of being adapted to grow within healthy 

apple tissues giving them a greater chance for control because of a potentially more prolonged 

interaction with V. inaequalis inside the host. For a perennial crop like apples, such endophytes 

could persist for many years spreading to new tissues once they have been established. However, 

the apple endophytes isolated to use as biological control agents against apple scab thus far have 

been from Netherlands, Belgium and Germany rather than from Ontario,Canada and thus may 

not be adapted to conditions in Ontario.  

The hypotheses of this thesis is that a relatively diverse collection of bacterial and fungal 
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endophytes can be obtained from cultivated and non-cultivated apple tissues in several locations 

in Ontario, and those endemic endophytes will have varying levels of direct inhibition of V. 

inaequalis in vitro with some showing high levels of inhibition. Such a collection of endophytes 

will be useful for the eventual development of an apple scab biocontrol agent for organic apple 

production in Ontario. 

2. Materials and Methods 

2.1 Source of V. inaequalis isolates  

In order to isolate V. inaequalis, apple leaves were collected with apple scab symptoms of 

nearly black spots with a brown center and indefinite margin on the upper surface and diffuse 

lesions with a distinct margin on the lower surface (MacHardy 1996). The leaves were incubated 

in a plastic bag at 21ºC with sterile wet paper towels until sporulation occurred. The leaves with 

sporulation were cut into approx. 5 mm pieces and then sterilized with 70% ethanol for 1 min 

and 10% sodium hypochlorite for 5 min followed by three times rinses in sterile dH2O. The 

pieces were dried with sterile towel paper and placed on PDA with 50 μg/ml kanamycin and 25 

μg/ml streptomycin. The plates were incubated at 21ºC, and mycelium was transferred on fresh 

PDA plates and the culture checked for purity. Isolates were identified as V. inaequalis by 

washing the plate with sterile water and observing conidia under microscope. The conidia were 

yellowish olive, one or two celled, ovate to lanceolate but sometimes irregular in shape, 

matching that of V. inaequalis (Sutton et al 2014).  

To obtain single spore isolates, the cultures were grown on PDA for 14 days and then the 

plates were washed with sterile dH2O with 1% Tween 20. The spore suspension was filtered 

through sterile non-gauze milk filter (KenAG, Ashland, Ohio), plated on 3% water agar (30 g/L 

Difco granulated agar, Detroit, Michigan) and incubated overnight at 21ºC. The plates were 

observed under the dissecting microscope, and pieces of agar containing only one germinated 

spore were transferred to fresh PDA plates. The plates were incubated at 21ºC until the culture 

sporulated, and conidia examined as described above.  

The germinability of conidia was determined by incubating 1x10
6 

conidia/ml on a 

hemocytometer placed on a wet paper towel in a petri dish at 22ºC for 16 h. The germinated 

conidia were counted by determining the production of germ tubes which had .at least the length 

of the conidia. 

2.2 Pathogenicity on detached leaves 
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V. inaequalis was grown on PDA for 14 days at 21ºC. Conidia were washed from the 

plates with sterile dH2O and adjusted to 4x10
5
 conidia/ml with a haemocytometer. Young leaves 

collected from 3-week-old apple seedlings cv. McIntosh, and then scratched on the upper leaf 

surface. A 100 μl of the conidial suspension was placed on the wound, and the leaves were 

incubated on 1.5% water agar (15 g/L Difco granulated agar) for 14 days at 21ºC. Three leaves, 

each in separate Petri plates, were used per V. inaequalis isolate. The leaves were observed for 

the development of numerous small diffuse dark lesions around the inoculated spots, typical of 

young lesions of apple scab (MacHardy 1996). Conidia were washed from the infected leaves 

and observed under the microscope for V. inaequalis conidia as described above. 

2.3 Pathogenicity on apple seedlings 

Seeds of apple cv. McIntosh were sterilized in 70% ethanol for 1 min and 10% sodium 

hypochlorite for 3 min. The seeds were wrapped in autoclaved moist paper towels, placed in 

sealed plastic bags and stored at 12ºC for 3 months. The seeds were then placed at 23ºC for 3 

months to germinate. After germination the seedlings were planted in 4 inch pots  in Sunshine 

Soil Mix 1 (Sun Gro, Seba Beach, Alberta). in the growth chamber at 23ºC and 65% relative 

humidity, placed under 250 μmol/m
2
/s 16 h illumination (Tomerlin and Jones 1983). After the 

plants had reached the eighth leaf stage, four leaves of different ages on each seedling were 

scratched as described above and plugs of PDA with V. inaequalis mycelium were pinned to the 

leaves. The plants were then incubated in clear plastic bags at 21ºC and 80% RH and placed 

under 250 μmol/m
2
/s 16 h illumination. The leaves were monitored for small, dark lesions and 

young tan sporulating lesions followed by a profuse growth of brown mycelium along lateral 

veins, typical of apple scab (MacHardy 1996). Conidia were washed from the infected leaves and 

observed under the microscope for V. inaequalis conidia as described above. 

2.4 Source of endophytes 

Apple roots, petioles, shoots, mature fruits, stems, immature fruits and leaves were 

collected from the AAFC Research orchard in Jordan Station, Ontario, University of Guelph 

Simcoe Research Station orchard in Simcoe and from apples from parks and green spaces 

growing under non-cultivated conditions but with cultivated heritage in Guelph. A list of the 

samples and sources are shown in table 1 for bacterial endophytes and in table 7 for fungal 

endophytes. 

2.5 Isolation of endophytic bacteria and fungi  
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Apple roots, petioles, shoots, mature fruits, stems, immature fruits and leaves were 

collected in order to isolate endophytes. The samples were fibrous apple roots less than 0.2 cm 

diameter from 10-40 cm soil depth, shoots with green tissue with less than 2 cm from ~1.70 m 

above the soil, mature fully developed fruits of 2 cm diameter for crabapple or 8 cm diameter for 

cultivated apple, woody stems less than 3 cm diameter from ~1.70 m above the soil, immature 

green fruits less than 1 cm diameter, mature leaves without petiole from 14 cm above the soil for 

seedlings growing in pots in the greenhouse and from ~1.70 m above the soil for trees growing in 

the orchard or landscape. 

Samples were surface sterilized with 70% ethanol for 1 min and 10% sodium 

hypochlorite for 3 min followed by three times rinses in sterile dH2O. The surface sterilization 

was checked by plating the last rinse water on PDA. If no microbial growth occurred on the 

media, surface sterilisation was considered complete (Jan et al 2013). 

The first method used for endophyte isolation was maceration. A 0.35 g sample was 

ground in 3 ml of extraction buffer (160 g/L sodium chloride, 4 g/L potassium monophosphate, 

23 g/L sodium phosphate dibasic, 4 g/L potassium chloride, 4 g/L sodium azide,  0.5 ml/L Tween 

20, 20 polyvinyl pyrrolidone pH 7.4) in a chilled mortar and pestle. The second method used for 

endophyte extraction was the centrifugation of the tissue. Following surface sterilization, 0.5 g 

tissue was centrifuged at 3000 x g and streaked on PDA and water agar (Hallmann et al 2006). 

Serial dilutions were made in sterile water and plated onto media. For bacteria, the extract was 

plated on TSA with 2.5 μl/ml Scholar 230 SC fungicide (Syngenta, Guelph, Ontario.) (active 

ingredient: 230 g/L fludioxonil). For fungi, the extract was plated on 1%, 10% and 50% PDA 

with 50 μg/ml kanamycin. Bacteria and fungi were transferred to fresh media until the cultures 

appeared pure. Bacteria were stored at - 80°C in 8 g/L nutrient broth, 2 g/L yeast extract, 5 g/L 

glucose, 150 ml/L glycerol, and the fungal mycelium was stored at - 80°C in 30% glycerol. 

A third method used for endophyte isolation was used for roots where segments were 

surface sterilised as described above, cut aseptically into small segments and plated directly onto 

PDA. The isolated microorganisms that emerged from the root fragments were transferred to 

fresh TSA with 2.5 μl/ml Scholar 230SC to isolate bacterial endophytes or PDA with with 50 

μg/ml kanamycin plus 25 μl/ml streptomycin to isolate fungal endophytes.  

2.6 The elimination of bacteria from fungal cultures 

A small piece of agar with mycelium was excised and placed in the centre of a sterile 
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petri dish. A large rectangular piece of water agar (1.5% agar) was placed aseptically onto the top 

of the mycelial plug using a spatula and pressed onto the contaminated mycelial plug. A second 

water agar plug was placed on top of the rectangular piece of water agar. When mycelium was 

observed in uppermost agar piece, it was transferred onto fresh PDA and incubated at 23ºC 

(Cother and Priest 2009). 

2.7 Growth inhibition of V. inaequalis co-cultivated with endophytes isolated from apple 

For fungal endophytes, three plugs (5 mm in diameter) from 10-day-old PDA cultures 

were placed onto PDA at equal distances 2.2 cm from the center of the 100x15 mm Petri dish. A 

5 mm diameter plug taken from the edge of a 10-day-old PDA culture of V. inaequalis was 

placed in the center of the plate, and the co-cultures incubated at 23ºC in the dark. Three 

different isolates of V. inaequalis were used for screening (CG15-12, OG15-10, WG15-8), and 

three replicates per isolate were used in co-cultivation with the same endophyte. Plates without 

fungal endophytes were used as control. The antibiosis against V. inaequalis was quantified by 

measuring the diameter growth every second day for 6 days. This experiment was repeated 3 

times with 3 plates for each isolate. 

 The percent growth inhibition was calculated using the following formula: Gv-

Gv+endo/Gv x 100 where Gv is the daily growth rate of V. inaequalis alone over six days and 

Gv+endo is the daily growth rate of V. inaequalis co-cultivated with an endophyte over 6 days 

(Kucheryava et al 1999).  

For bacterial endophytes, co-cultivation was done as per above, except that 2-day old 

bacterial cultures on TSA were used to streak two lines in the center of a TSA plate. Then, two 

plugs of V. inaequalis (5 mm in diameter) were spotted onto TSA at 2 equidistant points (3 cm) 

from the center of the 100 x15 mm petri dish (Lahlali et al 2007).  

2.8 Identification of endophytic bacteria 

2.8.1 Bacterial DNA extraction 

For DNA extraction, single bacterial colonies grown for 24 h on LB (Luria-Bertani) were 

removed with a sterile pipet tip and resuspended in 100 μl of sterile deionized water in a 

microcentrifuge tube. Then 100 μl of chloroform/isoamyl alcohol (24:1) was added to the 

suspensions, and after gently mix to prevent DNA fragmentation by manual inversion 12 times, 

the mixture was centrifuged at 16,000 x g for 5 min at 4 °C. Then 5–10 μl of the upper aqueous 

phase was used as a source of DNA template for the PCR application (Barba et al. 2005). The 
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rest of the mixture was stored at -20 °C.  

2.8.2 PCR amplification of the 16S rDNA gene sequence  

PCR was performed in 20 μl with 1 μl DNA template, 0.75 μl units Tsg polymerase 

(Biobasic, Toronto, Ont), 2.5 mM dNTPs, 2 mM Mg
2+

, 1x Tsg polymerase buffer, 10 μM primer 

27F and 10 μM primer 1495R. Primers 27F and 1495R were 5‟-AGAGTT 

TGATCCTGGCTCAG-3‟ and 5-CTACGGCTACCTTGTTACGA-3‟ (Lane 1991). The primer 

PCR conditions were 1 cycle of 94 °C for 3 min, followed by 35 cycles of 94 °C for 30 sec, 55 

°C for 1min, and 72 °C for 1 min and a final extension cycle of 72 °C for 10 minutes. PCR 

products were separated in 1% TAE agarose gels containing 1% ethidium bromide. Visualization 

of the bands was conducted using an UV transilluminator and gel images were taken using a 

CCTV camera fitted with a 23A orange filter. The images were then saved as TIFF files, and 

quantification was done using ImageJ software (National Institutes of Health, Maryland, USA). 

The PCR products were directly sequenced at Laboratory Services Division (University of 

Guelph, Guelph, ON). 

2.9 Identification of endophytic fungi   

2.9.1 Fungal DNA extraction 

DNA was extracted by Edwards method with modifications (Edwards et al. 1991). Plugs 

with fungal mycelium were placed on a 2.2 cm cellophane square sterilized 4 times by 

autoclaving in water covering PDA. The culture was grown at 20°C for 10 days. The hyphae was 

scraped off the cellophane and 25 mg mycelium was added to 100 mg sterile sea sand and 

macerated with a pestle in a 1.5 ml Eppendorf tube at room temperature. Then, 100 μl extraction 

buffer (65 ml PCR water, 20 mM 1 M Tris HCl (pH 8), 5 ml  5 mM NaCl, 5 ml  0.5 mM EDTA, 

5 ml 10% SDS) was added and finger vortexed. The mixture was left at room temperature for 2-3 

h. The extracts were centrifuged at 12470 x g for 10 min, and the supernatant was transferred to a 

fresh Eppendorf tube and centrifuged at 12470 x g for 5 min. The supernatant was mixed with 1 

vol of cold isopropanol and incubated at -20°C for 20 min. Following centrifugation at 12470 x g 

for 10 min, the supernatant was discarded and the pellet was washed with 400 μl cold 70% 

ethanol. The pellet was dried, and 100 μl of PCR water was added and stored at 4ºC overnight.  

For isolates that did not result in DNA using the Edwards method, a modified version of 

the CTAB method was used (Rogers and Bendich 1985). The fungus was grown of cellophane 

and PDA as described above. To a pre-chilled mortar and pestle was added 100 mg mycelium, 
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100 mg sea sand and 1 ml 1.5 x CTAB (15g/L CTAB, 75 ml 1 M Tris HCl (pH 8), 30 ml 0.5M 

EDTA (pH 8), 61.4 ml NaCl, 7.6 g PVP) and homogenized. The mixture was transferred into a 

1.5 ml Eppendorf tube. The tubes were incubated in a water bath at 55°C for 10 minutes, 

vortexed 3 times for 1 sec each and then 1 vol of chloroform: isoamyl alcohol (1:1) was added. 

The tubes were left at room temperature for 10 min and vortexed 3 times and centrifuged at 

14460 x g for 10 min. The upper phase was transferred to a new tube and 0.6 vol of 2-propanol 

were added. The tubes were incubated overnight at room temperature, and then the tubes were 

centrifuged at 14460 x g for 20 min. The supernatant was discarded, and the pellet was washed 

with 400 μl cold 80% ethanol and centrifuged at 12470 x g for 5 min. The pellet was dried in air 

and suspended in 60 μl PCR water. For all samples, the amount of DNA was determined from 

TIFF files of the agarose gel electrophoresis followed by quantification using the ImageJ 

software.  

2.9.2 PCR amplification of the ITS1, 5.8S rRNA and ITS2 regions for endophytic fungi 

PCR was performed in 20 μl with 1 μl DNA template, 0.75 μl units Tsg polymerase 

(Biobasic, Toronto, Ont), 2.5 mM dNTPs, 2 mM Mg
2+

, 1x Tsg polymerase buffer, 10 μM primer 

27F and 10 μM primer 1495R. Primers ITS1 and ITS4 primers spanning the ITS1, 5.8S rRNA 

and ITS2 regions were 5‟- TCCGTAGGTGAACCTGCGG-3‟ and 5‟-

TCCTCCGCTTATTGATATGC-3‟ (White et al. 1990). PCR amplifications conditions consisted 

of 1 cycle of 94 °C for 3 min, followed by 35 cycles of 94 °C for 30 sec, 55 °C for 1min, and 72 

°C for 1 min and a final extension cycle of 72 °C for 10 min. PCR products were separated and 

directly sequenced as described above. 

2.10 DNA sequence analysis 

The DNA sequences were trimmed to equal lengths (Appendices 1 and 2). The trimmed 

sequences were then submitted to the National Center of Biotechnology Information (NCBI) 

(http://www.ncbi.nlm. nih.gov/) using BLASTN of the GenBank nr database. The identifications 

were based on the lowest e-value for a submission with a genus and species name. 

2.11 Statistical analyises 

Minitab 17 statistical software (State College, Pennsylvania, USA) was used to perform a 

one-way analysis of variance (ANOVA) with Tukey's pairwise comparisons to compare means.  

 

3. Results 

https://www.ncbi.nlm.nih.gov/
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3.1 V. inaequalis isolation  

Three isolates of V. inaequalis were collected to test the ability of bacterial and fungal 

endophytes to inhibit the pathogen in culture. Isolate WG15-8 was collected from necrotic 

lesions on leaves from mature apple trees growing under non-cultivated conditions, but with 

cultivated heritage, from Hanlon Creek Park, Guelph. Isolate CG15-12 was collected from 

necrotic lesions on leaves of ornamental crabapples growing at the University of Guelph 

Arboretum. Isolate OG15-10 was collected from necrotic tissue of leaves from mature cv. 

McIntosh trees growing under commercial cultivation conditions from the University of Guelph 

Simcoe Research Station, Simcoe, Ontario. All the isolates were collected during August 2015.  

The three V. inaequalis isolates readily produced conidia in PDA culture. Conidial 

germination after 24 h for WG15-8 was 65%, CG15-12 was 50% and OG15-10 was 64.70%. 

Inoculation of seedling of cv. McIntosh in the growth room resulted in symptoms after 5 weeks 

of profuse growth of brown mycelium along lateral veins and midrib on leaves with infected 

veins appearing reddish-brown, which is more typical of autumn symptoms of apple scab 

(MacHardy 1996).  

3.2 Source of bacterial endophytes 

A total of 55 bacterial endophytes were selected for study from 115 bacterial endophytes 

isolated from apple tissues in this study due to their unique combination of location, apple type, 

management type and plant tissue (Table 1) and colony morphology (Table 2). Most of the 

bacterial endophytes were selected from Vineland (33 isolates) followed by Guelph (13 isolates) 

and then Simcoe (9 isolates) (Table 1). The most common apple type was mature cultivated 

apple trees (cvs. McIntosh, Honeycrisp, Ginger Gold and Empire) grown in orchards with 

multiple pesticide use including fungicides (26 isolates), then 4-week-old apple seedlings (cvs. 

Ida Red, Gala) grown in the greenhouse for research purposes with fungicide use (16 isolates), 

mature non-cultivated feral apple trees of unknown cultivars grown in woodlots with no known 

pesticide use (9 isolates), and finally mature crabapples of unknown cultivars grown in parks and 

green spaces with no known pesticide use (5 isolates). For plant tissue type, 29 of the isolates 

were extracted from roots, 10 from leaves, 9 from petioles, 4 from immature and mature fruits, 1 

from shoots and 2 from stems. The isolation method for two-thirds of the isolates was maceration 

of the tissue, while the other third was isolated by centrifugation. The date of isolation was late 

fall (November) of 2014 and the entire growing season (April to October) of 2015. Based on the 
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diversity of locations, apple types, management types, etc,  the collection appeared to contain a 

reasonably representative range of the common bacterial endophytes of apple tissues in the 

region. 

3.3 Bacterial endophyte colony characterisitics 

The colony types of the 55 bacterial endophytes had a variety of appearances in culture 

on TSA (Table 2). The common colony colours were cream (15 isolates), gray (19 isolates) and 

yellow (12 isolates), white (4 isolates) and beige (3 isolates), and the rare colors were brown (1 

isolate) and pink (1 isolate). The most common colony surfaces were smooth (38 isolates), but 

some were rough (11 isolates), wrinkled (4 isolates) or filiform (1 isolate). For colony opacity, 

most of the colonies were opaque (46 isolates) and only a few were translucent (9 isolates). The 

colony margins were mostly entire (47 isolates), but there were some that were lobate (4 

isolates), undulate (3 isolates) or filamentous (1 isolate.). Colony forms were irregular (25 

isolates), circular (14 isolates), punctiform (13 isolates) or rhizoid (2 isolates).  

There were 27 isolates with unique combinations of colour, surface, opacity, margin and 

form (Table 2). The remaining 28 isolates could be formed into 9 groups of 2 to 5 isolates with 

different shared traits. For the cream colored colony types, isolates BRS70, BRV18 and BRV20 

were all rough, opaque, lobate and irregular, isolates BRS68, BRS74 and BRV16 were all 

smooth, opaque, entire and irregular, and isolates BRS61, BRV13 and BRV14 were all smooth, 

opaque, entire and circular.  For the gray colored colonies, isolates BLG05, BPV03, BPV04 and 

BPV11were all smooth, opaque, entire and  punctiform, isolates BPV01 and BRV26 were rough, 

opaque, entire and irregular, isolates BLG09, BLG10, BMG14, BRS60 and BRV24 were all 

smooth, opaque, entire and circular, and isolates BLV01 and BRV25 were smooth, opaque, entire 

and irregular For the yellow colored colonies, isolates BRV28 and BRV29 were smooth, opaque, 

entire and circular, isolates BRV31, BRV32, BPV07 and BRS63 were all smooth, opaque, entire 

and irregular. The white, beige, brown and pink colony types all had a unique collection of 

colony traits. Based on the morphological characteristics, it is believed that the collection 

contains a reasonably representative range of the common bacterial endophytes of apple tissue in 

the region. 

3.4 Bacterial endophyte species  

Analysis of the 16S rDNA sequences (Appendix I) placed the 55 isolates into 24 species 

in 12 genera (Table 3). Approx. 95% of the isolates had sequence identity in the GenBank nr 
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database above 95-100% with e-values of 0.00 and thus were considered strong matches. 

However, 5% of the isolates had lower sequence identities ranging from 82-84% with e-values of 

0.00, 2.00E-82 and 3.00E-94. By far, the more common genus was Bacillus (39 isolates). In 

order of frequency, the Bacillus species were B. aryabhattai (9 isolates), B. megaterium (7 

isolates), B. weihenstephanensis (7 isolates), B. cereus (4 isolates), B. amyloliquefaciens (3 

isolates), B. toyonensis (3 isolates), B. pumilus (2 isolates), B. siamensis (2 isolates), B. 

pseudomycoides (1 isolate) and B. simplex (1 isolate). For other genera, there were three 

Enterobacter isolates with E. cloacae (2 isolates) and E. oryzendophyticus (1 isolate), two 

Ochrobactrum isolates with O. pectoris (2 isolates), two Rahnella isolates with R. aquatilis (2 

isolates), and two Staphylococcus isolates with S. equorum and S. hominis. Other genera were 

isolated only once. There was one isolate of Achromobacter denitrificans, Arthrobacter rhombi, 

Curtobacterium herbarum, Paenibacillus taichungensis, Pantoea agglomerans, Pseudomonas 

veronii and Rhizobium nepotum. Among the isolates, 45 were Gram-positive genera (Bacillus, 

Arthrobacter, Curtobacterium, Paenibacillus and Staphylococcus) and 7 were Gram-negative 

genera (Achromobacter, Enterobacter, Ochrobactrum, Pantoea, Pseudomonas, Rhizobium and 

Rahnella). Thus, the bacterial endophytes were dominated by gram-positive bacteria, particularly 

species of Bacillus.  

A comparison of the species to the location, apple type, management type, plant tissue 

and extraction method (Table 1) showed some relationships. For location, all the B. pumilis, B. 

siamensis, B. weihenstephanensis, Rahnella and Staphylococcus isolates were collected from 

Vineland, although the single isolates of O. pectoris, R. nepotum and P. agglomerans were also 

found there. All of the isolates from Simcoe were Bacillus comprising four species, whereas 

Guelph had the highest diversity with 7 genera and 9 species out of 13 isolates from that 

location. All the isolates were unique species, except for multiple isolates of B. cereus and B. 

aryabhattai. For apple type, the five isolates from crabapple were diverse, each one was a 

different species, except for two B. aryabhattai isolates. This was also true for nine isolates from 

feral apple with each one being a different species, except for two B. cereus isolates. All of the 

isolates from Empire, Ginger Gold, Honeycrisp and Ida Red were Bacillus with 7 species. For 

Gala, the isolates were not very diverse, 9 out of 13 isolates were Bacillus with 5 species but 

single isolates of A. rhombi, E. cloaceae, E. oryzendophyticus and S. equorum were also present. 

For McIntosh, the isolates were also not very diverse, 12 out of 17 isolates were Bacillus with 6 
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species, but there were also single isolates of O. pecoris, P. agglomerans and S. hominis as well 

as the two R. aquatilis isolates. For tissue type, all of the B. megaterium isolates, except for one, 

came from roots, the two B. pumilis and two B. siamensis isolates came from leaf and petiole, the 

two R. aquatilis and two S. equorum and S. hominis isolates came from roots and the two E. 

cloacae isolates came from leaves. Most of the isolates extracted with the centrifugation method 

are Bacillus and only 2 isolates are different, E. oryzendophyticus and O. pecoris. The isolates 

extracted with the maceration method had the highest diversity with 11 genera and 20 species.  

A comparison of the species to the colony morphology (Table 2) also showed some 

relationships. For colour, no single colony color predominated, but the most common were 

cream, gray and yellow, which comprised 15, 19 and 12 of the isolates, respectively. The unique 

E. oryzendophyticus isolate was beige along with a B. simensis and an E. cloaceae isolate, 

although other isolates of B. simensis and E. cloaceae were gray. For the cream colour, 11 out of 

15 isolates were 6 Bacillus species. The unique isolates A. rhombi, B. simplex, O. pectoris and P. 

veronii had cream coloured colonies. However, other species with cream colored colonies were 

found with different colored colonies, B. amyloliquefaciens (yellow), B. aryabhattai (gray, pink 

and yellow), B. megaterium (gray, white and yellow), B. toyonensis (gray and white), B. 

weihenstephanensis (gray and yellow) R. aquatilis (white), indicating a diversity of colony colors 

for those species. For the gray colour colonies, 15 out of 19 isolates belonged to 8 Bacillus 

species, but there were also rarer isolates, including A. denitrificans, S. equorum and O. pecoris. 

As noted above, isolates of E. cloacae, B. aryabhattai, B. megaterium, B. toyonensis and B. 

weihenstephanensis also had colonies of other colors. For the white colony coloured isolates, 3 

out of 4 isolates were Bacillus with 3 species, but there was also one R. aquatilis isolate. The 

white colony isolates included B. cereus, B. megaterium, B. toyonensis and R. aquatilis isolates 

with other colors for colonies. For yellow, 8 out of 12 isolates belonged to 5 Bacillus species, but 

there were also the unique isolates of C. herbarum, P. taichungensis, P. agglomerans and S. 

hominis. Isolates of B. amyloliquefaciens, B. aryabhattai, B. megaterium, B. pumilus and B. 

weihenstephanensis were found with several other colony colours. Only one isolate of B. 

aryabhattai was pink, which was surprising since the four other isolates of that species were 

yellow. Three were gray and one was cream colored. The only brown colored colony was R. 

nepotum 

For the colony type surface, most had a smooth surface (37 isolates with 10 genera and 
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17 species). Most of the isolates with rough surface were Bacillus with 6 species. The rough 

surfaced isolates were all Bacillus species, except for the unique isolates of S. equorum and E. 

oryzendophyticus. The Bacillus species that had a rough surface, B. aryabhattai, B. cereus, B. 

megaterium, B. toyonensis, B. weihenstephanensis, also contained isolates that had a smooth 

surface. The rough surfaced isolates were all Bacillus species, except for the unique isolates of 

Enterobacter oryzendophyticus and Staphylococcus equorum. Although one isolates each of B. 

cereus and B. megaterium had a wrinkled surface, isolates of those species also had smooth and 

rough surfaces. The only one isolate with a filiform surface was the unique B. pseudomycoides 

isolate. 

Almost all of the bacterial colonies were opaque (46 isolates with 10 genera and 19 

species). The translucent isolates were B. amyloliquefaciens, B. pumilus/safensis, B. siamensis, 

B. weihenstephanensis, C. herbarum, P. taichungensis and R. aquatilis. However, other isolates 

of B. amyloliquefaciens, B. pumilus/safensis, B. siamensis, B. weihenstephanensis, R. aquatilis 

were also opaque. The only isolate with a transparent opacity was B. megaterium, but other 

isolates of that species were opaque.  

Almost all of the bacterial colonies had an entire margin (47 isolates with 11 genera and 

21 species). The isolates which did not have an entire margin were isolates of B. 

amyloliquefaciens, B. simplex, B. toyonensis and B weihenstephanensis with a lobate margin, 

and isolates of B. cereus, B. toyonensis with an undulate margin. However, other isolates of B. 

amyloliquefaciens, B. toyonensis, B. weihenstephanensis and B. cereus also had entire margins.  

For form, most were circular or irregular, which comprised 15 and 26 of the isolates, 

respectively. For the circular form, there were 15 isolates with 10 of them belonging to 5 Bacillus 

species. The unique isolates A. denitrificans, A. rhombi, S. hominis, O. pectoris and P. veronii 

had circular form. However, those five Bacillus species also had other forms: B. aryabhattai 

(irregular, punctiform), B. megaterium (irregular), B. toyonensis (irregular), B. 

weihenstephanensis (irregular or punctiform), B. cereus (irregular), R. aquatilis (irregular), 

indicating a diversity of colony forms for those species. For the irregular form colonies, 19 out of 

26 isolates belonged to 9 Bacillus species, but there were also rarer isolates with irregular form, 

A. rhombi, B. simplex, B. pseudomycoides, E. oryzendophyticus, P. taichungensis, P. 

agglomerans and S. equorum. As noted above, isolates of B. aryabhattai, B. megaterium, B. 

toyonensis, B. weihenstephanensis, B. cereus, R. aquatilis also had colonies with different forms 
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in addition to irregular, such as B. amyloliquefaciens (rhizoid), B. pumilus (punctiform) and E. 

cloacea (punctiform). For the punctiform colony isolates, 9 out of 13 isolates were Bacillus with 

5 species (B. aryabhattai, B. megaterium, B. pumilus, B. siamensis, B. toyonensis and B. 

weihenstephanensis), but there was also the rare isolates of C. herbarum, O. pectoris and R. 

nepotum. However, colonies of B. pumilus, B. toyonensis, B. weihenstephanensis and E. cloacea 

had other forms for colonies as noted previosuly. Only one isolate had a rhizoid form, B. 

amyloliquefaciens, which was surprising since the two other isolates of that species were 

irregular.  

Of the 55 isolates, identification by 16S rRNA showed that there were 23 species in total. 

However, 49% of all the isolates belonged to just four species (B. aryabhattai, B. megaterium 

and B. weihenstephanensis and B. cereus), although each of those had a range of colony 

characteristics indicating that there could be considerable variation within those species. 

Secondly, there were 7 moderately common species (B. amyloliquefaciens, B. pumilus, B. 

siamensis, B. toyonensis, E. cloacae, R. aquatilis and O. pecoris) comprising 29% of the isolates 

that occurred more than once but were not as common as the four prevalent Bacillus species. 

Finally, there were 12 rare species (A. denitrificans, A. rhombi, B. pseudomycoides, B. simplex, 

C. herbarum, E. oryzendophyticus, P. taichungensis, P. agglomerans, P. veronii, R. nepotum, S. 

equorum and S. hominis) that only occurred once, and these comprised 22% of the isolates. Thus, 

Bacillus species were overrepresented among the prevalent isolates but underrepresented among 

the rare isolates. It was considered that the diversity of the locations/apple type/apple 

management/apple tissue, colony appearance and bacterial species would be sufficient to observe 

differences in how bacterial endophytes of apple might interact with V. inaequalis in culture.  

3.5 Inhibition of Venturia inaequalis CG15-12 co-cultivated with bacterial endophytes  

Of the 55 isolates, 53 isolates resulted in growth inhibition of V. inaequalis CG15-12 that 

was significantly different from the control ranging from 12 to 100% inhibition (Table 4). Only 

inhibition by B. amyloliquefaciens BRV17 and B. pseudomycoides BSG03 were not significantly 

different when compared with the control, although two other isolates of B. amyloliquefaciens 

did cause significant growth inhibition of V. inaequalis CG15-12.  

The greatest inhibition was with B. megaterium BRV13, which completely inhibited V. 

inaequalis CG15-12 growth. However, the other six isolates of B. megaterium were less effective 

at 18, 21, 25, 33, 37 and 41 % inhibition. The next most effective bacterial endophytes were B. 
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cereus BRS67 and B. simplex BRV18, which gave 70 and 80% inhibition, respectively, and were 

not significantly different from each other. However, the other three isolates of B. cereus were 

less effective at 18, 31 and 35% inhibition. The next most effective was a group of 12 isolates 

that gave 31-41% inhibition that were not significantly different from each other. For that group, 

11 out of 12 isolates were Bacillus species. These were B. siamensis BLV14 and BPV04, B. 

megaterium BRS73, BRS61 and BLV01, B. amyloliquefaciens BPV07, B. weihenstephanensis 

BRV25 and BPV02, B. cereus BPG06 and BPG04 and B. pumilus BLV03.The only non-Bacillus 

isolate in that group was E. cloaceae BLV09. Finally, 38 other isolates were significantly 

different from the control, but V. inaequalis CG15-12 growth inhibition was only between 12 to 

30%. Thus, the most effective isolates were all Bacillus species, except for E. cloaceae BLV09, 

although there was considerable variation in the effectiveness between isolates of the same 

species. 

3.6 Inhibition of Venturia inaequalis OG15-10 co-cultivated with bacterial endophytes   

Of the 55 isolates, 54 isolates resulted in growth inhibition of V. inaequalis OG15-10 that 

was significantly different from the control ranging from 12 to 100% inhibition (Table 5). Only 

inhibition by B. amyloliquefaciens BRV17 was not significantly different when compared with 

the control, although two other isolates of B. amyloliquefaciens did cause significant growth 

inhibition of V. inaequalis OG15-10.  

The greatest inhibition of V. inaequalis CG15-10 was with B. megaterium BRV13, which 

completely inhibited its growth. However, the other six isolates of B. megaterium were less 

effective at 20, 22, 27, 30, 37 and 43% inhibition. The next most effective bacterial endophytes 

were B. cereus BRS67 and B. simplex BRV18, which gave 75 and 73% inhibition, respectively, 

and were not significantly different from each other. However, the other three isolates of B. 

cereus were less effective at 12, 20 and 37% inhibition. The next most effective was a group of 

15 isolates that gave 30-43% inhibition that were not significantly different from each other. For 

that group, 12 out of 15 isolates were Bacillus species. These were B. siamensis BLV14 and 

BPV04, B. megaterium BRS73, BRS61 and BLV01, B. amyloliquefaciens BPV07, B. 

weihenstephanensis BRV25, BPV02 and BRV22, B. cereus BPG06 and B. pumilus BLV03 and 

BPV11.There were 3 non-Bacillus isolates in that group was E. cloaceae BLV09, C. herbarum 

BLG07and O. pecoris BLG09. Finally, 36 other isolates were significantly different from the 

control, but V. inaequalis OG15-10 growth inhibition was only between 12 to 28%. Thus, the 
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most effective isolates were all Bacillus species, except for E. cloaceae BLV09, C. herbarum 

BLG07 and O. pecoris BLG09, but considerable variation in the effectiveness was observed 

between isolates of the same species. 

A comparison between the growth inhibition of V. inaequalis CG15-12 (Table 4) with V. 

inaequalis OG15-10 (Table 5) revealed very similar results. The three most inhibitory isolates in 

both cases were B. megaterium BRV13 with 100% inhibition, followed by B. cereus BRS67 and 

B. simplex BRV18 with approx. 70-80% inhibition against both V. inaequalis CG15-12 and V. 

inaequalis OG15-10. For the next group of isolates that were not significantly different from 

each other with approx. 30-40% inhibition (12 isolates against V. inaequalis CG15-12 and 15 

isolates against V. inaequalis OG15-10), there were some differences. Bacillus cereus BPG04 

was in that group against V. inaequalis CG15-12 but not against V. inaequalis OG15-10, and C. 

herbarum BLG07, B. weihenstephanensis BRV22, B. pumilus BPV11 and O. pecoris BLG09 

were in that group against V. inaequalis OG15-10 but not against V. inaequalis CG15-12. Thus, 

the two V. inaequalis isolates generally showed similar sensitivities to the antifungal compounds 

produced by the different isolates of bacterial endophytes.  

3.7 Inhibition of Venturia inaequalis WG15-8 co-cultivated with bacterial endophytes  

Of the 55 isolates, 31 isolates resulted in growth inhibition of V. inaequalis WG15-8 that 

was significantly different from the control ranging from 17 to 49% inhibition (Table 6). The 

remaining 24 isolates that were not significantly different from the control contained 5 isolates of 

B. aryabhattai, 4 isolates of B. megaterium, 3 isolates of B. weihenstephanensis, 2 isolates of B. 

cereus, 2 isolates of B. toyonensis and one isolate each of C. herbarum, R. aquatilis, P. veronii, 

B. siamensis, A. denitrificans and B. simplex. However, other isolates of B. aryabhattai, B. 

megaterium, B. weihenstephanensis, B. cereus, B. toyonensis, R. aquatilis and B. siamensis, 

produced significant inhibition of V. inaequalis WG15-8. 

The greatest inhibition of V. inaequalis WG15-8 was with B. siamensis BLV14 with 49% 

inhibition, which was significantly greater than any other bacterial endophyte. However, the 

other isolate of B. siamensis was less effective at 10% inhibition, which was not significantly 

different from the control. The next most effective was a group of 31 isolates that gave 15-31% 

inhibition that were not significantly different from each other. All of those were significantly 

greater than the control, except for B. cereus BPG06 with 15% inhibition. For that group, 21 of 

the isolates were Bacillus with 8 species. The non-Bacillus isolates in that group were O. pecoris 
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BRV23 and BLG09, E. oryzendophyticus BRV07, E. cloaceae BLG05 and BLV09, R. nepotum 

BRV01, P. agglomerans BRV32, R. aquatilis BRV33, S. hominis BRV29, S. equorum BRV26 

and A. rhombi BRV16. Finally, there were 23 other isolates that were not significantly different 

from the control ranging from 4 to 15% inhibition.  

Comparing the growth inhibition by the endophytes against the three isolates of V. 

inaequalis showed that the bacteria had very similar effected on V. inaequalis CG15-12 and V. 

inaequalis OG15-10, especially for the most inhibitory isolates. However, the results were quite 

different for the inhibition of V. inaequalis WG15. Almost all the bacterial endophyte isolates 

(53-54 out of 55) caused significant inhibition of V. inaequalis CG15-12 and V. inaequalis 

OG15-10, but far fewer isolates (32 out of 55) caused significant inhibition of V. inaequalis 

WG15. In addition, the maximum inhibition was 100% for V. inaequalis CG15-12 and V. 

inaequalis OG15-10, whereas the maximum inhibition was 49% for V. inaequalis WG15-8. The 

most inhibitory isolates against V. inaequalis CG15-12 and V. inaequalis OG15-10 were B. 

megaterium BRV13, B. cereus BRS67 and B. simplex BRV18, causing 70-100% inhibition, but 

they only caused 14, 24 and 6% inhibition, respectively, against V. inaequalis WG15. Thus, V. 

inaequalis WG15 appeared to be much more insensitive to the bacterial antifungal compounds 

than V. inaequalis CG15-12 and V. inaequalis OG15-10. 

3.8 Source of fungal endophytes 

A total of 116 fungal endophytes isolated from apple tissues, and from those, 60 fungal 

endophytes were selected for study due to their unique combination of location, apple type, 

management type and plant tissue (Table 7) and colony morphology (Table 8). Most of the 

fungal endophytes were from Vineland (42 isolates) followed by Guelph (11 isolates) and then 

Simcoe (7 isolates) (Table 7). The most common apple type was mature non-cultivated feral 

apple trees of unknown cultivars grown in woodlots with no known pesticide use (24 isolates), 

mature cultivated apple trees (cvs. McIntosh, Honeycrisp and Empire) grown in orchards with 

multiple pesticide use including fungicides (17 isolates), then 4-week-old apple seedlings (cvs. 

Fuji, Gala, McIntosh, Red Delicious) grown in the greenhouse for research purposes with 

fungicide use (12 isolates), and finally mature crabapples of unknown cultivars grown in parks 

and green spaces with no known pesticide use (7 isolates). For plant tissue type, 47 of the 

isolates were extracted from roots, 7 from stems, 3 from mature fruits, 2 from shoots, 1 from 

petiole and none from leaves. The isolation method for two-thirds of the isolates was maceration 
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of the tissue, while the other third was isolated by centrifugation. One isolate was isolated from a 

fragment of root tissue. The date of isolation was similar as that of the bacterial endophytes. 

Compared to the 55 bacterial endophytes (Table 1), the 60 fungal endophytes were more 

often isolated from mature non-cultivated feral apple trees in woodlots and less often isolated 

from mature cultivated apple trees grown in conventional orchards (Table 7). The fungal isolates 

were more commonly isolated from roots and stems than bacterial endophytes, while bacterial 

endophytes, but not fungal endophytes, could be isolated from leaves. Despite these differences, 

the fungal endophytes still came from diverse locations, apple types, management types, etc.,so 

that they could be considered to be a reasonably representative of the range of the common 

fungal endophytes of apple tissues in the region. 

3.9 Fungal endophyte colony characterisitics 

The colony types of the 60 bacterial endophytes had a variety of appearances in culture 

on PDA (Table 8). The colony colours were mostly green (35 isolates), but there were also 

colonies that were gray (5 isolates), white (5 isolates), brown (4 isolates), cream (4 isolates), 

black (3 isolates), yellow (2 isolates), blue (1 isolate) and pink (1 isolate). The most common 

colony surfaces were rough (38 isolates) and smooth (19 isolates), but a few were wrinkled (3 

isolates). The most common surface elevation was crateriform (30 isolates), but some were 

umbonate (13 isolates), flat (10 isolates) or raised (7 isolates). For colony opacity, the colonies 

were opaque (34 isolates) or translucent (26 isolates). The colony margins were mostly filiform 

(39 isolates), but there were some that were entire (8 isolate), undulate (7 isolates) or curled (6 

isolates). Colony forms were irregular (34 isolates), circular (18 isolates) or rhizoid (8 isolates). 

All 60 isolates produced spores on PDA by 10 days growth at 22ºC.  

Among the 60 isolates, 22 unique colony types were observed based on the combinations 

of colour, surface, elevation, opacity, margin and form (Table 8). For the most common green 

colored colony types, 16 isolates (FRV53, FRV26, FRV81, FRV41, FRV61, FRV23, FRV52, 

FRV28, FRV59, FRV67, FRV78, FRV72, FRV79, FRV17, FRV73 and FRV80) were rough, 

crateriform, translucent, filiform and irregular, 2 isolates (FRV15 and FRV19) were rough, 

raised, opaque, entire and circular, 3 isolates (FRV46, FRV50 and FRV 30) were smooth, flat, 

opaque, filiform and irregular, 2 isolates (FRV49 and FRV64) were smooth, umbonate, opaque, 

entire and irregular, 4 isolates (FRV63, FRV40, FRV60 and FRV43) were smooth, umbonate, 

opaque, undulate and irregular and 8 isolates had unique characteristics. For the less common 
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gray colored colonies, 2 isolates (FMG02 and FSS05) were rough, crateriform, translucent, 

filiform and rhizoid, and 3 isolates had unique colony types. Similarly, 2 white colored colonies 

(FTG10 and FTG11) were rough, umbunate, opaque, filiform and irregular, and 3 isolates had 

unique colony types. For the brown colored colonies, 2 isolates (FRV06 and FRV03) were rough, 

crateriform, opaque, filiform and irregular, and 2 isolates had unique colony types. For the cream 

colored colonies, 3 isolates (FMG01, FTG04 and FSS04) were rough, crateriform, translucent, 

filiform and rhizoid, and one isolate had a unique colony type. For the black colored colony type, 

2 isolates (FTG03 and FRS10) were rough, crateriform, translucent, filiform and rhizoid, and one 

isolate had a unique colony type. Both yellow isolates and the sole blue and pink isolates had a 

unique collection of colony traits. 

3.10 Fungal endophyte species  

Analysis of the ITS1, 5.8S and ITS2 region sequnces (Appendix II) placed the 60 isolates 

into 18 species belonging to 11 genera (Table 9), which was slightly lower than the number of 

bacterial species (Table 3). Of the 60 isolates, 54 had matches in the GenBank nr database with 

e-values of 0.00 and between 93 to 100% nt identities, 4 isolates had matches in the GenBank nr 

database with e-values between E-149 to E-176 and 97 to 99% nt identities, and 2 isolates had 

lower matches with e-values of E-69 to E-84 and 74 to 87% nt identities. However, all the 

matches were considered sufficient for identification. Over half of the isolates belonged to either 

Penicillum (18 isolates) or Trichoderma (17 isolates). In order of frequency, the Penicillum 

species were P. corylophilum (16 isolates), P. citrinum (1 isolate) and P. oxalicum (1 isolate), and 

the Trichoderma species were T. asperellum (7 isolates), T. longibrachiatum (6 isolates), T. 

harzianum (3 isolates) and T. koningiopsis (2 isolates). Thus, there was greater diversity among 

the Trichoderma species than the Penicillum species. For other common genera, there were 9 

Clonostachys isolates that were all C. rosea, 4 Cladosporium isolates belonging to C. 

cladosporioides (3 isolates) and C. halotolerans (1 isolate), 3 Fusarium isolates belonging to F. 

oxysporum (2 isolates) and F. solani (1 isolate) and 2 Leptodontidium isolates that were both L. 

orchidicola. The remaining isolates were unique species in this study of Didymella fabae, 

Exophiala sp. and Hypocrea lixii.  

A comparison of the species to the location, apple type, management type, plant tissue 

and extraction method (Table 7) showed some relationships. For location, Vineland had the 

highest diversity with 6 genera and 12 species, which was not unexpected as 41 of the 60 isolates 
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came from that location. However, all four Trichoderma species and all the Penicillium 

corylophilum isolates were only isolated in Vineland, and they comprised 80% of the Vineland 

isolates. Almost half (3 out of 7) isolates from Simcoe were C. rosea, which was never isolated 

from Vineland, and the other 4 isolates from Simcoe were unique species. Isolates from Guelph 

were similar to Vineland in that almost half (5 of 12 isolates) as C. rosea, and 4 of the remaining 

7 isolates were unique species. For apple type, the 7 isolates from crabapple were diverse, and 

each one was a different species, except for three C. rosea isolates. For feral apple, the 24 

isolates were also diverse, but dominated by isolates were P. corylophylum (11 isolates), 

followed by T. longibrachiatum (4 isolates), L. orchidicola (3 isolates) and C. rosea (3 isolates). 

All of the isolates from Empire were diverse with 4 species. All of the Fuji and Gala isolates 

were Trichoderma with 4 species. For Honeycrisp, the only isolate was C. rosea. For McIntosh, 

the isolates were not very diverse, 5 out of 13 isolates were P. corylophilum, 2 isolates were C. 

cladosporioides and 3 isolates were T. asperellum or T. longibrachiatum, but single isolates of 

Exophiala sp, C. holeterans and C. rosea were also present. For Red Delicious, the isolates were 

also not very diverse, 3 out of 5 isolates were T. asperellum, but there were also single isolates of 

F. oxysporum and H. lixii. For tissue type, all of the Trichoderma, Fusarium, Leptodontidium and 

Penicillium isolates came from roots, except for a unique isolate of P. oxalicum that came from 

stems. The C. rosea and C. cladosporioides isolates were the only species isolated from shoots, 

mature fruits or petioles. Most (4 out of 9) isolates from stems were C. rosea, but the unique 

isolates of D. fabae, P. oxalicum and P. medicaginis were also found in stems, roots and shoots. 

All of the isolates extracted with the centrifugation method were C. rosea, Penicillium spp. or 

Trichoderma spp. Only one isolate of L. orchidicola was extracted with the fragment of tissue 

method. The isolates extracted with the maceration method had the highest diversity with 11 

genera and 18 species.  

A comparison of the species to the colony morphology (Table 8) also showed some 

relationships. For colour, the green single colony color predominated, and the green colonies 

were all species of Penicillium and Trichoderma, except for isolates of C. haloterans, H. lixii and 

P. citrinum. The gray colored isolates were diverse, including C. rosea, F. solani, L. orchidicola 

and P. oxalicum. Each white colony isolate was a different genus and included the unique isolates 

D. fabae and P. medicaginis. This was similar for the brown coloured isolated, except that two C. 

cladosporioides isolates were brown, although another one was white. The cream coloured 
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isolates were the most closely related to species with all being C. rosea. However, C. rosea 

isolates were also gray, black and yellow. The black colored isolates were Exophiala sp and C. 

rosea. The yellow colony isolates included C. rosea and T. asperellum which were also found in 

other colours. Unique colored isolates were blue (L. orchidicola) and pink (P. pinodella), 

although L. orchidicola isolates were also brown and gray.  

For the colony type surface, most had a rough surface (38 isolates with 10 genera and 15 

species). Approx. 47% of the isolates with rough surface were Trichoderma with 4 species, but 

also included four P. corylophylium isolates and the unique isolates Exophiala sp, D. fabae, H. 

lixii, P. oxalicum, P. pinodella and P. medicaginis. However, C. cladosporioides, F. oxysporum, 

P. corylophylium and L. orchidicola isolates also had a smooth surface. Also, C. cladosporioides 

and C. rosea isolates were found with a wrinkled surface. The most common isolates with 

smooth surface were Penicillium with 1 species. As noted above the isolates C. cladosporioides, 

F. oxysporum and L. orchidicola had also other surfaces. The smooth surface colonies also 

included the unique isolate F. solani. Although one isolates each of C. cladosporioides and C. 

rosea had a wrinkled surface, isolates of those species also had smooth and rough surfaces. The 

unique wrinkled surface isolate was P. citrinium. 

For elevation, most were crateriform which comprised 30 isolates with 13 isolates 

belonging to 4 Trichoderma species, 6 isolates to 3 Penicillium species and 7 isolates of C. rosea. 

However, isolates of these species also had raised, flat and umbonate elevation types. The unique 

isolates Exophiala sp, P. citrinum and P. oxalicum had crateriform elevation. In addition to 

crateriform isolates, isolates of C. cladosporioides were either flat or raised C. rosea were also 

either flat or raised, F. oxysporum was umbonate, L. orchidicola was flat or umbonate, P. 

corylophilum was also flat or umbonate, T. asperellum was raised, T. koningiopsis was umbonate, 

and T. longibrachiatum was raised. The next most common elevation was umbonate with 13 

isolates belonging to 6 genera and 6 species. The flat elevation was the next most common with 

isolates of C. rosea, L. orchidicola, T. asperellum and P. corylophilum that had other elevation 

types. The raised elevation was the least common, and all the isolates belonged to different 

species and had other elevation types, except for the unique isolates of H. lixii and P. pinodella. 

Thus, there was a diversity of colony elevations for most species. 

For opacity, all the isolates were either opaque or translucent, which comprised 34 and 26 

of the isolates, respectively. However, this did not correspond well with the species. 8 species 
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that had more than one isolates (i.e., non unique) were opaque or translucent. Exceptions to this 

were that both C. cladosporioides isolates had only opaque colonies, both T. koningiopsi isolates 

had only opaque colonies, all nine C. rosea and three T. harzianum isolates had a translucent 

opacity. 

The most common margin was filiform (39 isolates with 9 genera and 13 species). The 

curled colony margin was less common (6 isolates with 5 genera and 6 species) observed for 

isolates of C. cladosporioides, C. rosea, P. corylophilum and T. asperellum which also had entire, 

filiform and undulate margins. The rarest colony margin was undulate (6 isolates with 6 genera 

and 6 species), and isolates with that colony margin also had entire, filiform and undulate 

margins.  

For form, most were circular or irregular, which comprised 16 and 34 of the isolates, 

respectively. For the circular form, the 16 isolates belonged to 8 genera and 11 species. The 

unique isolates of F. solani, H. lixii, P. oxalicum and P. pinodella had circular form, but all 12 

other isolates with circular form also had other forms. Isolates of C. cladosporioides, L. 

orchidicola, P. corylophilum, T. harzianum and T. longibrachiatum were also irregular indicating 

a diversity of colony forms for those species. For the irregular form colonies, the 34 isolates 

belonged to 8 genera and 12 species, but there were also unique isolates with irregular form, C. 

halotolerans, D. fabae, P. citrinum and P. medicaginis. As noted above, isolates of C. 

cladosporioides, L. orchidicola, P. corylophilum, T. asperellum, T. harzianum and T. 

longibrachiatum also had colonies with different forms in addition to irregular. For the rhizoid 

form, 7 out of 8 isolates were C. rosea, but other C. rosea isolates had circular forms. A unique 

isolate, Exophiala sp., had the rhizoid form.  

Of the 60 isolates, identification by the ITS1, 5.8S and ITS2 sequence showed that there 

were 18 species. However, 63% of all the isolates belonged to just four species (C. rosea, P. 

corylophilum, T. asperellum and T. longibrachiatum), although each of those had a range of 

colony characteristics indicating that there could be considerable variation within those species. 

Secondly, there were 5 moderately common species (C. cladosporioides, F. oxysporum, L. 

orchidicola, T. harzianum and T. koningiopsi) comprising 22% of the isolates that occurred more 

than once but were not as common as the four prevalent species. Finally, there were 9 rare 

species in this study (Exophiala sp, C. holotolerans, D. fabae, F. solani, H. lixii, P. citrinum, P. 

oxalicum, P. pinodella and P. medicaginis) that only occurred once, and these comprised 15% of 
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the isolates. These results resemble the bacterial endophytes where only 4 species comprised half 

the isolates, and rare isolates were a minority in the collection, except that the common species 

were more dominant with fungi and consequently, the moderately common and rare species were 

less prevalent. Like the bacterial endophytes, the diversity of the locations/apple type/apple 

management/apple tissue, colony appearance and fungal species was considered to be sufficient 

to observe differences in how fungal endophytes of apple might interact with V. inaequalis in 

culture.  

3.11 Inhibition of Venturia inaequalis CG15-12 co-cultivated with fungal endophytes  

Of the 60 isolates, 55 isolates caused growth inhibition of V. inaequalis CG15-12 that was 

significantly different from the control ranging from 6 to 83% inhibition (Table 10). Inhibition by 

the other 5 isolates, T. harzianum FRV79, T. longibrachiatum FRV61and FRV78, P. 

corylophilum FRV57 and F. oxysporum FRV76 were not significantly different when compared 

with the control. However, other isolates of the same species were effective: 2 other isolates of T. 

harzianum, 4 other isolates of T. longibrachiatum, 14 other isolates of P. corylophilum and one 

other isolates of F. oxysporum caused significant growth inhibition of V. inaequalis CG15-12.  

The most effective group of isolates for inhibition was F. oxysporum FRS09 and T. 

asperellum FRV21, which gave 83% and 76% inhibition of V. inaequalis CG15-12 growth, 

respectively, which were not significantly different from each other. However, another isolate of 

F. oxysporum gave only -8% inhibition, which was not significantly different from the control, 

and the 6 other isolates of T. asperellum were significantly different from the control but much 

less effective at 6, 11, 18, 19, 23 and 53% inhibition. The next most effective group were 4 

endophytes, T. asperellum FRV21 from the first group along with F. solani FRS77, P. oxalicum 

FTG02 and P. corylophilum FRV60, causing 64 to 76% inhibition, which were not significantly 

different from each other. However, the other 14 isolates of P. corylophilum and 6 isolates of T. 

asperellum were less effective with inhibition as noted above. The next most effective was a 

group of 6 isolates, which were not significantly different from each other. These were P. 

oxalicum FTG02, P. corylophilum FRV60 and F. solani FRS77, which were in the previous 

group as well as C. cladosporioides FPG04, T. asperellum FRV10 and P. citrinum FRG12 with 

52 to 65% inhibition. Finally, the remaining isolates were significantly different from the control, 

but V. inaequalis CG15-12 growth inhibition was only between 6 to 48%.  

3.12 Inhibition of Venturia inaequalis OG15-10 co-cultivated with fungal endophytes   
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Of the 60 isolates, 1 isolates resulted in growth inhibition of V. inaequalis OG15-10 that 

was significantly different from the control ranging from 12 to 83% inhibition (Table 11). The 

inhibition by the 9 other isolates, T. koningiopsi FRV23, Exophiala sp FRS10, F. oxysporum 

FRV76, T. asperellum FRV80, T. harzianum FRV18, H. lixii FRV19, P. medicaginis FTG10, D. 

fabae FTG11 and T. longibrachiatum FRV59 was not significantly different when compared with 

the control, although one other isolate of T. koningiopsi, one other isolate of F. oxysporum, 6 

other isolates of T. asperellum, 5 other isolates of T. longibrachiatum and 2 other isolates of T. 

harzianum caused significant growth inhibition of V. inaequalis OG15-10.  

The greatest inhibition was with F. oxysporum FRS09 and T. asperellum FRV21, which 

gave 83% and 81% inhibition of V. inaequalis OG15-10 growth, respectively, and were not 

significantly different from each other. However, one other isolate of F. oxysporum and 6 other 

isolates of T. asperellum were less effective at 6% and 5, 13, 15, 16, 18 and 55% inhibition, 

respectively. The next most effective group was 7 isolates that gave 56-67% inhibition that were 

not significantly different from each other. Those isolates were F. solani FRV77, P. oxalicum 

FTG02, P. citrinum FRG12, P. corylophilum FRV60 and FRV52, L. orchidicola FRV02 and C. 

cladosporioides FPG04. The next effective group was 7 isolates with gave 55-65% inhibition 

and were not significantly different from each other. Most of the isolates in this group were in the 

previous group, except for T. asperellum FRV10. Finally, 41 other isolates were significantly 

different from the control with inhibition of V. inaequalis OG15-10 between 12 to 51%.  

A comparison between the growth inhibition of V. inaequalis CG15-12 (Table 9) with V. 

inaequalis OG15-10 (Table 10) revealed very similar results. The two most inhibitory isolate in 

both cases was F. oxysporum FRS09 and T. asperellum FRV21 with approx. 76-83% inhibition, 

followed by F. solani FRV77, P. oxalicum FTG02 with approx. 65-66% inhibition. For the next 

group of isolates that were not significantly different from each other with approx. 50-60% 

inhibition were 5 isolates against V. inaequalis CG15-12 and 9 isolates against V. inaequalis 

OG15-10. All of the isolates in that group inhibiting V. inaequalis CG15-12 also inhibited V. 

inaequalis OG15-10, but there were in addition P. corylophilum FRV52, FRV48, FRV40 and 

FRV63 in that group inhibiting V. inaequalis OG15-10. Thus, those two V. inaequalis isolates 

generally showed similar sensitivities to the antifungal compounds produced by the different 

isolates of fungal endophytes.  

3.13 Inhibition of Venturia inaequalis WG15-8 co-cultivated with fungal endophytes  
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Of the 60 isolates, 51 isolates resulted in growth inhibition of V. inaequalis OG15-10 that 

was significantly different from the control ranging from 12 to 81% inhibition (Table 12). The 9 

ineffective isolates were T. longibrachiatum FRV61, FRV59 and FRV78, T. harzianum FRV17 

and FRV79, P. corylophilum FRV57, F. oxysporum FRV76, T. asperellum FRV80 and P. 

medicaginis FTG10. However, 3 other isolates of T. longibrachiatum, one other isolate of T. 

harzianum, 15 other isolates of P. corylophilum, one other isolate of F. oxysporum and 6 other 

isolates of T. asperellum caused significant growth inhibition of V. inaequalis OG15-10.  

The greatest inhibition was with F. oxysporum FRS09, T. asperellum FRV21 and F. solani 

FRS77, which gave 81, 78 and 69% inhibition of V. inaequalis WG15-8, respectively, and were 

not significantly different from each other. FRS77 was the only the isolate of F. solani, but the 

other isolate of F. oxysporum and 6 other isolates of T. asperellum were less effective at 4% and 

5, 12, 17, 18, 21 and 50%, respectively. The next most effective group included 3 isolates that 

gave 62-69% inhibition that were not significantly different from each other. Those isolates were 

F. solani FRV77, which was also in the most effective group, C. rosea FRS07 and P. citrinum 

FRG12. The next effective group was 5 isolates with gave 50-63% inhibition and were not 

significantly different from each other. The isolates in this group were C. rosea FRS07 and P. 

citrinum FRG12, found in the previous group, P. corylophilum FRV64, C. cladosporioides 

FPG04 and T. asperellum FRV10. The next effective group was a group of 5 isolates that gave 

49-62% inhibition of V. inaequalis WG15-8 growth and were not significantly different from 

each other. The isolates in this group were shared with the previous group, except for L. 

orchidicola FRV14. Finally, 47 other isolates were significantly different from the control, but V. 

inaequalis WG15-8 growth inhibition was only between 12 to 48%.  

Comparing the growth inhibition by the fungal endophytes against the 3 isolates of V. 

inaequalis showed that the fungi had very similar effect on V. inaequalis CG15-12, V. inaequalis 

OG15-10 and V. inaequalis WG15-8 with the same 3 most effective isolates, F. oxysporum 

FRS09, T. asperellum FRV21 and F. solani FRS77 ranging from 67 to 83% inhibition. Almost all 

the fungal endpohyte isolates (50-49 out of 60) caused significant inhibition of all three V. 

inaequalis isolates. Thus, all 3 V. inaequalis isolates appeared to have similar sensitivities to the 

fungal endophyte antifungal compounds. 
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Table 1. Source, isolation method and date of isolation for apple bacterial endophytes. 

 

Endophyte 

code¹ 

location apple type² management 

type³ 

plant tissue⁴ extraction 

method⁵ 

date of 

isolation 

BIG08 Guelph crabapple landscape immature  

fruit 

maceration 2015-07-15 

BLG05 Guelph feral apple non-

cultivated 

leaf maceration 2015-07-29 

BLG07 Guelph crabapple landscape leaf maceration 2015-07-15 

BLG09 Guelph crabapple landscape leaf maceration 2015-09-11 

BLG10 Guelph feral apple non-

cultivated 

leaf centrifugation 2015-07-29 

BLV01 Vineland Ida Red greenhouse leaf centrifugation 2015-04-16 

BLV02 Vineland McIntosh cultivated leaf maceration 2015-05-27 

BLV03 Vineland Gala greenhouse leaf  maceration 2015-04-09 

BLV09 Vineland Gala greenhouse leaf maceration 2015-04-09 

BLV10 Vineland Ida Red greenhouse leaf maceration 2015-04-16 

BLV14 Vineland Gala greenhouse leaf maceration 2015-04-09 

BMG10 Guelph crabapple landscape mature fruit maceration 2015-07-29 

BMG14 Guelph feral apple non-

cultivated 

mature fruit maceration 2015-09-15 

BMG15 Guelph feral apple non-

cultivated 

mature fruit maceration 2015-10-15 

BPG04 Guelph feral apple non-

cultivated 

petiole maceration 2015-07-29 

BPG06 Guelph feral apple non-

cultivated 

petiole maceration 2015-07-29 

BPV01 Vineland McIntosh cultivated petiole maceration 2015-05-27 

BPV02 Vineland Gala greenhouse petiole centrifuge 2015-04-07 

BPV03 Vineland Gala greenhouse petiole centrifuge 2015-04-07 
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BPV04 Vineland Gala greenhouse petiole centrifuge 2015-04-07 

BPV07 Vineland Gala greenhouse petiole maceration 2015-04-07 

BPV09 Vineland Gala greenhouse petiole maceration 2015-04-07 

BPV11 Vineland Ida Red greenhouse petiole centrifugation 2015-04-16 

BRS60 Simcoe Honeycrisp cultivated root centrifugation 2015-10-27 

BRS61 Simcoe Honeycrisp cultivated root centrifugation 2015-10-27 

BRS63 Simcoe Ginger 

Gold 

cultivated root centrifugation 2015-10-27 

BRS65 Simcoe Honeycrisp cultivated root centrifugation 2015-10-27 

BRS67 Simcoe Honeycrisp cultivated root centrifugation 2015-10-27 

BRS68 Simcoe Empire cultivated root centrifugation 2015-10-29 

BRS70 Simcoe McIntosh cultivated root centrifugation 2015-10-27 

BRS73 Simcoe Honeycrisp cultivated root centrifugation 2015-10-27 

BRS74 Simcoe Empire cultivated root centrifugation 2015-10-27 

BRV01 Vineland feral apple non-

cultivated 

root maceration 2015-06-01 

BRV07 Vineland Gala greenhouse root centrifugation 2015-04-07 

BRV13 Vineland McIntosh cultivated root maceration 2015-05-27 

BRV14 Vineland McIntosh cultivated root maceration 2015-05-27 

BRV16 Vineland Gala greenhouse root maceration 2015-04-07 

BRV17 Vineland Gala greenhouse root maceration 2015-04-15 

BRV18 Vineland McIntosh cultivated root maceration 2014-11-27 

BRV20 Vineland McIntosh cultivated root centrifugation 2014-11-14 

BRV22 Vineland McIntosh cultivated root maceration 2014-11-14 

BRV23 Vineland McIntosh cultivated root centrifugation 2014-11-14 

BRV24 Vineland McIntosh cultivated root maceration 2014-11-27 

BRV25 Vineland Gala greenhouse root centrifugation 2015-04-05 

BRV26 Vineland Gala greenhouse root maceration 2015-04-07 

BRV26 Vineland McIntosh cultivated root maceration 2015-05-27 

BRV27 Vineland McIntosh cultivated root maceration 2015-05-27 

BRV28 Vineland McIntosh cultivated root maceration 2015-05-27 
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BRV29 Vineland McIntosh cultivated root maceration 2014-11-27 

BRV30 Vineland McIntosh cultivated root centrifugation 2015-05-27 

BRV31 Vineland McIntosh cultivated root maceration 2015-05-27 

BRV32 Vineland McIntosh cultivated root maceration 2014-11-14 

BSG03 Guelph feral apple non-

cultivated 

shoot maceration 2015-07-29 

BTG04 Guelph crabapple landscape stem maceration 2015-07-15 

BTG06 Guelph feral apple non-

cultivated 

stem maceration 2015-07-29 

 

1
For the isolate code, the first letter indicates a bacterial endophyte (B), the second letter 

indicates the type of plant tissue (P=petiole, R=root, S=shoot, M=mature fruit, T=stem, 

I=immature fruit, L=leaf), the third letter indicates the location (G=Guelph, S=Simcoe, 

V=Vineland) and the number indicates the sample collected from that tissue type and location.  

2
The apple type was identified as a crabapple based on appearance of the fruit and its location in 

parks and green spaces, as a feral apple based on the appearance of the tree indicating an apple 

growing under non-cultivated conditions but with cultivated heritage, as a cultivated variety 

based on the map of the orchard or the tag on the seedling in the greenhouse.   

3
The orchard type is either landscape indicating flowering crabapple managed with no pesticide 

application, non-cultivated indicating a non-managed heritage apple variety in woodlots with no 

known pesticide use, greenhouse indicating 4-week-old apple seedlings grown in the greenhouse 

for research purposes with fungicide use and cultivated indicating managed orchards with 

multiple pesticide use including fungicides. 

4
Plant tissue indicates the type of sample: immature fruit is a green fruit in its early stages of 

development with less than 1 cm diameter, leaf is mature leaf lamina without petiole collected 

from 14 cm above the soil for seedlings growing in pots in the greenhouse and from 1.70 m 

above the soil for trees growing in the orchard or landscape;  mature fruit indicates the fruit that 

was fully developed with 2 cm diameter for crabapple or 8 cm diameter for cultivated apple; 

petiole indicates the stalk connecting the leaf to the stem; root indicates fibrous roots less than 

0.2 cm diameter from 10-40 cm soil depth; shoot indicates green tissue from the year of 

sampling with less than 2 cm diameter collected  from ~1.70 m above the soil; stem indicates 
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woody tissue from one or more years before sampling  less than 3 cm diameter collected  from 

~1.70 m above the soil. 

5
The isolation methods were centrifugation of tissue in deionized sterile water and plating the 

solution on PDA, maceration of the tissue in buffer and, plating the solution on PDA as described 

in 4.1 Methods   
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Table 2. Colony description of apple bacterial endophytes. 

  

Endophyte 

code¹ 
colour² surface² opacity² margin² form² 

BIG08 yellow smooth opaque entire punctiform 

BLG05 gray smooth opaque entire punctiform 

BLG07 yellow smooth translucent entire punctiform 

BLG09 gray smooth opaque entire circular 

BLG10 gray smooth opaque entire circular 

BLV01 gray smooth opaque entire irregular 

BLV02 white smooth opaque entire punctiform 

BLV03 yellow smooth translucent entire irregular 

BLV09 beige smooth opaque entire irregular 

BLV10 yellow rough translucent entire punctiform 

BLV14 beige smooth translucent entire punctiform 

BMG10 white smooth opaque entire circular 

BMG14 gray smooth opaque entire circular 

BMG15 cream wrinkled opaque entire circular 

BPG04 gray wrinkled opaque entire circular 

BPG06 gray wrinkled opaque entire irregular 

BPO09 cream smooth opaque lobate rhizoid 

BPV01 gray rough opaque entire irregular 

BPV02 gray rough opaque entire round 

BPV03 gray smooth opaque entire punctiform 

BPV04 gray smooth opaque entire punctiform 

BPV07 yellow smooth opaque entire irregular 

BPV11 gray smooth opaque entire punctiform 

BRS60 gray smooth opaque entire circular 

BRS61 cream smooth opaque entire circular 

BRS63 yellow smooth opaque entire irregular 
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BRS65 gray rough opaque undulate circular 

BRS67 gray rough opaque undulate irregular 

BRS68 cream smooth opaque entire irregular 

BRS70 cream rough opaque lobate irregular 

BRS73 cream rough opaque entire irregular 

BRS74 cream smooth opaque entire irregular 

BRV01 brown smooth opaque entire punctiform 

BRV07 beige rough opaque entire irregular 

BRV13 cream smooth opaque entire circular 

BRV14 cream smooth opaque entire circular 

BRV16 cream smooth opaque entire irregular 

BRV17 cream smooth translucent entire irregular 

BRV18 cream rough opaque lobate irregular 

BRV20 cream rough opaque lobate irregular 

BRV22 cream smooth translucent entire punctiform 

BRV23 cream smooth opaque entire punctiform 

BRV24 gray smooth opaque entire circular 

BRV25 gray smooth opaque entire irregular 

BRV26 gray rough opaque entire irregular 

BRV33 white smooth translucent entire irregular 

BRV27 white smooth transparent entire punctiform 

BRV28 yellow smooth opaque entire circular 

BRV29 yellow smooth opaque entire circular 

BRV30 yellow wrinkled opaque entire irregular 

BRV31 yellow smooth opaque entire irregular 

BRV32 yellow smooth opaque entire irregular 

BSG03 gray filiform opaque filamentous irregular 

BTG04 pink smooth opaque entire irregular 

BTG06 Yellow wrinkled translucent undulate irregular 
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1
Isolate code as described in Table 1. 

2
Colour, surface, opacity, margin, form determined after 24 h of cultivation was based on the 

colony as described on the web page (Appendix III) 

http://bio.libretexts.org/Labs/Microbiology_Labs_I/08%3A_Bacterial_Colony_Morphology  

 

http://bio.libretexts.org/Labs/Microbiology_Labs_I/08%3A_Bacterial_Colony_Morphology
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Table 3. Bacterial endophyte species identification based on 16S DNA sequencing for isolates 

obtained from apple tissues. Primers 27F and 1495R were used for PCR. 

 

Endophyt

e code¹ 
Bacterial species

2 
Accession number

3 
e value

4 
Max identity

5 

BIG08 Bacillus aryabhattai  NR_115953.1 0 743/743(100%) 

BLG05 
Enterobacter cloacae subsp. 

dissolvens  
NR_118011.1 0 735/736(99%) 

BLG07 Curtobacterium herbarum  NR_025461.1 2.00E-82 216/245(88%) 

BLG09 Ochrobactrum pecoris  NR_117053.1 0 660/661(99%) 

BLG10 Bacillus aryabhattai NR_115953.1 0 743/743(100%) 

BLV01 Bacillus megaterium  NR_117473.1 0 753/754(99%) 

BLV02 Bacillus toyonensis  NR_121761.1 0 743/745(99%) 

BLV03
 

Bacillus pumilus
a
  

NR_113945.1 

/NR_112637.1 
0 735/735(100%) 

BLV09 
Enterobacter cloacae subsp. 

dissolvens 
NR_102794.1 0 718/735(98%) 

BLV10 Bacillus weihenstephanensis  NR_024697.1 0 742/743(99%) 

BLV14 Bacillus siamensis   NR_117274.1 0 736/740(99%) 

BMG10 Bacillus cereus  NR_115714.1 0 737/747(99%) 

BMG14 Achromobacter denitrificans  NR_042021.1 0 727/732(99%) 

BMG15 Pseudomonas veronii  NR_028706.1 0 730/731(99%) 

BPG04 Bacillus cereus  NR_074540.1 0 745/745(100%) 

BPG06 Bacillus cereus  NR_074540.1 0 751/753(99%) 

BPO09 
Bacillus amyloliquefaciens 

subsp. plantarum  
NR_115953.1 0 745/745(100%) 

BPV01 Bacillus aryabhattai  NR_024697.1 0 744/745(99%) 

BPV02 Bacillus weihenstephanensis  NR_024697.1 0 747/747(100%) 

BPV03 Bacillus weihenstephanensis   NR_117274.1 0 741/743(99%) 

BPV04 Bacillus siamensis  NR_117274.1 0 740/742(99%) 
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BPV07
 

Bacillus amyloliquefaciens
b 

NR_075005.1 

/|NR_117274.1 
0 745/748(99%) 

BPV11 Bacillus pumilis
a 

NR_113945.1 

/NR_112637.1 
0 737/737(100%) 

BRS60 Bacillus aryabhattai   NR_115953.1 0 743/745(99%) 

BRS61 Bacillus megaterium   NR_117473.1 0 750/751(99%) 

BRS63 Bacillus aryabhattai  NR_115953.1 0 747/747(100%) 

BRS65 Bacillus toyonensis  
NR_121761.1 

/NR_114581.1 
0 748/749(99%) 

BRS67 Bacillus cereus  NR_112780.1 0 749/754(99%) 

BRS68 Bacillus megaterium  NR_117473.1 0 744/755(99%) 

BRS70 Bacillus thuringiensis
c 

NR_121761.1 

/NR_114581.1 
0 745/745(100%) 

BRS73 Bacillus megaterium  NR_117473.1 0 743/744(99%) 

BRS74 Bacillus aryabhattai NR_115953.1 0 751/752(99%) 

BRV01 Rhizobium nepotum  NR_117203.1 0 479/585(82%) 

BRV07 
Enterobacter 

oryzendophyticus
d 

NR_125586.1 

/NR_114154.1 
3.00E-94 262/313(84%) 

BRV13 Bacillus megaterium  NR_116873.1 0 742/742(100%) 

BRV14 Rahnella aquatilis  NR_025337.1 0 686/710(97%) 

BRV16 Arthrobacter rhombi   NR_136480.1 0 712/713(99%) 

BRV17 
Bacillus amyloliquefaciens 

subsp. plantarum/siamensis  

NR_075005.1 

/NR_117274.1 
0 745/748(99%) 

BRV18 Bacillus simplex  NR_042136.1 0 740/740(100%) 

BRV20 Bacillus weihenstephanensis
e 

NR_024697.1 0 741/742(99%) 

BRV22 Bacillus weihenstephanensis  NR_024697.1 0 740/743(99%) 

BRV23 Ochrobactrum pecoris  NR_117053.1 0 661/661(100%) 

BRV24 Bacillus weihenstephanensis  NR_024697.1 0 748/748(100%) 

BRV25 Bacillus weihenstephanensis  NR_024697.1 0 740/740(100%) 

BRV26 Staphylococcus equorum NR_027520.1 0 742/743(99%) 
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subsp. linens  

BRV33 Rahnella aquatilis  NR_025337.1 0 707/710(99%) 

BRV27 Bacillus megaterium   NR_116873.1 0 698/734(95%) 

BRV28 Bacillus aryabhattai  NR_115953.1 0 742/742(100%) 

BRV29 Staphylococcus hominis NR_036956.1 0 739/744(99%) 

BRV30 Bacillus megaterium  NR_117473.1 0 751/752(99%) 

BRV31 Bacillus aryabhattai  NR_115953.1 0 748/750(99%) 

BRV32 Pantoea agglomerans   NR_114111.1 0 728/733(99%) 

BSG03 Bacillus pseudomycoides  NR_113991.1 0 740/740(100%) 

BTG04 Bacillus aryabhattai  NR_115953.1 0 743/743(100%) 

BTG06 Paenibacillus taichungensis  NR_044525.1 0 743/751(99%) 

 

1
The isolate code for the apple endophytes is based on the first letter indicating a bacterial 

endophyte (B), the second letter indicating the type of plant tissue (P=petiole, R=root, S=shoot, 

M=mature fruit, T=stem, I=immature fruit, L=leaf), the third letter indicating location 

(G=Guelph, S=Simcoe, V=Vineland) and the number indicating the sample collected from that 

tissue type and location 

2
The bacterial species were identified by comparing the 16S DNA sequence of the PCR product 

by BLASTn to the NCBI nr database. The top match is shown.   

3
The Genbank accession number of the top match. 

4
The E (Expect) value of the top match. 

5
Maximum identity is shown with length of query divided by the length of matching NCBI 

sequence followed by the percent identity match obtained with BLASTn.  

a 
Also matched Bacillus safensis 

b
Also matched Bacillus siamensis

 

c
Also matched Bacillus thuringiensis

 

d
Also matched Leclercia adecarboxylata 

e
Also named as Bacillus mycoides 
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Table 4. Growth rate and percent growth inhibition of Venturia inaequalis (CG15-12) co-

cultivated with bacterial endophytes isolated from apple. 

 

Endophyte 

code
1
 

Growth 

rate
2
 

Statistics
3
 

% Vi 

CG15-12 

fungal 

growth 

inhibition
4
 

Statistics 

BRV13 0 W 100 A 

BRS67 0.13 V 80.09 B 

BRV18 0.19 V 70.97 B 

BLV14 0.39 U 41.12 C 

BRS73 0.39 U 41.12 C 

BPV07 0.41 UT 38.64 DC 

BRS61 0.42 UST 37.39 DCE 

BRV25 0.42 UST 37.39 DFCE 

BPG06 0.43 RUST 35.32 GDFCE 

BPV04 0.43 RUSTQ 35.32 GDFJCIEH 

BLV09 0.44 PRUSTQ 33.66 GDFCEH 

BLV01 0.44 PRUSTQ 33.66 GDFCIEH 

BPV02 0.44 PROUSTQ 33.66 GDFCIEH 

BLV03 0.45 PROUNSTQ 31.59 GDKFJCIEH 

BPG04 0.45 PROUNSTQ 31.59 GDFJCIEH 

BLG09 0.47 PMRONSTQ 29.93 GDKFJLIEH 

BRV14 0.47 PMRONSTQ 29.93 GMDKFJLIEH 

BRV01 0.47 PMRLONSTQ 29.93 GMNKFJLIEH 

BRV22 0.48 PMRLONSKQ 27.44 GMNKFJLIOH 

BRV28 0.48 PMRLONSKQ 27.44 GMNKPJLIOH 

BIG08 0.49 PMRLOJNKQ 27.03 GMNKPJLIOH 

BLG07 0.49 PMRLONSKQ 27.03 GMNKPJLIOH 
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BRS70 0.49 PMRLOJNIKQ 27.03 QGMNKPJLIOH 

BPV11 0.50 PMHLOJNIKQ 25.37 QRMNKPJLIOH 

BRS68 0.50 PMHLOJNIK 25.37 QRMNKPJLIOH 

BLV10 0.51 MHLOJNIKG 22.88 QRMNKPJLIOS 

BRV23 0.51 MHLOJNIKG 22.88 QRMNKPJLTOS 

BRV33 0.51 MHLOJNIKG 22.88 QRMNKPJLTOSU 

BRV07 0.51 FMHLJNIKG 22.88 QRMNKPJLTOSU 

BLG05 0.52 FMHLJNIKG 21.64 QRMNKPJLTOSU 

BPV09 0.52 FMHLJNIKG 21.64 QRMNKPJLTOSU 

BRV26 0.52 FMHLJNIKG 21.64 QRMNKPJLIOS 

BPV03 0.52 FMHLEJIKG 21.64 QRMNKPVLTOSU 

BMG14 0.52 FMHLEJDIKG 21.64 QRMNWPVLTOSU 

BRS65 0.52 FMHLEJDIKG 21.64 QRMNWPVLTOSU 

BRV16 0.52 FMHLEJDIKG 21.64 QRMNWPVLTOSU 

BRV30 0.52 FMHLEJDIKG 21.64 QRMNWPVLTOSU 

BRV27 0.54 FHLEJDIKG 18.32 QRMNWPVTOSU 

BMG15 0.54 FHEJDIKG 18.32 QRWPVTOSU 

BRV29 0.54 FHEJDIKG 18.32 QRNWPVTOSU 

BMG10 0.54 FHEJDIKG 18.32 QRWPVXTOSU 

BRS74 0.54 FHEJDIKG 18.32 QRWPVXTOSU 

BRV24 0.55 FHEJDICG 17.49 QRWPVXTSU 

BRS60 0.55 FHEDICG 17.49 QRWVXTSU 

BRS63 0.56 FHEDICG 16.25 QRWVXTSU 

BRV20 0.56 FHEDICG 16.25 QRWVXTSU 

BLG10 0.56 FHEDCG 16.25 RWVXTSU 

BTG06 0.57 FBEDCG 14.59 YWVXTSU 

BRV32 0.57 FBEDC 14.59 YWVXTU 

BPV01 0.58 FBEDC 13.76 YWVXU 

BRV31 0.58 BEDC 13.76 YWX 
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BTG04 0.58 BEDC 13.76 YWVX 

BLV02 0.59 BDC 12.10 YWX 

BSG03 0.61 BAC 8.79 YXZ 

BRV17 0.63 BA 5.47 YZ 

control 0.67 A 0.00 Z 

 

1
Isolate code as described in Table 1. 

2
The growth rate was Gv which is the daily growth rate of the control (V. inaequalis alone) over 

6 days or Gv+endo which is the daily growth rate of V. inaequalis co-cultivated with an 

endophyte over 6 days.  

3
 Means that share the same letter are not significantly different using the Tukey Means 

separation with a one way Anova test (p<0.05). 

4
The percent growth inhibition was calculated using the following formula: Gv-Gv+endo/Gv x 

100 where Gv is the daily growth rate of V. inaequalis alone over day 6 and Gv+endo is the daily 

growth rate of V. inaequalis co-cultivated with an endophyte over 6 days (Kucheryava et al. 

1999). 
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Table 5. Growth rate and percent growth inhibition of Venturia inaequalis  (OG15-10) co-

cultivated with bacterial endophytes isolated from apple.  

 

Endophyte 

code
1
 

Growth 

rate
2
 

Statistics
3
 

% Vi 

OG15-10 

fungal 

growth 

inhibition
4
 

Statistics 

BRV13 0.00 T 100.00 A 

BRS67 0.17 S 75.12 B 

BRV18 0.18 S 72.63 B 

BRS73 0.38 R 43.62 C 

BRS61 0.40 QR 39.88 DC 

BPG06 0.42 QRP 37.40 DCE 

BPV07 0.42 QRP 37.40 DCE 

BLV14 0.43 QRP 36.15 DFCE 

BRV25 0.43 QRP 36.15 DFCE 

BPV02 0.43 OQRP 36.15 DFCE 

BLG07 0.43 OQNRP 36.15 DFCE 

BPV04 0.44 OQNRMP 34.49 GDFCEH 

BRV22 0.44 OQNRMP 34.49 GDFCE 

BLV09 0.45 OQNLMP 32.42 GDFIEH 

BPV11 0.46 OQNLMP 31.59 GDFIJEH 

BLG09 0.47 OQKNLMP 30.35 GKFIJEH 

BLV01 0.47 OQKNLMP 30.35 GKFIJEH 

BLV03 0.47 OKNJLMP 30.35 GKFLIJEH 

BRV01 0.48 OKNJLMP 28.69 GKMFLIJEH 

BRV30 0.49 OIKNJLMP 27.45 GKMFLIJNH 

BRV14 0.49 OIKNJLHM 27.45 GKMOLIJNH 

BRV28 0.50 IKNJLHMG 24.96 GKMOLIJNH 



61 
 

BRS70 0.50 IKJLHMG 24.96 PKMOLIJNH 

BRV26 0.50 IKJLHG 24.96 PKMOLIJN 

BLG05 0.50 IKJLHG 24.96 PKMOLIJNH 

BLV10 0.50 IKJLHG 24.96 PKMOLIJN 

BRS65 0.50 IKJLHG 24.96 PKMOLIJN 

BRV16 0.51 IKJLHG 24.13 PKMOLIJN 

BRV23 0.51 FIKJLHG 24.13 PKMOLIJN 

BPV09 0.51 FIKJLHG 24.13 PKMOLIJNQ 

BRS63 0.52 FIKEJLHG 22.06 PKMOLIJNQ 

BLG10 0.52 FIKEJHDG 22.06 PKMOLRSNQ 

BMG14 0.52 FIKEJHDG 22.06 PKMOLRJNQ 

BRS68 0.52 FIKEJHDG 22.06 PKMOLRNQ 

BIG08 0.53 FIKEJCHDG 20.40 PTKMOLRSNQ 

BTG04 0.53 FIKEJCHDG 20.40 PTKMOLRSNQ 

BMG10 0.53 FIEJCHDG 20.40 PTMORSNQ 

BPV01 0.53 FIEJCHDG 20.40 PTMORSNQ 

BRV27 0.53 FIEJCHDG 20.40 PTMOLRSNQ 

BRV29 0.53 FIEJCHDG 20.40 PTMORSNQ 

BRS74 0.54 FIEJCHDG 19.57 PTMORSNQ 

BTG06 0.54 FIEJCHDG 19.57 PTMORSNQ 

BMG15 0.55 FIECHDG 17.91 PTORSNQ 

BRV07 0.55 FIECHDG 17.91 PTORSQ 

BRV33 0.55 FIECHDG 17.91 PTORSQ 

BPV03 0.55 FBECHDG 17.91 PTUORSQ 

BRV20 0.55 FBECHDG 17.91 PTUORSQ 

BRV24 0.56 FBECHDG 16.67 PTUORSQ 

BRS60 0.56 FBECDG 16.67 PTURSQ 

BRV31 0.57 FBECD 14.59 TURSQ 

BSG03 0.58 BECD 13.35 TURS 
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BRV32 0.58 BCD 13.35 TUS 

BPG04 0.59 BCD 12.11 TU 

BLV02 0.59 BC 12.11 TU 

BRV17 0.62 BA 8.38 UV 

control 0.67 A 0.00 V 

 

1
Isolate code as described in Table 1. 

2
The growth rate was Gv which is the daily growth rate of the control (V. inaequalis alone) over 

6 days or Gv+endo which is the daily growth rate of V. inaequalis co-cultivated with an 

endophyte over 6 days.  

3
 Means that share the same letter are not significantly different using the Tukey Means 

separation with a one way Anova test (p<0.05). 

4
The percent growth inhibition was calculated using the following formula: Gv-Gv+endo/Gv x 

100 where Gv is the daily growth rate of V. inaequalis alone over day 6 and Gv+endo is the daily 

growth rate of V. inaequalis co-cultivated with an endophyte over 6 days (Kucheryava et al. 

1999). 
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Table 6.  Growth rate and percent growth inhibition of Venturia inaequalis  (WG15-8) co-

cultivated with bacterial endophytes isolated from apple.  

 

Endophyte 

code
1
 

Growth 

rate
2
 

Statistics
3
 

% Vi 

WG15-8 

fungal 

growth 

inhibition
4
 

Statistics 

BLV14 0.34 J 48.59 A 

BLV01 0.46 I 31.18 B 

BPG04 0.46 I 31.18 B 

BRV23 0.46 I 31.18 B 

BRV07 0.47 I 30.76 B 

BPV03 0.47 IHG 30.76 CB 

BLG05 0.47 IH 30.76 CB 

BRV22 0.47 IH 30.76 CB 

BSG03 0.47 IH 30.76 CB 

BLV03 0.48 IHG 28.27 CB 

BPV07 0.48 IHG 28.27 CBD 

BRS60 0.48 IHG 28.27 CBD 

BTG04 0.49 IHGF 27.44 CEBD 

BLG09 0.50 EIHGF 24.96 FCEBD 

BRS73 0.50 EIHGF 24.96 FCEBDG 

BLV02 0.50 EIDHGF 24.96 FCEBHDG 

BRV01 0.50 EIDHGF 24.96 FCEBHDG 

BLV09 0.51 EIDHGF 24.55 FCEBHDG 

BLV10 0.51 EIDHGF 24.55 FCEBHDG 

BPV11 0.51 EIDHGF 24.55 FCEBHDG 

BRS67 0.51 EIDHGF 24.55 FCEBHDG 

BRS68 0.51 EIDHGF 24.55 FCEBHDG 
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BRV32 0.51 EIDHGF 24.55 FCEBHDG 

BPO09 0.52 EIDHGCF 23.30 FCEBHDG 

BRV33 0.53 EBIDHGCF 20.39 FCEIBHDG 

BRV29 0.53 EBIDHGCF 20.39 FCEIBHDG 

BRV17 0.54 EBIDHGCF 19.15 FCEIBHDG 

BRV26 0.55 EBIDHGCF 20.40 FCEIBHDG 

BPV01 0.56 EBIDHGCF 17.08 FCEIBHDG 

BPV02 0.56 EBIDHGCF 17.08 FCEIBHDG 

BRV16 0.56 EBIDHGCF 17.08 FCEIBHDG 

BRV24 0.56 EBIDHGCF 17.08 FCJEIBHDG 

BPG06  0.57 EBIDHAGCF 15.01 FCJEIBHDG 

BLG07 0.58 EBDHAGCF 14.18 FCJEIHDG 

BRS61 0.58 EBDHAGCF 14.18 FCJEIHDG 

BRS63 0.58 EBDHAGCF 14.18 FCJEIHDG 

BRV13 0.58 EBDHAGCF 14.18 FCJEIHDG 

BRV14 0.58 EBDHAGCF 14.18 FCJEIHDG 

BRS65 0.58 EBDHAGCF 14.18 FCJEIHDG 

BRS74 0.58 EBDHAGCF 14.18 FCJEIHDG 

BIG08 0.58 EBDAGCF 14.18 FCJEIHDG 

BMG10 0.59 EBDACF 11.69 FJEIHG 

BMG15 0.59 EBDACF 11.69 FJEIHDG 

BRV25 0.59 EBDACF 11.69 FJEIHDG 

BRV30 0.59 EBDACF 11.69 FJEIHG 

BRV27 0.60 EBDAC 10.03 FJIHG 

BPV04 0.60 EBDAC 10.03 FJIHG 

BMG14 0.61 BDAC 9.20 JIHG 

BRS70 0.61 BDAC 8.79 JIH 

BTG06 0.62 BAC 6.71 JI 

BRV18 0.63 BA 6.30 JI 
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BRV20 0.63 BA 6.30 JI 

BRV28 0.63 BA 6.30 JI 

BLG10 0.64 BA 4.64 JI 

BRV31 0.64 BA 4.64 JI 

Control 0.67 A 0.00 J 

 

1
Isolate code as described in Table 1. 

2
The growth rate was Gv which is the daily growth rate of the control (V. inaequalis alone) over 

6 days or Gv+endo which is the daily growth rate of V. inaequalis co-cultivated with an 

endophyte over 6 days.  

3
 Means that share the same letter are not significantly different using the Tukey Means 

separation with a one way Anova test (p<0.05). 

4
The percent growth inhibition was calculated using the following formula: Gv-Gv+endo/Gv x 

100 where Gv is the daily growth rate of V. inaequalis alone over day 6 and Gv+endo is the daily 

growth rate of V. inaequalis co-cultivated with an endophyte over 6 days (Kucheryava et al. 

1999). 
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Table 7. Source, isolation method and date of isolation for apple fungal endophytes. 

 

Endophyte 

code
1
 

location apple type
2
 

management 

type
3
 

plant 

tissue
4
 

extraction 

method
5
 

date of 

isolation 

FMG01 Guelph crabapple landscape 
mature 

fruit 
centrifugation 2015-07-15 

FMG02 Guelph crabapple landscape 
mature 

fruit 
maceration 2015-07-29 

FMV03 Vineland McIntosh cultivated 
mature 

fruit 
maceration 2014-12-08 

FPG04 Guelph crabapple landscape petiole maceration 2015-07-15 

FRG12 Guelph crabapple landscape root maceration 2015-07-15 

FRS01 Simcoe Empire cultivated root maceration 2015-10-28 

FRS07 Simcoe Empire cultivated root maceration 2015-10-28 

FRS09 Simcoe Empire cultivated root maceration 2015-10-28 

FRS10 Simcoe McIntosh cultivated root maceration 2015-10-28 

FRS77  Simcoe Empire cultivated root maceration 2015-10-28 

FRV01 Vineland 
Red 

Delicious 
greenhouse root maceration 2014-12-12 

FRV02 Vineland feral apple 
non-

cultivated 
root maceration 2014-11-21 

FRV03 Vineland McIntosh cultivated root maceration 2014-11-21 

FRV06 Vineland feral apple 
non-

cultivated 
root 

fragment of 

tissue 
2014-11-14 

FRV10 Vineland McIntosh cultivated root centrifugation 2014-11-14 

FRV14 Vineland feral apple 
non-

cultivated 
root maceration 2014-11-21 

FRV15 Vineland Gala greenhouse root maceration 2014-11-21 

FRV17 Vineland Gala greenhouse root maceration 2014-12-12 

FRV18 Vineland Gala greenhouse root maceration 2014-12-12 
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FRV19 Vineland 
Red 

Delicious 
greenhouse root maceration 2014-12-12 

FRV21 Vineland McIntosh greenhouse root maceration 2014-12-12 

FRV23 Vineland Gala greenhouse root maceration 2014-12-12 

FRV26 Vineland McIntosh cultivated root centrifugation 2014-11-14 

FRV28 Vineland McIntosh cultivated root centrifugation 2014-11-14 

FRV30 Vineland McIntosh cultivated root maceration 2014-11-21 

FRV32 Vineland McIntosh cultivated root centrifugation 2014-11-21 

FRV40 Vineland McIntosh cultivated root centrifugation 2014-11-21 

FRV41 Vineland McIntosh cultivated root centrifugation 2014-11-21 

FRV43 Vineland McIntosh cultivated root centrifugation 2015-12-17 

FRV45 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-14 

FRV46 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-14 

FRV48 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-26 

FRV49 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-14 

FRV50 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-14 

FRV52 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-14 

FRV53 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-14 

FRV57 Vineland feral apple 
non-

cultivated 
root maceration 2014-11-14 

FRV59 Vineland feral apple 
non-

cultivated 
root maceration 2014-11-21 

FRV60 Vineland feral apple non- root maceration 2014-11-21 
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cultivated 

FRV61 Vineland feral apple 
non-

cultivated 
root maceration 2014-11-21 

FRV63 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-14 

FRV64 Vineland feral apple 
non-

cultivated 
root centrifugation 2014-11-14 

FRV67 Vineland feral apple 
non-

cultivated 
root maceration 2014-11-21 

FRV69 Vineland feral apple 
non-

cultivated 
root maceration 2014-11-21 

FRV72 Vineland Fuji greenhouse root maceration 2014-12-12 

FRV73 Vineland 
Red 

Delicious 
greenhouse root maceration 2014-12-12 

FRV76  Vineland 
Red 

Delicious 
greenhouse root maceration 2014-12-12 

FRV78  Vineland feral apple 
non-

cultivated 
root maceration 2014-11-21 

FRV79  Vineland Fuji greenhouse root maceration 2014-12-12 

FRV80  Vineland 
Red 

Delicious 
greenhouse root maceration 2014-12-12 

FRV81 Vineland feral apple 
non-

cultivated 
root maceration 2014-11-14 

FSS04 Simcoe McIntosh cultivated shoot centrifugation 2015-10-27 

FSS05 Simcoe Honeycrisp cultivated shoot centrifugation 2015-10-27 

FTG01 Guelph crabapple landscape stem maceration 2015-07-15 

FTG02 Guelph feral apple 
non-

cultivated 
stem maceration 2015-07-23 

FTG03 Guelph feral apple 
non-

cultivated 
stem maceration 2015-10-20 
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FTG04 Guelph feral apple 
non-

cultivated 
stem maceration 2015-10-14 

FTG05 Guelph feral apple 
non-

cultivated 
stem maceration 2015-10-14 

FTG10 Guelph crabapple landscape stem maceration 2015-07-15 

FTG11 Guelph crabapple landscape stem maceration 2015-07-15 

 

1
For the isolate code, the first letter indicates a fungal endophyte (F), the second letter indicates 

the type of plant tissue (P=petiole, R=root, S=shoot, M=mature fruit, T=stem), the third letter 

indicates the location (G=Guelph, S=Simcoe, V=Vineland) and the number indicates the sample 

collected from that tissue type and location.  

2
The apple type was identified as a crabapple based on appearance of the fruit and its location in 

parks and green spaces, as a feral apple based on the appearance of the tree indicating an apple 

growing under non-cultivated conditions but with cultivated heritage, as a cultivated variety 

based on the map of the orchard or the tag on the seedling in the greenhouse.   

3
The orchard type is either landscape indicating flowering crabapple managed with no pesticide 

application, non-cultivated indicating a non-managed heritage apple variety in woodlots with no 

known pesticide use, greenhouse indicating 4-week-old apple seedlings grown in the greenhouse 

for research purposes with fungicide use and cultivated indicating managed orchards with 

multiple pesticide use including fungicides. 

4
Plant tissue indicates the type of sample: immature fruit is a green fruit in its early stages of 

development with less than 1 cm diameter, leaf is mature leaf lamina without petiole collected 

from 14 cm above the soil for seedlings growing in pots in the greenhouse and from 1.70 m 

above the soil for trees growing in the orchard or landscape;  mature fruit indicates the fruit that 

was fully developed with 2 cm diameter for crabapple or 8 cm  diameter for cultivated apple; 

petiole indicates the stalk connecting the leaf to the stem; root indicates fibrous roots less than 

0.2 cm diameter from 10-40 cm soil depth; shoot indicates green tissue from the year of 

sampling with less than 2 cm diameter collected  from ~1.70 m above the soil; stem indicates 

woody tissue from one or more years before sampling  less than 3 cm diameter collected  from 

~1.70 m above the soil. 
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5
The isolation methods were centrifugation of tissue in deionized sterile water and plating the 

solution on PDA, maceration of the tissue in buffer and, plating the solution on PDA as described 

in 4.1 Methods   
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Table 8. Colony description of apple fungal endophytes 

 

Endophyte 

code
1 

colour
2 

Surface
2 

Elevation
2 

Opacity
2 

Margin
2 

Form
2 

spore 

production
2 

FMG01 cream rough crateriform translucent filiform rhizoid yes 

FMG02 gray rough crateriform translucent filiform rhizoid yes 

FMV03 brown wrinkled raised opaque filiform circular yes 

FPG04 white smooth flat opaque curled circular yes 

FRG12 green wrinkled crateriform translucent undulate irregular yes 

FRS01 pink rough raised opaque entire circular yes 

FRS07 cream rough raised translucent filiform circular yes 

FRS09 white rough crateriform translucent filiform irregular yes 

FRS10 black rough crateriform translucent filiform rhizoid yes 

FRS77 gray smooth flat translucent curled circular yes 

FRV01 yellow rough crateriform translucent filiform irregular yes 

FRV02 blue smooth flat opaque undulate circular yes 

FRV03 brown rough crateriform opaque filiform irregular yes 

FRV06 brown rough crateriform opaque filiform irregular yes 

FRV10 brown rough flat opaque curled circular yes 

FRV14 gray smooth umbonate opaque entire circular yes 

FRV15 green rough raised opaque entire circular yes 

FRV17 green rough crateriform translucent filiform irregular yes 

FRV18 green rough raised translucent entire circular yes 

FRV19 green rough raised opaque entire circular yes 

FRV21 green rough raised opaque filiform circular yes 

FRV23 green rough crateriform opaque filiform irregular yes 

FRV26 green rough crateriform opaque filiform irregular yes 

FRV28 green rough crateriform translucent filiform irregular yes 

FRV30 green smooth flat opaque filiform irregular yes 
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FRV32 grren smooth umbonate opaque entire circular yes 

FRV40 green smooth umbonate opaque undulate irregular yes 

FRV41 green rough crateriform opaque filiform irregular yes 

FRV43 green smooth umbonate opaque undulate irregular yes 

FRV45 green smooth flat opaque filiform circular yes 

FRV46 green smooth flat opaque filiform irregular yes 

FRV48 green smooth flat opaque undulate circular yes 

FRV49 green smooth umbonate opaque entire irregular yes 

FRV50 green smooth flat opaque filiform irregular yes 

FRV52 green rough crateriform translucent filiform irregular yes 

FRV53 green rough crateriform opaque filiform irregular yes 

FRV57 green smooth umbonate opaque filiform circular yes 

FRV59 green rough crateriform translucent filiform irregular yes 

FRV60 green smooth umbonate opaque undulate irregular yes 

FRV61 green rough crateriform opaque filiform irregular yes 

FRV63 green smooth umbonate opaque undulate irregular yes 

FRV64 green smooth umbonate opaque entire irregular yes 

FRV67 green rough crateriform translucent filiform irregular yes 

FRV69 white smooth umbonate opaque curled irregular yes 

FRV72 green rough crateriform translucent filiform irregular yes 

FRV73 green rough crateriform translucent filiform irregular yes 

FRV76 green smooth umbonate opaque filiform irregular yes 

FRV78 green rough crateriform translucent filiform irregular yes 

FRV79 green rough crateriform translucent filiform irregular yes 

FRV80 green rough crateriform translucent filiform irregular yes 

FRV81 green rough crateriform opaque filiform irregular yes 

FSS04 cream rough crateriform translucent filiform rhizoid yes 

FSS05 gray rough crateriform translucent filiform rhizoid yes 

FTG01 yellow rough flat translucent curled circular yes 
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FTG02 gray rough crateriform translucent curled circular yes 

FTG03 black rough crateriform translucent filiform rhizoid yes 

FTG04 cream rough crateriform translucent filiform rhizoid yes 

FTG05 black wrinkled crateriform translucent filiform rhizoid yes 

FTG10 white rough umbonate opaque filiform irregular yes 

FTG11 white rough umbonate opaque filiform irregular yes 

 

1
Isolate code as described in Table 7. 

2
Colour, surface, elevation, opacity, margin, form determined after 6 days of cultivation was 

based on the colony as described on the web page (Appendix III) 

http://bio.libretexts.org/Labs/Microbiology_Labs_I/08%3A_Bacterial_Colony_Morphology  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

http://bio.libretexts.org/Labs/Microbiology_Labs_I/08%3A_Bacterial_Colony_Morphology
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Table 9. Fungal endophyte species identification based on ITS1 and ITS2 sequencing for isolates 

obtained from apple tissues. Primers ITS1 and ITS4 were used for PCR. 

Endophyte 

code
1 

Fungal species
2
 Accession number

3
 e value

4
 Max identity

5
 

FMG01 Clonostachys rosea  KX058045.1 0 
501/501(100

%) 

FMG02 Clonostachys rosea  KX064981.1 0 494/495(99%) 

FMV03 
Cladosporium 

cladosporioides 
KX839305.1 0 486/487(99%) 

FPG04 
 Cladosporium 

cladosporioides  

JX378680.1/KJ194279

.1 
5.00E-69 191/219(87%) 

FRG12 Penicillium citrinum  KX865284.1 1E-149 295/297(99%) 

FRS01 
Peyronellaea 

pinodella
a
  

KU554585.1/KM0303

24.1/FJ496308.1 
0 477/479(99%) 

FRS07 Clonostachys rosea
b
  

KX058045.1/KC0073

19.1 
0 506/507(99%) 

FRS09 Fusarium oxysporum  KT876689.1 0 
487/487(100

%) 

FRS10  Exophiala sp
c 

KF428675.1/ 

KT203184.1/ 

KT203138.1/ 

KT203136.1/ 

KT203007.1 

0 
558/558(100

%) 

FRS77 Fusarium solani
d 

KY522679.1/KX2629

71.1 
0 

495/495(100

%) 

FRV01 
Trichoderma 

asperellum  
KT314317.1 0 537/538(99%) 

FRV02 Leptodontidium KX999720.1/KT2031 0 561/562(99%) 

https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BMBWKAPY01N
https://www.ncbi.nlm.nih.gov/nucleotide/1121487313?report=genbank&log$=nuclalign&blast_rank=1&RID=BMC25DY701N
https://www.ncbi.nlm.nih.gov/nucleotide/1145802806?report=genbank&log$=nucltop&blast_rank=1&RID=BKFSX5AM016
https://www.ncbi.nlm.nih.gov/nucleotide/571122403?report=genbank&log$=nuclalign&blast_rank=1&RID=BMAT3YYK01N
https://www.ncbi.nlm.nih.gov/nucleotide/571122403?report=genbank&log$=nuclalign&blast_rank=1&RID=BMAT3YYK01N
https://www.ncbi.nlm.nih.gov/nucleotide/1148306422?report=genbank&log$=nuclalign&blast_rank=1&RID=BMB82RGH01N
https://www.ncbi.nlm.nih.gov/nucleotide/1045857926?report=genbank&log$=nuclalign&blast_rank=1&RID=BMAWB79F01N
https://www.ncbi.nlm.nih.gov/nucleotide/1045857926?report=genbank&log$=nuclalign&blast_rank=1&RID=BMAWB79F01N
https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BMBJEZ9601N
https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BMBJEZ9601N
https://www.ncbi.nlm.nih.gov/nucleotide/937342063?report=genbank&log$=nuclalign&blast_rank=1&RID=BMBPVJMK01N
https://www.ncbi.nlm.nih.gov/nucleotide/669296726?report=genbank&log$=nuclalign&blast_rank=10&RID=C649X46G013
https://www.ncbi.nlm.nih.gov/nucleotide/909627867?report=genbank&log$=nuclalign&blast_rank=6&RID=BMB0JGDP01N
https://www.ncbi.nlm.nih.gov/nucleotide/909627821?report=genbank&log$=nuclalign&blast_rank=7&RID=C649X46G013
https://www.ncbi.nlm.nih.gov/nucleotide/909627819?report=genbank&log$=nuclalign&blast_rank=8&RID=C649X46G013
https://www.ncbi.nlm.nih.gov/nucleotide/909627690?report=genbank&log$=nuclalign&blast_rank=9&RID=C649X46G013
https://www.ncbi.nlm.nih.gov/nucleotide/1145802288?report=genbank&log$=nuclalign&blast_rank=1&RID=BMBDA30N01N
https://www.ncbi.nlm.nih.gov/nucleotide/1145802288?report=genbank&log$=nuclalign&blast_rank=1&RID=BMBDA30N01N
https://www.ncbi.nlm.nih.gov/nucleotide/1034700200?report=genbank&log$=nucltop&blast_rank=1&RID=BKG3X0KS013
https://www.ncbi.nlm.nih.gov/nucleotide/1083263118?report=genbank&log$=nuclalign&blast_rank=1&RID=BM5RC7GN01N
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orchidicola
e 

37.1/KF428543.1 

FRV03 
Cladosporium 

cladosporioides
f
   

KR015721.1/LN71397

7.1 
0 477/481(99%) 

FRV06 
Leptodontidium 

orchidicola  
 AF486133.1 0 558/566(99%) 

FRV10 
Trichoderma 

asperellum  
KT314317.1 0 541/543(99%) 

FRV14 
Leptodontidium 

orchidicola
e 

KX999720.1/KT2031

37.1/KF428543.1 
0 

564/564(100

%) 

FRV15 
Trichoderma 

longibrachiatum 
KX357843.1 0 392/397(99%) 

FRV17 
Trichoderma 

harzianum
g 

KU702275.1/KT8528

21.1/JN198441.1 
0 551/556(99%) 

FRV18 
Trichoderma 

harzianum
h 

KT852821.1/AY60575

3.1 
0 551/556(99%) 

FRV19 Hypocrea lixii JN198441.1 0 555/556(99%) 

FRV21 
Trichoderma 

asperellum 
KT314305.1 0 546/550(99%) 

FRV23 
Trichoderma 

koningiopsi 
i 

LT220742.1/KX00950

1.1 
0 526/531(99%) 

FRV26 
Trichoderma 

longibrachiatum 
KX357843.1 0 

388/388(100

%) 

FRV28 
Penicillium 

corylophilum
j
  

144829.1/144828.1/14

4827.1/KU847868.1 
0 395/413(96%) 

FRV30 
Cladosporium 

halotolerans 
LN834370.1 0 480/484(99%) 

FRV32 
Penicillium 

corylophilum
j 

144829.1/144828.1/14

4827.1 
0 413/429(96%) 

FRV40 
Penicillium 

corylophilum
j
   

144829.1/144828.1/14

4827.1/KU847868.1 
0 388/404(96%) 

https://www.ncbi.nlm.nih.gov/nucleotide/1083263118?report=genbank&log$=nuclalign&blast_rank=1&RID=BM5RC7GN01N
https://www.ncbi.nlm.nih.gov/nucleotide/20136207?report=genbank&log$=nuclalign&blast_rank=1&RID=BM6Z41EC01N
https://www.ncbi.nlm.nih.gov/nucleotide/1034700200?report=genbank&log$=nuclalign&blast_rank=1&RID=BM8TTW2301N
https://www.ncbi.nlm.nih.gov/nucleotide/1083263118?report=genbank&log$=nuclalign&blast_rank=1&RID=BM61RGXA01N
https://www.ncbi.nlm.nih.gov/nucleotide/1083263118?report=genbank&log$=nuclalign&blast_rank=1&RID=BM61RGXA01N
https://www.ncbi.nlm.nih.gov/nucleotide/1139736438?report=genbank&log$=nuclalign&blast_rank=2&RID=BKHVKKZ501N
https://www.ncbi.nlm.nih.gov/nucleotide/1053082122?report=genbank&log$=nuclalign&blast_rank=1&RID=BKKN2RAW016
https://www.ncbi.nlm.nih.gov/nucleotide/959126002?report=genbank&log$=nuclalign&blast_rank=2&RID=BKKN2RAW016
https://www.ncbi.nlm.nih.gov/nucleotide/959126002?report=genbank&log$=nuclalign&blast_rank=2&RID=BKKN2RAW016
https://www.ncbi.nlm.nih.gov/nucleotide/339715426?report=genbank&log$=nuclalign&blast_rank=5&RID=CEJS91C0013
https://www.ncbi.nlm.nih.gov/nucleotide/959126002?report=genbank&log$=nuclalign&blast_rank=2&RID=BKKN2RAW016
https://www.ncbi.nlm.nih.gov/nucleotide/959126002?report=genbank&log$=nuclalign&blast_rank=2&RID=BKKN2RAW016
https://www.ncbi.nlm.nih.gov/nucleotide/339715426?report=genbank&log$=nuclalign&blast_rank=1&RID=BKGME0TT016
https://www.ncbi.nlm.nih.gov/nucleotide/1034700188?report=genbank&log$=nuclalign&blast_rank=1&RID=BKH3B2W1013
https://www.ncbi.nlm.nih.gov/nucleotide/1034538819?report=genbank&log$=nuclalign&blast_rank=3&RID=BKH9U8D1013
https://www.ncbi.nlm.nih.gov/nucleotide/1027079133?report=genbank&log$=nuclalign&blast_rank=4&RID=BKH9U8D1013
https://www.ncbi.nlm.nih.gov/nucleotide/1027079133?report=genbank&log$=nuclalign&blast_rank=4&RID=BKH9U8D1013
https://www.ncbi.nlm.nih.gov/nucleotide/1139736438?report=genbank&log$=nuclalign&blast_rank=1&RID=BMA0UA7V01N
https://www.ncbi.nlm.nih.gov/nucleotide/893146016?report=genbank&log$=nucltop&blast_rank=4&RID=KNCBN3GF014
https://www.ncbi.nlm.nih.gov/nucleotide/1117142828?report=genbank&log$=nuclalign&blast_rank=1&RID=BM7B0RF601N
https://www.ncbi.nlm.nih.gov/nucleotide/1117142828?report=genbank&log$=nuclalign&blast_rank=1&RID=BM7B0RF601N
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FRV41 
Penicillium 

corylophilum
j
   

144829.1/144828.1/14

4827.1/KU847868.1 
0 416/437(95%) 

FRV43 
Penicillium 

corylophilum
k
  

KM278102.1/KP0168

15.1/KP016813.1/KF4

36280.1 

0 512/513(99%) 

FRV45 
Penicillium 

corylophilum
l 

KM278102.1/ 

KP016815.1/ 

KP016813.1/ 

KF436280.1 

0 512/513(99%) 

FRV46 
Penicillium 

corylophilum
m 

KU847868.1/KU5165

34.1/LT558907.1 
0 456/470(97%) 

FRV48 
Penicillium 

corylophilum
n 

KM278102.1/KP0168

15.1/KP016813.1/KF4

36280.1 

0 518/521(99%) 

FRV49 
Trichoderma 

koningiopsis
o
  

KY312024.1/LT22074

2.1/KU234554.1/KF74

6098.1/ JX155946.1 

0 
533/533(100

%) 

FRV50 
Penicillium 

corylophilum 
KM278102.1 0 503/521(97%) 

FRV52 
Penicillium 

corylophilum
p 

KU351178.1/KT31674

7.1/KM278102.1 

 

6e-174 

 

347/356(97%) 

FRV53 
Penicillium 

corylophilum
n 

KM278102.1/KP0168

15.1/KP016813.1/KF4

36280.1 

0 518/520(99%) 

FRV57 
Penicillium 

corylophilum
q 

144829.1/144828.1/14

4827.1/LT558907.1 
6E-158 324/334(97%) 

FRV59 
Trichoderma 

longibrachiatum 
KX357843.1 0 576/578(99%) 

FRV60 Penicillium NR_144829.1/NR_14 0 366/374(98%) 

https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BM9N9V2801N
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BM9N9V2801N
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BM9N9V2801N
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BM9N9V2801N
https://www.ncbi.nlm.nih.gov/nucleotide/820944599?report=genbank&log$=nuclalign&blast_rank=2&RID=BM9N9V2801N
https://www.ncbi.nlm.nih.gov/nucleotide/820944597?report=genbank&log$=nuclalign&blast_rank=3&RID=BM9N9V2801N
https://www.ncbi.nlm.nih.gov/nucleotide/555635668?report=genbank&log$=nuclalign&blast_rank=5&RID=BM9N9V2801N
https://www.ncbi.nlm.nih.gov/nucleotide/1071929258?report=genbank&log$=nuclalign&blast_rank=1&RID=BKMWZ3T6013
https://www.ncbi.nlm.nih.gov/nucleotide/1044656441?report=genbank&log$=nuclalign&blast_rank=2&RID=BKMWZ3T6013
https://www.ncbi.nlm.nih.gov/nucleotide/1044656441?report=genbank&log$=nuclalign&blast_rank=2&RID=BKMWZ3T6013
https://www.ncbi.nlm.nih.gov/nucleotide/1039673624?report=genbank&log$=nuclalign&blast_rank=3&RID=BKMWZ3T6013
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BM6C4E5101N
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BM6C4E5101N
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BM6C4E5101N
https://www.ncbi.nlm.nih.gov/nucleotide/1112918916?report=genbank&log$=nuclalign&blast_rank=1&RID=BM6S7FTZ01N
https://www.ncbi.nlm.nih.gov/nucleotide/1112918916?report=genbank&log$=nuclalign&blast_rank=1&RID=BM6S7FTZ01N
https://www.ncbi.nlm.nih.gov/nucleotide/1112918916?report=genbank&log$=nuclalign&blast_rank=1&RID=BM6S7FTZ01N
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BKKYB6JZ013
https://www.ncbi.nlm.nih.gov/nucleotide/1037422167?report=genbank&log$=nuclalign&blast_rank=1&RID=BKM1VBWJ016
https://www.ncbi.nlm.nih.gov/nucleotide/930810589?report=genbank&log$=nuclalign&blast_rank=2&RID=BKM1VBWJ016
https://www.ncbi.nlm.nih.gov/nucleotide/930810589?report=genbank&log$=nuclalign&blast_rank=2&RID=BKM1VBWJ016
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=4&RID=CEREAT7U016
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BKMEXKW5013
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BKMEXKW5013
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BKMEXKW5013
https://www.ncbi.nlm.nih.gov/nucleotide/1139736438?report=genbank&log$=nuclalign&blast_rank=1&RID=BKNBXVXU016
https://www.ncbi.nlm.nih.gov/nucleotide/1117142828?report=genbank&log$=nuclalign&blast_rank=1&RID=BKNNF395013
https://www.ncbi.nlm.nih.gov/nucleotide/1117142827?report=genbank&log$=nuclalign&blast_rank=2&RID=BKNNF395013
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corylophylum
r 

4828.1/NR_144827.1/

KF436280.1 

FRV61 
Trichoderma 

longibrachiatum 
KX357843.1 0 534/573(93%) 

FRV63 
Penicillium 

corylophilum  
KF170361.1 0 467/512(91%) 

FRV64 
Penicillium 

corylophilum
s 

144829.1/144828.1/14

4827.1/KU847868.1 
0 394/414(95%) 

FRV67 
Trichoderma 

asperellum
t
  

KX357851.1/KX1464

90.1 
0 

538/538(100

%) 

FRV69 
Penicillium 

corylophilum
u 

KM278102.1/KP0168

15.1KP016813.1/KF4

36280.1 

0 518/521(99%) 

FRV72 
Trichoderma 

asperellum
v
  

KX357851.1/ 

KX146490.1 
0 

538/538(100

%) 

FRV73 
Trichoderma 

asperellum  
KX146490.1 0 

537/537(100

%) 

FRV76 Fusarium oxysporum  KU982608.1 0 494/497(99%) 

FRV78 
Trichoderma 

longibrachiatum
w 

KJ174236.1/KJ174223

.1 
0 541/551(98%) 

FRV79 
Trichoderma 

harzianum
x 

KT852821.1/JN19844

1.1 
0 547/553(99%) 

FRV80 
Trichoderma 

asperellum  
KJ729478.1  6e-84  328/442(74%) 

FRV81 
Trichoderma 

longibrachiatum 
KX357838.1 0 418/427(98%) 

FSS04 Clonostachys rosea
y
  

KU556487.1/KC0073

19.1/FJ999646.1 
0 

507/507(100

%) 

FSS05 Clonostachys rosea
z
 

KX058045.1/KF42833

5.1/KC007220.1/FJ99
0 505/506(99%) 

https://www.ncbi.nlm.nih.gov/nucleotide/1117142827?report=genbank&log$=nuclalign&blast_rank=2&RID=BKNNF395013
https://www.ncbi.nlm.nih.gov/nucleotide/1117142826?report=genbank&log$=nuclalign&blast_rank=3&RID=CESF59P6016
https://www.ncbi.nlm.nih.gov/nucleotide/555635668?report=genbank&log$=nuclalign&blast_rank=25&RID=CESF59P6016
https://www.ncbi.nlm.nih.gov/nucleotide/1139736438?report=genbank&log$=nuclalign&blast_rank=1&RID=BKNGEF61016
https://www.ncbi.nlm.nih.gov/nucleotide/1117142828?report=genbank&log$=nuclalign&blast_rank=1&RID=BM596SXK01N
https://www.ncbi.nlm.nih.gov/nucleotide/1117142828?report=genbank&log$=nuclalign&blast_rank=1&RID=BM596SXK01N
https://www.ncbi.nlm.nih.gov/nucleotide/1139736446?report=genbank&log$=nuclalign&blast_rank=1&RID=BM5HBR6J01N
https://www.ncbi.nlm.nih.gov/nucleotide/1139736446?report=genbank&log$=nuclalign&blast_rank=1&RID=BM5HBR6J01N
https://www.ncbi.nlm.nih.gov/nucleotide/748060802?report=genbank&log$=nuclalign&blast_rank=1&RID=BKMSAYHM016
https://www.ncbi.nlm.nih.gov/nucleotide/820944599?report=genbank&log$=nuclalign&blast_rank=2&RID=BKMSAYHM016
https://www.ncbi.nlm.nih.gov/nucleotide/820944599?report=genbank&log$=nuclalign&blast_rank=2&RID=BKMSAYHM016
https://www.ncbi.nlm.nih.gov/nucleotide/820944597?report=genbank&log$=nuclalign&blast_rank=3&RID=BKMSAYHM016
https://www.ncbi.nlm.nih.gov/nucleotide/555635668?report=genbank&log$=nuclalign&blast_rank=5&RID=CE66E2Z5016
https://www.ncbi.nlm.nih.gov/nucleotide/555635668?report=genbank&log$=nuclalign&blast_rank=5&RID=CE66E2Z5016
https://www.ncbi.nlm.nih.gov/nucleotide/1139736446?report=genbank&log$=nuclalign&blast_rank=1&RID=BM5HBR6J01N
https://www.ncbi.nlm.nih.gov/nucleotide/1132321319?report=genbank&log$=nuclalign&blast_rank=2&RID=BM5HBR6J01N
https://www.ncbi.nlm.nih.gov/nucleotide/1132321319?report=genbank&log$=nuclalign&blast_rank=2&RID=BKKCXAT201N
https://www.ncbi.nlm.nih.gov/nucleotide/1100251206?report=genbank&log$=nuclalign&blast_rank=1&RID=BKHP46X801N
https://www.ncbi.nlm.nih.gov/nucleotide/620598213?report=genbank&log$=nuclalign&blast_rank=1&RID=BKN7C8AR016
https://www.ncbi.nlm.nih.gov/nucleotide/620598213?report=genbank&log$=nuclalign&blast_rank=1&RID=BKN7C8AR016
https://www.ncbi.nlm.nih.gov/nucleotide/959126002?report=genbank&log$=nuclalign&blast_rank=4&RID=BW192MKH016
https://www.ncbi.nlm.nih.gov/nucleotide/959126002?report=genbank&log$=nuclalign&blast_rank=4&RID=BW192MKH016
https://www.ncbi.nlm.nih.gov/nucleotide/1139736433?report=genbank&log$=nuclalign&blast_rank=1&RID=KNZAJ7AS015
https://www.ncbi.nlm.nih.gov/nucleotide/1012304132?report=genbank&log$=nuclalign&blast_rank=2&RID=BV37CE23013
https://www.ncbi.nlm.nih.gov/nucleotide/1012304132?report=genbank&log$=nuclalign&blast_rank=2&RID=BV37CE23013
https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BV3JYTTB016
https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BV3JYTTB016
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1
The isolate code for the apple endophytes is based on the first letter indicating a fungal 

endophyte (F), the second letter indicating the type of plant tissue (P=petiole, R=root, S=shoot, 

M=mature fruit, T=stem), the third letter indicating location (G=Guelph, S=Simcoe, 

V=Vineland) and the number indicating the sample collected from that tissue type and location 

2
The fungal species were identified by comparing the ITS DNA sequence of the PCR product by 

BLASTn to the NCBI nr database. The top match is shown. 

3
The Genbank accession number of the top match. 

4
The E (Expect) value of the top match. 

5
Maximum identity is shown with length of query divided by the length of matching NCBI 

sequence followed by the percent identity match obtained with BLASTn. 

a
Also matched Didymella sp. and Ascomycota sp. 

b
Also matched Bionectria sp. 

c
Also matched fungal endophyte strain C4180/C387T/C387R/C323R 

9646.1 

FTG01 Clonostachys rosea
z 

KU707923.1/KF42833

5.1/KC007319.1/FJ99

9646.1 

0 488/491(99%) 

FTG02 Penicillium oxalicum  KY560310.1 9E-176 358/369(97%) 

FTG03 Clonostachys rosea
z
  

 KX058045.1/KF4283

35.1/KC007319.1/FJ9

99646.1 

0 502/504(99%) 

FTG04 Clonostachys rosea
aa 

KU556487.1/KT2703

47.1/KF428335.1/KC0

07319.1/FJ999646.1 

0 
505/505(100

%) 

FTG05 Clonostachys rosea
aa 

KU556487.1/KT2703

47.1/KF428335.1/KC0

07319.1/FJ999646.1 

0 
507/507(100

%) 

FTG10 Phoma medicaginis  LN827697.1 0 576/620(93%) 

FTG11 Didymella fabae
bb

  
KP117284.1/JX16005

9.1/AB369504.1 
0 487/493(99%) 

https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BV3JYTTB016
https://www.ncbi.nlm.nih.gov/nucleotide/1053085285?report=genbank&log$=nuclalign&blast_rank=3&RID=BV3YA5A4013
https://www.ncbi.nlm.nih.gov/nucleotide/1053085285?report=genbank&log$=nuclalign&blast_rank=3&RID=BV3YA5A4013
https://www.ncbi.nlm.nih.gov/nucleotide/1053085285?report=genbank&log$=nuclalign&blast_rank=3&RID=BV3YA5A4013
https://www.ncbi.nlm.nih.gov/nucleotide/1139871447?report=genbank&log$=nuclalign&blast_rank=1&RID=BV4KZVJF013
https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BV4U56BR013
https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BV4U56BR013
https://www.ncbi.nlm.nih.gov/nucleotide/1114445283?report=genbank&log$=nuclalign&blast_rank=1&RID=BV4U56BR013
https://www.ncbi.nlm.nih.gov/nucleotide/1012304132?report=genbank&log$=nuclalign&blast_rank=2&RID=BV8ZNGSN013
https://www.ncbi.nlm.nih.gov/nucleotide/1012304132?report=genbank&log$=nuclalign&blast_rank=2&RID=BV8ZNGSN013
https://www.ncbi.nlm.nih.gov/nucleotide/1012304132?report=genbank&log$=nuclalign&blast_rank=2&RID=BV8ZNGSN013
https://www.ncbi.nlm.nih.gov/nucleotide/1012304132?report=genbank&log$=nuclalign&blast_rank=2&RID=BV9ECYZS013
https://www.ncbi.nlm.nih.gov/nucleotide/1012304132?report=genbank&log$=nuclalign&blast_rank=2&RID=BV9ECYZS013
https://www.ncbi.nlm.nih.gov/nucleotide/1012304132?report=genbank&log$=nuclalign&blast_rank=2&RID=BV9ECYZS013
https://www.ncbi.nlm.nih.gov/nucleotide/765364799?report=genbank&log$=nuclalign&blast_rank=1&RID=BV46Z800013
https://www.ncbi.nlm.nih.gov/nucleotide/757888104?report=genbank&log$=nuclalign&blast_rank=1&RID=BV4C796C013
https://www.ncbi.nlm.nih.gov/nucleotide/757888104?report=genbank&log$=nuclalign&blast_rank=1&RID=BV4C796C013
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d
Also matched fungal sp. strain Sy8 

e
Also matched Cadophora orchidicola synonym Leptodontidium orchidicola and fungal 

endophyte strain C387S 

f
Also matched fungal endophyte isolate 4074 

g
Also matched Trichoderma sp. and Hypocrea lixii  

h
Also matched Hypocrea lixii 

i
Also matched Trichoderma gamsi 

j
Also matched P. cravenianum, P. momoii and P. consobrinum

 

k
 Also matched P. obscurum, P. chloroleucon and fungal endophyte culture-collection 

STRI:ICBG-Panama TK1589
   

l
Also matched  P. obscurum, P. chloroleucon and fungal endophyte culture-collection 

STRI:ICBG-Panama TK1510 

m
Also matched P. chloroleucon and P. rubefaciens 

n
Also matched P. obscurum, P. chloroleucon and fungal endophyte culture-collection 

STRI:ICBG-Panama TK1525 

o
Also matched Fusarium nematophilum, Hypocrea sp. and fungal endophyte strain MX542 

p
Also matched P. rubefaciens and P. citrinum 

q
Also matched P. cravenianum, P. momoii, P. consobrinum and P. rubefaciens 

r
Also matched P. cravenianum, P.momoii, P.consobrinum, P. corylophilum and fungal endophyte 

culture-collection STRI:ICBG-Panama TK1669 

s
Also matched P. cravenianum, P. momoii and P. consobrinum 

t
Also matched T. asperelloides 

u
Also matched P. obscurum, P. chloroleucon and fungal endophyte culture-collection 

STRI:ICBG-Panama TK1525 

v
Also matched T. asperelloides 

w
Also matched T. bissettii 

x
Also matched Hypocrea lixii 

y
Also matched Bionectria sp. and Ascomycota sp. 

z
Also matched Hypocreales sp., Bionectria sp. and Ascomycota sp. 

aa
Also matched fungal sp. strain LZ1315-2-10, Hypocreales sp., Bionectria sp., and Ascomycota 

sp. 
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bb
Also named Phoma sp. and Peyrondellaea pinodella 
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Table 10. Growth rate and percent growth inhibition of Venturia inaequalis (CG15-12) co-

cultivated with fungal endophytes isolated from apple.  

Endophyte 

code
1
 

Growth 

rate
2
 

Statistics
3
 

% Vi 

CG15-12 

fungal 

growth 

inhibition
4
 

Statistics 

FRS09 0.11 B 82.82 A 

FRV21 0.16 BA 75.75 BA 

FRS77 0.21 ZA 68.68 BC 

FTG02 0.23 YZA 64.64 BCD 

FRV60 0.24 YZA 63.63 BCD 

FRV10 0.30 YXZ 55.05 ECD 

FPG04 0.30 YX 54.54 ED 

FRV02 0.30 YX 54.04 ED 

FRG12 0.32 YX 51.51 EFD 

FRV41 0.34 VXW 48.48 EFG 

FRV43 0.34 VXW 48.48 EFG 

FRV53 0.34 VXUW 47.98 EHFG 

FRV45 0.35 VXUWT 47.47 IEHFG 

FRV46 0.35 VXUWT 47.47 IEHFG 

FRV40 0.35 VXUWTS 46.46 IEHFGJ 

FRV49 0.36 VXUWTSR 45.45 IEHFKGJ 

FRV63 0.36 VXUWTSR 44.95 IEHFKGJ 

FTG01 0.38 VQXUWTSR 42.42 IEHLFKGJ 

FRV64 0.38 VQPXUWTSR 41.91 IEMHLFKGJ 

FRS07 0.41 VQOPUWTSR 37.87 INMHLFKGJ 

FRV69 0.41 VQOPUWTSR 37.87 INMHLFKGJ 

FSS04 0.41 VQOPUWTSR 37.87 INMHLFKGJ 

FRV48 0.41 VQOPNUTSR 37.37 INMHLOKGJ 
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FRV52 0.41 VQOPNUTSR 37.37 INMHLOKGJ 

FRV14 0.42 VQOPNMUTSR 35.85 IPNMHLOKGJ 

FRS01 0.43 VQOPNMULTSR 34.84 QIPNMHLOKGJ 

FRV06 0.43 QOPNMULTSR 34.34 QIPNMHLOKJ 

FSS05 0.43 QOPNMULTSR 34.34 QIPNMHLOKJ 

FRV50 0.44 QOPNMLTSR 33.83 QIPNMLOKJ 

FTG04 0.44 QOPNMKLSR 33.33 QPNMLOKJ 

FMG01 0.45 QOPNMKLJR 32.32 QPNMLOKR 

FTG03 0.46 QOPNMKLJ 29.79 QPNMLOR 

FRV15 0.47 OPNMKLIJ 28.28 QPNMSOR 

FTG05 0.48 OHNMKLIJ 27.77 QTPNSOR 

FMV03 0.48 OHNMKLIJ 27.27 QTPNSOR 

FRV26 0.48 OHNMKLIJ 27.27 QTPNSOR 

FRV32 0.49 OHNMKLIJG 25.25 QTPNSORU 

FMG02 0.50 FOHNMKLIJG 24.24 QTPNSOVRU 

FRV72 0.50 FHNMKLIJG 23.73 QTPSOVRU 

FRV30 0.51 FHMKLIJG 22.72 QTPSVRU 

FTG11 0.51 FHMKLIJG 22.22 QTPSVRU 

FRV67 0.53 FHEKDIJG 18.51 TXSWVRU 

FRS10 0.54 FHEDIJG 18.68 TXSWVRU 

FRV73 0.54 FHEDIJG 18.68 TXSWVRU 

FRV28 0.56 FHEDICG 14.64 TXSWVYU 

FRV03 0.57 FHEDCG 14.14 TXWVYU 

FRV81 0.57 FHEDCG 14.14 TXWVYU 

FRV19 0.57 FBEDCG 13.13 XZWVYU 

FRV59 0.57 FBEDCG 13.13 XZWVYU 

FTG10 0.57 FBEDCG 15.15 TXSWVYU 

FRV18 0.58 FBEDCG 12.12 XZWVYU 

FRV01 0.59 FBEDC 11.11 XZWVY 
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FRV23 0.59 FBEDC 11.11 XZWVY 

FRV17 0.61 BEDC 7.57 XZWY 

FRV80 0.62 BDC 6.56 XZY 

FRV79 0.64 BAC 4.54 ZAY 

FRV61 0.65 BAC 1.51 ZAY 

FRV57 0.65 BAC 1.51 ZAY 

FRV78 0.65 BAC 1.51 ZAY 

Control 0.66 BA 0.00 ZA 

FRV76 0.71 A -8.08 A 

 

1
Isolate code as described in Table 1. 

2
The growth rate was Gv which is the daily growth rate of the control (V. inaequalis alone) over 

6 days or Gv+endo which is the daily growth rate of V. inaequalis co-cultivated with an 

endophyte over 6 days.  

3
 Means that share the same letter are not significantly different using the Tukey Means 

separation with a one way Anova test (p<0.05). 

4
The percent growth inhibition was calculated using the following formula: Gv-Gv+endo/Gv x 

100 where Gv is the daily growth rate of V. inaequalis alone over day 6 and Gv+endo is the daily 

growth rate of V. inaequalis co-cultivated with an endophyte over 6 days (Kucheryava et al. 

1999)
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Table 11. Growth rate and percent growth inhibition of Venturia inaequalis  (OG15-10) co-

cultivated with fungal endophytes isolated from apple.  

Endophyte 

code
1
 

Growth 

rate
2
 

Statistics
3
  

 % Vi 

OG15-10 

fungal 

growth 

inhibition
4
 

Statistics 

FRS09 0.11 Z 82.82 A 

FRV21 0.12 Z 81.31 A 

FRS77 0.22 Y 66.66 B 

FTG02 0.23 XY 65.15 CB 

FRG12 0.26 XWY 60.10 CBD 

FRV60 0.28 XVWY 57.57 CEBD 

FRV02 0.29 XVWY 56.56 CEBD 

FRV52 0.29 XVWY 56.56 CEBD 

FPG04 0.29 XVWY 56.06 CEBD 

FRV10 0.30 XVWU 55.05 CEFD 

FRV48 0.32 VWUT 51.01 GEFD 

FRV40 0.33 SVWUT 50.00 HGEFD 

FRV63 0.33 SVWUT 50.00 HGEFD 

FRV45 0.34 SRVUT 48.98 HGEFI 

FRV79 0.34 SRVQUT 48.48 HGEFIJ 

FRV69 0.35 SRVQUT 47.47 HGEFIJ 

FRV53 0.36 SRQUTP 44.94 HGKFIJ 

FRV78 0.37 SROQUTP 44.44 HGKFLIJ 

FRV41 0.37 SROQTP 43.43 HGKLIJ 

FRS07 0.40 SROQNP 39.39 HKMLIJ 

FRV64 0.40 SROQNP 39.39 HKMLIJ 

FRV26 0.40 ROQNP 38.88 KMLIJ 

FRV46 0.41 ROQNP 38.38 KMLIJ 
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FRS01 0.41 MOQNP 37.87 NKMLJ 

FRV43 0.41 MOQNP 37.87 NKMLJ 

FTG03 0.41 MOQNP 37.87 NKMLJ 

FTG01 0.42 MLONP 36.36 NKMLO 

FSS04 0.42 MLONP 35.69 NKMLO 

FRV50 0.43 MLOKNP 34.84 PNKMLO 

FTG04 0.44 MLOKN 33.83 PNMLO 

FRV06 0.46 MLJKN 29.79 PNQMO 

FRV32 0.46 MLJKN 29.79 PNQMO 

FSS05 0.48 MLJKI 27.27 PNQRO 

FTG05 0.48 LJKI 26.76 PQRO 

FMG01 0.50 HJKI 24.24 PSQR 

FMG02 0.50 HJKI 24.24 PSQR 

FRV30 0.50 HJKI 24.24 PSQR 

FRV03 0.52 HJGI 21.71 SQRT 

FRV15 0.54 EHGIF 18.18 USVRT 

FRV67 0.54 EHGIF 18.18 USVRT 

FMV03 0.55 EHDGIF 17.17 USVRTW 

FRV72 0.55 EHDGIF 16.49 USVRTW 

FRV01 0.56 EHDGCF 15.15 USVXTW 

FRV57 0.56 EHDGCF 15.15 USVXTW 

FRV28 0.56 EHDGCF 14.64 USVXTW 

FRV81 0.56 EHDGCF 14.64 USVXTW 

FRV14 0.57 EHDGCF 14.14 USVXTW 

FRV61 0.57 EBDGCF 13.13 UYVXTW 

FRV17 0.57 EBDGCF 13.13 UYVXTW 

FRV73 0.57 EBDGCF 13.13 UYVXTW 

FRV49 0.58 EBDGCF 12.12 UYVXTW 

FRV23 0.60 EBDACF 9.59 UYVXZW 
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FRS10 0.60 EBDAC 8.58 YVXZW 

FRV76 0.62 BDAC 6.56 YXZW 

FRV80 0.62 BAC 5.55 YXZ 

FRV18 0.63 BAC 4.54 YXZ 

FRV19 0.63 BAC 4.54 YXZ 

FTG10 0.63 BAC 4.54 YXZ 

FTG11 0.63 BAC 4.54 YXZ 

FRV59 0.64 BA 3.03 YZ 

Control 0.66 A 0.00 Z 

 

1
Isolate code as described in Table 1. 

2
The growth rate was Gv which is the daily growth rate of the control (V. inaequalis alone) over 

6 days or Gv+endo which is the daily growth rate of V. inaequalis co-cultivated with an 

endophyte over 6 days.  

3
 Means that share the same letter are not significantly different using the Tukey Means 

separation with a one way Anova test (p<0.05). 

4
The percent growth inhibition was calculated using the following formula: Gv-Gv+endo/Gv x 

100 where Gv is the daily growth rate of V. inaequalis alone over day 6 and Gv+endo is the daily 

growth rate of V. inaequalis co-cultivated with an endophyte over 6 days (Kucheryava et al. 

1999). 
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Table 12. Growth rate and percent growth inhibition of Venturia inaequalis  (WG15-8) co-

cultivated with fungal endophytes isolated from apple tissues.  

Endophyte 

code
1
 

Growth 

rate
2
 

Statistics
3
 

% Vi 

WG15-8 

fungal 

growth 

inhibition
4
 

Statistics  

FRS09 0.12 Y 81.31 A 

FRV21 0.14 Y 78.28 A 

FRS77 0.20 YX 69.19 BA 

FRS07 0.24 XW 63.13 BC 

FRG12 0.25 VXW 62.12 BCD 

FRV64 0.30 VUW 54.54 ECD 

FPG04 0.31 VTUW 53.03 EFCD 

FRV10 0.33 VTUWS 49.99 GEFCD 

FRV14 0.33 VTUS 49.49 GEFD 

FRV46 0.34 RTUS 48.48 GEFH 

FRV49 0.34 RTUS 48.48 GEFH 

FRV48 0.34 QRTUS 47.98 GEFHI 

FRV69 0.35 PQRTUS 47.47 GEFHIJ 

FRV40 0.35 PQRTUS 46.97 GEFHIJ 

FRV52 0.36 PQRTUOS 44.94 GEFHKIJ 

FRV63 0.36 PQRTUOS 44.94 GEFHKIJ 

FTG11 0.37 PNQRTUOS 43.93 GEFLHKIJ 

FRV43 0.38 PNQRMTUOS 41.91 GEMFLHKIJ 

FTG02 0.38 PNQRMTUOS 41.91 GEMFLHKIJ 

FTG03 0.39 PNQRMTOS 40.90 GMFLHKIJ 

FTG04 0.40 PNQRMLOS 39.39 GNMLHKIJ 

FSS04 0.41 PNQRMLOS 38.38 GNMLHKIJ 

FRV41 0.41 PNQRMLOS 37.87 GNMLHKIJ 
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FRV06 0.41 PNQRMLKOS 37.34 GNMOLHKIJ 

FRV26 0.41 PNQRMLKOS 37.37 GNMOLHKIJ 

FRV50 0.41 PNQRMLKOS 37.37 GNMOLHKIJ 

FTG01 0.42 PNQRMLKOS 36.86 GNMOLHKIJ 

FMG01 0.42 PNQRMLKOJ 35.85 PNMOLHKIJ 

FRV45 0.42 PNQRMLKOJ 35.85 PNMOLHKIJ 

FTG05 0.42 PNQRMLKOJ 35.85 PNMOLHKIJ 

FRV60 0.43 PNQIMLKOJ 34.84 PNMOLQKIJ 

FSS05 0.43 PNIMLKOJ 34.34 PNMOLQKJ 

FRS01 0.45 HNIMLKOJ 31.81 PNMOLQKR 

FRV53 0.45 HNIMLKGJ 31.31 PNMOLQRS 

FMV03 0.47 HFIMLKGJ 28.78 PNMOQTRS 

FMG02 0.49 HFILKGJ 26.26 PNOQTRS 

FRV30 0.49 HFILKGJ 26.26 PNOQTRS 

FRV32 0.49 HFILKGJ 26.26 PNOQTRS 

FRV03 0.50 HFIEKGJ 24.24 PUOQTRS 

FRV81 0.51 HFIEGJ 22.72 PUQTRS 

FRV02 0.51 HFIEG 22.22 UQTRS 

FRV23 0.51 HFIEG 22.22 UQTRS 

FRV67 0.52 HFDEG 20.70 UVTRS 

FRV15 0.53 HFDEG 19.69 UVTRS 

FRV18 0.53 HFDEG 19.69 UVTRS 

FRV28 0.54 FDEG 18.18 UVTS 

FRV72 0.54 FDEC 17.77 UVTW 

FRV73 0.54 FDEC 17.67 UVTW 

FRS10 0.58 BDEC 12.12 UXVW 

FRV01 0.58 BDEC 12.12 UXVW 

FRV19 0.61 BDAC 7.57 YXVW 

FRV61 0.63 BAC 4.54 YXW 
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FRV17 0.63 BAC 4.54 YXW 

FRV57 0.63 BAC 4.54 YXW 

FRV59 0.63 BAC 4.54 YXW 

FRV76 0.63 BAC 4.54 YXW 

FRV80 0.63 BAC 4.54 YXW 

FTG10 0.63 BAC 4.54 YXW 

FRV79 0.65 BA 1.01 YX 

Control 0.66 BA 0.00 YX 

FRV78 0.67 A -1.52 Y 

 

1
Isolate code as described in Table 1. 

2
The growth rate was Gv which is the daily growth rate of the control (V. inaequalis alone) over 

6 days or Gv+endo which is the daily growth rate of V. inaequalis co-cultivated with an 

endophyte over 6 days.  

3
 Means that share the same letter are not significantly different using the Tukey Means 

separation with a one way Anova test (p<0.05). 

4
The percent growth inhibition was calculated using the following formula: Gv-Gv+endo/Gv x 

100 where Gv is the daily growth rate of V. inaequalis alone over day 6 and Gv+endo is the daily 

growth rate of V. inaequalis co-cultivated with an endophyte over 6 days (Kucheryava et al. 

1999). 
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4. Discussion 

4.1 Apple endophyte diversity in different regions 

This is the first collection of endophytic bacteria and fungi in tissues of apple and 

crabapple plants in southwest Ontario. Of the 55 bacterial endophytes examined, there were 24 

species in 12 genera, but almost half belonged to one of eleven Bacillus species. Of the 60 fungal 

endophytes examined, there were 11 species and 18 genera, but in this case, three Penicillium 

species and four Trichoderma species represented over 60% of the isolates. Thus, while there is 

considerable diversity, there were clear differences among species prevelence.  

There are three prior studies similar to this one looking at bacterial endophytes in apple. In 

Brazil, Passos et al (2014) isolated 121 bacterial endophytes from apple roots and identified 14 

genera including Enterobacter, Pseudomonas, Rahnella, Pantoea and Rhizobium. Most isolates 

were Enterobacter species. They also isolated 179 rhizobacteria. Sixty-nine of these isolates had 

antagonistic in vitro activity against C. gloeosporioides, which causes apple leaf spot disease, 

and the rhizobacterial strains of Burkholderia sp showed the greatest in vitro activity and also 

slowed progression of the disease in the greenhouse. In Italy, Bulgari et al (2012) isolated 18 

bacterial endophytes from apple roots of healthy and phytoplasma infected trees. They belonged 

to the Gammaproteobacteria, primarily Pseudomonas species, and to the Firmicutes, primarily  

Bacillus, Lysinibacillus and Paenibacillus species, and certain species were found only in 

healthy or phytoplasma infected trees. In Lithuania, Miliute et al (2016) isolated 38 endophytic 

bacteria from apple buds of cultivars Gala, Gold Delicious and Orlavim, and 13 could be 

indentified, which were Curtobacterium, Pantoea and Pseudomonas species. Two isolates of 

Pantoea sp. and Pseudomonas fluorescens inhibited growth of V. inaequalis in vitro. Although 

there was a greater diversity of bacterial endophyte genera than in this study, many similar 

genera were found in this study with some having significant in vitro antifungal activity.   

There are also three prior studies like this one examining fungal endophytes in apple. In Brazil, 

Sartori et al. (2005) isolated 1793 fungal endophytes from apple leaves, flowers and fruits with 

394 fungi from conventional orchards, 314 from integrated orchards and 1085 from organic 

orchards. The fungi belonged to the genera Alternaria, Botryosphaeria, Cladosporium, 

Colletotrichum, Epicoccum, Fusarium, Xylaria and Mycelia sterilia, and the most frequent ones 

were Colletotrichum, Xylaria and Botryosphaeria. In Switzerland, Granado et al (2008) isolated 

21 taxa of dominant fungal endophytes from apple fruits from certified organic and integrated 

https://www.ncbi.nlm.nih.gov/pubmed/?term=dos%20Passos%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=25249780
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„Golden Delicious‟ orchards. They were identified as Alternaria sp, Cladosporium herbarum, 

Cladosporium cladosporioides, Epicoccum nigrum, Nodulisporium sp, Fusarium sp, Phoma sp, 

B. cinerea, Colletotrichum gloeosporioides, Phialophora sp, Phomopsis sp, and Stemphylium sp. 

with the most common being Alternaria sp. The organic apple trees had significantly higher 

frequencies of filamentous fungi than conventional integrated apple trees. In Germany, Austria 

and Italy, Manici et al (2013) isolated fungal endophytes from apple roots, and the majority were 

Fusarium venenatum, Trichoderma hamatum, Bionectria ochroleuca, Cadophora sp. 

and Gibellulopsis nigrescens but there were also Alternaria sp., Phoma medicaginis, Phoma sp., 

Cadophora sp., T. hamatum, Trichoderma gamsii, G. nigrescens, B. ochroleuca, Epicoccum sp. 

and Aphanomyces sp. They found a lower frequency of fungal endophytes in roots growing in 

sterile soil compared to fallow soil or soil associated with apple replant disease. Compared to this 

study, previous collection of fungal endophytes of apple appeared to have a greater diversity of 

fungal endophytes than obtained in this work.  

4.2 Diversity of bacterial endophytes  

Among the Bacillus isolates obtained in this study, B. aryabhattai was the most prevalent 

species comprising 16% of all bacterial isolates and has been isolated before as an endophyte 

from many plant tissues, but not from apple. This includes Paullinia cupana seeds (Silva et al 

2016), Salvia miltiorrhiza roots (Duan et al 2013) and rice stems (Ji et al 2014). Considering the 

wide range of plants and tissues previously reported as a host for this endophyte, it was not 

surprising to find it in root, stem, petiole, leaf and fruit of apple. The next most common Bacillus 

species was B. megaterium comprising 13% of all bacterial isolates in this study found in roots 

and leaves. It was isolated before in apple roots in Italy (Bulgari et al 2012). This is the first 

report of B. megaterium as an apple endophyte in North America and the first report from apple 

leaves showing that it is likely a competent endophyte able to spread from the roots (Hardoim et 

al 2015). There were also 13% of the bacterial isolates that were B. weihenstephanensis in this 

study occurring in apple roots, stems, petioles, leaves and fruit. It has not been isolated  from 

apple but has been isolated before from stems, leaves and roots of tomato, chilli and brinjal  

(Sarangi et al 2014) and from grapevine flowers, berries and seeds (Compant et al 2011). It is a 

common endophyte found in a variety of tissues, and this also appears to be the same for apple. 

B. cereus was less common at only 7% of all bacterial isolates and was isolated from apple roots, 

fruits and petioles. It has been isolated before from apple roots in Italy (Bulgari et al 2012). This 



92 
 

is the first time that B. cereus was isolated from inside apple in North America and the first time 

from apple fruits and petioles, perhaps indicating an ability to spread within apple tissues. In this 

study, 5% of all bacterial isolates were B. amyloliquefaciens, occurring in roots and petioles. B. 

amyloliquefaciens was previously isolated from apple roots in Italy (Bulgari et al 2012). This 

study shows that it is also an apple endophyte in North America and can potentially spread from 

apple roots to petioles. B. toyonensis was isolated as frequently as B. amyloliquefaciens and was 

found in apple roots and petioles. It has not been isolated before from apple, but has been found 

before in a variety of tissues from different plants, such as roots and aerial parts of Calendula 

arvensis, Euphorbia helioscopia, Euphorbia peplus, Plantago lanceolata and Urtica dioica 

(Krimini et al 2016). In this study, B. pumilus was 4 % of the bacterial isolates and was found in 

apple leaves and petioles. This is the first report from apple, although it has been isolated before 

from leaves of cucumbers (Jeong et al 2014), stems of cotton (McInroy and Kloepper 1995), and 

root, stems and leaves of cassava (Pereira de Melo et al 2009). B. siamensis was found in petiole 

and leaf and comprised 3% of the bacterial isolates in this study. It has not been reported before 

from apple, but has previously been isolated from leaves, stems, roots, flowers and fruits of 

medicinal plants in India such as Centella asiatica, Litsea cubela, Rubia cordifolia, zingiber 

montanum, Acmella oleracea, Houttuynia cordata, Aloe vera, Potentilla fulgens, Pouzolzia hirta, 

Drymaria cordata (Nongkhlaw and Joshi 2014), roots of rice (Chung et al. 2015) and roots of 

corn (Szilagyi-Zecchin et al 2014). In this study, B. pseudomycoides was isolated once from 

apple shoots. It has not been reported from apples, but it has been isolated from roots, stems and 

leaves of yams (Souza et al 2017), roots and stems of sweet potatoes (Xuan et al 2016) and stems 

of ginseng (Vendan et al 2010). B. simplex was isolated once from apple roots in this study and 

has previously not been found in apples, but has been isolated from flowers, berries and seeds of 

grapevine (Compant et al 2011), seeds of tomato (Xu et al 2014) and roots of Nicotiana 

attenuata (Long et al 2009). Thus, all of the Bacillus isolates from this study have been reported 

to be plant endophytes. However, only 3 of the 10 Bacillus species (B. megaterium, B. cereus and 

B. amyloliquefaciens) have previously reported as endophytes from apple, but in each case, they 

were found as endophytes in tissue types in this study not previously reported for apples.  

The next most common genus was Enterobacter that made up 5.4% of the bacterial 

isolates. In this study, E. cloacae was isolated from leaves and has previously been isolated from 

corn roots, stems and leaves (Hinton and Bacon 1995). E. oryzendophyticus was 2% of all 
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bacterial isolates in this study occurring in apple roots. It was previously isolated from rice roots 

(Hardoim et al 2013). Another endophyte was O. pecoris that made up 3.6% of the bacterial 

isolates. In this study, it was isolated from apple leaves and roots. It has previously been isolated 

from sheep and a domestic boar genitourinary lymph nodes (Kampfer et al 2011) and municipal 

solid waste soil (Rashid et al 2017). Thus, it may have become an endophyte by entering apple 

roots from the soil. The endophyte, R. aquatilis, made up 2% of the bacterial isolates. It was 

found in this study in roots. It is mostly associated with rhizosphere soil (Brenner et al 1998) but 

has also previously been found in spruce seeds (Cankar et al 2005) but not as an endophyte of 

roots. In this study, S. equorum was 2% of all bacterial isolates and was isolated from roots. It is 

primarily found in foods, like cheese (Berge et al 1990), but has previously been found in rice 

seeds (Chaudhry et al 2016). This is its first report from plant roots. The S. hominis isolate had 

the same percent like S. equorum and was isolated in this study from apple roots and was 

previously isolated from tomato roots (Upreti and Thomas 2015). Thus, this is it first report of 

any of these species as endophytes from apple and one species (O. pecoris) as an endophyte of 

any plant tissues. 

Combined, all of the unique species (only occuring once) comprised 22% of all bacterial 

isolates. In this study, A. denitrificans subsp. denitrificans (described as Achromobacter 

xylosoxidans) was isolated from hospitals, homes, water and mud, but was never isolated from 

plants and soil (Amoureux 2013) and also (described as Alcaligenes xylosoxidans subsp. 

denitrificans) was isolated from soil (Meade et al 2001). This is its first report as an endophyte. 

A. rhombi was isolated from apple roots. It has never been reported as an endophyte but has been 

found in fish (Osorio et al 1999) and apple as an epiphyte (Pussey et al 2009). In this study C. 

herbarum was found in roots and has previously been found as an endophyte in Crocus serotinus 

bulbs (Mendez and Rivas 2017). P. taichungensis was isolated in this study from stems and has 

previously been found in apple roots but not stems (Bulgari et al 2012). P. agglomerans was 

isolated in this study from roots and has also previously been found in apple roots (Miliute et al 

2016). P. veronii was isolated in this study from fruits and mostly occurs in soil (Morales et al 

2013) but also has previously been found in potato stems (Andreote et al 2009). R. nepotum was 

isolated in this study from apple roots and has also previously been found in apple roots (Bulgari 

et al 2012). Thus, some of the rare isolates have been previously reported as apple endophytes (P. 
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taichungensis, P. agglomerans and R. nepotum), but others (A. denitrificans subsp denitrificans 

and A. rhombi) have never been described before as endophytes. 

4.3 In vitro activity of bacterial endophytes against V. inaequalis  

Out of the total 24 species isolated in this study, every isolate had at least one isolate that 

gave a significant inhibition to at least one of the three isolates of V. inaequalis tested indicating 

the production of some type of antifungal compound in vitro. There are many antifungal 

compounds produced by bacteria with demonstrated activity against plant pathogens in vitro, but 

the possible antifungal modes of action of only the most effective bacterial endophytes from this 

study will be discussed.  

The most effective against V. inaequalis isolates CG15-12 and OG15-10 was B. 

megaterium isolate BRV13, which gave 100% inhibition, although it gave only 14% inhibition 

against WG15-8. However, the other six isolates of B. megaterium were less effective with 18 to 

41% inhibition of V. inaequalis CG15-12 and V. inaequalis OG15-10 growth. There are many 

reports of Bacillus sp. showing antifungal activity, and this is often due to the production of 

antimicrobial lipopeptides belonging to the iturin, fengycin and surfactin families (Ongena and 

Jacques 2008). Lipopeptides produced by B. megaterium isolate from cabbage, radish and kale 

suppressed the growth of Xanthomonas campestris pv campestris (Monteiro et al 2005). A B. 

megaterium isolate from the phylloplane of rice produced lipopeptide and polyoxin antibiotics 

and inhibited the growth of phytopathogens like Drechslera oryzae, A. alternata and Fusarium 

roseum (Islam and Nandi 1985). Also, a B. megaterium isolated from soil produced an antibiotic 

very similar to iturin, which inhibited in vitro growth of a variety of plant pathogenic fungi 

including Rhizoctonia solani, Monilinia fructicola, B. cinerea and F. oxysporum (Kyoung and 

Sang-Dal 2005). However, B. megaterium can produce other types of antifungal compounds. A 

B. megaterium isolate from yak dung in China inhibited various plant pathogenic fungi in culture 

and produced novel small antimicrobial peptides (Chen and Chen 2010). A B. megaterium isolate 

from wheat phylloplane inhibited the growth of Mycosphaerella graminicola and produced 

antimicrobial volatiles (Kildea et al 2008). For an endophytic B. megaterium, the one example is 

from ginseng roots that had limited in vitro antifungal activity against the phytopathogenic fungi, 

R. solani and F. oxysporum, by an undescribed mechanism (Cho et al 2007). It is possible that 

the isolates of B. megaterium in this study produced a range of antimicrobial compounds, and the 
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effectiveness of the isolates may have differed based on the amounts and types of each 

compound. 

The next most effective isolate against V. inaequalis isolates OG15-10 and CG15-12 was 

B. cereus isolate BRS67, causing 75% to 80% growth inhibition, although it gave only 24% 

inhibition against WG15-8. This trait was variable for this species with the other three isolates of 

B. cereus causing only 18 to 35% inhibition of V. inaequalis CG15-12 and V. inaequalis OG15-

10. Antifungal compounds have been found with various B .cereus isolates. A novel lipopeptide, 

kunurin, produced by B. cereus isolated from a subruban soil in India demonstrated antifungal 

activity against Cladosporium sp, Curvularia sp and Aternaria sp in vitro (Ajesh et al 2013). A 

B. cereus isolated from the rhizosphere of alfalfa produced zwittermicin A and kanosamine 

antibiotics and caused in vitro suppression of Pythium ultimum and Pythium irregulare, which 

cause damping off and root rot of alfalfa (Emmert and Handelson 1999). A B. cereus isolated 

from soil secreted a complex of hydrolytic enzymes, including chitinase, chitosanase and 

protease, which inhibited the growth of F. oxysporum, F. solani and P. ultimum (Chang et al 

2007). A B. cereus isolated from the root surface of alfalafa produced two fungistatic antibiotics, 

zwittermicin A and kanosamine, with in vitro activity against Phytophthora medicaginis which 

causes the damping off of alfalfa (Silo-Suh et al 1994). A B. cereus isolated from alfalfa roots 

produced kanosamine and inhibited the growth of Phytophthora megasperma f sp medicaginis 

and V. inaequalis in vitro (Handelsman et al 1990; Milner et al 1996). . B. cereus isolated from 

soil produce an azoxybacilin antibiotic, which showed antifungal activity in vitro against 

Trychphyton mentagrophytes and Aspergillus fumigatus (Fujiu et al 1994). For an endophyte, 

chitinolytic enzymes from a B. cereus strain isolated from seeds of mustard inhibited F. 

oxysporum f.sp. meloni in vitro (Pleban et al 1997). Thus, in vitro antifungal activity by isolates 

of B. cereus in this study is not surprising considering previous reports, and thus it is possible 

that the isolates in this study produced a range of antimicrobial compounds, with the more 

effective isolates producing the largest amounts and/or the most effective ones. 

Isolate B. simplex isolate BRV18 caused 71% and 73% inhibition of V. inaequalis isolates 

CG15-12 and OG15-10, which was not significantly different from B. cereus isolate BRS67. 

However, it only gave only 6% inhibition against V. inaequalis WG15-8. A B simplex isolate 

from the rhizospheres of a Podocarpus and a palm, exhibited antifungal activity towards F.  

oxysporum in vitro (Schwartz et al 2013). An endophytic B. simplex (syn. Bacillus oryzicola sp 
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nov) from rice roots showed limited in vitro antifungal activity against the phytopathogenic 

fungus, Fusarium fujikuroi, by an undescribed mechanism (Chung et al 2015). There are 

relatively few studies of B. simplex isolate producing antimicrobial compounds, but a marine 

isolate of B. simplex produced a lipopeptide surfactant, which have been shown to be able to 

cause antimicrobial activity (Ongena and Jacques 2008). It is possible that the effectiveness of 

isolate BRV18 is due to a range of antifungal compounds, but this remains to be determined.  

B. siamensis isolate BLV14 had the greatest inhibition of any bacterial endophyte against 

V. inaequalis (WG15-8), even though it was only 49% inhibition. B. siamensis BLV 14 also 

showed 35 to 41% inhibition of V. inaequalis isolates OG15-10 and CG15-12, but the one other 

B siamensis isolate gave 10% and 35% inhibition against those isolates. A B. siamensis from an 

unknown source produced the lipopeptide, iturin A, and inhibited the growth of F. oxysporum in 

vitro (Chen et al 2016). A B. siamensis from apple leaves produced volatile antifungal 

compounds that inhibited the growth of Colletotrichum acutatum in vitro (Moreira et al 2014). 

An endophytic B.siamenisis from either leaves, stems, roots, flowers or fruits of the 

ethnomedicinal plant Litsea cordifolia showed significant in vitro antagonistic activity against 

the fungi, F. oxysporum and Emericella nidulans var. nidulans (Nongkhlaw and Joshi 2014). It is 

likely that the two isolates of B. siamensis in this study could have produced similar 

antimicrobial compounds in vitro, and isolate BLV14 could have produced more effective ones 

or produced larger amounts in culture. 

4.4 Diversity of fungal endophytes  

Among the Penicillium isolates obtained in this study, P. corylophilum was the most 

prevalent species comprising 27% of all fungal isolates, and all those isolates were found in 

apple roots. It has been isolated before as an endophyte from many plant tissues, including seeds 

of the invasive plant, Phragmites australis (Shearin et al 2017), leaves, stems, sepals and seeds 

of the medicinal plant, Bauhinia forficata, (Bezerra et al 2015), roots of Alnus glutinosa, leaves 

of Calotropis procera, needles of Picea glauca and stems of Withania somnifera (Nicoletti et al 

2014). P. citrinum was less common at only 2% of all fungal isolates and was found only in 

roots. It was isolated before as an endophyte from stems of the carob tree, Ceratonia siliqua 

(Mona El-Neketi et al 2013) and roots of the dune plant, Ixeris repenes (Khan et al 2008). P. 

oxalicum was isolated as frequently as P. citrinum, but was isolated from apple stems. It was 

reported before from leaves, roots, stems and berries of coffee (Vega and Posada 2006) and 

http://pubs.acs.org/author/El-Neketi%2C+Mona
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leaves of the marine mangrove, Rhizophora stylosa (Zhang et al 2015). Thus, all the Penicillium 

species obtained in this study have been previously described as endophytes from a variety of 

tissue types in addition to roots, but this is the first reports of them from apple tissues. 

Among the Trichoderma isolates, the most common was T. asperellum comprising 12% of all 

fungal isolates and was found only in roots. It was isolated before from pod placentas, beans and 

sapwood of cacao (Rosmana et al 2015), banana roots (Xia et al 2011) and above ground parts of 

maize and sorghum (Muvea et al 2014). T. longibrachiatum was 10% of the fungal endophytes in 

this study and was also isolated only from apple roots. It was isolated before from roots of coffee 

(Mulaw et al 2013), onion floral stalks (Abo-Elyousr et al 2013) and maize stems (Sobowale et 

al 2010). T. harzianum was 5% of the fungal endophytes and was also only isolated from apple 

roots. It has previously been isolated from roots of Coffea arabica (Mulaw et al 2013), stems and 

pods of Theobroma gileria (Evans et al 2003), onion leaves (Abdel-Hafez et al 2015) and onion 

roots (Muvea et al 2014). T. koningiopsis was less common at only 3% of all fungal endophytes 

and once again only isolated from roots. Previously, it was isolated from flowers of cacao plants 

(Holmes et al 2007), roots of ginseng, Panax notoginseng (Chen et al 2016), roots and stems of 

the medicinal plants, Dendrobium devonianum and Dendrobium thyrsiflorum (Xing et al 2011). 

All the Trichoderma species in this study were only found in apple roots, and this is their first 

description for any of them from apple, although they have been found as endophytes in a wide 

range of plants previously as well as in tissues other than roots. 

Among the moderately common endophyte species in this study not belonging to 

Penicillium or Trichoderma, the most common was C. rosea comprising 15% of the total fungal 

isolates. In this study, it was isolated from fruits, roots, shoots and stems, and it has previously 

been isolated from seeds of tomato and Arabidopsis thaliana (Nordström 2014),  leaves and 

petals of roses (Morandi et al 2000), leaves of Theobroma cacao (Mejía et al 2008) and roots of 

onions (Muvea et al 2014). C. cladosporioides was less common at 5% of all fungal isolates in 

this study occurring in apple petioles, fruits and roots. C. cladosporioides was isolated before as 

an endophyte from apple fruit in Switzerland (Granado et al 2008). This is the first report of C. 

cladosporioides as an apple endophyte in North America and the first report from apple petioles 

and roots. Because C. cladosporioides is common in soil (Beare et al 1993), it may have 

colonized apple petioles and fruits by infecting roots and then spreading in the plant, which is 

characteristic of a competent endophyte (Hardoim et al 2015). C. halotolerans was only 2% of 



98 
 

all the fungal isolates and was isolated only from apple roots. C. halotolerans was isolated from 

stems and roots of Mentha aquatica (Dovana et al 2015) and leaves of Vitis labrusca and Vitis 

labrusca (Oliveira et al 2014). The next most common genus was F. oxysporum comprising 3% 

of all the fungal endophytes and was isolated only from apple roots. F. oxysporum has been 

isolated before as an endophyte from roots of apples in Italy (Manici et al 2013), tomato roots 

(Dababat and Sikora 2007), and cortical tissue of bananas (Vu et al 2006). F. solani was only 2% 

of all the fungal endophytes and was also isolated only from apple roots. It was reported before 

as an endophyte in apple roots in Italy (Manici et al 2013). L. orchidicola comprised 3% of all 

the fungal endophytes and isolated in this study only from roots. It was isolated before from 

apple roots in Italy (Manici et al 2013). Some of these moderately prevalent endophytes in this 

study (C. cladosporioides and F. oxysporum,) were isolated before from apple, but the rest were 

previously reported as endophytes from a wide range of plants and tissue types.  

The remaining isolates were unique species having been isolated once in this study, and 

altogether comprised just 2% of all the fungal endophytes in this study. D. fabae was isolated 

from apple stems, and it has only been reported as an endophyte in leaves, twigs and stems of 

mediterranean cypress tree, Cupressus sempervirens (Soltani and Moghaddam 2014), leaves of 

Betula sp. and Carpinus sp. (Sono et al 2012) and culms of cheatgrass (Baynes et al 2012). An 

Exophiala sp. was isolated from roots in this study and has been isolated before as a dark septate 

endophyte from roots of wild rice (Yuan et al 2010), roots of cucumber, Cucumis sativus (Khan 

et al 2011) and was able to colonize roots of maize as an endophyte (Li et al 2011). H. lixii was 

isolated in this study from roots and was isolated before as an endophyte from roots, stems and 

leaves of pigeon pea (Zhao et al 2013) and aboveground parts of maize and sorghum (Muvea et 

al 2014). P. pinodella was isolated from roots in this study and was isolated before from stems, 

roots, leaves, fruits and thorns of aromatic plant, Zanthoxylum bungeanum (Liu et al 2016) and 

leaves and petioles of the temprate palm, Trachycarpus fortunei (Taylor et al 1999). P. 

medicaginis was isolated in this study from apple stems and was isolated before from apple roots 

in Italy (Manici et al 2013) as well as stems and leaves of M. sativa (Weber and Anke 2006). 

Therefore, only one of the rare apple endophytes in this study (P. medicaginis) has been isolated 

before from apple, while the other rare apple endophytes have been described before as 

endophytes in different tissues types of a variety of plants.  

4.5 In vitro activity of fungal endophytes against V. inaequalis 
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Out of the total 18 fungal species isolated in this study, all species had at least one isolate 

that significantly inhibited at least one of the three isolates of V. inaequalis tested indicating the 

production of some type of antifungal compound from every fungal endophyte species 

examined.  While there are many antifungal compounds reported to be produced by fungi with in 

vitro activity, only the possible modes of action of antifungal activity for the most effective 

fungal endophytes in this study will be discussed.  

The most effective endophyte was F. oxysporum isolate FRS09, which gave 83% 

inhibition of both V. inaequalis isolates CG15-12 and OG15-10, and 81% inhibition of WG15-8. 

However, the one other isolate of F. oxysporum was less effective with 4 to 8% inhibition of all 

the three V. inaequalis isolates. A non-pathogenic F. oxysporum isolated from disease suppressive 

soil produced volatile organic compounds which inhibited the growth of pathogenic F. 

oxysporum in vitro (Minerdi et al 2009). A non-pathogenic F. oxysporum isolate from soil of 

soybeans produced the cyclic nonribosomal peptide, cyclosporine A, which inhibited Sclerotinia 

sclerotiorum in vitro (Rodriguez et al 2006). A F. oxysporum isolate from the phylloplane of 

guava leaves produced volatiles which inhibited the growth of C. gloeosporioides and Pestalotia 

psidii in vitro (Pandey et al 1993). Based on those studies, it is likely that the two isolates of F. 

oxysporum in this study produced soluble and volatile antimicrobial compounds, and isolate 

FRS09 likely produced more of the most effective ones against V. inaequalis. 

The next most effective isolate was T. asperellum isolate FRV21, which gave 76%, 78, 

and 81% inhibition of V. inaequalis isolates CG15-12, WG15-8 and OG15-10, respectively. 

However, the other six isolates of T. asperellum were less effective with 5 to 53% inhibition of V. 

inaequalis CG15-12, V. inaequalis OG15-10 and V. inaequalis WG15-8 growth. A T. asperellum 

isolate, likely form soil, produced secondary phenolic metabolites that inhibited growth of 

Pseudomonas syringae pv lachrymans in vitro (Yedidia et al 2003). A T. asperellum isolated 

from agricultural soil produced water soluble metabolites and inhibited growth of Rhizoctonia 

solani in vitro (Asad et al 2013). A mycoparasitic T. asperellum of unknown origins produced 

extracellular β-1,3-glucanase and inhibited the growth of R. solani in vitro (Marcello et al 2010). 

A T. asperellum isolate of unknown origin also produced extracellular β-1,3-glucanase, chitinase 

and protease that inhibited the growth of Aspergillus niger, Penicillium sp and S. sclerotiorum in 

vitro (Silva et al 2011). Endophytic T. asperellum isolates also have shown antifungal activity, 

but the mode of action has not been reported. An endophytic T. asperellum from banana roots 
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significantly inhibited mycelial growth of the banana pathogen F.oxysporum f. sp. cubense in 

vitro (Dita et al 2014), and an endophytic T. asperellum from stems of Theobroma cacao 

inhibited the growth of Moniliophthora roreri in vitro (Bailey et al 2008). It is possible that the 

seven isolates of T. asperellum in this study produced a range of antimicrobial compounds and 

enzymes with antifungal activity with isolate FRV21 likely producing more of the most effective 

ones. 

Slightly less effective than T. asperellum isolate FRV21 was F. solani isolate FRS77, 

which gave 67% inhibition of V. inaequalis OG15-10 and 69% inhibition of V. inaequalis isolates 

WG15-8 and CG15-12. There was only isolate of F. solani in this study. An endophytic F. solani 

isolated from Taxus baccata bark produced 1-tetradecene, 8-octadecanone, 8-pentadecanone, 

octylcyclohexane and 10-nonadecanone and taxol and inhibited in vitro the growth of the 

filamentous fungi, Fusarium oxysporum, A. niger and Rhizopus stolonifer (Tayung et al 2010) 

and the yeasts Candida albicans and Candida tropicalis (Tayung et al 2011). It is possible that 

such compounds were produced by F. solani isolate FRS77, which may have inhibited V. 

inaequalis in this study. 

Similarly effective as F. solani isolate FRS77 was P. oxalicum isolate FTG02, which gave 

64% and 65% inhibition of V. inaequalis isolates CG15-12 and OG15-10, although it gave only 

42% inhibition against WG15-8. There were no other isolates of P. oxalicum obtained. A P. 

oxalicum isolated from soil suppressed the mycelial growth of S. sclerotiorum in vitro (Yang et al 

2008), and a P. oxalicum isolate from the phylloplane of guava leaves inhibited the growth of 

Colletotrichum gloeosporioides in vitro (Pandey et al 1993). In both cases, the mode of action 

was not described. A P. oxalicum isolate from seawater macroorganisms (either algae, crab, 

sponge or mussel) showed stong β glucosidase activity even though it did not inhibit the growth 

of F. oxysporum and C. acutatum (Park et al 2014). Thus, the types of antifungal compounds 

produced by P. oxalicum is not clear.  

The next most effective was P. citrinum isolate FRG12, which gave 54%, 60% and 62% 

inhibition of V. inaequalis isolates OG15-10 and WG15-8 and CG15-12. It was the only isolate 

of P. citrinum in this study. A P. citrinum isolate from ocean sediment produced an antifungal 

protein and displayed antifungal activity against T. viride, F. oxysporum, Paecilomyces variotii 

and Alternaria longipes in vitro (Wen et al 2014). A P. citrinum isolate from a non-described 

environment produced the polyketide mycotoxin, citrinin, and the quinolone, quinolactacin A2, 
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and showed antifungal activity in vitro (Wakana et al 2006). A P. citrinum isolated from sea fan 

produced the benzopyranone, coniochaetone A, and displayed moderate antifungal activity 

against Candida albicans (Khamthong et al 2012). A P. citrinum isolate from the phylloplane of 

guava leaves inhibited the growth of C. gloeosporioides in vitro by an unkonwn mechanism 

(Pandey et al 1993). It is possible that P. citrinum produced a variety of antifungal secondary 

metabolites which could have inhibited V. inaequalis growth in this study. 

Similar to P. citrinum isolate FRG12, P. corylophilum isolate FRV60 gave 57% and 63% 

inhibition of V. inaequalis isolates OG15-10 and CG15-12, although it gave only 35% inhibition 

against WG15-8. However, the other fifteen isolates of P. corylophilum were less effective with 1 

to 56% inhibition of V. inaequalis CG15-12, V. inaequalis OG15-10 and V. inaequalis WG18-8 

growth. A P. corylophilum isolate from mosquito produced citrinin and inhibited the growth of 

C. gloeosporioides and Beauveria bassiana in vitro (Dos Santos et al 2012). A P. corylophilum 

isolate form soil produced the toxic ether, asarone, and inhibited the growth of Phytophthora 

cactorum, Cryponectria parasitica and Fusarium circinatum (Tajik et al 2014). The wide range 

of inhibition shown by the P. corylophilum isolates in this study indicates that they differed 

significantly in the production of such types of antifungal compounds.   

Similar in effectiveness as P. citrinum isolate FRG12 and P. corylophilum isolate FRV60 

was C. rosea isolate FRS07 that gave 63% inhibition of V. inaequalis isolate WG15-8 compared 

to only 38% and 39% inhibition of V. inaequalis isolates CG15-12 and OG15-10, respectively. 

However, the other eight isolates of C. rosea were less effective with 24 to 42% inhibition of V. 

inaequalis CG15-12, V. inaequalis OG15-10 and V. inaequalis WG18-8. A C. rosea isolate from 

disease suppresive soil produced four different 17-21 amino acid isovaline-rich peptides 

belonging to the peptaibiotic family and inhibited the growth of S. sclerotiorum in vitro 

(Rodriguez et al 2011). An endophytic C. rosea isolated from oilseed rape inhibited the growth 

of S. sclerotiorum in vitro as did its culture filtrate (Zhang et al 2014). A C. rosea endophyte 

isolated from non-described tissue of T. cacao inhibited the growth of Moniliophthora 

roreri, Phytophthora palmivora and Moniliophthora perniciosa in vitro, which was proposed to 

be due to competition for substrates (Mejia et al 2008). One possibility is that the amounts and 

types of antifungal compounds produced by the nine C. rosea isolates differed, and it is also 

possible that there were several modes of action as to how C. rosea isolate FRS07 inhibited V. 

inaequalis. 

http://www.sciencedirect.com/science/article/pii/S0040402012011313#!
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4.6 Conclusions 

A relatively diverse collection of bacterial and fungal endophytes was made from 

cultivated and non-cultivated apple tissues from several locations in southern Ontario; however, 

the bacteria were dominated by Bacillus species and the fungi dominated by Penicillium and 

Trichoderma species. Almost all of these endemic endophytes can cause varying levels of direct 

inhibition of V. inaequalis in vitro with some showing high levels of inhibition. Thus, a fairly 

representative collection of endophytes isolated from Ontario apple trees is now available that 

have the potential to be effective BCAs of apple scab. However, a weakness of this study is that 

while the endophytes showed very similar levels of inhibition against V. inaequalis isolates 

CG15-12 and OG15-12, inhibition of V. inaequalis isolate WG15-8 was different, particularly for 

the bacterial endophytes. Future studies should demonstrate that these endophytes can inhibit a 

wider range of V. inaequalis isolates.  

Eventually, studies will need to be done to test some of these endophytes for apple scab 

control in an orchard. Any disease biological control strategy is limited by the characteristics of 

the BCA, which are different from fungicides in their ability to persist under diverse climatic 

conditions, adhere to the leaf and maintain adequate levels of control over time. Many of the 

early BCA studies on apple scab focused on the performance of antagonists against V. inaequalis 

in vitro and then later under field conditions. For example, epiphytic 

Cladosporium spp.,  Aureobasidium spp. and Fusarium graminum isolates obtained from apple 

leaves that reduced the growth of V. inaequalis  in vitro and reduced disease incidence on 

seedlings but did not give reproducible results under orchard conditions (Fiss et al 2000).  

Another example is an epiphytic C. globosum isolate from apple leaves as well as its culture 

extract that showed good inhibition of V. inaequalis when tested on apple seedlings in the growth 

chambers, but when sprayed on trees in the orchard , the fungus had poor epiphytic colonisation 

and the secreted antibiotics were not stable enough to achieve sufficient apple scab control 

(Boudreau and Andrews 1987). Variability was also an issue with an epiphytic Acremonium 

strictum from old scab lesions that could reduce the growth of V. inaequalis when applied to 

apple scab lesions under controlled conditions, but applications in orchards had no effect on the 

pathogen (Gessler et al 2000). Andrews (1990) concluded that the isolates which inhibit the 

growth of V. inaequalis in vitro and in the greenhouse will not necessarily show good results in 

the field, and he proposed that BCAs should be tested for their antagonistic properties on 

https://link.springer.com/article/10.1007/s10658-008-9377-z#CR2
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seedlings grown in open greenhouses that are then transplanted into the field or else tested 

directly in field conditions to account for variable environmental conditions. 

Even if one or more of the endophytes from this study was effective in controlling apple 

scab in orchards, there are a number of other challenges to bring it to the market for apple 

growers. For example, a BCA programme for apple scab control using Microsphaeropsis 

ochraceae to reduce primary scab inoculum on dead leaves was conducted between AAFC St. 

Jean sur Richelieu Station, Quebec and the Philom Bios in Saskatoon (Carisse et al 2007). In 

their study, they took note of challenges like mass BCA production, formulation, cost of 

production, quality assurance procedures and product registration, all of which are complex and 

time consuming. In particular, they noted that the registration process can be a major challenge in 

bringing a BCA to market. Ultimately, neither AAFC nor Philom Bios had the ability to market 

the BCA in Canada and USA primarily because of a lack of experience and resources needed to 

deal with the registration process, and thus turned the BCA over to an unnamed partner which 

funded toxicology tests that were required for registration and then registered the product for 

future marketing in Canada and USA.  
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6. APPENDICES 

 

 Appendix I. FASTA files of trimmed bacterial 16S rRNA sequences with the endophyte coding. 

 

>BMG14 

TGAGCGTCAGTGTTATCCCAGGAGGCTGCCTTCGCCATCGGTGTTCCTCCGCATATCT

ACGCATTTCACTGCTACACGCGGAATTCCACCTCCCTCTGACACACTCTAGCTCGGTA

GTTAAAAATGCAGTTCCAAAGTTAAGCTCTGGGATTTCACATCTTTCTTTCCGAACCG

CCTGCGCACGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTACGTATTACCGC

GGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCTGCAGGTACCGTCAGTTCCGCGGGG

TATTAACCCGCGACGTTTCTTTCCTGCCAAAAGTGCTTTACAACCCGAAGGCCTTCAT

CGCACACGCGGGATGGCTGGATCAGGGTTTCCCCCATTGTCCAAAATTCCCCACTGCT

GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCA

AACCAGCTACGGATCGTCGCCTTGGTGAGCCGTTACCCCACCAACTAGCTAATCCGAT

ATCGGCCGCTCCAATAGTGCAAGGTCTTGNNATCCCCTGCTTTCCCCCGTAGGGCGTA

TGCGGTATTAGCTACGCTTTCGCGTAGTTATCCCCCGCTACTGGGCACGTTCCGATACA

TTACTCACCCGTTCGCCACTCGCCACCAGACCGAAGTCCGTGCTGCCGTTCGACTTG

CATGTGTAAGGCATCCCGCTAGCGTTCAATCTGAGC 

 

>BPV07 

CTCTCNGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATC

TCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCC

CAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAA

CCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTATTA

CCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGC

CGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAAC

CTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCT

ACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCGCCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATG

CGGTTCAAACAACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACA

GGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCC

CATCTGTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAG 

 

>BLV01 

TTCGCGCTCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCC

ACATCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAG

TTCCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAA

GAAACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGT

ATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGG

TACAAGCAGTTACTCTTGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAA

GCCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCC

CTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCAC

CCTCTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTA

ATGCACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCAT

GAAGGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTAC
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AGGCAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCT

TCTAATCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BRV20 

CGCTCAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATATC

TCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCC

CAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAA

CCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTAC

CGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCC

AGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCC

TTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTA

CTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCT

CTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATG

CGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACTATGCA

GTTCAAAATATTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGGT

AGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCTTAA

TCCATTCGCTCGACTTGCATGTATTANGCACGCCGCCAGCGTTCATCCTGAG 

 

>BLG07 

CTCAGCGTCAGTNACNNGACCANANNNCTGCCNTCNNNNNTNGGGTGTTCCTCCNG

ANNNNNGNNCATTCCNCCGCTACACCNGGANNCCAATNTCCTCTACCGCACTCTAGT

CTGCCCGTACCCACTGAAAGCCCACNNTTGAGCCNCGGGCTTTCACATCAGACTTAA

CAAACCGCCTGCGAGCTCTTTACGCCCAATAATTCCGGATAACGCTTGCCCCCTACGT

ATTACCGCGGCTGCTGGCACGTAGTTAGCCGGGGCTTTTTGGGCAGGTACCGTCAAG

AACTTACGTTCCCTTCTTCCCTACGNTCTTCCNNNACAACNCNNTTTNCGACCCCCCT

CCCTTCNTCATGCTGCCTCAGGNGTTCCCCCATTGTGCANNATTCNCNANTGCTGCNN

CCNNNGNTGCCTCNNNNANNNTCNCGGNCCGTGTGNGNNCGGCCACCNTCTCNATN

ANCCTACTCGNNNNNCTATNGNTGAGCCNCTANNNGANNCNTTACNNACCNACNAN

NNTNNNNNCCCCGGNNNCATNTGTTTCCGAGAACAGANAATGTCATCGTCTCTCCTA

TCCAGAANGANACGACCCTATCNAGGCTTATCCNCNAGTTCNGGACATGATACTCAC

CTGATACGCACGNTGTCGCCACTAATCTCCCCNGCACGCTGGNNATCATCGNTAAACT

TGCNTGTNNTAAGCACGCNNNNNNTGNTNGTCNTGAGCANNNNNCAAACTNNTCAT

CCTGA 

 

>BPG06 

CGCGCTCNGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATA

TCTCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCT

CCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTG

CCAGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAG

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACCAT

GCGGTTCAAAATGTTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATG
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GGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCT

TAATCCATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BSG03 

CGCGNNCAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCAT

ATCTCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTC

TCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTG

CCAGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAG

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTGAATTTCGCACCAT

GCGGTGCAAAATGTTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATG

GGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCT

TAATCCATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BRV31 

GCGCTCAGCGTCNGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACA

TCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTC

CCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTAC

GAGCAGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCC

TTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTA

CTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCT

CTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATG

CACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAA

GGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGG

CAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTA

ATCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAG 

 

>BMG10 

TCAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATATCTCT

ACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCCCA

GTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAACC

ACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCG

CGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCAG

CTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTT

CATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACT

GCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCT

CAGGTCGGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCG

ACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACCATGCGG

TTCAAAATGTTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGGCA
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GGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCNAGCTCTTNAT

NCATTCGCTCGACTTGCATGNATNANGCACGCCNNCAGCNNTCATCCTGAGCA 

 

>BRV25 

CGCNNAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATATC

TCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCC

CAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAA

CCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTAC

CGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCC

AGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCC

TTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTA

CTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCT

CTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATG

CGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACTATGCA

GTTCAAAATATTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGGT

AGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCTTAA

TCCATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCNGGAG 

 

>BRS73 

TTTCGCGNNNAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTC

CACATCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAA

GTTCCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTA

AGAAACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACG

TATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAG

GTACAAGCAGTTACTCTTGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAA

AGCCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTC

CCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCA

CCCTCTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCT

AATGCACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCA

TGAAGGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTAC

AGGCAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCT

TCTAATCAGTTCGCTCGACTTGCATGTATTANGCACGCCGCCAGCGTTCATCCTGAGC

NAG 

 

>BPG04 

AGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATATCTCTAC

GCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCCCAGTT

TCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAACCACC

TGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCGCG

GCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCAGCTT

ATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTTCAT

CACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCT

GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCA

GGTCGGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGAC

GCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACCATGCGGTTC

AAAATGTTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGGCAGGT



134 
 

TACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCTTAATCCA

TTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGCA 

 

>BRV17 

TCNTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACAT

CTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCC

CCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAA

ACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTG

CCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAA

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCGCCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATG

CGGTTCANACAACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACA

GGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCC

CATCTGTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGC 

 

>BRV18 

TCAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCAAATCTCT

ACGCATTTCACCGCTACACTTGGAATTCCACTTTCCTCTTCTGCACTCAAGTTCCCCA

GTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGGAACC

ACCTGCGCGCGCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTATTACC

GCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACCA

GCAGTTACTCTGGTACTTGTTCTTCCCTAACAACAGAACTTTACGACCCGAAGGCCTT

CTTCGTTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACT

GCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCT

CAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCATTACCTCACCAACTAGCTAATGCG

CCGCGGGCCCATCTATAAGTGACAGCGTAAACCGTCTTTCCATCTTCTCTCATGCGAG

AAAAGAACGTATCCGGTATTAGCTCCGGTTTCCCGAAGTTATCCCAGTCTTATAGGCA

GGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAATCTCAGGGAGCAAGCTCCCATCG

ATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCT 

 

>BRV28 

AGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACATCTCTA

CGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTCCCCAG

TTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAACCG

CCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCGC

GGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACGAGC

AGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTTCA

TCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGC

TGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCA

GGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCACC

GCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAAGGAG

AAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGGCAGGT
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TGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTAATCAG

TTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGANC 

 

>BPV09 

TCNTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACAT

CTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCC

CCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAA

ACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTG

CCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAA

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCGCCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATG

CGGTTCANACAACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACA

GGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCC

CATCTGTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGC 

 

>BRV26 

GAGCGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTA

CGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCTTGCCAG

TTTCAAATGCAGTTCCCACGTTAAGCGCGGGGATTTCACATCTGACTTAACAAACCGC

CTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTCCGTATTACCGCG

GCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGAGTAACGTCAATCACCACACG

TATTAAGTGTGATGCCTTCCTCCTCGCTGAAAGTGCTTTACAACCCTAAGGCCTTCTTC

ACACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTG

CCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCTCAGA

CCAGCTAGGGATCGTCGCCTAGGTGAGCCATTACCTCACCTACTAGCTAATCCCATCT

GGGCACATCCGATGGCGTGAGGTCCGAAGATCCCCCACTTTGCTCTTTCGAGGTCATG

CGGTATTAGCTACCGTTTCCAGTAGTTATCCCCCTCCATCAGGCAGTTTCCCAGACATT

ACTCACCCGTCCGCCGCTCGCCGGCAAAGTAGCAAGCTACTTTCCGCTGCCGCTCGA

CTTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGAGC 

 

>BRS68 

TTCGCGNNTCNGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTC

CACATCNCNNNNNATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCA

AGTTCCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTT

AAGAAACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTAC

GTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAA

GGTACAAGCAGTTACTCTTGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGA

AAGCCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATT

CCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATC

ACCCTCTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGC

TAATGCACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCA

TGAAGGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTAC

AGGCAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCT
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TCTAATCAGTTCGCTCGACTTGCATGTATTANGCACGNCGCCAGCGTTCATCCTGAGC

CAGGATCAAACT 

 

>BRV16 

GCTCNNNGCGTCAGTTANTGCCCAGAGACCTGCCTTCGCCATCGGTGTTCCTCCTGAT

ATCTGCGCATTTCACCGCTACACCAGGAATTCCAGTCTCCCCTACATCACTCTAGTCTG

CCCGTACCCACCGCAGATCCGGGGTTGAGCCCCGGACTTTCACGGCAGACGCGACAA

ACCGCCTACGAGCTCTTTACGCCCAATAATTCCGGATAACGCTTGCGCCCTACGTATTA

CCGCGGCTGCTGGCACGTAGTTAGCCGGCGCTTCTTCTGCAGGTACCGTCACTTTCGC

TTCTTCCCTACTGAAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCGTC

GCTGCATCAGGCTTTCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGT

CTGGGCCGTGTCTCAGTCCCAGTGTGGCCGGTCACCCTCTCAGGCCGGCTACCCGTC

GTCGCCTTGGTAGGCCATTACCCCACCAACAAGCTGATAGGCCGCGAGTCCATCCCCC

ACCGATAAATCTTTCCACCACCCTCCATGCGGAAGGAAGTGAATATCCGGTATTAGAC

CCAGTTTCCCGGGCTTATCCCAGAGTCGGGGGCAGGTTACTCACGTGTTACTCACCCG

TTCGCCACTAATCACCTAGTGCAAGCACCAGGGTCATCGTTCGACTTGCATGTGTTAA

GCACGCCGCCAGCGTTCATCCTGAG 

 

>BRV22 

GCNNNGTGTCAGTTACAGACCAGANGNCGCCTTCGCCACTGGTGTTCCTCCATATCTC

TACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCCCA

GTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAACC

ACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCG

CGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCAG

CTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTT

CATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACT

GCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCT

CAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCG

ACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACTATGCAGT

TCAAAATATTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGGTAG

GTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCTTAATC

CATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAG 

 

>BPV02 

CGNNCNNAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCAT

ATCTCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTC

TCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTG

CCAGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAG

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACTATG

CAGTTCANAATATTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGG
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GTAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCTT

AATCCATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BLG05 

GAGCGTCAGTCTTTGTCCNGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTA

CGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCCTGCCAG

TTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTTGACAGACCG

CCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTCCGTATTACCGC

GGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGTCAATTGCTGCGG

TTATTAACCACAACACCTTCCTCCCCGCTGAAAGTACTTTACAACCCGAAGGCCTTCT

TCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGC

TGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCTCA

GACCAGCTAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTACTAGCTAATCCCAT

CTGGGCACATCTGATGGCAAGAGGCCCGAAGGTCCCCCTCTTTGGTCTTGCGACGTTA

TGCGGTATTAGCTACCGTTTCCAGTAGTTATCCCCCTCCATCAGGCAGTTTCCCAGACA

TTACTCACCCGTCCGCCACTCGTCACCCGAGAGCAAGCTCTCTGTGCTACCGTTCGAC

TTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGAGCC 

 

>BRV30 

GCGCTCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACA

TCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTC

CCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTAC

AAGCAGTTACTCTTGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCC

TTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTA

CTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCT

CTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATG

CACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAA

GGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGG

CAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTA

ATCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGCC 

 

>BLG09 

TCNNCTNAGCGTCAGTAATGGTCCAGTGAGCCGCCTTCGCCACTGGTGTTCCTCCGA

ATATCTACGAATTTCACCTCTACACTCGGAATTCCACTCACCTCTACCATACTCAAGAC

TTCCAGTATCAAAGGCAGTTCCGGGGTTGAGCCCCGGGATTTCACCCCTGACTTAAA

AGTCCGCCTACGTGCGCTTTACGCCCAGTAAATCCGAACAACGCTAGCCCCCTTCGTA

TTACCGCGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTCCGGTTACCGTCATTAT

CTTCACCGGTGAAAGAGCTTTACAACCCTAGGGCCTTCATCACTCACGCGGCATGGC

TGGATCAGGCTTGCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCT

GGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTATGGATCGTC

GCCTTGGTAGGCCTTTACCCTACCAACTAGCTAATCCAACGCGGGCTCATCCTTTGCC

GATAAATCTTTCCCCTTTCGGGCACATACGGTATTAGCAGTCGTTTCCAACTGTTGTTC

CGTAGCAAAAGGTAGATTCCCACGCGTTACTCACCCGTCTGCCACTGCCTCCGAAGA

GACCGTTCGACTTGCATGTGTTAAGCCTGCCGCCAGCGTTCGTTCTGAGCC 
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>BRS61 

GCGCTCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACA

TCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTC

CCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTAC

AAGCAGTTACTCTTGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCC

TTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTA

CTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCT

CTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATG

CACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAA

GGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGG

CAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTA

ATCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BRS63 

CGCTCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACAT

CTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTCC

CCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAA

ACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTA

CCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACG

AGCAGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCT

TCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTAC

TGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTC

TCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGC

ACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAAG

GAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGGC

AGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTAA

TCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BLV03 

TCNCTCNCNGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCA

CATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGT

TTCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAG

AAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTA

TTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGT

GCGAGCAGTTACTCTCGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAA

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCATTACCCCACCAACTAGCTAA

TGCGCCGCGGGTCCATCTGTAAGTGACAGCCGAAACCGTCTTTCATCCTTGAACCATG

CGGTTCAAGGAACTATCCGGTATTAGCTCCGGTTTCCCGGAGTTATCCCAGTCTTACA

GGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCCGGGAGCAAGCTCC

CTTCTGTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCC 
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>BRV24 

CGCTCAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATATC

TCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCC

CAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAA

CCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTAC

CGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCC

AGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCC

TTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTA

CTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCT

CTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATG

CGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACTATGCA

GTTCAAAATATTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGGT

AGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCTTAA

TCCATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BPV11 

CNCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCT

CTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTTCCC

AGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAAC

CGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTATTAC

CGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCG

AGCAGTTACTCTCGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCT

TCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTAC

TGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTC

TCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCATTACCCCACCAACTAGCTAATGC

GCCGCGGGTCCATCTGTAAGTGACAGCCGAAACCGTCTTTCATCCTTGAACCATGCG

GTTCAAGGAACTATCCGGTATTAGCTCCGGTTTCCCGGAGTTATCCCAGTCTTACAGG

CAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCCGGGAGCAAGCTCCCTT

CTGTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAG 

 

>BRV29 

CAGCGTCAGTTACAGACCAGANGTCGCCTTCGCCACTGGTGTTCCTCCATATCTCTGC

GCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTTTTCCAGTT

TCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAAAAACCGCC

TACGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCGCGG

CTGCTGGCACGTAGTTAGCCGTGGCTTTCTGATTAGGTACCGTCAAGACGTGCACAGT

TACTTACACGTTTGTTCTTCCCTAATAACAGAGTTTTACGATCCGAAGACCTTCATCAC

TCACGCGGCGTTGCTCCGTCAGGCTTTCGCCCATTGCGGAAGATTCCCTACTGCTGCC

TCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCCGATCACCCTCTCAGGTC

GGCTACGTATCGTTGCCTTGGTAAGCCGTTACCTTACCAACTAGCTAATACGGCGCAG

GTCCATCTATAAGTGATAGCAGAGCCATCTTTCACTATCGAACCATGCGGTTCGAAATA

TTATCCGGTATTAGCTCCGGTTTCCCGAAGTTATCCCAGTCTTATAGGTAGGTTACCCA

CGTGTTACTCACCCGTCCGCCGCTAACGTCAAAGGAGCAAGCTCCTCGTCTGTTCGC

TCGACTTGCATGTATTANGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BRS67 
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TTCGCGCNCAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCC

ATATCTCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAG

TCTCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAA

GAAACCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGT

ATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGG

TGCCAGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAA

AGCCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTC

CCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCA

CCCTCTCAGGTCGGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCT

AATGCGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACC

ATGCAGTTCANNATGTTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTA

TGGGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCT

CTTAATCCATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAG 

 

>BRS70 

AGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATATCTCTAC

GCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCCCAGTT

TCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAACCACC

TGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCGCG

GCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCAGCTT

ATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTTCAT

CACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCT

GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCA

GGTCGGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGAC

GCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACCATGCAGTTC

AAAATGTTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGGCAGGT

TACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCTTGAGAGCAAGCTCTCAATCCA

TTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BLG10 

GCNCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACATC

TCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTCCC

CAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAA

CCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTAC

CGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACG

AGCAGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCT

TCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTAC

TGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTC

TCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGC

ACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAAG

GAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGGC

AGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTAA

TCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGANC 

 

>BRS65 
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CGCTCAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATATC

TCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCC

CAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAA

CCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTAC

CGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCC

AGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCC

TTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTA

CTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCT

CTCAGGTCGGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATG

CGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACCATGC

AGTTCAAAATATTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGG

CAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCTTGAGAGCAAGCTCTCA

ATCCATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGCC 

 

>BRS74 

CNTNCGCGCTCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCT

CCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCA

AGTTCCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTT

AAGAAACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTAC

GTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAA

GGTACGAGCAGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGA

AAGCCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATT

CCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATC

ACCCTCTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGC

TAATGCACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCA

TGAAGGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTAC

AGGCAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCT

TCTAATCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGC 

 

>BPV03 

GNTCNCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACA

TCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTC

CCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGA

AACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTAT

TACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTG

CCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAA

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCGCCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATG

CGGTTCAAACAACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACA

GGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCC

CATCTGTCCGCTCGACTTGCATGTATTANGCACGCCGCCAGCGTTCGTCCTGAG 

 

>BLV02 
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GCGCNNAGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATA

TCTCTACGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCT

CCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCACCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTG

CCAGCTTATTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAG

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCGACGCGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACCAT

GCAGTTCAAAATGTTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATG

GGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCNTNAGAGCAAGCTC

TCAATCCATTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGCA

GA 

 

>BLV09 

ACTGAGCGTCNGTCTTTGTCNNGGGGGCCGCCTTCGCCNCNGGNATTCCTCCAGATC

TCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCCTGC

CAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTTGACAGA

CCGCCTGCGTGCGCTTTACGCCCAGTAATTCCNATTAACGCTTGCACCCTCCGTATTAC

CGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGTCAATTGCTG

CGGTTATTAACCACAACACCTTCCTCCCCGCTGAAAGTACTTTACAACCCGAAGGCCT

TCTTCATACACGCGGCATGGCTGCATCANGCTTGCGCCCATTGTGCAATATTCCCCACT

GCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCT

CANACCAGCTAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTACTAGCTAATNCN

ATCTGGGCACATCTGATGGCAAGAGGCCCGAAGGTCCCCCTCTTTGGTCTTGCGACG

TTNTGCAGNATTAGCTACCGTTTCCAGTANTTATCCCCCTCCATCANGCAGTTTCCCAG

ACATTACTCACCCGTCCGCCACTCGTCACCCGAGAGCAAGCTCTCTGTGCTANCGTTC

GACTTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGA 

 

>BIG08 

GCGCNCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACA

TCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTC

CCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTAC

GAGCAGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCC

TTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTA

CTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCT

CTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATG

CACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAA

GGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGG

CAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTA

ATCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGA 

 

>BRV14 
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AGCGTCAGTCTTTGTCCNGGNGGCCNCCTTCGCCACGGGGATTCCTCCAGATCTCTAC

GCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCTTGCCAGT

TTCAAATGCAGTTCCCACGTTAAGCGCGGGGATTTCACATCTGACTTAACAAACCGCC

TGCGTGCGCTTTACGCCCAGTAATTCCGAATAACGCTTGCACCCTCCGTATTACCGCG

GCTGCTGGCACGGAGTTAGCCGGGGCTTCTTCTGCGAGTAACGTCAATCACCACACG

TATTAAGTGTGATGCCTTCCTCCTCGCTGAAAGTGCTTTACAACCCTAAGGCCTTCTTC

ACACACGCGGCATGGCTGCATCANGCTTGCGCCCATTGTGCAATATTCCCCACTGCTG

CCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGNCATCCTCTCAG

ACCAGCTAGGGATCGTCGCCTAGGTGAGCCATTACCTCACCTACTAGCTAATCCCATC

TGGGCACATCCGATGGCGTGAGGNCANAAGATCCCCNCACTTTGCTCTTTCGAGGTC

ATGCAGNATTANCTACCGTTTCCAGTAGTTATCCCCCTCCATCAAGCANTTTCNCAGA

CATTACTCACCCNTNCGCCGCTCGCCGGCAAAGTAGCAAGCTACTTTCCGCTGCCGCT

CGACTTGCATGTGTTAGGGCTGCCGNCAGCGTTCAATCTGA 

 

>BRV01 

AGCGTCAGTTANGGACCAGAAAGNNGCCTTNNGCCACTGGTGTTNCTCCNNATATCT

ACGAATTNNACCTCTACACTCGGAATTNCACTTACCTCTTCCGTACTCAAGACACCCA

GTATCNAAGGACGTTCCAGAGTTGAGCTCTGGGATTTCACCCCTGACTTAAATATCCG

CCTACGCGCGCTTTACGCCCAGTAATTCCGAACAACGCTAGCCCCCTTCGTATTACCG

CGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTCCGGATACCGTCATTATCTTCTC

CGGTGAAAGAACTTTATGACCTTCAGGACTTCATCACTCATACGACATGNATGGATTA

GCTTGCACGCGTTGTTGAATATTCNNANNTGCTGCCACTGGNAGGAATTTGNNACGG

GTGTCANTCCNANNGGGCTGGATCGTCNNCTCNNACCAGNTATGNNTAGTCGCCTTG

NTAGNCCNTTACNCNACGNAGTAGTGNAGNGCACGCGCGCTCATCANAANCTGATGA

AACTNGNNNCCGTACGGCGTANGCNGTATTANCTCCCGTTTCNNGGAGCTATNCCNC

ANGGCACGNGNNATNCNNACGCANNACTCANNTNNCTGANACTCCCCTTGCNGATC

GNNCGATTTGCNTGNNNTTAGTCTGCCGTCNGCG 

 

>BLV14 

GCTNNTNNGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCAC

ATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTT

CCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAG

AAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTA

TTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGT

GCCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAA

ACCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCC

CTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCAC

CCTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTA

ATGCGCCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCAT

GCGGTTCAAACAACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTAC

AGGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTC

CCATCTGTCCGCTCGACTTGCATGTATTNNCACGCCGCCAGCGTTCGTCCTGANC 

 

>BRV07 

CNCTGAGCGTCNGTCNNTGTCAGGNGGCNGCCTTNNCNNTNNNGTTCNTCNNNAATC

TCTACGCATTTCACCGCTACACCTGNNNNNNCTTTCCTCTACTGCACTCTAGTCTGCC
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AGTTTCGAANNACCCTCCNAGGTTGAGCCCTGGGCTTTCACATCCGACTTGACAGAC

CGNNNGCNTGCGCTTTACGCCCAGTNTTCCGNANAACGCTTGCNCCCTNNGTATTAC

CGCGGCTGCTGGCACGGAGTTAGCCGGNGCTTCNTCTGCGGGTAACGTCAATTGCTG

CGNNTATTAANCACAACACCTTNNTCCCCGCTGAAAGTACTTTAACAACCGAAAGGC

NTTTTCATACNNGCCGCATGTGNTCNTCCNGANTNNNCCCCNTTNNNAAAAATTCCC

AATGGNGGCTCCCNGAAGAATCCGGGNCNGGNNNNAATTCCCATGGGGCTGGACCT

CCNTNNNAANCAGNTTAGGATCCNCCCCNATGTGAANCCNTTACCCCNCTACTAANT

AAACGCATCNGGGNNCNTTCGATGGNAAAANGCCCAAANGTCCTNTTCTTTGGTCNN

GCGACNTTTCNNAATANTANCNACCGTTNCCNGTAGTTNNCCNGATTNATCNNGCAN

TTNNNNANACGTTACNCACNCGNNNNCCACNCGTCCGCCGAGAGCTAGCTCTCAGN

GNTANCGTNNGACTTGCATGTGNNATGCNTGCCNNNNGCGTTCAATCTGAGNNNCNN

AAANC 

 

>BRV23 

CTCAGCGTCAGTAATGGTCCAGTGAGCCGCCTTCGCCACTGGTGTTCCTCCGAATATC

TACGAATTTCACCTCTACACTCGGAATTCCACTCACCTCTACCATACTCAAGACTTCCA

GTATCAAAGGCAGTTCCGGGGTTGAGCCCCGGGATTTCACCCCTGACTTAAAAGTCC

GCCTACGTGCGCTTTACGCCCAGTAAATCCGAACAACGCTAGCCCCCTTCGTATTACC

GCGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTCCGGTTACCGTCATTATCTTCA

CCGGTGAAAGAGCTTTACAACCCTAGGGCCTTCATCACTCACGCGGCATGGCTGGAT

CAGGCTTGCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCC

GTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTATGGATCGTCGCCTT

GGTAGGCCTTTACCCTACCAACTAGCTAATCCAACGCGGGCTCATCCTTTGCCGATAA

ATCTTTCCCCTTTCGGGCACATACGGTATTAGCAGTCGTTTCCAACTGTTGTTCCGTAG

CAAAAGGTAGATTCCCACGCGTTACTCACCCGTCTGCCACTGCCTCCGAAGAGACCG

TTCGACTTGCATGTGTTAAGCCTGCCGCCAGCGTTCGTTCTGAG 

 

>BPV01 

CAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACATCTCT

ACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTCCCCA

GTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAACC

GCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCG

CGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACGAG

CAGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTTC

ATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTG

CTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTC

AGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCAC

CGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAAGGA

GAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGGCAG

GTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTAATC

AGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGA 

 

>BTG04 

CNTNNCNCNCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTC

CACATCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAA

GTTCCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTA
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AGAAACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACG

TATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAG

GTACGAGCAGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAA

AGCCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTC

CCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCA

CCCTCTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCT

AATGCACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCA

TGAAGGAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTAC

AGGCAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCT

TCTAATCAGTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGA 

 

>BMG15 

CNTNCNNCTNAGTGTCAGTATCAGTCCAGGTGGTCGCCTTCGCCACTGGTGTTCCTTC

CTATATCTACGCATTTCACCGCTACACAGGAAATTCCACCACCCTCTACCATACTCTAG

TCAGTCAGTTTTGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCAACTTAA

CTAACCACCTACGCGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTCTGTA

TTACCGCGGCTGCTGGCACAGAGTTAGCCGGTGCTTATTCTGTCGGTAACGTCAAAAC

AATCACGTATTAGGTAACTGCCCTTCCTCCCAACTTAAAGTGCTTTACAATCCGAAGA

CCTTCTTCACACACGCGGCATGGCTGGATCAGGCTTTCGCCCATTGTCCAATATTCCCC

ACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGACTGATCATCC

TCTCAGACCAGTTACGGATCGTCGCCTTGGTGAGCCATTACCTCACCAACTAGCTAAT

CCGACCTAGGCTCATCTGATAGCGCAAGGCCCGAAGGTCCCCTGCTTTCTCCCGTAGG

ACGTATGCGGTATTAGCGTCCGTTTCCGAACGTTATCCCCCACTACCAGGCAGATTCCT

AGGCATTACTCACCCGTCCGCCGCTCTCAAGAGAAGCAAGCTTCTCTCTACCGCTCG

ACTTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGA 

 

>BLV10 

AGTGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCATATCTCTAC

GCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGCACTCAAGTCTCCCAGTT

TCCAATGACCCTCCACGGTTGACCGTGGGCTTTCACATCAGACTTAAGAAACCACCT

GCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCGCGG

CTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCAGCTTA

TTCAACTAGCACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTTCATC

ACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTG

CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAG

GTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGACG

CGGGTCCATCCATAAGTGACAGCCGAAGCCGCCTTTCAATTTCGAACTATGCAGTTCA

AAATATTATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTATGGGTAGGTT

ACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCATAAGAGCAAGCTCTTAATCCAT

TCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGA 

 

>BRS60 

CNCTCNGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACAT

CTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTCC

CCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAA

ACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTA
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CCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACG

AGCAGTTACTCTCGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCT

TCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTAC

TGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTC

TCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGC

ACCGCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAAG

GAGAAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGGC

AGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTAA

TCAGTTCGCTCGACTTGCATGTATTANGCACGCCGCCAGCGTTCATCCTGA 

 

>BRV26 

TNCGNNNTCAGCGTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCC

ATATCTCTGCGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTTCTGTACTCAAG

TTTCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAA

GAAACCGCCTACGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGT

ATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGATTAGGTACCGTCAAGA

TGTGCACAGTTACTTACACATTTGTTCTTCCCTAATAACAGAGTTTTACGATCCGAAAA

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGTATCGTTGCCTTGGTAAGCCGTTACCTTACCAACTAGCTAAT

ACGGCGCGGGTCCATCTATAAGTGATAGCAAAACCATCTTTTACTTTAGAACCATGCG

GTTCCAAATGTTATCCGGCATTAGCTCCGGTTTCCCGAAGTTATTCCAGTCTTATAGGT

AGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACTTCAAAGGAGCAAGCTCCTTA

TCCGTTCGCTCGACTTGCATGTATTANGCACGCCGCCAGCGTTCATCCTGA 

 

>BRV13 

AGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACATCTCTA

CGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTCCCCAG

TTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGAAACCG

CCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATTACCGC

GGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACAAGC

AGTTACTCTTGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTTCA

TCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGC

TGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCA

GGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCACC

GCGGGCCCATCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAAGGAG

AAGATCCTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGGCAGGT

TGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTAATCAG

TTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGA 

 

>BRV32 

ACTGAGCGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCT

CTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCAAGCCTGC

CAGTTTCAAATGCAGTTCCCAGGTTAAGCCCGGGGATTTCACATCTGACTTAACAGAC

CGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTCCGTATTACC

GCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGTCAATCGACAG
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GGTTATTAACCCCGTCGCCTTCCTCCCCGCTGAAAGTACTTTACAACCCGAAGGCCTT

CTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACT

GCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCT

CAGACCAGCTAGGGATCGTCGCCTAGGTGGGCCATTACCCCGCCTACTAGCTAATCCC

ATCTGGGTTCATCCGATAGTGAGAGGCCCGAAGGTCCCCCTCTTTGGTCTTGCGACGT

TATGCGGTATTAGCCACCGTTTCCAGTGGTTATCCCCCTCTATCGGGCAGATCCCCAGA

CATTACTCACCCGTCCGCCACTCGTCACCCAAGGAGCAAGCTCCTCTGTGCTACCGTC

NGACTTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGA 

 

>BRV27 

GCGCTCAGCGTCAGTTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACA

TCTCTACGCATTTCACCGCTACACGTGGAATTCCGCTTTTCTCTTCTGCACTCAAGTTC

CCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAGACTTAAGA

AACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGATAACGCTTGCCACCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGTGGGCTTTCTGGTTAGGTACCGTCAAGGT

ACAAGCAGTTACTCTTGTACTTGTTCTTCCCTAACAACAGAGTTTTACGACCCGAAAG

CCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCC

TACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTATGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAA

TGCACCGCGGGCCCATCTGTAAGTGATAGCCGAANNCATCTTTCAATCATCTCCCAGG

AAGGAGAAGATCCTATNCGGGATTAGCTTCGNTTTCCCGAAGTTANCNCAGTCTTANA

GGCNNGTTGNNCACGTGTTACTCANNCGNNNGCNGCTAANGNCATANNANNAANCT

TCTTANTTNNTTCNCTCGACTTGCNTGTATTANGCACGCCNNNGCGNTCANCCNGA 

 

>BTG06 

CNCNCAGCGTCAGTTACAGCCCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACAT

ATCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTCA

CCCAGTTTCCAGTGCGATCCGGGGTTGAGCCCCGGGATTAAACACCAGACTTAAATG

ACCGCCTGCGCGCGCTTTACGCCCAATAATTCCGGACAACGCTTGCCCCCTACGTATT

ACCGCGGCTGCTGGCACGTAGTTAGCCGGGGCTTTCTTCTCAGGTACCGTCACCTTGA

GAGCAGTTACTCTCCCAAGCGTTCTTCCCTGGCAACAGAGCTTTACGATCCGAAAAC

CTTCATCACTCACGCGGCATTGCTCCGTCAGGCTTTCGCCCATTGCGGAAGATTCCCT

ACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACC

CTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCCCACCAACTAGCTAA

TGCGCCGCAGGCCCATCCCCAAGTGACAGATTGCTCCGTCTTTCCAGTTTCCTTCAGG

CGAAGAAAACAACTATTCGGTATTAGCTACCGTTTCCGGTAGTTGTCCCAAACTTGAG

GGCAGGTTGCCTACGTGTTACTCACCCGTCCGCCGCTAACTATCAGAGAAGCAAGCT

TCTCATCAAGTCCGCTCGACTTGCATGTATTANGCATGCCGCCAGCGTTCGTCCTGAG

CCANGANNNAACTCTCA 
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Appendix II. FASTA files of trimmed fungal ITS sequences with the endophyte coding. 

 

>FMV03 

CCGGGANGTTCATAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCT

TCGGGCGGGGGCTCCGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGT

AAACTTAATTAATAAATTAAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGA

AGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAAT

CTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCAT

TTCACCACTCAAGCCTCGCTTGGTATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATC

GACCGGCTGGGTCTTCTGTCCCCTAAGCGTTGTGGAAACTATTCGCTAAAGGGTGTTC

GGGAGGCTACGCCGTAAAACAACCCCATTTCTAAGGTTGACCTCGGATCAGGTAGGG

ATACCCGCTGAACTTAAGCATATC 

 

>FRV01 

CCAATGTGAACNTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGC

AGCCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAGTCCCCT

CGCGGACGTATTTCTTTACAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTTCAA

CAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT

GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGT

ATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGAT

CGGCGTTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCTAAATACAGTGGCGGT

CTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGCGGCGC

GTCCACGTCCGTAAAACACCCAACTTTCTGAAATGTTGACCTCGGATCAGGTAGGAAT

ACCCGCTGAACTTAAGCATAT 

 

>FRV18 

GTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGCCCCGGAC

CAAGGCGCCCGCCGGAGGACCAACCAAAACTCTTTTTGTATACCCCCTCGCGGGTTT

TTTATAATCTGAGCCTTCTCGGCGCCTCTCGTAGGCGTTTCGAAAATGAATCAAAACT

TTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAA

GTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCG

CCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGG

GGGGTCGGCGTTGGGGATCGGCCCTGCCTTTGGCGGTGGCCGTCTCCGAAATACAGT

GGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACACTCGCATCGGGAGCGC

GGCGCGTCCACAGCCGTTAAACACCCAACTTCTGAAATGTTGACCTCGGATCAGGTA

GGAATACCCGCTGAACTTAAGCATATCAATAA 

 

>FRV19 

CCAATGTGAACGTTACCNAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCG

CAGCCCCGGACCAAGGCGCCCGCCGGAGGACCAACCAAAACTCTTTTTGTATACCCC

CTCGCGGGTTTTTTATAATCTGAGCCTTCTCGGCGCCTCTCGTAGGCGTTTCGAAAATG

AATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGA

AATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCAC

ATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGA

ACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTGCCTTTGGCGGTGGCCGTCTCC

GAAATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACACTCGCA
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TCGGGAGCGCGGCGCGTCCACAGCCGTTAAACACCCAACTTCTGAAATGTTGACCTC

GGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAT 

 

>FRV21 

CCAATGTGNNCGTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGC

AGCCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAGTCCCCT

CGCGGACGTATTTCTTTACAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTTCAA

CAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAAGCGATAAGTAATG

TGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTA

TTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGATC

GGCGTTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCTAAATACAGTGGCGGTC

TCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGCGGCGCG

TCCACGTCCGTAAAACACCCAACTTTCTGAAATGTTGACCTCGGATCAGGTAGGAATA

CCCGCTGAACTTAAGCATATCAATAAAGCGGA 

 

>FRV23 

CCAANGNNAACCATACCNAACTGTTGCCTNNGGCGGGGTNNCGCCCCGGGTGCGTC

GCAGCCCCGGAACCAGGCGCCCGCCGGAGGGACCAACCAAACTCTTTCTGTAGTCC

CCTCGCGGACGTTATTTCTTACAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTT

CAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGT

AATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCC

AGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGG

GGTCGGCGTTGGGGATCGGGAACCCCTAAGACGGGATCCCGGCCCCGAAATACAGTG

GCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGC

GGCGCGTCCACGTCCGTAAAACACCCAACTTCTGAAATGTTGACCTCGGATCAGGTA

GGAATACCCGCTGAACTTAAGCATA 

 

>FRV80 

CNACCNNTGTGACGTTACCANNNNGNTGCCTCGGCGGGGTCACGCCCCGGGTGCGT

CGCAGCCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAGTC

CCCTCGCGGACGTATTTCTTACAANTTTGAACCAAANTTTCAAATGGATCCAAACTTT

TAANAACNGAACCCTTGGNTCNGGGNTCCAAGAANAACCCCNCCAAATGGNNTAAN

TTATGGNAANTGGNNAATTTCNTGGNNCNNCCNATCCTTTGACCCCNATTGGNCCCCC

CNATAATTNGGGGGGNATGGCNGGNCNAANNNTNNTTTCACCCTTNNACCCCNNCGG

GGNAACCGGNNTNGGGANNNGGACCCCNCNACANGNNGCCNGCCCCNAATACAATG

GCGGTCTCGCCNCANCCTCTCCTGNNCANTANTNTGCNNNACTCNNNCNNGGNNNG

CNNNCGNCC 

 

>FRV76 

CCCTGTGANATACCACTTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAACGGGA

CGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTAATATGTAACTTCTGAGTAAAACCA

TAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGC

AGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA

CGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACC

CTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGC

GGTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCG
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GCCACGCCGTTAAACCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCCG

CTGAACTTAAGCATATCAATAAGGCCGGAGGAAA 

 

>FRV15 

CCCAATGNGAACNGTTACCAATCTGTTGCCTCGGCGGGATTCTCTTGCCCCGGGCNCG

TCGCAGCCCCGGATCCCATGGCGCCCGCCGGAGGACCAACTCCAAACTCTTTTTTCT

CTCCGTCGCGGCTCCCGTCGCGGCTCTGTTTTATTTTTGCTCTGAGCCTTTCTCGGCGA

CCCTAGCGGGCGTCTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTG

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGT

CCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGAGNCGGCGTTGGGGANAGCCG

CGACGGGNNNNNTNNCNGAAAGAAAAAAGAGTTTGGAGTTGGTCCTCCGGCGGGC

GCCATGGGATCCGGGGCTGCGACGCGCCCGGNNCAAGAGAATCCCGCCGAGGCAAC

AGATTGGTAACGTTCACATTGGGGTTTGGGAGTTGTAAACTCGGTAATGATCCCTCCG

CANGTTC 

 

>FRV72 

CCAATNTGNNCGTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGC

AGCCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAGTCCCCT

CGCGGACGTATTTCTTACAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTTCAAC

AACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGT

GAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTAT

TCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGATC

GGCGTTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCGAAATACAGTGGCGGTC

TCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGCGGCGCG

TCCACGTCCGTAAAACACCCAACTTTCTGAAATGTTGACCTCGGATCAGGTAGGAATA

CCCGCTGAACTTAAGCATA 

 

>FRV73 

CCAATGTGAACGTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGC

AGCCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAGTCCCCT

CGCGGACGTATTTCTTACAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTTCAAC

AACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGT

GAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTAT

TCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGATC

GGCGTTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCGAAATACAGTGGCGGTC

TCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGCGGCGCG

TCCACGTCCGTAAAACACCCAACTTTCTGAAATGTTGACCTCGGATCAGGTAGGAATA

CCCGCTGAACTTAAGCATAT 

 

>FRV79 

CCAATGTGAACGTTACCNAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCG

CAGCCCCGACCAAGGCGCCCGCCGGAGGACCAACCAAAACTCTTTTTGTATACCCCC

TCGCGGGTTTTTTATAATCTGAGCCTTCTCGGCGCCTCTCGTAGGCGTTTCGAAAATG

AATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGA

AATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCAC
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ATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGA

ACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTGCCTTTGGCGGTGGCCGTCTCC

GAAATACAGTGGCGGTCTCGCCGCANCCTCTCCTGCGCAGTANTTTGCACACTCGCA

TCGGGAGCGCGGCGCGNCCACAGCCGTTAAACACCCAACTTCTGAAATGTTGACCTC

GGATCANGTAGGAATACCCGCTGAACTTAAGCATAT 

 

>FRV17 

CCCAATGTGAACGTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTC

GCAGCCCCGGACCAAGGCGCCCGCCGGAGGACCAACCAAAACTCTTTTTGTATACCC

CCTCGCGGGTTTTTTATAATCTGAGCCTTCTCGGCGCCTCTCGTAGGCGTTTCGAAAAT

GAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCG

AAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCA

CATTGCGCCCGCCAGTATTC 

TGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGG

CGTTGGGGATCGGCCCTGCCTTTGGCGGTGGCCGTCTCCGAAATACAGTGGCGGTCT

CGCCGCANCCTCTCCTGCGCAGTANTTTGCACACTCGCATCGGGAGCGCGGCGCGNC

NACAGCCGTTAAACACCCAACTTCTGAAATGTTGACCTCGGATCANGTAGGAATACC

CGCTGAACTTAAGCATATCANT 

 

>FRV45 

GTCNACCTCCCACCCNTGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGC

CGCCGGGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGT

CTGAAGATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCT

CTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCA

GAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGG

GCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGT

CCTCCTTCCCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCG

AGCGTATGGGGCTTTGTCACCCGCTCTTGTAGGCCCGGCCGGCGCTTGCCGACAACC

ATCAATCTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA

TATCANTA 

 

>FRV50 

GGGTCACCTCCCACCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGG

CCGCCGGGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTG

TCTGAAGATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATC

TCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCA

GAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGG

GCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGT

CCTCCTTCCCGGGGGACGGGCCCAAAAGGCAGCGGCGNCACCGCGTCCGGTCCTCG

AGCGTATGGNGCTTTGTCACCCGCTCTTGNAGGCCCGGCCGGCNCTTGCCNACNACC

ATCAATCTTTTTTCAGGNTGACCTCNNATCAAGNANGNATACCCGCTGANNTTANNCA

TAT 

 

>FRV52 

CACCTCCNACCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGC

CGGGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTG
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AAGATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCTT

GGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAA

TTCAGTGAATCATCNAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCA

TGCCTGTCCGAGCGNCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGNTCCCNNCN

TCCTTCCAGGGNNANCNTCNCAAAGGGTTCCATGGNGTCTTCGGCGGGNCCNNGAC

AGAATGNNGANNCCCCCCGGCNNCCGTGAGGCGGGCCCGCCNAANNAACAAGGTAC

AATAAACATGNNTGGGAGGNTGGANCCNNAGGGCCCTCACTCGGTNTGATCCTTCCG

CAGGTTCANCCTACAGNNNCATN 

 

>FRV53 

CCTCCCACCCATGTTTATTGNACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCG

GGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAA

GATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGG

TTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTC

AGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGC

CTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCT

TCCCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTA

TGGGGCTTTGTCACCCGCTCTTGTAGGCCCGGCCGGCGCTTGCCGACAACCATCAATC

TTTTTTCAGGTTGACCTCGGATCANGTAGGGATACCCGCTGAACTTAAGCATATCAATA

NNNCGGAGNGAA 

 

>FRV57 

CCTCCNACCCATGTTTATTNNACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCACCG

GGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAA

GATTGCAGTCTGAGCAATTAACTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGG

TTCCGGCATCAATGAATAACGCAGCGAAATGCGATACGTAATGTGAATTGCAAAATTC

ACTGAATCATCCAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGC

CTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGTTACCTACNTCCT

TCCACGGCAATCTTCCCAAAAGGTTCAATGGTGTCTTCGGCGGGCCCGCGACAGAAG

GNAGATNNCNCNCGNCNNCCNNGAGGCNGGCCCGCCNAAGNAACAANGTACAATAA

ANATGNTTGGNANGNTG 

 

>FRV69 

CCTCCCACCCATGTTTATTNNACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCG

GGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAA

GATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGG

TTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTC

AGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGC

CTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCT

TCCCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTA

TGGGGCTTTGTCACCCGCTCTTGTAGGCCCGGCCGGCGCTTGCCGACAACCATCAATC

TTTTTTCAGGTTGACCTCGGATCANGTAGGGATACCCGCTGAACTTAAGCATATCAATA

A 

 

>FRV46 
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CCTTGTTGCTTCGGNNCGGCCGGCNCNANNNNANCGGGTGANNAGCGCCATACGCT

CGAGGACCGGACACGACANNNCCGCTGCCTTTCGGGCCCGTCCCCCGGNAAGGAGG

ACGGGGCCCAACACACNAGCCGTGCTTGAGGGCAGCAATGACGCTCGGACAGGCAT

GCCCCCCGGAATACCAAGGGGCGCAGTGTGCGTTCAAAGACTCGATGATTCACTGAA

TTCTGCAATTCACATTACGTATCGCATTTCGCTGCGTTCTTCATCGATGCCGGAACCAA

GAGATCCGTTGTTGAAAGTTTTAACTTATTTAGCTAATTGCTCAGACTGCAATCTTCAG

ACAGTGTTCAATGGTGTCTTCGGCGGGCGCGGGCCAGAGGGCAGAAGCCCCCCGGC

GGCCGTGAGGCGGGCCCGCCGAAGCAACAAGGTACAATAAACATGGGTGGGAGGTT

GGACCCAGAGGGCCCTCACTCGGTAATGATCCTTCCGCAGGTTCACCTNNNNNNNCA

TTACCGAGTGAGGGCCCTCTGGGNCCNCCCCCCCNNGTTTTATTGNNNCNTGNTTGN

TTNGGGGGCNCCCTCCCGGCGCCGGGGGGTTTCTNCCTNTGGNCCCCCCCGC 

 

>FRV78 

TTGCCNNGGCGGGATTCTCTTGCCCCGGGCGCGTCGCAGCCCCGGATCCCATGGCGC

CCGCCGGAGGACCAACTCCAAACTCTTTTTTCTCTCCGTCGCGGCTCCCGTCGCGGC

TCTGTTTTATTTTTGCTCTGAGCCTTTCTCGGCGACCCTAGCGGGCGTCTCGAAAATG

AATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGA

AATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCAC

ATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGA

ACCCCTCCGGGGGNCGGCGNNNGGGGATCGGCCCCTCACCGGGCCGCCCCCGAAAT

ACAGTGGCGGTCTCGCCGCANCCTCTCCTGCGCAGTAGTTTGCACACTCGCACCGGG

AGCGCGGCGCGGCCACAGCCGTAAAACACCCCCAAACTTCTGAAATGTTGACCTCGG

ATCANGTAGGAATACCCGCTGAACTTAAGCATATC 

 

>FRV59 

CCCAATGNGNACGTTACCAATCTGTTGCCTCGGCGGGATTCTCTTGCCCCGGGCGCGT

CGCAGCCCCGGATCCCATGGCGCCCGCCGGAGGACCAACTCCAAACTCTTTTTTCTC

TCCGTCGCGGCTCCCGTCGCGGCTCTGTTTTATTTTTGCTCTGAGCCTTTCTCGGCGAC

CCTAGCGGGCGTCTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTG

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGT

CCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCC

CTCACCGGGCCGCCCCCGAAATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAG

TAGTTTGCACACTCGCACCGGGAGCGCGGCGCGGCCACAGCCGTAAAACACCCCAA

ACTTCTGAAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCA

ATAAANNCAGGAGGAA 

 

>FRV61 

CCCAATGTGAACGTTACCAATCTGTTGCCTCGGCGGGATTCTCTTGCCCCGGGCGCGT

CGCAGCCCCGGATCCCATGGCGCCCGCCGGAGGACCAACTCCAAACTCTTTTTTCTC

TCCGTCGCGGCTCCCGTCGCGGCTCTGTTTTATTTTTGCTCTGAGCCTTTCTCGGCGAC

CCTAGCGGGCGTCTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTG

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGT

CCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCNC

CTCACCGGGCCGCCNCNNAAATACANTGNNNNNCNCGCCGCANCCTCTCCTGCGCA
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NTAGTTTGCACACTCNNNNCGGGAGCGCGGCGCGNCNACNGCCGNAAAACACNCCA

ANNNTCTGANATGTTGANNTCGGATGNNGNANGAATACNCGCTNANNTTANNCATAT

CNGTANNCCAAAAGGAA 

 

>FRV60 

GTCCAACCTCCCACCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGG

CCGCCGGGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTG

TCTGAAGATTGCAGTCTGAGCAATTAACTAAATAAGTTAAAACTTTCAACAACGGATC

TCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCA

GAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGG

GCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGTCCGCG

ACCTCCTTCCAGGGGGACCGTCCGAAAAGGTTCAATGGTGTCCTCGGCGGGTCCGCG

ACAGAANGNAGATNCCNCCCGGCGNCTTNGAGGNNGGCCCGCCNAANNAACAAGG

TACNATAANNNTGNNTGGNAGGNTGNACCCNNAGGNGCCCTCACTCGGTNAGATCC

TTCC 

 

>FRV63 

CCCATGTTTATTNNACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCGGGGGGCT

TCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAAGATTGCA

GTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGC

ATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTCAGTGAAT

CATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGCCTGTCCG

AGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCTTCCAGG

GGGACGGGCCCAAAAGGCANCGGGGNCACCGCGTCCGGTCCTCGAGCGAATGGNG

NTTTGTCACNNNNTCTTGTANGNCCGGCCGGNNNTTGNNNANNNNANCAATCTTTTT

TCAGNNNGANNNCANATCAAGGANGGATACNCGCTGANNTTANNCATATCNTANNNN

NNANGANNCATTACGAGTGAGGGCCCTCTGGGTCCAACCNNCNCATGTTTATTGTAC

CTTGTTGCTTCNGNNGGCCGCCTCNNCNCNGGGGGNNTNCNNNCTCTGNNCCNCCC

CC 

 

>FRV64 

CCTCCCACCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCG

GGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAA

GATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGG

TTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTC

AGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGC

CTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCGCGACCTCC

TTCCAGGGCGACCGTCCGAAAAGGCAGCATGGNGTCCTCGGCCGGCCCTCGAGCGA

ATGGNGATTTCCCCCGGCNNCTTNGAGGNNNGCCCGCNNANGCNNCAANGNANNAT

ANCTTTGTTNGGNAGGNNGNANNANCNAGGNNCCTCACTCNNTNNNATCCTTCNNC

ANGTTCANNCTACAGNANNCATTANCGAGTGAGGGCCCTCTGGGTCAACCTCCNNN

NGTTTTANTNGTACCTTGNTTGNTTCGNCGGGCCNCCNCGNNNNCNGGGGGNTTNTG

CCNTCTNGNCNCGNCCNCC 

 

>FRV67 
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CCAATGTGAACGTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGC

AGCCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAGTCCCCT

CGCGGACGTATTTCTTACAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTTCAAC

AACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGT

GAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTAT

TCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGATC

GGCGTTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCGAAATACAGTGGCGGTC

TCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGCGGCGCG

TCCACGTCCGTAAAACACCCAACTTTCTGAAATGTTGACCTCGGATCAGGTAGGAATA

CCCGCTGAACTTAAGCATATC 

 

>FRV02 

CGNCCGCGGAGCTCGCTCCCGGGGCTACCCTACTCCCGTAGGGTTTAGAGTCGTCGG

GCCTCTCGGAGAAGCTCGGTCCTGAACTCCACCCTTGAATAAACTACCTTTGTTGCTT

TGGCGGGCCGCCTCGTGCCAGCGGCTTCGGCTGTTGAGTGCCCGCCAGAGGACCCC

AACTCTTGTTTTTAGTGATGTCTGAGTACTATATAATAGTTAAAACTTTCAACAACGGA

TCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTG

CAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGG

GGGCATGCCTGTTCGAGCGTCATTATAACCACTCAAGCTCTCGCTTGGTATTGGGGTT

CGCGGTTTCGCGGCCCCTAAAATCAGTGGCGGTGCCTGTCGGCTCTACGCGTAGTAAT

ACTCCTCGCGATTGAGTCCGGTAGGTCTACTTGCCAGCAACCCCTAATTTTTTTAAGG

TTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCAT 

 

>FRV14 

GCGCCCGCGGAGCTCGCTCCCGGGGCTACCCTACTCCCGTAGGGTTTAGAGTCGTCG

GGCCTCTCGGAGAAGCTCGGTCCTGAACTCCACCCTTGAATAAACTACCTTTGTTGCT

TTGGCGGGCCGCCTCGTGCCAGCGGCTTCGGCTGTTGAGTGCCCGCCAGAGGACCCC

AACTCTTGTTTTTAGTGATGTCTGAGTACTATATAATAGTTAAAACTTTCAACAACGGA

TCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTG

CAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGG

GGGCATGCCTGTTCGAGCGTCATTATAACCACTCAAGCTCTCGCTTGGTATTGGGGTT

CGCGGTTTCGCGGCCCCTAAAATCAGTGGCGGTGCCTGTCGGCTCTACGCGTAGTAAT

ACTCCTCGCGATTGAGTCCGGTAGGTCTACTTGCCAGCAACCCCTAATTTTTTTAAGG

TTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATA 

 

>FRV48 

CCTCCNACCCATGTTTATTGNACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCG

GGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAA

GATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGG

TTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTC

AGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGC

CTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCT

TCCCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTA

TGGGGCTTTGTCACCCGCTCTTGTAGGCCCGGCCGGCGCTTGCCGACAACCATCAATC

TTTTTTCAGGTTGACCTCGGATCANGTAGGGATACCCGCTGAACTTAAGCATATCAATA

A 
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>FRV49 

CCATACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGCAGCCCCGGAA

CCAGGCGCCCGCCGGAGGGACCAACCAAACTCTTTCTGTAGTCCCCTCGCGGACGTT

ATTTCTTACAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTTCAACAACGGATCT

CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCA

GAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGG

GCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGG

GGATCGGGAACCCCTAAGACGGGATCCCGGCCCCGAAATACAGTGGCGGTCTCGCCG

CAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGCGGCGCGTCCACG

TCCGTAAAACACCCAACTTCTGAAATGTTGACCTCGGATCAGGTAGGAATACCCGCTG

AACTTAAGCATATCAAT 

 

>FRV06 

GCGCCCGCGGAGCTCGCTCCCGGGGCTACCCTACTCCCGTAGGGTTTAGAGTCGTCG

GGCCTCTCGGAGAAGCTCGGTCCTGAACTCCACCCTTGAATAAACTACCTTTGTTGCT

TTGGCGGGCCGCCTCGTGCCAGCGGCTTCGGCTGTTGAGTGCCCGCCAGAGGACCCC

AACTCTTGTTTTTAGTGATGTCTGAGTACTATATAATAGTTAAAACTTTCAACAACGGA

TCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTG

CAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGG

GGGCATGCCTGTTCGAGCGTCATTATAACCACTCAAGCTCTCGCTTGGTATTGGGGTT

CGCGGTTTCGCGGCCCCTAAAATCANTGGCGGTGCCTGTCGGCTCTACGCGTANTAAT

ACTCCTCGCGATTGANTCCGGTAGGTCTACTTGCCAGCAACCCCTAATTTTTTTAAGG

TTGACCTCNGATCAAGTANNGATACCCGCTGAACTTANCCATATCNNTAANNCGGA 

 

>FRV32 

CANCCTCCNNCCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCG

CCGGGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCT

GAAGATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCT

TGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGA

ATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGC

ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCC

TCCTTCCAGGGGGACCGTCCCAAAAGGCACCGGGGNCACCGCGTCCGGTCCTCGAG

CGAATGGNGATTTGTC 

 

>FRV10 

CCAATGNGNACGTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGC

AGCCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAGTCCCCT

CGCGGACGTATTTCTTTACAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTTCAA

CAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT

GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGT

ATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGAT

CGGCGTTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCTAAATACAGTGGCGGT

CTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGCGGCGC

GTCCACGTCCGTAAAACACCCAACTTTCTGAAATGTTGACCTCGGATCAGGTAGGAAT

ACCCGCTGAACTTAAGCATATCAATA 
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>FRV40 

GTCCNACCTCCNACCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGG

CCGCCGGGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTG

TCTGAAGATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATC

TCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCA

GAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGG

GCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCG

ACCTCCTTCCAGGGGGACCGTCCCAAAAGGTTCCGGGGGGTCCTCGNCGGGTCCTCG

A 

 

>FRV41 

CCTNCCACCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCG

GGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAA

GATTGCAGTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGG

TTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTC

AGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGC

CTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGNCCCCGNCCTCCT

TCCAGGGGGACCGTCCCAAAAGGTACCGGGGGGACCTCGTCCGGTCCTCGAGCGAA

TGGNGATTTGNCCCNCNCTCTTGNANGCCCGGCCCG 

 

>FRV43 

CCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCGGGGGGCT

TCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAAGATTGCA

GTCTGAGCAATTAGCTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGC

ATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTCAGTGAAT

CATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGCCTGTCCG

AGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCTTCCCGGG

GGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCT

TTGTCACCCGCTCTTGTAGGCCCGGCCGGCGCTTGCCGACAACCATCAATCTTTTTTC

AGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCANTA 

 

>FRV26 

CGTTACCAATCTGTTGCCTCGGCGGGATTCTCTTGCCCCGGGCGCGTCGCAGCCCCGG

ATCCCATGGCGCCCGCCGGAGGACCAACTCCAAACTCTTTTTTCTCTCCGTCGCGGCT

CCCGTCGCGGCTCTGTTTTATTTTTGCTCTGAGCCTTTCTCGGCGACCCTAGCGGGCG

TCTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAG

AACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT

TTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTT

CAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGNCNCNACGGGAGCCNC

NACNGANAGAANAAAGAGTTTGGAGTTGGTCCTCNCNNCNGNNGCCNTGGNANCCN

GGGCTGCCACGCGCC 

 

>FRV28 

CCTCCNACCCATGTTTATTGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGGCCGCCG

GGGGGCTTCTGCCCTCTGGCCCGCGCCCGCCGAAGACACCATTGAACACTGTCTGAA
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GATTGCAGTCTGAGCAATTAACTAAATAAGTTAAAACTTTCAACAACGGATCTCTTGG

TTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTC

AGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGC

CTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGACCTCCT

TCCAGGGGGACCGTCCNAAAAGGTACCGGGGTGACCTCGGCCGGTCCTCGAGCGAA

TGGNGATTTG 

 

>FRV03 

TCACAAACCCTTTGTTGTCCNACNNTGTTGCCTCCGGGGCGACCCTGCCTCCGGGCG

GGGGCCCCGGGTGGACACTTCAAAACTCTTGCGTAACTTTGCAGTCTGAGTAAATTT

AATTAATAAATTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAAC

GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG

AACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCAC

CACTCAAGCCTCGCTTGGTATTGGGCGACGCGGTCCGCCGCGCGCCTCAAATCGACC

GGCTGGGTCTTTCGTCCCCTCAGCGTTGTGGAAACTATTCGCTAAAGGGTGCCGCGG

GAGGCCACGCCGTAAAACAACCCCATTTTCTAAGGTTGACCTCGGATCAGGTAGGGA

TACCCGCTGAACTTAAGCATAT 

 

>FRV30 

TTCACAAACCCTTTGTTGNCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTCCGGGC

GGGGGCCCCGGGTGGACACTTCAAAACTCTTGCGTAACTTTGCAGTCTGAGTAAATT

TAATTAATAAATTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAA

CGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTT

GAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCA

CCACTCAAGCCTCGCTTGGTATTGGGCGACGCGGTCCGCCGCGCGCCTCAAATCGAC

CGGCTGGGTCTTTCGTCCCCTCAGCGTTGTGGAAACTATTCGCTAAAGGGTGCCGCG

GGAGGCCACGCCGTAAAACAACCCCATTTTCTAAGGTTGACCTCGGATCAGGTAGGG

ATACCCGCTGAANTTAAGCATATCA 

 

>FRV81 

CCCAATNNGAACNTTACCAATCTGTTGCCTCGGCGGGATTCTCTTGCCCCGGGCGCGT

CGCAGCCCCGGATCCCATGGCGCCCGCCGGAGGACCAACTCCAAACTCTTTTTTCTC

TCCGTCGCGGCTCCCGTCGCGGCTCTGTTTTATTTTTGCTCTGAGCCTTTCTCGGCGAC

CCTAGCGGGCGTCTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTG

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGT

CCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGNCNC

CTCACCAGGCGCCCCNNAAAAAAAAAAGAGTTTGGAGTTGGTCCCCTCTCCTGCGC

NATGNGATC 

 

>FPG04 (second 268 bp) 

TCTCTTGGTTCTGGCATCGATGAAGAACGCACCGAAATGCGATAAGTAACGTGAATTG

CATAATTCANTGAATCATCTAATCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGG

GNNNTGCCTGTTCGAGCGTCATTTCACCANTCAAGCNTNAATAGGTATTGTTCATAAC

GNACCNTCCCGTGNCTNNAATCGACCGGNTGAGTCTTCTGCCTGNTACCGAATGTNG

GNCGTCNTCGNAGACACTGGTAGNNTGGCTCCTTCT 
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>FRS01 

CCCATGTCTTTTGAGTACCTTCGTTTCCTCGGCGGGTCCNCCCGCCGATTGGACAATTT

AAACCATTTGCAGTTGCAATCAGCGTCTGAAAAAACTTAATAGTTACAACTTTCAACA

ACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGT

GAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTAT

TCCATGGGGCATGCCTGTTCGAGCGTCATTTGTACCTTCAAGCTCTGCTTGGTGTTGG

GTGTTTGTCTCGCCTCTGCGCGCAGACTCGCCTCAAAACAATTGGCAGCCGGCGTATT

GATTTCGGAGCGCAGTACATCTCGCGCTTTGCACTCATAACGACGACGTCCAAAAGTA

CATTTTTACACTCTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCA

ATAAAGCGGAGGAA 

 

>FRS10 

CCTTTGTCTACTTGACCATCGTTGCTTCGGCGAGCCCGTCCTCACGGACCGCCGGAGG

GATCTTTACTGGCCCTCTGGTCCGCGCTCGTCGGTAGCCCAACCTTTAAAATCTTTAA

CTAAACGTGCCTTAATCTAAGTACAATTATTAAATAAAAGCAAAACTTTCAACAACGG

ATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGCGAATT

GCAGAATTCCAGTGAGTCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCCG

AAGGGCATGCCTGTTCGAGCGTCATTATCACCCCTCAAGCCCTCGGCTTGGTGTTGGA

CGGTTTGGTGGAGGCCCCCTCGGGGGTTCCTGCCCCTCCCAAAGACAATGACGGCGG

CCTCGTTGGACCCCCGGTACACTGAGTTCTTCACGGGACACGTATCGGACACATGGG

TTTACGGGACACGGTCTGCCTCCCCTCAGGGAGAATCTTTCTAAGGTTGACCTCGGAT

CAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA 

 

>FRG12 

CTCCCACCCGTGTTGCCCGAACCTATGTTGCCTCGGCGGGCCCCGCGCCCGCCGACG

GCCCCCCTGAACGCTGTCTGAAGTTGCAGTCTGAGACCTATAACGAAATTAGTTAAA

ACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGA

TAACTAATGTGAATTGCANAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGC

CCTCTGGTATTCCGGAGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGC

TTGTGCGTTGCCGGAACCAANAGATCCGTTGTTGAAAGTTTTAACTAATTTCGTTATA

GGTCTCANACTGCAACTTCAGACAGCGTTCAGGGGGGCCGTCGGCGGACGCNNGGC

CCGCNNANGCAAANTANGTTCGGNCAACTCGGGNGG 

 

>FRS77 

ATACCTAAAACGTTGCTTCGGCGGGAACAGACGGCCCTGTAACAACGGGCCGCCCCC

GCCAGAGGACCCCTAACTCTGTTTTTATAATGTTTTTCTGAGTAAACAAGCAAATAAA

TTAAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAA

TGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACAT

TGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTACAACCCTCAGGC

CCCCGGGCCTGGCGTTGGGGATCGGCGGAAGCCCCCTGTGGGCACACGCCGTCCCTC

AAATACAGTGGCGGTCCCGCCGCAGCTTCCATTGCGTAGTAGCTAACACCTCGCAACT

GGAGAGCGGCGCGGCCATGCCGTAAAACACCCAACTTCTGAATGTTGACCTCGAATC

AGGTAGGAATACCCGCTGAACTTAAGCATATCAAT 

 

>FRS07 
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TGTGNACATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGCCCCGG

ATCAGGCGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGTAGTT

TTTACAAATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA

ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTT

TGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCATTTC

AACCCTCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGGGACG

GCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTGATAT

TCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTGAC

CTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAA 

 

>FRS09 

CCCCTGTGACATACCACTTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAACGGG

ACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTAATATGTAACTTCTGAGTAAAACC

ATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACG

CAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGA

ACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAAC

CCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGG

CGGTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGC

GGCCACGCCGTTAAACCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCC

GCTGAACTTAAGCATATCAATAAG 

 

>FMG01 

TGTGAACATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGCCCCGG

ATCAGGCGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGTAGTT

TTTACAAATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA

ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTT

TGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCATTTC

AACCCTCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGGGACG

GCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTGATAT

TCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTGAC

CTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATAT 

 

>FMG02 

CATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGCCCCGGATCAGG

CGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGTAGTTTTTACA

AATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCA

GCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAAC

GCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCATTTCAACCC

TCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGGGACGGCCGG

CCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTGATATTCCGC

ATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTGACCTCAN

ATCAGGTAGGAATACCCGCTGAACTTAAGCATAT 

 

>FSS04 

TGTGAACATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGCCCCGG

ATCAGGCGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGTAGTT
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TTTACAAATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA

ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTT

TGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCATTTC

AACCCTCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGGGACG

GCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTGATAT

TCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTGAC

CTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAA 

 

>FSS05 

ACCCATGTGNACATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGC

CCCGGATCAGGCGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAG

TAGTTTTTACAAATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATG

AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGA

ATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTC

ATTTCAACCCTCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGG

GACGGCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGT

GATATTCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGG

TTGACCTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATAT 

 

>FTG01 

ACCTACTGTTGCTNNNGCGGGATTGCCCCGGGCGCCTCGTGTGCCCCGGATCAGGCG

CCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGTAGTTTTTACAAAT

AAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCG

AAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCA

CATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCATTTCAACCCTCA

TGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGGGACGGCCGGCCC

CTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTGATATTCCGCATC

GGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTGACCTCAGATC

AGGTAGGAATACCCGCTGAACTTAAGCATA 

 

>FTG10 

TGCCTGCTATCTCTNNCCCATGTCTTTTGAGTACCTTCGTTTNNTCGGCGGGTTCGCCC

GCCGATTGGACAATTTAAACCATTTGCAGTTGCAATCAGCGTCTGAAAAAACATAATA

GTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAA

ATGCGATAAGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACA

TTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCGTCATTTGTACCTTCAAGC

TCTGCTTGGTGTTGGGTGTTTGTCTCGCCTCTGCGTGTAGACTCGCCTCAAAACAATT

GGCAGCCGGCGTATTGATTTCGGAGCGCAGTACATCTCGCGCTTTGCACTCAAAACG

ACGACGTCCAAAAGTACATTTTTACACTCTTGACCTCGGATCAGGTAGGGATACCCGC

TGANCTTAAGCATATCNNNNNNNNNNAAGAAAANNCATTACCTAGAGTTGTANGCTT

TGCCTGCTATCTCTTACCCATGTCTTTTGAGTACCTTCNTTTCCTCGGCGGGTTCNCCN

NNNATNNGGACAATTTAANCATTTTGCANTTGCAATC 

 

>FTG11 

TTGCCTGCTATCTCTTACCCATGTCTTTTGAGTACCTTCGTTTCCTCGGCGGGTTCGCC

CGCCGATTGGACAATTTAAACCATTTGCAGTTGCAATCAGCGTCTGAAAAAACATAAT
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AGTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGA

AATGCGATAAGTAGTGTGAATTGCANAATTCAGTGAATCATCNAATCTTTGAACGCAC

ATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCGTCATTTGTACCTTCAAG

CTCTGCTTGGTGTTGGGTGTTTGTCTCGCCTCTGCGTGTANACTCGCCTCAAAACAAT

TGGCAGCCGGCGTATTGATTTCGGAGCGCAGTACATCTCGCGCTTTGCACTCAAAACG

ACGACGTCCAAAAGTACATTTTTACACTCTTGACCTCGGATCANGTAGGGATACCCGC

TGAACTTAAGCATATCAATAAAGCGGAG 

 

>FTG02 

CCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCCTCACGNACGCNGNGGGGAT

CCNCCCCCTGCCCTGCAGGACCGGACGAGGTGNAGCCAATTCTTGTCGGACCCGCCC

CCCGGAAGCGGGGGGCGAGAGCCCAACACACAAGCCGTGCTTGAGGGCAGCAATG

ACGCTCGGACAGGCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTTCAAAGAC

TCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCAT

CGATGCCGGAACCAAGAGATCCGTTGTTGAAAGTTTTAACTGATTTAGTCAAGTACTC

AGACTGCAATCTTCAGACAAGAGTTCGTTTGTGTGTCTTCGGCGGGCGCGGGCCCGG

GGGCGGATGCCCCCCGGCGGCCNTGAGGCGGNCCCGCCGAA 

 

>FTG03 

CCATGTGNACATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGCCC

CGGATCAGGCGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGTA

GTTTTTACAAATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGA

AGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAAT

CTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCAT

TTCAACCCTCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGGGA

CGGCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTGAT

ATTCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTG

ACCTCANATCAGGTAGGAATACCCGCTGAACTTAAGCATAT 

 

>FTG04 

CCATGTGAACATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGCCC

CGGATCAGGCGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGTA

GTTTTTACAAATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGA

AGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAAT

CTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCAT

TTCAACCCTCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGGGA

CGGCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTGAT

ATTCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTG

ACCTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATATC 

 

>FTG05 

CCCATGTGAACATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGCC

CCGGATCAGGCGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGT

AGTTTTTACAAATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATG

AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGA

ATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTC
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ATTTCAACCCTCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGG

GACGGCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGT

GATATTCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGG

TTGACCTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCA 
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Appendix III. Diagram of colony morphological traits for bacterial and fungal endophytes. 

Figure was obtained from https://goo.gl/images/fe8BKv 

 

 

 

 


