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CHAPTER TWO 

 

External microflora of four phytophagous insect species 
 

 

2.1 SUMMARY 
 

Fungi and bacteria on the external surfaces of four gorse-associated insect species, Apion 

ulicis (Coleoptera), Cydia ulicetana (Lepidoptera), Epiphyas postvittana (Lepidoptera) 

and Sericothrips staphylinus (Thysanoptera) were recovered by washing and plating 

techniques. The isolates were identified by morphology and polymerase chain reaction 

restriction fragment length polymorphism (PCR-RFLP) and sequencing of internally 

transcribed spacer (ITS) and 16S rDNA. A culture-independent technique (direct PCR) 

was also used to assess fungal diversity by direct amplification of ITS sequences from the 

washings of the insects. The washing technique isolated most microbes and was efficient 

at removing approximately 90% of the bacteria and 62% of the fungi after the first 

washing. The colony forming units (CFU) data of fungi showed no difference for 

temperature of incubation (15 or 25oC). 

 

All insect species carried Alternaria, Cladosporium, Nectria, Penicillium, Phoma, 

Pseudozyma spp. and entomopathogens. Additionally, fungi from the genera 

Acremonium, Aspergillus, Aureobasidium, Beauveria, Epicoccum, Pithomyces, 

Sclerotinia, and Verticillium were isolated from all insect species except S. staphylinus. 

Fusarium spp. were isolated only from the lepidopteran insects. Cladosporium and yeast 

were the most abundant fungal microbes identified. Most microbes identified in the first 

sampling were observed in the second sampling. Ninety four per cent of the 178 cloned 

amplicons had ITS sequence similarity to Nectria mauritiicola. While fewer taxa were 

detected using the direct PCR method than were detected using the culturing method, the 

direct PCR method enabled identification of two non culturable fungi.  
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About 70% of the fungi isolated from the insects were also present on the host (gorse) 

plant and the understorey grass. The mean size of fungal spores recovered from the insect 

species correlated strongly with their body length (R2 = 85%). E. postvittana carried the 

largest fungal spores (mean surface area of 125.9 μm2) and the most fungal CFU/insect 

while C. ulicetana carried the most bacterial CFU/insect. Most of the 121 bacterial 

isolates (72%) were gram negative and were divided into 33 RFLP groups. Pseudomonas 

fluorescens was the most abundant bacterial species. Methylobacterium aquaticum and 

Pseudomonas lutea were common on all four insect species. This study presents the 

diversity of microbial taxa carried on insect exoskeletons and provides the basis for 

developing a novel mycoherbicide delivery strategy for biological control of gorse using 

insects as vectors. 

 

 

2.2 INTRODUCTION 

 

Gorse (Ulex europaeus L.) is an economically important pasture and forest plantation 

weed occupying about one million ha of New Zealand’s land. In developing a novel 

biocontrol strategy for gorse, insects would be used to pick up and transport conidia of a 

fungal pathogen, Fusarium tumidum to the targeted gorse plants. Part of this strategy 

requires using pheromones to attract specific insect vectors to a bait station where they 

will be loaded with F. tumidum conidia. As the attraction strategy will target specific 

vectors, it is important to select insect species that possess a high capability to transport 

the pathogen to the weed and that do not naturally carry microflora that might inhibit the 

efficacy of the mycoherbicide. Significant inhibition of fungal growth by the bacterium 

Stenotrophomonas maltophilia has been reported (Kerr 1996). For this reason, a survey of 

the external microflora of selected insect species was undertaken. 

 

There are two factors that could impede the successful delivery of F. tumidum spores by 

insect vectors to gorse. The first is the relatively large size of F. tumidum conidia 

(Broadhurst and Johnston, 1994). This may limit the number of F. tumidum conidia the 
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insects can carry. The size and the number of microbes naturally carried by potential 

insect vectors are therefore of interest. Secondly, F. tumidum produces mycotoxins 

(Morin et al., 2000) which may be detrimental to certain insect species. Hence, insect 

species naturally carrying Fusarium spp. may be more adaptable to vectoring this 

pathogen. 

 

Several insect species are naturally abundant on gorse and are well distributed in both the 

North and South Islands of New Zealand. Two of these insect species; gorse seed weevil 

Apion ulicis Förster, (Coleoptera: Apionidae) and gorse pod moth Cydia ulicetana Denis 

and Schiffermüller (Lepidoptera: Tortricidae) are well established biocontrol agents (Hill 

et al., 2000). These two insect species, along with light brown apple moth Epiphyas 

postvittana Walker (Lepidoptera: Tortricidae) which is abundant on gorse (Suckling et 

al., 1998) and gorse thrips Sericothrips staphylinus Haliday (Thysanoptera: Thripidae) 

have been selected as potential insect vectors for this biocontrol strategy. 

 

There are no specific reports detailing the external microflora of gorse-associated insects. 

Apart from the report on yeast communities on stingless bees (Rosa et al., 2003), studies 

on insect microflora have mainly focused on microorganisms within the gut. Reports 

suggest that insects and other arthropods such as ticks generally harbour multiple 

microbial taxa (Gilliam, 1997a; Harada and Ishikawa, 1997; Haynes et al., 2003; Yoder et 

al., 2003). Aureobasidium pullulans, Candida sp., Pseudozyma and Rhodotorula spp. 

have been isolated from the external surfaces of the stingless bees, Tetragonisca 

angustula and Melipona quadrifasciata (Rosa et al., 2003). Acremonium sp., 

Aureobasidium pullulans, Cladosporium cladosporioides, Aspergillus spp. Penicillium 

spp., Chaetomium sp. and Paecilomyces lilacinus have been isolated from the guts of 

honeybees, Apis mellifera (Gilliam and Morton, 1977). Eleven types of bacteria were 

isolated from organs of two species of fruit flies, viz., Bactrocera tau and B. cucurbitae. 

Five bacteria; Pseudomonas putida, Erwinia herbicola, Cedacea davisae, Arthrobacter 

spp. and Xanthomonas maltophilia were common to both species (Sood and Nath, 2002). 

Mycoflora of gorse-associated insect species is likely to include host plant (gorse) 

epiphytes, entomopathogens and a random assortment of unrelated air-borne taxa. 
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The study of insect microflora requires an efficient and reliable method of identifying 

both culturable and unculturable microorganisms as only a small fraction (< 1%) of 

naturally occurring microorganisms can be cultured by standard techniques (Amman et 

al., 1995). As a result, the standard techniques of culturing natural populations can 

underestimate microbial biodiversity (Van Tuinen et al., 1998). Furthermore, the 

conventional morphological identification techniques of microbes to the species level can 

sometimes be difficult, often time-consuming and inaccurate (Ruiz et al., 2000; Souza et 

al., 2004). Recently, molecular techniques such as Polymerase Chain Reaction-

Restriction Fragment Length Polymorphism (PCR-RFLP) of internal transcribed spacers 

(ITS) have been used to detect and characterise microorganisms and to estimate fungal 

diversity in soil without in vitro growth (Viaud et al., 2000). This technique has proven to 

be a suitable and rapid method for taxonomic studies of fungi (Hermosa et al., 2004; 

Kullnig-Gradinger et al., 2002) and bacteria (Haiwen et al., 2005; Moran et al., 2003). 

The ITS nucleotide variability has been used to distinguish different species in many 

fungal genera such as Beauveria, Fusarium, Pythium, Trichoderma and Verticillium 

(Bridge and Arora, 1998; Hermosa et al., 2004; Morton et al., 1995; Neuvéglise et al., 

1994; Rafin et al., 1995). 

 

The 16S rDNA sequence-based bacterial identification method is superior to the 

conventional phenotypic methods (Bosshard et al., 2003). Recently, this method has been 

widely used for the identification of bacteria down to species level (Jang et al., 2003; 

Ogier et al., 2002; Sacchi et al., 2002). Research on insect-associated bacteria has centred 

on endosymbiotes (Haiwen et al., 2005; Lau et al., 2002; Sauer et al., 2002) with no 

known reports on insect surface inhabiting bacteria to date. 

 

In this study, the microbial populations, the mean size of fungal spores and the location of 

the spores on the surfaces of A. ulicis, C. ulicetana, E. postvittana and S. staphylinus were 

determined. Additionally, the diversity of fungi on the exoskeletons of these insect 

species was studied by culture-dependent and culture-independent techniques with the 

fungal species identified both morphologically and by PCR-RFLP of ITS and by direct 
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sequencing. The culturable bacterial diversity was determined by sequencing of the 16S 

rDNA. The overall aim of this study was to gain an insight into the microflora naturally 

carried by the studied insects and to identify an insect species which might be suitable as 

a vector of F. tumidum conidia for biological control of gorse. 

 

 

2.3 MATERIALS AND METHODS 

 

2.3.1. Natural microflora on insects (Sampling 1) 

2.3.1.1 Insect collection and storage 

Gorse pod moth Cydia ulicetana (Denis & Schiffermüller), gorse seed weevil Apion ulicis 

(Förster), gorse thrips Sericothrips staphylinus (Haliday) and light brown apple moth 

Epiphyas postvittana (Walker) were used for this study. Except for S. staphylinus, all 

insect species were collected from two sites (McLeans Island and Tai Tapu) in 

Canterbury (Latitude 43° 00' S, Longitude 172° 42' E) and from Reefton in the West 

Coast (Latitude 43° 49' S, Longitude 169° 90' E). S. staphylinus was collected from 

Lincoln (Canterbury) due to its unavailability at the other sites, in three separate 

samplings over a period of 2 years. C. ulicetana and E. postvittana were collected with a 

sweep net (Fig. 2.1A) between October and December 2003 and between April and May 

2004. Additionally, sticky traps with pheromone, Desire®, provided by HortResearch, 

Lincoln, were used for trapping the lepidopteran insects (Fig. 2.1B). A. ulicis and S. 

staphylinus were shaken off the gorse plants onto white paper spread in trays beneath the 

plants. All insects were kept in a refrigerator after trapping and assessed as soon as 

possible (within 2 weeks). Live insects required for determining the location of spores on 

the insects were kept in a cold cabinet at 10oC. 

 

A preliminary study was conducted using 50 insects each of A. ulicis and C. ulicetana 

sourced from Tai Tapu. 
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Figure 2.1. Collecting lepidopteran insects using (A) sweep net and (B) sticky trap with 
pheromone (indicated by arrow).  
 

2.3.1.2 Insect washing technique 

Bacteria and fungi on the surfaces of A. ulicis, C. ulicetana, E. postvittana and S. 

staphylinus were recovered by washing the insects and plating the washings on agar 

medium. For A. ulicis, C. ulicetana and E. postvittana, 15 individual insects were 

sampled for each replicate. For the smaller insect species, S. staphylinus, 100 individuals 

were sampled. The insects were placed in sterile Universal bottles in 3 ml of 100 mM 

potassium phosphate buffer (pH 7.0) + 0.01% Tween 80 Analar® (BDH Chemicals Ltd, 

Poole, England) (Appendix 2.1) and shaken for 3 min on Griffin flask shaker (Griffin and 

George Ltd, Manchester, UK) at room temperature. Each insect species was washed 

separately. There were three replicate bulk samples for each insect species per site. A 

dilution for each of the washed insect samples was conducted, up to 100 fold under 

standard aseptic technique. A 100 μL aliquot of each dilution series (0, 10-1, 10-2) was 

plated onto Petri dishes containing Nutrient agar (NA; Difco Labs, Detroit, MI) 

(Appendix 2. 2) amended with 200 μg/mL cyclohexamide (Sigma-Aldrich Co., St. Louis, 

MO, USA) for total bacterial counts. Potato dextrose agar (PDA; Difco Labs) (Appendix 

2.3) amended with 250 μg/mL chloramphenicol (Sigma-Aldrich Co.) was used for fungal 

counts. There were two NA and four PDA replicate plates for each dilution. Half of the 

PDA plates for the fungal cultures were incubated at each of two different temperatures 

(15 and 25oC) for 7-12 days and all NA plates for bacterial cultures at 28oC for 3 days 

under a 12-h photoperiod (Larkin, 2003). The colony forming units per insect 

A B 
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(CFU/insect) of each microbe was counted. One millilitre of each washed sample was 

stored at -80oC for subsequent molecular analysis. 

 

2.3.1.3 Insect plating technique 

A total of 36 insects of each of the four insect species were rolled across the surface of 

PDA or NA for fungal and bacteria counts, respectively, using sterile tweezers. Twenty 

four insects of each species were assessed for fungal counts and 12 for bacterial counts at 

one insect per agar plate. Care was taken not to squash the insects. Insects were removed 

from the plate after plating and the plates were incubated as previously described in 

section 2.3.1.2.  

 

2.3.1.4 Efficiency of washing technique 

As a test of the efficiency of the washing technique, the insects were dried under a 

constant flow of sterile air in a laminar flow hood for 10 min after washing and then 

rolled on PDA or NA at one insect per plate. In another experiment, 15 A. ulicis 

individuals in three replicates (i.e. 45 in total) were washed four times successively. 

Samples of the washings were plated on appropriate agar media for fungal and bacterial 

colony counts as described in section 2.3.1.2.  

 

2.3.2 Natural microflora on insects and host plants (Sampling 2) 

The study of the natural microflora of the insect species was repeated using C. ulicetana 

and E. postvittana, collected from Tai Tapu between April and May 2005. The insects 

were washed in potassium phosphate buffer as previously described. Host (gorse) plant 

shoots (cut into 1-2 cm long segments) and understorey grass were collected and washed 

separately in 100 mL phosphate buffer. After serial dilution (10-3) in sterile water, 

aliquots (100 μL ) of each dilution (0, 10-1, 10-2, 10-3) were plated onto PDA amended 

with 10 μg/mL chlorotetracycline (Sigma-Aldrich Co.) for fungal counts and NA medium 

amended with 200 μg/mL cycloheximide for bacterial counts. The plates were incubated 

as described previously. Based on differing colony morphology, 15 bacterial isolates from 
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C. ulicetana and 10 from E. postvittana were selected and identified by sequencing of 

16S rDNA. Distinct fungal cultures were selected (based on colony morphology) and 

identified by either ITS rDNA sequencing or by morphology. All fungal isolates from the 

gorse plants and understorey grass were identified by morphology. 

 

2.3.3 Morphological identification of microbes 

Representative fungal colonies (based on distinct colony morphology on PDA plates) 

were taken from plates incubated at 25oC (from washing, plating and plating after 

washing techniques), subcultured onto low strength Potato Carrot Agar (Appendix 2.4) 

and Hay Agar (Appendix 2.5) (International Mycological Institute, UK) and incubated at 

25oC under a 12-h photoperiod to produce pure sporulating cultures (Fig. 2.2). Using 

standard taxonomic keys, fungal cultures were morphologically identified to genus level.  

 

Bacterial colonies were selected from the 10-1 dilution plate based on differing colony 

morphology and streaked on NA plates to produce pure cultures. Gram stain tests 

(described in section 2.3.4) and colony morphology were used for preliminary 

categorisation of bacterial isolates.  

 

2.3.4 Gram staining of bacterial isolates 

For each bacterial isolate, a small amount of bacterial cells from a single colony were 

mixed with a few drops of tap water on separate glass slides and allowed to dry. The 

bacteria were fixed by running the slides rapidly through a Bunsen flame 4-6 times. The 

slides were flooded with crystal violet for 1 min which was washed off with iodine for 1 

min and then washed briefly with water. The samples were decolourised with 

alcohol/acetone 50:50 for 3 s, washed with water, flooded with safranine for 2-4 min and 

then washed again. The slides were blotted dried with paper towels and warmed gently 

over a flame and examined under a light microscope for red/pink (Gram negative) or 

blue/purple (Gram positive) colouration.  
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(A)  

 

(B)                                
 

(C)                        
     Fusarium lateritium             Epicoccum purpurascens    Aspergillus niger 

 
Figure 2.2. (A) Original dilution plate of insect washing on potato dextrose agar (PDA); (B) 

subcultures produce pure cultures on PDA; (C) spores produced on sporulating cultures 
on potato carrot agar or hay agar.  
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2.3.5. Genomic DNA isolation 

2.3.5.1 Isolation of genomic DNA from insect’s washings 

The PowerSoilTM DNA Isolation Kit (MO BIO Laboratories, CA, USA) was used to 

extract DNA from the washings of the insects as per manufacturer’s instructions. One 

millilitre of three replicate washings per insect species per site was centrifuged at 7,000 x 

g for 2 min and the supernatant was discarded. Aliquots (200 μL) of the suspension were 

added to 2 mL PowerBead tubes containing an aqueous solution of acetate and salts 

which protects nucleic acid from degradation. The tubes were gently vortexed to mix the 

spores with the beads and the buffer solution. Aliquots (60 μL) of solution C1 containing 

SDS (required for cell lysis and for the breaking down of fatty acids and lipids associated 

with the cell membrane) were added and inverted several times to mix. The tubes were 

vortexed vigorously for 10 min and then centrifuged at 10,000 x g for 45 s at room 

temperature. Five hundred microlitres of supernatant from each sample was transferred to 

new tubes and 250 μL aliquots of solution C2 were added to precipitate non-DNA organic 

and inorganic material including humic acid, cell debris and proteins, vortexed for 5 s and 

incubated at 4ºC for 5 min. The tubes were centrifuged at 10,000 x g for 75 s and 600 μL 

of the supernatants were transferred to new tubes. Aliquots of 200 μL of solution C3 were 

added to precipitate non-DNA materials, vortexed briefly and incubated as previously. 

The tubes were centrifuged at 10,000 x g for 75 s and 1,200 μL aliquots of solution C4 (a 

high concentration salt solution which allows the binding of DNA) were added to 750 μL 

of the supernatants and vortexed for 5 s. These were filtered through a spin filter by 

centrifugation at 10,000 x g for 75 s leaving the DNA bound to the silica membrane in the 

filter. Aliquots (500 μL) of solution C5 (an ethanol based wash solution) were used to 

further clean the DNA of contaminants by centrifugation twice at 10,000 x g for 45 and 

75 s consecutively. The flow-through was discarded after each washing. The spin filters 

were transferred to clean tubes and 100 μL aliquots of solution C6 (10 mM Tris pH 8) 

were transferred by pipette to the centre of the filter membranes to release the DNA by 

centrifugation as previously stated for 45 s. The DNA was stored at -20ºC prior to PCR 

analysis.  
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2.3.5.2 Isolation of DNA from culturable fungi and bacteria 

DNA of cultured fungal isolates and bacteria were extracted using the Chelex 100 Resin 

(Bio-Rad Laboratories, CA, USA) method. A small sample of a 2-5 day old mycelium 

cultured on PDA or a single colony of bacteria picked from a fresh culture on NA were 

suspended separately in 50 μL sterile 5% (wt/vol) Chelex Resin which had been pre-

heated to 92ºC. The samples were incubated at 92ºC for 20 min and then frozen at -20ºC. 

The heating breaks open the cells, releasing the DNA while the Chelex binds other 

cellular components. The samples were thawed, vortexed vigorously for 30 s and 

centrifuged at 10, 000 x g for 2 min to remove the Chelex resin. Aliquots of 20 μL of the 

resulting supernatant containing the DNA were stored at -20ºC for PCR analysis. DNA 

was extracted from sporulating cultures with the PowerSoilTM DNA Isolation Kit (MO 

BIO Laboratories, CA, USA) using manufacturer’s procedure as described in section 

2.3.5.1. PowerSoilTM extraction was used because the Chelex method proved inefficient 

for DNA extraction from spores. 

 

2.3.5.3 PowerSoilTM DNA Isolation Kit sensitivity test 

The ability of the PowerSoilTM DNA Isolation Kit (MO BIO) to extract DNA from a 

small number of spores was tested. DNA was extracted from F. tumidum suspensions 

containing 50,000, 5,000, 500, 40, 25, 12.5 and 5 spores/mL. The spore number was 

quantified using a hemocytometer from a suspension of 1 x 106 conidia/mL followed by 

serial dilution. DNA was extracted with the PowerSoilTM DNA Isolation Kit (MO BIO) as 

described in section 2.3.5.1 and quantified using the NanoDrop spectrophotometer 

(NanoDrop Technologies, Wilmington, USA). Spore numbers were transformed with the 

logarithmic transformation [log10 (x)] and the relationship between the transformed spore 

number and DNA concentration was determined using linear regression. Three 

microliters of DNA obtained from each suspension was PCR amplified in a 25 μL volume 

reaction as described in subsequent section 2.3.6. 
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2.3.6 Amplification of ITS: 

2.3.6.1 PCR amplification: Fungal ITS 

The fungal nuclear rRNA genes consists of both highly conserved and variable regions, 

which include the genes for the 18S, 5.8S and 28S rRNA subunits (White et al., 1990). 

The internal transcribed spacers (ITS) consist of two non-coding variable regions located 

between the 18S and 5.8S subunits (ITS1) and between the 5.8S and 28S subunits (ITS2) 

(Fig. 2.3).  

 
    ITS1             ITS4 

 
ITS1 ITS2 18S rDNA 

 
5.8S 
rDNA  

28S rDNA 

 
      PN3       PN34 
 
Figure 2.3. Diagrammatic representation of the positions of PCR primers on fungal rDNA genes. 

Amplified regions by each primer combination are indicated by arrows.  
 

 

The ITS regions and the 5.8S rDNA gene of each fungus were amplified by PCR using 

primers PN3 (5′-CCGTTGGTGAACCAGCGGAGGGATC-3′), which hybridises to 

conserved sites at the 3′ end of the 18S subunit (Neuvéglise et al., 1994) and PN34 (5′-

TTGCCGCTTCACTCGCCGTT-3′), which hybridises to conserved sites at the 5′ in the 

28S region (Raffin et al., 1995). The universal ITS primers ITS1 (5’-

TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) 

(White et al., 1990) which amplify the same region as PN3/PN34 primers were used for 

amplifying DNA samples which the PN3/PN34 primer combination did not amplify well.  

 

Each PCR amplification of 15-30 ng of DNA sample was carried out in a total volume of 

50 μL containing 10 mM Tris HCl (pH 8.0), 1.5 mM MgCl2, 50 mM KCl, 0.2 mM each 

of dATP, dCTP, dGTP (Advanced Biotechnologies Ltd, UK), 1.5 U of HotMasterTM Taq 

DNA polymerase (Eppendorf, Brinkmann Inc., NY, USA) and 0.4 μM of each primer in a 

PTC200 thermal cycler (Bio-Rad Laboratories, CA, USA). Control amplifications 

included all reagents except DNA to test for contamination of reagents (PCR mix outlined 

in Appendix 2.6). The PCR cycling protocol was one cycle of 94ºC for 2 min, 35 cycles 
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of 94ºC for 1 min, 50ºC for 1.5 min, 65ºC for 1 min and one cycle of 72ºC for 7 min. 

Aliquots (5 μL) of the amplified products were mixed with 1 μL of loading buffer 

(Appendix 2.7) and size fractionated by electrophoresis in 1% (wt/vol) agarose gels 

(Appendix 2.8). Electrophoresis was carried out at 90V for 60 min in 1 x TAE buffer (40 

mM Tris, 4 mM sodium acetate, 1 mM EDTA) (Appendix 2.9). The 1 kb-plus DNA 

ladder (Invitrogen Corp., CA, USA) was size fractionated alongside the DNA samples in 

order to estimate the size of the amplified nucleotides. The gels were stained with 0.5 

μg/mL of ethidium bromide for 30 min, and the PCR products were visualised with a UV 

transilluminator (Bio-Rad Laboratories, CA, USA). 

 

2.3.6.2 PCR Amplification: Bacteria 16S rDNA 

Each 25 μL PCR reaction was carried out with 10-20 ng of bacterial genomic DNA as 

template, 10 mM Tris HCl (pH 8.0), 1.5 mM MgCl2, 50 mM KCl, 0.2 mM each of dATP, 

dCTP, dGTP (Advanced Biotechnologies Ltd), 1.5 U of HotMasterTM Taq DNA 

polymerase (Eppendorf), 0.4 μM of forward primer (B16S-5’) 5’-

CATGGCTCAGATTGAACGCTGGCG-3’ and reverse primer (B16S-3’) 5’-

CCCCTACGGTTACCTTGTTACGAC-3’. Primer B16S-5’ corresponds to positions 18-

41 and primer B16S-3’ corresponds to positions 1494-1517 of the Escherichia coli 

numbering system (Chen et al., 1996). These “universal” primers have been reported to 

amplify 16S rDNA from a phylogenetically wide range of eubacteria (Chen et al., 1996). 

Control amplifications were as previously described in section 2.3.6.1. The thermocycle 

programme was: 95ºC for 5 min, followed by 35 cycles of 95ºC for 40 s, 55ºC for 40 s, 

72ºC for 2 min, and a final extension at 72ºC for 10 min (Chen et al., 1996). The 

annealing temperature was raised from 55 to 62ºC when non-specific bands were 

produced with 55ºC annealing. The size of the amplified product was determined as 

previously described in section 2.3.6.1. 
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2.3.7 Restriction fragment analysis: 

2.3.7.1 RFLP of amplified fungal ITS rDNA 

The amplified ITS products were digested independently with four restriction enzymes: 

Hin6I, MboI, BsuRI and HinfI (Fermentas Inc., Hanover, USA). Both Edel et al. (1996) 

and Viaud et al. (2000) found four restriction enzymes to be enough for distinguishing 

fungal species. For each reaction, 75 ng of amplified DNA was digested in 20 μL total 

volume containing 2.5 U of restriction enzyme for 2 h at 37ºC as per manufacturer’s 

instructions. The restriction fragments were size fractionated by electrophoresis in 1 x 

TAE buffer through 2% agarose gels at 80 V for 90 min.  

 

The lengths of the restriction fragments were estimated by comparison against a 50 bp 

DNA ladder (Invitrogen). Samples with identical RFLPs for all restriction enzymes were 

identified as belonging to the same RFLP group. Representative samples from each RFLP 

group were sequenced for identification. 

 

2.3.7.2 RFLP of amplified bacterial 16S rDNA 

The amplified 16S rDNA products were digested with three restriction endonucleases: 

EcoRI, BsuRI, and AluI (Fermentas Inc.) according to Azevedo et al. (2005). Amplified 

products which produced similar restriction patterns for all three restriction enzymes were 

further digested with a fourth enzyme, Hin6I. For each reaction, 75 ng of amplified 16S 

rDNA was digested in 20 μL total volume containing 2.5 U of restriction enzyme for 3 h 

at 37ºC as per manufacturer’s instructions. The restriction fragments were size 

fractionated as previously described in section 2.3.7.1. The 1 Kb-plus DNA ladder 

(Invitrogen) was used for the estimation of the lengths of the restriction fragments. 

 

2.3.8 Cloning 

2.3.8.1 Cloning of fungal ITS amplicon 

The PCR products amplified from the washing of the insects were cloned into the 

bacterial plasmid pGEM-T Easy using the manufacturer’s ligation system (Promega 
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Corp., Madison, USA). This system takes advantage of the overhanging adenine residues 

added by Taq polymerase to the ends of PCR products to anneal the product to 

complementary thymine residues on the pGEMT Easy vector. Six replicate samples of 

washing (two samples from each site) were cloned per insect species and three replicates 

for S. staphylinus. Each ligation of 1 μL of PCR product was carried out in a total volume 

of 10 μL, ligated to 50 ng of vector DNA using the manufacturer’s buffer and ligase. The 

ligation mix composition is listed in Appendix 2.10. Control insert DNA (Promega) or 

sterile distilled water were used instead of the PCR product in positive and negative 

control ligations. Ligations were carried out for 16 h at 4ºC. Aliquots of 1 μL of the 

ligation mix were used to transform electro-competent Escherichia coli strain INVαF’ 

(Invitrogen) by electroporation. 

 

Fresh competent cells were prepared (Appendix 2.11) from the INVαF’ (Invitrogen) stock 

and stored at -80ºC until use. The competent cells were thawed on ice. Aliquots (1 μL) of 

ligation were mixed with 40 μL of the competent cells and the mixture was transferred to 

a sterile 0.2 cm electrode cuvette (Bio-Rad Laboratories, CA, USA) on ice. The cuvette 

was inserted into the chamber of a Gene Pulser® apparatus (Bio-Rad Laboratories, CA, 

USA) and given an electric pulse at 2.5 kV for 5.6 ms (setting EC2) to facilate DNA 

uptake. The cuvette was removed and the cells were immediately resuspended in 700 μL 

SOC medium (Appendix 2.12). The cells were incubated at 37ºC for 1 h to allow 

ampicillin resistance gene expression. Aliquots (150 μL) of the transformation were 

spread on two plates of Luria Bertani (LB-ampicillin) agar (Appendix 2.13) amended 

with 100 μg/mL of ampicillin, to select for pGEMT Easy-transformed cells, and 

incubated for 16 h at 37ºC. Thirty minutes prior to the plating, 20 μL of 50 mg/mL 5-

bromo-4-chloro-3-indolyl-β-D galactopyranoside (X-Gal) was spread on the LB plates for 

blue-white selection of vectors containing insert DNA.  

 

Clones containing the inserted PCR product were selected on the basis of white colony 

formation. All clones were maintained in LB medium supplemented with ampicillin and 

stored in 40% glycerol at -80oC as described in Appendix 2.14. 
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2.3.8.2 PCR-RFLP of cloned ITS DNA from insect washings 

The E. coli cells carrying ITS clones were added directly to a PCR mix and each ITS 

clone was amplified using PN3/PN34 primers as described in section 2.3.6.1. For A. 

ulicis, C. ulicetana, E. postvittana and S. staphylinus 47, 51, 43 and 37 clones, 

respectively were amplified and digested. The digestion was done with the four restriction 

enzymes (Hin6I, MboI, BsuRI and HinfI) and as described in section 2.3.7.1 for the 

fungal ITS rDNA. ITS clones with identical RFLP patterns for all restriction enzymes 

were grouped together and compared with those from the culturable isolates. 

Representative samples from each RFLP group were sequenced.  

 

2.3.8.3 Isolation of plasmid DNA from Escherichia coli 

Plasmid DNA from each clone was prepared using the Wizard® Plus SV Minipreps DNA 

purification kit (Promega) as per manufacturer’s instructions. A single colony of each 

cloned sample was cultured in 5 mL LB broth amended with 100 μL/mL of ampicillin for 

16 h at 37oC in a shaking incubator. The cultures were centrifuged at 10,000 x g for 5 min 

and the supernatants were discarded. The cells were resuspended in 250 μL of cell 

resuspension solution by vortexing and 250 μL of cell lysis solution was added and mixed 

by inverting the tubes gently four times. The cells were then incubated for 5 min at room 

temperature after which, 10 μL of alkaline protease solution was added, mixed and 

incubated as previously stated. 

 

Aliquots (350 μL) of Wizard® Plus SV Neutralisation solution were added, mixed and 

centrifuged at 11,000 x g for 10 min. The supernatants were decanted into spin columns 

inserted in 2 mL tubes and centrifuged as previously described for 1 min. Two 

consecutive washings were carried out using 750 and 250 μL of column wash solution 

and centrifuged as previously described for 1 and 2 min, respectively. Plasmid DNA was 

eluted by adding 75 μL of nuclease-free water to the spin columns and centrifuging for 1 

min at 11,000 x g. To confirm the vector contained the appropriate insert, 2 μL of a 1/200 

dilution of the purified plasmid DNA was amplified using PN3/PN34 primer combination 
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as described in section 2.3.6.1. PCR products were size fractionated by 1% agarose gel 

electrophoresis alongside the original PCR product used in the ligation.  

 

2.3.9 Sequencing 

Sequencing reactions were carried out by the dideoxy chain termination method using the 

ABI PRISMTM Dye Terminator Cycle Ready Reaction kit with AmpliTaq® DNA 

Polymerase (Perkin-Elmer) and the ABI PRISMTM 3100 Genetic Analyser (Applied 

Biosystems). All PCR products were purified using the Quantum Prep® PCR Kleen Spin 

columns as per manufacturer’s instructions (Bio-Rad Laboratories, CA, USA) to remove 

PCR reagents. The NanoDrop spectrophotometer (NanoDrop Technologies) was used to 

quantify DNA of all samples prior to sequencing. 

 

For the fungal cultures, 17 ng of DNA from representative samples of each RFLP group 

were sequenced in a 10 μL total volume (Appendix 2.15) using the PN3/PN34 or 

ITS1/ITS4 primers. The two sequences obtained were compared using SequencherTM 

(Gene Codes Corporation, Michigan, USA) and the ITS sequence deduced. These ITS 

fragments were compared with those of known origin by searching GenBank 

(http://www.ncbi.nlm.nih.gov) with the BLAST search programme (Altschul et al., 

1997). Thirty nanograms of representative samples from each RFLP group of the bacteria 

cultures were sequenced as described previously using the B16S forward and reverse 

primers. Plasmid DNA was sequenced directly using 300 ng in 15 μL reaction volume 

with primers T7 and SP6 promoters flanking the multi-cloning site in the pGEM-T easy 

vector. To establish identity of the DNA inserts, the vector sequences were removed prior 

to BLAST search. 

 

2.3.10 Measurement of fungal spores and insect sizes  

The size of fungal spores isolated from the insects was determined using a DP12 digital 

camera system connected to a light microscope (BX51, Olympus New Zealand Ltd, 

Auckland, New Zealand). Images were analysed using AnalySIS® software (Soft-imaging 

System GmbH, Münster, Germany). This programme measured the surface area of 

http://www.ncbi.nlm.nih.gov/
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approximately 60 spores from each sporulating fungal isolate from three replicate slides. 

The 15 isolates with the largest spores from each insect species were selected and the 

mean spore size was determined. The size of each insect species was determined by 

measuring the body length of ten insects with a ruler. Due to its small size, S. staphylinus 

was measured using the software AnalySIS®. 

 

2.3.11 Location of fungal spores on the surface of the insects  

Scanning electron microscope (SEM) techniques (Biological Science Department, 

Canterbury University) were used to determine the location of fungal spores on the body 

of the insects. Six insects per species from each site were examined by placing them on 

aluminium stubs with double-sided sticky tape and coated with gold palladium at 1.2 kEv 

at 20 mA on a Polaron 5000 coater. A Leica S440 SEM was used to examine all external 

parts of each insect species body for fungal spores.  

 

2.3.12 Experimental design and data analyses 

The experiment was set up as a 3x3 factor Completely Randomised Design consisting of 

three insect species (A. ulicis, C. ulicetana and E. postvittana) sourced from three sites. 

There were three replicates. Counts of CFU were log transformed to satisfy the 

assumption of normality for analysis of variance (ANOVA) and to stabilise the variance. 

The data was analysed by ANOVA using the GenStat statistical package and compared 

with S. staphylinus data since this species was sourced from only one site. Mean 

separation was based on Fisher’s protected least significant difference (LSD) tests at the 

P < 0.05 level. Linear regression model was used to correlate the body length of the insect 

species and the mean size of fungal spores they carried. 
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2.4 RESULTS 

 

2.4.1 Microbial population on insects  

2.4.1.1 Fungal and bacterial CFU (Sampling 1) 

Among the insect species, E. postvittana generally carried the highest fungal CFU/insect 

and S. staphylinus the lowest as determined by the mean CFUs obtained by the washing 

and direct plating techniques (Table 2.1). For both washing and plating results, insects 

sourced from Reefton carried more fungal CFU than those sourced from the other two 

sites. Generally, insects from McLeans Island had the lowest fungal and bacterial 

CFU/insect (Fig. 2.4). The temperature of incubating the fungal cultures (15 and 25oC) 

did not have any significant effect on the CFU obtained from either washing or plating 

(Fig. 2.5). Similar fungi were isolated on agar at the two temperatures so only isolates 

incubated at 25oC were used for fungal identification. More surface microbes were 

recovered from all insect species using the washing technique than was obtained by the 

direct plating technique. In general, washing the insects almost doubled the number of 

fungi and more than doubled the number of bacterial colonies recovered compared with 

the plating technique.  

 

All insect species carried significantly higher numbers of bacteria than fungi with C. 

ulicetana carrying the most bacterial CFU/insect. This was observed at both McLeans 

Island and Tai Tapu. At Reefton, all species had similar numbers of bacterial CFU/insect. 

S. staphylinus carried the least bacterial CFU/insect. Plating the insects after washing 

recovered the lowest microbial CFU/insect for both fungi and bacteria.  
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Table 2.1. Microbial population (log10 CFU/insect) recovered from the surfaces of Cydia 
ulicetana, Apion ulicis and Epiphyas postvittana sourced from three sites; McLeans 
Island, Reefton, Tai Tapu and Sericothrips staphylinus sourced from Lincoln in 
Sampling 1 (n = 6). 

 
Treatment Fungi 

Log10 CFU/insect  
Bacteria 

Log10 CFU/insect 
 Washing Plating Plating after 

washing 
Washing Plating Plating after 

washing 
Insect spp. 
C. ulicetana 

 
 2.271 a z 

 
1.149 a 

 
0.847 a 

 
4.088 c 

 
1.415 b 

 
1.274 

A. ulicis 2.295 a 1.283 b 0.876 a 2.670 a 1.555 b 1.191 
E. postvittana 2.632 b 1.313 b 1.108 b 3.383 b 0.903 a 1.339 
S. staphylinus y     1.033     0.220     0.401      2.033      0.541 0.000 
Site       
McLeans  2.169 a 1.332 b 1.019 a 2.729 a 1.168 a 1.189 
Tai Tapu 2.508 b 1.020 a 0.822 a 3.585 b   1.338 ab 1.317 
Reefton 2.521 b 1.393 b 0.990 a 3.827 b 1.367 b 1.298 
 
LSD 

 
0.2752 

 
0.1027 

 
0.2533 

 
0.3849 

 
0.1799 

 
0.1919 

Interaction (P) 0.030 < 0.001 0.027 < 0.001 0.010 0.316 
 
z Values followed by the same letter within a column are not significantly different.  
y Data for S. staphylinus was excluded from the ANOVA.  
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Figure 2.4. Recovery of fungi (A) and bacteria (B) from three insect species [log10 colony 
unit counts (CFU)/insect]. Insects collected from three sites were washed and 
dilutions plated onto agar. Error bars indicate standard error; n = 6.  

A B 
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Figure 2.5. Recovery of fungi from four insect species (log10 CFU/insect). Insects 
were washed and dilutions plated onto agar and the plates were 
incubated at 25 or 15oC. Error bars indicate standard error; n = 18.  

 

 

2.4.1.2 Efficiency of washing technique 

To test the efficiency of the washing technique in removing microbes from the surfaces of 

the insects, A. ulicis were washed in four successive washings with each washing plated 

on agar media. The first washing removed about 90% of bacteria and 62% of fungi from 

the surfaces of the insects compared with the total population recovered from all four 

washings (Fig. 2.6). Fungal species recovered at the first washing were representative of 

the ones subsequently recovered. 
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Figure 2.6. Efficiency of washing technique for removing surface bacteria and fungi from A. 
ulicis in four consecutive washings (n = 6). 

 

 

2.4.2 Microbial diversity on insects 

2.4.2.1 Morphological identification of fungi 

Fungal groups were identified to genus level based on morphological characteristics. 

Most fungal groups recovered by washing the insects were also recovered by plating them 

directly on agar. 

 

Based on morphology on the isolation plates, the most prevalent isolates were 

Cladosporium spp. (accounting for about 50%), yeasts of white, red, yellow and orange 

colour (37%), Penicillium spp. (2.4%), Phoma herbarum (2.4%) and Alternaria spp. 

(2%). The remaining fungal species isolated occurred rarely (< 0.5%). Cladosporium 

spp., Penicillium spp., Phoma herbarum and yeasts spp. were recovered from all insect 

species and from all sites (Table 2.2). In general, most fungi were isolated from more than 

one insect species and from more than one site. Most fungal groups were recovered from 

E. postvittana and C. ulicetana (moths) and least from S. staphylinus. Only the moths 

carried Fusarium spp. The number of fungal groups on C. ulicetana, E. postvittana and A. 

ulicis did not vary among the three sites the insects were collected from (Fig. 2.7). Few 

isolates could not be morphologically identified mostly due to inability to make them 

sporulate in culture. 
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Table 2.2. Morphological identification of fungal groups on the external surface of Cydia 
ulicetana, Epiphyas postvittana and Apion ulicis sourced from three sites; McLeans 
Island (M), Reefton (R), Tai Tapu (T) and Sericothrips staphylinus sourced from 
Lincoln (L) in Sampling 1. 

 
Insect species Fungal species 

  C. ulicetana E. postvittana A. ulicis S. staphylinus 
Acremonium strictum      R T RT          T   
Alternaria alternata M          T          T L 
Aspergillus niger M M          T  
Aureobasidium pullulans         T M R T      R  
Beauveria bassiana M R      R      R  
Candida sp.           T   
Chaetomium globosum  M   
Cladosporium spp. M R T M R T M R T L 
Epicoccum purpurascens M R T MT M  
Fusarium spp.         T M R T   
Helicomyces sp.            T  
Humicola sp.  M   
Hyaline hyphomycete M R T M R T      R L 
Hyalondendron sp.    L 
Leptodontidium spp.     R T      R   
Mucor hiemalis       R  L 
Paecilomyces lilacinus    L 
Penicillium spp. M R T M R T M R T L 
Pestalotiopsis guepinii     R    
Pithomycetes chartarum     R          T M  
Phoma herbarum M R T M R T M R T L 
Sclerotinia sp.     R M     T      R  
Staphylotrichum sp.  M   
Sterile mycelium M R T M R T M R T L 
Trichoderma sp. M R   L 
Ulocladium spp. M          T   
Verticillium lecanii         T M      R  
Yeast spp. M R T M R T M R T L 
Unidentified M     T          T      R L 
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Figure 2.7. Distinct fungal groups recovered from C. ulicetana, E. postvittana and A. ulicis 
sourced from McLeans, Tai Tapu and Reefton (sampling 1) and identified by 
morphology. 

 

 

 

2.4.2.2 Molecular identification of fungi (Sampling 1) 

2.4.2.2.1 PCR amplification: Fungal ITS rDNA 

All the fungal cultures were identified by ITS polymorphism except for cultures identified 

morphologically as being: Epicoccum purpurascens, Paecilomyces lilacinus, Verticillium 

lecanii and Aspergillus niger. These cultures failed to yield DNA after several attempts 

using the two extraction methods. Amplified ITS rDNA products of the fungal isolates 

ranged between 425 and 800 bp in length (Fig. 2.8). Both the shortest (Metschnikowia 

pulcherrima) and the longest amplified regions (Pseudozyma fusiformata) were amplified 

from yeast. Most amplified ITS regions were approximately 650 bp and were mainly 

from ascomycetes.  
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  1,650bp 

  650bp 

 350bp 

 

 
 

Figure 2.8. PCR products of amplified ITS rDNA obtained from pure cultures of fungi 
recovered from the surfaces of insects. Lanes L: molecular weight markers (1 Kb-
plus ladder; Invitrogen); lanes 1-19: PCR amplified ITS from a selection of fungi 
identified in the study, lane C: negative control. 

 

2.4.2.2.2 RFLP analysis of fungal ITS rDNA 

Thirty eight cultured fungal isolates recovered from C. ulicetana, 20 from A. ulicis, 48 

from E. postvittana and 14 from S. staphylinus were digested with four restriction 

enzymes. Twenty five, 14, 30 and 12 RFLP groups were formed from isolates recovered 

respectively from C. ulicetana, A. ulicis, E. postvittana and S. staphylinus. Members of 

each group had identical RFLP patterns for all four enzymes (Appendix 2.16). The 

restriction digest produced between one and four visible bands for each isolate, with 

Hin61 producing most bands and BsuRI the least. Restriction fragments less than 25 bp 

were not taken into consideration because they were not visible by electrophoresis in 2% 

agarose gels. As a result, some of the PCR products estimated by adding the sizes of the 

restriction fragments were slightly less than the size of the undigested PCR products. 

Within a pattern, bands showing stronger intensity than bands of higher molecular weight 

were considered as two restriction fragments of the same size (doublet).  

 

2.4.2.2.3 Fungi identified on insects by ITS rDNA 

ITS sequences of representative RFLP groups were determined by comparing the 

sequences with that on GenBank (Table 2.3). The E value is the expected value given by 

the BLAST database search programme. The closer the E value is to "0" the more 

significant the match is (Altschul et al., 1997). Alternaria alternata, Alternaria triticina, 

1     2     3     4     5      6     7     8     9    10    11    12   13    14    15   16    17    18   19  C 

 

L L
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Cladosporium cladosporioides, Cladosporium herbarum, Phoma herbarum, and 

Pseudozyma fusiformata were present on all four insect species. Acremonium strictum, 

Aureobasidium pullulans, Beauveria spp., Cordyceps bassiana, Pithomyces chartarum 

and Sclerotinia sclerotiorum were isolated from all insect species except S. staphylinus. 

In addition, Aspergillus niger, Epicoccum purpurascens and Verticillium lecanii 

(morphologically identified only), were isolated on all insect species except S. 

staphylinus.  

 

Cladosporium spp. and yeast were the most prevalent fungal microbes on all the insects. 

Pseudozyma fusiformata was the most abundant yeast on all the insect species. Additional 

yeast species included Metschnikowia pulcherrima, Rhodotorula mucilaginosa and 

Sporobolomyces ruberrimus. Fusarium lateritium was the most common Fusarium 

species on both moths and was isolated in both sampling periods. Of the three species of 

Alternaria identified, A. alternata and A. triticina were most common on S. staphylinus 

and E. postvittana. Only the moths carried Fusarium spp., Beauveria bassiana and 

Acrodontium crateriforme. Pictures of spores of selected fungal species are presented in 

Appendix 2.17. 

 

2.4.2.2.4 RFLP analysis of Fusarium spp. 

Sequences of ITS gene fragments obtained from fungi on the moths, showed three species 

belonging to the genus Fusarium. The organisms with most similar sequences in the 

GenBank database to these sequences were Gibberella pulicaris (anamorph Fusarium 

sambucinum), Fusarium lateritium and F. tricinctum. Figure 2.9 is digestion products of 

amplified ITS rDNA of the three Fusarium species using four restriction enzymes Hin6I, 

MboI, BsuRI and HinfI. All Fusarium species recovered from the moths produced similar 

restriction patterns with BsuRI and HinfI digestion. Gibberella pulicaris was recovered 

from E. postvittana sourced from Reefton. Macroconidia of this isolate are similar in 

shape and size to that of F. tumidum (Fig. 2.10) and showed similar restriction pattern to 

that of F. tumidum (Fig. 2.11). 
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Table 2.3. Comparison of ITS sequences obtained from fungal isolates recovered from Cydia 
ulicetana, Apion ulicis and Epiphyas postvittana sourced from three sites; McLeans 
Island (M), Reefton (R), Tai Tapu (T) and Sericothrips staphylinus sourced from 
Lincoln (L) in Sampling 1. 

 
Closest match in 
GenBank database 

Source of 
insect 

Alignment 
length (bp) 

E value a % ITS 
similarity 

GenBank 
accession 
no. 

Cydia ulicetana      
Acremonium strictum (1) b         T 1067 0 99 AY138846 
Acrodontium crateriforme (1)      R 692 0 94 AY843112 
Alternaria alternata (3) M 1125 0 99 AY154682 
Alternaria triticina (1)         T 785 0 95 AY154695 
Arthothelium spectabile (1)         T 210 1e-51 94 AF138814 
Aureobasidium pullulans (1)         T 1051 0 99 AY185811 
Beauveria bassiana (3) M,R 1025 0 99 AJ560686 
Cladosporium cladosporioides (3) M,R,T 928 0 100 AY463365 
Cladosporium herbarum (2) M 1015 0 100 AF455517 
Cordyceps bassiana (1) M 1090 0 100 AB079126 
Drechslera dematioidea (1) M 1158 0 99 AY004790 
Fusarium lateritium (2)        T 1045 0 100 AF310979 
Lewia infectoria (1) M 944 0 99 AF455512 
Metschnikowia pulcherrima (1)        T 559 2e-156 96 AY301026 
Paraphaeosphaeria sp. (1)        T 864 0 98 AB096264 
Penicillium cecidicola (1) M 1003 0 99 AY787844 
Penicillium chrysogenum (1) M 1027 0 99 AY373903 
Phoma herbarum (5) M,R 983 0 98 AY337712 
Pithomyces chartarum (1)      R 954 0 99 AY433807 
Pseudozyma fusiformata (2) M,    T 1247 0 99 AB089366 
Rhodotorula mucilaginosa (1) M 1068 0 99 AF444614 
Sclerotinia sclerotiorum (1)      R 1027 0 100 AF455526 
Sporobolomyces ruberrimus (1) M 1070 0 100 AF444581 
Talaromyces intermedius (1) M 813 0 98 L14524 
Valsa sordida (1)         T 858 0 98 AB188679 
Aspergillus niger c M nd    
Epicoccum purpurascens c M,R,T nd    
Pestalotiopsis guepinii c      R nd    
Trichoderma sp. c M nd    
Verticillium lecanii c         T nd    

Apion ulicis 
Acremonium strictum (1)         T 1067 0 99 AY138846 
Alternaria alternata (1)         T 1125 0 99 AY154682 
Alternaria triticina (2)         T 785 0 95 AY154695 
Apiosporina morbosa (1) M 993 0 99 AF493984 
Aureobasidium pullulans (1)      R 1051 0 99 AY185811 
Beauveria brongniartii (1)      R 1007 0 97 AB027381 
Cladosporium cladosporioides (2) M,   T 928 0 100 AY463365 
Cladosporium herbarum (2)      R,T 1015 0 100 AF455517 
Cordyceps bassiana (2)      R 1090 0 100 AB079126 
Metschnikowia pulcherrima (1)         T 559 2e-156 96 AY301026 
Phoma herbarum (1)      R 983 0 98 AY337712 
Pithomyces chartarum (1) M 954 0 99 AY433807 
Pseudozyma fusiformata (3) M,R,T 1247 0 99 AB089366 
Sclerotinia sclerotiorum (1)      R 1027 0 100 AF455526 
Aspergillus niger c         T nd    
Epicoccum purpurascens c M nd    
Verticillium lecanii c      R nd    
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Table 2.3 cont. 
 
Epiphyas postvittana  
Acremonium strictum (2) M,R 1067 0 99 AY138846 
Acrodontium crateriforme (1)      R 692 0 94 AY843112 
Alternaria alternata (1)         T 1125 0 99 AY154682 
Alternaria sp. (1)         T 311 8e-82 91 AY762947 
Alternaria triticina (2) M,   T 785 0 95 AY154695 
Aphanocladium aranearum (1)         T 1078 0 100 AF455489 
Apiosporina morbosa (1)         T 993 0 99 AF493984 
Arthrinium sacchari (1) M 1061 0 99 AF455478 
Aureobasidium pullulans (3) M,R,T 1051 0 99 AY185811 
A. pullulans isolate wb149 (1)      R 997 0 99 AF455533 
Beauveria bassiana (2)      R,T 1025 0 99 AJ560686 
Chaetomium globosum (1) M 1017 0 99 AY429056 
Cladosporium cladosporioides (2) M,    T 928 0 100 AY463365 
Cladosporium herbarum (2)      R 1015 0 100 AF455517 
Cordyceps bassiana (1)      R 1090 0 100 AB079126 
Foliar endophyte of Picea glauca (2) M,    T 839 0 98 AY566890 
Fusarium lateritium (1) M 1045 0 100 AF310979 
Fusarium tricinctum (2)          T 1031 0 100 AF008921 
Gibberella pulicaris (1)      R 1011 0 99 AY188921 
Metschnikowia pulcherrima (2)      R,T 559 2e-156 96 AY301026 
Mucor hiemalis f. corticola (1)      R 1102 0 99 AY243950 
Nectria mauritiicola (2) M,    T 489 3e-135 98 AJ558115 
Paraphaeosphaeria michotii (3) M,R 910 0 99 AF250829 
Phaeosphaeriaceae sp. (2) M,    T 617 1e-173 96 AY465459 
Phoma herbarum (3) M,R,T 983 0 98 AY337712 
Phomopsis sp. PHAg (1)         T 924 0 96 AY620999 
Pithomyces chartarum (1)         T 954 0 99 AY433807 
Pseudozyma fusiformata (2) M,R 1247 0 99 AB089366 
Sclerotinia sclerotiorum (2) M,   T 1027 0 100 AF455526 
Sporobolomyces ruberrimus (1)      R 1070 0 100 AF444581 
Aspergillus niger c M nd    
Epicoccum purpurascens c M,   T nd    
Verticillium lecanii c M nd    

Sericothrips staphylinus 
Alternaria alternata (1) L 1125 0 99 AY154682 
Alternaria sp. (1) L 311 8e-82 91 AY762947 
Alternaria triticina (1) L 785 0 95 AY154695 
Cladosporium cladosporioides (1) L 928 0 100 AY463365 
Cladosporium herbarum (2) L 1015 0 100 AF455517 
Mucor hiemalis f. corticola (1) L 1102 0 99 AY243950 
Penicillium citreonigrum (1) L 694 0 99 AY157489 
Penicillium pinophilum (1) L 967 0 100 AB194281 
Phoma herbarum (2) L 983 0 98 AY337712 
Pseudozyma fusiformata (1) L 1247 0 99 AB089366 
Rhodotorula mucilaginosa (1) L 1068 0 99 AF444614 
Tranzscheliella hypodytes (1) L 1136 0 99 AF045867 
Paecilomyces lilacinus c L nd    
Trichoderma sp. c L nd    
 

a The E value is the expected value given by the BLAST database search programme. The closer this number is to zero, 
the greater the certainty of the identification (Altschul et al., 1997). 
b Figures in parenthesis indicate number of isolates in the RFLP group. 
c Organisms were only identified by morphology; nd: not determined. 
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Figure 2.9. Restriction fragment patterns of PCR amplified rDNA, digested with 1: Hin6I, 2: 

MboI, 3: BsuRI and 4: HinfI and analysed in 2% agarose gel. Lane M: molecular weight 
marker (50 bp ladder; Invitrogen); lane U: undigested rDNA.  

 

 

 

 
 

      G. pulicaris (700 μm2)            *F. tumidum (520 μm2)             F. lateritium (156 μm2)          F tricinctum (151 μm2) 
 
Figure 2. 10. Fusarium species and Gibberella pulicaris recovered from the lepidopteran 

insects. *F. tumidum was provided by Landcare Research, Auckland.  
 

 
 

 

 
 
Figure 2.11. Restriction fragment patterns of PCR amplified rDNA, digested with 1: Hin6I, 2: 

MboI, 3: BsuRI and 4: HinfI and analysed in 2% agarose gel. Lane M: molecular 
weight marker (50 bp ladder; Invitrogen); lane U: undigested rDNA.  
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2.4.2.2.5 PowerSoilTM DNA Isolation Kit sensitivity test 

The sensitivity of the PowerSoilTM DNA Isolation Kit was determined using varying 

numbers (5-50,000) of F. tumidum spores. DNA was extracted from spore samples as low 

as 12.5 spores whereas spore numbers of 5 did not have enough DNA for amplification 

(Fig. 2.12). There was a positive and linear correlation (R2 = 85%) between the log10 of 

the number of spores used for the extraction and the concentration of DNA (Fig. 2.13).  

 

 

 
 

Figure 2. 12. PCR products amplified from 50000, 5000, 500, 40, 25, 12.5 and 5 spores of  
F. tumidum using the PowerSoilTM DNA Isolation Kit for genomic DNA 
extraction. Lane M: molecular weight marker (1 Kb-plus ladder; Invitrogen); 
lane C: control.  
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Figure 2.13. Relationship between number of F. tumidum spores (log10) and concentration of 
DNA (ng/μL) extracted with PowerSoilTM DNA Isolation Kit. (Y = 0.5x + 3.4; R2 = 85%). 

 
 

M   50,000 5,000 500    40      25      12.5    5      C

1,000bp 

650bp 
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650bp 

200bp 

2.4.2.2.6 Cloned amplicon 

Digestion of ITS amplified products (Fig. 2.14) of 47 transformed clones obtained from 

A. ulicis, 51 from C. ulicetana, 43 from E. postvittana and 37 from S. staphylinus 

produced a total of 17 RFLP groups. Ten of these RFLP groups had ITS sequences close 

to Nectria mauritiicola which constituted 94% of the 178 cloned amplicons. The 

dominant N. mauritiicola strain on all insect species was NHRC-FC042 (GenBank 

database accession # AJ558114). Three of the RFLP groups had ITS sequences close to 

Cordyceps bassiana, an uncultured soil fungus and Nectria mauritiicola (Fig. 2.15). The 

fungal species identified by direct PCR are listed in Table 2.4 with two uncultured fungi 

(GenBank accession # DQ421003 and AM260859). Except for S. staphylinus, all insect 

species carried an uncultured fungus with ITS sequence similarity to GenBank accession 

# DQ421003. Sequences of three clones from the washings of C. ulicetana were close to 

Claviceps purpurea. 

 

 

 

 
 

Figure 2.14. PCR products of plasmid DNA obtained from washings of insects and separated in 
1% agarose gel. Lane M: molecular weight markers (1 Kb-plus ladder; Invitrogen); lanes 
1-12: PCR products, lane C: control, lane ML: low mass ladder (Invitrogen). 

 M     1        2         3         4         5         6         7        8        9      10       11       1 2         C          ML 
4
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650bp 

350bp 

100bp 

 

 

 
 

 

Figure 2.15. Restriction fragment patterns of PCR amplified rDNA, digested with 1: Hin6I, 2: 
MboI, 3: BsuRI and 4: HinfI and analysed in 2% agarose gel. Lane M: molecular weight 
marker (50 bp ladder; Invitrogen).  

 

 

 

Table 2.4. Similarities of sequences of ITS gene fragments obtained by the PCR culture-
independent approach from Cydia ulicetana, Epiphyas postvittana, Apion ulicis, sourced 
from three sites; McLeans Island (M), Reefton (R), Tai Tapu (T) and Sericothrips 
staphylinus sourced from Lincoln (L) in Sampling 1. 

 
Closest match in 
GenBank database 
 

Source of 
insect 

Alignment 
length (bp) 

E value a % ITS 
similarity 

GenBank 
accession no. 

Cydia ulicetana      
Acremonium kiliense (1) b         T 763 0 100 AJ853771 
Claviceps purpurea (3)         T 1146 0 99 AB160991 
Fusarium lateritium (1)         T 1045 0 100 AF310979 
Nectria mauritiicola (45) M,R,T 1124 0 100 AJ558114 
Uncultured soil fungus (1) M 1013 0 99 DQ421003 

Epiphyas postvittana      
Cordyceps bassiana (1)         T 662 0 99 AY532052 
Nectria mauritiicola (39) M,R,T 1124 0 100 AJ558114 
Psathyrella cf. gracilis (1)      R 1007 0 94 AY228352 
Uncultured fungus (1) M 979 0 97 AM260859 
Uncultured soil fungus (1)         T 1013 0 99 DQ421003 

Apion ulicis      
Nectria mauritiicola (46) M,R,T 1124 0 100 AJ558114 
Uncultured soil fungus (1) M 1013 0 99 DQ421003 

Sericothrips staphylinus      
Nectria mauritiicola (37) L 1124 0 100 AJ558114 
 

a footnote same as Table 2.3. 
b Figures in parenthesis indicate number of clones. 
 

 

         Cordyceps bassiana          Uncultured soil fungus      Nectria mauritiicola  

M        1          2            3            4          1             2          3           4            1          2           3          4 
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2.4.2.3 Bacteria identification (Sampling 1) 

Most of the bacterial isolates (72%) were gram negative. Results from a preliminary trial 

showed 86% gram negative out of 22 bacterial colonies randomly selected from cultures 

obtained from washings of C. ulicetana and A. ulicis with almost equal proportion of 

cocci to rod shaped bacteria.  

 

2.4.2.3.1 RFLP analysis of 16S rDNA  

The 16S rDNA of 34 (E. postvittana), 32 (A. ulicis), 29 (C. ulicetana) and 26 (S. 

staphylinus) isolates were amplified. All 16S rDNA amplified regions were 

approximately 1,500 bp (Fig. 2.16). Digestion of the amplified 16S rDNA with a set of 

restriction enzymes (Fig. 2.17) grouped the 121 isolates into 33 RFLP groups. Of these, 

17 RFLP groups were for bacteria isolated from E. postvittana, 13 from C. ulicetana, 18 

from A. ulicis and 8 from S. staphylinus. Amplified sequences were compared with the 

GenBank database using the BLAST search programme for the closest matching 

organism (Altschul et al., 1997) (Table 2.5). Bacteria isolated from C. ulicetana and E. 

postvittana were from 12 and 13 genera, respectively. Isolates from A. ulicis constituted 

14 bacterial genera while isolates from S. staphylinus were from eight genera. 

 

Pseudomonas fluorescens and Stenotrophomonas maltophilia were most frequently 

isolated from C. ulicetana. P. fluorescens was the most common bacterium on E. 

postvittana while Moraxella osloensis was the dominant bacterium on A. ulicis. 

Methylobacterium aquaticum, Providencia rustigianii and Escherichia coli accounted for 

approximately 77% of all bacterial species on S. staphylinus. Pseudomonas spp. were 

identified on all four insect species from most of the collection sites. 
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1,650bp 

650bp 

1,650bp 

200bp 

 
 

Figure 2.16. PCR products of amplified 16S rDNA obtained from bacteria recovered from the 
surfaces of four insect species. Lanes M: molecular weight markers (1 Kb-plus ladder; 
Invitrogen); lanes 1-20: PCR products, lane C: negative control. 

 
 
 

 
 
Figure 2.17. Restriction fragment patterns of PCR amplified 16S rDNA of five bacterial isolates 

(A, B, C, D, E) digested with 1: EcoRI; 2: BsuRI and 3: AluI and analysed in 2% agarose 
gel. Lane M: molecular weight marker (1 Kb-plus ladder; Invitrogen). 

 

 

Methylobacterium aquaticum and Pseudomonas lutea were isolated from all four insect 

species. P. fluorescens was the most abundant species and accounted for 12% of the 121 

isolates. P. fluorescens, P. lutea and Actinobacterium sp. (isolate MSB2127) were 

identified on E. postvittana from all three collection sites while Moraxella osloensis was 

isolated from C. ulicetana from all three sites. Nine bacterial species were common on C. 

ulicetana and E. postvittana. Of these, Actinobacterium sp. (isolate MSB2127), 

Aeromonas allosaccharophila, Bacillus pumilus and Stenotrophomonas maltophilia were 

present only on the moths. E. postvittana carried three Rhodococcus species. (i.e. 

Rhodococcus corynebacterioides, Rhodococcus erythropolis and Rhodococcus fascians) 

whilst only A. ulicis carried Sphingomonas spp. All three Sphingomonas spp. were found 

on A. ulicis sourced from Reefton. Methylobacterium aquaticum and Pseudomonas spp. 

were recovered from A. ulicis from the three sites.  

 M      1          2          3         1         2         3         1          2         3         1          2          3        1          2         3 

                       A                              B                               C                               D                              E               

M   1     2     3      4      5     6   7     8    9    10    11   12   13 14   15  16  17   18   19   20  C



Chapter 2 

 70

Table 2.5. Comparison of 16S rDNA sequences obtained from bacterial isolates recovered from 
Cydia ulicetana, Epiphyas postvittana, Apion ulicis, sourced from three sites; McLeans 
Island (M), Reefton (R), Tai Tapu (T) and Sericothrips staphylinus sourced from Lincoln 
(L) in Sampling 1. 

 
Closest match in 
GenBank database 

Source 
of insect 

Gram 
reaction 

Alignment 
length (bp) 

E  
value a 

% 16S 
similarity 

GenBank 
accession no. 

Cydia ulicetana       
Actinobacterium MSB2127 (2) b M,R + 406 1e-110 99 AY275511 
Aeromonas allosaccharophila (1)         T - 1495 0 99 S39232 
Bacillus pumilus (2) M + 1709 0 99 DQ105967 
Chryseobacterium sp. BBCT14 (1)         T - 1059 0 99 DQ337556 
Curtobacterium flaccumfaciens pv. 
flaccumfaciens (1) 

 
        T 

 
+ 

 
2734 

 
0 

 
99 

 
AJ312209 

Enterococcus mundtii (2) M + 1241 0 100 AF061013 
Frigoribacterium sp. GIC43 (1)      R + 1883 0 100 AY439250 
Methylobacterium aquaticum (2)      R - 1530 0 98 AJ785572 
Moraxella osloensis (3) M,R,T - 1889 0 99 AF005190 
Pseudoclavibacter helvolus (1)         T + 1768 0 99 X77440 
Pseudomonas fluorescens (7) M,    T - 1425 0 100 DQ207731 
Pseudomonas lutea (1)         T - 1259 0 99 AY364537 
Stenotrophomonas maltophilia (5) M,   T - 1691 0 100 AY367030 

Epiphyas postvittana       
Acidovorax temperans (1)      R - 1957 0 99 AF078766 
Actinobacterium MSB2127 (3) M,R,T + 406 1e-110 99 AY275511 
Aeromonas allosaccharophila (1)         T - 1495 0 99 S39232 
Bacillus pumilus (1) M + 1709 0 99 DQ105967 
Erwinia carotovora (2) M,R - 1453 0 97 BX950851 
Methylobacterium aquaticum (3) M,   T - 1530 0 98 AJ785572 
Moraxella osloensis (1) M - 1889 0 99 AF005190 
Providencia rustigianii (2) M - 894 0 98 AM040489 
Pseudoclavibacter helvolus (2)      R + 1768 0 99 X77440 
Pseudomonas fluorescens (6) M,R,T - 1425 0 100 DQ207731 
Pseudomonas lutea (3) M,R,T - 1259 0 99 AY364537 
Rhodococcus corynebacterioides (1) M + 2531 0 98 NC16SR2 
Rhodococcus erythropolis (2)      R + 1586 0 100 AY822047 
Rhodococcus fascians (1) M + 1065 0 99 AY730713 
Serratia proteamaculans subsp. 
quinovora (2) 

        T - 1183 0 99 AF286867 

Serratia proteamaculans (1)         T - 1084 0 99 AY040208 
Stenotrophomonas maltophilia (2)         T - 1691 0 100 AY367030 

Apion ulicis       
Bacillus megaterium (1)         T + 1923 0 100 AJ717381 
Curtobacterium flaccumfaciens pv. 
flaccumfaciens (1) 

 
        T 

 
+ 

 
2734 

 
0 

 
99 

 
AJ312209 

Erwinia carotovora (3) M,R - 1453 0 97 BX950851 
Escherichia coli (2) M,R - 1612 0 99 DQ182324 
Frigoribacterium sp. ULA1 (1)      R + 973 0 100 AM180731 
Methylobacterium aquaticum (3) M,R,T - 1530 0 98 AJ785572 
Microbacterium sp. BM-25 (1)         T + 1154 0 99 AY635868 
Moraxella osloensis (5) M,R - 1889 0 99 AF005190 
Paenibacillus polymyxa (1)         T + 2648 0 99 AM062684 
Pseudoclavibacter helvolus (1)      R + 1768 0 99 X77440 
Pseudomonas fluorescens (2) M,R - 1425 0 100 DQ207731 
Pseudomonas lutea (2)      R,T - 1259 0 99 AY364537 
Rhodococcus erythropolis (3) M + 1586 0 100 AY822047 
Rhodococcus sp. Ellin172 (1)      R + 2488 0 99 AF409014 
Sphingomonas sp. pfB27 (2)      R - 837 0 100 AY336556 
Sphingomonas sp. TSBY-34 (1)      R - 977 0 99 DQ166180 
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Table 2.5 cont. 

Sphingomonas sp. XT-11 (1)      R - 2603 0 100 DQ115797 
Staphylococcus xylosus (1)         T + 1980 0 99 AF515587 

Sericothrips staphylinus       
Agrobacterium rubi (1) L - 1124 0 99 AY626394 
Curtobacterium flaccumfaciens pv. 
flaccumfaciens (1) 

 
L 

 
+ 

 
2734 

 
0 

 
99 

 
AJ312209 

Escherichia coli (8) L - 1612 0 99 DQ182324 
Frigoribacterium sp. ULA1 (2) L + 973 0 100 AM180731 
Methylobacterium aquaticum (7) L - 1530 0 98 AJ785572 
Plantibacter flavus (1) L - 1110 0 100 AJ310417 
Providencia rustigianii (5) L - 894 0 98 AM040489 
Pseudomonas lutea (1) L - 1259 0 99 AY364537 
 

a footnote same as Table 2.3. 
b Figures in parenthesis indicate number of isolates in the RFLP group. 
 

 

2.4.2.4 Microbes identified on insects (Sampling 2) 

2.4.2.4.1 Fungal species 

Only C. ulicetana and E. postvittana were assessed for their surface microbes in sampling 

2. Fungi identified on the moths, the host (gorse) plants and understorey (grass) are listed 

in Table 2.6. Acremonium, Alternaria, Aureobasidium, Cladosporium, Epicoccum, 

Penicillium, Phoma and yeast spp. were common on all plant and insect species assessed. 

Additionally, Arthrinium sacchari, Beauveria bassiana and Fusarium lateritium were 

identified on both insect species. Based on morphology, Cladosporium and yeast spp. 

were the most abundant fungal colonies (accounting for about 85%) on each insect 

species and were the most abundant colonies on the gorse and grass. Newly identified 

fungi on C. ulicetana included Apiospora montagnei, Drechslera biseptata and Fusidium 

spp. Additional fungi on E. postvittana were Botrytis cinerea and Paecilomyces carneus. 
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Table 2.6. Fungal species identified on Cydia ulicetana, Epiphyas postvittana and associated plant 
species using either morphology or ITS sequencing (Sampling 2). 

 
Fungal species (GenBank accession no.) % ITS similarity Insect spp. Plant spp. 
  C. ulicetana E. postvittana Gorse Grass 
Acremonium spp. a  + + + + 
Alternaria alternata (AY154682) b 99 + + + + 
Apiospora montagnei  + - - - 
Aspergillus spp.  + - - + 
Arthrinium sacchari (AF393679) 98 + + - - 
Aureobasidium pullulans  + + + + 
Beauveria bassiana (AB027382) 99 + + - - 
Botrytis cinerea  - + - - 
Cladosporium cladosporioides (AY463365) 100 + + + + 
Cladosporium herbarum  + + + + 
Claviceps purpurea (AB160991) 99 + - - - 
Drechslera biseptata (AY004787) 100 + - - - 
Epicoccum purpurascens  + + + + 
Fusarium lateritium (AF310979) 100 + + - - 
Fusarium tricinctum (AF008921) 100 - - + - 
Fusidium sp.  + - - - 
Paecilomyces carneus  - + - - 
Penicillium spp.  + + + + 
Phoma herbarum  + + + + 
Pithomyces chartarum  + - - - 
Sclerotinia sp.  + - - - 
Sterile mycelium  + + + + 
Yeast spp.  + + + + 
 

 

a Species with no GenBank accession number were identified by morphology. 
b Species with GenBank accession number were identified by ITS sequencing; all had an E value of “0” which means 
that the alignment between sequences is very significant (Altschul et al., 1997). 
+: isolated from host; -: not isolated from host. 
 

 

2.4.2.4.2 Bacterial species 

Four bacterial species (Arthrobacter chlorophenolicus, Curtobacterium flaccumfaciens 

pv. flaccumfaciens, Pseudomonas lutea and Rhodococcus sp.) were common on both 

moths in Sampling 2 (Table 2.7). Four bacterial species belonging to the genera Bacillus, 

Curtobacterium, Methylobacterium, and Pseudomonas were recovered from C. ulicetana 

in sampling 1 and 2 while Erwinia, Methylobacterium, Pseudomonas and Rhodococcus 

were recovered from E. postvittana from both samplings. Additional bacteria genera on 

C. ulicetana included Arthrobacter, Erwinia, Microbacterium and Rhodococcus. Bacteria 

belonging to the genera Arthrobacter, Chryseobacterium, Curtobacterium and 

Microbacterium were additional bacteria recovered from E. postvittana. 
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Table 2.7. Comparison of 16S rDNA sequences obtained from bacterial isolates recovered from 
Cydia ulicetana and Epiphyas postvittana collected from Tai Tapu (Sampling 2). 

 
Closest match in 
GenBank database 

Gram 
reaction 

Alignment 
length (bp) 

E 
value a 

% 16S 
similarity 

GenBank 
accession no. 

C. ulicetana      
Arthrobacter chlorophenolicus (2) b + 690 0 98 AF102267 
Bacillus pumilus (1) + 1709 0 99 DQ105967 
Curtobacterium flaccumfaciens pv. 
flaccumfaciens (2) 

+ 2734 0 99 AJ312209 

Erwinia cypripedii (2) - 1053 0 99 AJ233413 
Methylobacterium sp. Enf3 (1) - 821 0 99 DQ322592 
Methylobacterium sp. PB176 (1) - 1013 0 99 AB220098 
Microbacterium sp. KV-492 (2) + 862 0 99 AB234028 
Pseudomonas lutea (1) - 1259 0 99 AY364537 
Rhodococcus sp. (3) + 847 0 99 AY660692 

E. postvittana   0   
Arthrobacter chlorophenolicus (1) + 690 0 98 AF102267 
Chryseobacterium indoltheticum (1) - 1068 0 99 AY468448 
Curtobacterium flaccumfaciens pv. 
flaccumfaciens (1) 

+ 2734 0 99 AJ312209 

Erwinia billingiae (1) - 1108 0 100 DQ288876 
Methylobacterium aquaticum (1) - 1530 0 98 AJ785572 
Microbacterium sp. KV-492 (1) + 862 0 99 AB234028 
Pseudomonas lutea (3) - 1259 0 99 AY364537 
Rhodococcus sp. (1) + 847 0 99 AY660692 
 

a footnote same as Table 2.3. 
b Figures in parenthesis indicate number of isolates in the RFLP group. 
 

 

2.4.3 Fungal spore size and insect size 

A large number of fungal spores recovered from E. postvittana (40%) were larger than 

100 μm2 (Appendix 2.18). Only 13 and 6%, respectively from A. ulicis and S. staphylinus 

were over 100 μm2. The largest fungal spore identified, Gibberella pulicaris (Fig. 2.18) 

was recovered from E. postvittana which also carried the largest mean fungal spore size 

of 125.9 μm2 (Table 2.8). This insect species is the largest while S. staphylinus is the 

smallest in terms of body length. The majority of the fungal spores borne by S. 

staphylinus were small, indicated by overall mean size of approximately 15 μm2. The 

mean size of fungal spores recovered from the insect species correlated strongly with 

their body length (R2 = 85%). 
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Table 2.8. The largest and the mean size (μm2) of fungal spores recovered from four gorse-
associated insect species. 

 
Insect species Largest fungal spore Mean spore size (μm2) Insect body 
 Name Size (μm2) (n=15) a length (mm) 

E. postvittana Gibberella pulicaris 700 125.9 9.5 
C. ulicetana Pestalotiopsis guepinii 202 62.7 7.4 
A. ulicis Epicoccum purpurascens 213 38.3 2.5 
S. staphylinus Alternaria alternata 106 14.9 1.8 

 
a Mean spore size of the 15 fungal species with the biggest spores for each insect species. 

 

  
 

  
 
Figure 2.18. The largest fungal spores recovered from four insect species. A: Gibberella pulicaris 

recovered from E. postvittana; B: Pestalotiopsis guepinii from C. ulicetana; C: Epicoccum 
purpurascens from A. ulicis; D: Alternaria alternata from S. staphylinus. 

 
 

2.4.4 Spore location on insects 

The SEM studies revealed microbes on all insect species especially S. staphylinus and A. 

ulicis. While spores were found over the entire surfaces of S. staphylinus and A. ulicis, 

they were restricted to the legs, antennae and ventral abdomen of the moths (Fig. 2.19). 

Microbes were rarely found on the scales of the moths. 

A B

C D
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Figure 2.19. Scanning electron micrographs of external parts of insects showing their surface 

microflora. A-D: S. staphylinus (A: compound eye, B: dorsal part of head; C: legs; D: 
lower abdomen). E-H = A. ulicis (E: dorsal part of abdomen; F: lateral view of 
abdomen; 
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Fig. 2.19 cont. 
 

  
 

  
 

   
 

Figure 2.19. cont. G: proboscis; H: dorsal part of thorax), I-J: C. ulicetana (I: (antenna, Bar = 20 
μm; J: upper leg, Bar = 10 μm), K-L: E. postvittana: (antenna, Bar = 2 μm, L: scales). 
Arrows indicate some of the microbial spores. 
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2.5 DISCUSSION 

 

In this study, a higher level of fungal diversity on the external surface of insects was 

detected than has previously been reported (Rosa et al., 2003) however, that study 

reported on the yeast communities only on bees. The bacterial diversity reported in this 

study is comparable to the 11 groups reported in organs of fruit flies by Sood and Nath 

(2002). Results from this study indicate that while the insects harbour multiple microbial 

taxa on their exoskeleton, most fungi isolated from the insects were gorse epiphytes 

(Johnston et al., 1995) with few air-borne and soil-borne organisms and 

entomopathogens.  

 

All insect species studied carried some entomopathogenic fungi although the number of 

entomopathogens detected was low. Beauveria bassiana was the most common 

entomopathogenic fungus on the Lepidoptera while Beauveria brongniartii was present 

on the gorse seed weevil, A. ulicis only. B. brongniartii has been reported on the Andean 

potato weevil, Premnotrypes sp. (Cisneros and Vera, 1999-2000). Both species of 

Beauveria are obligate parasitic fungi used in biological control of insect pests (Cisneros 

and Vera, 1999-2000; Mander et al., 2006). In addition, entomopathogenic fungi 

Cordyceps bassiana and Verticillium lecanii were isolated from all insect species except 

S. staphylinus. Close association of C. bassiana with the insect Triphosa dubitata has 

been reported (Kubátová and Dvořák, 2005). Other entomopathogenic fungi included 

Paecilomyces carneus (found on E. postvittana) and Paecilomyces lilacinus (found on S. 

staphylinus). Paecilomyces lilacinus has been isolated from the gut of honeybees, Apis 

mellifera (Gilliam and Morton, 1977). Reports have shown that entomopathogens 

parasitise several insect species and as a result, regulate their natural population (Deacon, 

2006). Apart from E. postvittana, all insect species (used for this study) are classical 

biological control agents of gorse. It is therefore important to maintain high populations 

of these species on the weed. Entomopathogens isolated from the insects were of low 

prevalence and therefore may pose only a limited threat to these insect species. 
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Some of the most common air-borne fungal species on the insects were Alternaria 

alternata, Cladosporium spp. and Penicillium spp. These fungal species were most 

probably transient mycota on the insects, representing their abundance in the surrounding 

environment as were observed on the gorse plants and the understorey grass. Common 

yeast on the insects was Pseudozyma fusiformata while Sporobolomyces ruberrimus was 

the least prevalent. Some yeast spp. have antifungal effects (Yao et al., 2004) and may be 

involved in a mutualistic relationship with insects (Rosa et al., 2003) thereby, protecting 

them against infection. Metschnikowia spp. have been isolated from beetles in the genus 

Conotelus (Lachance et al., 2003) while Rhodotorula mucilaginosa has been reported to 

be common on a wide range of insects including Diptera and Hymenoptera (Zacchi and 

Vaughan-Martini, 2002). Pseudozyma and Rhodotorula spp. have been isolated from the 

surfaces of the stingless bees, Tetragonisca angustula and Melipona quadrifasciata (Rosa 

et al., 2003). The latter report suggests that these yeasts may be transient mycota vectored 

by the bees. 

 

The lepidopteran insects or moths carried more microbes than the other insect species. C. 

ulicetana carried the most CFU of bacteria whereas E. postvittana carried most fungal 

CFU/insect. Generally, insects sourced from Reefton carried the most external microflora 

and those from McLeans Island carried the least. This could be as a result of higher 

annual rainfall in 2004 (when the insects were collected) at Reefton (2,148 mm; NIWA 

Instrument Systems) compared with only 675 mm recorded at McLeans Island in 

Canterbury. High rainfall favours the growth, development and sporulation of most 

microorganisms. Other factors such as relative humidity might contribute to this (Kaaya 

et al., 2000 cited in Yoder et al., 2003). Canterbury has lower humidity compared with 

Reefton. The sites did not differ in the mean annual temperature for the same period and 

were 10.9 and 10.6oC for Canterbury and Reefton, respectively (NIWA).  

 

The SEM studies revealed more microbes on S. staphylinus and A. ulicis than on the 

moths. Handling of the moths during SEM preparation could result in shedding of their 

scales as it was observed that the moths shed their scales easily. S. staphylinus and A. 

ulicis on the other hand are covered with hairs and this might have contributed to the 
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retention of microbes during the preparation for SEM. E. postvittana, the largest insect 

species studied, carried the largest fungal spores averaging 125.9 μm2 in surface area. The 

biggest fungal spore (Gibberella pulicaris, 700 μm2) identified on E. postvittana is bigger 

than F. tumidum-the fungal pathogen to be vectored by the insects. The ability to carry 

large spores may be an attribute of larger insects. Larger insects, such as E. postvittana, 

therefore may have the greatest capacity to vector F. tumidum spores which are large (520 

μm2). Conversely, S. staphylinus, by virtue of its small size, carried the least fungal and 

bacterial CFU/insect and the smallest sizes of fungal spores and may have limited 

potential for vectoring F. tumidum. 

 

Most fungi recovered from the insects in the first sampling were also isolated in the 

second sampling on the moths. For instance Acremonium spp., Alternaria spp., 

Aureobasidium pullulans, Beauveria bassiana, Cladosporium spp., Epicoccum 

purpurascens, Fusarium spp., Penicillium spp., Phoma herbarum and yeast species were 

isolated from both moths in both samplings. Apart from B. bassiana, these fungal species 

were also recovered from the insects in a preliminary trial in addition to Aspergillus spp. 

which were isolated from C. ulicetana only in the second sampling. Acremonium sp., 

Aureobasidium pullulans, Cladosporium cladosporioides, Aspergillus spp., Penicillium 

spp., Chaetomium sp. and Paecilomyces sp. have been isolated from the gut of honeybees, 

Apis mellifera (Gilliam and Morton, 1977). All these fungi were isolated from E. 

postvittana in this study. The majority of fungal species isolated from the insects were 

anamorphs of ascomycetes which is a reflection of the host plant epiphyte diversity 

(Johnston et al., 1995). Four basidiomycetes and one zygomycete were also isolated. The 

cultured basidiomycetes which were all yeasts included Metschnikowia pulcherrima, 

Pseudozyma fusiformata, Rhodotorula mucilaginosa and Sporobolomyces ruberrimus. 

The single zygomycete species (Mucor hiemalis f. corticola) was isolated both from E. 

postvittana and S. staphylinus.  

 

Fusarium lateritium was the most common Fusarium spp. and was consistently isolated 

from the moths at both samplings. This fungus together with Gibberella pulicaris 

(isolated from E. postvittana only) has been reported on gorse in New Zealand (Johnston 
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et al., 1995). Other Fusarium spp. such as F. tricinctum, were only isolated from E. 

postvittana and the host plant (gorse). Previous studies have recovered Fusarium spp. and 

Penicillium spp. from the external surfaces of the American dog tick, Dermacentor 

variabilis (Yoder et al., 2003) by direct culturing. The fact that only the moths carried 

Fusarium spp. indicates that they could be more adaptable to vectoring F. tumidum spores 

than the other two insect species. F. tumidum was not recovered from any of the insects or 

the host plant in this study which is most likely due to the limited sampling of the gorse in 

the present study. Only gorse plants sampled from one site (Tai Tapu) were assessed for 

their microflora and no diseased plants were observed with the possibility that F. tumidum 

may not have been present at a high enough population to be picked up by the insects. 

Another reason could be the absence of this fungus in Canterbury where most of the 

sampling was done. A survey of six sites in Canterbury found no F. tumidum at any of the 

sites although it was commonly isolated from gorse on the West Coast (Johnston and 

Parkes, unpublished). 

 

The morphological characteristics permitted the identification of most fungal isolates to 

the genus level only. Isolates which did not produce spores could only be identified as 

sterile mycelium or hyaline hyphomycetes. Most sterile isolates were found to be 

Alternaria alternata or a foliar endophyte of Picea glauca by ITS sequencing. Moreover, 

all isolates identified as Ulocladium spp. using morphological keys were found to have 

sequences closely matched with Lewia infectoria or Alternaria triticina. This reflects the 

fact that Ulocladium and Alternaria share most morphological and cultural characters, 

distinguished from one another primarily by Alternaria species having beaked conidia 

whereas the conidia of Ulocladium species do not. However, Ulocladium species can 

sometimes produce “false” conidial beaks leading to incorrect identification (Simmons, 

1967). Due to these limitations, molecular techniques for microbial identification are 

often preferred to morphological techniques (Ruiz et al., 2000; Souza et al., 2004). 

However, precise, molecular identification ultimately relies on correct morphological 

identification. More detailed identification to species level was therefore based on ITS 

sequences. On the other hand, Pithomyces chartarum could only be identified 
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morphologically because the BLAST search identified all Pithomyces spp. as fungal 

endophyte OTm-4.  

 

The fact that N. mauritiicola was abundant in the direct PCR although rarely isolated in 

culture suggests either the insects carried many unviable or unculturable N. mauritiicola 

spores or the molecular technique had a high bias towards amplifying N. mauritiicola 

ITS. Using similar primers Viaud et al. (2000) reported Nectria vilior as the dominant 

cloned amplicon from soil samples although it was rarely (2 out of 67 colonies) isolated 

in culture. A related fungus, Nectria ochroleuca has been isolated from gorse plants in 

New Zealand (Dingley, 1969 cited in Johnston et al., 1995). In contrast to reports by 

Viaud et al. (2000), fewer fungal taxa were obtained by the direct PCR technique than the 

culturing technique. Moreover, only 2.2% of the 178 cloned amplicons were found to be 

uncultured species despite reports that a large percentage of naturally occurring 

microorganisms cannot be cultured by standard techniques (Amman et al., 1995; Viaud et 

al. 2000). The possibility should not be excluded, however, that additional fungal taxa in 

the washings might have yielded poor or no ITS rDNA PCR amplification products with 

the PowerSoilTM DNA Isolation Kit used due to low template abundance or primer bias 

(Suzuki and Giovannoni, 1996; Von Wintzingerode et al., 1997). As a result, the 

culturing method is considered more sensitive than direct PCR for studying diversity of 

external mycoflora of insects because a colony can be produced from a single spore. It is 

important that both culture-dependent and culture-independent techniques be used in 

conjunction. 

 

Most of the bacterial isolates (72%) were gram negative. Grouping these isolates by 

genus showed higher percentages of gram negative bacteria on E. postvittana (65%) and 

S. staphylinus (75%), with an almost equal ratio of gram negative: gram positive on both 

A. ulicis and C. ulicetana. Pseudomonas spp. and Methylobacterium spp. were isolated 

from all four insect species and were consistently isolated from the moths in both 

samplings. Pseudomonas spp. are found abundantly as free-living organisms in soils, 

fresh water and marine environments, and in many other natural habitats. 

Methylobacterium can be found mostly in soils, on leaves, and in other parts of plants 
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(Lidstrom and Christoserdova, 2002). Both Erwinia and Staphylococcus, isolated from A. 

ulicis, have been reported to be present in the gut of the pea aphid, Acyrthosiphon pisum 

(Haynes et al., 2003). Bacillus has frequently been isolated from the frass of some bee 

species (Gilliam, 1997b) and it was isolated from all insect species except S. staphylinus 

in this study. Erwinia, Pseudomonas and Arthrobacter were isolated from the moths and 

have been reported to be common in the fruit flies, Bactrocera tau and B. cucurbitae 

(Sood and Nath, 2002).  

 

The results in this study provide insights into the external microflora of insects that will 

be useful for employing insects as vectors of pathogens for biological control 

programmes. All four insect species have been shown to carry diverse fungal and 

bacterial taxa on their exoskeleton with Cladosporium, Nectria, Pseudozyma and 

Pseudomonas the most abundant. Some of these microbes may antagonise F. tumidum 

and warrants further investigation. The fact that the insects carried some of the gorse 

phylloplane species indicates that they may pick up F. tumidum conidia if the pathogen is 

present in high population on the weed.  

 

E. postvittana, the largest insect species studied, carried the most fungal CFU per insect 

and the largest fungal spores. Additionally, this insect species naturally carried Fusarium 

spp. including G. pulicaris. The conidia of this fungus are morphologically similar to that 

of F. tumidum and both fungi produce the mycotoxin trichothecene (Desjardins et al., 

1987; Morin et al., 2000). Coupled with the availability of pheromone for attracting the 

male insects (Bellas et al., 1983), E. postvittana may be a suitable insect vector for 

delivering F. tumidum conidia on gorse using this novel biocontrol strategy. The ability of 

each insect species to carry and deposit F. tumidum conidia will be investigated in 

Chapter Five. 
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