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Abstract

Dothistromin (DOTH) is a secondary metabolite produced by the fungal peanut
pathogen Passalora arachidicola and pine needle pathogen Dothistroma
septosporum. The chemical structure of DOTH is similar to a precursor of aflatoxin
(AF) and sterigmatocystin (ST), which are secondary metabolites produced by

Aspergillus species.

A size fractionated genomic library was made and 11 putative DOTH genes were
identified in P. arachidicola. The DOTH genes in P. arachidicola were compared to
DOTH genes in D. septosporum as well as to AF and ST genes in Aspergillus species.
The DOTH gene products in P. arachidicola showed 73 - 96% amino acid identity to
DOTH genes in D. septosporum and 50 - 69% amino acid identity to AF/ST genes in
Aspergillus. The DOTH biosynthesis genes in P. arachidicola had similar gene
organization and direction of transcription to DOTH biosynthesis genes in D.
septosporum and is similar in that 11 putative DOTH genes are separated into three
mini-clusters. This differs from the AF/ST clusters in which 25 AF/ST genes are

tightly clustered in a 70 kb region.

Identification of transcription factor binding sites upstream of DOTH genes in P.
arachidicola and D. septosporum suggested similar co-regulation of DOTH gene

expression in P. arachidicola and D. septosporum.

Tandem and inverted repeat sequences were identified in intergenic regions in the P.
arachidicola DOTH gene cluster, but the distribution of those repeats appears to be
random. This suggests that the fragmentation of the DOTH biosynthesis gene cluster
is not due to retrotransposon activity or recombination between repeat sequences.
The DOTH biosynthesis gene clusters in P. arachidicola and D. septosporum could

be ancestral to AF/ST biosynthesis clusters in Aspergillus species.
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Chapter one — Introduction

1.1 Passalora arachidicola and early leaf spot disease

1.1.1 Early leaf spot disease

Early spot disease cause by P. arachidicola is characterized by brown circular spots
surrounded by yellow halo on the upper surface of peanut leaves. Brown dots first
appear on the upper surface of peanut leaves. As the dots enlarge to become circular
brown spots, a yellow halo develops around each spot (Figure 1.1). Spots can also
develop on leaf petioles and plant stems after numerous lesions are formed on
leaflets. Without treatment, the disease causes premature leaf drop and up to 75%
yield reduction. Even with fungicide treatment, it can still lead to 5% yield reduction

(Damicone and Melouk, 1998; Kucharek, 2000).

Figure 1.1 Early leaf spot on peanut

Damicone and Melouk, 1998)

P. arachidicola remains as stroma or mycelium on peanut residues in the field. After
a period of wetness, primary infection occurs on the adaxial surface of lower peanut
leaves. Conidia produced by P. arachidicola are the main initial inoculum source.
The conidia penetrate either through stomata or directly through epidermal cells but
do not produce intracellular haustoria. Symptoms develop within 10-14 days at 21°C
and more spores are produced. The secondary spread is by conidia dispersed by wind,
water splash or insects (Culbreath et al., 2002; Damicone and Melouk, 1998;

Kucharek, 2000).



Spray of fungicides and selecting resistant peanut cultivars are the two main methods
used to control early spot disease. The fungicides used include chlorothalonil,
tebuconazole or azoxystrobin. The spray of fungicides begins approximately 30 to
40 days after planting and every 10 to 14 days up to 2 weeks before harvest date.
During an extremely wet season, a shortened spray interval can be applied
(Culbreath et al., 2002; Damicone and Melouk, 1998; Nutsugah et al., 2007).
Selection of resistant peanut cultivars also increases yield. The selective experiments
can be done in greenhouse or field. Ricker (1985) tested 20 genotypes of peanut.
Phenotypes such as rate of infection, number of lesions per leaf, lesion diameter leaf
defoliation and sporulation of fungi were compared between each genotype and
genotype NC3033 had highest overall resistance to early leaf spot disease (Ricker et
al., 1985).

1.1.2 Passalora arachidicola

1.1.2.1 The fungus

Phylogenetic analysis by comparing the internal transcribed spacers (ITS) and the
adjacent 5’ end of the 25S rRNA gene sequences of different Passalora species
showed this anamorphic genus to belong to one clade of the teleomorphic
Mycosphaerella genus (Goodwin et al., 2001; Stewart et al., 1999). Passalora
arachidicola (previously known as Cercospora arachidicola, teleomorphic name
Mycosphaerella arachidis) is the fungal pathogen that causes peanut early leaf spot

disease.

1.1.2.2 Passalora arachidicola produces dothistromin (DOTH) toxin

When Assante screened 61 species of the Cercospora genus, she found that 8
Cercospora species produce DOTH, a polyketide secondary metabolite distinctively
red in colour (Assante et al., 1977). Column chromatography and mass spectral
analysis of a liquid culture showed that P. arachidicola (previously called
Cercospora arachidicola) produces DOTH and averufin as secondary metabolites.

Subsequent work using solid agar resulted in greatly increased yields of DOTH and
2



averufin by P. arachidicola (Stoessl, 1984; Stoessl and Stothers, 1985). Minor
metabolites such as versicolorin B, averantin and nidurufin were also produced by P.

arachidicola in small amounts (Stoessl and Stothers, 1985).

1.2 Dothistromin and biosynthesis gene clusters

1.2.1 Structure and biological activity of dothistromin

DOTH is a major secondary metabolite produced by P. arachidicola and the pine
needle pathogen Dothistroma septosporum. The structure of DOTH was identified
by mass spectrometry and nuclear magnetic resonance (NMR) (Bear et al., 1972). A
NMR study using C labelled DOTH precursors showed that the DOTH
bistetrahydrofurano side chain has a similar structure to the aflatoxin (AF) side chain.
Furthermore the DOTH tetrahydro-2-hydroxy- bisfuran moiety is similar to that of
AF precursor versicolorin B, although DOTH has different hydroxyl groups in the
anthraquinone ring (Shaw et al., 1978) (Figure 1.2). Sterigmatocystin (ST) and AF
are secondary metabolites synthesized by fungi A. nidulans, A. parasiticus and
related Aspergillus species. ST is the precursor of AF, so the ST and AF biosynthesis
share many steps. AF toxin is highly carcinogenic. Due to the risk to agriculture
production and human health, the ST and AF biosynthesis pathways have been
extensively investigated. Because of the similarity of DOTH with AF, the DOTH
biosynthesis genes were initially identified in D. septosporum using aflatoxin genes

as hybridisation probes (Bradshaw et al., 2002).

Figure 1.2 Comparison of the structures of DOTH and AF precursor

o~ "o OH
versicolorin B o

aflatoxin B1

OoH O OH oH O OH
| ' OH
S
o o OH HOY 0 O
o] OH

versicolorin A o dothistromin

Figure 1.2 Chemical structures of AF B1, versicolorin A, versicolorin B, and DOTH (Bradshaw et al., 2002)



Studies showed that DOTH is a weak mutagen and clastogen. DOTH showed a
significant mutagenic activity in an Ames assay and in a screen for specific induced
mutations in Chinese hamster fibroblasts (Elliott et al., 1989; Ferguson et al., 1986;
McLarin and Ferguson, 1985). The clastogenic activity of DOTH has been
demonstrated by observations that DOTH induces a dosage dependent increase in
sister-chromatid exchange frequency in human lymphocytes (McLarin and Ferguson,
1985; Skinnider et al., 1989). DOTH is toxic to a wide range of cell types. There is
an effective dosage for DOTH to be mutagenic/clastogenic or toxic. At low dosage,
DOTH is more likely to cause genetic damage, at high dosage, DOTH is more likely
to be toxic to cells before the cells’ genetic material has been damaged (Ferguson et

al., 1986).

Dothistroma pini was described to be the causal agent of dothistroma red-band
needle blight in 1941 by Hulbary (Bradshaw, 2004; Gibson, 1972). A taxonomic
revision renamed most D. pini as D. septosporum (Barnes et al., 2004). DOTH toxin
can be isolated from lesions of infected pine needles and from cultures in vitro
(Bassett et al., 1970). A strong host defence response to invading pathogens
contributes to the dothistroma needle blight symptoms (Franich et al., 1986).
Benzoic acid is a phytoalexin, produced by the plant, and accumulates at high
concentrations surrounding the lesions. The role of benzoic acid is to inhibit
Dothistroma, however, it is also toxic to the plant. Purified DOTH is broken down to
oxalic acid and COz2 in the needle tissue, with only 10-20% of the toxin remaining
after 24 hours (Bradshaw et al., 2000; Harvey et al., 1976). Because the necrotic
lesion continues to expand after most of the DOTH has been degraded, this showed
that damage of pine needle is probably mainly due to the plant’s defence response
rather than the toxicity of DOTH (Franich et al., 1986). Studies showed that in P.
radiata, even in the absence of DOTH, the defence response to D. septosporum has
been observed (Hotter, 1997). Further studies showed that DOTH is not required for
D. septosporum to cause red-band needle blight disease, but may provide an

advantage to D. septosporum in growth with other pine fungi (Schwelm et al., in



press). All those studies suggested that DOTH is a possible virulence factor rather

than a pathogenicity factor.

The identification of P. arachidicola as a producer of DOTH suggested that it may
have a similar DOTH biosynthesis cluster as that seen in D. septosporum.
Furthermore, aflatoxins are produced in peanuts as a result of invasion and growth of
A. flavus and A. parasiticus. The dothistromin biosynthesis cluster in P. arachidicola

may provide evidence of how the dothistromin and aflatoxin gene clusters evolved.

1.2.2 Sterigmatocystin biosynthesis gene cluster

The ST biosynthesis pathway has been studied in detail in the model organism A.
nidulans and involves at least 15 enzymatic activities. Studies showed that 25 genes
clustered within a 60 kb DNA region are involved in ST biosynthesis (Table 1.1).
Among those 25 genes, 24 genes ranging in size from 0.6 to 7.2 kb are co-ordinately
induced only under ST production conditions and were named as stc genes. The afIR
gene is involved in ST biosynthesis pathway regulation. It encodes a specific zinc
binuclear DNA-binding protein and the AfIR protein acts as a positive regulator by
activating the transcription of other ST biosynthesis pathway genes (Brown et al.,

1996h).

1.2.3 Aflatoxin biosynthesis gene clusters

Studies showed that biosynthesis of AF involves acetate—polyketide—norsolorinic
acid (NOR)—averantin (AVN)— 5’-hydroxy-averanti (HAVN)— oxoaverantin
(OAVN)—averufin (AVF)—versiconal hemiacetal acetate (VHA)— versiconal
(VAL) — versicolorin B (VERB) — versicolorin A (VERA) —
demethylsterigmatocystin (DMST) —  sterigmatocystin (s —

O-methylsterigmatocystin (OMST)— AF and there are at least 23 enzymatic

reactions involved (Yu et al., 2004a; Yu et al., 2005). To date 25 genes involved in



AF Dbiosynthesis have been identified (Table 1.1). The genes within the AF
biosynthesis cluster were initially named based on the substrate converted by the
gene product, but were then renamed as afl genes. The AF biosynthesis genes are
clustered within a 70 kb DNA region, on average, about 2.8 kb of chromosome DNA
contains one gene (Yu et al., 2004a; Yu et al., 2004b). A 2 kb DNA region with no
identifiable ORF was located at the 5 end of the cluster to mark the end of the AF
biosynthesis cluster. A well-defined sugar utilization gene cluster which contains
four genes delineated the 3’ end of AF biosynthesis cluster (Cleveland and
Bhatnagar., 1991). Among those 25 genes, 17 of them (aflA to aflQ) are involved in
the major conversion steps from precursors to AF. This was confirmed by gene
disruption experiments. Two genes aflR and aflJ are involved in AF biosynthesis
pathway regulation. afIR is a positive regulator, it encodes a specific zinc binuclear
DNA-binding protein which activates the transcription of other AF biosynthesis
pathway genes (Yu et al., 2004a). aflJ is located adjacent to aflR gene in the AF
biosynthesis cluster. Knockout of aflJ resulted in a 5-20 fold reduction of expression
of some AF biosynthesis genes such as aflC, aflD, afiIM and aflP, and reduced ability
to synthesise some AF intermediates (Meyers et al., 1998; Yu et al., 2004a). Six
additional (aflT to aflY) genes have been identified that are putatively involved in AF

biosynthesis (Yu et al., 2004b).



Table 1.1 AF/ST pathway cluster genes and the roles of their gene products

Afl gene Protein function Step in pathway Stc gene
aflA (fas-2) fatty acid synthase a subunit Acetate — polyketide stcd
aflB (fas-1) fatty acid synthase B subunit Acetate — polyketide stcK
aflC (pksA) polyketide synthase Acetate — polyketide StcA
aflD (nor-1) ketoreductase (reductase) NOR — AVN stcE
aflE (norA) | NOR reductase /dehydrogenases NOR — AVN stcV
aflF (norB) dehydrogenases NOR — AVN stcG
aflG (avnA) Cytochrome P450 AVN — HAVN

stcF
monooxygenase
aflH (adhA) alcohol dehydrogenase HAVN — OAVN and AVF
afll (avfA) oxidase AVF—-VHA stcO
afld (estA) esterase VNA —-VAL stcl
aflK (vbs) versicolorin B synthase VAL — VERB stcN
aflL (verb) desaturase VERB — VERA
aflM (ver-1) | dehydrogenases / ketoreductase VERA — DMST stcU
aflN (verA) monooxygenase VERA — DMST stcw
aflo (omtB) o-methyltransferase B DMST — ST stcP
aflP (omtA) o-methyltransferase A ST — OMST
aflQ (ordA) oxidoreductase OMST — Aflatoxin
afIR (aflR) transcription activator pathway regulator aflR
aflS (afld) transcription enhancer pathway regulator
aflT (aflT) Transmembrane protein unknown
aflu (cypA) P450 monooxygenase unknown stcL/stcS
aflVv (cypX) P450 monooxygenase unknown stcB
aflw (moxY) monooxygenase unknown stcw
aflX (ordB) monooxygenase / oxidase unknown stcC
aflY (hypA) hypothetical protein VA

—demethylsterigmatocystin




1.2.4 Dothistromin biosynthesis gene cluster

Studies showed that DOTH shares many steps of the biosynthetic pathway with AF
(Shaw et al., 1978). By using AF genes as hybridisation probes, genomic clones
containing 11 putative DOTH genes have been found in D. septosporum. The first
DOTH gene cluster contains four genes with proposed functions of ketoreductase
(Ds-dotA), oxidase (Ds-dotB), major facilitator superfamily transporter (Ds-dotC),
and thioesterase (Ds-dotD) (Bradshaw et al.,, 2002). The dotA gene encodes a
263-amino acids sequence, which is 80% identical to the ver-1 product of A.
parasiticus. A Ds-dotA gene replacement experiment showed that the Ds-dotA
mutant did not produce DOTH but accumulated versicolorin A, this confirmed that
Ds-dotA is a DOTH pathway gene and it has an essential role in DOTH biosynthesis
in D. septosporum. The Ds-dotB gene has 24% amino acid identity to the StcC
sterigmatocystin gene product of A. nidulans. The Ds-dotC gene has 31.2% amino
acid identity to the AfIT gene in A. parasiticus. It is proposed to act as a toxin pump
in D. septosporum. The Ds-dotD gene encodes a 322 amino acid polypetide that has

putative thioesterase enzyme activity (Bradshaw et al., 2002).

Further studies of DOTH gene cluster in D. septosporum using AF genes as
hybridisation probe identified another clone containing a Ds-pksA gene and four
additional genes (Ds-cypA, Ds-moxA, Ds-avfA and Ds-epoA) clustered immediately
alongside Ds-pksA (Bradshaw et al., 2006). The Ds-pksA gene encodes a polyketide
synthase with 55% amino acid identity to the AF PKS protein. A targeted gene
replacement experiment showed that the Ds-pksA mutant did not produce DOTH and
did not accumulate any known AF precursors, this not only confirmed the essential
role of Ds-pksA gene in DOTH biosynthesis in D. septosporum but also showed that
PksA acts at an early stage of DOTH biosynthesis (Bradshaw et al., 2006; Bradshaw
and Zhang, 2006; Zhang et al., 2007). Ds-cypA, Ds- moxA and Ds-avfA are predicted
to be orthologs of AF biosynthetic genes. The Ds-epoA gene has no homologue in
the AF gene cluster, it is located between Ds-avfA and Ds-moxA genes and predicted

to encode an epoxide hydrolase (Bradshaw et al., 2006).



A third clone containing the DOTH gene Ds-vbsA and Ds-hexA has also been found.
The two DS genes were separated by two genes not involved in DOTH biosynthesis.
Ds-vbsA shows almost 60% identity to AF AfIK. Gene replacement of Ds-vbsA
produced a mutant strain that had over 20-fold less DOTH than the wild type, it
confirmed that Ds-vbsA was required for DOTH biosynthesis (Bradshaw et al., 2006;
Bradshaw and Zhang, 2006).

The order and orientation of DOTH genes in D. septosporum is different from
ST/AF gene cluster (Figure 1.3). The dotA, pksA and vbsA genes hybridize to a small
1.3-Mb chromosome, while the ST/AF gene cluster is located on a main
chromosome (Bradshaw et al., 2006; Yu et al., 2004b). It is not known if the 1.3- Mb
chromosome is conditionally dispensible or not. Only eleven DOTH genes have
been identified in D. septosporum so far, it is predicted at least ten more DOTH
genes remain to be found (Bradshaw et al., 2006; Bradshaw and Zhang, 2006; Zhang
et al., 2007). Although no homologue of the transcription factor gene aflR was
identified in D. septosporum, conserved afIR binding sites were identified upstream

of several predicted DOTH biosynthesis genes (Zhang et al., 2007).

The DOTH biosynthesis genes in D. septosporum are very similar to ST/AF
biosynthesis cluster genes in Aspergillus species. The gene organization in the
DOTH cluster suggested that DOTH cluster could be ancestral to the AF cluster
(Figure 1.4). The basal AF biosynthesis cluster proposed by Cary and Ehrlich (2006)
contains genes that are required for stabilizing the polyketide as an anthraquinone.
Further biosynthetic genes were thought to be recruited to the basal cluster, thereby
allowing initially formed anthraquinones to become increasingly toxic compounds

(Cary and Ehrlich, 2006b).



Figure 1.3 Comparison of dothistromin gene cluster withST/AF gene clusters
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Figure 1.3 Comparison of DOTH gene cluster with ST/AF gene clusters. Large arrows represent direction of transcription of each gene in the cluster. Homologous genes were indicated with

same coloured arrows. The green dot indicates the positions of putative afIR binding sites (Zhang et al., 2007).
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Figure 1.4 Model for steps in the evolution of the ST/AF clusters
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Figurel.4 Model for steps in evolution of ST/AF gene cluster (Cary and Ehrlich, 2006). See text on P9.

1.3 Double-stranded-RNA in fungi

In the course of this project, dSRNA was identified in strain 18667 of P. arachidicola.
Double-stranded RNAs (dsRNA) are commonly found in fungi, and some are
associated with virus-like particles, defined as mycoviruses (Michelmore and Hulbert,
1987). Mycoviruses generally contain protein coat and dsRNA genome (van
Diepeningen et al., 2006). Many of these mycoviruses belong to the virus families
Narnaviridae, Hypoviridae, Partitiviridae and Totiviridae. Transmission of dsRNA
into fungi mainly occurs during compatible hyphal anastomoses (Buck, 1986). The
mycoviruses are usually located in the cytoplasm of fungi, but sometimes mycovirus
dsRNA is associated with the mitochondria (van Diepeningen et al., 2006). Elevated
temperature, hyphal tip transfer, UV irradiation, single conidium subculture,
cycloheximide treatments were used to eliminate dsSRNA infection (Elias and Cotty,

1996; Hunst et al., 1986; Kousik et al., 1994; Schmidt et al., 1983).

Mycovirus infections are widespread in fungi. For example, in Aspergillus species,
both sexual and asexual , dSRNA have been detected with infection rates up to 13%
(van Diepeningen et al., 2006). Two dsRNA molecules, which are 5 kb and 3 kb, were

also detected in Epichloé festucae. Hybridization experiments with a probe
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complementary to the 5 kb dsRNA showed that there was no nucleotide sequence
homologue between the 5 kb and 3 kb dsSRNA elements (Zabagogeazcoa et al., 1998).
The 5 kb dsRNA from E. festucae was characterized to belong to the Totiviridae

family (Romo et al., 2007).

Although infections of fungi by mycoviruses are latent and usually do not affect their
hosts, some mycovirus infections do cause morphological and physiological changes.
Some of these changes are beneficial for the host, while others more closely resemble
diseases. For example, when Agaricus bisporus is affected by mycoviruses, the
infected isolates are weak and patchy and few fruit bodies are produced compared to
uninfected isolates (Shen et al., 1993). The mycovirus infection can also alter
enzymatic activities, for example dsRNA infected chestnut blight pathogen
Cryphonectria parasitica had reduced accumulation of extracellular laccase A
(Rigling and Van Alfen, 1993). Mycovirus infection of plant pathogenic fungi can
alter the virulence of the pathogen. There are many reports of increased virulence
(hypervirulence) or reduced virulence (hypovirulence) in isolates infected with
dsRNA mycoviruses (Ahn and Lee, 2001). In C. parasitica 7 related hypovirulent
strains were used to convert 49 virulent vegetatively compatibility strains to
hypovirulence by transmission of dsSRNAs using hyphal anastomosis. The vegetative
compatibility was important for rapid and successful conversion and stability of the
dsRNA in conversions. When more than one sized dsSRNA was present, the vegetative
compatibility also determined which sized dsRNA was transmitted (Anagnostakis and
Day, 1979). In Nectria radicicola, a 6 kb dsSRNA was responsible for up regulation of
fungal virulence. When the 6 kb dsRNA was reintroduced into a dsSRNA-cured strain
by hyphal anastomosis, it restored the virulence related phenotypes of the cured strain.
Sequence analysis of a cDNA clone derived from the 6 kb dsRNA revealed a
RNA-dependent RNA polymerase gene. Studies showed that this 6 kb dsRNA
regulates virulence through signal transduction pathways. The 6 kb dsSRNA containing
strain had six fold increases of CAMP-dependent protein kinase activity and decreased

calcium-dependent protein kinase activity compared to a 6 kb dsRNA lacking strain
12



(Ahn and Lee, 2001).

1.4 Aim and objectives
1.4.1 Aim

To characterise the dothistromin gene cluster in the peanut pathogen P. arachidicola.

1.4.2 Objectives

-ldentify and characterise dothistromin genes in P. arachidicola

-Determine arrangement of dothistromin genes in P. arachidicola

-Compare gene sequences and synteny with D. septosporum

-Compare the DOTH gene cluster in P. arachidicola and D. septosporum with ST/AF

gene clusters in Aspergillus species
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Chapter Two - Materials and Methods

2.1 Growth and maintenance of cultures

2.1.1 Growth and maintenance of E. coli cultures

The E. coli cells were grown on LB + ampicillin agar plates (Al.1) or in LB +
ampicillin broth (A1.2) at 37°C overnight with shaking. For storage, the LB agar
plates were sealed with parafilm and stored at 4°C, and freshly sub-cultured every
three months. For long-term storage, E. coli cells grown in LB broth were mixed with
50% (v/v) sterile glycerol to reach a final concentration of 15% (v/v) glycerol and

stored at -80°C.

2.1.2 Growth, maintenance and harvest of P. arachidicola culture and mycelia

To grow P. arachidicola on PD agar plates (Al.4), a small piece (4 mm x 4 mm) of P.
arachidicola mycelium was cut from the P. arachidicola colony and placed on the
agar plate. The plates were sealed with parafilm and grown at 22°C for two weeks
until colony diameters reached approximately 2 cm. For storage, the PD agar plates
were sealed with parafilm and stored at 4°C. Every six months, fresh sub-cultures
were made to maintain the P. arachidicola strain. For long term storage, the mycelia
were cut from an actively growing colony and stored in 20% (v/v) sterile glycerol at

-80°C.

To grow P. arachidicola in PD broth (Al.3), a small piece of P. arachidicola
mycelium was cut from the P. arachidicola colony and ground using a sterile plastic
pestle in a microcentrifuge tube. The grinding worked better if mycelium was dry,
then 100 ul of MilliQ water were added to ground mycelia. 25 pl of mycelia mixture
were added to 20 ml PD broth in a 125 ml flask. All flasks were incubated at 22°C for

two weeks with shaking (150 rpm).

The P. arachidicola mycelia were harvested by filtration through a funnel covered
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with sterile nappy liner. The liquid was collected in a flask and discarded according to
the DOTH toxin discard procedure. The mycelia were collected in a 50 ml falcon tube,
snap frozen in liquid nitrogen for 10 minutes before freeze drying overnight. The

dried mycelia were stored at 4°C.

2.2 DNA extraction, quantification and analysis

2.2.1 Genomic DNA isolation from P. arachidicola by CTAB method

The CTAB (hexadecyltrimethylammonium bromide) DNA extraction method used in
this research was developed by Doyle and Doyle (Doyle and Doyle, 1987). This
method allows a high yield of high molecular weight genomic DNA from fresh freeze
dried fungal samples. P. arachidicola is a very slow growing fungus and further
experimentation requires high molecular weight genomic DNA, therefore this method

was chosen.

The freeze-dried mycelia were ground using a sterile mortar and pestle with liquid
nitrogen. 500 mg of ground sample was transferred into a sterile microcentrifuge tube.
600 ul CTAB was added to the sample and mixed thoroughly by inversion. The
sample was incubated at 37°C for 10 minutes and then at 65°C for 45 minutes with
occasional inversion. Removed from the water bath, the sample was cooled to room
temperature and 600 pl chloroform was added, mixed by inversion then stored on ice
for 2 minutes. After centrifugation at 15110 g (13000 rpm Biofuge) for 2 minutes, the
upper aqueous phase was transferred to a new tube and 600 pl isopropanol was added,
mixed and stored on ice for 5 minutes. The mixture was centrifuged at 15110 g
(13000 rpm Biofuge) for 30 seconds to settle the DNA, the solution was discarded,
600 ul 80% ethanol was added to the precipitated DNA and centrifuged at 15110 g
(13000 rpm Biofuge) for 1 minute. The ethanol washing step was repeated at least
twice. Then the ethanol was decanted off completely, and the sample was left to air

dry. Finally the DNA was resuspended in 50 ul TE buffer.
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2.2.2 Purification of P. arachidicola genomic DNA

Two purification methods, phenol purification and column purification were used.
The column purification method, involves using a commercial kit which was
convenient, did not involve hazardous chemicals and can yield high quality purified
genomic DNA. But the purified genomic DNA was slightly fragmented (around 50
kb), which is not suitable for 8-cutter Southern blot. So the phenol purification
method, which can yield high molecular weight genomic DNA was used when larger

fragments of gDNA were required.

2.2.2.1 Column purification
The extracted genomic DNA was purified using QIAquick Gel extraction kit (Qiagen)

according to the manufacturer’s instruction.

2.2.2.2 Phenol purification

To unpurified genomic DNA sample, an equal volume of phenol and equal volume of
chloroform was added, mixed thoroughly by vortex then centrifuged at 15110 g
(13000 rpm Biofuge) for 3 minutes. The upper aqueous phase was transferred to a
fresh microcentrifuge tube and an equal volume of chloroform was added, mixed
thoroughly by vortex and centrifuged at 15110 g (13000 rpm Biofuge) for 1 minute.
The DNA was then precipitated by transferring the upper aqueous phase to a new
microcentrifuge tube and adding 0.1 volume of 3 M Na acetate and 0.6 volume of
isopropanol to the sample. The tube was inverted several times to mix the sample and
centrifuged at 15110 g (13000 rpm Biofuge) for 5 minutes to settle the DNA. The
supernatant was discarded and an equal volume of 70% ethanol was added to the
sample, then centrifuged at 15110 g (13000 rpm Biofuge) for 5 minutes. The ethanol
was completely decanted, the sample left to air dry and the DNA resuspended in water.

The purified DNA was stored at 4 °C.

2.2.3 Isolation of plasmid DNA

Plasmid DNA was isolated using an Ultra-fast rapid alkaline extraction method
16



(Cormack and Somssich, 1997). 0.2 ml of overnight E. coli culture (section 2.1.1) was
transferred into a sterile microcentrifuge tube. 0.2 ml of lysis solution (1% SDS, 0.2 N
NaOH) was added to the culture and mixed by inverting the tubes several times.
Immediately, 0.2 ml of solution 111 (3 M potassium acetate, pH 5.50) was added to the
tube and mixed gently by inverting the tube. After centrifugation at 15110 g (13000
rpm Biofuge) for 1 minute, the supernatant was transferred into a fresh tube, 0.5 ml
isopropanol was added and mixed by inversion. After centrifugation as before, the
supernatant was discarded and the pellet left to air dry. 50 ul TE buffer was added to
resuspend the pellet. This method can reduce the time of isolating plasmid DNA for
further restriction analysis, but the quality of plasmid is not so good for sequence
analysis. So to increase the yield and quality of plasmid DNA isolated from E. coli
cells, QlAprep Spin Miniprep kit (Qiagen) was used according to manufacturer’s

instructions.

2.2.4 Fluorometric assay to determine DNA concentration

DNA was quantified using a “Hoefer DyNA Quant 200 fluorometer” (Amersham
Biosciences). 2 ml of working buffer (A2.7) was used to zero the fluorometer, then 2
ul of standard DNA (100 ng/ml) (A2.5) was added to 2 ml of working buffer in the
cuvette for calibration. To determine the sample DNA concentration, 2 ul of sample
DNA was added to 2 ml of working buffer, the concentration recorded by the

fluorometer as ng/ul.

2.2.5 Agarose gel electrophoresis

An 0.4%-1% (w/v) agarose gel was prepared depending on the DNA sample
molecular weight. 1x TBE buffer (A2.3) was added to the gel apparatus, the DNA
sample was mixed with gel loading dye (A2.9) and loaded along with an appropriate
DNA ladder on the gel. The electrophoresis was carried out at 40-80 volts until the
dye moved to 2 cm from the end of the gel. Then the gel was stained with 1 mg/mL
ethidium bromide staining buffer (A2.8) for 15 minutes followed by rinsing in MilliQ

water for 2 minutes. Finally the gel was visualized and photographed using the Gel
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Documentation system (BioRad) and Quantity One 4.4.0 basic software.

2.2.6 Agarose gel purification of size fractionated DNA

After gel electrophoresis, the selected DNA fragment was cut out from the gel using a
sterile scalpel under long wave UV light and transferred into a sterile microcentrifuge
tube. The DNA was then recovered using a QlAquick gel extraction kit (Qiagen)
according to manufacturer’s instructions. The concentration and size of recovered
DNA sample was measured using Fluorometric assay (section 2.2.4) and gel

electrophoresis (section 2.2.5)

2.2.7 Restriction endonuclease digestion of DNA

The selected restriction endonuclease and appropriate digestion buffer was added to a
DNA sample in a microcentrifuge tube according to manufacturer’s instruction. The
volume of the digestion mixture (20 ul to 50 pul) depended on the amount of DNA
sample used, the temperature of incubation depended on the selected restriction
endonuclease. The incubation time was varied from 1 hour to overnight. The digestion
of the DNA sample was checked using gel electrophoresis (section 2.2.5). To increase
the performance of the restriction enzyme (for 8-cutter Southern blot), bovine serum
albumin (BSA) was added to the restriction digestion mixture in a final concentration

of 0.1 mg/ml (Williams et al., 1996).

Table 2.1 Example of EcoRI digestion of gDNA for Southern blot and fractionated genomic

library. In a microcentrifuge tube, the following were added:

gDNA (150 ng/ul) | 13.3ul

EcoRI (10 unit/ul) | 2ul

Buffer H (10x) Sul

MQ water 29.7ul

Mix well and incubated in 37 °C overnight
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2.3 Polymerase chain reaction (PCR)
All PCR reactions were set up on ice, in a total volume of 25 ul and were carried out
in an Eppendorf Gradient Mastercycler® (Eppendorf, Hamburg, Germany). The

sequences of primers used in this project are in Appendix I11.

2.3.1 Standard PCR reaction

The 25 pl PCR mixture contained 1xPCR buffer, 0.05 mM dNTP; 1.5 mM MgSOs4,
0.4 uM of each primer and 0.02 unit Tag DNA polymerase enzyme (Invitrogen).
Finally DNA template was added (0.5 ng of plasmid DNA or 5 ng of gDNA). The
PCR conditions were: an initialisation step of 94°C for 2 minutes; then 30 cycles of
denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds and elongation
at 72°C for 1 min/kb depending on product size; followed by 72°C for 5 minutes.
When required the PCR products were purified using QIAquick PCR purification kit

(Qiagen) according to manufacturer’s instructions and stored at 4°C.

2.3.2 Inverse PCR

Inverse PCR was used to determine the flanking sequences of the target DNA in this
experiment, when one internal sequence of the target DNA was known. 500 pg of the
target DNA was digested using a selected restriction endonuclease (section 2.2.7) then
purified using QIAquick PCR purification kit (Qiagen) according to manufacturer’s
instruction. 5 ng of the purified DNA fragment was self-ligated using DNA T4 ligase
(section 2.4.1.1). 1 pl of ligation mixture was used as DNA template and two outward
direction primers complementary to the terminal sequences of the target DNA were
used for inverse PCR. The PCR conditions were based on the standard PCR reaction
(section 2.3.1). The PCR products were checked by gel electrophoresis (section 2.2.5).
Selected PCR products were purified and ligated into the selected vector for further

experiment.
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2.3.3 Touchdown PCR

Touchdown PCR was used to minimise amplification of nonspecific sequences by

primers. The first step in touchdown PCR has a high annealing temperature, so it is

likely that only the specific region will be amplified. The annealing temperature is

decreased in increments for subsequent touchdown PCR steps. The specific regions

amplified in the earlier step compete with nonspecific regions, where the primer can

bind at lower temperature. The PCR mixture was same as the standard PCR reaction

(section 2.3.1).

Table 2.2 Touchdown PCR conditions in this experiment:

Step cycles | temperature | Time

initialisation | 1 94°C 2 minutes

denaturation | 3 94°C 30 seconds

annealing 68°C 30 seconds

elongation 72°C 1kb/min depended on product size
denaturation | 3 94°C 30 seconds

annealing 64°C 30 seconds

elongation 72°C 1kb/min depended on product size
denaturation | 3 94°C 30 seconds

annealing 60°C 30 seconds

elongation 72°C 1kb/min depended on product size
denaturation | 3 94°C 30 seconds

annealing 56°C 30 seconds

elongation 72°C 1kb/min depended on product size
denaturation | 3 94°C 30 seconds

annealing 52°C 30 seconds

elongation 72°C 1kb/min depended on product size
final step 1 72°C 5minutes
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2.3.4 Nested PCR

Nested PCR was used to increase the specificity of amplification. Two sets of primers
were used in two runs of PCR. The first run of PCR using the first set of primers had
the same PCR mixture and PCR conditions as the standard PCR reaction (section
2.3.1). The second run of PCR was using 1/50 diluted first run PCR product as DNA
template and a second set of primers, which only amplifies a target region within the
first run product. The PCR conditions were the same as the standard PCR reaction

(section 2.3.1).

2.3.5 E. coli colony PCR

E. coli colony PCR was used to screen the transformants from a library. A single E.
coli colony or a group of selected E. coli colonies can be used as DNA template for E.
coli colony PCR. For single colony, a sterile P2 pipette tip was used to pick up cells
from one E. coli colony by gently touching the surface of the colony on the plate. The
cells were transferred into a PCR tube containing 24 ul of PCR mixture same as the
standard PCR reaction (section 2.3.1). The initial PCR step was 3 minutes at 96°C to
release the cell components, the rest of the steps were same as the standard PCR

condition (section 2.3.1).

For pooled screening of multiple colonies, cells from each E. coli colony were picked
up the same way as single colony from plate and added to 100 pul MQ water in an
microcentrifuge tube. A fresh pipette tip was used for each colony. The tube was
incubated in boiling water for 30 seconds to release the cell components, centrifuged
at 13200 rpm for 1 minute. 1 pl of the supernatant was used as DNA template for PCR.
The PCR mixture and conditions were the same as the standard PCR reaction (section

2.3.1).
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2.4 Ligation and transformation

2.4.1 Ligation

2.4.1.1 Ligation reaction

All the ligation reactions were carried out using DNA T4 ligase, which is suitable to
ligate cohesive ends or blunt ends of DNA. The ligation mixture contains 1x ligation
buffer and 1 pl of 3U/ul T4 DNA ligase (Roche). The ATP in ligation buffer may
degrade due to repeated freeze, thaw cycles. So ATP may be added to the ligation
buffer as required at a final concentration of 10 mM . When ligating a DNA fragment
into a vector, a 1:1 insert : vector molar ratio was used unless otherwise stated. The
amount of insert DNA and vector used in ligation mixture can be calculated using this

formula;

. . . Insert :
ng of vector x Kb size of insert X Molar ratioof ——— =ngof insert

Kb size of vector Vector

2.4.1.2 Preparation of the vector

The vector plasmid DNA was digested with the selected restriction endonuclease
(section 2.2.7). The digested vector plasmid was incubated at 65 °C for 15 minutes to
inactivate the restriction endonuclease. Then vector plasmid was mixed with shrimp
alkaline phosphatase. For 1 pmol DNA, both 5’ protruding and recessive ends were
incubated with 1 unit of phosphatase alkaline shrimp at 37°C for 1 hour. Finally the
shrimp alkaline phosphatase was inactivated by incubating at 65°C for 15 minutes.

The dephosphorylation of vector was tested by using DNA T4 ligase.

2.4.1.3 N-butanol purification of ligation mixture

To exclude salt from the mixture after ligation, 1 ml of N-butanol was added to 20 pl
ligation mixture, mixed by vortexing, centrifuged at 15110 g (13000 rpm Biofuge) for
5 minutes. The supernatant was discarded, the pellet left to air dry and resuspended in

10 pl of MilliQ water.
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2.4.2 Transformation

2.4.2.1 Preparation of E. coli competent cells for electroporation

A single purified colony of Top 10 E. coli cells (F- mcrA D(mrr-hsd RMS-mcr-BC)
80 (lacz) DM15 DlacX74 recAl deoR araD139 D(ara-leu)7697) (Invitrogen) was
obtained by streaking using a sterile loop on LB plate. The plate was incubated at
37°C overnight. One single Top 10 E. coli colony was inoculated into 5 ml LB culture
using a sterile loop. The LB culture was incubated at 37°C overnight with shaking. 50
ul of the above overnight LB culture was inoculated into 500 ml LB culture in a flask
and incubated at 37°C with shaking until the OD reading of the LB broth reach
mid-log phase, A600 0.5-1.0. The flask was chilled on ice for 20 minutes, and then
cells were harvested by centrifugation at 5000 rpm in GSA rotor for 10 minutes at 4°C.
The supernatant was removed and cells were resuspended in 1 L ice cold sterile
MilliQ water. The cells were harvest by centrifugation as before. The supernatant was
discarded and the cells were resuspended in 500 ml ice cold sterile MilliQ water. The
cells were harvested by centrifuge as before, then the supernatant was pulled off and
the cells were resuspended in 20 ml ice cold sterile10% glycerol. Finally the cells
were harvested by centrifuge as before, the supernatant discarded and cells
resuspended in 4 ml ice cold sterile 10% glycerol. Aliquots of 100 pl cells were
transferred into fresh sterile microcentrifuge tubes, freeze dried in liquid nitrogen and

stored at -80°C.

2.4.2.2 Transformation reaction of E. coli cells by electroporation

1 pl of 1 ng/ul plasmid (positive control) or 2-5 ul of N-butanol treated ligation
mixture was mixed with 50 pl of E. coli competent cells in an ice cold cuvette. The
cuvette was placed in the Gene Pulser (Bio-Rad), which was set at 25 pF, 2.5 kV and
200 Q. 1 ml LB culture was immediately added to the cuvette after electroporation.
The LB culture was transferred into a sterile microcentrifuge tube and grown at 37°C
for 2 hours. 50 pl of transformation culture was grown on LB + ampicillin plate at
37°C overnight. If the vector has blue and white selection system, 40 ul 2% x-gal and

40 ul 20% IPTG was added to LB + ampicillin plate.
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2.5 Hybridization of DIG-labelled probes to blots

2.5.1 DIG-labelling of the probes (PCR based)

A PCR based method was used to prepare DIG-labelled probes. The 25 ul PCR
mixture contained 1xPCR buffer; 1.5 mM MgSOs4, 0.4 uM of each primer and 0.02
unit Tag DNA polymerase enzyme (Invitrogen). The dNTPs used for DIG-labelling
PCR contains 0.05 mM of each dATP, dCTP, dGTP and 0.033 mM dTTP and 0.016
mM Digoxigenin-11-2’-deoxy-uridine-5’-triphosphate, alkali-labile (DIG-11-dUTP,
Roche). 1 pl of the above dNTP mix was added to 25 ul PCR reaction mixture. The

PCR conditions were the same as the standard PCR programme (section 2.3.2).

2.5.2 Probe concentration determination

To determine the labelled probe concentration, serial dilutions of probe were made
(1/5, 1/25, 1/125, 1/625, 1/3125 and 1/15625). 2 ul of each dilution was spotted on a
Hybond-N" membrane (Amersham). The DNA was fixed to membrane using a UV
crosslinker (Ultralum). The hybridization and detection procedure was as described in
section 2.5.5 and 2.5.6. Figure 2.1 shows an example of probe concentration detection.
The 1/3125 dilution spot can be clearly observed, because the incorporation of probes
to the DNA template was not 100%, the actual working probe concentration used was
one grade higher than detected probe concentration, which is 1/625 dilution. In the
experiment, if the hybridization buffer used was 30 ml, then 48 pl of undiluted probe

was added to the hybridization buffer. (30 ml /625= 48 pul)

Figure 2.1 An example of probe concentration detection

T T T T TT

1/5 1/25 1/125 1/625 1/3125 1/15625
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2.5.3 Southern blot

2 ug of each restriction endonuclease digested genomic DNA were separated on a 0.8%
agarose gel at 40 V overnight at 4°C (section 2.2.5 and 2.2.7). The gel was stained in
ethidium bromide for 20 minutes, visualized and photographed using Gel
Documentation system (BioRad) and Quantity One 4.4.0 basic software with a ruler
alongside. The gel was treated with 0.25 M HCL for 15 minutes for depurination
when it contained DNA fragments bigger than 5 kb. Then the gel was incubated in
denaturation buffer (A2.11) for 45 minutes followed by neutralization buffer (A2.11)
for 1 hour. Finally the gel was incubated in 20 x SSC solution (A2.11) for 20 minutes.
A blotting apparatus was constructed as outlined in the DIG application manual for
filter hybridization (Roche). Then the gel was transferred to the blotting apparatus to
allow transfer of digested genomic DNA to the Hybond-N" membrane (Amersham)
overnight. The membrane was washed in 2 x SSC for 1 minute and fixed under the
UV crosslinker (Ultralum). The crosslinked membrane was allowed to air dry and was

ready for hybridization.

2.5.4 Hybridisation of DIG labelled probe

The membranes were prehybridised in DIG Easy Hyb solution (Roche, approximately
10 ml/100 cm? of membrane) at 42°C for 2 hours in a hybridization tube with rotation.
The probe was incubated for 10 minutes in a boiling water bath and immediately
chilled on ice to denature it. The denatured probe was added to the hybridisation
buffer and incubated at 42°C overnight with rotation. Because the hybridization has
50% formamide, the hybridization buffer containing the denatured probe can be
re-used following denaturation at 68°C water bath for 10 minutes. After overnight
incubation, the membrane was washed 2 x 5 minutes in washing solution I (A2.11) at

room temperature, then 2 x 15 minutes in washing solution II (A2.11) at 68°C.

2.5.5 Immunological detection
To detect the hybridisation bands, the membrane was rinsed in buffer I (A2.11)

(Roche) then incubated in buffer II (buffer I + 1% blocking reagent) (Roche) for 30
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minutes. The anti-DIG-Ap conjugate, 1:10000 dilution (Roche) was added to buffer II
and incubated for another 30 minutes. Then the membrane was washed 2x15 minutes
in buffer I and equilibrated in buffer III (A2.11) (Roche) for 5 minutes. The
membrane was placed in an A4 copysafe pocket and CSPD lumigen (Roche) was
added to membrane directly. The membrane was incubated at 37°C for 10 minutes to
activate the enzyme, then it was exposed to x-ray film (Fuji film) for 20 minutes to 1
hour. Finally the x-ray film was developed using a 100 plus Automatic x-ray

Processor (All Pro imaging).

2.5.6 Stripping blot
To re-hybridise the membrane with another probe, the membrane was washed in
MilliQ water for 1 minute and incubated in stripping buffer (A2.11) at 37°C for 2 x 20

minutes.

2.5.7 Screen the library for positive clones

2.5.7.1 Colony lifts

50 ul transformation culture from 1 ml of a ligation for a sub-genomic library was
plated on a LB + ampicillin plate. Duplicates were made of the primary plates and
stored at 4°C. A Hybond-N* membrane (Amersham) was placed on one primary plate
for 1 to 2 minutes to lift the colonies, the membrane was marked to provide
orientation with the same way as the primary plate. The membranes contain colonies
that were grown face up on LB + ampicillin plates for 6 hours and then grown on LB
+ ampicillin + 250 pg/ml chloramphenicol plates at 37°C overnight. The high
concentration of chloramphenicol will stop the cells growth but allow the plasmids to

increase in copy number.

After incubation, the membranes were placed face up on filter paper containing
denaturation buffer (A2.11) for 15 minutes to lyse the cell membranes. Then
incubated with filter paper containing neutralization buffer (A2.11) for 15 minutes and

2 x SSC solution for 10 minutes. The membrane was allowed to dry and fixed under a
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UV crosslinker. The membrane was incubated in 10 ml 2 x SSC with 2 mg/ml
proteinase K solution at 37°C with shaking for 2-4 hours. Finally the membrane was

washed in 2 x SSC solution and allowed to air dry and was ready for hybridization.

2.5.7.2 Screen the library for positive clones

The membranes were hybridized with one DIG-labelled probe as described in section
2.5.4. The hybridization spots were detected as described in section 2.5.5. To
re-hybridise the membrane with another probe, the membrane was stripped as

described in section 2.5.6.

2.6 DNA sequencing

2.6.1 Sequencing

All sequencing reactions were carried out in the Allan Wilson Centre Genome
Analysis Centre, The Institute of Molecular Biosciences of Massey University. For
plasmid sequencing, 300 ng of purified plasmid DNA and 3.2 pmol primer was mixed
with sterile MilliQ water to a final volume of 15 ul. For PCR product sequencing, 2
ng / 100 bp PCR product and 3.2 pmol primer was mixed with sterile MilliQ water to
a final volume of 15 pul. New primers for sequencing reactions were designed using
Clone Manger SECentral software. The assembling of sequence for each clone was
done using ContigExpress (VectorNTI software package). The sequences of primers

are shown in Appendix Il

2.6.2 Sequence analysis

Sequence analysis was done using the National Center for Biotechnology Information
(NCBI) BLAST programs (http://www.ncbi.nim.nih.gov/blast/Blast.cgi) and Vector
NTI 7.0 software (Informax, Invitrogen, Frederck, MD). Gene sequence alignment
was done using multiple sequence alignment editor Gene Doc software. The tandem
repeats were detected using the program Tandem Repeats Finder
(http://tandem.bu.edu/trf/trf.basics.submit.html) and the inverted repeats were

detected using the program Palindrome (http://sf01.bic.nus.edu.sg/EMBOSS/). The
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six-frame translation was done using the program six-pack translation
(http://biocinfo.nhri.org.tw/cgi-bin/emboss/sixpack? pref _hide_optional=0). The GC
content was calculated using the program GeeCee
(http://mobyle.pasteur.fr/cgi-bin/MobylePortal/portal.py?form=geecee) and

MacVector software.
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Chapter three — Results

3.1 Inverse polymerase chain reaction (PCR)

3.1.1 Background

When one of the target region’s internal sequences is known, inverse PCR can be used
to identify flanking sequence. Fragments of DOTH biosynthesis genes in P.
arachidicola had been identified by degenerate PCR (Pa-cypA 1.0kb and Pa-vbsA
1.4kb) and inverse PCR was carried out in attempts to identify the flanking sequences

of these genes.

3.1.2 Results

P. arachidicola gDNA was extracted from isolate 18667 using a CTAB method
(Section 2.2.1) and column purified (section 2.2.2.1). The gDNA was at least 35-40
kb in length and was digested with five enzymes (Pstl, BamHI, Sall, Scal and EcoRlI)

that either cut or did not cut within the gene (Section 2.2.7).

The purified digested DNA was ligated (section 2.4.1) to form circular DNA and used
as DNA templates for inverse PCR (section 2.3.2) using outward facing primers
(Figure 3.1). The primers named szdp were designed based on DOTH gene sequences
from D. septosporum. Because the Pa-cypA and Pa-vbsA containing fragments had 94%
and 95.6% amino acid identity to the corresponding Ds-cypA and Ds-vbsA regions, it
was anticipated that matching P. arachidicola regions would be amplified by szdp
primers. The PCR products were checked on a gel (Figure 3.2), from which four
bands amplified using Pa-cypA primers, and three bands using Pa-vbsA primers, were
selected. Those PCR products were purified and ligated into PGEMT-Easy vectors,

and transformed into E. coli (section 2.4.2).
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Figure 3.1 Enzyme cutting sites on Pa-cypA and Pa-vbsA fragments and primers used for

inverse PCR.
VbsA3 szdp75 szdp76 szdp77 szdp78 szdp79
-« —> — —
vbsA ' '
BamHI Sall Xhol
szdp84 szdp85 szdp86 szdp88 szdp87
— - —
cypA : !
BamHI Pstl
Figure 3.2 Inverse PCR reuslts
1 2 34 5 6 7 8 9 10 11
Lane[ Gene |[Enzyme Primers selected bands
2 | Pa-vbsA | BamHI | vbsA3 and szdp79
3 | Pa-cypA | BamHI|szdp84 and szdp85 700 bp
4 | Pa-cypA | Bam HI | szdp86 and szdp87 500 bp
5 |Pa-vbsA| Sall |szdp76 and szdp79 400 bp
6 |Pa-vbsA[ Sall |vbsA3and szdp79
7 |Pa-vbsA | EcoRI | vbsA3 and szdp79 [ 900 bp, 1.65 kb
8 | Pa-cypA | EcoRlI |szdp84 and szdp87
9 |Pa-vbsA [ Scal |vbsA3and szdp79
10 | Pa-cypA | Scal |szdp84 and szdp87| 800 bp, 1,1 kb
Q 11 [Pa-cypA | Scal [szdp84 and szdp88

Figure 3.2 Lane 1 is the 1 kb* ladder. Lane 2 to 11 were inverse PCR products amplified using outward primers.

The red circles indicate the selected bands which were cloned into the PGEMT-Easy vector.

After blue/white selection of transformants, some white positive colonies were

selected and screened by PCR using the same primers used for inverse PCR (Figure

3.3). Five colonies showed the expected band size compared to inverse PCR results

(circled in Figure 3.2). They were two Pa-cypA (BamHI) positive colonies, which

contain a 500 bp insert, a Pa-cypA (Sall) positive colony with a 1.1 kb insert, a

Pa-vbsA (EcoRlI) positive colony with a 1.65 kb insert and a Pa-vbsA (Scal) positive
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colony with a 1.1 kb insert. The plasmids of those colonies were extracted and
checked by enzyme digestion. All of the plasmids gave a 3.5 kb vector band and the
expected size insert bands. The plasmids were sequenced and the sequences were
analysed as described in section 2.6. However none of the plasmids had the expected

Pa-cypA or Pa-vbsA sequences.

Figure 3.3 PCR screens of selected transformants

A B

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 1 2 3 4 5 6 7 8 9 10 11
3 « =

-

Figure 3.3 (A) Lane 1 is the 1 kb* ladder.

Lane Gene Enzyme Primers
2-3 Pa-cypA | BamHI | szdp84 and szdp85

4-13 Pa-cypA | BamHI | szdp86 and szdp87

14-23 | Pa-cypA | Scal szdp84 and szdp87

24 Pa-vbsA Sall vbsA3 and szdp75

25 Pa-vbsA | EcoRIl | vbsA3 and szdp79

(B) Lane 1 is the 1 kb* ladder.

Lane Gene Enzyme Primers

2-11 Pa-cypA Scal szdp84 and szdp87

3.1.3 Discussion

For inverse PCR, the DNA templates used were circular DNA formed by self-ligation
of enzyme digested gDNA. The formation of circular DNA requires low concentration
of digested gDNA, if the concentration of digested gDNA is too high, it tends to form

concatemers rather than circles (Dugaiczyk et al., 1975). From the enzyme digestion
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results (data not shown), the average fragment was about 4 kb, the digested DNA was

used in the ligation reaction.

Primers designed based on the D. septosporum DOTH sequences were available.
Because of the high amino acid identity between the P. arachidicola Pa-cypA and
Pa-vbsA containing fragments and the corresponding regions in D. septosporum, the
primers were used for inverse PCR to identify Pa-cypA and Pa-vbsA genes. DNA
sequencing results suggested that identification of Pa-cypA and Pa-vbsA genes using
inverse PCR was not successful. One reason could be that the degenerate primers used
for inverse PCR were not Pa-cypA and Pa-vbsA specific primers. The sequence of the
DOTH Pa-vbsA genes were identified in section 3.5 to 3.7. The sequence of the
primers used in inverse PCR were compared to the P. arachidicola DOTH genes and
some important differences were found. For example, primer vbsA3 had a
mismatched nucleotide at the 3’ end, so the inverse PCR may have amplified some
other regions from the enzyme digested gDNA. Increasing the PCR annealing
temperature should reduce the unspecific binding of primers to unwanted regions. Or
P. arachidicola specific primers could be designed based on the Pa-cypA and Pa-vbsA
containing fragments to carry out inverse PCR. The inverse PCR experiment was not
continued because mean while a size fractionated P. arachidicola genomic DNA

library was made (Results see section 3.3).
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3.2 RNA that co-purified with genomic DNA

3.2.1 Background

A broad band of 4 kb that co-purified with P. arachidicola strain 18667 genomic DNA
was analysed in this section. It was predicted that the band was composed of RNA
because double-stranded RNAs (dsRNA) are commonly found in fungi, and some are
associated with virus-like particles, defined as mycoviruses (Michelmore and Hulbert,

1987).

3.2.2 Results

The P. arachidicola gDNA 18667 strain was extracted using a CTAB method (Section
2.2.1), purified using a column (section 2.2.2.1) and fractionated through a 0.7%
agarose gel. In additional to the gDNA, an additional 4 kb band appeared. The 18667
gDNA was treated with DNase and RNase. When treated with DNase, the upper
genomic DNA band disappeared. When treated with RNase, the bottom RNA band
and the unknown 4 kb band disappeared, showing that the 4 kb band is RNA as
predicted (Figure 3.4).

Figure 3.4 The RNA bands
1 2 3 4

4 kb

Figure 3.4 Lane 1 is the uncut A DNA ladder. Lane 2 is 18667 genomic DNA treated with DNase. Lane 3 is the

untreated control lane. Lane 4 is the genomic DNA treated with RNase.

In another experiment set up for Southern blotting, the P. arachidicola 18667 gDNA

was digested with three enzymes (EcoRI, BamHI and Sall) without RNase treatment
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(Section 2.2.7). The digested gDNA were electrophoresed at a low voltage (40 V), and
the broad RNA band was clearly resolved into three RNA bands, ranging in size from
3 kb to 4 kb (Figure 3.5). Since RNA is not cut by restriction enzymes and the
patterns on the gel for each digest were identical, the appearance of the three bands

was due to increased resolution of the gel electrophoresis.

Figure 3.5 Restriction digestion of the RNA bands

EcoRI BamHI Sall

-

Figure 3.5 Lane 1 is the 1kb+ ladder. 18667 genomic DNA is shown digested with EcoRI (lane2), BamHI (lane3)
and Sall (lane 4). There are three RNA bands ranging from 3 kb to 4 kb for each lane.

Genomic DNA was extracted from P. arachidicola strains K4246 and 32674 to
determine if they have the RNA band. Figure 3.6 showed that RNA bands only

appeared in the 18667 strain but were missing from the other two strains.

Figure 3.6 The RNA bands in other P. arachidicola strains

1 2 345

<— 4 kb RNA

Figure 3.6 Lane 1 is the A DNA/ Hind III ladder. Lane 2 is the 1kb+ ladder. Lane 3 is the 18667 strain which has
the RNA bands. Lanes 4 and 5 are gDNA from P. arachidicola strains 32674 and K4246 respectively, the RNA

bands are missing from those strains.
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The stability of the RNA in strain 18667 was detected with different water-bath
temperatures, incubation times and in the presence of QG buffer from the QIAquick
gel extraction kit (Qiagen) (Figure 3.9). The QG buffer and 50°C water bath were used
in this experiment because the Qiagen gel extraction kit could potentially to be used to
extract the RNA bands from the gel for further analysis. According to kit instructions,
the gel will be treated with QG buffer in 50°C water bath. The RNA bands were quite
stable, none of the treatments caused degradation of disrupted the RNA bands. Further

analysis of the RNA was not carried out in this project due to time limitations.

Figure 3.7 The stability of the RNA bands

123456789 Lane 1 is the 1kb+ ladder
- . . : - Lane Incub_ation Temperature Buffer
12 ' (min) (°C)
P ’ :..ln'ulil'll i|g TIkbIodlkd z Eoom V\éathr
oom
i 4 10 50 Water
. 5 10 42 Water
6 10 37 Water
7 20 50 Water
8 20 42 Water
9 20 37 Water

3.2.3 Discussion

The RNA bands found in P. arachidicola 18667 strain were unexpected. There were at
least three different sizes or forms of the RNA present in the strain. Out of the three
tested P. arachidicola strains, only the 18667 strain contains the RNA. To confirm
whether the dsRNA found in P. arachidicola strain 18667 was due to mycovirus
infection, cDNA could be made using reverse transcriptase and sequenced.
RNA-dependent polymerase genes were identified in Aspergillus species mycovirus
dsRNA (Genbank accession No.EU289896 and EU289897). The cDNA sequence
results should be compared to these already known mycovirus dsRNA sequences and

a RNA-dependent polymerase gene may be identified.
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The RNA was stable, even after overnight restriction enzyme digestion. The stability
of RNA would allow it to be extracted using gel extraction kit (Qiagen) which

requires incubation with QG buffer at 50°C water bath for 10 minutes.

Studies of one isolate of Aspergillus flavus (NRRL5565) that cannot produce AF,
showed that NRRL5565 contains a viral genome that has a size expected for
mycovirus dsRNA. Exposing NRRL5565 to dsRNA virus synthesis inhibitor allowed
it to produce AF, showing that inhibition of AF biosynthesis in A. flavus isolate
NRRL5565 was due to dsRNA infection (Schmidt et al., 1986). The presence of
dsRNA in different isolates of A. flavus was detected. Overall an average of 10.9%
(10 of 92 isolates) was infected. But there was no correlation of AF production ability
to the presence of dsRNA, strains that produce a high level of AF were just as likely
to be infected by dsRNA as strains that produce no AF (Elias and Cotty, 1996). In
three tested strains of P. arachidicola, only strain 18667 had dsRNA infection, but all
three strains can produce DOTH. More isolates of P. arachidicola collected from
culture and field should be tested for dsSRNA infection and whether dsRNA infection

can affect the production of DOTH in P. arachidicola.
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3.3 Attempts to identify additional dothistromin genes in P. arachidicola using

degenerate primers

3.3.1 Background

The DOTH biosynthesis genes in D. septosporum and P. arachidicola that have been
identified so far have homologues to AF biosynthesis genes in Aspergillus species.
Degenerate primers designed according to highly conserved regions of AF genes can
be used to identify further DOTH biosynthesis genes. In D. septosporum the DOTH
biosynthesis genes avnA (homologous to aflG in Aspergillus), norA (homologous to
aflE in Aspergillus) and verB (homologous to aflL in Aspergillus) were successfully
identified using this method. However a homologue of the aflR gene, which is a
positive regulator in ST biosynthesis pathway in Aspergillus species, could not be
identified in D. septosporum by degenerate PCR. The aim of this section of the
project was to identify the Pa-avnA, Pa-norA, Pa-verb and possibly Pa-afIR genes in

P. arachidicola, using the same degenerate primers as used for D. septosporum.

The degenerate primers were designed by Justine Baker and Zhilun Feng (Massey
University). Alignment of gene product sequences from five Aspergillus species (A.
parasiticus, A. flavus, A. oryzae, A. nomius and A. nidulans) was used to designed
avnA degenerate primers. Alignment of gene product sequences from four Aspergillus
species (A. parasiticus, A. oryzae, A. nomius and A. nidulans) was used to design
norA, verB and aflR degenerate primers (the primer sequences used are shown in

Appendix I1I).

3.3.2 Results

Touchdown PCR was carried out using degenerate primers (Table 3.1) and P.
arachidicola 18667 gDNA as DNA template (Section 2.3.3). Only two PCR products
had the expected sizes which were a 1.5 kb Pa-aflR fragment and a 1.1 kb Pa-avnA
fragment (Figure 3.8). The touchdown PCRs which produced the right sized

fragments were repeated, the fragments were gel-extracted and ligated into pGEMT-
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Easy vector in a 1:1 vector : insert ratio (Section 2.2.6 and 2.4.1) and transformed into

E. coli (Section 2.4.2).

Table 3.1 Degenerate primers used in touchdown PCR

Lane Gene Primer name Expected size
2 afIR szdp127, szdp128 1.5kb
3 avnA aflG F1, aflG R1 1.2 kb
4 avnA aflG F1, aflG R2 1.3 kb
5 avnA aflG F2, afIG R1 1.0kb
6 avnA aflG F2, aflG R2 1.1 kb
7 verB vbrBF1, verBR3 435 bp
8 verB vbrBF1, verBR3 915bp
9 verB vbrBF1, verBR3 105 bp
10 verB vbrBF1, verBR3 585 bp
11 norA norAF1, norAR3 240bp
12 norA norAF1, norAR4 700 bp
13 norA norAF2, norAR3 240 bp
14 norA norAF2, norAR4 700 bp

Figure 3.8 Touchdown PCR using degenerate primers

1 2 4 5 6 7 8 9 11 12 13 14

10

3

Figure 3.8 Lane 1 is the 1kb+ ladder. Lanes 2 to 14 are touchdown PCR products using degenerate primers. The
primers used for each lane are presented in the following table. The red circles indicate the expected sized
fragments: 1.5 kb Pa-afIR fragment in lane 2 and 1.1 kb Pa-avnA fragment in lane 6.

Transformants were checked by E. coli colony PCR (Section 2.3.5). From the gel, one
white colony contained the 1.1 kb Pa-avnA insert. The white colony tested for
Pa-aflR only showed a 162 bp fragment which was an empty vector. The E. coli
colony PCR was repeated for another 10 Pa-aflR transformants, but no positive

colony was found (Figure 3.9). The Pa-afIR ligation was repeated with a 1:2 vector :
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insert ratio, then transformed into E. coli and 10 white colony were checked by PCR,

but no positive colony was found (Data not shown).

Figure 3.9 PCR using universal primers to check the transformants

Pa-aflR Pa-avnA
1 2 3

O& 1.1 kb Pa-avnA

<— 162 bp empty vector

Figure 3.9 Lane 1 is the 1kb+ ladder. Lanes 2 and 3 are products from colony PCR with E. coli transformed with

Pa-aflR and Pa-avnA ligations respectively. The red circle indicates the 1.1 kb Pa-avnA insert.

The putative Pa-avnA plasmid was extracted and sequenced (Section 2.2.3 and

section 2.6). The sequence of the 1.1 kb fragment was analysed using BLASTN and

BLASTX, the result indicated no similarity to D. septosporum Ds-avnA or any

Aspergillus species aflG. The closest BLASTN hits for this 1.1 kb fragments were

showed in table 3.2.

Table 3.2 BLASTN result of 1.1 kb fragment

- Genebank
Description Product | Score | E value .
accession No.
Phaeosphaeria nodorum SN15 mitochondrion,
tRNA-Leu | 110 2e-20 EU053989.1
complete genome
Mycosphaerella graminicola mitochondrion,
tRNA-Leu | 108 6e-20 EU090238.1
complete genome
Aspergillus tubingensis strain 0932
. . tRNA-Leu | 62.1 5e-06 DQ217399.1
mitochondrion, complete genome
Aspergillus niger strain N909 mitochondrion
tRNA-Leu | 62.1 5e-06 DQ207726.1

complete genome

3.3.3 Discussion

The touchdown PCR using degenerate PCR only produced two fragments of expected
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sizes: 1.5 kb Pa-aflR fragment and expected 1.1kb Pa-avnA fragment. The 1.5 kb
fragment did not ligate into the vector. To repeat the experiment, several different
vector : insert ratios could be tried for ligation, or ATP could be added to the ligation

mixture to increase the T4 DNA ligase enzyme activity.

For the 1.1 kb putative Pa-avnA fragment, PCR using universal primers identified one
positive colony, but the sequencing analysis showed that it was not avnA but part of a
mitochondrial tRNA-Leu gene. The degenerate primers clearly bound to other places
in the DNA template during PCR. Although the degenerate primers successfully
identified DOTH biosynthesis genes in D. septosporum, may be the Pa-avnA gene in
P. arachidicola is less similar to the Aspergillus sequences used to design the avnA
degenerate primers. Some new degenerate primers could be designed according to the
D. septosporum sequence to repeat the touchdown PCR, or nested PCR could be done

to improve specificity for identifying the Pa-avnA, Pa-norA and Pa-verb genes.

This work was not continued due to the priority on investigating library clones
(Section 3.4). Once fragments of Pa-avnA, Pa-norA, Pa-verb and Pa-aflR genes have
been found, the fragments could be DIG-labelled for Southern blot and the Southern

blot results could be used to screen the size fractionated EcoRlI library.
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3.4 A size fractionated P. arachidicola genomic DNA library

3.4.1 Background

A size fractionated P. arachidicola genomic DNA library was made to identify and
sequence the DOTH genes in P. arachidicola. Fragments containing putative DOTH
genes from P. arachidicola had already been found by degenerate PCR in previous
work (Shuguang Zhang unpublished): 0.94 kb Pa-cypA, 1.35 kb Pa-vbsA, 0.7 kb
Pa-dotA and 1.3 kb Pa-pksA. Those fragments were DIG-labelled for Southern
hybridization and the results of this hybridization were used to direct the screening of

the library.

3.4.2 Results

3.4.2.1 Restriction enzyme digestion of purified P. arachidicola 18667 gDNA

The extracted P. arachidicola 18667 gDNA was about 35-40kb (Figure 3.10A). PCR
using primers 1TS4 and ITS5 was carried out to amplify the ribosomal ITS region of
purified 18667 genomic DNA to confirm that the DNA was from P. arachidicola. This
was done because there was a lot of work with the DOTH producer D. septosporum at
the time of the P. arachidicola library was made, and it was essential to rule out
contamination. The sequence showed 100% identity to Mycosphaerella arachidis,

which is the teleomorph of P. arachidicola.

Purified gDNA (4.2 ng) was digested with each enzyme (EcoRI, BamHI, Sall, or Scal)
(Section 2.2.7) and 200 ng of digested gDNA was checked on a 0.7% gel (Figure 3.10
B). The gDNA was not treated with RNase before digestion, so there were three RNA
bands ranging from 3 kb to 4 kb presented for each digestion. The gel indicated
complete digestion of the gDNA with each restriction enzyme. For each 4 ng of
restriction enzyme digested gDNA, 2 ug was used for a Southern blot and the other 2

ug was used for making the size fractionated P. arachidicola gDNA library.
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Figure 3.10 Purified P. arachidicola 18667 gDNA for restriction enzyme digestion

(A) Purified P. arachidicola 18667 gDNA (B) Enzyme digestion of gDNA

EcoRI BamHI Sall Scal

<—gDNA 35 to 40 kb

Figure 3.10 (A) Lane 1 is the A DNA/ Hind III ladder. Lane 2 is the purified gDNA . (B) Lane 1 is the 1kb+ ladder.
18667 genomic DNA is shown digested with EcoRI (lane2), BamHI (lane3), Sall (lane 4) and Scal (lane5). The
three bands ranging from 3 kb to 4 kb are RNA in each lane.

3.4.2.2 Southern hybridization to identify the size of restriction fragments
containing DOTH genes

Probes for genes Pa-cypA, Pa-vbsA, Pa-dotA and Pa-pksA were prepared by PCR
amplification using plasmids containing Pa-cypA, Pa-vbsA, Pa-dotA and Pa-pksA
fragments and specific primers designed according to the fragments sequences. The
four PCR products (0.7 kb Pa-cypA, 1.35 kb Pa-vbsA, 0.9 kb Pa-dotA and 1.3 kb
Pa-pksA) were extracted from a gel (Section 2.2.6) and used as DNA templates for
DIG-labelling using a PCR based method (Section 2.5) (Figure 3.11 A). Because the
DIG-labelled dUTPs were incorporated into the PCR products, the DIG-labelled
probes had a higher molecular weight compared to the original PCR products (Figure

3.11B).
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Figure 3.11 DIG-labelled probes for Southern blotting

(A) PCR to amplify the templates (B) DIG-labelled probes

cypA vbsA dotA pksA cypA vbsA dotA pksA

| V) (SR I %

<— 1.7kb ¢—1.65kb
&—12kb

I 1.35 kb ¢«—1.3 kb <— 0.85kb

Figure 3.11 (A) Lane 1 is the 1kb+ ladder. Lanes 2 to 5 are Pa-cypA, Pa-vbsA Pa-dotA and Pa-pksA PCR products.
The red circles indicate the PCR products extracted from the gel. (B) Lane 1 is the 1kb+ ladder. Lane 2 to 5 are
DIG-labelled Pa-cypA, Pa-vbsA Pa-dotA and Pa-pksA DNA probes.

The working concentrations of probes used in the Southern hybridisation were
detected as described in section 2.5.2. From the x-ray film, the 1/3125 dilution spot
could be observed, but 1/625 dilution was used in experiment for each probe (Section

2.5.2, Figure 3.12).

Figure 3.12 Working concentration of probes
Pa-cypA
Pa-vbsA
Pa-dotA

Pa-pksA

T T T T T T

1/5 1/25 1/125/ 1/625 1/3125 1/15625
Figure3.12 The working concentration of probes used for Southern hybridization was 1/625 dilution.

The Southern blot was done as described in section 2.5.3. One probe was used at a
time for Southern hybridization, then the membrane was stripped and another probe
was used (Section 2.5.3 to Section 2.5.6). The restriction enzyme digested fragments

that contained the DOTH genes are shown in Figure 3.13. For the Pa-cypA gene, the
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BamHI fragment was missing. This may be because the fragment that contains the
Pa-cypA gene was too large and did not transfer from the gel to the membrane. For
the Pa-dotA gene, the EcoRlI cut 18667 gDNA had two fragments of 14 kb and 1.2 kb.
This is because there is an EcoRI cutting site in the Pa-dotA probe. For Pa-pksA gene,
the cut 18667 gDNA had two fragments 3.7 kb and 3.4 kb. This is because there is a
Sall cutting site in the Pa-pksA probe.

Figure 3.13 Southern blot results

EcoRI Sall BamHI Scal EcoRI Sall BamHI Scal EcoRlI Sall BamHI Scal EcoRI Sall BamHI Scal

Pa-cypA Pa-vbsA Pa-dotA Pa- pksA

Figure 3.13 Genomic DNA digested with EcoRI, BamHI, Sall or Scal was hybridised with Pa-cypA, Pa-vhsA
Pa-dotA or Pa-pksA DIG-labelled probes.

Restriction digested fragments that contained the doth genes

Probe Enzyme | Fragments(kb) Probe Enzyme Fragments(kb)
Pa-cypA EcoRl 6.3 Pa-dotA EcoRlI 14 and 1.2
Sall 3.5 Sall 8
BamHI - BamHlI 15
Scal 14 Scal 1.6
Pa-vbsA EcoRl 5.7 Pa-pksA EcoRlI 5.1
Sall 1.65 Sall 3.7and 3.4
BamHI 8 BamHI 3
Scal 10 Scal 125
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3.4.2.3 Asize fractionated EcoRI P. arachidicola genomic DNA library

A plasmid library was made, because the plasmid library is easier to prepare and to
handle than a cosmid library. When the library was made the first time, few white
colonies were obtained. PCR and enzyme digestion results showed that the vector was
contaminated. So a fresh vector plasmid was used and checked by enzyme digestion

before transformation (data not shown).

The Southern blot results indicated the size of fragments that contained P.
arachidicola DOTH genes and also suggested there was only a single copy of each
gene in the genome. The EcoRI cut 18667 genomic DNA produced several large
fragments that between them contained all four P. arachidicola DOTH genes, so the
EcoRI cut 18667 genomic DNA was selected to make a size fractionated P.
arachidicola gDNA library. The 2 ug of EcoRlI cut 18667 gDNA was purified from a
gel according to size (5-11 kb and 11-20 kb) to make insert DNA. The 6.3 kb Pa-cypA
fragment, 5.7 kb Pa-vbsA fragment and 5.1 kb Pa-pksA fragment were within 5-11 kb

size range and the 14 kb Pa-dotA fragment was within the 11-20 kb size range.

The pIC19H vector was digested with EcoRIl and dephosphorylated by shrimp
alkaline phosphatase to prevent self-ligation. The dephosphorylation reaction was
checked by DNA T4 ligase (section 2.4.1.2) (Figure 3.14). From the gel, in lane 5,
after DNA T4 ligase treatment, some EcoRI digested PIC19H vector self-ligated.
Comparing lanes 2 and 3, after the vector had been dephosphorylated, the vector
could not self-ligate. So the dephosphorylation of EcoRI digested PIC19H vector was

successful.
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Figure 3.14 Checking dephosphorylation of EcoRI digested PIC19H vector
1 2 3 4 5

&<— 2.7 kb EcoRI cut vector

Figure 3.14 Lane 1 is the 1kb+ ladder. Lane 2 is the dephosphorylated EcoRI digested PIC19H vector. Lane 3 is
the dephosphorylated EcoRI digested PIC19H vector with DNA T4 ligase. Lane 4 is the EcoRI digested PIC19H
vector. Lane 5 is the EcoRlI digested PIC19H vector with DNA T4 ligase.

The 5-11 kb and 11-20 kb EcoRI cut 18667 genomic DNA was inserted into
dephosphorylated EcoRI digested pIC19H vector with a 1:1 molecular ratio using
DNA T4 ligase (section 2.4.1.1). The ligation mixture was transformed into E. coli

cells and the colonies were plated on LB + ampicillin plates with Xgal (Section 2.4.2).

3.4.2.4 Screen the library for positive clones

About 1000 white colonies were screened for each size fractionated library (about 200
white colonies per plate, 5 plates were screened). The DIG-labelled probes for colony
hybridisation were the same DIG-labelled probes as used for the Southern blot. The
5-11 kb library was probed with Pa-cypA, Pa-vbsA or Pa-pksA probes and the 11-20
kb library was probed with the Pa-dotA probe. The positive colonies were detected as
described in section 2.5.7. An example of colony hybridisation x-ray film using the
Pa-cypA probe is shown in Figure 3.15. The 7 black spots on x-ray film indicate the

positive colonies detected.
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Figure 3.15 Colony hybridisation using Pa-cypA probe

Figure3.15 7 The red circles indicate the 7 positive colonies found for Pa-cypA on hybridization membranes.

For a preliminary screen of the positive colonies from the library plates, E. coli colony
PCR was carried out as described in section 2.3.5. Two positive controls were set up,
one was using gDNA and primers used for Southern hybridization, and the other one
was using a blue colony from library LB plate and universal M13 forward and M13
reverse primers. The PCR results are shown in Figure 3.16. Three of the colonies had
the expected 0.9 kb PCR band for the Pa-cypA gene, 2 colonies had the expected 1.35
kb PCR band for Pa-vbsA gene, only 1 colony had the expected 0.5 kb PCR band for
Pa-dotA gene and 3 colonies had the expected 1.3 kb PCR band for Pa-pksA gene.

Purified single cell plasmid of positive colony was extracted (section 2.2.3) and
digested with EcoRI to check the insert fragments (Figure3.17). All of the checked
plasmids had a 2.7 kb vector DNA and the expected size of insert DNA, which were
6.3 kb Pa-cypA (renamed as plasmid pR285), 5.7 kb Pa-vbsA (renamed as plasmid
pR283), and 5.1 kb Pa- pksA (renamed as plasmid pR284). The Pa-dotA plasmid
(renamed as plasmid pR286) had a 14 kb expected insert band and a 10 kb unexpected

band. The plasmids were sequenced as described in section 2.6.
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Figure 3.16 E. coli colony PCR to screen the positive colonies

123456 78 910111213 + M - 23 4

g

5678 9+M-

0.9 kb

(A) Pa-cypA (B) Pa-vbsA

1 2 6 12

<—1.3kb

(C) Pa-dotA (D) Pa-pksA
Figure 3.16 For all four photos, Lane 1 is the 1kb+ ladder. Lane + is the gDNA positive control. Lane M is the
vector colony positive control. Lane — is the negative control. The red circles indicate the bands with the expected
sizes. (A) Lane 3,8 and 10. (B) Lane 2 and 5. (C) Lane 2. (D) Lane 2, 6 and 12.

Figure 3.17 EcoRI digestion to check the insert DNA

L U ©
1 2 3

L) U © U ©

14 kb insert
51 kb inse n% 10 kb band

2.7 kb vector

6.3 kb insert

<—2.7 Kb vector 5.7 kb insert

2.7 kb vector

(A) Pa-cypA (B) Pa-vbsA (C) Pa-dotA and Pa-pksA
Figure 3.17 For all three photos, Lane 1 (L) is the 1kb+ ladder, (U) is uncut plasmid, (C) is EcoRI digested plasmid
and the 2.7 kb band was the vector DNA. (A) The Pa-cypA plasmid had a 6.3 kb insert. (B) The Pa-vhsA plasmid
had a 5.7 kb insert. (C) The Pa-dotA plasmid lanes 2 and 3 had a 14 kb insert and a 10 kb band. Pa- pksA plasmid
lanes 4 and 5 had a 5.1 kb insert.
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3.4.3 Discussion

P. arachidicola is a slow growing fungus. In PDA culture, it normally took about two
weeks for the fungus to grow. It was important to check the ribosomal ITS sequence
of the extracted P. arachidicola 18667 to make sure the strain was not contaminated
during the growth procedure. There were some difficulties in isolating enough P.
arachidicola genomic DNA at the beginning, a CTAB based DNA extraction method

was used later to increase the yield of genomic DNA.

The 10 kb band that appeared on the EcoRI digested Pa-dotA plasmid was not
expected (Figure 3.15). The E. coli containing the Pa-dotA plasmid was single-cell
purified to make sure it was not a mixed culture. Due to the large size of the insert, it
is unlikely (although possible) that the insert is a chimeric clone with a 24 kb clone.
To find out what this band is, the 10 kb band could be extracted from the gel and

cloned into a vector for sequencing.

Apart from the size fractionated EcoRI P. arachidicola gDNA library, a size
fractionated Scal P. arachidicola genomic DNA library was also prepared (5-11 kb
and 11-20 kb). Because there was no Scal cutting site in the multiple cloning site of
PIC19H, the vector was cut with Smal. Both Scal and Smal digested DNA had blunt
end, so the Scal digested P. arachidicola gDNA was inserted into Smal digested and
dephosphorylated PIC19H vector. But only 400 white colonies were obtained for each
size fractionated Scal library and no positive colonies were found using the same

DIG-labelled probes that had been used for screening the EcoRl library.
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3.5 Genes identified in plasmids pR284 and pR285 (P. arachidicola pksA cluster)

3.5.1 Background

The ST/AF biosynthesis gene clusters are well established in Aspergillus species. A 70
kb DNA region on chromosome 3 contains 25 clustered genes that are involved in
biosynthesis of AF in A. parasiticus. 22 ST biosynthesis genes clustered on
chromosome 4 in A. nidulans have homologues of many of AF genes. The function
and regulatory mechanisms of ST biosynthesis genes are similar to those of the AF
biosynthesis genes, but the gene order and organization are different between the ST

and AF gene clusters (Brown et al., 1996b; Yu et al., 2004a; Yu et al., 2004b).

By using AF genes as hybridisation probes, ten putative DOTH biosynthesis genes
were identified in D. septosporum (Bradshaw and Zhang, 2006). Different from the
AF and ST biosynthesis cluster, the DOTH biosynthesis genes are located in three
mini-clusters on a 1.3 Mb chromosome, and genes not related to DOTH biosynthesis
are located adjacent to or between the DOTH biosynthesis genes in the mini-cluster

(Zhang et al., 2007).

One mini cluster contains Ds-pksA and four additional genes (Ds-cypA, Ds-moxA,
Ds-avfA and Ds-epoA) clustered immediately alongside Ds-pksA. Gene replacement
and complementation experiments showed that Ds-pksA is required for DOTH

biosynthesis in D. septosporum (Bradshaw et al., 2006).

P. arachidicola, a peanut pathogen, also produces DOTH. Genes with high predicted
amino acid identity to Ds-pksA mini cluster genes have been identified using D.
septosporum DOTH genes as probes (Section 3.4). Those genes are analysed in this

section.
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3.5.2 Results

3.5.2.1 Primary sequence analysis of plasmids pR284 and pR285

Plasmids pR284 (containing a 5.1 kb Pa-pksA fragment) and pR285 (containing a 6.3
kb Pa-cypA fragment) that had been isolated from a genomic library of P.
arachidicola by hybridization (Section 3.3.2.4) were sequenced by primer walking
(Section 2.6.1). Primers used for sequencing included universal primers M13 forward
and reverse, as well as primers previously used for amplifying the probes for Southern
blot (section 3.3.2.2) and library screening (section 3.3.2.4). New custom primers
were designed using a computer program Clone Manger SECentral (Section 2.6.2).

The overall sequencing strategy is shown in Figure 3.18.

Sequence assembly for each plasmid was done using ContigExpress. Plasmid
pSZ-Pa-pksA-PCR which contains a Pa-pksA fragment obtained using degenerate
PCR by Dr. S. Zhang (Massey University), overlapped with both pR284 and pR285.
Together, a total contiguous sequence of 11.5 kb was obtained. BLAST results
suggested five open reading frames (ORFs) clustered within the 11.5 kb fragment.
The predicted genes showed high amino acid identity to DOTH biosynthesis gene
products from D. septosporum and some amino acid identity to AF biosynthesis and
ST biosynthesis gene products from Aspergillus species. The five ORFs in the 11.5 kb
fragment were predicted to be Pa-pksA that encodes a polykide synthase, Pa-cypA
that encodes cytochrome P450 monooxygenase, Pa-avfA that encodes averufin
oxidase, Pa-epoA that encodes epoxide hydrolase and Pa-moxA that encodes putative
flavin-binding monooxygenase (Table 3.3, Figure 3.18). Southern blot analysis
confirmed that there was only one copy of each predicted gene in P. arachidicola

(Southern blot results section 3.3.2.2).
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Figure 3.18 Schematic diagram of the 11.5 kb contig showing five ORFs and positions of primers used for sequencing

MGPAGT WGPASE

=
MI3R MGPA4 MGPALD MGPA38 MGPA4T MGPAS4 MGPAGS MGPA3  MGPAI§ SZDPS4 MGPAIT
-— . ) . o . - - - .

MGPASY  MGPA3e MGPALG MGPA9 MGPA] SZIDPET  MGPALS MGPA? MGPA4S MIRE

- . ey em e m

MI3R MGPA?3 MGPAZT MGPAI?  MGPA4? MGPASI MGPAG? MGPAG} MGPA3S

- o e om o omm owm wm

MGPAGS MGPAG4  BIGPASO MGPA4L  MGPA3  MGPA2E MGPA2? MI3F
- == - = - —
Pa-max4A Pa-epoA Pa-avfd Pa-cypA Pa-pksA
1tp H:rl/\_-————| 1152 bp
EcoRI (5166 bp)

Pa-pksA fragment containing plasmid (6269 bp -7588 bp)

pR285 (1 bp -6357 bp) pR284 (6352 bp - 11521 bp)

Figure 3.18 The black and red arrows indicate the primers used for sequencing the pR284 and pR285 plasmids. The black lines indicate how existing plasmid pSZ-Pa-pksA-PCR Sequence
overlapped with pR284 and pR285. There are five ORFs detected in this 11.5 kb fragment. Large coloured arrows indicate the direction of transcription of each ORF.
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Table 3.3 Main BLASTX results of 11.5 kb fragment

P. arachidicola gene position

Genbank accession

Aligned protein (BLASTX) Score E value

(11.5 kb fragment) number
1bp-276 bp putative flavin-binding monooxygenase Mycosphaerella pini 84 2.00E-16 AAZ95013.1
(Pa-moxA) MoxY Aspergillus nomius 69.3 9.00E-11 AAS90063.1
762 bp - 1528 bp (Pa-epoA) epoxide hydrolase Mycosphaerella pini 48.9 4.00E-10 AAZ95015.1
2074 bp -2934 bp averufin oxidase Mycosphaerella pini 410 8.00E-113 AAZ95014.1
(Pa-avfA) AvfA Aspergillus flavus 244 8.00E-63 AAS90043.1
3690 bp - 5346 bp cytochrome P450 monooxygenase Mycosphaerella pini 701 0 AAZ95016.1
(Pa-cypA) CypX Aspergillus flavus 493 6.00E-164 AAS90107.1
6007 bp - 11520 bp polyketide synthase Mycosphaerella pini 2872 0 AAZ95017.1
(Pa-pksA) PksA Aspergillus flavus 2075 0 AAS89999.1

Note: Dothistroma septosporum (teleomorph: Mycosphaerella pini)

There is no epoxide hydrolase gene in the AF/ST gene cluster
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3.5.2.2 The P. arachidicola Pa-pksA gene

The 11.5 kb fragment only contained part of a predicted Pa-pksA gene, which had an
ORF of 5514 bp and encoded a polypeptide of 1804 amino acids. The amino acid
sequence of partial Pa-PksA has 88.7% identity to the corresponding region of
Ds-PksA, and more than 50% identity to Aspergillus species Pks proteins stcA and
aflC. However Pa-PksA has low amino acid identity to PKS proteins involved in
biosynthesis of other metabolites (Table 3.4). Two introns of 50 bp and 52 bp were
identified in partial Pa-pksA by comparing predicted Pa-pksA and Ds-pksA amino
acid sequences and looking for the presence of 5 GT(AGT)NGTY and 3’ YAG fungal
consensus intron splice site sequences (Ballance, 1986). The positions and lengths of
these introns were similar to the positions and lengths of introns in Ds-pksA (Figure

3.19).

The Pa-pksA was predicted to encode a polyketide synthase as it contains one each of
characteristic B-ketoacyl synthase (KS), acyl transferase (AT), and acyl carrier protein
(ACP) domains within the partial Pa-PksA. These domains were identified by
alignment of Pa-PksA with Ds-PksA and other Pks proteins. The orders and the
positions of those domains are conserved between Pa-PksA and Ds-PksA (Figure
3.20). Ds-pksA gene has three ACP domains in the carboxy terminal followed by a TE
domain, whilst the aflC gene has two ACP domains followed by a TE domain (Zhang
et al., 2007). Because the entire sequence of Pa-pksA was not known, it was unclear
whether the carboxy terminal of Pa-pksA had similar structure to the Ds-pksA or aflC
genes. It is expected that 595 amino acids of Pa-pksA remain to be sequenced. The

partial Pa-pksA gene sequence and alignments are shown in Appendix IV and V.
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Table 3.4 Amino acids identity of Pa-PksA to other Pks proteins

) Amino acid | Genbank accession .
Organism . . Gene product function
identity number
D. septosporum 88.70% AAZ95017 DOTH biosynthesis
A. nidulans 50.10% AAA81586 sterigmatocystin biosynthesis
A. parasiticus 53.10% AAS66004 AF biosynthesis
A. flavus 53.50% AAS89999 AF biosynthesis
Gibberella fujikuroi 30% CAB92399 pigment biosynthesis
Botryotina fuckeliana 29.90% AAR90249 melanin biosynthesis

Table 3.4 The predicted amino acid identity of Pa-PksA was compared with other PKS proteins, the highest amino
acid identity was 88.7% with Ds-PksA, which also produces DOTH. Much lower amino acid identities were seen

with PksA proteins involved in pigment and melanin biosynthesis.

Figure 3.19 Schematic diagram of Pa-pksA

EooRl (346 bp) Pa-pksA EcoRl (5510 bp)
Lhp(laa) 5514 bp (1804 8.9)
intron 1 KS domain AT domain intron2 " " ACP domain 1
(139 - 188 p) (1626 -1748by) (2927 -3101hp) (5334 5385 bp) (5386 - 54631bp)
Gene OREF length (bp) Intron 1 Intron 2
Pa-pksA 5514 (Partial) 139 bp - 188 bp (50 bp) 5334 bp -5385 bp (52 bp)
Ds-pksA 7304 138 bp - 186 bp (49 bp) | 5342 bp - 5396 bp (55 bp)

Figure 3.19 The upper diagram shows the partial Pa-pksA gene, which has an ORF of 5514 bp and encodes a
polypeptide of 1084 amino acids. The yellow boxes indicate the positions of two introns. The positions and length
of introns in Pa-pksA and Ds-pksA are listed in the table below. The black arrow and boxes indicate KS, AT and
ACP domains.
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Figure 3.20 Alignments of Pa-PksA KS, AT and ACP domains with other PKS proteins

KS domain alignment

Pa-pksA
Ds-pksA
Ap-Afic
AN-StcA
Cn-Ctb1l
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Gf-Pks4
Nh-PksN
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CIl-Pksl
Bo-Pksl

Pa-pksA
Ds-pksA
Ap-Aflc
AN-StcA
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ANn-WA
Gf-Pks4
Nh-PksN
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Pa-pksA

Ds-pksA

Ap-Aflc

AN-StcA

Cn-Ctb1

An-WA

Gf-Pks4

Nh-PksN

Af-Albl

Bf-BfPks13 1{€CDV.

CIl-Pksl

Bo-Pksl SAKFEEMDYIpYIPS

GXDSL
Name organism Protein | Genbank No.

Pa-PksA P. arachidicola PksA

Ds-PksA D. septosporum PksA AAZ95017

Ap-AfIC A. parasiticus AfIC AAS66004

An-StcA A. nidulans StcA AAAB1586

Cn-Cthl Cercospora nicotianae Ctbl AAT69682

Ao-Pks A. ochraceus Pks AAP32477

An-WA A. nidulans WA CAA46695

Gf-Pks4 Gibberella fujikuroi Pks4 CAB92399

Nh-PksN Nectria haematococca PksN AAS48892

Af-Albl A. fumigatus Albl AAC39471
Bf-BfPks13| Botryotina fuckeliana BfPks13| AAR90249

CI-Pksl |Colletotrichum lagenarium| Pksl BAA18956

Bo-Pksl Bipolaris oryzae Pksl BAD22832

Figure 3.20 Alignments of Pa-PksA with other fungal Pks proteins. The KS, AT and ACP domains were identified.

Amino acid identities are shaded. Core conserved catalytic regions are shown under alignment.
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3.5.2.3 The P. arachidicola Pa-cypA gene

The Pa-cypA had an ORF of 1675 bp that was predicted to encode a polypeptide of

511 amino acids. The amino acid sequence of Pa-CypA had 92.8% identity to

Ds-CypA, 60.2% identity to CypX protein in A. parasiticus and 59.9% identity to

StcB protein in A. nidulans, suggesting that Pa-CypA is also a cytochrome P450

monooxygenase. Two introns of 50 bp and 89 bp were identified. The positions of

these introns were similar to the Ds-cypA, but intron two differs in length (Figure

3.21). Alignment of Pa-CypA with other CypA proteins identified characteristic

J-helix, K-helix and heme binding motifs in Pa-CypA (Figure 3.21 and Figure 3.22).

Figure 3.21 Schematic diagram of Pa-cypA

lbp(lag)

intron 1

(109 - 158 bp)

Pa-cypA intron 1
(1317 bp - 1405 bp)

1675bp (511 a.a)
Jhelix motif ~ K-helix motif - heme binding motif

(1101 - 1026 bp) (1155 -1166 bp) (1478 - 1507 bp)

Gene ORF length (bp) Intron 1 Intron 2
Pa-cypA 1675 109 bp - 158 bp (50 bp) 1317 bp -1405 bp (89 bp)
Ds-cypA 1640 109 bp - 159 bp (51 bp) | 1317 bp - 1369 bp (53 bp)

Figure 3.21 The upper diagram shows the Pa-cypA gene ORF. The yellow boxes indicate the positions of two

introns, the position and length of introns in Pa-cypA and Ds-cypA are listed in the table below. The black boxes

indicate the K-helix, J-helix and heme binding motifs.
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Figure 3.22 Characteristic cytochrome P450 monooxygenase motifs in Pa-CypA
J-helix motif

Pa-CypA :
An_StcB :
Ap_AFIV :
Ds_CypA :
AXSLT
K-helix motif
Pa-CypA :
An_StcB :
Ap_CypX :
Ds_CypA :
EXXR
Heme binding motif
Pa-CypA : [ENEEceEsIe[IReTiNe
AN_stcB : [ENEREYEARCCNeTHe
AP_CypX : [ENESECARSINeT iNe
DS_CypA : ENEEECEsIe[eIe iHe
FXXGXXXCXG
Name organism Protein] Genbank No.

Pa-CypA | P. arachidicola | CypA
Ds-CypA|] D. septosporum CypA | AAZ95016
Ap-AflVV] A. parasiticus Afl\V/ AAS66022
An-StcB A. nidulans StcB EAAG61612

Figure 3.22 Alignments of Pa-CypA with other cytochrome P450 monooxygenase proteins. The J-helix motif,
K-helix motif and the heme binding motif were identified. Amino acid identities are shaded. Core conserved
catalytic regions are shown under each alignment.

3.5.2.4 The P. arachidicola Pa-avfA gene

The Pa-avfA had an ORF of 861 bp and is predicted to encode an averufin oxidase of
286 amino acids. The Pa-AvfA has 73.3% amino acids identity to Ds-AvfA protein,
46.9% amino acid identity to Afll and 46.8% amino acid identity to StcO. (Figure
3.23). No intron was founded in the Pa-avfA in contrast to Ds-avfA, which has an
intron at position 60 bp to 123 bp. The Pa-AvfA had similar length to the oxidase
protein Afll in A. parasiticus, but was 19 and 11 amino acids shorter than the D.

septosporum AVfA and A. nidulans oxidase protein StcO respectively.

Figure 3.23 Schematic diagram of Pa-avfA
Pa-avfA

1bp(La.a) | > 861 bp (286 a.a)

Figure 3.23 A schematic diagram of the Pa-avfA gene. There is no intron in the sequences; the gene encodes an
averufin oxidase of 286 amino acids.
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3.5.2.5 The P. arachidicola Pa-epoA gene

BLASTX results showed that amino acid sequence predicted from the Pa-epoA gene
matched to three parts of the Ds-epoA amino acid sequence. The first two matches
corresponded to exons flanking an intron of 81 bp at position 114 bp to 194 bp in
Pa-epoA (1-468 bp). In contrast, Ds-epoA does not have an intron in this region but
instead has one intron at position 1106 bp to 1157 bp. The third BLASTX match of
Pa-epoA to Ds-epoA was of a short region in the downstream region. Pa-epoA
sequences from 658 bp to end had a 79% amino acid identity to the Ds-epoA 344 a.a
to 378 a.a sequences. Alignment of Pa-epoA to Ds-epoA revealed that 228 a.a of the
expected coding region of Pa-epoA was missing and instead a repeat rich region was
seen (477 bp -686 bp). This region does not match any known hydrolase sequences.
Inverted repeat sequences were found at positions 477 - 487 bp and 533 - 543 bp and
a tandem repeat also found at position 641 - 686 bp. In Ds-epoA, there were three of
the highly conserved active site amino acids: Asp*®’, Thr**® and His*’%. In Pa-epoA,

%72 was identified. In position 346, a Pro was identified instead

only one active site His
of Thr and the region expected to contain Asp was missing. There were three stop
codons in this Pa-epoA coding region. The original sequencing results were checked,

signals were good and clear at the positions of the stop codon regions (Figure 3.24).
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Figure 3.24 Comparison of the Pa-epoA gene and the Ds-epoA gene

intron Pa-epoA inverted repeat inverted repeat Tandem repeat TGTCC

(114 bp to 194 bp) (477 bp -487 bp) (533 bp -543 bp) (658 bp -767 bp

1 bp * *
stop codons

1bp > 1315 bp
1-37aa 37-128aa 344-369aa 370-378aa
intron
(1106 bp to 1157 bp)
Gene OREF length (bp) Intron 1
Pa-epoA 768 114 bp - 194 bp (81 bp)
Ds-epoA 1315 1106 bp - 1157 bp (52 bp)

Figure 3.24 The yellow boxes indicate the positions of introns. The position and length of introns in Pa-epoA and
Ds-epoA are listed in the table below. The black lines indicate the regions of Pa-epoA matched to Ds-epoA. The
red arrows indicate the positions of inverted repeats and tandem repeats. The black stars indicate the positions of

stop codons.

3.5.2.6 The P. arachidicola Pa-moxA gene

A partial Pa-moxA gene was identified at the opposite end of the 11.5 kb fragment to
Pa-pksA. The partial Pa-moxA had an ORF of 276 bp with one intron of 65 bp and
encoded a polypeptide of 70 amino acids. The position of the intron in Pa-moxA was
slightly different from the first intron in Ds-moxA and was 10 bp longer (Figure 3.25).
The first 70 amino acids of Pa-MoxA encoded by this fragment had 70.4% identity to
the corresponding region of Ds-MoxA, but only 10.8% and 25.3% identities to those

of AfIW and StcW in Aspergillus species respectively

Figure 3.25 Schematic diagram of Pa-moxA gene

Pa-moxA
1bp(laa) | 276 bp (70 a.a)
intron (82 bp-146 bp) EcoRI (272 bp)
Gene ORF length (bp) Intron 1
Pa-moxA 276 82 bp - 164 bp (65 bp)
Ds-moxA 2163 98 bp - 152 bp (55 bp)

Figure 3.25 Schematic diagram of the partial Pa-moxA gene with ORF of 276 bp. The yellow box indicates the

position of intron, the position and length of introns in Pa-moxA and Ds-moxA are listed in the table below.
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3.5.2.7 The dothistromin biosynthesis genes in P. arachidicola (pksA cluster)

The DOTH biosynthesis genes identified in the 11.5 kb fragment from P. arachidicola
were compared to the corresponding region of the DOTH biosynthesis cluster in D.
septosporum and to AF and ST biosynthesis genes in Aspergillus species. Four of the
P. arachidicola genes Pa-pksA, Pa-cypA, Pa-avfA and Pa-epoA had the same
orientations as the homologous D. septosporum DOTH biosynthesis genes. The

Pa-moxA gene had opposite gene orientation to Ds-moxA.

Figure 3.26 Comparison of D. septosporum and P. arachidicola dothistromin pksA

biosynthesis gene clusters

Partial Pa-moxA Pa-epoA Pa-avfA Pa-cypA Partial Pa-pksA

1bp 11521 bp
Tandem repeats
Inverted repeat 1 Inverted repeats 2
Ds-moxA Ds-epoA Ds-avfA Ds-cypA Ds-pksA
1bp 20553 bp
Inverted repeats Tandem repeats

Figure 3.26 Schematic diagrams of partial D. septosporum and P. arachidicola DOTH bhiosynthesis gene clusters.
The order and orientation of each gene is presented with colour arrows. The red vertical lines show the positions of
tandem repeats. Black vertical lines show positions of inverted repeats.

The intergenic regions between the DOTH biosynthesis genes in P. arachidicola and
D. septosporum were compared (Table 3.5). The intergenic regions of cypA and pksA
between P. arachidicola and D. septosporum had similar length and highest
nucleotide sequence identity of 70.6%. The intergenic regions of epoA and avfA
between P. arachidicola and D. septosporum varied considerably in size and had the
lowest nucleotide identity of only 15.9%. A tandem repeat (TGTCC)n was found
inside the Pa-epoA ORF region, this was different in position and sequence to a D.
septosporum cluster tandem repeat (CAGTGC)n at the end of the Ds-avfA gene. The P.
arachidicola cluster also had two inverted repeat sequences within the ORFs of

Pa-epoA and Pa-pksA that were not seen in the corresponding regions of D.
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septosporum (Figure 3.24, Table 3.6 A, B).

Table 3.5 Intergenic regions of P. arachidicola and D. septosporum dothistromin genes

Region Position Length | GC content | Nucleotide identity

Pa moxA to epoA 227 bp - 761 bp 485 bp 48% £3%

Ds moxA to epoA | 29485 bp - 30013 bp | 529 bp 51%

Pa epoA to avfA 1530 bp - 2074 bp 545 bp 55% 15.9%

Ds epoAto avfA | 31329 bp - 33418 bp | 176 bp 45%

Pa avfA to cypA 2936 bp - 3690 bp 755 bp 54% 43.5%

Ds avfAto cypA | 32475bp-33418bp | 944 bp 54%

Pa cypA to pksA 5366 bp - 6007 bp 642 bp 54% 20.6%

Ds cypA to pksA | 35095 bp - 35717 bp | 659 bp 54%

Table 3.6 (A) Inverted repeats

Inverted repeat Location Repeat length Sequence
Ds inverted repeat | 26553-26562 10 ctcacctgcet
NERRRRRNY
26613-26604 gagt ggacga
Pa inverted repeat 1 | 1239-1249 11 99999999999
(NERRRRNNRE
1305-1295
ccececccccce
Pa inverted repeat 2 | 8294-8303 10 tcectectea
NERRRRRNY
8405-8396 agggaggagt
Table 3.6 (B) Tandem repeats
Tandem repeat Location Copy No. Consensus pattern
Ds 32559-32650 bp 15 0f 6 bp CAGTGC
Pa 1403-1448 bp 9of5hbp TGTCC

3.5.3 Discussion

The partial Pa-pksA identified in this study showed high amino acid identity to D.
septosporum Ds-pksA, A. parasiticus aflC and A. nidulans stcA genes which encoded
polykide synthase. Functional inactivation of stcA blocked the production of ST and

all ST intermediates in A. nidulans. Further studies showed that stcA was involved in
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early steps of ST biosynthesis, which was converting hexanoyl CoA and seven
malonates to NOR (Brown et al., 1996b; Yu and Leonard, 1995). Disruption of aflC
produced mutants unable to produce AF in A. parasiticus (Trail et al., 1995).
Disruption of Ds-pksA gene in D. septosporum was unable to produce DOTH, but
feeding the Ds-pksA mutant with NOR or VERA (precursors in AF biosynthesis
pathway) resulted in production of DOTH. Those experiments showed that Ds-pksA
functions at an early stage in DOTH biosynthesis with VERA acting as a precursor
(Bradshaw et al., 2006; Bradshaw and Zhang, 2006). Pa-pksA, which also encodes a
polykide synthase, may be involved in production of NOR from hexanoyl CoA and

malonates in DOTH biosynthesis in P. arachidicola.

The Pa-avfA gene showed high amino acid identity to D. septosporum Ds-avfA, A.
parasiticus afll (previously called avfA) and A. nidulans stcO genes which encode
averufin  oxidase. Gene complementation experiments showed that an
averufin-accumulating, non-aflatoxigenic mutant strain of A. parasiticus can be
rescued by an equivalent gene from A. flavus to produce AF, So afll is involved in
converting AVF to VHA (Yu et al., 2000). Further studies showed that two genes aflV
and aflw are also involved in converting of AVF to VHA in A. parasiticus (discussed
later). The Pa-avfA predicted to encode averufin oxidase may have a similar function

in DOTH biosynthesis.

The Pa-cypA gene was predicted to encode a cytochrome P450 monooxygenase. It
showed high amino acid identity to D. septosporum Ds-cypA, A. parasiticus aflV and
A. nidulans stcB genes. Mutants with disruption of stcB or aflV cannot produce AF
and resulted in accumulation of AVR in A. nidulans and A. parasiticus respectively.
Feeding experiments showed that the aflV mutant was able to convert HVN and VHA
to AF but failed to convert OAVN or AVR to AF. So aflV is involved in converting
AVR to HVN in AF biosynthesis in A. parasiticus (Wen et al., 2005). Pa-cypA may be

involved in converting AVR to HVN in DOTH biosynthesis in P. arachidicola.
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The partial Pa-moxA identified in this study showed high amino acid identity to the D.
septosporum Ds-moxA, A. parasiticus aflw and A. nidulans stctW genes which
encoded flavin-binding monooxygenase. Disruption of aflW blocked AF biosynthesis
and resulted in accumulation of HVN in A. parasiticus. Feeding experiments showed
that, the aflW mutant was able to convert VHA to AF but cannot convert OAVN, AVR
or HVN to AF. So aflW is involved in converting HVN to VHA in AF biosynthesis in
A. parasiticus (Wen et al., 2005). Pa-moxA may be involved in converting HVN to

VHN in DOTH biosynthesis in P. arachidicola.

Only single stranded sequence of the Pa-epoA region was obtained. Clear
second-strand sequence could not be obtained even though the primer sequence was
checked and the plasmid template was purified. There was a G-C inverted repeat
identified in the Pa-epoA coding region (Table 3.6 A). A secondary loop structure
could be formed here, leading to unsuccessful sequencing of the double stranded
Pa-epoA coding region. Increased temperature could be used to disrupt the secondary

structure in future sequencing reactions.

No epoxide hydrolase gene is found in ST/AF gene clusters in Aspergillus species.
There is a Ds-epoA identified in D. septosporum just downstream of the Ds-avfA gene.
Although the Ds-epoA gene was expressed at an early growth in coordination with the
Ds-pksA and Ds-dotA DOTH genes (Schwelm et al., 2008), the actual function of
Ds-epoA in DOTH biosynthesis is not clear. Studies by Hongping Jin at Massey
university showed that deletion of Ds-epoA by homologous recombination produced a
mutant strain with similar growth rate, sporulation rate and dothistromin biosynthesis
to wild type strain. This suggested that Ds-epoA is not involved in early DOTH
biosynthesis steps. Later studies by Townsend suggested that in late step of DOTH
biosynthesis, an epoxide intermediate is present by rearrangement of VERA to form
an A ring edge epoxide. This step requires an epoxide hydrolase, so Ds-epoA may
have a role in this late step (Henry and Townsend, 2005). Like the DOTH

biosynthesis gene cluster in D. septosporum, there was a Pa-epoA gene, which is
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predicted to encode an epoxide hydrolase located between the Pa-avfA and Pa-moxA
genes. The presence of three stop codons in the coding region (the signals are clear at
the positions of stop codon) and the deletion of 228 a.a sequence suggested that
Pa-epoA gene seems to be truncated and fragmented in P. arachidicola. The lack of
two of the three expected conserved amino acids also suggests that Pa-epoA may be
not functional in the biosynthesis of DOTH in P. arachidicola. Since Ds-epoA may
have a role in late step of DOTH biosynthesis, but the Pa-epoA identified so far may
be non-functional, there may be more than one copy of Pa-epoA in P. arachidicola. A

Southern blot could be used to check the copy number of Pa-epoA.

The arrangement of DOTH biosynthesis genes in D. septosporum and ST/AF
biosynthesis genes in Aspergillus species are quite different. It seems that the genes
involved in DOTH biosynthesis in P. arachidicola are arranged in a similar way to the
DOTH biosynthesis cluster in D. septosporum, except that the Pa-moxA and Ds-moxA
gene which are each adjacent to epoA have opposite gene directions in the cluster.
Although the sequenced region containing the genes had high predicted amino acid
identities to Ds DOTH, the analysis is not complete yet, new clones that cover the end

of the 11.5 kb fragment need to be identified.

To further investigate the DOTH biosynthesis genes in P. arachidicola, a size
fragmented Scal genomic library could be made to pull out more positive clones
containing the rest of the DOTH biosynthesis genes region. Gene replacement and
complementation experiments should be carried out to confirm whether the Pa-genes

identified in this study are involved in DOTH biosynthesis.
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3.6 Genes identified in plasmids pR283 (P. arachidicola vbsA cluster)

3.6.1 Background

One of the mini clusters involved in DOTH biosynthesis in D. septosporum contains
the genes Ds-vbsA and Ds-hexA. Ds-vbsA, which encodes a versicolorin B synthase is
a homologue to stcN in A. nidulans and aflK in A. parasiticus. Ds-hexA, which
encodes a fatty acid synthase, is a homologue to stcJ in A. nidulans and aflA in A.
parasiticus. Gene replacement and complementation experiments showed that
Ds-vbsA is required for DOTH biosynthesis in D. septosporum (Zhang et al., 2007).
Three other genes, which have no homologues in AF and ST biosynthesis clusters,
were also identified in the mini cluster. Ds11 and Ds12 are between Ds-vbsA and
Ds-hexA. Ds14, which encodes a potassium channel, is downstream of Ds-vbsA
(Zhang et al., 2007). Genes with high amino acid identity to Ds-vbsA mini cluster
genes have been identified in P. arachidicola using D. septosporum DOTH genes as

probes (Section 3.4). Those genes are analysed in this section.

3.6.2 Results

3.6.2.1 Primary sequence analysis of plasmids pR283

The overall primer walking (Section 2.6.1) sequencing strategy of plasmid pR283 is
shown in figure 3.27. A total contiguous sequence of 5.7 kb was obtained. BLASTX
results suggested four ORFs clustered within the 5.7 kb fragment (Table 3.7). Two
predicted genes Pa-vbsA and Pa-hexA showed high amino acid identity to DOTH
biosynthesis gene products from D. septosporum and some amino acid identity to AF
biosynthesis and ST biosynthesis gene products from Aspergillus species. Pa-vbsA
was predicted to encode a versicolorin B synthase. Pa-hexA was predicted to encode a
fatty acid synthase. The other two ORFs Pall and Pal2 showed high predicted amino
acid identity to those of non-DOTH genes Ds1l and Ds12 from D. septosporum
(Figure 3.27). Thus it seem that in P. arachidicola, as in D. septosporum, two putative

DOTH genes are separated by unrelated genes.
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Figure 3.27 Schematic diagram of the 5.7 kb P. arachidicola contig showing four ORFs and positions of primers used for sequencing

MGPA46 MGPA32 MGPA26 MGPA14 MGPA12 MGPA7  vbs-3 MGPA55 MGPA56 M13R
M13 F MGPAS MGPA11  MGPA13 MGPA21 MGPA25 MGPA31 MGPA45 MGPA49 szdp79
Pa-hexA Pall Pal2 Pa-vbsA
1 bp b—_ﬁ:——i 5776 bp
EcoRl EcoRI

Figure 3.27 The black arrows indicate the primers used for sequencing the plasmid pR283. There are four ORFs detected in this 5.7 kb fragment. Large colour arrows indicate the direction of

transcription of each ORF.

Table 3.7 Main BLASTX results of 5.7 kb fragment

P. araz:; ;d:f; :‘ila?:]?:snﬁ;) sition Aligned protein (BLASTX) Score | E value Genbanr:JI;nat():;:ressmn
1 bp to 344 bp (Pa-hexA) Ds-hexA fatty acid synthase Mycosphaerella pini 92 2e-30 ABU23831.1
hexA Aspergillus nomius 73.2 5e-18 AAS90049.1
1020 bp - 2096 bp (Pall) Ds11 hypothetical protein Mycosphaerella pini 483 le-133 ABU23832.1
2583 bp- 3008 bp (Pal2) Ds12 hypothetical protein Mycosphaerella pini 286 2e-74 ABU23833.1
3704 bp -5698 bp (Pa-vbsA) Ds-vbsA versicolorin B synthase Mycosphaerella pini | 1189 0 ABO72541.1
vbsA versicolorin B synthase Aspergillus parasiticus | 911 0 AAC49318.1

Note: Dothistroma septosporum (teleomorph: Mycosphaerella pini)
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3.6.2.2 The P. arachidicola Pa-hexA gene

The 5.7 kb fragment only contained part of predicted a Pa-hexA gene, with an ORF of
344 bp and encoding a polypeptide of 92 amino acids. BLASTX results showed a
match to the C-terminus (236 - 325 aa) of Ds-HexA. The partial amino acid sequence
of Pa-HexA had 89.5%, 59.6% and 63.6% amino acid identity to the corresponding
regions of Ds-HexA in D. septosporum, StcJ in A. nidulans and AflA in A. parasiticus
respctively. One intron of 68 bp was identified in partial Pa-hexA (as in section
3.5.2.2) and had similar position and length to the intron in Ds-hexA (Figure 3.28).
Pa-hexA was predicted to encode a fatty acid synthase. One ACP domain was
identified in the C-terminal by alignment of Pa-HexA with other HexA proteins
(Figure 3.29). The partial Pa-hexA gene sequence and alignments are shown in

appendices XIV and XV

Figure 3.28 Schematic diagram of Pa-hexA

Pa-hexA
Lp — — 334Dp
EcoRl ACP domain intron
(55 bp - 81 bp) (154 bp -221 bp)
Gene | ORF length (bp) Intron
Pa-hexA | 344 (Partial) 154 bp - 221 bp (68 bp)
Ds-hexA 1053 865 bp - 937 bp (73 bp)

Note: The 344 bp of partial Pa-hexA corresponded to the 710 to 1053 bp of Ds-hexA ORF sequence.

Figure 3.28 The upper diagram shows the Pa-hexA ORF. The yellow box indicates the position of intron. The
black box indicates the ACP domain. The position and length of introns in Pa-hexA and Ds-hexA are listed in the

table below.
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Figure 3.29 Alignments of Pa-HexA ACP domain with other ACP domains

ACP domain

RIS WE SRV AKEAVFKCL QT
Ds-HexA : SIANGENGEEHiiol
YIRS (o LIS €1/ ®AKEAVFKCL QTS
Ap-ATIA - SRIICTENTIONHE

AKEAVFKCL

Name Organism Protein |Genbank No.
Pa-HexA |P. arachidicola |HexA
Ds-HexA |D. septosporum |HexA |ABU23831.1
An-Stc) |A. nidulans StcJ  |AAC49198.1
Ap-AflA |A. parasiticus  [AfIA  |AAS66002.1

Figure 3.29 One ACP domain was identified in Pa-HexA. Amino acid identities are shaded. The core conserved

catalytic region is shown under the alignment.

3.6.2.3 The P. arachidicola Pall gene

Downstream of Pa-hexA, an ORF of 1077 bp, which encoded a polypeptide of 298
amino acids was identified. BLASTX results showed 86.2% amino acid identity to
Ds11 in D. septosporum and 29.7% amino acid identity to a hypothetical protein in A.
nidulans. This ORF was predicted to encode a hypothetical protein PA1l. Two
introns of 93 bp and 90 bp were identified in Pall. The position and length of the first
intron in Pall was similar to the first intron in Ds11. The position of second intron in
Pall was similar to the second intron in Ds11, but the length was 11 bp longer. There
is a stop codon in the coding region of Pall. The original sequencing results were
checked, signals were good at the position of the stop codon region (Figure 3.30). The

full Pall gene sequence and alignments are shown in appendices XVI1 and XVII
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Figure 3.30 Schematic diagram of Pall

Pall
1bp l:_:— 1077 bp
intron 1 intron 2 stop codon
(55 -147 bp) (355 -444 bp) (562 - 564 bp)
Gene | ORF length (bp) | Intron 1 Intron 2
Pall | 1077 55 bp - 147 bp (93 bp) | 355 bp -444 bp (90 bp)
Ds11 | 1070 55 bp - 148 bp (94 bp) | 356 bp - 434 bp (79 bp)

Figure 3.30 The diagram shows the Pall ORF. The yellow boxes indicate the positions of two introns. The star
indicates the position of stop codon in the coding region of Pall. The positions and length of introns in Pall and

Ds11 are listed in the table below.

3.6.2.4 The P. arachidicola Pal2 gene

The 5.7 kb fragment contained Pal2, which had an ORF of 426 bp, predicted to
encode a polypeptide of 142 amino acids. The amino acid sequence of Pal2 was short
compared to Ds12 (266 amino acids). Pal2 had 87.3% amino acid identity to Ds12
(amino acids 125 to 266) in D. septosporum and amino acid identity of 32.9% and
42.8% to hypothetical proteins in A. fumigatus and A. oryzae. Pal2 is predicted to
encode a hypothetical protein. No intron was found in Pal2. The full Pal2 gene

sequence and alignments are shown in appendices XVIII and XIX

3.6.2.5 The P. arachidicola Pa-vbsA gene

The last ORF found in the 5.7 kb fragment was Pa-vbsA, which was 1995 bp long and
predicted to encode a polypeptide of 649 amino acids. The Pa-VbsA had 92.1% amino
acids identity to Ds-VbsA, 69.6% to AfIK and 66.4% to StcN. One intron of 48 bp
was found in Pa-vbsA with similar position and length to the intron in Ds-vbsA (figure
3.31). Pa-VbsA was predicted to encode a versicolorin B synthase. Alignment of
Pa-VbsA with other VbsA proteins identified a characteristic flavin binding domain
and two potential sites of N-glycosylation in Pa-VbsA (Figure 3.32). The full Pa-vbsA

gene sequence and alignments are shown in appendices XX and XXI.
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Figure 3.31 Schematic diagram of Pa-vbsA

N-glycosylation site  N-glycosylation site
(352 -360 bp) (715 -723 bp)

1bp | | C>> 1995 bp

flavin binding domain intron 1
(247 -264bp) (454 -501 bp)

Gene ORF length Intron 1
Pa-vbsA 2003 bp 454 bp-501 bp (48 bp)
Ds-vbsA 1991 bp 451 bp- 497 bp (47 bp)

Figure 3.31 The upper diagram shows the Pa-vbsA ORF. The yellow boxes indicate the positions of introns. The
black box indicates the flavin binding domain. The blue vertical lines indicate the positions of N-glycosylation

sites. The position and length of introns in Pa-vbsA and Ds-vbsA were listed in the table below.

Figure 3.32 Alignments of Pa-VbsA flavin binding domain with other flavin binding domains

Pa-VhsA : {Eeerr
Ds-VhsA : [eerte
An-StcN : [Eeer
Ap-AfIK - ceepe

GXGXXG

Name organism Protein | Genbank No.
Pa-VbsA | P. arachidicola VbsA
Ds-VbsA [ D. septosporum VbsA | ABO72541.2
Ap-AflK [ A. parasiticus AfIK | AAS66012.1
An-StcN A. nidulans StcN EAA61600

Figure 3.32 One flavin binding domain was identified in Pa-VbsA. Amino acid identities are shaded. Core

conserved catalytic region is shown under alignment.

3.6.2.6 The dothistromin biosynthesis genes in P. arachidicola (vbsA cluster)

The DOTH biosynthesis genes Pa-hexA and Pa-vbsA identified in the 5.7 kb fragment
from P. arachidicola were separated by non-DOTH biosynthesis genes Pall and
Pal2. The organization and direction of those genes in the 5.7 kb fragment from P.
arachidicola matched the corresponding region of the DOTH biosynthesis cluster in

D. septosporum (Figure 3.33).
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Figure 3.33 Comparison of D. septosporum and P. arachidicola dothistromin vbsA

biosynthesis gene clusters
Pa-hexA Pall Pal2  Pa-vbsA

1bp 5784 bp

Tandem repeats

Ds-hexA Ds11 Ds12 Ds-vbsA Ds14

Tandem repeats 1 Tandem repeats 3
Tandem repeats 2 Tandem repeats 4

Figure 3.33 schematic diagrams of partial D. septosporum and P. arachidicola DOTH biosynthesis gene clusters.
The order and orientation of each gene is presented with coloured arrows. The red vertical lines show the positions

of tandem repeats.

The intergenic regions in the 5.7 kb fragment in P. arachidicola and the
corresponding region in D. septosporum were compared. The intergenic regions of
hexA and Pall between P. arachidicola and D. septosporum had high nucleotide
identity of 63.5%. The intergenic regions between 11 and 12 were different in size:
900 bp in P. arachidicola but only 503 bp in D. septosporum and were dissimilar in
sequence (Table 3.8). Tandem repeats sequence (CCCTCTCATCC)n were found in
the intergenic region between Pal2 and Pa-vbsA, in contrast to D. septosporum,
where four tandem repeats were found between the intergenic region of Ds-vbsA and
Ds14 (Table 3.9). The region downstream of Pa-vbsA has not yet been identified and

sequenced.
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Table 3.8 Intergenic regions of P. arachidicola and D. septosporum dothistromin genes

Region Position Length | GC content N!J cIeo_Ude
identity
Pa-hexA to Pall 227 bp - 761 bp 675 bp 55% 64%
Ds-hexA to Ds11 29485 bp - 30013 bp 695 bp 53%
Pall to Pal2 1530 bp - 2074 bp 901 bp 55% 28.8%
Ds11 to Ds12 31329 bp - 33418 bp 504 bp 48%
Pal2 to Pa-vbsA 2936 bp - 3690 bp 266 bp 56% 53.2%
Ds12 to Ds-vbsA 32475 bp - 33418 bp 322 bp 57%
Table 3.9 Tandem repeats
Tandem repeat Location Cl\(l)gy Consensus pattern Note
Pa 3651 -3683 bp 2.9 CCCTCTCATCC
Ds1 6505 -6554 bp 2.8 GTAGCCCTCGTGGAGAGCC overlapping
Ds2 6547 -6644 bp 54 TGGTGGAGCACCGCCCTT
Ds3 6842 -6949 bp 3 GTAATCGTCACGGTCGTAGTCTGAACGTCGCTCCAT | overlapping
Ds4 6867 -6974 bp 3 ACGTCGCTCCAAGTGACGGTCTTGGTGGTAGTCTGG

Ds repeats sequences (Zhang et al., 2007)
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3.6.3 Discussion

The partial Pa-hexA identified in the 5.7 kb fragment showed high amino acid identity
to D. septosporum Ds-hexA, A. parasiticus aflA and A. nidulans stcJ genes which
encoded fatty acid synthase. In A. nidulans, two fatty acid synthase genes stcJ and
stcK together with a polyketide synthase stcA (Section 3.5.2.2 and 3.5.3) are required
for the early steps in ST biosynthesis. Disruption of stcJ and stcK produced mutant
strains that had similar morphology to wild-type strains but failed to produce ST.
Feeding experiments showed that adding C6 straight-chain fatty acid hexanoic acid to
stcJ and stcK mutant strains restored the ST production, but the ST level was
approximately 20 fold less than the wild type strain. Addition of hexanoic acid to stcA
mutant strains failed to produce ST (Brown et al., 1996a). In A. parasiticus, two fatty
acid synthase aflA and aflB were required to mediate transfer of the synthetic C6
primer to PKS to initiate the AF biosynthesis. The protein products AflA, AfIB and
AfIC needed to be physically associated for this transformation (Watanabe et al.,
1996). Pa-hexA, which also encodes a fatty acid synthase in P. arachidicola may work

together with Pa-pksA in the biosynthesis of NOR, a precursor for DOTH.

Pall and Pal2 had high amino acid identity to Ds1l and Ds12 in D. septosporum.
Ds11 and Ds12 had no similarities to any AF or ST biosynthesis genes in Aspergillus
species. The functions of Ds11 and Ds12 are not known, it was predicted that they are
not involved in biosynthesis of DOTH (Zhang et al., 2007). A premature stop codon
found in the coding region of Pall also suggests no involvement in DOTH

biosynthesis in P. arachidicola.

Pa-vbsA identified in the 5.7 kb fragment showed high amino acid identity to D.
septosporum Ds-vbsA, A. parasiticus aflKk and A. nidulans stcN genes which encode
versicolorin B synthase. In D. septosporum, Ds-vbsA was expressed at an early
growth stage (Schwelm et al., 2008), a Ds-vbsA replacement mutant strain produced
at least 20-fold less DOTH than the wild type, and confirmed that Ds-vbsA was

required for DOTH biosynthesis (Zhang et al., 2007). In A. parasiticus, aflK is
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involved in conversion of VHA to VERB (McGuire et al., 1996). The aflK protein
product acts as a dimer, and has three N-glycosylation sites. Silva and Townsend
suggested that glycosidation of the protein could be important for dimer formation
and catalytic activity. AfIK also has some amino acid identity to flavin-dependent
oxidases and dehydrogenases. It is suggested that AfIK may have an oxidative activity
in AF biosynthesis (Silva et al., 1996; Silva and Townsend, 1996). Pa-VbsA had a
high amino acid identity to Ds-VbsA, it may also be involved in converting VHA to
VERB in DOTH biosynthesis in P. arachidicola. The identification of two
N-glycosylation sites and the flavin binding domain in Pa-VbsA suggest that it may

act as a dimer and may harbour an oxidative activity in DOTH biosynthesis.

The genes identified in the 5.7 kb fragment showed similar gene organization to one
of the DOTH biosynthesis mini-clusters in D. septosporum. Two possible DOTH
biosynthesis genes Pa-hexA and Pa-vbsA were separated by two non-DOTH
biosynthesis genes Pall and Pal2. The Pa-hexA — Pall intergenic region had higher
similarity in length and sequence to its corresponding D. septosporum region than the
other two other intergenic regions had. In D. septosporum a Ds14, which encoded a
potassium channel was downstream of Ds-vbsA. It is predicted that there may be a

similar gene located downstream of the Pa-vbsA.
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3.7 Genes identified in plasmids pR286 (P. arachidicola dotA cluster)

3.7.1 Background

In D. septosporum, a Ds-dotA gene, which encodes a ketoreductase, had been
confirmed to be involved in DOTH biosynthesis by gene replacement. Another three
genes Ds-dotB, Ds-dotC and Ds-dotD are clustered alongside Ds-dotA: Ds-dotB,
which encodes an oxidase, Ds-dotC, which encodes a toxin pump protein, and

Ds-dotD, which encodes a thioesterase (Bradshaw et al., 2002; Zhang et al., 2007).

Genes with high amino acid identity to Ds-dotA mini cluster genes were identified in
P. arachidicola using D. septosporum DOTH genes as probes (Section 3.4). Those

genes are analysed in this section.

3.7.2 Results

3.7.2.1 Primary sequence analysis of plasmid pR286

Plasmid pR286 was sequenced by primer walking, and the sequences assembled as
described previously (Section 3.5.2.1). The estimated length of plasmid pR286 was 14
kb. Due to time limitations, only 9.3 kb of this plasmid was sequenced, of which only

single strand sequence of the last 2.4 kb was obtained (Figure 3.34).

Four predicted genes Pa-dotA, Pa-dotB, Pa-dotC and Pa-dotD showed high predicted
amino acid identity to DOTH biosynthesis gene products from D. septosporum and
some amino acid identity to AF biosynthesis and ST biosynthesis gene products
(Table 3.10). Pa-dotA was predicted to encode a ketoreductase, Pa-dotB an oxidase,
Pa-dotC a toxin pump and Pa-dotD a thioesterase. A fifth ORF showed high amino
acid identity to major facilitator superfamily (MFS) transporters in A. fumigatus and A.

clavatus and has been named Pa-mfs (Figure 3.34).
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Figure 3.34 Schematic diagram of the 9.3 kb P. arachidicola contig showing four ORFs and positions of primers used for sequencing

MGPA58
(—
MGPA30 MGPA6 MGPA52 MGPA44 MGPA59 MGPA60 MGPA61 MGPA71 MGPA74 MGPASO MGPA79 MGPAT78
szdp80 MGP37 MGPA76
MGPA73 MGPA5 MGPA24 MGPA29 MGPA36 MGPA43 MGPA53 MGPA57 MGPA70 MGPA72  MGPAT75 MGPAT77 MGPAS81 YYPA-2
Pa-dotA Pa-dotB Pa-dotC Pa-dotD Pa-mfs

1 bp ﬂ 9318 bp

Figure 3.34 The black arrows indicate the primers used for sequencing the plasmid pR286. Large colour arrows indicate the direction of transcription of each ORF.

Table 3.10 Main BLASTX results of 5.7 kb fragment (best matches only)

P. arachidicola gene position . . Genbank accession
(9.3 kb fragment) Aligned protein (BLASTX) Score E value cumber

1 bp to 390 bp (Pa-dotA) Ds-dotA ketoreductase Mycosphaerella pini 184 le-43 AAL87045
2694 bp to 3935 bp (Pa-dotB) Ds-dotB putative oxidase Mycosphaerella pini 737 0 AAL87046
4722 bp to 6627 bp (Pa-dotC) Ds-dotC putative DOTH transporter Mycosphaerella pini 398 0 AAL87047
8086 bp to 8982 bp (Pa-dotD) Ds-dotD putative thioesterase Mycosphaerella pini 487 7e-135 AAL87048
9129 bp to 9318 bp (Pa-mfs) MFS transporter Aspergillus fumigatus 73.6 5e-12 XP749930

MFS transporter, putative Aspergillus clavatus 72 le-11 XP001269961

Note: Dothistroma septosporum (teleomorph: Mycosphaerella pini)
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3.7.2.2 The P. arachidicola Pa-dotA gene

The 9.3 kb fragment only contained part of the predicted Pa-dotA gene, with an ORF
of 390 bp encoding a polypeptide of 112 amino acids. The amino acid sequence of
partial Pa-DotA had 96.4%, 68.1% and 67.2% amino acid identity to the
corresponding regions of Ds-DotA in D. septosporum, StcU in A. nidulans and AfIM
in A. parasiticus. Because of the high amino acid identity between Pa-DotA and
Ds-DotA, the Pa-DotA was predicted to encode a ketoreductase with a full
polypeptide of 263 amino acids. One intron of 54 bp was identified, with the same
position as the first intron in Ds-dotA, but 12 bp shorter (Figure 3.35). One adenine
nucleotide binding motif was identified in Pa-DotA (Figure 3.36), the position was
conserved between Pa-DotA and Ds-DotA. The full Pa-dotA gene sequence and

alignments are shown in appendices XXII and XXIII.

Figure 3.35 Schematic diagram of Pa-dotA

Pa-dotA
Lbp _::» 30bp
adenine nucleotide hinding motif intron
(55- 72 bp) (331-384 bp)
Gene OREF length (bp) Intron 1 Intron 2
Pa-dotA 390 (Partial) 331 bp - 384 bp (54 bp)
Ds-dotA 916 331 bp - 396 bp (66 bp) | 586 bp - 643 bp (58 bp)

Figure 3.35 The upper diagram shows the Pa-dotA ORF. The yellow box indicates the position of intron, the
position and length of introns in Pa-dotA and Ds-dotA were listed in the table below. The black box indicates the

adenine nucleotide binding motif.
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Figure 3.36 Alignments of Pa-DotA adenine binding motif with other adenine binding motifs

Adenine nucleotide binding motif
Pa-DotA : Seellenu\ VN IE

Ds-DotA : SiEelIeVAVNE
An-StcU - Ale] [V FAA
Ap-ATIM = Al (VY FAYA

GXGIGX

Name |Organism Protein| Protein |Genbank No.
Pa-DotA | P. arachidicola | Pa-DotA
Ds-DotA| D. septosporum | Ds-DotA| AAL87045
An-StcU A.nidulans StcU  |AAC49205.1]
Ap-AfIM| A. parasiticus AfIM_|AAS66014.1

Figure 3.36 One adenine nucleotide binding motif was identified in Pa-DotA. Amino acid identities are shaded.

The core conserved catalytic region is shown under the alignment.

3.7.2.3 The P. arachidicola Pa-dotB gene

The Pa-dotB had an ORF of 1242 bp and encoded an oxidase of 414 amino acids.
The Pa-DotB had 84.3% amino acid identity to Ds-DotB in D. septosporum and 32.3%
identity to an oxidase in A. fumigatus but only 15.6 % identity to StcC in A. nidulans.
No introns are present in Pa-dotB or Ds-dotB. A putative heme-binding domain was
identified in Pa-DotB (Figure 3.37). The full Pa-dotB gene sequence and alignments

are shown in appendices XXIV and XXV.

Figure 3.37 Alignments of Pa-DotB heme-binding domain with other oxidase proteins

Heme-binding domain

Pa-DotB : [JeaCHNEMAIE
Ds-DotB : [FeGIEVATIE
Af-DotB : [JEgAMYALANEA
An-StcC - QERAVMISLANGE

XCPXXNXXANHX

Name |Organism Protein| Protein | Genbank No.
Pa-DotB| P. arachidicola | Pa-DotB
Ds-DotB| D. septosporum | Ds-DotB| AAL87046
Af-DotB| A.fumigatus | Af-DotB[ EDP50907
An-StcC|  A.nidulans StcC |AAC49193.1

Figure 3.37 One heme-binding domain was identified in Pa-DotB. Amino acid identities are shaded. Core

conserved catalytic regions shown under the alignment.
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3.7.2.4 The P. arachidicola Pa-dotC gene

Pa-dotC had an ORF of 1906 bp and encoded a polypeptide of 598 amino acids.
Pa-DotC had 83.7% amino acid identity to Ds-DotC but only 15.8% amino acid
identity to another MFS transporter Ds28 in D. septosporum. It also had a low amino
acid identity of 25.8% to AfIT in A. parasiticus. Two introns of 57 bp and 55 bp were
found in Pa-dotC, in similar positions to introns in Ds-dotC, but the first intron in
Pa-dotC was 19 bp longer than that in Ds-dotC (Figure 3.38). The full Pa-dotB gene

sequence and alignments are shown in appendices XXVI and XXVII.

Figure 3.38 Schematic diagram of Pa-dotC

Pa-dotC
Lhbp 1906 bp
intron 1 intron 2
(187 - 243 bp) (687 - 741 bp)
Gene | ORF length (bp) Intron 1 Intron 2
Pa-dotC 1906 187 bp - 243 bp (57 bp) | 687 bp - 741 bp (55bp)
Ds-dotC 1904 184 bp - 221 bp (38 bp) | 680 bp - 736 bp (57 bp)

Figure 3.38 The upper diagram shows the Pa-dotC ORF. The yellow boxes indicate the positions of introns, the

position and length of introns in Pa-dotC and Ds-dotC are listed in the table below.

3.7.2.5 The P. arachidicola Pa-dotD gene

The Pa-dotD had an ORF of 981 bp and encoded a polypeptide of 327 amino acids.
Pa-DotD had 74.6% amino acid identity to the thioesterase Ds-DotD and 29.9% and
28.1% amino acid identity to the corresponding C-terminal TE domain of the
polyketide synthase AfIC and StcA in Aspergillus species. A conserved active site
region of the thioesterase domain was identified (Figure 3.39). No intron was found
in Pa-dotD. The full Pa-dotD gene sequence and alignments are shown in

appendices XXVIII and XXIX.
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Figure 3.39 Alignment of Pa-DotD with other thioesterase domains

Thioesterase domain

Pa-DotD : 1EgYETEe!
Ds-DotD : 1EgYETEe!
An-StcA : L[EWSSEEA
Ap-AfIC : LEJeWSsEea

GXSXGG

Name organism Protein [Genbank No.
Pa-DotD | P. arachidicola | Pa-DotD
Ds-DotD | D. septosporum Pa-DotD | AAL87048.1
An-StcA A. nidulans StcA | AAAB1586
Ap-AflC A. parasiticus AfIC AAS66004

Figure 3.39 One TE domain was identified in Pa-DotD. Amino acid identities are shaded. Core conserved catalytic

regions references are shown under each alignment with the active amino acid underlined.

3.7.2.6 The P. arachidicola Partial Pa-mfs gene
Pa-mfs was downstream of Pa-dotD, it had an partial ORF of 190 bp and encoded a
polypeptide of 63 amino acids. The Pa-Mfs had 54% and 52% amino acid identity to

the corresponding region of MFS transporters in A. fumigatus and A. clavatus.

3.7.2.7 Arrangement of dothistromin biosynthesis genes in P. arachidicola (dotA
cluster)

The arrangement of predicted DOTH biosynthesis genes identified in the 9.3 kb
fragment from P. arachidicola was compared to the corresponding region of the
DOTH biosynthesis cluster in D. septosporum. Four of the P. arachidicola genes
Pa-dotA, Pa-dotB, Pa-dotC and Pa-dotD had the same orientations as the
homologous D. septosporum DOTH biosynthesis genes. Downstream of Pa-dotD, a
Pa-mfs predicted to encode a MFS transporter protein was identified in P.
arachidicola. No homologous gene is present in the corresponding region in D.

septosporum (Figure 3.40).
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Figure 3.40 Comparison of D. septosporum and P. arachidicola dothistromin dotA
biosynthesis gene cluster

Partial Pa-mfs
Partial Pa-dotA Pa-dotB Pa-dotC Pa-dotD

1hp 9318 bp
TRl  TR2 TR3
Inverted repeats 1 Inverted repeats 2
Ds-dotA Ds-dotB Ds-dotAC Ds-dotD Ds9
1hp 20430 bp
TR1TR2 TR4 TR5  TR6 TR7 TR8 TR10 TRI11
TR3 TR9

Figure 3.40 Schematic diagrams of partial D. septosporum and P. arachidicola DOTH biosynthesis gene clusters.
The order and orientation of each gene is presented with coloured arrows. Black vertical lines show positions of
inverted repeats. The red vertical lines show the positions of tandem repeats. The sequences and positions of
repeats are shown in the tables 3.12 and 3.13.

Intergenic regions between the DOTH biosynthesis genes in P. arachidicola and D.
septosporum were compared (Table 3.11). The intergenic regions of dotA-B, dotB-C
and dotC -D each had similar length and nucleotide sequence identity of 45% to 59%
between the two species. Because the presence of Pa-mfs in P. arachidicola, the
intergenic region downstream of Pa-dotD was significantly different from D.
septosporum, where there is a 10 kb region between Ds-dotD and Ds9 with no gene
present. The P. arachidicola cluster had two inverted repeat sequences within the
coding region of Pa-dotB and Pa-dotD that were not seen in D. septosporum (Figure
3.40 and Table 3.12). Three tandem repeat sequences were identified between
Pa-dotA and Pa-dotB and within the ORF of Pa-dotB. The positions and sequences
of those tandem repeats were different to the D. septosporum cluster tandem repeats

(Figure 3.40 and Table 3.13).
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Table 3.11 Intergenic regions of P. arachidicola and D. septosporum dothistromin genes

Region Position Length GC content Nucleotide identity
Pa-dotA to Pa-dotB 391 bp - 2693 bp 2303 bp 52% 59%
Ds-dotA to Ds-dotB 13057 bp - 15361 bp 2035 bp 53%

Pa-dotB to Pa-dotC 3936 bp - 4721 bp 786 bp 47% 48.5%

Ds-dotB to Ds-dotC 16607 bp - 17326 bp 720 bp 50%

Pa-dotC to Pa-dotD 6628 bp - 8085 bp 1458 bp 52% 47%

Ds-dotC to Ds-dotD 19231 bp - 20681 bp 1378 bp 53%

Pa-dotD to Pa-mfs 8983 bp - 9128 bp 146 bp 51% 0.8%
Ds-dotD to Ds9 21651 bp - 32345 bp 10695 bp 53%

Table 3.12 Inverted repeats

Inverted repeat Location Repeat length Sequence
Pa inverted repeat 1 3230-3240 11 5’gaacctcttca 3’
3317-3307 NRRRRRNN
3’ cttggagaagt 5’
Pa inverted repeat 2 8492-8502 11 5’ aagcgctggat 3’
8570-8560 i
3’ ttcgcgaccta 57




Table 3.13 Tandem repeats

Tandem repeat Location Copy Consensus pattern
No.
Pa TR1 723-738 bp 2.3 TCGGGAT
Pa TR2 2784-2801 bp TATCAGAAG
Pa TR3 3596-3613 bp GTATTCCAA
Ds TR1 12493-12545 bp 2.2 GATGGCGCCCTTGGAAACACACTA
Ds TR2 12805-12852 bp 2.5 CTCACCGACCTGGTCAAT
Ds TR3 12856-12896 bp 2.7 GGCCTTGATGGCGAT
Ds TR4 15285-15324 bp 2.2 AGCTTCACAGAATCCGCAA
Ds TR5 19785-19836 bp 2 ACGAGCTCAGAGGAACCCATCTGGC
Ds TR6 21517-21583 bp 2.1 GGAGATAGTTGTCGAGATTGAGGA
Ds TR7 24681-24730 bp 2.3 TACGAGAGCTTTCTTCTCGT
Ds TR8 26904-26961 bp 3.3 TGGTCGGCTGTTGATCT
Ds TR9 26779-27030 bp ) GGTCGGCTGCTGACCACCACCGCCACCATAGGTCTCGGTCGGCTGCTCATATTCGTCATCTGTGCA
CGTAGACGATAACGTGGTGGATGTAGTAATAGATGAAGACCATGTTGAAGAAGCTAAAGT
Ds TR10 27377-27412 bp 2 CTGGTTACATTACGGTGA
Ds TR11 30533-30608 bp 2.6 GCCACGGTGTGCAGAAGACCACACTCATA

Ds repeat sequences (Zhang et al., 2007)
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3.7.3 Discussion

The partial Pa-dotA identified in the 9.3 kb fragment had a high amino acid identity
to D. septosporum Ds-dotA, A. parasiticus aflM and A. nidulans stcU genes which
encode a ketoreductase. A gene ver-1 (renamed as aflM) was originally isolated by
genetic complementation of an A. parasiticus strain CS10 that was unable to convert
VERA to DMST. Transformation of a fragment containing ver-1 to CS10 resulted in
production of wild-type level AF, so ver-1 was shown to be involved in conversion
of VERA to DMST (Skory et al., 1992). By using the ver-1 gene as heterologous
probe, the A. nidulans gene verA (renamed as stcU) was isolated from a genomic
library. Disruption of stcU confirmed that VerA was involved in conversion of

VERA to DMST in ST biosynthesis (Keller et al., 1994).

Later Keller showed that another gene stcS in A. nidulans, homologous to afIN in A.
parasiticus, encoded a monooxygenase also involved in conversion of VERA to
DMST (Keller et al., 1995). Henry and Townsend (2005) showed that conversion of
VERA to DMST involves two rounds of oxidation and one reduction step. First
AfIN disrupts the A-ring of VERA, followed by AfIM mediated reductive step to
yield a 5,8-dihydroxyanthraquinone product, AfIN again carries out a

Baeyer-Villiger cleavage to allow decarboxylation for DMST formation.

In D. septosporum, targeted gene replacement of Ds-dotA produced a mutant strain
unable to produce DOTH that accumulated VERA (Bradshaw et al., 2002). Although
only partial Pa-dotA was identified in P. arachidicola, the high amino acid identity
of Pa-dotA to Ds-dotA and the identification of the adenine binding motif strongly
suggested that Pa-dotA encodes a ketoreductase. Like its homologue, Pa-DotA is
predicted to be involved in modification of ring structure in the VERA to DMST

conversion step in DOTH biosynthesis.

Pa-dotB is predicted to encode an oxidase with high amino acid identity to Ds-dotB

in D. septosporum and some amino acid identity to stcC in A. nidulans, but no
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homologue was identified in A. parasiticus. The function of stcC in ST biosynthesis
is not clear. It was suggested that Ds-dotB may be involved in VERB or VERA
formation, which is the divergence point of AF and DOTH pathways (Bradshaw et
al., 2002). Pa-dotB may also be involved in VERB or VERA formation in P.

arachidicola.

The Pa-dotC gene was predicted to encode a MFS transporter with amino acid
identity to Ds-dotC in D. septosporum and aflT in A. parasiticus. Pa-mfs, which was
also predicted to encode a MFS transporter, had no homologue in D. septosporum. In
A. parasiticus deletion of aflT, the MFS transporter, produced a mutant strain that
had similar AF production and toxin secretion to the wild-type strain. So aflT was
not required for AF production or toxin secretion, other transporters may be required
or there may be some redundancy of function. Unlike other AF biosynthesis genes,
aflT was not regulated by the AF pathway-specific activator AfIR and the
co-activator AflJ but instead by the Fad-dependent G-protein signalling pathway
(Chang et al., 2004).

Studies by Feng at Massey University showed that although a Ds-dotC knockout
strain had much lower levels of DOTH compared to the wild-type strain, it still had
detectable DOTH secreted out of and accumulated in D. septosporum. Although
Ds-dotC is not essential for DOTH biosynthesis, it may be involved in secretion of
the toxin and reduced secretion in the mutant may have a feedback effect inhibiting
DOTH biosynthesis (Feng, 2007). The secretion of DOTH out of the fungi could
involve more than one MFS transporter, for example Pa-dotC and Pa-mfs. A
possible AfIR-like binding site was identified upstream of Ds-dotC, although no
homologue of afIR has yet been identified in D. septosporum. Three possible AfIR
conserved binding sites (5’-TCGNsCGR-3’) were identified upstream of Pa-dotC
(1594-1604 bp, 1681-1691 bp and 2232-2242 bp).

The Pa-dotD gene had high amino acid identity to Ds-dotD, a thioesterase in D.
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septosporum. It also had some amino acid identity to the TE domain of AfIC and
StcA, which encode a polyketide synthase in Aspergillus species (Section 3.5.2.2).
The TE domain of AfIC and StcA is involved in releasing the polyketide product
from the polyketide synthase complex. The function of Ds-dotD in DOTH
biosynthesis is not clear (Bradshaw et al., 2002). The Pa-dotD may be involved in an
early step in DOTH biosynthesis in P. arachidicola, working together with Pa-pksA
in NOR formation. Alternatively the dotD genes might be fragments of an ancestral

pks gene cleaved during genome evolution.

The four genes Pa-dotA, Pa-dotB, Pa-dotC and Pa-dotD showed similar gene
organization to the Ds-dotA — Ds-dotD mini-cluster in D. septosporum. However in D.
septosporum, there is a 10 kb gap downstream of Ds-dotD in which, no ORF was
found. The presence of the fifth gene Pa-mfs just 146 bp downstream of Pa-dotD in P.
arachidicola was thus not expected. Although only part of Pa-mfs was identified, the

whole gene was predicted to encode a MFS transporter of 510 amino acids.

87



3.8 DOTH biosynthesis gene cluster in P. arachidicola

3.8.1 Background

The AF and ST biosynthesis genes are closely clustered in Aspergillus species
(Brown et al., 1996b; Yu et al., 2004a). In contrast DOTH genes are in “fragmented
clusters” in D. septosporum. The DOTH biosynthesis genes that have been identified
so far are fragmented into three mini-clusters, located on a 1.3 Mb chromosome and

many are separated by non-DOTH biosynthesis genes (Zhang et al., 2007).

This study suggests that the DOTH biosynthesis gene cluster in P. arachidicola is
similar to that in D. septosporum. Comparative analysis of the DOTH biosynthesis

gene cluster in P. arachidicola will be discussed in this section.

3.8.2 Results

3.8.2.1 DOTH biosynthesis gene cluster in P. arachidicola

Characterization of the genes identified in three P. arachidicola DOTH mini-clusters
are summarized in Table 3.14. Most of the genes identified in P. arachidicola had
higher amino acid identity to the homologous genes in D. septosporum than
homologues in Aspergillus species, except for Pa-mfs, which had 14.3% amino acid
identity to aflT, but 12.9% to Ds-dotC. The DOTH genes in D. septosporum are
more similar to AF/ST genes than the DOTH genes in P. arachidicola. D.
septosporum DOTH genes had 53.7% and 52% mean amino acid identity to AF and
ST genes respectively, while P. arachidicola DOTH genes had 44.1% and 46.4%
mean amino acid identity to AF and ST genes. The mean nucleotide identity of
DOTH gene homologues (67.6%) was higher than the mean nucleotide identity of
the corresponding gene gaps (48.8%) between P. arachidicola and D. septosporum
(Figure 3.41). The GC content of each gene cluster in P. arachidicola is shown in
figure 3.42. The GC content is about 40 — 60% for most of the regions but it is lower
than 40% for the intergenic region of Pa-epoA — Pa-avfA, which had low nucleotide

identity of 15.9% to the corresponding region of D. septosporum DOTH cluster. The
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highest GC content was about 70% at the beginning of the Pa-cypA coding region,
which had a high nucleotide identity of 82.3% to the corresponding region of D.

septosporum DOTH cluster (Figure 3.42).

Although the sequences of flanking regions of each mini-cluster in P. arachidicola
are not known, the DOTH genes identified in P. arachidicola had similar gene
organization to that in D. septosporum but different from the AF or ST biosynthesis
gene clusters in Aspergillus species (Figure 3.43). The DOTH biosynthesis gene
clusters in P. arachidicola and D. septosporum had two main differences to each
other. First there was a MFS transporter Pa-mfs identified downstream of Pa-dotD in
mini-cluster 1 that was not seen in D. septosporum. The sequence of Pa-dotD —
Pa-mfs (146 bp) had 54.3% nucleotide identity to a 161 bp region of the 10605 bp
Ds-dotD — Ds9 intergenic sequence that, intriguingly, was not following the Ds-dotD
immediately, but was 1971 bp away from the end of Ds-dotD. (Figure 3.44). Second
the adjacent moxA and epoA genes are divergently transcribed in P. arachidicola but
transcribed in the same direction in D. septosporum. The DOTH biosynthesis

pathway was predicted to be similar to that of D. septosporum (Figure 3.45).

Figure 3.44 Compare the intergenic region between Pa-dotD-Pa-mfs and

Ds-dotD —Ds9

Pa-dotD Pa-mfs

Ds-dotD 1971-2137 bp Ds9

Figure 3.44 The order and orientation of each gene is presented with colour arrows. The black lines indicate the

region of Pa-dotD —Pa-mfs intergenic region matched to Ds-DotD-Ds9 intergenic region (1971-2137 bp).
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3.8.2.2 Regulatory motifs of DOTH biosynthesis genes in P. arachidicola

Although no homologue of the AF regulatory genes afIR and aflJ were found in P.
arachidicola, consensus AfIR binding motifs (5’-TCGNsCGR-3’) were found
upstream and in the coding region of several predicted DOTH biosynthesis genes.
The positions of those AfIR binding sites were compared between P. arachidicola
and D. septosporum (Figure 3.46). In mini cluster 1, the AfIR binding sites were
distributed evenly with 2 AfIR binding sites within 650 bp upstream of Pa-dotA,
Pa-dotB and Pa-dotD in P. arachidicola. But in D. septosporum the AfIR binding
sites are located closer to Ds-dotA and Ds-dotD than to Ds-dotB and Ds-dotC
(Figure 3.46) (Schwelm, 2007). The identification of AfIR binding sites within 450
bp upstream of Pa-dotC and in the Pa-dotC coding region were not expected. In
mini-cluster 2, AfIR binding sites were identified upstream of both Pa-vbsA and
Ds-vbsA, although the spacing was different in the two species. In mini cluster 3,
Pa-cypA and Pa-pksA each have AfIR binding sites in the gap between these two
genes. The positions of the 3 AfIR binding sites in Pa-pksA were similar to 3 out of
the 6 AfIR binding sites in the Ds-cypA - Ds-pksA gap. In both D. septosporum and
P. arachidicola, AfIR sites were absent from upstream regions of avfA homologues
but present in the coding region and upstream of epoA. The positions of the Pa-epoA
AfIR binding sites were similar to those in Ds-epoA, but 4 AfIR binding sites

upstream of Ds-epoA were missing in Pa-epoA upstream region (Figure 3.46).
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Table 3.14 Characterization of genes identified in P. arachidicola DOTH mini-clusters

D. septosporum DOTH cluster

A. parasiticus AF cluster

A. nidulans ST cluster

. . . ) aa % identity | aa% identity aa % identity . .
Putative function (name) aa % identity to aa% identity to
homologue homologue to Pa to Ds to Pa
Pa homologue homologue Ds homologue
homologue homologue homologue
Hydroxyversicolorone
Ds-moxA 70.4% aflw 10.8% 55.1% stcW 25.3% 59%
monooxygenase (Pa-moxA)
Epoxide hydrolase (Pa-epoA) Ds-epoA 22.5% - - - - -
Oxidase (Pa-avfA) Ds-avfA 73.3% afll 46.9% 47.8% stcO 46.8% 43.7%
Averufin monooxygenase
Ds-cypA 92.8% aflv 60.2% 59.3% stcB 59.9% 59.8%
(Pa-cypA)
Polyketide synthase (Pa-pksA) Ds-pksA 88.7% aflC 53% 54.8% SstcA 50% 57%
Fatty acid synthase (Pa-hexA) Ds-hexA 89.5% aflA 63.6% 48.8% stcJ 59.6% 41.3%
Unknown (Pall) Ds11 86.2% - - - - - -
Unknown (Pal2) Ds12 87.3% - - - - - -
Versicolorin B synthase (Pa-vhsA) Ds-vbsA 92.1% aflk 69.6% 72% stcN 66.4% 69.1%
Ketoreductase (Pa-dotA) Ds-dotA 96.4% aflM 67.2% 80.2% stcU 68.1% 79.1%
Oxidase (Pa-dotB) Ds-dotB 84.3% - - - stcC 15.6% 24%
Toxin pump (Pa-dotC) Ds-dotC 83.7% aflT 25.8% 31.2% - - -
Thioesterase (Pa-dotD) Ds-dotD 74.6% afiC 29.9% 34.8% StcA 28.1% 37.9%
MFS transporter (Pa-mfs) Ds-dotC 12.9% aflT 14.3% - - - -
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Figure 3.41 Amino acid and nucleotide identity of genes and gene gaps between P. arachidicola and D. septosporum
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Figure 3.41 The order and orientation of each gene is presented with colour arrows in three mini-clusters. The bottom chart showed the % of nucleotide identity of genes and gene gaps between

P. arachidicola and D. septosporum
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Figure 3.42 The GC content of three DOTH gene clusters in P. arachidicola
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Figure 3.42 The order and orientation of each gene is presented with colour arrows in three mini-clusters. The GC content of DOTH gene cluster are shown below. The Y-axis is the % of GC

bases, the X-axis is the length (bp) of the cluster.

Note: The GC content for each cluster was calculated by R. Bradshaw (Massey University) using the program MacVector
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Figure 3.43 Comparison of the DOTH, AF and ST biosynthesis clusters in P. arachidicola, D. septosporum and Aspergillus species
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Figure 3.43 The DOTH biosynthesis gene cluster in P. arachidicola was compared with the DOTH biosynthesis gene cluster in D. septosporum, the AF cluster in A. parasiticus and ST cluster in
A. nidulans. The direction of each arrow indicates the direction of transcription of each gene. Homologous genes are presented with same colour. Gray arrows indicates genes for which no

homologues have yet been identified in P. arachidicola.
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Figure 3.45 Proposed DOTH biosynthesis pathway in P. arachidicola compared to the AF biosynthesis pathway in A. parasiticus
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Figure 3.45 The biosynthesis steps of DOTH and AF are identical until VERA. The red arrows represent proposed steps unique for DOTH biosynthesis. The DOTH genes predicted to be

involved in each step are showed in black letters; the AF genes in grey letters (Henry and Townsend, 2005; Schwelm, 2007; Wen et al., 2005).
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Figure 3.46 AfIR binding sites of DOTH genes in P. arachidicola and D. septosporum
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2 | Pa-dotA - Pa-dotB gap (1029-1039 bp) 2 Pa-hexA - Pall gap (693-703 bp) 2 Pa-epoA coding region (1317-1326 bp)
3 | Pa-dotA - Pa-dotB gap (2221-2231 bp) 3 Pa-hexA - Pall gap (831-841 bp) 3 Pa-epoA - Pa-avfA gap (1862-1871 bp)
4 | Pa-dotA - Pa-dotB gap (2372-2382 bp) 4 Pal2 - Pa-vbsA gap (3398-3408 bp) 4 Pa-avfA coding region (2846-2855 bp)
5 | Pa-dotB - Pa-dotC gap (4285-4295 bp) 5 Pal2 - Pa-vbsA gap (3405-3415 bp) 5 Pa-cypA coding region (3927-3936 bp)
6 | Pa-dotB - Pa-dotC gap (4592-4602 bp) 6 Pal2 - Pa-vbsA gap (3517-3527 bp) 6 | Pa-cypA - Pa-pksA gap (5468-5477 bp)
7 Pa-dotC coding region (6077-6087 bp) 7 _|Pa-vbsA coding region (4294-4302 bp) 7 | Pa-cypA - Pa-pksA gap (5527-5536 bp)
8 Pa-dotC coding region (6320-6330 bp) 8 | Pa-cypA - Pa-pksA gap (5995-6004 bp)
9 | Pa-dotC - Pa-dotD gap (6790-6800 bp) 9 Pa-pksA coding region (6453-6462 bp)
10 | Pa-dotC - Pa-dotD gap (6846-6856 bp) 10 | Pa-pksA coding region (6496-6505 bp)
11 | Pa-dotC - Pa-dotD gap (7077-7087 bp) 11 | Pa-pksA coding region (7147-7156 bp)
12 | Pa-dotC - Pa-dotD gap (7628-7638 bp) 12 | Pa-pksA coding region (7381-7390 bp)
13 | Pa-dotC - Pa-dotD gap (7715-7725 bp) 13 | Pa-pksA coding region (7589-7598 bp)
14 Pa-mfs coding region (8712-8722 bp) 14 | Pa-pksA coding region (8562-8571 bp)
15 | Pa-pksA coding region (8868-8877 bp)
16 |Pa-pksA coding region (11229-11238 bp)

Figure 3.46 AfIR binding sites of DOTH genes in P. arachidicola and D.septosporum. The order and orientation of each gene is presented with colour arrows. The vertical black lines indicate

the positions of putative AfIR binding sites. The positions of putative AfIR binding sites in each cluster in P. arachidicola are shown in the table below.

96



3.8.3 Discussion

The AF and ST biosynthesis genes are regulated by AfIR and its co-regulator AflJ in
Aspergillus species. The AfIR also regulates genes not involved in AF biosynthesis
(Price et al., 2006). The ST biosynthesis genes are also regulated by a global
secondary metabolite regulator LaeA in a location specific manner. Deletion of laeA
produced a mutant strain with down-regulated ST gene expression, but expression of
genes flanking ST genes was not affected. Furthermore, an extra copy of AfIR placed
outside of ST cluster could remediate ST gene expression in a laeA deletion strain
(Bok et al., 2006). Although no aflR or aflJ homologues have yet been identified in
either D. septosporum or P. arachidicola, AfIR binding motifs were found upstream
and in the coding region of several DOTH biosynthesis genes. It is possible that
DOTH biosynthesis genes in P. arachidicola are regulated by genes similar to aflR or

aflJ and that these genes will be found in future studies.

Nine DOTH genes (Ds-dotA to Ds-dotD, Ds-vbsA, Ds-pksA, Ds-cypA, Ds-avfA and
Ds-moxA) from D. septosporum were tested for co-expression. Most of the genes
showed high co-regulation with other genes, except for Ds-vbsA, Ds-dotB and
Ds-dotC. Ds-vbsA had no significant co-regulation with Ds-dotA and Ds-avfA but
some co-regulation to other tested DOTH genes. Ds-dotB only had co-regulation with
Ds-avfA. Although AfIR binding sites were identified in the upstream region of
Ds-vbsA and Ds-dotB, the AfIR binding sites were quite far away from the ORF of
these two genes (Schwelm, 2007). In P. arachidicola, both Pa-dotB and Pa-vbsA had
AfIR binding sites close to the ORF. The involvement of Pa-vbsA in DOTH
biosynthesis was confirmed by a complementation experiment, in which Pa-vbsA was
able to rescue a dothistromin deficent Ds-vbsA knockout mutant strain to reproduce
DOTH (Zhang unpublished). In D. septosporum, Ds-dotC showed no co-regulation
with any DOTH genes tested is constitutively expressed. No AfIR binding sites close
to the Ds-dotC coding region were identified (Schwelm, 2007). In A. parasiticus,
dotC homologous aflT also does not have AfIR binding sites in the regulatory region

(Cary and Ehrlich, 2006) and aflT showed different expression pattern to other AF
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genes (Chang et al., 2004). However in P. arachidicola, AfIR binding sites were
identified upstream of Pa-dotC, it is of interest to know the co-regulation of Pa-dotC

with other Pa-DOTH genes.

The DOTH biosynthesis gene cluster in P. arachidicola was similar to the DOTH
biosynthesis cluster in D. septosporum in several respects. The DOTH biosynthesis
genes are fragmented into three mini-clusters. Homologous genes had about 73% to
96% amino acid identity between the species, and most of the Pa-DOTH genes had
similar gene order and direction of transcription to Ds-DOTH genes. The DOTH
biosynthesis gene cluster in P. arachidicola has three main differences to the DOTH
biosynthesis cluster in D. septosporum including genes epoA, moxA and mfs. DOTH
biosynthesis genes in P. arachidicola had about 50 % to 69% amino acid identity to
homologous AF/ST biosynthesis genes. Like in D. septosporum, the DOTH
biosynthesis gene cluster in P. arachidicola was quite different to the AF or ST
biosynthesis gene clusters, both in terms of clustering and gene order. Genes of both
AF and ST pathways are clustered and the homologous genes have similar structure
and function in the pathway. But the gene order and arrangement are remarkably
different between AF and ST clusters. A. flavus, A. parasiticus and A. nomius are
three common species that produce AF, the AF genes and cluster organization are
virtually identical in these species. The AF biosynthesis genes in A. ochraceoroseus,
which produces both AF and ST, were studied. Southern blot hybridization using
several A. flavus, A. parasiticus and A. nidulans ST/AF gene probes showed that A.
ochraceoroseus DNA only hybridized weakly to AF aflL gene and to ST afIR and
stcL genes (Klich et al., 2005). Further studies showed that AF biosynthesis genes in
A. ochraceoroseus are more similar to the ST biosynthesis cluster in A. nidulans than
the AF cluster in A. parasiticus in aspects of gene order and direction of transcription

(Cary et al., 2005).

Phylogenetic evidence suggested that the AF/ST biosynthesis gene clusters were

formed by gene duplication and gene recruitment followed by purifying selection
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(Ehrlich et al., 2005). Cary and Ehrlich (2006) proposed a model for AF gene cluster
evolution in which a basal cluster which contained the pksA genes, genes involved in
stabilizing the nascent polyketide (nor-1), regulatory genes (aflR, alfJ) and genes for
production of medium-chain fatty acids (hexA, hexB) was established first. Genes
encoding modifying enzymes were recruited to the basal cluster later. The DOTH
biosynthesis gene cluster could be ancestral to the AF/ST biosynthesis clusters (Cary
and Ehrlich, 2006). This evolution model was supported by Carbone et al (2007) who
showed a high level of AF gene duplication and seven putative gene modules
consisting of genes with conserved gene order, direction of transcription and similar
pattern of copy number across species. There authors speculate that the genes in these
modules were duplicated together in groups in Aspergillus species. One gene module
identified was alfC/aflw, which contains homologues of Pa-pksA and Pa-moxA

(Carbone et al., 2007).

Is the DOTH biosynthesis cluster in P. arachidicola a closer ancestor to AF/ST
biosynthesis clusters than the DOTH cluster in D. septosporum? The closer amino
acid identity of predicted D. septosporum gene products to AF/ST (Table 3.14)
suggested D. septosporum is more closely related than P. arachidicola. However
some features of the P. arachidicola DOTH gene organisation suggests a closer
similarity of P. arachidicola to AF/ST clusters. First, Pa-moxA had different
transcription direction to Ds-moxA, but it has the same transcription direction to aflw
and stcW in the AF/ST biosynthesis cluster relative to pksA (stcA/afIC) (Figure 3.43).
The opposite direction of Ds-moxA in D. septosporum could be a result of gene
rearrangement. Second, studies showed that the closest ORF at the distal end (closest
to chromosomal end) of the ST cluster was predicted to encode a MFS transporter
(Genbank accession no.AN7826) in A. flavus and a MFS transporter was identified
within 5 kb downstream of AF cluster in A. flavus strain AF13 (Cary and Ehrlich,
2006; Ehrlich et al., 2005). There was a predicted MFS transporter Pa-mfs
downstream of Pa-dotD which was not seen in the D. septosporum cluster. The entire

sequence of Pa-mfs is not yet known, however Pa-Mfs had 12.7%, 12.9% and 14.3%
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amino acid identity to the corresponding regions of homologous genes St-Mfs,
Ds-DotC and AfIT respectively, which is much lower than other homologues involved
in DOTH, ST and AF biosynthesis clusters. A Pa-mfs knock out mutant needs to be
constructed to test whether Pa-mfs has a role in DOTH biosynthesis or if it acts as

toxin pump like Pa-dotC is predicated to do in P. arachidicola.

Fragmented secondary metabolite biosynthesis gene clusters are seen in other fungal
species. In the grass endophyte Neotyphodium lolii, the lolitrem biosynthesis gene
cluster is fragmented into three mini-clusters, with lolitrem biosynthesis genes
separated by large blocks of AT-rich sequences and Type | retrotransposon sequences
were identified in mini-cluster 1 (Young et al., 2006). The fragmented gene cluster
organization showed evidence of retrotransposon activity. The retrotransposon relics
and AT rich regions were not identified in the DOTH biosynthesis gene clusters in
either P. arachidicola or D. septosporum. The nucleotide identity of each homologous
gene is higher than the average nucleotide identity of each intergenic region between
D. septosporum and P. arachidicola. Several tandem and inverted repeat sequences
were identified in DOTH gene cluster intergenic regions in P. arachidicola, but the
distribution of those repeats appears to be random when compared to D. septosporum.
All those suggested that the fragmentation of the DOTH biosynthesis gene cluster

may not due to retrotransposon activity or recombination between repeat sequence.

100



Chapter 4 Conclusions and future work

4.1 The DOTH biosynthesis gene clusters in P. arachidicola
Although it is not known if the three regions containing DOTH biosynthetic genes are
clustered in P. arachidicola, they are each similar to mini-clusters found in the

fragmented DOTH cluster in D. septosporum.

Southern blots using DIG-labelled P. arachidicola probes suggested that there is only
one copy of Pa-pksA, Pa-dotA, Pa-vbsA and Pa-cypA genes in the whole genome.
Based on Southern blot results that showed the size of fragments that contained the
DOTH genes in P. arachidicola, EcoRIl 5-11 kb and 11-20 kb size-fractionated
genomic libraries were made and screened. Four positive clones were found, two of
which overlapped to make three sequences of 11.5 kb, 5.7 kb and 9.3 kb were
obtained. Sequence analysis identified 11 putative DOTH biosynthesis genes
separated into three mini-clusters, similar to the DOTH biosynthesis gene cluster in D.
septosporum. Most of the predicted DOTH biosynthesis genes in P. arachidicola had
high amino acid identity to homologous DOTH genes in D. septosporum, and were
therefore predicted to have the same functions. Homologous genes had about 73% to
96% amino acid identity between the species, and most of the Pa-DOTH genes had
similar gene order and direction of transcription to Ds-DOTH genes. No regulatory
genes were identified in either P. arachidicola or D. septosporum, but conserved afIR
binding sites were identified in the upstream and coding region of several DOTH
genes in two species. The DOTH genes in P. arachidicola may have a similar

co-expression pattern to DOTH genes in D. septosporum.

There are three different points between the DOTH biosynthesis gene clusters in P.
arachidicola and D. septosporum. Firstly Pa-epoA may not functional due to a
premature stop codon in the coding region. Secondly the Pa-moxA and Ds-moxA had

different transcription orientations. Thirdly a MFS transporter, Pa-mfs, was found in P.
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arachidicola that is not seen in D. septosporum. This was additional to the Pa-dotC
MFS gene upstream of Pa-mfs in mini-cluster 3. The amino acid identity between
Pa-dotC and Pa-mfs was quite low, only 12.9%, while Pa-mfs had 54% amino acid
identity to the corresponding region of a MFS transporter in A. fumigatus. The DOTH
biosynthesis genes in P. arachidicola had different gene organization and direction of
transcription to homologous AF or ST biosynthesis genes in Aspergillus species.
Several tandem and inverted repeat sequences were identified in DOTH gene cluster
intergenic regions in P. arachidicola, but the distribution of those repeats appears to
be random, suggesting that the fragmentation of the DOTH biosynthesis gene cluster
may not due to retrotransposon activity or recombination between repeat sequences.
The DOTH biosynthesis gene cluster in P. arachidicola was predicted to be ancestral
to the AF/ST biosynthesis clusters. Understanding the DOTH biosynthesis gene
cluster in P. arachidicola could provide insights into the evolution of AF/ST

biosynthesis cluster

Studies showed that DOTH is not required for D. septosporum to cause Dothistroma
needle blight of pines (Schwelm, 2007). The growth of other pine-needle inhabitants
were inhibited by DOTH in vitro, so DOTH may provide an advantage to D.
septosporum in growth competition with other fungi. It may play a role in competition
of D. septosporum with other fungi in its ecological niche (Schwelm et al., in press).

So the DOTH produced by P. arachidicola may have a similar role.

4.2 Future works

4.2.1 ldentification of other DOTH biosynthesis genes in P. arachidicola

The three mini-clusters identified in P. arachidicola so far are not complete. It is of
interest to know the regions flanking the DOTH biosynthesis genes. First, according
to Southern blot results and sequence analysis of the three mini-clusters, 7-13 kb and
13-20 kb size-fractionated Scal genomic libraries should contain positive clones that
cover more regions of mini-clusters 1 and 2, so further efforts could be made to obtain

and sequence these. Second, a genome walking strategy could be used to identify
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flanking sequences adjacent to known regions. This PCR based method involves
gene-specific primer (GSP) and a tailing step with a 5’-RACE abridged anchor primer
(AAP) (Leoni et al., 2008). Third, because there is high amino acid identity of DOTH
genes between P. arachidicola and D. septosporum, new degenerate primers can be
designed according to D. septosporum gene sequences and used for PCR to identify

fragments containing DOTH genes in P. arachidicola.

4.2.2 ldentification of DOTH gene functions in P. arachidicola

The Pa-vbsA and Pa-dotA genes from P. arachidicola were recently shown to be
involved in DOTH biosynthesis by complementation experiments in this lab
(unpublished data). The Pa-vbsA and Pa-dotA genes were able to rescue D.
septosporum Ds-vbsA and Ds-dotA mutant strains and allowed them to reproduce
DOTH. A Ds-pksA knockout strain is also available that cannot produce DOTH. It
would be interesting to see if Pa-pksA is able to rescue the Ds-pksA mutant strain. D.
septosporum knockout strains were obtained by transformation of the Ds-gene
containing vector to D. septosporum wild type strain using a protoplast mediated
method. Because there are some difficulties in making P. arachidicola protoplast, D.
septosporum knockout strains were used for complementation experiments. An
alternative transformation system such as Agrobacterium mediated transformation

would be a possibility for making P. arachidicola knockout strains.

Another gene of interest was Pa-mfs which did not have a homologue in D.
septosporum. If a transformation system could be developed, a Pa-mfs knockout
mutant could be obtained by gene replacement. The DOTH biosynthesis and toxin
secretion can be monitored by ELISA assay. It is also of interest to compare the effect
of Pa-dotC or Pa-mfs mutant strain for DOTH biosynthesis and toxin secretion. This

may help to understand the relation of these two MFS transporters.

Based on similarities between P. arachidicola and D. septosporum gene clusters seen

so far, it is expected that further analysis will reveal a fragmented gene cluster in P.
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arachidicola, and that the genes will have similar functions to their homologues.
There are plans in our laboratory to sequence the genome of D. septosporum. This is
expected to reveal other DOTH genes and their locations. From this, further studies of
the P. arachidicola DOTH gene cluster can be made that will lead to a more complete

understanding of the evolutionary origins of these gene clusters.
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Appendix | Media
All media were prepared using MilliQ water and sterilized by autocleaving at 121°C

for 15 minutes. Media were cooled to approximately 50°C before addition of

antibiotics

Al.1 Luria Broth Media (LB)
Tryptone (Becton, Dickison and company), 10 (g/L); NaCl 5 (g/L); Yeast extract
(Becton, Dickison and company), 5 (g/L)

Al.2 Luria Broth Agar (LB A gar)
Tryptone (Becton, Dickison and company), 10 (g/L); NaCl 5 (g/L); Yeast extract

(Becton, Dickison and company), 5 (g/L); Agar, 15 (g/L)

A 1.3 Potato Dextrose Media (PD)

Potato dextrose agar (Becton, Dickison and company) 24 (g/L)

A 1.4 Potato Dextrose Agar (PDA)
Potato dextrose agar (Merck) 39 (g/L)
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Appendix Il Buffers and solutions

A2.1 Hexadecyltrimethylammonium bromide (CTAB)

2% CTAB (Sigma); 1% PVP 40 (Sigma); 1.4M NaCl (Merk); 20mM EDTA (Sigma)
0.1M Tris/HCI pH8 (Invitrogen). Make volume up to 40 ml with MilliQ water. Heat
to 60°C to dissolve the CTAB and PVP.

A2.2 10 x TNE buffer
12.11 g/L Tris (Invitrogen); 3.72 g/L EDTA (Sigma); 116.89 g/L NaCl (Merck).
Dissolve in 800 ml MilliQ water, adjust pH to 7.4 using concentrated HCI (BDH),

then make volume up to 100 ml with MilliQ water.

A2.3 10 x TBE buffer
108 g/L Tris (Invitrogen); 9.3 g/L EDTA (Sigma); 55 g/L Boric acid (Univar).
Dissolve in 800 ml MilliQ water, adjust pH to 8.2 using concentrated HCI (BDH),

then make volume up to 100 ml with MilliQ water.

A2.4 1 x TE buffer
10 mM Tris (Invitrogen); 1 mM EDTA (Sigma); pH8.5

A2.5 Fluorometer DNA standard
100 ng/ul Calf thymus DNA (Amersham Biosciences) in 1 X TNE

A.2.6 Hoechst dye stock solution
10 ml of MilliQ water was added to 10 mg of Hoechst H33258 (Amersham

Biosciences).

A2.7 Fluorometer working solution

5 ul Hoechst H33258 stock solution; 5 ml 10 x TNE; 45 ml MilliQ water
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A2.8 Ethidium bromide staining solution

1 mg/mL ethidium bromide in MilliQ water

A2.9 Gel loading dye
20% (w/v) Sucrose (BDH); 5 mM EDTA Na2.H20 (DBH); 1% (w/v) SDS (DBH); 0.2%
(w/v) bromophenol blue (J.T. Baker Chemical Co); 0.2% (w/v) xylene cyanol (Sigma)

A2.10 Plasmid DNA extraction solution
Lysis solution

1% (w/v) SDS (Sigma); 0.2 M NaOH (BDH)
Solution 111

3 M potassium acetate, pH 5.50

A2.11 Sourth Blot and hybridization solution
Denaturing Solution

500 mM NaOH (BDH); 500 mM NaCl (BDH)
Neutralising Solution

500 mM Tris pH 7.4; 0.5M NaCl (BDH)

20 x SSC Solution

3 M NaCl (BDH); 0.3 mM Na citrate

Low stringency Washing Solution

2 X SSC; 1% (w/v) SDS (Sigma)

High stringency Washing Solution

0.5 x SSC; 1% (w/v) SDS (Sigma)

Buffer |

100 mM Tris pH7.5; 150 mM NaCl (BDH)
Buffer 11

buffer I + 1% blocking reagent (Roche)
Buffer 111

100 mM Tris-HCI pH9.5; 100 mM NaCl (BDH)
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Stripping Solution
200 mM NaOH (BDH); 0.1% (w/v)SDS (Sigma)
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Appendix 11 Primers used in this project

Primers used for inverse PCR (section 3.1)

Gene | Enzyme Primers

Pa-vbsA | Sall vbsA3 and szdp75 or szdp76 and szdp79

Pa-vbsA | BamHI vbsA3 and szdp79
Pa-vbsA | Scal vbsA3 and szdp79
Pa-vbsA | EcoRI vbsA3 and szdp79

Pa-cypA | BamHI | szdp84 and szdp85 or szdp86 and szdp87

Pa-cypA | Pstl szdp84 and szdp88
Pa-cypA | Scal szdp84 and szdp87
Pa-cypA | EcoRI szdp84 and szdp87

Degenerate primers (section 3.3)

Gene | Primer name Primer nucleotide sequence (5’-3’)

aflR szdpl27 CAGGCGCGCYMBYRYWGYYT

aflR szdp128 ACGTAGCCAYCCYSYGMRYR

avnA aflG F1 GARTTYCCNAARGAYCCNATGCA

avnA aflG F2 TGGTTYAAYTGGGCNACNTTYGA

avnA aflG R1 GCNARCCARTCNGTRTCYTTCAT

avnA aflG R2 GGYTTYTTRTCCCANARDATCCA

verB vbrBF1 CACCARAARTAYGGNGAYACNGT

verB vbrBF2 TACTTYAAYATGGCNATHTTYGA

verB verBR3 TTATGAATNGCRTCNACCCANGG

verB verBR4 TGGCCTGGNACNGCNGGRTACAT

norA norAF1 GGCAACTTCATHGAYRYNGCNAA

norA norAF2 GATGTNGCNAAYTTYTAYCARGG

norA norAR3 GTAGTRAARTCCCACATRTGNACRTA

norA norAR4 CCGATCACIGGRAA IACRTAIGG

Primers for sequencing

Name Sequence Gene  Organism
MGPA1 CCTTCCACCATTCTTCTCTG CypA  P. arachidicola
MGPA2 TCGGGATGGATTCACTTGAC CypA P. arachidicola
MGPA3 TCGATGGATGCGACTTCCTC CypA  P. arachidicola
MGPA4 CAATCAACATGGCCTGCTAC CypA P. arachidicola
MGPA5 CGTCCAGATCCAGTGACAAG ver-1  P. arachidicola
MGPA6 AGCTGGTTTAGCGGGTGCTC ver-1  P. arachidicola
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MGPA7

MGPAS

MGPA9
MGPA10
MGPA11
MGPA12
MGPA13
MGPA14
MGPA15
MGPAL16
MGPAL17
MGPA18
MGPA19
MGPAZ20
MGPAZ21
MGPA22
MGPA23
MGPA24
MGPA25
MGPA26
MGPA27
MGPA28
MGPA29
MGPA30
MGPA31
MGPAS2
MGPA33
MGPA34
MGPAS5
MGPA36
MGPAS7
MGPA38
MGPA39
MGPA40
MGPA41
MGPAA42
MGPAA43
MGPA44
MGPA45
MGPA46
MGPA47
MGPAA48
MGPA49
MGPAS0

GAAAGAGGTCGACGGCTGTG
CATCCCAGAATAGCCATGTG
ACTGCACCATCCGCATCATC
AACGAGGAATGGACGCTCAG
CAACGTAAGCTCCACCTCAC
CGCCAACTCCTGCACCAATG
TGGTATGGGTATGTGCAGAG
GGCAGGTAGGGTTGAGGTAG
GGACACTGATGGCCAACGAG
TTGGCGGTGGACACAACAAG
ACTGCCTTCCTGCAACAGTC
ACCTCCTTTGGACCGATACG
GGTCGTTCCATGTTGTGTTC
AATAGCGTGCTGCGCATTCC
ACACCACCAACCTACAAGTC
GATCTCCCTTCGAGTCTTTG
CAGCTATCTCGCCGTCATGC
AGCCACTTCTGCGTCGTACC
GGGACATGTTGCTGGTTGTG
CACAAACCTCGGCTTCATAC
ATTGTGCCCGACACGACACC
ACGTTCGTCCGGAGAAGTTG
TAATTGGGCGCCTTTGATCG
GCTGTCCTTCCACGGATCTG
GGGCTCGATGCTCAATACTC
GCTGCGACTGCTTGTGGTTC
CTGTCTTTGCACCGCACGAG
TCAACGTGGGCAGCGTTGTC
TCGACAGCTTGAGCTCTATG
ACGCATCTGTGCGGTATTTC
ATAGCTCGCTACCAGGTTTG
CGATCCTCGAACTCCCAAAC
CCCATGAATGGTAGGGAAAG
GGAACCAACAGCCAGTAGAC
TATTCGCAGCTCGCTGTATC
GCACCACAACTGGTAGATTC
TGCGACATCCATCGACTATC
TAGCGAGCGGACATCAAAGG
CAAGGCTCTCGATGCATTTG
TGGTGCCGTGGTCATCCTAC
TGCTGTTGCTGTGGCTGTTG
CGGTCAGCAGATGTAAGAAG
ACTGGCCGACCTACTCTTTC
ACTCACACCCTCACCATGAC

vbsA
vbsA
CYpA
CYpA
vbsA
vbsA
vbsA
vbsA
CYpA
CYpA
CYpA
CYpA
MOxXA
MoxA
vbsA
pksA
pksA
ver-1
vbsA
vbsA
pksA
pksA
ver-1
ver-1
vbsA
vbsA
pksA
pksA
pksA
ver-1
ver-1
CYpA
CYpA
MOXA
pksA
pksA
ver-1
ver-1
vbsA
vbsA
CYpA
CYpA
vbsA
pksA

U U U U U U U U U U U U U U U U U U UV U UV U DUV U U TV UV DUV U UV T TV UV VT VT T UV T U U T

. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
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MGPA51
MGPAS52
MGPA53
MGPA54
MGPAS5
MGPA56
MGPAS7
MGPA58
MGPA59
MGPAG0
MGPAG1
MGPAG2
MGPAG3
MGPAG4
MGPAG5
MGPAG6
MGPAG7
MGPAGS
MGPAG9
MGPAT70
MGPAT71
MGPAT72
MGPA73
MGPA74
MGPAT75
MGPAT76
MGPAT77
MGPAT78
MGPAT9
MGPAS80
MGPAS81
MGPAS82

CATCGAGATCGGCCCTAAGC
AAGTGTCGTGGCCTCATAAC
GGGTCGAACTTGAAGTACAC
CAAAGCTTGCGCCAAGATCC
CGAGGGTGCGGATGTAGATG
GACGTAGCCACGGCTGAAAG
TTCTCCCATGTCGTGACTTC
GTACTGGCGAGCAACCAAAG
TAGCTTCGCGCCTTGTCTGC
GAAGCGGTTGTGGGTGTTAC
AATTGAGCGGTGCCAGCATC
GCGCCATTGATGGTCGTGTC
AGCCGCTCCTCAAGGAGAAG
CCATCTGTGGTGCTTCCTTC
GTCTCCAGAATTGCCTTGAC
TGAGCCTGTGGCTCCTGTTG
TTGAGACCCGGAGTCCGATG
TTGGCCGAACGGGTTGAAGG
GTACTGTCTGCGCACAACTC
TCCTCTCCTGCTCAGCTTTG
CATGCCGATGGTGTAGATAG
GTTGCGGTACTTGAACAGTC
CAGCACGAACTCTTTCGATG
AACCGTCTTCAACAGCTAGG
TTGCGGCAAGGAGCATAGGC
GCCGAAGAGGAACAACAAAG
CCTGCGAGGCTAGTAGAAAG
TAGCCTCGCAGGACCCAATG
ATCGCCGAACACTTCCACTC
TCCTCTTCGGCCTCCAATAC
CGCAAGCCAAGCTACTTCTG
GATCGAGACTCGATGGAATG

pksA
ver-1
ver-1
CYpA
vbsA
vbsA
ver-1
ver-1
ver-1
ver-1
ver-1
pksA
pksA
pksA
pksA
CYpA
CYpA
CYpA
CYpA
ver-1
ver-1
ver-1
ver-1
ver-1
ver-1
ver-1
ver-1
ver-1
ver-1
ver-1
ver-1
ver-1

U U U U U U U U U U U U U U U U U U U U U UV UV TV VT UV T TV TV UV UV T

. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
. arachidicola
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Appendix IV Nucleotide and amino acid sequence of Pa-pksA

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

MmAPSNATRVLVFGDGQTYDFYV
atggcaccctccaacgcaaccagagttctggtctttggggaccagacctacgacttegtg
PRLRETLUFQVKDNPTITILTATFTLAQ
cctaggttgcgagaactgttccaggtcaaggacaacccgatcecctgactgecttectgeaa
Q S H Y V.V
cagtcacattatgtggtgtaggtggttgccactgaccaagcatggaaccgttactgacge
R AQMTQALUPPAEUHHZ KAATRT
tagctagtcgggcacaaatgatccaggetectgectceccageggagecacaaggeageecgaa
F DLADMLI KI KYVAGKT LS SUPATFAQ
ccttcgacttggcagacatgectgaagaagtatgtegetggecaagttgageectgecttece
T AL SCTTA QQULGVFM®RETFHDTFT
agaccgccctcagetgecattacacaactgggtgtcttcatgegagaatteccacgacttta
K PYPRHDSSYVLGTT CTG GS S L A
ccaagccgtatccacgacacgatagcagcetatgtgetgggtatttgecaceggeteteteg
AAAV SSSSSLSELTLZPTITAVQT
ccgecgeagcecagtcagetccagecagetegttgtecgagetectgeccategetgtecaaa
AL T AFRLSGLZ CVTDMMRDTR RTILES
cagccttgatcgectttegecteggeectgtgegtcacagacatgegegatecgtettgaaa
AATDDRTE®PWSVVLFDTUDEN® QT
gcgceccacagacgaccgcecacagagecttggtecggtagttetettcgacacagacgagecaga
AT K AT KDVFCTENVLPIKTZIKAQP
ccgctaccaaggecatcaaggacttcectgecaccgagaacgtecttccaaagacgaageage
w1 TSASSIKTTTTSGAPR RV LK
cttggatcacttcecgectecgtecgaagaccattactatcageggegetectegegtgttga
HLTAOQEPALZIKDZ KTZ KTUZR®QQTITUPTIVYYV
agcacttgacacaagagcctgcactcaaggacaagaagacccgacagatcccaatctacg
P AHNSALTZFT®PETDVKATTLTETT
ttccagcgcacaactcggegetctttacacctgaagatgtcaaggecaattcectggagacga
pVEVWSKZFPTI KTIT®PFTSSVSG
ccccagtcgaagtctggagcaaattccecccaccaagattectttcatectecagegtetetg
K L AWANSYULAVMAQLALNG QT CL
gcaagctggectgggcaaacagetatetegecgtcatgecagetggegetcaaccaatgece
L EPV GGWSHVETETFZ&PRTILTILZE KSR
tcctggageccgteggetggagecacgtecgaaacagagttecctegacttectgaagtete
G AHNVLTITT®PTITTTSADI RATLSA
gaggcgcetcacaacgtectcattaccccaatcacgacttecgeecgategtgeettgteeg
AL SSTTSNTEVEZ KZ®PSTAETYV
ctgctctcagetcegaccatctccaacatcgaagtggagaagecttectacagetgagactg
VHRPGES GIKSI KTILATITVSMSGRF
tcgtccaccgtectggegaagggaagagcaaactegetategtetecatgteecggeeget
PDSQSTQAFWDTLILYZKGTLDUVYV

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

tcccegattecccagagecacacaagecattcectgggacttgetgtataagggtctegatgttg
K EVPKIRIRWDTUDTHVDUZPTGTR A
tcaaggaagttcccaagecgecgetgggatactgacacgecacgtcgaccccactggtegtg
R NK GGATURWGOCWILDTFAGETFDP
ctcgcaacaagggtgcgacaagatggggetgetggetegactttgeeggegagttegate
R FF STITSPIKEAPQMDPAQRMA
ctcgettecttcagtatttcgecgaaggaagecaccacagatggatececcgeccagegeatgg
L MSTYEAMETRGGTUVPDTTP S
ctttgatgtctacatacgaggccatggagegtggtggtattgtgececgacacgacacctt
T Q RNRV GV FHGV TS SNDWMET
caacgcaacggaaccgcecgteggtgtcecttccacggtgttacatccaacgactggatggaga
NTLAQKHRHSYFTITTS GG GNTZ RGTF
ccaacactctagcacagaagcatcgacattcgtacttcatcacgggtggaaacagaggtt
I pG6¢GRTINFCFETFSGPSFTNTDT
tcatcccaggecgtatcaacttctgettegagttectetgggeectetttcaccaacgaca
ACSSSLAATHTLACNSTLWRGTD
cggettgetegtectecctegeggegattcacctggettgtaactcactetggagaggag
cbTAVAGGTNMTITFTU®PDGHAG
attgcgatactgctgtagcaggeggaacgaatatgattttcacacctgatggacatgetg
L. DK GFFLSURTSGNTC CZ KPTFDDIKA
gtctggacaagggattcttcttgagcaggactggtaattgcaagectttegatgataaag
DGYCRAEGVGTVMTI KT RTLETDA
cggatggatactgtcgtgectgaaggtgttggcaccgtcatgatcaagaggetggaagatg
L ADGD®PTITULSGTTTLDAZKTNHSA
ctcttgcagatggegatcctatecttggecacgattectggatgegaagacgaatcattegg
MSDSMTRPFVPAQTITIDNMEATC
ctatgtcggattctatgacgaggecgtttgtgecggegecagattgacaacatggaagett
L STAGVDPTSTULDYTEMHSGTG
gtctcagcaccgetggegtagacccecgacatctectcgattacatcgagatgecacggtactg
T Q v.e:)D A VEMESVLSVFAUPHE
ggacgcaagtcggtgatgecgtggagatggagagtgttetetetgtetttgeaccegeacg
K FRTZKZEQPILYVGS AKANTTGH
agaagtttaggaccaaggagcagccgetttatgttgggtctgegaaagecaacattggte
G EGGV S GGV TSLTIKVLLMTELQQNN
atggtgagggtgtgagtggtgttacgagtctcatcaaagtgttgttgatgetgecagaata
T 1T pPHCGTII K®PSGSI KTNUHNYPTD
acaccatccctcctcactgeggecatcaagectggecagcaagatcaaccacaattacccag
L AARNVHTITAZFEZPIKZPFILI RTRESG
accttgcggegagaaatgtgecacatcgecattecgagecgaaaccattcttgaggagggaag
K LR RVLTINNFZSAAGSGNTATLTL
gcaagttgaggagagtgttgattaacaatttctetgecgegggtggecaatacegetetee
I EDAPDIRAPTIQTI KDPRTTAQT
tcatcgaagatgcgccagaccgegeaccaatccagaccaaggatcccaggacgacgeaga
v TVSGGHYVYGKSLSNNVANTLTLS

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520
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2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

ctgtcacagtctctggacacgttggaaagagcttgtcgaacaacgtegecaacctectet
HLKSNPTTITDTLUPHLSYTTTATR
cgcatctcaagtcgaacccaacaatcgacctcececccacctetectacaccacaacagecce
R WHHLHRVAVS GTSTAZETITAQ
gcecgttggeatcatectecatcgegtcecgeecgtetecggeacctcaategecgagatcacge
K L EKXK AV ENZIKDG GV NZ RPZIKAZKPG
agaagctcgaaaaagccgtcgagaacaaagacggegtcaacagacccaaggecaaacctg
vV FFAFTGQGSQYLGMGTI KQULY
gecgtettettegecttcacaggecaaggatcacagtatecttggeatgggecaagecaactet
DAYPKT FI KT FETLW QRYSQULAUVSIH
acgacgcgtaccccaaattcaagtttgaacttcagcgatattcgecagetegetgtatege
G FpPSFLHTIFSETI KTSGDVEQNTL
atgggttcccegtecttectgecacatcttcagegagacgaagggagatgtecgageagaatce

P Vv Vv VvVvaQLATITT CTLAQM

A

L FNLTITT

taccagttgtggtgcagectcgetattacctgtectgecaaatggecactettcaacctecatta

S FGGI KASAVV GHS

L

G EY A AL

cttcectttgggatcaaggectectgetgtagttgggecacagtetgggegagtacgetgege

HAAGVLSASDTTIVY

L

VG K R A E

ttcacgcecgetggegtgetttetgegagtgacacgatectacctegteggecaagagggegs
L LQ ERCQRGTHAMTLATZCTI KAS E
agctcttgcaagagcgetgtcagegeggeacgeatgegatgettgegtgecaaggegagtg
wSLAGTITITTI RIKEVEVACVNSGT?P
agtggtccctegegggaatcaccacacgcaaggaagtggaggtegectgtgtcaatggac
EDTVLSGTVEETVEV QKTL S
cggaagatacggttctttcagggacggttgaggaaatcgtagaggtgcagaagactctca
G K ¢TI KATTULIZ KTLPFAFHSAAGQV
gcggtaagggcatcaaggecacgacgetgaagttaccatttgeatteccattetgegeagg
Q pP T L EDFEZRILASGATTFEZKPK
tgcagcctattcttgaggacttcgagegtttggetageggagetacgttecgagaageega
MAVLSPLLSGSTLVEDESGTITITGT?P
agatggctgtgetgtetecgetgettgggagtttggttgaggatgagggeatcateggece
AY L ARHCREA AVGMVKATLEAA
ctgcctatctegecacgecactgtecgegaggecagttggecatggtcaaggetectegaggeag

K E K GTTITNDIKTTIVI

E

I G P K P L

caaaggagaagggcacaatcaacgacaagaccatcgtcatcgagatcggecctaagecac
LS6¢MTIKNTLGQSMTTTLPTTLK

tcctcageggecatgatcaagaatateccttggacagagecatgacaacgetgeccacgttga

EK GPDVWTNTLSNI

F

S TLYT®G

aggaaaagggcecccgatgtectggacgaacctttecgaacattttcectcaacactcectacactg

G LDINWTATFHATPI

E

GV K K V I

gcggtctagacataaactggactgecattccacgeteccatecgagggtgtgaagaaggtca

Q L PDYAWDTLTEKTDYF

I

Q Y E G D W

ttcaactcccggactacgectgggatctgaaagattacttcatccagtatgagggtgatt

VL HRHIKTHT CNTZ CAD

I

G KDV HD

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840
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3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041

5101

gggttctgecaccgacacaagattcattgtaattgtgeggatattgggaaggatgtgcatg 3900
T SHYCPGIKHTVFVENVVVPGG
atacttcgcactactgtccecgggaagecatactttegtggagaatgttgttgttectggtg 3960
G P QAT KAV?PEZ KZPAZKTI KMSZKTLD
gagggccgeaggecatcaaggetgtteeggagaagectgegaagaagatgtegaagttgg 4020
pPTKEAY®PSTUPVLTTTTIHTI KV IE
atcctactaaggaggegtacccgagtatcectetgacgacgacgatacacaaggtcattg 4080
EKTEPLGAQFTVETDTISRIKTD
aggagaagacggagccgetgggtgcacaatttacggttgagactgatatttececgtaagg 4140
VNSITAQGHTVDDTIU®PLTCTU®PSF
atgtcaacagcattgcacagggacacactgtcgatgacattccgetetgeacacctteet 4200
Y ADTITALQV GKY AMDI RTIRATGH
tctacgcagacatcgegetacaagttggaaagtacgecatggaccgtatacgegecggac 4260
pPGAGATDGRYVDVTDTILV VDI KA
accctggegeecggegecattgatggtegtgtegatgtcecacagacctegttgtegacaagg 4320
L I PHGKAPQLILRTNVTMSWP
ctctecatcccacatggecaaagetcecgecaacttetecggacgaacgtcaccatgtectgge 4380
pP K MAATTIRSAKVTZFIKTYTATD
cccegaagatggeagecaccaccaggtecgegaaagtcacgttcaagacatatacagetg 4440
G K L DTDHAYCTVREFTTDAI QA Q
acggaaagcttgatacggaccacgcctattgeaccgtecgettcacaaccgatgegeage 4500
K S L Q KK VPEYQAATASTELTR RAR
agaaatccctgecagaagaaggtacccgagtaccaagecgegattgeategetecgagete 4560
vV KK GELVHYNTI KSG GYKTLMSS
gcgtcaagaagggegaacttgteccactacaacaccaagtceccggetacaagetcatgtett 4620
M AHFHPDYKILILNNILTITTILNEAE
ccatggcccactttcacccagactacaagetecctcaacaacctcatecctgaacgaagegg 4680
NEAVSVMNFSTCTUDAGTY AA
agaacgaggcagtcagegttatgaacttctctacctgecaccgatgecagggacttacgeeg 4740
HPAYTITDATITQV GGFAMNATEK?D
cacacccggecatacatcgacgeccatcacgecaggtgggaggettegecaatgaatgecaagg 4800
bTDTITDI KEVYVNHSGWESTFAQVY
atgacaccgatatcgacaaggaggtgtatgtcaaccatggatgggagtcttteccaggtgt 4860
K P LLKZEZ K~ QYVVYS KMV KDS K
ataagccgectecctcaaggagaagcagtatgttgtatactccaagatggtcaaagactega 4920
G DbLVHGDTTVLDSGDTEVVATFTF
agggagatctecgtceccatggegacactattgtecttgatggagatgaggtegttgegttet 4980
R GLSLURSVPRIEKALZ RAVLAQSA
ttaggggtttgtcactgagaagtgtgeccaggaaagegettegtgeggttetecagagtg 5040
M DKGTI R QRGGIK?PGAAIKTGT A A
cgatggataaggggatccgacagagaggtgggaageegggtgetgegaagggtactgetg 5100
APV AKI KZ©PAAPVATAPVKAATP
cagcgeecgtegegaagaagectgetgececeggttgecactgetecagtgaaagetgege 5160
vV AAAPSSSKPAPPETGPTZ KAAA
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5161 cggtcgetgetgeaccategtecategaagectgeacctectgaaggeecegaaagetgegg 5220
S K VVAKADSSGI KTIDEATLIKTTIS
5221 cttcgaaggtcgtggecgaaggeggatagtggtaagatecgacgaggegttgaaaatcattt 5280
EESGTITIALEZETLTDDSNFT
5281 cggaggagagtggtattgcgttggaggagttgacggatgatagtaacttcactgtgagte 5340
DM G V D
5341 gctcectetecactcaatgatattgaggatcecctaacacttegecaggatatgggtgtegac 5400
s LSSMVvVITSU RILIRETDTLETLTDTLA
5401 agcttgagctctatggtgatcacctecegtetecgegaggatectagaactggaccttgee 5460
pPEFALFADT CPTVASTLR REF
5461 cctgagtttgecgetettegetgactgecctacegtegecagettgagggaatte 5514

Appendix 1V The partial ORF and amino acid sequence of Pa-pksA. The red nucleotide sequence indicates the
positions of two introns. The blue amino acid sequences indicates the positions of the KS, AT and ACP domain
regions, which were identified by alignment of Pa-PksA with Ds-PksA and other Pks proteins as shown in Figure
3.20.
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Appendix V Alignment of Pa-PksA with other PKSA proteins

Pa-
Ds -
An-
Ap-

Pa-
Ds -
An-
Ap-

Pa-
Ds -
An-
Ap-

Pa-
Ds -
An-
Ap-

Pa-
Ds -
An-
Ap-

PksA :
PksA :
St cA :
Afl C

PksA :
PksA :
St cA :
Afl C

PksA :
PksA :
St cA :
Afl C

PksA :
PksA :
St cA :
Afl C

PksA :
PksA :
St cA :
Afl C

B V2S VT RYRYF GDOT YDF VAL REL [H8VEDNPI LIJAFLSCSHYVWVRAQV AL PPRAEHKIARTIEDL ABM. (K YVAGKLISPAF IR
3115~ V- TRYRYF GDOT Y DFVPIAL REL [ZEVISDNPI LIJAFLEECSHYVVRAQV QI PPREHKIARTIEDL ABM.INKYVAGKLINPAFCRE
WSS TR CDOT YDFVASL KL IINIANNPI LIYAFLEOSHRVIJRAOM [RiEL PPREHKOARTISL ASHLOKYVBRKL [ZSAF I
SRV eSe NN COOTADF VPR RSLISVOCSP! LIEAFLBOSHYVVRAQVECSIVNIAYBHKEARTADL [FOMYSK Y \BCKLUPAH SR

TALSCITOL GYFVREFE DN Na YPR&BESYVL GRCTGSLAAAAVSSSESL SELLPI AVQTAL I AFRLGLOQYIPVRORL SN DRI
TALSCITOL GYFVREFEDaNNG YPaEBESYVL GRCTGSLAAAAVSESNSL SELLPI AVQTAL | AFRLGLOQWIPVRORL ESSI==DRIE
TALSQYTCICEFVREFRDZAVEY PRI SYVL GYCTGSL AAAAISESHSL SELLPI AVOTYLIAFRL GLITNEYRON ERS Nl
TALYOReO. GeFIRA==EeNYY FoZSnS Y VL GEANGSL AAYAVSESESL SELLPI AVOTYL | AFRL GLOAREVRDRYEEeS DRIE

TEPVe MRl DERICHAIRG | [oF NP TePW TIIASEKTI TISCAPRYL MGLIMGEPIGKETRE Pl YVPAHNEAL I
UL FOTRE- - TvikaAlkoFer SNLEKIKETRISAR STl ReAZRVKKls- RERAL K DRI RN -
RNz AN cHvPAEEVAL Bl DRFSHKKVRSPVYRAQRERIIA TEAII TIIVEASED! lsdlAeAZF TNSRL ViFEIRIR RN
GORMETI WGLBP- - BARDlEVi@eRT TVEIRRETASC BKNATRIL eSS TRAFC- AMEQVAGHRIIAPIECLENINGN -

FTEEDVIA LIETTRYEIVENGPIR PEI SSVEGKIAWANSYIWAYVel ALNOCL L ERVeVSTRVETESPRLLKSRENENVL | [iPTRITHE
FTEEDVES! LETTRY IV NPIEPF! SSVEGKIAWABNYWAYEEL ALNOCL L ESNeWeRVETERPRLLKSRENZNVL I IPRITHE
FSSiEDViesl LATTINENzWaEeNel PRESSViIGKEAWENY =D RS ALECQCL [HEZNEVBYVEREYPRL L KsReeR i A= THE
s TTHCIREE T TAREQLECIE YIEHY NG SINROL T EVISISE TIREQVRL DL V=G RN vk Sy TIMEFL :

SO NISVA| S TSN EY X P VAE iAWY HRPGEGKEKL Al VSVEGRFPIRSOSTIONFWDL L YKGL DWKEVPRRRACHISTHER
S TRV SIS TSN EY EP TR INE S HRPGS GKEKL AL VSVEGRFPE/NSSTREFWDL L YKGL DYYKEVPERRVDYETHE
TVLSKSLSNALMIEG KPAEFEIISI NKTPERY SEREE DRI ama=APRIDS RN e MDY (N=x | RauVHils :
RWNETMENI [lPDSFI STEETRTOIG - - RAI PASGRRe Ak IR exan=SP THIE SR N RENDY AR=YzRaaue! NI

84
84
85
82

169
169
170
167

251
251
255
249

336
336
340
334

417
417
425
416
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Pa- PksA :
Ds- PKsSA :
An- St cA :
Ap- AfI C :

Pa- PKsA :
Ds- PksA :
An- St cA :
Ap- AfI C :

Pa- PksA :
Ds- PksA :
An- St cA :
Ap- AfI C :

Pa- PksA :
Ds- PksA :
An- St cA :
Ap- AfI C :

Pa- PksA :
Ds- PksA :
An- St cA :
Ap- AfI C :

VDPLIGEARNKGAT]

M@:TE%ARNK MGOW. DFAGEFDPRFFS| SPKEAPQVDPAQRVAL VSTIEAVERGG VPDTTPSTORNRI GVFHGVTSND

VDPSGRARNKGATIE
ESCSEACL

ETNTRIONGSES YFI TGGNRGFI PGRI NFCFEFSGPSETNDTACSSSLAAI HLACNSL WRGDCDTAVAGGTNM FTPDGHAGL DKEE
ETNTAQNEI DTYFI TGGNRGFI PGRI NFCFEFSGPSETNDTACSSSLAAI HLACNSL WRGDCDTAVAGGTNM FTPDGHAGL DKIE
ETNTAQNEI DTYFI TGENRGFI PGRI NFCFEFSGPSEENDTACSSSLAAI HLACNSL WRGDCDTAVAGGTNM FTPDGHIGL DKEE
ETNTAONEI DTYFI TGGNRGF| PGRI NFCFEFAGPSTNDTACSSSLAAI HLACNSL\RGDCDTAVAGGTNM MTPDGHIGL DKIE

DXACSSSL (KS domai n)

(GEFL SRTGNCKPFDDKADGYCRAEGVGTVIll KRLEDALADIEDP! LGT! L DAKTNHSAVBDSMIRPEVPAQL DNMEACL STAGYPIE
(GEFL SRTGNCKPFDDKADGYCRAEGVGTVIIYKRL EDAL ACIEDPI LGT! L DAKTNHSAVSDSMIRPEVPAQI DNMEAL STAGYPIE
(GEFL SRTGNCKFDDRADGYCRAEGVGT Vgl KRLEDALAZNDPI LEIT! L DKTNHSAVEDSMIRPERPAQL DNMEATL STAGIEPIE
(GFFL SRTGNCKPNMDDKADGY CRAEGVGT Vgl KRLEDALACNDP! LGVl L DAKTNHSAVEESMIRPEVEA) DNMIAGLINTUGEEPIE

ISLY! ENHGTGTQVGDAVENESVL SVFARRERFRIINEOPL YVGSAKANI GHGEGVSGVTSLI KVLLMEONNTI PPHOG KPGSKEE
LSLY! ENHGTGTQVGDAVENESVL SVEAPINERFRENDOPL YVGSAKANI GHGEGVSGVTSLI KVLLMVONNTI PPHOGH KPGSKEE
o 8| EVHGTGTQVGDAVENESVL SBFAPBEIFREEDPL YVGSAKANI GHGEGVSGVTSLI KVLLMVEINETI PPHCG KPGSEE
NBaSY| EVHGT GTQVGDAVENESVL SVFAPSEIERISDOPL IV GSAKANYGHGEGVSGVTSLI KVLIYWMVCERTI PPHCG KPGSKEE

| NENYPDLIJARNVHI AFEPKPEEEREENERRVL | NNFSAAGGNTAL LEDAPRREZRONXDPRIB MY SGHVGISEENNYNL B
| NaNYPDLEARNVH AFEPKPEEEREENERRVL | NNFSAAGGNTAL LIIEDAPBRVZRSeeDPRIBTOlVITESCHVCISTEENNYAN I

| NENYPDLEARNVH AFEPKPEWZRIIBIEZRRVL | NNFSAAGGNT AL EDA P VPEL GEl AesFleEAad- - - - -

| NENFPDLIEARNVHI AFEPKPENZRIGIIZRRVL | NNFSAAGGNTALIRYEDAPEREN AN OPRESTIVARSAHY s gNE= I

502
502
510
501

587
585
593
584

672
670
678
669

757
755
763
754

842
840
831
838
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Pa-

An-

Pa-

An-

Pa-

An-

Pa-

An-

Pa-

An-

PksA
- PksA
St cA :
-AflI C

PksA :
- PksA
St cA :
-AflI C

PksA :
- PksA
St cA :
-AflI C

PksA :
- PksA
St cA :
-AflI C

PksA :
- PksA
St cA :
-AflI C

BSE L CENPIIDLEEL SYTTTARRVHHL HRVAVEGIEIIAE! TeKL ENAYENNE GVNRPKAKPEYEF AR TGOGSQYIGVEKOL YDA VIR
WS L NONPLIDL ST Y TIEARRWHHL HRVAVRG YS! KL ERAI ENNEGVNRPKEKPENEF AF TGOGSQYEGVEKQL YOS YR

Q- =L SYTTTARRVHHEHRVEIRIGENIYE! IENYES A BaeR ovNRPENIK PRV AeS GOGSovGVE oL YINS VIR
HQY!LKEWE!AYMSMTCASVEEVEH‘EWQ‘!GD@SESEKI HFAFTGOGSQYRYIVGKQY YDA YIE

PRFRGIEL 0% eL AV SEGFPSFL HEES ST KCGIIDVERNL PVWVOLAI TCLQVAL[ENL :
PYFRSEL (oD A0 SeGFPSHAHEE T=IKCIIDVESNL PVWVOLAI TCLOVALENLWTSFG KIASAVWGHSL GEYAAL YAAGVLIE
PUFRSBLIEREDEL AXNGFPSFLIEWN TENGYesSVEREL PVI|vOL ARVEL IEvaL [N [KesFCRKESAV|GHSL GEYAAL YIRGVLIE
PSFREBL ENG0RL AOSEGFPSFL HYSTRE KGIIDVERYAPVVVOL Al TCLOVALINLIYTSFG [REeNaIVGHSL GEEAAL YAAGVLIE

GHSXG (AT donai n)

SASDTIRYL VGNRAEL L QERCORGTHAM. ASKAS =Wz INe iz N2V EVAQYNGPEDT VL SGT\zE] \MKTEGKEIIAET- :
SASDTIRY KMDMOEEV\BEAEI e \YEVAGYNGPEDTVL SGTY=EReEVAQIL SE! KATLLKLEE
MLMVPEPWCEVLAESNOM@MPLKEVNNLENSEAT :
SASDWY YL VGERAEL L OERCORGTHAML AVKAIZEA BlelTenn e EVACINGPEDT VL SGTINNAEVNYIRNG KeTL LKL

PFAFHSAQVQP! L EDFERL ASGATFEKPIYAVL SPL L eV =r=C Pl L ARHCREAVEM/AL FRAREKGI NDKTI VI ERCEE
PFAFHSAQVQP! L EDFEiaL ANGATF=KPEAVIlSPL L eSYr=aY\ePN L ARHCREAVEM/SAL eYAREKCH NakT! vi ERCEE
PFAFHSAQVQP! L E[SFNYARGYTFEKPONEVL SPLLYRYERENGVBAY YL ARHCREEVIMVEYL SR ARReR N HOZTI VI [BYCEE
PFAFHSAQUQP! LISDFEL ASGATHAKPO RN SPL L ISNEEeGY\IPE (YA eHCREIVBVAeAL BEAREKGHE DK TV ENCEE

PKPLIEEGM KN GeSVimiMgyi i es DVVIINL ENI [ TL YTGGL DI NiiAZHAPREEYKKVIReL P YIAVDL KDYFI [8Yi=cDWR
PKPLNeGV KNI CoNRVNNS N ez D\VV{eNLENI [RITL YTGGL DI NWIAZHAPFEAKKVIL PBYGADLKDYF| @Y[=CDWYAR
PRALIYAGV KimiL sSN N ReSEDVE L IIN [KeTL YERGL DI NWYANHEPHESTAKKVIIEL PEYGWDLKDYF 5 YRGEW el
el SeyvEvRe- pki STLPTLAPNKAI P Ts\viaree RNk K YRR As s v Oz sizeamaay il deslic

927
925
906
923

1010
1008
991
1006

1095
1093
1076
1091

1180
1178
1161
1176

1265
1263
1246
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Pa-

An-

Pa-

An-

Pa-

An-

Pa-

An-

Pa-

An-

PksA
- PksA
St cA :
-AflI C

PksA :
- PksA
St cA :
-AflI C

PksA :
- PksA
St cA :
-AflI C

PksA :
- PksA
St cA :
-AflI C

PksA :
- PksA
St cA :
-AflI C

RN D! [€XDVHDT SHYdZGKHIIF VENVWVPGGGPQAI KAVPEKP- - AKKMIKIR s TNz SPL iR BV :
IR <IN DAERDVHNT SHY JRGKHIF AENVV WP GGAQKAVQEAPAAKT ETKKMT I g TNz P L IREIVEKY :

R e S THIEXETAT SDYQLESDEQVAAK- - - - - - - - - - 35 SKODESKEAYPE! (WATTTVHEVIVEEKTERS
MR Qe APEHE! KTADYQMEPESIIPHRP- - - - <= < - <o c oo oo me oo SKLDPEKEARPEI [fiT T THHEWYEEY TR

PLGASZIVETDI SRKDVNE! AQEHIVDI PLCTPSEYAD! ALQVGRYAMSRERAGHPGAGA! DCEVDVIIDEVVDKAL | PHGKAPCRE
PLGA®RIVETDI SRKDVNSI AQGHIVIE! PLCTPSFYADI ALQVGRYAMBRIRAGHPGAGAI DCVDVIDEVVDKAL | PHGKAPCRE
PLGAURWETD! SRDVNel AocHEVDE! PLCTPSYADI ALRVGEYEMRERASHPGRIANDGIVDVEDINVIDKAL | PHGKSPCRE
PLGAURYVETDI SRKDVNEBARGHEVDE! PLCTPSFYADI AVQVGEYEMORERAGHPGAGA DABVDVEDIMVDKALYPHGEPCRE

L L RTINTVEVPPKIVAAT TRSAKVIIFIT YIIADGKL DT[SHANCTVRETRIDACSKSL OKKVPE YOV ISI (VK GERYE YNTKSCHE
L L RTIWTVEVPPKIVAAT TRSAKVIIFT YJIADGKL DT[SHANCTVRETYIDS GOKSL OKKVPE YV AL SR K GEREE YNTKS I
L L RTYET VIV PKIAAT TRSAKIINFIT YZADGKL DT[ZHAICTVRETSEACHKSL OKKVPEYie a1 (KA lezeRze e lis v TKSCE
L L RTYRTNEVPPKAAATTRSAKVFAT YEADGKL DTIZHASCTVRFTSDACHKSLIEESVEE VISR el e cpli Celiey NI

YKL MBSMARFHPDYKL LINNL (§L NEAENEAVSYMNF SIIIREGTMAAHPAY(JDA TQVGGFAMNARDBTDI [BKEVYVNHGAESFOVEE
YKL MSSMARFHPDYKL LIENL{iL NEAENEAVSYMNF SSRIREGINAAHPAYVDAI TQVGGFAMNARDBTDI [BKEVYVNHGAESFOVEE
YKL VESMASFHEDYKLLINEL (L NEABNEAVSUIMF SIRRSEGTIEAAHPAYVDAL TQVGGFAMNANDTD! [S8EVEVNHG/ISFOVEE

YKL VSSMARFINPDYIYL LML\ NEAENEARSEYpF SRESSEGTEAAHPARVDA TOVRGFAVNANDNYD! [EK(@\YVNHG/BSF

VEPLKEKE Y\ YEKMYAOEKGDL VHGDT| VL DGDEVVAFFRGL SL R RSVPREAL RAVL GEAYDKEIRIE
VEGEKSYE VYV YEKMINOEKGOVHGDT | VL DGDEVVAFFRGL SL R RSVPREAL RAVL GEAYDKEIRGE
VierLYKexpviEvRMIEDEKGDL VHGDT! VLNGOAWAFFGL SIRISEIES [ORESIVAYRE\ PREEL RV L JOASDKIVAREE
VePLIENSKE Y@V YIIKMEONNENDL VHCOYY VL DGO VAR FRGL L 2 S SVPREAL RYVL RAVNKSRARCE

1348
1348
1309
1321

1433
1433
1392
1406

1518
1518
1477
1491

1603
1603
1562
1576

1673
1673
1647
1646
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Pa- PksA : QEPGAAKGTAAGV- BKKPAARVATAPVKAARVARAPSESK- - - - - PAREGPKAASKWAKADSAN BEAK IRE=eE :
Ds- PksA : QUPGAAKGAVAINEAPIKKMWVERVKAARKKETIRRARAPPEPSK- - - AAPRRAPKPARL KASVPKADPARVBEATK B2 D :
An- St cA : NQQ - - AVKTANRORBAL KOKE- - GSEPTOPHASKVAYERS- - - - ATSETAGKPVVAARDL SREGDDEFKAVSVIEE=22e VMG :
Ap- AfI C : FRTMPSPPPPTTTMPI SPYKPANTQVESQA! RRERTHSHTPPQPKHSPVIRETAGIAPAAKGVGVSNERLBAVVRWESSSCVIE :
R Y Nl | TDDSNFPDMEY DSL SSMVI ISR REDL a1 DL PER L F i DCP TV AL i
>R VN | TDDSNFPDVEYDSL SSMVI IISRL REDL =L DL AL F D TV S L I I
An- St cA - ERIARTINGAR 6 PR Eaias il A=y Sl Beany K TL L SESAVSVNNDKDEL EPGQEAETAAPEQLDLRI
NSV Ao | TDDSNFADVERDSL SSMI [eSREREDLleL DLIEPEFEL FIDQITVRA [ F VG e e R R PP EE PP
GXDSL (ACP dormmai n)

Name organism Protein | Genbank No.

Pa-PksA P. arachidicola PksA

Ds-PksA D. septosporum PksA AAZ95017

Ap-AfiC A. parasiticus AfIC AAS66004

An-StcA A. nidulans StcA AAAB81586

Appendix V Alignment of Pa-PksA with other PKSA proteins. The black lines indicate the core regions of the KS, AT and ACP domains.

1752
1755
1723
1731

1804
1810
1808
1793
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Appendix VI Nucleotide and amino acid sequence of Pa-cypA

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

MAGETLYXKWTIMDTTAGAPTLPF
atggcgggagagctttacaagtggatcatggacaccactgetggtgetecattgecatte
S L ALVVGAFTULYNTIUWVS
tcgetggegettgttgteggtgectttattctgtataacattgtttecgtgagtggaage

I T T T A Y F S
cgaccaggtgttgggaacgtcgetaacagatattgcagatcatcacgacagecatacttet
pLSATPGPWYAKT LTDATRTLTY
ctcecgetcagegegattececggacegtggtacgegaagttgacagacgetecggttgacgt
S VF A GNURTY Y VDSILUHRTIEKYGTP
actcggtcttcgetggtaatcgtatctattatgtecgattcattacaccgcaagtatggece
MmVvRTGPIKEVDVADZPAAARTEYV
ctatggtgecgtatcggtccaaaggaggtcgatgtggecagatccageggetgecacgagagg
HRkRMCGTVFTI KAPFYURTLILSUPGTP
tccatcggatgggcacagtgttcaccaaagegeegttectaccgtetgetgteteeeggte
vVDNTITFNTFRDA QIKI KHSAQQRTRI KTLY
cagttgacaacatcttcaacttccgecgaccagaagaagcacagecagegecgecaagetgt
AXK GFTLVELIZ RIRNWEGTTINR QT
acgccaagggcttcactcttgtcgagectgagaagaaactgggaaggecacgatcaaccaga
I R M AV EKMIEKEZEAGNGNTELM
cgatccgcatggecgtggagaagatgaaggaagaggegggecaatggecaacaccgaactceca
GWWTTLMANEVV CRILTTFNGTGH
tggggtggtggacactgatggccaacgaggtegtgtgeecgectgacgttcaacgggggee
G TVEZ KSGTI KDZ®PZFVLMILETZ KT RZKSG
acggaactgtcgagaagggcatcaaggatccattcgtecctcatgetggagaageggaagg
DL AHLLI KMFVPPLYYVGRYVL
gcgatcttgecacatctecctgaaaatgtttgtecctectetetactacgteggecgtgtge
G RVNTRMNDTIZFYSQEIKMTFQA
tcggaagggtcaacacgecgcatgaacgacatcttctactcgecaggagaagatgttcecagg
G AGVYVKSARQDI KEAGETFNA QN
cgggggctggtgtggtgaagagegeccgtcaggataaagaggetggagagttcaaccaga
L FAKALGQEG GETGDAATTLTDTD
acctgttcgccaaggegetgcaggagggegaaggegatgetgegactetgactgacacgg
I T TDDAGALTLTILAGSTDUPTATIS L
acatcatcacggacgctggtgetcectgttgetggegggetetgaccegacggecatetegt
T™ 6 L T YL VLSURPETLZG QT GQTLEEE
tgacgttcttgatctatctcgtcctgagcagaccggagetccagacgecagetggaggagsg
v ASITDGEVTDTACETGTLPL MN
aagtcgcatccatcgatggagaggtgactgacacggcatgtgaaggectgeecgetcatga
AAv I DESMRLYGAAPGTCTLPRS
acgccgtcatcgacgagagcatgeggetgtacggtgetgeececeeggetgtettectegga
pPPAGGAKTLGGY Y TITPAGTV VD
gtccgeeggegggaggggecaagettggeggetactacatececgegggeaccgtggteg
T QNY TLHTDAVTWZ KD ARG QT

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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1261
1321

1381

1441

1501

1561

1621

acacgcagaactatacgctacacactgacgctgtcacgtggaaggacgegcaaacgtgag
tcacatgtgtcctgtctgtttttgecaggtgtttgecaggagttgtgtecgagatgttgtget
FDHTU RUEFILUPENTR RITL
gacgtgaatatcactgtattccagattcgaccacacgegettecctgeccgaaaaccgatt
AF SERQKMAFNPFOGOQGS R QC
ggccttetecgageggecagaagatggecttcaaccegtteggecaaggttecgagacagtg
L 6 T HLGKTLZEMRTL AV AHTFTFRE
tttgggtatccatctgggtaagttggagatgegectegeegtegetecacttetteegega
L R GV TLAZKSATU®PASMTV VDS
actgcggggegtgacgetggecaagteggegacaccecgegageatgaccgtegtegacag
FVAGVPRDI RRZCEVTTILAR
tttcgttgecggegtgeececgggaccgacggtgegaggtgacattageacgg

1320
1380

1440

1500

1560

1620

Appendix VI The ORF and amino acid sequence of Pa-cypA. The red nucleotide sequence indicates the positions

of two introns. The blue amino acid sequences indicates the positions of the J-helix motif, K-helix motif and the

heme binding motif, which were identified by alignment of Pa-CypA with other CypA proteins.
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Appendix VII Alignment of Pa-CypA with other CypA proteins

Pa
Ds
Ap-
An
Pa
Ds
Ap-
An
Pa
Ds
Ap-
An
Pa
Ds
Ap-
An

Pa
Ds
Ap-
An

- QypA:
- QypA:
AfFIV:
-StcB:

-QypA:
-QypA:
AflLV:
-StcB:

-QypA:
-QypA:
AflLV:
-StcB:

-QypA:
-QypA:
AflLV:
-StcB:

-QypA:
-QypA:
AflLV:
-StcB:

NAGEL YW MDTTAGARIEFSHALNVG: - - - - - PElLYN-------- | V&I | uTAYFSPLEA PGPWARL TIRERLINISVFAENR! [
NaceL vkw MDATAGATIEFSEALYAA. - - - - - BFVLYN-- - - - --- | &1 | uTAYFSPLERI PGPVYARL TRERL INSVFAENR! |
MTNTAPRELI RAI EHVEETWAFLANGG - - - - - BWvs-------- 2 [ MeTAYFSPLRN PCPWARL TRIARLINSFANNR K
M sq cNeVi GLVPKKEERGWESVTGHPGAVYCENSI SSGPEATGADVSQAIR NG TiRIKHERE SR 22 SRICL RESVEVEENY

YYVBSLHEKYGRIWR! GPXEVDVADPIAARENHRVIRYFIIKAPEYEL L SPGPVDNI FNFROSKIHSORRKL YAKGETLIVEL RENVER
YY\[BSL HeKYGRIWR! GRXEVDVADPIAARENHRVIRYFIIKAPEY/EL L SPGPVDNI FNFROSKIHSORRKL YAKGETLIVEL RIGVER
YvViesL HeKYGEIVE GREEVOJADPVAAKSRHRVEEERVKAPE YL L SPGPVDNI FNFROZKEHSIRRKL YAKGETLISL HeeER
3Y\/gSLHOKYGPIVRI GPOENDVADAYAERENHRVEEEFIKAPF YIEL L SPGPVDNI FNFROGKEHAVRRKL YASGFTLOSL RNEVEE

€1 (Noyy1 RV EKIK(EEAENGNIEMVOWATL MANEWVCL TENGGHGTViEKGEKDPFVL M. ENREGDL AHL L KIVFYPPL YYWGRYLE
ST1 NNy SV oKWK ARNG R EEVEWAT L MANEIIVCEL TENGGHGTViEKGIKDPFVL M. ENREGDL AHL L KIFIPPL YYWGRYLE
=1 [RNAYARVERNEE S Ao G ERNGANT L MANEIIVANL TENGGHB TVRNGIKDPFVL M. ERRYGDL AHL L{eZFAPPL YYIGRELE
SRl (i VEK e AVIGERVOWTL MANERVCSL THEGIAGRVAKQYKIEPFVL M. ERRYGDL AHL LKEFEPPEY YEGRELE

CRYNIRYAD! FYSQERVHeACNeWEAR K ZAC=ENONL FIAKAL[0SCRIEEsV|L TDTDI | TDAGALLLAGSDPTAI SLTFLI [
CRYNIRYAD! FYSQERVERACNeWWE AR BK=AC=RNONL FIAKAL[0SCRIFEs VNIl TDTDI | TDAGALLLAGSDPTAI SLTFLI [
GV ROV FE SORIVEEACGVVIIARSTZ B Aselvan. FVKALBVACRIESReel INDTIE! | TDAGAL LLAGSDPTARSLT)L |
F\V=R==NeDl FYSOEEVFRACERVVERARTAKNAONERENL FNKAL (S CH—_— LTDTDI | TDAGALLLAGSDPTAI SLTFL/[HE

Al SLT

MEVL SRPEL QIO EZEVASIBGEN TDNACELEL PRYNAVI DESIYRL YGAAPGENPRSPRAGGARL GGYYI PRETVVETONIL HIPLE
MAVL SRPEL JROL EEVASIBGEN TDINCEEL PRYNAY DESIYRL YGAAPGENPRSPRAGGANL GGYYI FEETVVRTONL HiIbeE
LoVLINRANL sl ESEVAEReGHITORACRR! PRENAVI MESERL YGEAPGANPRSPHEBGAIILGYYI FESEVVITOWSL Hessl
oV SRPENARQYEREVAIRSGERTDEACERL PRENAVI DESERL YGAAPGENPRSPASGAYIIGGY I FRRTIVATOWSLOSNCE

EXXR

158
158
158
172

244
244
244
258

328
328
329
337

414
414
415
423
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\aVKDATFDHT Ry PENAWAESERSKIVAFNPF GOGEROCL G HL GNREVRL AVAGFFRERE QWL ARSZTRESMIVVDSFVAGVPE
[IVKZA@TFDHT Rl PEN NS SEIROKIVAFNPF GOGERQCL Gl HL GRREVRLAVARFFREREGVAL ARSZTPESNVZVVDSFVAGVPE
IVKDEETFDHTRUL PeSRERSE IS FNPFGOGZROCL Gl HL GUYe IR AUARFFRECE N A SUTPESMUNIDSFIACTRE
SvisDARTFDHTRYL SNSRI e e BAFNPFQIGEROCL Gl HL GRYENRL AUAYFFREGYCSLIER SV TIBE SMaVV/DSH :

Pa- CypA:
Ds- CypA:
Ap- Af IV :
An-StcB:
Pa- OypA : RORReEVIEEAR @ 511
Ds- OypA : [RORROEVIIVKA @ 511
Ap-Af IV ;. KARRSAIE-- : 508
An-StcB : FORmeAl IlT- : 517
. . Genbank
Name organism Protein
No.
Pa-CypA | P.arachidicola | CypA
Ds-CypA | D. septosporum | CypA | AAZ95016
Ap-AflV | A parasiticus AflV | AAS66022
An-StcB A. nidulans StcB EAA61612

Appendix VII Alignment of Pa-CypA with other CypA proteins. The black lines indicate the positions of J-helix, K-helix and heme binding motifs.

FXXGXXXCXG

500
500
499
507
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Appendix VIII Nucleotide and amino acid sequence of Pa-avfA

61

121

181

241

301

361

421

481

541

601

661

721

781

841

M PTYALVLSGATSGATG GSAVLIRTEC
atgcctacctacgectctactgggggcaacaggagecacaggetcagecagtectgegetge
L L ASPPPDILETLWUHTITLUVRSIZ RTK
ttgctggettcaccacceccecggacctegaacteccacatcecectegtecgetecgagaaccaag
L L KAFPSLANZIKTUDTE CTTRTITIE
ctcctcaaagectteccaagecttgcaaacaaaaccgactgecaccatccgeatcatcgaa
G TS TSTNALQQQCLETDADVATF
ggcacctcaacctccaccaatgecctccaacaatgectegaagatgecgatgtageettt
MmCVADNASTIKTGYVY SLTTTDTVA
atgtgcgtcgeecgataacgectceccaccaaaggegtecteccctcacaacagacaccgtegec
AT LDTULAO QML RIKTLAQASDTYHA AP
gccatactggacactctccaaatgectgecgecaagetgecaagecagegactaccacgegeca
T 1TLQLRSASTLNPI KTLSZ CAQYV PR
acaatcctccagcectccgecagegeatcecgetcaaccceccaagetgagetgecaagteecececege
FvVvyYyNTVSFCLHYNHTLDVV AA
ttcgtctacaatatcgtctecttectgettgecactacaaccacctegacgtegtegeagece
c ELYESAAAKGLULDYTYVDFP
tgtgagctctacgaatcagecgecgecaaaggectectecgactacatctacgtegacccea
pPTTITWHDAFGTNIRTS GHTI KT LTDCN
cccaccatccacgacgecgttcggecacaaaccgecacgggacacaagetgatcgactgeaac
pSVvVvCAKQETALSYADTLGASF
ccttcagtctgecgegaagcaagaaacggecactgagetacgeggatettggegecaagettt
VEIAERTREQFI RN PV GV TAT
gtcgaaatcgccgagaggegggaacaatttecggaatcageectgteggegtgacegecacg
G K AKETWGVLAGYULUFDGA ARG
gggaaagccaaggagacgtggggegtectggeggggtaccttttegacggtgecaagggga
R VRGWMDUDETZ KT KT GNSGNI KTASL
agggtgagaggctggatggatgacgagaagaagggcaatgggaacaagactgegagettg
FLYCGM

tttctctactgtggecatg

Appendix V11l The ORF and amino acid sequence of Pa-avfA. No intron was identified in Pa-avfA.

120

180

240

300

360

420

480

540

600

660

720

780

840

133



Appendix IX Alignment of Pa-AvfA with other oxidase proteins

Pa- Avf A [JETNANRENICNIeTVERCHNAE- PRERHEL H YRERTIMIKAFESEAN - - - - - KTDCTHRE EETRUSTNANQIERER DY : 78
DN N\ Pii Y AL L GATGATGSAL ReL LIASH==pD BEVEL VRS(OKL L EFPL NP TI sPRIHEI eNSioT! AlloeBERRSY : 78
Ap-Af 11 BIRAYA MENEeNe AL ANVIRCE- - - BBNQ HAYARRASINRLREEI SOHR- - - - - - QVKWEG- - SLEDVSLISESI RGTRA : 74
IS RO\ PS Y AL L GATGATGSEYL RAL LNSesSe DL VWYL VRSIEKL LINAFPEL [p==Vaiss =11 [z (=G STIN=BY/L [\ [eDAS I 1

Pa- Avf A : ARYeYRONAR TKevsiT TRIVAR Loiilov RKEeRS- DYHARN LSRN GKASAoYarY YN YSimeUHYNHLB\VVAINSE : 162
Ds- Avf A : ARYeYRoNARNKevSETABIVTA vTiglaov REIHGS- AYNARNH LSRN EKAsdo Yz N YN YSiZelHYSHLE! VKIXeE : 162
Ap-Af 11 VEWYA PONVPHCTI ARCTNEAVLNIEEK- - - [eREGCOSLEKL ] VIS MEDScADNEPL | HRVLNI AAGNLYSBLAKREK : 156
An-StcO: VEYeYANEPMeTTIVONIAMALI EAR- - - - RROAQ PRGELLIVI [EEr ol VAV FYHRWAREIAAGY ABL RS : 165

Pa- Avf A : LNEINAKETION VI e TNRIeHRRIDCNPSVCAK- - - BETARYZ R SFERERREQFRNGP- WeValNTeKA : 243
Ds- Avf A : HIZYRAKETESY VI Mo ePNRITeHRRISCKPDVCDK- - - BETARYZ R G-V ERRSEKEDFL NoP- WeValNTeKA : 243
Ap- Af Il : | LRAEKHW/STTFVKPGG LVEBVORGHTLSTRTAK- - - - TPVS- - - - - - - - - FLEVARGVYERRDVODKTYDMVNYSENA feDG : 227
An-StcO: LE¥N eIV o EaL MAReT oriRe Y REIDT TDVKDKENQREA! JIZNse AVAEIRSEADEL HASG- WeWalNKerY : 249

Pa- Avf A :  KEIRGY e YIFleARERVRAINVDOEKKGNGNKTASHFYCAM - - - - - - - - oo - - - - 286
Ds- Avf A :  KEIRCYINeFIFeAKERARANVEEERPMSE- - KPQ\!FIYCVM\/SLAAWLVQYTGTM\IR 301
Ap- Af Il : TAFPWKGVYYVLTIELLFHFFPRTYKYFGDSPVPKPRKDM: - - - - - - - - o oo oo o 266
An-StcO : RANAYIYeFNL HecLleH DYRYGRENVWLGYC LILBGGLLYSI KA- - - - - - - - - - - - . 297
Name organism Protein Genbank No.

Pa-AvfA P. arachidicola AVFA

Ds-AvfA | D. septosporum AvfA AAZ95014

Ap-Afil A. parasiticus Afll AAS66024

An-StcO A. nidulans StcO XP681080

Appendix 1X Alignment of Pa-AvfA with other oxidase proteins. No specific motif was identified in Pa-AvfA.
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Appendix X Nucleotide and amino acid sequence of Pa-epoA
The first matched sequence
M ACYTTTFPANATTLTE KTPTTPSIKV
1 ATGGCCTGCTACACCACATTCCCAGCAAACGCCACGCTCAAACCTACGCCCTCCAAAGTC 60
DI PDSKLQQQLQTIRTLSTPTSG®G
61 GACATCCCAGACTCCAAACTTCAACAGCTTCAAATCCGTCTCTCACCCACCGGGTCCATA 120
121 CCTTACTCTTCCACTCTACAAAAACCCGACTTCAACCAACTGAAGGGTATCCACCCTCCA 180
P TNSNPIEKAGTI QYG IR
181 CGCAGGCGCCGCAGACCCACCAACTCCAACCCAAAGGCCGGAACGCAATATGGCATCCGC 240
R A* LLNAKAQ=*QQTTSTWTPS
241 CGCGCCTAGCTCCTCAACGCCAAAGCACAATGACAAACCACTTCCACCTGGACACCCTCC 300
EAKPRPLATTIRNPSSZKTZ KA ATS
301 GAAGCAAAACCTCGACCGCTAGCCACAATCCGAAATCCCAGTAGTAAAAAGGCCACCAGC 360
S EELKTFHSTAFFSNETEWTTLS
361 AGCGAAGAGCTCAAATTCCACTCCATCGCATTCTTCAGCAACGAGGAATGGACGCTCAGC 420
H* HSPLSFAHTFTLPNTLD
421 CACTAGCATTCCCCCTTAAGCTTCGCACATTTCCTCCCAAACCTCGACTGAGTGTTGGGG 480

The second matched sequence
pCPALSCPMTZ CAATTSDAVAQ
661 TGCCCTGCCCTGCCCTGTCCTGTCCTATGACTTGTGCCGCTACAACGTCGGATGCGGTGC 720
Y RRHESGGHT FAYWER
721 AGTACAGACGGCATGAGAGCGGAGGACATTTTGCATATTGGGAACGGA 768

Appendix X The partial ORF and amino acid sequence of Pa-epoA that predicated fom BLASTX results matched

to three parts of the Ds-epoA amino acid sequence. Three stop codons (Black star) were identified in the first
coding region. There are 228 a.a sequence of Pa-epoA was missing from Pa-epoA compared to Ds-epoA.

Appendix X1 Alignment of Pa-EpoA with Ds-EpoA protein

First matched a.a sequence:

Pa- EpoA : [JAQERIFEANNING raSKYOIPORXMeCEs- - IRESE feaTns : 43
Ds- EpoA : NEaRILESTINIR G SEF TN S seie TleDL xSRI [€3ADVY : 45

Pa- EpoA : - - - EKAeTQZERGA- ILVAS- OrTsTRTPIEARPRPLATI RN : 83
Ds- EpoA : NSSgsTeskelRzovll R BVEDNFSIRTHEKELKKYPQYTV : 90

Pa- EpoA : [RSSKKATESEEL KFESIAFEE- - - NEEWILSH HSELEFAHEEEN : 124
Ds- EpoA : [aVK- - GEEA=TI El [BFIAL EEQRQDARPLAF YHGWESEPFOgHEl : 133

Pa- EpoA : [B- VLG
Ds- EpoA : MBLLTN
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Second matched a.a sequence:

Pa- EpoA :
Ds- EpoA :

EcPAl RN ARG SDAYRYEERESEe I I - 378
EnrvIFEEV S AN VeIRERESee A PRELLED « 385

Thr346 His3"?

Appendix XI Alignment of Pa-EpoA with Ds-EpoA protein. BLASTX results showed that Pa-EpoA matched to

three parts of the Ds-EpoA amino acid sequence. The black arrows indicates the position of active sites
Thr** and His®".

Appendix

61
121
181

241

XI1 Nucleotide and amino acid sequence of Pa-moxA

MAPFLDGHSG QAGTFEAPPGYT
atggcceegttecttgatggecacggecaagetggettegaggecaccaccaggetacaca 60
P T K R H Q R
cccaccaagcgecaccagaggtaatcccttecagecatggaagacgtettecateccaagat 120
NQ QP V DY S TP G S
agccaagactgatctecteccaacaggaaccaacagecagtagactattcaaccccagget 180
T G Y NTPQNTTWNDUPSNR RI KTIR
cgactggctacaacatcccccagaacacaacatggaacgaccccagecaaccgcaagatee 240
VL TTITOGAGTISGI
gcgtgectcacaattggagetggaatttetggaatte

Appendix XII The partial ORF and amino acid sequence of Pa-moxA. The red nucleotide sequence indicates the

position of intron.

Appendix X111 Alignment of Pa-MoxA with other monooxygenase proteins

Pa- MbxA : MAPFLDGHGQAGFEAPPGYTPTKRHQRNQQPVDYSTRGSTAYNEE : 45
Ds- MbxA : MAPFLSAHGESASSSSSSSPTPSRHTRN- QHVDYSTRGSTANEE : 44
Ap-Af I W cememmmee e e et i e e Do
AN-StCW : =---smmmmmmcoa MIVHYVHEGPERQESRYSHE : 20
Pa- MoxA : ONENMNEESNGK LR} - ------------------ : 70
Ds- MoxA : [ONERNAESNGK LRl - ----------------- : 70
Ap-AFIW: ----- M ANEPLEIVIENE TEIREIVAYQ QKQCPNVEHVLYEK : 40
An-Stcw: SHENMENYERLEY EEXerSelIVAYQ QKQCANI EHVWYEK @ 65
Name organism Protein | Genbank No.
Pa-AvfA P. arachidicola MoxA
Ds-AvfA D. septosporum MoxA AAZ95013

Ap-AflwW

A. parasiticus AflW AAS66023

An-StcW

A. nidulans StcwW EAA61592

Appendix XI1I Alignment of Pa-MoxA with other monooxygenase proteins. No specific motif was identified in

Pa-MoxA.
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Appendix

1 gaattcgctcgacagagtctggaccagaagatggegtttgecagtegatgggecgegaag 60

61

121

181

241

301

X1V Nucleotide and amino acid sequence of partial Pa-hexA
EFARQSLDIQEKMATFASRWAAK

g AVFKCLQTQTIZ KGAGAAMEKD

gaggctgtgttcaagtgtectgcagacccagacgaaaggtgetggggetgegatgaaggat 120

I ET VK S ADAPIK

attgagattgtgaagagtgctgatgecgeccaaagtgaaggtacggtgatgtegtttacet 180

C T R A ARK

gtctctgaacgaatgetgacgagtggtagttgcacaatgactgecatecgageggetegea 240

AAGLEDTIQULSTSHGETDT CTLTIAYV

aagccgggttagaggacattcagetgagtatcagtcatggggaggactgtttgattgetg 300

AT G T AE NI RUPARYTL
ttgctattggtatcgetgaaaaccgtccagegaggtacacgttg

344

Appendix XIV The partial ORF and amino acid sequence of Pa-hexA. The red nucleotide sequence indicates the

position of intron. The blue amino acid sequences indicates the position of the ACP domain.

Appendix XV Alignment of Pa-HexA with other HexA proteins

RIS N = AR e SO YA ASRWAAKEAVFKCL OT[OIIKGAGAAMKSI El IR
T & @ SETO YA ASRWAAKEAVFKCL S TOIKGAGAAMK(BI El IR
An-stcd : QSLQGSHRSFRIMIE NNV eRe)lvSRENeN Y SElE]
Ap-af I A : - - DVBEKEARVRAMIERY JNENVEReRe)HS eV =]
AKEAVFKCL

Pa- hexA : NKSADEKC - ---- - - EAARKAGLEDI QLS| SEq=DAlll AVARE
Ds- hexA : [JKSDNEEQG - - - - - - - 0/ (eRKAGLEBI QL S| SEGaDcll AVATGE
An-stcd : JRvQdSESVLHG - DALANMJZCEIDNECE B YeDhe\ VAL :
Ap-afl A : EHGANGAPKVKLRGAAQTING R\ AR Ve AV -
Pa- hexA : | AENRPARYTL : 92
Ds- hexA : | AGNGPAKYTL : 91
An-stcd : VRKWCLWPLAS : 99
Ap-afl A : LMBGAS----- . 94

Name organism Protein | Genbank No.

Pa-HexA | P. arachidicola HexA

Ds-HexA | D. septosporum HexA | ABU23831.1

An-Stc) A. nidulans StclJ AAC49198.1

Ap-AflA A. parasiticus AfIA | AAS66002.1

81
80
88
88

Appendix XV Alignment of Partial Pa-HexA with corresponding regions of other HexA proteins. The black line

indicates the position of the ACP domain.
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Appendix XVI1 Nucleotide and amino acid sequence of Pall

M AP QUL RDUPIRNAKT RTQPMAQ
1 atggcgecccagetgagagatccgagaaacgecaageggacgeagecgatgeaggteagt 60

61 cctcacgcgtgaccttccecttectecctttgacaacaacatcgataccaccacaatgtt 120
v L CLGMSTI RSGT
121 gggtacgatcgttgacagecatgecataggtectetgettgggecatgtetegetecaggaaca 180
ESLCIKALETTLSGTIU®PTYUHGTWRS
181 gaatctttgtgcaaagccctegagattcteggeatecegacttaccatggatggaggteg 240
M ENHIKQSQLWVEAMAOQATIKYEN
241 atggagaaccacaagcagtcgcagetgtgggtagaagegatgecaggecaagtatgagaac 300
K G K VvVw KU REDZFDQTTLGDYS
301 aaaggcaaagtgtggaagagagaggacttcgatcagattcectgggtgattacagegtaagt 360

361 ctcgttccactggacaatcatggecageattacaatacccttectatttcaagggecaacat 420
AACTDV FU&PSAAY PV
421 atctaaccccacctegeccaccaggectgeaccgacttececcteggecgectacceegte 480
ELTEAY&PEAKVILNA QRIEKTLHL
481 gaactcatcgaagcctacccggaageccaaagtaatcctcaaccaacgtaagetccaccte 540
T SHLPFTIT=*xQQSPAGPZFDVWYK
541 acctcccacctecceccttcatetgacaatcccecegeaggeececcttegacgtetggtacaaa 600
S TLNTANALIRESWLYWV L MN
601 tccacactaaacaccgccaacgecctgegegaatectggetetactgggtectecatgaae 660
L DSEARAVYRCWWYTITNDHYF
661 ctcgactccgaageccgegecgtgtacegetgetggtggtacatcaacgatcactactte 720
R HNT RIRNAFDTIYI KTEHAATLVR
721 cgccacaacatccgtcgcaacgectttgacatctacaaagagecatgeecgetttggtecgg 780
G AAKPADASGNTFILEYDUVTAQS®G
781 ggagcggccaaacccgetgatgectetgggaacttettggagtatgatgttacgecaaggg 840
WG PLCAFLGAIKYPDVETFPMSG
841 tgggggccgttgtgtgegtttttgggggecgaaggtgecegatgtggagttecegatggge 900
NV AEEFHIKIRYVEGSMZKZPRTFVR
901 aatgtggcggaggaatttcataagagggtggaggggagtatgaagecgaggtttgtgagg 960
S VR NL V I MV GSVV GLGWYGY
961 agtgtgaggaatttggtgattatggtggggagtgtggtggggttggggtggtatgggtat 1020
VQREAVV AAVREVVRPILILK
1021 gtgcagagggaggetgtggtggeggetgtaagggaggttgtgaggecgttgttgaag 1077

Appendix XVI The ORF and amino acid sequence of Pall. The red nucleotide sequence indicates the positions of

two introns. The green star indicates the stop in the coding region.
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Appendix XVII Alignment of Pall with Ds11

=SN N\ \POL X DPRNAKRT QPMOVL CL GVBRSGTESL CKAL El LGRPTY HEEAS
DY\ A\ POL XDPRNAKRT QPMOVL CL GVBRSGTESL CKAL El L QYPTY HEAS
RN C/\RS\VENHKQSQL WEAMSAKYENKGKIWIREDFDQ L GDYSACT IS0
DM G/\RSVENHKQSQL VWEAMRAKYENKGKEWEREDFDQl L GDYSACT RIS
lstop codon
Pall : DEINGYERETN T HINORKEHETEELPFI - QsPAdRRS : 134
Ds1l : DN ERETNRT T SVAAHSRSTQPVTHTI Higgs : 135
RN\ \ K STLNTANAL RESW. YWL MNL DSEARAVYRCWAYI NDHY F REEENAS
DY\ KSTL NTANAL RESW. YW/L MNL DEEARAVYRCWABI NDHYF RIS

SENEREEN NI RRNAFBI YKEHAAL VRGAAKEADESGNFL EYDVTQOWEPL O NSy Y

DRI RRNAFE| YKEHAAL VRGAA® =AY GNFL EYDVTQGW=PL =i

225

=W GAKLY PDVEFPMGNVAEEFHKRVEGSVKPREVRSVRNL II\;ES : 269

DSE N - | CNKPDVEFPMGNVAEEFHKRVEGSMKPREVRSVRNL VIREVCER

Pa1l : VEREWIENOTTWVANEE VREERY : 297
SRR S\ GL GV GYVOREAVVEAVREIEPL L KERPT:

Appendix XVII Alignment of Pall with Ds1l. The black arrow indicates the position of stop codon in Pall

coding region.

Appendix

61
121
181
241
301
361

421

XVI11 Nucleotide and amino acid sequence of Pal2

Mms L FLLTTIT®PVILETTTAPTR RNAQ
atgtcgctcttectectaacgatcectgtecatectcecgagaccaccaccgeceecgegecaa
L LHQWHZRTIVFYIRGHTITWQGUPTL TS
ctcctgecaccaatggecaccggatcttectaccgegggecacatccagggteegetcecatetee
I vTG6LLYSY AAY QRSLI RGN QA
atcgtaaccggcectcttgtactectacgeecgectaccagegetecgetecgeggecaggeg
WK PFALSAAVTVAMTIPTFTWY
tggaaaccctttgegetcectcageggetgttacggtegegatgateccttttacgtgggtg
FMAGYV NNALVFRAVAVTEEGS®G
tttatggcecggtgtgaataatgegetgttcagggeggtggeggtcacggaggagggtegg
Q G DWIKEAEGLVRSWGAWNAWV
cagggggattggaaggaggcggaggggtiggtgaggagttggggggeatggaatgeggtt
R ALFPLSGAVLGLULSGTT CTZ RILYV
cgagcgttgtttccactttectggggeggttttggggttgettgggacttgtaggttggtyg
vV F

gtgttt

Appendix XVIII The ORF and amino acid sequence of Pal2.

270

60

120

180

240

300

360

420
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Appendix XIX Alignment of Pal2 with other hypothetical proteins

Pal2 § ---eemmmemmmemeeaoaa VELELLTI PVL ETT TP CREe)
DS12 | --mmmmmmmmmmeeeeooaas VELELLTI PVL ETTTIYPE CRERAS)
Af12 : MPQNASVI | TQATAVI TGSFLSGLMYAIswWORIMICHALIQASe : 45
Y MNLEL L T1 PNEET Tz P R
Pa12 : [WIHeIHRER RS JdeaLls! IR SRS ReQalikfzFA : 65
Ds12 : [MINGIHRSYRER! ezt lls! ANEHRSYZRYQRSQREAATIKGEFA : 65
Af12 ;. MloFTELYD [EBkvMESLAV TN TRSSTRTTIEGSGLEH 90
Ac12 : [V SRR SRR AIA Vike AN AZWAKY SVIEEPTIHHWY 65
Pa12 : LSMAVINVAN EERMVEYAC/NNIMERAVEVTIEEE- GOGOWKEAEG @ 109
Ds12 : VSEAVINAY ERNIVEVANINSEEAMVAVTEKE- GEGWREAQG @ 109
Af12 ;1 AT SVERR VIRPTINVMEE VHANPAAA: - - - NLABVRR : 131
Ao12 : VAGVTINSIVEVIRIMEINATN TR HAEDOHEKEGVE! SLESVR : 110
RN \/25\\EINAVRAL FPLEGAVL GL LG IO RAYIY - E . 142
Ds12 : [ RcAVART S AV ReRISTlek VSF- - - - - - - - - - - - 142
Af12 ;- IivREAQHGESEERIMeSYRENRQ LRE- - - - - - - -~ - - - - - 161
Aol2 : MGKMDV\LETMACSMI\CI\EGVCG\/RSANVKSSGHGHACP 155

Name organism Protein Genbank No.

Pal2 P. arachidicola Pal2

Ds12 D. septosporum Ds12 AUB23833.1

Af12 A. fumigatus hypothetical protein XP751386

Ao012 A. oryzae hypothetical protein XP001821512

Appendix XIX Alignment of Pal2 with other hypothetical proteins. For Ds12, only the amino acid sequence from

125 to 266 was used for alignment.

Appendix XX Nucleotide and amino acid sequence of Pa-vbsA

MmALSTILILSAAAMPVAGTLTFAL

1 atggcgctcagecactctectetecgeggeggegatgeeegtegetggeetttttgetett 60

AQPSTSTFFDQTIAVLGSMLNT

61 gcacagccgtegacctetttetttgatcagattgetgtectgggetegatgetcaatact 120

PSVGGTYDAQAAQYDGRTIAGQGR

121 cccagegtgggecacatacgacgecacaggeggegeagtacgatggtegtateccaaggeegt 180

bLLSSHFGPTIOGWPHAQQST FDYYV

181 gacttgctcagectcacactteggeccgattggetggecteatcagagetttgactatgte 240

I v¢666TAGLAMAKT RLSETGTES®G

241 attgttggeggtggtacagecaggtttggecatggecaagagattgtetgagggagaggge 300

NSVALTITEAGGT FYEVDAGNAT
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301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

aactcggtcgctctcattgaggetggtggtttctatgaggtggatgetgggaatgetace
EVPMYLFNYZFFDNGYMZ KNPL
gaggtgccgatgtacctcttcaattacttcttecgacaatggetacatgaagaaccecgetg
FDWYQYTEUPQE
ttcgactggtaccagtacaccgaaccacaagaggtcaggatccgacgacctacttaatge
G L HNZREMFYMAGQGHK
ttccagtgectgacacagacagggtctccacaatcgtgaaatgttctacatgecagggecaag
T L ¢GGSTARGAMTELYWHZRGSKGA
acgctcggaggcagcactgetecgtggegetatgetgtaccaccgtggetecgaagggegece
Y Q KWADGQQVGDDSYTWEZKWTLP
taccagaagtgggcagaccaagtcggtgatgactcgtacacctgggagaagtggetgeca
HFQRGTI KT FSGPNTNPRPANA
catttccagaggggcatcaaattctctggtccaaacaccaaccegegecctgegaacgec
T AVNDDTAWSATS GG G?PVHVAY
acggctgtcaacgatgacacggegtggtctgecaaccggtggteccagteccacgttgegtat
pYLTNATSSWVDI KATLUDATFGTF
ccatacctcaccaacgccatctettecctgggtcgacaaggetectegatgeatttggette
T NVEGFSNGVLLS GZ K SYTTHT
accaatgtcgagggtttctccaacggegtgettetecggecaagtegtacattacccacacce
I NPFTURURRETASSSYULZREATL
attaacccattcactcgeccgecgtgagactgettectecatectacctecgtgaggeacte
VESNNLNTITYTRTILAZKTEKVLFTD
gtcgagagcaacaacctcaacatctacatccgecaccectegecaagaaggtectettegac
ENKKANAVEVQTDG GTFIZ KWZKTIE
gagaacaagaaggccaacgccgtcgaagtccagaccgacggettcaagtggaagategag
AAK K EVILSAGEFMRSUPAQLTILMYV
gccaagaaggaagtcatcctcectecgecagggttcatgegeteececcaactectecatggte
S ¢ I G P K GGDSUREARNPIR RZPVRTP
agcggcecattggecccaaaggagactctegagaagetegaaateeccegtectgtecgaccee
AQ ASAQNLAQDTTTITULGPTNPI
gceccaggegteggeccaaaacctccaagacaccatcatecteggeccaaccaacccaatce
R VESHSAQLILSGSGI KDTT LUZPZRSTTD
cgggtcgaatcccactceccaactecteggeggaaaggacacceteecccegetecattgat
DYNNUHRAGLILTNPGAQDTFFATF
gactataacaaccaccgecgeceggectecttaccaacccaggecaagacttettegeettt
EXKHAKEGPGSULSQKTAADTITD
gagaagcacgccaaggaaggacctggetecgetectecccagaagacggecageggacategac
ANFPADWPTYSZ FTITALDTIDTFYV
gccaacttcccagecgactggecgacctactetttecategeectegacgatactttegte
PQFNGKNYFSMSAALMTTF S
ccacagttcaacggaaagaactatttttccatgtccgecgetetcatgacgactttcage
R GYVSTITNSTDTTLDNPTITVDPK
cgtggctacgtcagtatcaacagcactgataccctecgataaccctategttgaccccaaa
WL SDPIRDIRETLAVYVAAFIRZ RTCTR RNAQ

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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1621

1681

1741

1801

1861

1921

1981

tggctctecgatccaagggatcgagagttggetgttgeggegttecgtegttgecagacaa
F T QHEVLQDVIDSGEZETLTLUPGHK
ttcacgcagcatgaggtgctccaggatgtcattgatggecgaagaactectgecgggtaag
K'Yy Q TDEZEVLGYTITAETSDAYY
aagtaccagaccgacgaagaagttctgggectacattgeccgagacgagtgatgegtactac
AAGV GTAAMGI K KDDPQAVL DS
gceggagteggtactgecgecatgggecaagaaggatgacceccaggetgtettggacteg
K ARVLGVEGLI RVVDASS ST FPTF
aaggcgagagtgctgggtgtggagggtttgagagttgttgatgegtecttecatteecgtte
AT DGQP M GTVY ALAETZ KTAATD
gcgattgatgggcagectatgggecactgtttatgetetggcagagaagatecgetgeegat
I L A GN

attctggctggtaac

1680

1740

1800

1860

1920

1980

Appendix XX The ORF and amino acid sequence of Pa-vbsA. The red nucleotide sequence indicated the position

of intron. The blue amino acid sequences indicated the position of the heme-binding domain and N-glycosylation

sites
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Appendix XXI Alignment of Pa-VbsA with other VbsA proteins

Pa-
Ds -
An-
Ap-

Pa-
Ds -
An-
Ap-

Pa-

An-

Pa-

An-

VbsA
VbsA
StcN

Afl K :

VbsA
VbsA
StcN :
AflI K :

VbsA
- VbsA
StcN :
-AfI K

VbsA
- VbsA
StcN :
- Af I K

- - WAL STLESANMEY AleL (AL AQPSTSFEDQ AVLGEMNTPSVAIYEAJNYs Ve rRe oSN zer! ENzHoSas :
- - BALsT! I AAVENAELFAFAQQSSAFFDQ PVLGEMLNSP- VAIYBAJNRe YR e e A G acr\ ez HOSR®
- - WPAveLBvL S ENVEVRRGQTTF- - - - - - - - - FSEPVETL FGTAAEQHER AR R N e\ {EWCR TR
MGRNVFQUTAMIVVENME! MIAVNPT- - 1 LS- - SAASEL PSL GAVFISBOFASEYREREeA IS FeMeNECoSae

YVI VGGGTAGLAVARRL SEleZeNSVATll EAGGEYEIDAGNATEVPMYL FNYFFDNGIYKNPL FDWYQYTEPQ=GLIENREMEE
YVI VGGGTAGL AVARRL SE[EZeNSVAT EAGGFYEDAGNATEVPMYL FNYFFDNGUYKNPL FDWYQYTEPQEGLIENREME
YVI VGGGTAGLAVARR SEIRESNSVAYI EAGGFYEIZAGNATEVPMGL FNYFFDNCERNKNPL FDW QY TES QN No
YVI VGGGTAGLAVARRL SerellasVAY EAGGFYEIDAGNATEVPMYL FNYFFDNCIIKNPL FDW QY THPQEGLIIGREME

GXGXXG NA

.
FYMOGKTL GGSTARGAM. YHRGSKGAY WAV GDDSY TVIEKW PR Rl F SGRRTNPRPANAT AYNDRUATAICEE
F YMOGKTL GGSTARGAML YHRGSKGAY CIWADEVGDDSY TVEKW PR CelF SGPRTNPRPANAT AYNDRAIASCRE
--------------------- (GskaAYCIWADRVGDDS YTViEW PEFGENer SCRETNPRPANAT ASNDIEAZIAFE
F YMOGKTL GGSTARGAML YHRGSKGAYIRIMADRVCDDSYVIEKWL PHF S SCRETNPRPANAT ARNDNIAZIAS R

NAT
S CPVHVAYPYL TNAI SSWDKALDAEGFIINMEGF SNQYL L GXSYI THTI NPETRRRETASSSYLREALIESNNLNI V{IREE
S CPVHVAYPYL TNAI SSWDKAL[BEEGFRNNOGF SNQYL L GXSYI THTI NPETRRRETASSSYLREALIVESNNLNI MRS
S2GP\SVAYPYLTNAI SSWDKALSNYGFEEAOGF SNGSL L GESYI THTI [FPRTRRRBTASYISYLGIIAL BISNS! NYRIGHE
P/ HViE Y PEOINAI SSWOEALIMYGFESA0GESNGNL L GESYI THTI NPTRRRETASSSYLREALIVESNNL NI (ZIREE

78
77
69
76

158
157
147
156

237
236
206
235

315
314
286
313
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Pa- VbsA :
Ds- VbsA :
An- St cN :
Ap- AfI K :

Pa- VbsA :
Ds- VbsA :
An- St cN :
Ap- AfI K :

Pa- VbsA :
Ds- VbsA :
An- St cN :
Ap- AfI K :

Pa- VbsA :
Ds- VbsA :
An- St cN :
Ap- AfI K :

Pa- VbsA
Ds- VbsA
An- St cN
Ap- Af | K

AL AEKI AADI TAGNIRIEY
AL AEKI AADI TAGNIRIY Y4
AL AEKNAADI [JAGNEEEHIS
;S EWREQ : 643

Name organism Protein | Genbank No.
Pa-VbsA P. arachidicola Pa-VbsA
Ds-VbsA D. septosporum Ds-VbsA | ABO72541.2
An-StcN A. nidulans StcN EAA61600
Ap-AflIK A. parasiticus AfIK AAS66012.1

TLAKKVL FDENKIANAVEVOT DGRV [EAKKEVI LSAGEVRSPQLLMYSG GPKIERSIREMAN RV YOI T ONE oD T [HEI1
TLIAKKVL FDENKIRANAV =V TDGHIWAI [EAKKEVI LSAGVVRSPQLLMVSG GPKEIEIL ENL b1 PVESDREGVGONVODTIREETE!
TLYKKIRFDEEKE AleV VN TIEGF= W81 [EAKKEVI L SAGVMVRSPQLLIMVSGRGPREEIIL ENL b1 PVESDNEGVGONMODT RIS
TLYEVL FOReNE AfeVIIVIN TDGEEVe! [EARKEVI LSAGVVRSPQLLMVSG GPKEIREL EeL el PVESDESGVGONVCDTIRIEIY:

| 1 LGPTNPIEVESHSQLBCEKBTL PRSI (08 YNNZRAGL L TNPGODEFAFEKHANZEPGEL SOATAADI DARFPADVWPTHSERIRRE
| 1 LGPTNPIEVESHSQL MGeKBTL PRSI [BBYNNERIGL L TNPGODEFAFEKHAZZEPGSL SNETAADI DANFPADVPTN(SIRIENE
| 1 LGPTNAVAVESHSQLINGEKIETL PRSI MEYNNSRUGL L TNPGODNMFAFEKHO 2RI SETAADI DIAF PADVPT S IR
|1 LGPTWPRVESHSOLIYANKETL PRAI X2 YNERIGL L TNPGODNFAFEKHJORIPGYL NESTAAD! DAZFPBDVPTIZSIHIELE

51 AL DDTFVPQRNGKNYFSVBAAL M TFSRGYVEI NSTOTIDNPI VDPRW EDPROZEIAVAAFRRCReZ (0 EYICYI JHIEET
=1 AL DDTFVPQENGKNYFSVBAAL M TFSRGQYVE! NSTDTIDNPI VDPRW EDPROSENVAVAAFRRCRe (e ERECHY| JHINEER
| ALDDTFVPQUSGKNYFSVEAALIATFSRGIMVI NITINTADNAYVDPEW [BDPRONEMAVAAFRRCRERVASEIIY V| IEPP:
(| AL DDTFVPQYBGKNYFSNVBAAL MTaFSRAIMII NSNDTENEPI VDPeW ADPROSEVAVAAFRRCRERVASRVIVAE\ (VIS

DGEEL L PGRAYQTDEENL €Y1 AETSDAYYAGVGT/ZAVGKIDDRGAVL DSKARVL GVEGL RVVDASEFPFAI DGOPVGTVYJRIGEE
DGEEL L PGRAYQTDBEYL €Y1 AETSDAYYAGVGT/ZAVGKIDDRRAVL DSKARVL GV8GL RVVDASEFPFAI DGOPVGTVYJIIGEE
DGRFL L PG=EYQTDEENL NYI AETSDAYYAGVGTAVGKEDDRAVL DSKARVEGVIGL RVVDASAFPFAI DGOPVETVY RGP,
faGREL PCeYOTDEENLIYI AETSDAYYAGVGTIRAVGEADDPRAVIDSKARVL GVIGL RIVDASIFPFAI DGOPVGTV YRR

Appendix XXI Alignment of Pa-VbsA with
other VbsA proteins. The black lines indicate

the positions of flavin binding domain and

two possible positions for N-glycosylation.
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Appendix XXI11I Nucleotide and amino acid sequence of partial Pa-dotA
M S ADNTFRLDG GI KV ALVTSGS GR
1 atgtctgecgacaactteccgectegacggecaaggtegeecttgtecactggatetggacge 60

G 1 GAATATEVFGIKT RS GANVV VN

61 ggtatcggtgecgecatecgecattgaatttggecaagegtggtgcaaatgtegtegtgaae 120
Y S RAVDEANI KVV ETTTIANGEGT

121 tactcgcgagectgtagacgaggecaacaaggtegttgagacaatcattgegaacggaace 180
K AT ATI KADVGETEZ QV A KMMD

181 aaggctattgctatcaaggecgatgttggtgagatcgaacaggttgegaagatgatggae 240
Q AVEHFGQLDTIUVSSNAGTLVS

241 caggctgttgagcactttggtcaactcgatattgtetegtegaatgetggtettgtttea 300
F GH L KDV TGD

301 ttcgggcacttgaaggatgtcactggtgatgtatgecttgacctetteteategaaagag 360

E F
361 ttcgtgectgaccatgagctaataggaatte

Appendix XXII The partial ORF and amino acid sequence of Pa-dotA. The red nucleotide sequences indicate the

position of intron. The blue amino acid sequences indicate the position of the adenine nucleotide binding motif.

Appendix XXI111 Alignment of Pa-DotA with other ketoreductase proteins

SER DN Y STADNERL DGKVAL VT GEGRG GAAI ANSECIRGANVVVNY ST NEY
> BN Y SV DNERL DGKVAL VT GEGRG! GAAI AEL CRRGANVVVNY ST NEEY
VRS SV V= SEDNYRL DGKVALVTGAGRG. GAAL AVAL CORGATVVVNY/ANSIEIIFIS
VSNSRIV = D\ERL DGKVALVTGAGRG GAAI AVAL GERGARVVVNY/ESIRE!

GX3 GX
SER D NEAVn = ANK\VER [IANGTAI Al RADVGENE@VAKIVDOAVEHF CloL IEEETY
> RO NEAVAYS AN\ VER IANGTRAI Al RADVGERD@VAKISIVDOAVEHF CoL IEEELY
An-stcU :  REABERNDERKSRAGTISHJNeNenroAY i oo =azel : 90
RSNV I = A=KV VES] [WANGTBAI Al [SADVGEZEINIAKEVASIVEHE QYL IR

VWD VSSNAGRVSFGHL KDVTIEDEF SRR bV
>R D WD VSSNAGRVSFGHL KDVTIEDEF SRR bV
An-StcU : DIEEXe e rb=s- - - - : 113
JSNARY D! \/SSNAGHEVSFGHLKDVTZEEFD Y Nk

Name Organism Protein Protein | Genbank No.
Pa-DotA P. arachidicola DotA
Ds-DotA D. septosporum DotA AALS87045
An-StcU A. nidulans StcU | AAC49205.1
Ap-AflM A. parasiticus AfIM AAS660141

Appendix XV Alignment of partial Pa-DotA with corresponding regions of other ketoreductase proteins. The black
line indicates the position of the adenine nucleotide binding motif.
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Appendix XXI1V Nucleotide and amino acid sequence of Pa-dotB
MY s SSAALVLTT CLASTAVAYTP
1 atgtactcctectgecagecactegttttgacctgectggeatecacggecagtggeatateca
ALDQULATS STIDY QK Y Q K EE KR
61 gccttggaccagettgegacatccatcgactatcagaagtatcagaaggaagagaagege
Q T L GGFDAASQI KV S TTGDHAW
121 cagactctcggettecgacgetgettetcagaaggtcageacgacaggegatcatgeetgg
Q AP GPNDFRGPCPGLNSMMAN
181 caggcaccaggaccgaacgactttcgeggaccatgeccaggactgaacagecatggegaac
HGYTITPRNGYTSNTAQV I AAMEK
241 catggatatatcccacgcaatgggtacacttcaaacacgcaagtgattgetgecatgaag
DV FNITSPETFS GSGFI LTTITLGSAM
301 gatgttttcaacatctctccecgagtttggtggettectgacaattettggeteggecatg
¢ 6DGLGFSTGGPPPASTELTLPA
361 ggcggegatggteteggettttecattggtggaccteceecageategettttgecggea
T G LV GRPQGMSNTHNIR RTEFESD
421 actggtcttgtecggtagaccacagggtatgagtaacacccacaaccgettecgaaagegac
Q S I TRDDULYQTS GNAVYVTTLNMN
481 cagagcataacgcgcgacgacctgtaccagactggecaacgetgtaactttgaacatgaac
L F K DLLNSZ®PTLU®PRSGWYDTT DUVL
541 ctcttcaaggatcttttgaacagtccactgccaagaggttggtacgacategatgtgete
G NHQVKRFQYSKANNPYFFK
601 ggaaatcatcaagtgaagaggttccaatactccaaggcaaacaacccatatttcttcaag
G L NTAFTPEATSALUVAYLFS
661 ggtctcaacacggetttcatcceccgaagegacttecageactegtegeatacctettetee
NHTAETCPTS G CLDAAGTLIKSFY
721 aaccacaccgccgaatgcccaactggatgtcectegacgetgetggectcaagagettetac
G VvVTGGSGSNILI KYT®PGTET RTPTD
781 ggcgttaccggetecegggtegaacttgaagtacactccaggaaccgagegeattecegac
NWYKYPTGYGVANVFADMMVT
841 aattggtacaaatatccaataggctatggecgtcgecaacgttttegeggacatggtceaca
vy SKYSNQAAFGGNTG GT VNS
901 gtgtattccaagtattccaatcaagccgegtttggeggecaacaccgggactgtcaacage
FVGGLDVSNTTGGAYNTATTLTL
961 ttcgtcggettggacgtectecgaacattactggaggegegtacaacacggegactettetg
Q G NNLGCFLZ FLSGMA®EQFTFMPDTL
1021 caaggcaacaatctcgggtgcttettgttecttggeatgecagtttttcatgectgatttg
I TQ ¢GG6GVLGDVAGVVSDTILTGS
1081 atcacacaaggtggtgtcctgggegatgtggeaggegttgtgtecgatttgacaggaage
I T SMmLAPTLNCPZEXKTILSSTDI K S A
1141 attacctcgatgctggecaccgetcaattgteccaagttgtegageattgataagageget
F ST YPGWNNGT RPRK
1201 ttctccatctatcccggetggaacaatggecagacctaggaaa
Appendix XXIV The ORF and amino acid sequence of Pa-dotB.
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Appendix XXV Alignment of Pa- DotB W|th other oxidase proteins

Pa- Dot B :
Ds- Dot B :
Af - Dot B :
An-StcC :

Pa- Dot B :
Ds- Dot B :
Af - Dot B :
An-StcC :

Pa- Dot B :
Ds- Dot B :
Af - Dot B :
An-StcC :

Pa- Dot B :
Ds- Dot B :
Af - Dot B :
An- St cC :

Pa- Dot B :
Ds- Dot B :
Af - Dot B :
An- St cC :

Pa- Dot B :
Ds- Dot B :
Af - Dot B :
An- St cC :

Appendix XXIV Black line indicates the heme-binding domain. An-StcC A.nidulans StcC AAC49193.1

YSSAAL STRVAYEA- - - - - LDQLATS!I DYQKYQK| KRQTL NSQKVST- - <<= - - == - -
HFFSAl YETARASTIAVAYZA- - - - - LEQAASSAEFKEYQKGE ASQ VST---=-----=--
KATI SL IL B ORMEGSARNNCPVAAL KKGED LGKRF ISLTKPI DVGGGENGAERAT
------ KSIQ\IIVCGLVP------------------------ TFFL GSV‘AAELDF---------------

YANHGY! PRNG @IS AYKDYENI EPEFGGH| IISANGC: ----GEEPPPAS---lLPAT@] e :

oy NHGYI PRNGA Aq [| NI EPDFGGH el - - - ePPSAS—-- AL TA
NANHAY! PREQYA GVGVDLATI vwre LVP eRDPGVNNL NNL
e AINSIANHGE! NENCEN TVNEV]]P'M HLEEELATI A LSADBPA- -« == - -~ S - mmem e--

WSETEMHISECEI UCK]AVMNLIKDLIESPLPF{]YEI [BVL GNHOVKITEQYEKANN YIFFKEL NIAFEPEA
FSD@SNTRDDLY®TG SSLP VLGNHA Y@.%@}:EA :

oeLI | OSSN TRDDL Y TGN TFS BL MAERAK GE RN :
FNLB]L[E =HRASL LIZKBFNL Ce IDQ:’TLDE SYFDGK | BLNDAAAARYAR RE LYQDQQLI TSYG :
=| GLEVANVF %Y :
YEVAYEVANVF :
TlaL eLVQFN HPE :

RGP NBFSV\RCAPQRSSLACRSTSMRLQ "RPLTRCHG :

- AYL HTAE 3 T[eCRDAAGL K QJERI
- TYL EACCEDATNLK
FPARF ‘SE aEEVIETKEI VR G
SN

I:_I'I KYFRTMDP KTSAEFVRI LFTEERL PURKC{:AREKRSV

L DVSNI
€l DVANI

VNLAD
€l PSA_PRTTRVSVREl SLSLS RRRPFRFVBDRHLSE- - - - ------------- - - - s mmm e e e oo - -
AFS| YPGANNCRERK- - - - - - - . 414 Name | Organism Protein | Protein | Genbank No.
AFAI YPGAN RK """" r 414 Pa-DotB | P. arachidicola | Pa-DotB

Ds-DotB | D. septosporum | Ds-DotB | AAL87046
Af-DotB A fumigatus Af-DotB | EDP50907

GRPLWDAI KDDFFGAMKSGGAL : 443

T SGNNL([€CFL H= FMgDLI TQGEVLGDVAGVWSDLT gKLSSI DKS :
Al SCGNNL[ECFLF FMgDLI SNGeVI GDVSG/VSSLTGT TSL gKLSAE DKK :
=GNNLCFUF ASEN- - ALAEL YKTLAVPLDLVNRI FAFKDMVOMG
[BDRHL :

270

399
399
421
311

147


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=19386934&dopt=GenPept&RID=BBWP9PAS015&log$=protalign&blast_rank=71

Appendix XXV Nucleotide and amino acid sequence of Pa-dotC

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

M S QDHTIKAETDTLSEZ KEZ®QHS P S
atgtctcaagaccatactaaagcggaggatctgtccgagaaggagcagecattcgectteg
R SDSGSQHDVVANTAETETES S
aggagtgatagtgggagtcagcatgatgttgttgeccaatacggeggaggaggagagttcet
bDbDbMGALDG G KU®PIKSULTITIATIUVMTIA
gatgatatgggagcgcttgacggcaagccaaagagecttaattgegatecgttatgattgeg
L S
ctatcggtgagtcctctecgtcaatactctaggggatgatggeggeatgetgacacatteg
L AVFLSALDTTTIUVTVATLPA
tagctagcagtcttcecttgtcagegettgacacgaccatcecgtcactgtggecactcccageg
I A EHFHSTASYTWVGS A YL L
atcgccgaacacttccactcgaccgecatcgtatacctgggttggatceccgeatacctacte
ANAASTU®PTIWSOGKT LADTITFGTR RIKP
gccaatgecgcatcgacaccaatctggggcaagetggecgacatetteggacgecaagect
M LLAANALV FMTIGS STU LTIZ CGTL S I
atgctccttgeecgecaaacgecacttttcatgatcggateectcatttgtggtetgtegata
NV GGMLVTARATIAQGAAGG GG GTLL
aatgtcggcatgecttgtcaccgeccgtgecattcaaggtgecgecaggeggtggtttgttg
T LvopDTTTITSGDULU FSILIRTIRGTYL
acgctggtcgatacgatcattggegatctgttctegttgaggaccagaggaacatacctg
G MI GGV WATIACALGZPTITIGSGA
ggcatgattggtggtgtctgggecattgettgtgetttgggtectataattggtggtget
F TS GV TWRW
ttcacatctggagtgacctggagatggtgagtcgtatgaacatcggttttttagagaatce
Cc F YINZLW®PTIDGTIATF
agattgctgatacgecgggcaggtgtttectacatcaacctgeecgatecgacggeategegtt
F I I L FFLKULIKTU®PZEKT®PILTIEGTF
cttcatcatccttttetttttgaagcttaagactcccaagacgectctaatcgaaggett
K A IDWAGS SV FZFVSITTANSTRIL
caaggccatcgactgggectggecagettectttgtgagtattaccgcaaacagtaccagget
R TLTMLOGQTITITSGSOGTT LTLVFTULZFGTLQ
tcggacactgactatgttgcagatcatcggeggecactttgttgttectectteggecteca
Y 6 ¢GQTF©PWDSATVICLTLVFG
atacggcggccagacattcccatgggattctgegactgtcatetgectgttggtetttgg
I v¢cvviIiFGFVEWIKVAKYPITII
catcgtctgtgtcgtcatcttecggettegtcgagtggaaggtecgecaaatatectateat
pPLRLZPFI KYI RNNCGALTULVATFTFH
cccgettegactgttcaagtaccgcaacaactgeggtgetettetggtggeecttetteca
S L VFISAFYYULUPILYZFAQAVKSG
ctcattagtctttatctcggecgttctactacctaccactatacttccaggecgtcaaggg
AS P ILAGVYTITTLPAVLMTTGUVS
agcatccccaatcttggetggtgtgtacatcctgecagetgtgettatgacgggtgtecag
AAAATGAFTIOGNTSGNYTU LTIU®PMYF
cgctgecagctaccggagectttatcggaaacacaggcaactacctcatcccaatgtactt
GMTTMVLGYGLT LTINTFW®QASSG
tggaatgaccacgatggtgctcggatatggecttttgatcaacttccaggecagetetgg
wWAKLTTYQULTLVGTIGNGTPNFQ
ctgggcgaagctcattatctaccagettcttgttggtatecggecaatgggeccaactteca
AP LV ALQTI KTIZE KOGQSDTIATGT A
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1441 ggctecgttggttgegetecagaccaagatcaagecaaagegatattgetactggeactge 1500
T FNFVRNTIATAVSVVV GQ VYV

1501 cacattcaacttcgtccgcaacatcgecactgeagtcagtgtagtegteggecaagtegt 1560
Y ANQL S GMI KNI RLIQQLGS A AG

1561 ctatgcgaatcagctcagecggecatgaagaaccgtecttcaacagetaggttcagetgeagg 1620
L I ASGDAGANVEMMTIUGQDTLUPRTD

1621 acttatcgcctectggagatgecggagecaacgtggagatgatccaagatectteccaggga 1680
Q RS TITARSATIADALSPMWIMY

1681 ccaaagatcgattgctcggtcagecattgeggatgetetetegeegatgtggatcatgta 1740
T AFAAAGLTITTCTIULIZLVSKTETLT

1741 taccgcctttgecgeagecaggtctaatttgeatectectggtcagecaaaactgaactcac 1800
T THEVTEVGLEAQZ KT RAEATER

1801 caccacgcacgaggtgacggaggttggtctcgaagegcaaaagagggctgaagetgageg 1860
K A EQ ERKDVEIKANZK S

1861 caaagctgagcaggagaggaaggatgttgagaaggcgaataagtece

Appendix XXVI The ORF and amino acid sequence of Pa-dotC. The red nucleotide sequence indicated the
positions of introns. The blue amino acid sequences indicated the position of the adenine nucleotide binding motif.
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Appendix XXVII Alignment of Pa-DotC with other MFS transporter proteins

Pa-DotC MSQDHTKAEDLIEKEQHIPSRSDIGSQHDVVANTAIEESSMGELDGKPKILIAIVM ----- TTE .A I I EQAE
Ds-DotC MSEDHTKADNLEEKDPHSPERSDESSHEDAHAREESE - SSEDGLDGKPASL IATVM{IA IS 1GLQN AV
AP-AFIT  — e e e e -ML IBEAREASSH ISGMKLY L[JVEE---LL
Ds28  —---- MNSTNSEAEVLKSTNDESELARY GVHLEGNEVHWNE]BASDHPRNWRPSTKYYSAIV S---WHEELYMTGISSAG
Pa-DotC N STPI DIFGRKPML AINAL[ZM I GLSIN VT‘RAIQG‘AGG TLVDTI
Ds-DotC ASTPI D 1(FelzlPMLEL ANAL[ZMI ALSIN B 1 TAZYN [[GANGGEL LyL VDT I
Ap-AFIT c FQLLY YALWVFVLCIE GVAPSSVV (WeRAIRG GSS IFGALVT AHIVP AKEPV/
Ds28 QTVGGIFLAPISET|ZERRT 1Y I 1ATSMECVFSVLITAAVPSYAGVYVGRWFELE 1AA I PAYVAFGNF QEMEDARME 1 GGVFGYTMSGF
Pa-DotC [SAIINIDEIAFFI KLKTPKTPLIEGFKAIDW SFFVSITA-NE TRLRTL MLQI GGTLLF
Ds-DotC CFYINLPID LAFGI FF KLKTPKTPILEGFAAIDW SFFVCIRR- Y STASRLUESQIUGGTLMFEFGXe)Y(elell TF
Ap-AFIT GEVTAVV[]LIFLER I PKSADLRTH---—--- G-AWEMLKG---LDPLGTIV[§TPS ———ICVLL‘LQ elevDY
Ds28 AISAIASAISVVLSYGVKESDAGQLLQAKVKA I SEETERTDLTAGAGSEQDFS IKEAR----~ N--DLLRPL--IFLTTEPIVLFEAILCAIAFGLLYELTAGLT
Pa-DotC AKYPII[ELRLFKYFNNCGALL HSLVF 1 SAFRIL FQ VKGASEIL/NEVY I LPAYEV GVS
Ds-DotC  ARFPI I[ZLRLFQY[ZNNCGALL HSFVFTSAF\A4L O] \VKGATZI LIXeVY I LPA s GVS
Ap-AFIT  KDKATV[gIKVASQRSVACISVFV[gg1 GASMFVM I Q‘IRNQS QM€ IDSIALI ANTAG ||s AVTNK|
Ds28 VAYTDPPFSNTFNEVSSSLSFI‘ILIGILLDVIPRFYDDHLYRKCHKN ------- NIRIYPELK IRSFALACPLFAI
Pa-DotC IYQLI TKIKQSDHETGT‘TFN RNIATAVSVVVG VYANQ SGMKNR[E)
Ds-DotC IYQLI PL L TKIKQSD ATERATENRYRNIATAISVWAG VLYQNQ KKMTST Q
Ap-AFIT GFLF VOAVLPMAQVP 1 gL IWRYOMLGGALFTSVAGN I FSTHRAENLANNOL P DPEA VGAG”TGFRQLVQPEYMD
Ds28 TTDFSYV L= YVTDSYGEYAAS VSALSTTRT[HAAVFPLFAYQMFSGLGTNIAATILAAVATLFAFTPILF KYGH RHKSKTAGIDEDCLEEENSHLELDEKCTD :
Pa-DotC DALSPMWIMYTAFAAAEL I CILLVEKTELTTTHEVTEVGLEAQKRAEAERKAEQERKDVEKANKS : 598
Ds-DotC DALSPMWIMYTAFAAAELFCHILLVE KTELTTTHEVTEVGLEAQKKAEAERKAERQAKDLEKAQKS 1 602
Ap-AFIT LDVFQVALICSCLSI LEAVGLEWREVKQNR === === = - e e 1 514:
Ds28 SEGTATDDAY === = = — — e e e e e - 1 526
Name | Organism Protein| Protein | Genbank No.
Pa-DotC| P. arachidicola DotC
Ds-DotC| D. septosporum DotC AALB7047
Ap-AflT| A.parasiticus AflIT | ABS57485.1
Ds-28 [ D. septosporum AAS66020.1]

Appendix XXVII Alignment of Pa-DotC with other MFS transporter proteins

TDE[FHR-LNDIG[[YAS

CrSOAGTOAR BRER
!MI Eggge

REEYHMIRILAHFAFV MG : 100

PILIGGAFTEIE

ARG P(MEGGAF TI\I=
GLSMERVYAAY 1JERCG{IIH

FOSYHEQTFP

MLIPMYFGMTT
LIPMYFGMSM
APWFIVSSV I

@“IIEI

LWIFAWTVPPKVTTVPWPVSMIGLI CIEFR :

SAAG|MIASGDRGAN VEMIQDLPRD
PAAS(HJAAGDAGAN TQAINALPTP

: 102
: 106

66

: 210
214
1 174
- 208

- 317
VFGV CIVL{ZELVEWKF :
FVLFGULLI

321

- 268
: 307

: 425
1 429
: 376

408

: 533
: 537
: 484

516
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Appendix XXVI11 Nucleotide and amino acid sequence of Pa-dotD
Mm s TTTTAPAPTTU®PSI KPS HPA
1 atgtccaccacaaccacagcaccagcacccacaacgccctccaaaccatcgeatcecagece
L ATDTITU FS?PPTT FDEZ KU QWI KR RATL
61 ctggcaacggacatcttctecccteccaaccttegacgaaaaacaatggaaacgegeectt
I AADHALI K KEZ KSALU CRTSCP
121 atcgcagcagaccacgccctcaaaaaggaaaagtcagecctetgeagaacctectgecca
T T SSHPPATSVLLAGQGNPTRTA
181 acgacctcatcccacccgecagecaacatcegtgetectecaaggaaaccetegeacegece
AARNLT FLUFPDGSOGSAASYTA QL
241 gccagaaacctcttectettteccgacggetecggttecageageatectacacccaacte
s LI SSDLAVYGLNCPYTLIKTST®P
301 tcgctcatctcttecgatetggeagtetacggectcaattgeccttacctecaaatecaccee
EDWIKOCGPAQETLT®PILZ FTSETA QTR
361 gaagactggaaatgcggtccccaagagttaacaccgetgttcatatecgagatecagege
RQASGPYYTOGGYSTSGSGTITAATF
421 cgccaggettecggaccctattatateggeggetactecaccggeggaategecagegtte
DAAQALDIRMAERVERTELTTLTTD
481 gacgccgecacaagegetggatagaatggeggagagagtegagaggttgattetecategac
AP CPTHTAOQIRILUPSGRTLMMETYTLKSG
541 gcgecectgteccaatccacatccagegettacctggaagattaatggagtacctgaaagga
VHAFNSIRGRAPPIR RTCVFEHFE
601 gtccacgecttcaattcececgeggecgegeaccaccacgetgtgtettegaacatttegaa
ANTEKNILAGQEKYRPRPCEAYZREF?P
661 gcgaataccaagaacctccagaaataccgaccaaggecttgegaageatatecgegageeg
S THTTYARHGV CESTILETZETGVTP
721 tcaacacacattatctatgcccggecatggagtcectgegagagtcttgaagagggegteeeg
Q M ETFEDTDZPI K EMAQWTIMCATRTR
781 cagatggaaatctttgaggacgatccgaaagagatgcagtggattatgtgtgegaggaga
DF GPMGWEZ KT LTLNDETDTITHYVQYV
841 gattttggtccgatggggtgggagaagttattgaatgatgaggatattcatgtgcaggtt
VEAANUHZFTMMEKSGEAAGRTILAG
901 gtggaggecggegaatcattttacgatgatgaagggggaggetgegggaaggttggeaggg
C T ERATG
961 tgtattgagagggcgattgga

Appendix XXVIII The ORF and amino acid sequence of Pa-dotD.
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Appendix XXIX Alignment of Pa-DotD with Ds-DotD and C-terminal of Pks proteins

Pa-
Ds -
An-
Ap-
Pa-
Ds -
An-
Ap-
Pa-
Ds -
An-
Ap-
Pa-
Ds -
An-
Ap-

Pa-

An-

Pa-

An-

Pa-

An-

Dot D
Dot D
StcA :
Al C:

Dot D
Dot D
StcA :
Al C :

Dot D
Dot D
StcA :
Al C :

Dot D
Dot D
StcA :
Al C :

Dot D
-DotD :
StcA :
-AfIC

Dot D
-DotD :
StcA :
-AfIC

MSTTTTAPAPTTPSKPSHEALATDI FSPPTFDEKQAKRAL| AART
MBAAVTSAASI GVPKAPHREALNMDI - - - PALDEKQVKRALI AART
- LGVBLDSSFNLFEEVPTVARL QEFFGT TSGSTTGSSGSGSSEBE :
------------------ [RG NPET- - - - DWBSSASDS| FASERS

ALKKEKSAL CRTSCPT- - TSSHPEAIRYL MeeNzRTRARNNELFE
DSKKKLKRSRSSQSP- - - - STHPRAIRYL MeeNERBTKNEELFE
TDS| PSTPEAYTTADTR- VPECRE TIENVeeL FovAkQ MEM.E :

GHSSESGADTGSPPAL DLKPYCRESIENMESEL EMARKTIEM E

ReE A TSI s Y ey KSEEDWKeGPREL TPL :
pesle BN THETLI SRELIY NN RSEQDVWEGFEDLTPL :
RedeRSNL 11 PRLHABVE VIERNERNARDEENVNE THESM QS
RedehFNASIPR KSETEVVERNCNARTEENVNE THGAM ES

& SEIRReAE I [EevErice ARFDARJNIDRVAERYEREIL
FISE! [BRROPE GPWIIGRIUGAREAFAACAL NEGER (=31 | I
FONEI [\RROPIEGPYRBGGYSSCENaATHAEALIIVAGNEVESL | [
FONE! [FRROPGPYRBGGYSSGANZARNAEALIINOGEEVESL | |

GXSXGG
AR H QREEGRL ML KGVHAENSR: - - - - - - GRAEROVE
IESECE! H QREESRLVOYL KRVHABNSR: - - - - - - GRPEAWE -
Y% EvMEKIETSF YEYCNNL GLESNQPEGTTDETACEEPYL!
TR EQAVEQERAR YEHCNSI GLEATQPGASPDGSTERESYLI

EEEERANT KNL ks PRECEINVRER STHEIVARHAYCESL EEGVPQ
EEEEANT TNL ks PREFERYKERRTHEIVARQY CESFERGVPQ
PEEATVDVM. DN VARL KTNEMEKVARIMASETIVDEDNAP- - -
PEETEVWDVM. DKL AlRL HAREMEKVAIMARADTIVDERDRP- - -

VEl FEDDPRENOW McARREReaMENEKL LNDEDI HVQWEARYE
VEl L EEDPRENKW McAR e [€NEKLLNEEE! FVEI VEEAN®
------ KMEAYHFW QKR BRe s DEDVVCPGAVEDI LRAZENNE
------ KMEAIHFM QR TE[RERDENDTI MPGASFDI VRADIERYE
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83
88
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133
128
133
113

178
173
178
158

216
211
223
203

261
256
265
245

306
301
304
284
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Pa- Dot D : [gTMIKGEAAGRLAGAIERAI G : 327
Ds- Dot D : [gGVIRGDAAERLAGAIRAVA : 322
An-StcA @ LR ------------------ : 306
Ap- Afl C : [ETLMOkEHVSI | sDLIDEVMA : 305
Name organism Protein Genbank No.
Pa-DotD P. arachidicola Pa-DotD
Ds-DotD D. septosporum Pa-DotD AALS87048.1
An-StcA A. nidulans StcA AAA81586
Ap-AfIC A. parasiticus AfIC AASG6004

Appendix XXI1X Alignment of Pa-DotD with Ds-DotD and C-terminal of Pks proteins. The black line indicates the

position of thioesterase domain in Pa-DotD

Appendix XXX Nucleotide and amino acid sequence of partial Pa-mfs
T GHSVVLAYLTILTFRQFGGTTLTF

1 gactggtcacagtgtggttctggecatacctcatectatteccagtteggeggeactetett 60

61 catccggaccaagectggegegggagaacaagaaacgeagaaatggegageaagatecattt 120

121 gctcgatgggaagacggaagatgagattgtagttgetggtgataagaggectgacttecat 180

I R T KLARENIKZ KT RRNGET QDHL

L DGKTEDE

Y T L

181 gtacactctc

I v v AGDZKXKI RPDTFM

Appendix XXX Nucleotide and amino acid sequence of partial Pa-mfs.

Appendix XXXI Alignment of Pa-Mfs with other Mfs proteins

Pa-Ms : TEISVINN MEegEe Tl RTKEARENEGRNEEREL L DEKT
XS SR PGHGT VL AYL VL FEFGGSYROYL L L RRENRKRL NGERDHWYQGL D
ARSI PGHGT VL AYL VL FOF GGSLITOYL L L REENRKRLIZEGBRDHVEOGL D
Pa-Ms : EDHjWAS GaeaMall : 63
Ac-Ms : (ECIENRESCEEPERAN : 63
Af-Ms : ;63

Name | Organism Protein | Protein | Genbank No.

Pa-Mfs | P.arachidicola Mfs

Ds-Mfs | D. septosporum Mfs XP001269961

Af-Mfs A. fumigatus Mfs XP749930

Appendix XXXI Alignment of Pa-Mfs with other Mfs proteins
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