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ABSTRACT

3-Hydroxy-3-methylglutaryl Coenzyme A reductase (Hmg) catalyses the conversion of
HMG CoA to mevalonic acid; the first step of the isoprenoid biosynthetic pathway.
This pathway produces a wide variety of primary metabolites which are involved in
many different cellular processes. Neoryphodium endophytes in association with the
grass host are known to produce a range of secondary metabolites including the indole
diterpenoids (eg paxilline and lolitrem) and the ergopeptine alkaloids (eg ergovaline).
Given that these pathways are upregulated in planta the availability of mevalonic acid,
be it from fungal or plant source, will be important in controlling the levels of the
different toxins synthesised. The aim of this work was to clone the fungal endophyte
hmg and characterise the promoter to enable study of its regulation in planta via

reporter gene studies.

Using degenerate primers designed against conserved regions of other img genes a 359
bp fragment was amplified from the Neotyphodium lolii 1solate Lp19, which grows in
perennial ryegrass (Lolium perenne). DNA sequencing confirmed that the sequence
amplified was part of a unique hmg gene. Southern hybridisations suggest that there is
a single copy of hmg in strain Lpl9 (a haploid) but two copies in strain Lpl (an
interspecific hybrid; Schardl er al. 1994). The fragment of N. lolii hmg was used to
screen a AGEM-12 genomic library of Lp19 and four positive overlapping clones were
isolated.

Fragments of one clone, AJD12, were subcloned, sequenced and a physical map of this
region of the genome was constructed. The entire sequence of hmg was determined
using primer walking and was found to encode a 1188 amino acid polypeptide. From
comparison to other Hmg proteins the catalytic domain has been shown to be highly
conserved while the amino-terminal domain, containing transmembrane regions is
divergent with very little sequence similarity near the translation start site and promoter

region.

Using RT-PCR analysis the hmg gene was shown to consist of two open reading frames
separated by a 73 bp intron. RT-PCR was also used to determine the location of the
transcriptional start site and this is supported by the presence of putative CAAT and
TATA consensus sequences. With the promoter region identified and characterised
further analysis of the regulation of hmg in planta can be undertaken.
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Chapter 1

INTRODUCTION

1.1 GRASS ENDOPHYTES

The filamentous fungi of the Ascomycete family Clavicipitaceae (tribe Balansieae)
form symbiotic associations with grasses of the Pooideae subfamily. Epichloé
endophytes are natural agents of biological protection, and infection can be important
for fitness, competitiveness and persistence of their grass hosts under conditions of
biotic or abiotic stress. These symbionts inhabit reproductive and aerial host tissue,
growing as sparsely branched hyphae in intercellular spaces. Nutrients are absorbed by
these organisms from freely available materials (Clay 1990).

1.1.1 Life Cycle

Neotyphodium (formerly Acremonium) endophytes are anamorphic (asexual) forms of
the ascomycetous Epichloé spp. and share many features with them. Epichloé spp. are
the causative agents of "choke" disease of grasses and can be seed transmitted when the
"choke" stage is not exhibited. Chokes are sporogenous stromata produced in
association with host inflorescences, preventing seed production by arresting
development of the florets. At this stage, E. typhina can undergo sexual crosses,
producing ascospores which are, presumably, capable of infecting new host plants.
Following fertilisation of E. typhina stromata by conidia of the opposite mating type,
perithecia develop on this structure and release haploid ascospores when mature. The
ascospores germinate to produce phialides and conidia, which in turn germinate to
produce hyphae and more conidiophores. After the last cycle of this conidiation, the
mycelia are thought to infect the host via the stigmata, leaf stem stomata and/or
ancillary buds. In addition, meristematic tissue must become infected for survival of
the fungus (Siegel and Schardl 1991). It is this spore forming stage which the asexual
endophytes lack. The life cycle of the Neotyphodium endophytes occurs within organs
of the host grass without eliciting any symptoms of disease and the maternal-line
transmission due to seed dissemination of the endophytes is a highly efficient process,
removing the need for spore dissemination (Schardl and An 1993).



Genetic analysis based on isozyme profiles and DNA sequence comparisons supports
the theory of being multiple evolutionary origins of the asexual endophytes from
Epichloé species, and even isolates from the same grass species can show considerable
genetic diversity. Perennial ryegrass is a known host of three species or taxa in the
Epichlo¢ group. The two known taxa of asexual, seed-borne endophytes are
Neotyphodium lolii (Latch et al. 1984) also classified as taxonomic grouping one from
Lolium perenne (LpTG-1) and LpTG-2 (Christensen et al. 1993). LpTG-2 is a
heteroploid derived from an interspecific hybridisation whose most likely ancestors
were N. lolii and E. typhina (Schardl et al. 1994).

Extensively studied grass-endophyte interactions include the tall fescue (Festuca
arundinacea) and perennial ryegrass (Lolium perenne) with the endophytes
Neotyphodium coenophialum and Neotyphodium lolii respectively. These two grass
species are major forage crops in grazing agro-ecosystems, with endophyte infected
ryegrass and tall fescue being widespread in New Zealand and the United States,
respectively. The importance of the endophytes to these grasses has recently led to their

intense investigation.

1:1.2 Biological Benefits of Endophyte/Plant Interaction

Endophytic fungi have dramatic effects on the physiology, ecology and reproductive
biology of host plants. The presence of the endophyte increases drought tolerance and
leads to changes of grass morphology, growth rate and growth yield. The production of
toxic alkaloids enable endophytic fungi to defend their host against mammalian and
insect herbivory, and offers resistance to fungal pathogens and nematodes. This
contributes to the excellent field persistence of these grasses with little metabolic cost to
the plant (Clay 1990).

Endophyte infection alters the host plant physiology, providing greater vegetative
vigour. More inflorescences and seeds are produced and the seeds are able to germinate
more rapidly, with faster growing seedlings. Infected seeds have a higher survival rate
as they contain high concentrations of alkaloids and so are less likely to be eaten.
Endophyte infected tall fescue has been found to maintain a higher productivity than
uninfected plants under drought conditions. This is due to the infected plants
maintaining a higher net photosynthetic rate, as well as having greater stomatal
resistance (Clay 1990).



A number of alkaloids are produced by endophytes within plant tissues and these are
active against insects, fungal pathogens, nematodes and mammals. These include
peramine, ergovaline, lolines and the indole diterpenoids, paxilline and the lolitrems.

The pyrrolizidine alkaloids (N-formyl loline and N-acetyl loline), detected in A.
coenophialum-infected tall fescue, are the most abundant secondary metabolites that
have been identified and the most important bioprotective alkaloids known to be
involved in many grass-endophyte associations. These compounds have been detected
in very high levels in infected plants (> 0.8% plant dry weight) and have been shown in
culture to be fungal metabolites (Wilkensen et al. 1997). The production of these
alkaloids is dependent on the fungal strain (Siegel er al. 1990) and are known to be
potent insecticides. Their contribution to host fitness may be due to their ability to

disrupt physiological processes controlled by biogenic amines (Scott and Schardl 1993).

Peramine, a pyrrolopyrazine alkaloid, is produced by a number of endophytes including
N. lolii, N. coenophialum and E. typhina strains. This is a potent insect feeding
deterrent which 1s thought to be derived from proline and arginine. This alkaloid has
been found to provide resistance to the Argentine stem weevil (Listronotus
bonariensis), a major pest of pastures in New Zealand. While the mechanism by which
this 1s achieved remains unclear, the alkaloid has not been shown to be a mammalian
toxin. Peramine has not been detected in fungal cultures or in uninfected plants, and

therefore may be unique to the mutualistic association (Rowan and Gaynor 1986).

Endophyte infection has also been shown to negatively influence populations of certain
nematodes, thus offering the plant protection against nematode infection (Kimmons et
al. 1990). There are contrasting reports regarding the effects of endophytes on plant
parasitic nematodes but this variation in effect may reflect the relative sensitivities of
different species to the toxins produced. Anti-fungal activity has also been reported in
endophyte infected grasses. Resistance to pathogens has not been widely demonstrated,
however isolation of endophytes which confer resistance to important fungal diseases
would provide significant potential for improving the productivity of perennial ryegrass
pastures (van Heeswijck and McDonald 1992).

A. coenophialum infection of tall fescue produces ergopeptine alkaloids, in particular
ergovaline, which is thought to be responsible for fescue toxicosis. Cattle grazing on
infected tall fescue present a number of symptoms which are clinically identical with
ergot poisoning. This condition is usually observed in summer, with cattle showing a
range of symptoms which include, reduced weight gain, decreased milk production,
lower feed intake, rough hair-coat, excessive salivation, increased respiration and high



temperatures. Fescue foot is another syndrome observed in cattle that have been
feeding on infected tall fescue. This occurs most frequently in winter causing lameness
and dry gangrene of extremities which can, in severe cases, lead to loss of hooves (van
Heeswijck and McDonald 1992). The biochemical mechanisms responsible for these
syndromes are not known, but the ergot alkaloids are known to interact with the o-
adreno and dopamine receptors in the brain, and these compounds have
vascoconstrictive effects. Ergovaline is thought to be composed of a tricyclic peptide
and an ergolene ring, synthesised from the precursors mevalonic acid and tryptophan.
Ergopeptines are found in a number of grass-endophyte interactions, including

perennial ryegrass associations (Christensen er al. 1993).

Cattle grazing on N. lolii infected perennial ryegrass suffer from the neurological
disorder 'ryegrass staggers’. The potent neurotoxin lolitrem A, and other indole
diterpenoid lolitrems, have been isolated from perennial ryegrass (Lolium perenne)
pastures on which this livestock disease occurs. These compounds have been shown to
produce tremors in livestock and therefore may be the causative agents of the disease
(Gallagher er al. 1982; Gallagher er al. 1981). These compounds are tremorgenic
mycotoxins which are thought to bind to the GABA receptor in the brain and inhibit
its function (Gant et al. 1987), thus causing affected animals to display muscle spasms
and a hypersensitivity to external stimuli. Little is known about the biochemical
pathways leading to the synthesis of these compounds, although putative intermediates
paxilline, paspaline and lolitriol have been identified and the outlines of a biosynthetic
pathway suggested (Miles ef al. 1992; Munday-Finch et al. 1996). Paxilline, a known
tremorgen, is thought to be derived from tryptophan and mevalonic acid, and produced
by a series of modifications of geranyl geranyl pyrophosphate. Cultures of N. lolii
produce a reduced amount of lolitrem compared to amounts detected in planta,
suggesting that the host plant may have a role in biosynthesis.

Endophyte concentrations vary throughout the host plant, with higher concentrations of
hyphae and metabolic activity in lower parts. Distribution is also high in the leaf sheath
in comparison to the leaf blade. There are also concentration differences between
leaves of different ages: younger leaves contain lower N. lolii concentrations, perhaps
reflecting the pattern and stage of development of fungal and plant tissue (Herd et al.
1997; Keogh er al. 1996). The distribution of alkaloids also varies throughout the host
plant, with lolitrem B being present in higher concentrations in the leaf sheath than the
blade and in particular, the outer leaf sheath. High lolitrem B concentrations have also
been found in the older leaves, mostly in the upper portion of the leaf sheath, where the
concentration of N. lolii was the highest. This distribution pattern correlates with
livestock grazing patterns, the acquisition of the neurotoxin and development of



ryegrass staggers. Peramine was found in concentrations greater than the 10 ppm
threshold which deters feeding by adult and larval Argentine stem weevil, in all
portions of the grass except the tip of the older blades. As peramine is produced by N.
lolii, it 1s apparent that this fungal metabolite may be mobile within the ryegrass tiller.
Argentine stem weevil have been noted to often feed only on the top portion of ryegrass
leaves, but it is not clear whether this behaviour is affected by the presence of N. lolii
(Keogh et al. 1996).

As the above compounds are not often detected in fungal culture or in endophyte free
grass, it seems likely that molecular interactions occur between the grass host and
endophytic fungus which result in the increased expression of these compounds within
the symbiotic association. Thus these alkaloid production pathways provide an area for
investigation into the symbiotic relationship between grasses and endophytes. The
carbon skeleton for both indole diterpenoids, paxilline and lolitrem B, and the ergot
alkaloid ergovaline, is derived from long chain isoprenoid units which are in turn
derived from mevalonic acid. High level synthesis of these compounds with therefore
be dependant on an abundant supply of mevalonic acid. The synthesis of mevalonic
acid is catalysed by 3-hydroxy-3-methylglutaryl Coenzyme A reductase (Hmg); a key
primary metabolic step in isoprenoid biosynthesis and therefore toxin production

(Figure 1).

1.2 HMG-CoA REDUCTASE

3-Hydroxy-3-methylglutaryl Coenzyme A reductase (Hmg) catalyses the synthesis of
the primary metabolite, mevalonic acid. This is the first step in the isoprenoid
biosynthetic pathway which leads to intermediates that serve key roles in protein
synthesis, protein glycosylation, electron transport, cell cycle control and maintenance
of membrane fluidity.

1.2.1 Structure and Function
Eukaryotic Hmg is an integral membrane protein of the endoplasmic reticulum (ER). It

is bound to the ER via an amino-terminal membrane domain which contains a number
(1-8) of hydrophobic regions or potential membrane spanning domains. A linker region



Figure 1 Biosynthesis of lolitrem B from acetyl CoA.

The isoprenoid biosynthetic pathway produces essential primary metabolites which act as
precursors for synthesis of secondary metabolites, not essential for basic function of the
organism. Hmg converts Hmg CoA to mevalonate, a precursor for the diverse range of
secondary metabolites produced via this pathway. The pathway for production of
lolitrem B from geranyl geranyl pyrophosphate has not been elucidated, except for the
two metabolites, paspaline and paxilline.
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separates this domain from the carboxy-terminal domain, which contains the
hydrophilic catalytic site which projects into the cytoplasm (Basson ef al. 1988; Liscum
et al. 1985). Mammalian Hmg is encoded by a single gene, resulting in a single
glycoprotein localised to the ER. In contrast, plants possess two or more isozymes of
Hmg and these are encoded by small gene families. The activity of these enzymes is

associated with plastid, mitochondrial and ER membranes.

The amino-terminal domain shows a low level of sequence similarity between
phylogenetic kingdoms. This membrane situated domain 1s complex and appears to
consist of 7 or 8 transmembrane domains in yeast, animals and fungi (Basson ef al.
1988; Croxen et al. 1994; Liscum et al. 1985; Roitelman et al. 1992) in comparison
with two domains in plants (Denbow et al. 1996; Enjuto er al. 1994). Despite the lack
of sequence conservation between organisms, this domain mediates important
regulatory controls such as the stability of the protein (Gil er al. 1985; Kumagai et al.
1995).

In comparison, the amino acid sequence of the catalytic domain is conserved across
eukaryotes, archaebacteria and eubacteria, suggesting it is under strong selective
pressure (Lum et al. 1996). This domain catalyses the conversion of HMG CoA to
mevalonate, the first committed step of the isoprenoid biosynthetic pathway. The
crystal structure of Hmg from Pseudomonas mevalonii has been determined, showing
Hmg to be a tightly bound dimer that brings together at the subunit interface the
conserved residues implicated in substrate binding and catalysis. Regions have been
identified that might be involved in the binding of Hmg-CoA as well as the reduced and
oxidised forms of NAD(P) (Lawrence et al. 1995). A number of specific amino acid
residues within the conserved catalytic domain are known to be required for catalysis
and production of mevalonate; these include histidine, aspartate and glutamate residues
(Bischoff and Rodwell 1997; Darnay et al. 1992; Frimpong and Rodwell 1994).
Mevalonate provides a five-carbon building block for the synthesis of a wide and
diverse range of products produced via this pathway (Goldstein and Brown 1990).
Many essential primary metabolites are produced as well as secondary metabolites

which are not essential for the functioning of the organism.
1.2.2 Fungal Hmg

The complete hmg gene has been isolated and characterised from the fungi Gibberella
fujikuroi (Woitek et al. 1997) and Ustilago maydis (Croxen et al. 1994). G. fujikuroi is
a rice pathogen which produces high levels of gibberellins, a family of diterpenoid plant
hormones, while U. maydis is a pathogenic basidiomycete which induces tumours in



maize. The gene has also been studied in the yeasts Schizosaccharomyces pombe (Lum

et al. 1996) and Saccharomyces cerevisiae (Basson et al. 1986).

G. fujikuroi contains only one hmg gene, encoding a predicted protein of 976 amino
acids. This 1s somewhat smaller than other fungal Hmg polypeptides and Woitek et al.
(1997) determined this to be due to a shortened N-terminal domain. This truncated
domain has been determined to still contain seven putative transmembrane regions by
the Kyte and Doolittle (1982) method. The G. fujikuroi hmg gene consists of a 2928 bp
open reading frame which 1s interrupted by a putative 47 bp long intron. U. maydis
appears to contain two structural genes encoding Hmg. Only one of these has been
1solated and sequenced, and this was found to encode a 1165 amino acid polypeptide
(Senstag et al. 1990). The N-terminal domain in U. maydis has been shown to contain
eight putative hydrophobic domains, as determined by the Kyte and Doolittle (1982)
method. Although, of these eight, only seven of these have been recognised as possible
transmembrane regions. The U. maydis sequence does not possess any intronic regions
and the position and presence of introns does not appear to be conserved throughout
eukaryotes. The catalytic domain of Hmg from another plant pathogenic fungus,
Sphaceloma manihoticola has also been isolated and sequenced. It has been determined
that this fungus also contains only one hmg gene (Woitek et al. 1997).

S. pombe hmg encodes a predicted protein of 1053 amino acids and is considered to be
intron free, as no intron consensus sequences have been located within the open reading
frame. It is also predicted to contain eight transmembrane domains. S. cerevisiae has
been found to possess two Hmg isozymes, each encoded by genes with single
continuous open reading frames, 1054 amino acids for HMG1 and 1045 amino acids for
HMG2.

Each of the Hmgs contain the recognised catalytically important histidine, aspartate and
glutamate amino acid residues (Bischoff and Rodwell 1997; Darnay et al. 1992;
Frimpong and Rodwell 1994) as well as the residues implicated in substrate binding
(Lawrence et al. 1995). Of importance with respect to the regulation of Hmg activity is
a serine located 6 residues downstream from the catalytically important histidine. This
residue is present in each of the fungal Hmgs cloned to date and is known to be
phosphorylated by an AMP-activated protein kinase, resulting in a loss of catalytic
activity. The yeast Hmg peptides lack this regulatory serine residue and are therefore
not regulated by phosphorylation at this position.
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1.2.3 Regulation

The compounds and enzymes of primary metabolism have essential roles in the survival
of an organism. Intermediates of primary metabolic pathways often supply precursors
of secondary metabolism, which give rise to compounds whose function is not essential.
Therefore factors that influence primary metabolism will have some effect on secondary
metabolism (Drew and Demain 1977). Primary metabolism is controlled by a number
of mechanisms, including substrate induction, feedback repression and inhibition,
catabolite repression and inhibition, and ATP regulation. In each case, regulation is a
dynamic process dependent on the local concentration of effector molecules (Drew and
Demain 1977).

1.23.1 Regulation of Hme

In higher eukaryotes Hmg is considered to be the key regulatory enzyme of the
isoprenoid biosynthetic pathway and as it is a typical housekeeping gene it 1s usually
transcriptionally active. In mammals, Hmg activity can be regulated by feedback
inhibition of steady state levels of Hmg mRNA, as well as at the molecular level to
control the activity of the enzyme. This occurs by a coordinate modulation of synthesis
of the protein when the pathway flux is low and degradation when the level of the
pathway products are high. Regulation is therefore dependent on the concentration of
an end-product. For regulation at both levels, two products of the terpenoid pathway
are necessary: a sterol (low density lipoprotein) and a non-sterol product whose
structural identity is yet to be determined. The amino-terminal anchor has been found
to be necessary and sufficient to mediate the regulated degradation of Hmg in the
endoplasmic reticulum (Hampton et al. 1996; Stermer et al. 1994).

Hmg activity is also regulated by processes independent of the mevalonate pathway
such as reversible phosphorylation. Enzyme activity is down-modulated due to
phosphorylation by an AMP-activated protein kinase, which has no effect on the
stability of the enzyme but instead alters the kinetics of the enzyme (Hampton et al.
1996; Stermer et al. 1994). Phosphorylation occurs at a serine located 6 residues from
the catalytic histidine, a spacing that is conserved in the hmg of most eukaryotes
(Friesen and Rodwell 1997).

In plants, the number of genes encoding Hmg varies, depending on the species.
Differential expression of the multiple Amg genes could play an important role in the
regulation of enzyme activity. These hmg genes are also under a number of

developmental and environmental regulatory mechanisms unique to plants, such as



L

light, phytohormones, pathogen attack, wounding, feedback mechanisms and
endogenous protein factors. Much of the isoprenoid biosynthesis in plants is localised
in specific compartments within a cell, which allows for the independent regulation of
parallel pathways that produce different end products (Stermer et al. 1994).

Regulation of Hmg activity in turn determines mevalonate production and thus the

amount of end-products produced.

1.3 AIMS AND BACKGROUND OF THIS STUDY

Although filamentous fungal endophytes confer many beneficial properties onto their
host, perennial ryegrass, the production of animal toxins is agriculturally undesirable for
livestock. Genetic strategies are therefore being undertaken to manipulate fungal
endophytes and their hosts for agricultural benefit. Mevalonic acid is a precursor of
both paxilline and ergovaline and synthesis of this compound by Hmg is considered an
important regulatory step. Therefore, disruption of the paxilline pathway could increase
the pool of mevalonic acid available for ergovaline synthesis, due to continued
expression of hmg. It is also possible that in the symbiotic association, the endophyte
draws on mevalonic acid produced by the plant, and so does not use its own enzyme at
all. This may still lead to an increased pool of mevalonic acid within the endophyte
even if Hmg is tightly regulated. It is therefore important to understand how this gene
is regulated in planta. The aim of this project was to clone the hmg gene from the
haploid Neotyphodium isolate Lp19 (LpTG-1) (Christensen et al. 1993) and to identify
the upstream regulatory region of this gene. The availability of these sequences will

allow hmg expression to be determined in planta using a gus reporter gene construct.
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Chapter 2

MATERIALS AND METHODS

2.1 FUNGAL AND BACTERIAL STRAINS, 2 CLONES AND
PLASMIDS

Fungal and bacterial strains, A clones and plasmids used in this study are listed in Table
I8

2.2 GROWTH OF CULTURES

Neotyphodium cultures were grown at 22°C on potato dextrose agar (Section 2.3.2).

These plate cultures were sealed with parafilm and stored at 4°C.

For the growth of Neotyphodium cultures from which nucleic acid was to be extracted,
250 pl of a solution containing mycelia, homogenised in potato dextrose (PD) broth
(Section 2.3.2), was used to inoculate 125 ml flasks containing 20 ml of PD broth. The
cultures were incubated at 22°C with shaking at 200 rpm for 7-10 days. The mycelia
were harvested by centrifugation at 2,500 g for 10 minutes at 4°C and the pellet washed

twice in MilliQ water. The mycelia were frozen in liquid nitrogen and freeze dried.

Escherichia coli cultures were grown at 37°C in Luria broth (Section 2.3.1) with
shaking at 250 rpm. E. coli cultures were maintained on LB agar plates sealed with
parafilm and stored at 4°C. Antibiotics were supplemented as required at the following
concentrations:

Antibiotic Stock Required at (pg/ml)
Concentration (mg/ml)

Ampicillin 100 100
Tetracycline 10 10
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Table 1 Strains, A clones and plasmids.
Strain, A clone Relevant characteristics Source or reference
or plasmid

Fungal strains
Neotyphodium sp. (=LpTG-2)

Lpl E. typhina-N. lolii hybrid from
Lolium perenne

Neotyphodium sp. (=LpTG-1)

Lpl9 N. lolii from L. perenne
Epichloé typhina (=MP-I)

E8 E. typhina from L. perenne
Penicillium paxilli

PN2013 Single spore purified strain of
PN2012 (Pax* Brs* Hyg®)

Saccharomyces cerevisiae

Bacterial strains

Escherichia coli

KW251 F, supEd4, galT22, metB1, hsdR2,
mcrA [argA81: Tnl0], recD1014,
TetR

XL-1-Blue supE44 hsdR17 recAl endAl gyrA46

thi relAl lac-F' [proAB* lacl9 lacZA
M15 Tn 10 (Tet?)]

A Clones

AGEM-12

AID1 AGEM-12 clone containing hmg
from Lp19

MD7 AGEM-12 clone containing hmg
from Lp19

AD12 AGEM-12 clone containing hmg

from Lp19

Christensen et al. 1993

Christensen et al. 1993

Byrd et al. 1990

Itoh er al. 1994

Promega

Bullock et al. 1987

Promega

This study

This study

This study
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Plasmids
pUC118
pUCIS

pJDI

pJD4

pID6

pID11

pID12

pID16

pID20

pID21

pID35

pID48

p/D124

continued.

AGEM-12 clone containing hmg
from Lp19

3.2 kb Amp’
2.69 kb Amp©

pUCI118 containing a 5.2 kb Sstl
fragment from AJD12

Identical to pJD11 except (-)
orientation

Identical to pJD12 except (-)
orientation

pUC118 containing a 0.6 kb Ssrl
fragment from AJD12

pUC118 containing a 0.8 kb Sst1
fragment from D12

pUC118 containing a 1.8 kb SstI
fragment from AJD12

Identical to pJD1 but (-)
orientation

Identical to pJD48 but (-)
orientation

Identical to pJD16 but (-)
orientation

pUC118 containing a 4.9 kb SszI
fragment from AJD12

pUC18 containing a 6.5 kb BamH]I

fragment from AJD12

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

14
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Saccharomyces cerevisiae cultures were grown overnight at 30°C on YCM agar plates

(Section 2.3.5), sealed with parafilm and stored at 4°C.

2.3 MEDIA

All media was prepared with MilliQ water and sterilised at 121°C for 15 minutes prior
to use. Liquid media was cooled to room temperature before addition of antibiotic(s),
supplements and inoculation. Solid media was cooled to approximately 50°C before

antibiotic addition and pouring. Uninoculated plates were stored at 4°C.
2:3.1 Luria Broth (LB) Medium

LB media (Miller 1972) contained (g/l): sodium chloride, 5; tryptone, 10 and yeast
extract, 5. The pH was adjusted to 7-7.5 with 10 M NaOH prior to autoclaving. For
solid media, agar (Davis) or agarose 15 (BDH) was added to 15 g/l. Where required
media was supplemented with MgS04.7H20 (10 mM), maltose (0.2%), isopropyl-g-D-
galactoside (IPTG) (40 pg/ml) and 5-bromo-4-chloro-3-indoyl-p-D-galactoside in
dimethylformamide (X-gal) (40 pg/ml).

2.3.2 Potato Dextrose Broth (PD) Medium

PD media contained 24 g of Potato Dextrose Broth (Difco) rehydrated in 1 litre of
MilliQ water. The pH was adjusted to 6.5 before autoclaving. Solid media was
prepared by adding 15 g/l agar (Davis).

233 SOC Medium

SOC medium (Dower et al. 1988) contained (g/1): Tryptone, 20; yeast extract, 5; NaCl,
0.6; KCl, 0.2; MgCly, 0.95; MgS04.7H,0, 2.5; and glucose, 3.6.

234 TB Top Agarose

Top agarose contained (g/1): tryptone, 10; NaCl, 5 and agarose 15 (BDH), 8.



16

2.35 YCM Medium

YCM media contained (g/1): Yeast extract, 3; malt extract, 3; peptone, S and glucose,

10. For solid media agar (Davis) was added to 15 g/l.

2.4 SOLUTIONS
24.1 Electrophoresis
2.4.1.1 | x TBE Electrophoresis Buffer contained 89 mM Tris-HCI, 2.5 mM

NaEDTA and 89 mM boric acid, pH 8.3.

24.1.2 10 x TBE Sequencing Buffer contained Tris-HCI, 1.3 M; NaEDTA,
0.25 M and boric acid, 4.4 M. For running sequencing gels this buffer was diluted to 1
x with MilliQ water.

24.1.3 SDS Loading Buffer contained 1% (w/v) sodium dodecyl sulphate
(SDS), 0.02% (w/v) bromophenol blue, 20% (w/v) sucrose and 5 mM NaEDTA (pH
8.0).

24.1.4 Acrylamide Mix contained (g/l): urea, 480; acrylamide 57 and bis-

acrylamide, 3. This mix was made up to 800 ml and deionised with Amberlite MB-3
(Sigma), and filtered through a sintered glass funnel (porosity 1). To this 100 ml of 10
x sequencing TBE buffer (Section 2.4.1.2) was added and the volume made up to 1 litre
with MilliQ water.

24.2 Southern Blotting and Hybridisation

242.1 Southern Blotting Solution 1 contained 0.25 M HCL.

2422 Southern Blotting Solution 2 contained 0.5 M NaOH and 0.5 M NaCl.
2423 Southern Blotting Solution 3 contained 0.5 M Tris-HCI (pH 7.4) and 2
M NaCl.

2424 20 x SSC contained 3 M NaCl and 0.3 M sodium citrate.
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24.2.5 2 x SSC was prepared by a 10-fold dilution of 20 x SSC.

2426 TES (10/1/100) contained 10 mM Tris-HCI, 1 mM NaEDTA and
100 mM NaCl, pH 8.0.

2427 10 x Denhardts (Southern 1975) contained (per litre): 50 ml 1 M
HEPES (BRL), pH 7.0; 150 ml 20 x SSC (Section 2.4.2.3); 6 ml phenol extracted
herring sperm DNA (3 mg/ml, Sigma); 5 ml of 20% (w/v) SDS; 2 g Ficoll (Sigma); 2

ml Escherichia coli transfer RNA (10 mg/ml Sigma); 2 g bovine serum albumin

(Sigma), 2 g polyvinylpyrrolidone (PVP-10, Sigma ).

243 DNA Isolation

2.43.1 SM Buffer contained NaCl, 100 mM; MgS04.7H70, 8 mM and 50 ml
of 1 M Tris-HCI, pH 7.5.

2432 Tris-Phenol (Amersham) was prepared by adding the antioxidant 8-
hydroxyquinone.

2433 TE (10/0.1) contained 10 mM Tris-HCl and 0.1 mM NaEDTA, pH
8.0.

2434 DNase free RNase was prepared from RNaseH (Sigma) at 10 mg/ml

in 10 mM Tris-HCI (pH 7.5) and 15 mM NaCl, heated to 100°C for 15 minutes. The

solution was allowed to cool to room temperature then stored in aliquots at -20°C.

2.4.4 DIG Solutions

244.1 10% Blocking Reagent contained 10% (w/v) blocking reagent
(Boehringer Mannheim) in DIG Buffer 1.

2442 DIG Standard Hybridisation Solution contained 5 x SSC, 0.1% (w/v)
sodium-lauroylsarcosine, 0.02% (w/v) SDS and 1% (v/v) blocking reagent.

2443 DIG Buffer 1 contained 150 mM NaCl and 100 mM maleic acid (pH
7.5).

2444 DIG Buffer 2 contained 1% (v/v) 10% blocking reagent in DIG Buffer

1.
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2445 Anti-digoxigenin-AP Fab Fragments were diluted 1:10,000 in DIG

Buffer 2.

2446 DIG Buffer 3 contained 100 mM Tris-HCI (pH 9.5) and 100 mM

NaCl.

25 DNA ISOLATION

2.5.1 Total DNA Isolation from Fungal Cultures by the Yoder (1988)
Method.

In a pre-cooled mortar and pestle approximately 300 mg of freeze dried mycelium was
ground to a fine powder under liquid nitrogen then resuspended in 6 ml of phenol
(Section 2.4.3.2) and 6 ml of extraction buffer (100 mM LiCl, 10 mM NaEDTA, 10
mM Tris-HCI [pH 7.4], 0.5% [w/v] SDS). The solution was centrifuged at 20,000 g for
15 minutes at 4°C. The aqueous phase was phenol/chloroform extracted (Section 2.6)
and the resulting aqueous phase centrifuged at 24,000 g for 20 minutes. DNA was then
ethanol precipitated (Section 2.7), harvested by spooling, washed with 70% ethanol,
dried and resuspended in 1 ml sterile MilliQ water or TE (Section 2.4.3.3).

252 Total DNA Isolation from Fungal Cultures by the Byrd et al.
(1990) Method.

In a pre-cooled mortar and pestle approximately 0.5 g of freeze dried mycelia was
ground to a fine powder under liquid nitrogen and resuspended in 10 ml of extraction
buffer (150 mM NaEDTA, 50 mM Tris-HC1 [pH 8.0], 1% [w/v] sodium-
lauroylsarcosine and 2 mg/ml proteinase K). The solution was centrifuged at 2,000 g
for 10 minutes (all centrifugations were carried out at 4°C). The supernatant was
incubated at 37°C for 20 minutes then phenol/chloroform extracted (Section 2.6). The
aqueous phase was centrifuged at 24,000 g for 20 minutes, the DNA precipitated with
ice-cold isopropanol (Section 2.7) and resuspended in 1 ml of MilliQ water.

2.5.3 Purification of DNA from Phage A
Phage plated to confluent lysis on LB agarose (Section 2.3.1) were overlayed with 5 ml

of SM buffer (Section 2.4.3.1) and left overnight at 4°C. The resulting lysate was
collected and centrifuged at 4,200 g for 10 minutes (all centrifugations were performed
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at 4°C). DNase and RNase were added to the supernatant at a concentration of 1 pg/ml,
and incubated at 37°C for 30 minutes. After this step, 5 ml of 20% (w/v) PEG 8000 in 2
M NaCl was added and the mixture incubated on ice for 1 hour. The phage were
pelleted by centrifugation at 4,200 g for 30 minutes and the pellet resuspended in 0.5 ml
of SM buffer containing 5 ul of 10% (w/v) SDS and 10 pl of 250 mM NaEDTA (pH
8.0). The mixture was incubated at 68°C for 15 minutes, then vortexed. An equal
volume of phenol (Section 2.4.3.2) was added, the solution vortexed for 10 seconds, left
for 5 minutes then vortexed for another 10 seconds. The aqueous phase was removed
from the phenolic phase and phenol/chloroform extracted (Section 2.6). The DNA was
resuspended in 50 pl MilliQ water containing 4 pg DNase free RNase (Section 2.4.3.4)
and quantitated (Section 2.8.2).

2.54 Plasmid Isolation by the Alkaline Lysis Method

The cells from a 3 ml overnight E. coli culture (Section 2.2) were pelleted by a 3 minute
centrifugation in a microcentrifuge. The supernatant was drained and the pellet
resuspended in 100 pl of a solution containing S0 mM glucose, 25 mM Tris-HCI (pH
8.0) and 10 mM NaEDTA (pH 8.0). To this, 200 pl of a solution containing 0.2 M
sodium hydroxide and 1% (w/v) SDS was added and mixed by rapid inversion several
times. The mixture was stored on ice and 150 pl of potassium acetate solution (29.44 g
potassium acetate and 11.5 ml glacial acetic acid per 100 ml) was added, mixed briefly
by vortexing and incubated on ice for a further 5 minutes. The resulting precipitate was
pelleted by centrifugation in a microcentrifuge for 5 minutes then the supernatant
transferred to a fresh tube and phenol/chloroform extracted (Section 2.6). The DNA
was ethanol precipitated (Section 2.7), resuspended in 50 pl of MilliQ water and
quantitated (Section 2.8.1, 2.8.2). This method is based on that of Sambrook et al.
(1989).

2.5.5 Plasmid Isolation by the Rapid Boil Method

Initially plasmids were isolated by the method of Holmes and Quigley (1981), however
once the alkaline lysis method (Section 2.5.4) was found to give satisfactory yields, this
was used exclusively.

The cells from a 3 ml overnight E. coli culture (Section 2.2) were pelleted by
centrifugation for 3 minutes in a microcentrifuge. The supernatant was drained and the
pellet resuspended in 350 pl of STET buffer (8% [w/v] sucrose, 5% [v/v] Triton X-100,
50 mM NaEDTA [pH 8.0] and 50 mM Tris-HCI [pH 8.0]). Lysozyme (25 pl of a 10
mg/ml solution) was added and the tube placed in a boiling water bath for 40 seconds.
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The solution was centrifuged for 10 minutes in a microcentrifuge and the resulting
gelatinous pellet removed with a sterile toothpick. The DNA was precipitated by the
addition of an equal volume of isopropanol, mixed by inversion and incubated at -20°C
for 10-20 minutes. Plasmid DNA was pelleted by centrifugation for 5 minutes, washed
in 70% ethanol and dried at 37°C. The DNA was resuspended in 50 pl MilliQ water
containing 2 g of DNase free RNase (Section 2.4.3.4) and quantitated (Section 2.8.2).

2.6 EXTRACTION OF DNA BY PHENOL/CHLOROFORM

DNA samples isolated by methods described in Section 2.5 were extracted once with
two volumes of Tris-equilibrated phenol (Section 2.4.3.2) and centrifuged at 12,000 g.
The aqueous phase was extracted with an equal volume of Tris-equilibrated phenol and
chloroform and re-centrifuged. The resulting aqueous phase was then re-extracted with
two volumes of chloroform and the DNA precipitated with either ethanol or isopropanol
as described in Section 2.7. This method is based on that of Sambrook et al. (1989).

2.9 PRECIPITATION OF DNA WITH ETHANOL OR
ISOPROPANOL

One tenth volume of 3 M sodium acetate and either 2.5 volumes of 95% ethanol or 0.6
volumes of isopropanol, were added to the tube containing DNA to be precipitated. The
solution was mixed by inversion and allowed to stand on ice for at least 30 minutes after
which the DNA was pelleted by centrifugation at 12,000 g for 5 minutes. The pellet
was washed once with 70% ethanol and dried before resuspension in MilliQ water or
TE (Section 2.4.3.3) containing 2 pg of DNase free RNase (Section 2.4.3.4). This
method is based on that of Sambrook ez al. (1989).

2.8 DNA QUANTIFICATION

DNA was quantified by two methods, fluorometrically (Section 2.8.1) or by intensity of
ethidium bromide fluorescence (Section 2.8.2).
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2.8.1 Fluorometric Quantitation of DNA

DNA was quantitated on a Hoefer TKO 100 Fluorometer. This requires only 2 pl of a
DNA sample for quantification. DNA was quantitated in a dye solution containing 1 x
TNE (10 mM Tris-HCI, 1 mM Na;EDTA and 100 mM NaCl, pH 7.4) and 0.1 pg/ml
Hoechst 33258. The scale of the fluorometer was zeroed with dye solution until a
steady state was obtained then set to 100 using 2 ul of 100 pg/ml calf thymus DNA
added to 2 ml of the dye solution. Once the scale was set, 2 ul of sample DNA was
added to 2 ml of dye solution giving the concentration of the sample DNA solution in
ng/ul.

2.8.2 Minigel Method for Determination of DNA Concentration

A sample from the DNA solution of interest was examined by electrophoresis through
an agarose gel (Section 2.10) with a series of standard DNA solutions of known
concentration. After the bromophenol blue dye front had migrated at least 2/3 of the
way into the gel the DNA was stained with ethidium bromide and photographed
(Section 2.10). The sample DNA concentration was determined by comparison of its

intensity of fluorescence to that of the known DNA standards.

2.9 RESTRICTION ENDONUCLEASE DIGESTION OF DNA

Restriction endonuclease digests were carried out with the manufacturers buffer
supplied with the enzyme. DNA to be digested was quantitated (Section 2.8) and
following the manufacturers guidelines an excess of enzyme was added to digest the
DNA.

Digestion of plasmid and phage A DNA was performed at 37°C for 1-2 hours and stored
on ice, or at -20°C while an aliquot was checked on an agarose gel (Section 2.10) to
ensure that the digestion had gone to completion. In the event that digestion was
incomplete, fresh enzyme was added and the mixture incubated a further hour. If the
DNA digest had still not reached completion, the stock was further purified by
phenol/chloroform extraction (Section 2.6) and the digest repeated. Once digestion was
complete, the reaction was stopped by the addition of 1/5 volume of SDS loading buffer
(Section 2.4.1.3). Digestion of fungal DNA was the same as that for plasmid and phage
DNA except digestion times were increased to a minimum of 3 hours and a maximum
of overnight incubation.
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2.10 AGAROSE GEL ELECTROPHORESIS OF DNA

Horizontal agarose gel electrophoresis was performed in a Mini-gel apparatus for 1-2
hours or in a Bio-Rad DNA Sub Cell (150 x 200 mm gel bed) overnight. Agarose
concentrations varied from 0.4% to 1% (w/v) in 1 x TBE (Section 2.4.1.1), except for
NuSieve agarose gels that were used at concentrations of 2% and 3% (w/v) in 1 x TBE.
DNA samples (with addition of 1/5 volume of SDS loading buffer, Section 2.4.1.3)
were loaded on the gel and the fragments separated by electrophoresis at 80 V to 120 V
(Mini-gels) or 30 V (Bio-Rad Sub Cell). After electrophoresis, gels were stained in
ethidium bromide (5 pg/pnl) for 5-15 minutes, destained 5-15 minutes in water,
visualised on a UV transilluminator and photographed on Polaroid 667 film or by the

gel documentation system (Alpha Innotech).

DNA fragment sizes were determined, after gel electrophoresis, by measuring the
distance a fragment had migrated from the well. The molecular weight was then
calculated by interpolation from a plot of the distance migrated in the same gel by
suitable size markers, against the logarithm of the molecular weight (kb or bp) of the
size markers, or by the use of the fragment size determination program of the gel

documentation system (Alpha Innotech).

2.11 RECOVERY OF DNA FROM AGAROSE GELS

DNA was recovered from NuSieve agarose gels (2% [w/v] in 1 x TBE electrophoresis
buffer, Section 2.4.1.1) by the Thuring ef al. (1975) phenol-freeze extraction method.

After gel electrophoresis the DNA fragments of interest were visualised under long-
wave UV, excised from the gel with the minimum amount of excess agarose and placed
in microcentrifuge tubes. The agarose was melted at 65°C, covered with Tris-
equilibrated phenol (Section 2.4.3.2), mixed by vortexing and frozen at -20°C for at
least 2 hours. The mixture was microcentrifuged for 10 minutes and the aqueous phase
recovered, phenol/chloroform extracted (Section 2.6) and precipitated with ethanol
(Section 2.7).
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2.12 AMPLIFICATION OF DNA BY THE POLYMERASE CHAIN
REACTION (PCR)

Each PCR reaction in a 0.2 ml strip tube contained: 1 U Tag DNA polymerase
(Boehringer Mannheim), 1.25 mM of each dNTP, 10 pmol of "forward" primer and 10
pmol "reverse" primer, appropriate DNA at an optimal concentration, 1 x Tag
polymerase buffer (either with Mg2+ [1.5 mM, Boehringer Mannheim] or Mg2+ free
[Promega] plus MgClo) and MilliQ water to 25 pl. The reactions were placed in the
Corbett thermal cycler, a hot top which does not require oil. The sequences of the
primers used were dependant on the sequence being amplified and were 17-23 bases in
length (Table 2). A negative control containing water was included in each PCR run
and this was prepared as the last reaction in each set. The reaction vessels were placed
in the thermal cycler preheated to 94°C and after an initial 2 minute melt of 94°C were
subjected to 30 cycles of 94°C for 45 seconds, with varied temperatures for 45 seconds
to allow annealing and 72°C for 90 seconds. After these cycles were complete the
reactions were incubated at 72°C for 5 minutes, checked on an agarose mini-gel
(Section 2.10) and stored at -20°C. This method is based on those outlined by (Innis
and Gelfand 1990). The annealing temperature used was dependent on the melting
temperature (Tm) of the primers. The Tm of each primer was determined using the
calculation Tm =2 x [A+T] + 4 x [G+C] (Itakura er al. 1984)

213 DNA SEQUENCING

2.13.1 Amplicycle Sequencing

The protocol used for sequencing was that from Perkin Elmer's AmpliCycle sequencing
kit. This method is based on the dideoxy-mediated chain termination method of Sanger
etal. (1977).

For each set of reactions four 0.2 ml strip tubes were labelled A, G, C and T and 2 pl of
the appropriate ddNTP mix added to each tube and left on ice. A cocktail was prepared
as follows: template DNA (0.5-1 pg), 1 pmol of the appropriate primer, 1 pl of [o-
33P]dATP, 4 pl of 10 x cycling mix and sterile MilliQ water to 30 pul. To each of the
four ddNTP tubes 6 pl of cocktail was added and gently mixed. The tubes were placed
in the Perkin Elmer thermal cycler pre-heated to 95°C and after an initial 1 minute melt
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Table 2 PCR and Sequencing Primers

Primer Size Tm’C Sequence (5'-3") Source
hmg 1 17 mer 44 ATGGGIATGAAIATGAT this study
hmg 3 23 mer 66 ACITTTTGIGCIGGITCTTGICC  this study
hmg 4 21 mer 66 GTTGAGCATGCGCTCAACGTC  this study
hmg 5 21 mer 66 TTGAAGCCACCGATCGAACCG  this study
hmg 7 21 mer 64 TCGCTCGTCTACAGCACATGA  this study
hmg 8 21 mer 64 TTGATCGCTTTGCAGCCACGA  this study
hmg 9 21 mer 60 TGACCATTGCTCAAGACAAGT  this study
hmg 10 20 mer 56 GGTACTCTAGTTCGTATTTG this study
hmg 11 20 mer 56 CAAATACGAACTAGAGTACC  this study
hmg 12 21 mer 60 ACTTGTCTTGAGCAATGGTCA  this study
hmg 13 20 mer 62 CTGCGCCCAACGATAGAATC  this study
hmg 14 20 mer 62 GATTCTATCGTTGGGCGCAG this study
hmg 18 20 mer 60 CAAGCACCATGATGACGATG  this study
hmg 19 20 mer 60 CATCGTCATCATGGTGCTTG this study
hmg 20 20 mer 62 GTTACCATCGCCGTTCTAGC this study
hmg 21 20 mer 62 GAGATGACCAGTCAGCCTTG  this study
hmg 22 20 mer 66 CTCTTGCTTTACACGGGACG this study
hmg23 21 mer 62 GATTATCGTCATGTGGCTGAC  this study
hmg 26 21 mer 66 CGGAGTAGCAGCGTTCCAAAG this study
hmg 27 21 mer 66 CTTGCGGTCAATTCCGTGGTC  this study
hmg28 21 mer 66 CACCATCTTGGAGCCTCAGAG  this study
hmg29 21 mer 64 GACGTGGTCAAATCCGTGTTG  this study
hmg 30 20 mer 62 GTTGGATGTGATCCTCGCAC this study
NS7 21 mer 68 TGCGGGTGCGCTATCGAGATG White et al. 1990
NS8 21 mer 62 GCAAATCACAGTCACCAGCGG White et al. 1990



Table 2 continued.
H-2 21 mer 62
H-3 21 mer 62
H-4 21 mer 62

pUC/MI13 22 mer
Forward

Poly(T)- 16 mer
G anchored

Poly(T)- 16 mer
A anchored

Poly(T)- 16 mer
C anchored

L
oo
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ATAACGAGGATCCACGCAAGA Hotter 1997
GGCTCTTCTGACATTCGTCTT  Hotter 1997
AGGTCAACTCTCGAAGTTCCA Hotter 1997
GCCAGGGTTTTCCCAGTCACGA Perkin Elmer

AAGCTTTTTTTTITTTG Collett 1995
AAGCTTITTTTTTTTA Collett 1995
AAGCTTTTTTTTTTTC Collett 1995
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at 95°C, subjected to 25 cycles of 95°C for 30 seconds, standard 50°C (45°C for primers
hmg 1 and hmg 3) for 30 seconds and 72°C for 60 seconds. After the cycles were
complete 4 pl of stop solution was added to the reactions which were then stored at
-20°C.

2132 PAGE Electrophoresis of Sequencing Reactions

Sequencing reaction extension products (Section 2.13.1) were separated on the basis of
length by polyacrylamide gel electrophoresis (PAGE). The sequencing plates were
assembled to the manufacturers specifications (BRL) and sequencing gels were poured
with 60 ml of acrylamide mix (Section 2.4.1.4) containing 36 ul of TEMED and 360 pl
of 10% (w/v) ammonium persulphate. Once the gels were polymerised, they were pre-
run for at least 15 minutes with constant power (65 W) in 1 x TBE sequencing buffer
(Section 2.4.1.2). The sequencing reactions were denatured at 95°C for 2 minutes and
3-5 pl loaded onto the sequencing gel which was run for varying lengths of time. A
long run went for 3 Bromophenol Blue dye fronts, taking approximately 6 hours, a
medium run was for 2 dye fronts (approximately 4 hours) and short runs were for 1 dye
front (approximately 2 hours). The gel was then disassembled, dried for 1 hour under
vacuum at 80°C, exposed to Fuji X-ray film at room temperature (overnight for short
and medium runs and for 2-3 days for long runs), the film developed (Section 2.13.4)

and the sequence analysed.
2.13.3 Automatic Sequencing

Automatic sequencing of DNA samples was carried out using the ABI Prism 377 DNA
Sequencer. Double stranded DNA was used at a concentration of 200 ng/ul and PCR
products at approximately 25 ng/pl, both in a volume of 12 pl. Primers were used at a
concentration of 0.8 pmol/pl in a volume of 5 pl. The DNA samples and primers were
dried and sent to the Waikato DNA Sequencing Facility.

2.13.4 Developing

Once autoradiographs had been exposed for an appropriate time, they were developed in
Kodak developer D-19 developing solution for 5 minutes, rinsed with water and fixed in
Kodak Rapid Fixer solution A for 5 minutes. The autoradiographs were rinsed in water
and dried before analysis.
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2.14 SOUTHERN BLOTTING AND HYBRIDISATION

2.14.1 Southern Blotting

DNA to be transferred to the Nylon membrane (Amersham Hybond) was separated by
overnight electrophoresis, stained, visualised and photographed as described in Section

2.10 and the gel dimension measured after removal of the gel portion above the wells.

The gel was then gently agitated for 15 minutes in Southern Blotting Solution 1 (Section
2.4.2.1) before immersion in Southern Blotting Solution 2 (Section 2.4.2.2) for 30
minutes with shaking. The gel was removed and placed in Southern Blotting Solution 3
(Section 2.4.2.3) for 1 hour with gentle agitation. Finally the gel was washed for 2
minutes in 2 x SSC (Section 2.4.2.5).

While the gel was being treated the blotting apparatus was assembled. Two sheets of
Whatman 3MM chromatography paper (pre-soaked in 20 x SSC [Section 2.4.2.4]) were
placed on a plastic trough with the wells at each end filled with 20 x SSC so the paper
ends went into the wells and contacted the solution. A sheet of Gladwrap was placed
over the trough and pressed flat. A grid 2 mm less than the gel size was marked out on
the Gladwrap and removed. The treated gel was then placed over the grid so that the
edges of the gel overlapped the edges of the Gladwrap. A piece of nylon membrane
(Hybond-N), cut 2 mm larger than the gel size was pre-soaked in 2 x SSC (Section
2.4.2.5) and placed over the gel ensuring that no air bubbles were present. Two pieces
of Whatman 3MM paper, cut 2 mm less than the gel size (pre-soaked in 2 x SSC) were
placed over the membrane followed by two pieces of dry Whatman 3MM paper. A
stack of paper towels were placed upon the chromatography paper, followed sufficient
weight to keep the stack flat. After overnight transfer, the apparatus was disassembled
and the membrane washed for 5 minutes in 2 x SSC, dried between blotting paper and
baked under vacuum at 80°C for 2 hours. This method is based on the method of
Southern (1975).

2.14.2 Preparation of [a->2P]-Labelled Probe DNA with the High Prime
Labelling Kit

DNA to be labelled (25 ng) in a volume of 11 pl was denatured by heating in a boiling
water bath for 10 minutes and immediately placed on ice. To this 4 pl of High Prime
solution (Boehringer Mannheim) and 5 pl (50 pCi) [0-32P]dCTP was added. The
reaction was mixed, spun briefly in a microcentrifuge and incubated at 37°C for 1 hour.
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The reaction was stopped by the addition of 2 ul of 0.2 M Na2EDTA (pH 8) and 28 pl
TES buffer (Section 2.4.2.6), the tube was then mixed by vortexing and spun briefly.
Unincorporated nucleotides were separated from labelled DNA on a minispin Sephadex
G-50 column (Amersham) equilibrated with TES (10/1/100) (Section 2.4.2.6). The
column was vortexed, the end broken off and the column inserted into a 1.5 ml
microcentrifuge tube. These were centrifuged for 1 minute, radiolabelled DNA was
added and the column centrifuged for a further 2 minutes. The probe was collected and
transferred to a fresh tube to be stored at -20°C.

2.14.3 Hybridisation of [«-32P]-Labelled Probe DNA to Southern
Blots

The Southern blot (Section 2.14.1) to be probed was prehybridised in a sealed glass tube
with 10 x Denhardts solution (Section 2.4.2.7) for at least 2 hours at 65°C. After pre-
hybridisation, boiled [a-32P]dCTP-labelled DNA was added (Section 2.14.2) to the tube

containing approximately 5 ml of the hybridisation buffer.

After overnight hybridisation at 65°C, the filter was removed and washed three times,
for 20 minutes each, in 2 x SSC (Section 2.4.2.5) at room temperature. The washed
filter was wrapped in Gladwrap and exposed, in the presence on a Cronex intensifying
screen, to a sheet of Fuji X-ray film. After exposure for a suitable period of time at
-70°C, the film was developed (Section 2.13.4).

2.14.4 Preparation of DIG-Labelled Probe DNA

Digoxigenin-11-dUTP (DIG) labelled DNA was prepared by the random priming
method using the PCR DIG DNA labelling Kit. The method is based on that in the
Boehringer Mannheim DIG User's Guide for Filter Hybridisation (1995). DNA to be
labelled (25 ng in a 10 pl volume) was denatured in a boiling water bath for 5 minutes
then placed immediately on ice. To this, the following reagents were added: 1 x
hexonucleotide mix, 1 x dNTP labelling mix, 2 U Klenow enzyme and sterile MilliQ
water to 20 pl. The reagents were gently mixed and incubated at 37°C for 3 hours and
1.6 ul of 250 mM NaEDTA (pH 8) was added to terminate the reaction. The DNA was
precipitated with 0.1 volumes of 4 M LiCl and 2.5 volumes of 95% ethanol at -20°C
overnight. The probe was microcentrifuged for 15 minutes at 4°C, the ethanol decanted
off and the pellet washed in 70% ethanol and dried. The probe was resuspended in 50
ul MilliQ water.
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To estimate the probe yield stepwise dilutions, 1 ng/ul-0.01 pg/ul, of the DIG-labelled
DNA were prepared in sterile MilliQ water. Each dilution (1 ul) was spotted onto a
positively charged nylon membrane (Boehringer Mannheim) along with control DNA of
the same concentrations. The membrane was baked in a vacuum oven at 80°C for 2

hours and the probe detected using chemiluminescence (Section 2.14.6).
2.14.5 Hybridisation of DIG-Labelled DNA Probe to Southern Blot

The Southern blot (Section 2.14.1) to be probed was pre-hybridised in a sealed glass
tube with DIG Standard Hybridisation Buffer (Section 2.4.4.2), for 1 hour at 65°C. To
this, 3.5-7 ul of DIG-labelled DNA probe, boiled in 2 ml of Standard Hybridisation
Buffer for 10 minutes was added. After overnight hybridisation at 65°C the filter was
removed and washed twice in 2 x SSC (Section 2.4.2.5) containing 0.1% (w/v) SDS for
5 minutes at room temperature, with gentle agitation. All subsequent washes were
carried out at room temperature. The membrane was then washed twice for 15 minutes
in 0.1 x SSC containing 0.1% (w/v) SDS prior to detection (Section 2.14.6).

2.14.6 Detection of Hybridised DNA Using Chemiluminescence

The hybridised filters (Section 2.14.5) were equilibrated in DIG Buffer 1 (Section
2.4.4.3), for 1 minute, gently agitated in DIG Buffer 2 (Section 2.4.4.4) for 1 hour
before incubation in Anti-digoxigenin-AP Fab fragments (Section 2.4.4.5) for 30
minutes. The filters were washed twice for 15 minutes in DIG Buffer 1 containing 0.3%
(v/v) Tween 20, then equilibrated in DIG Buffer 3 (Section 2.4.4.6) for 5 minutes. The
filter was placed on an acetate sheet and 200-500 pl of CSPD (Boehringer Mannheim)
diluted 1:100 in DIG Buffer 3 (Section 2.4.4.6) was pipetted onto it. Another acetate
sheet was placed over the membrane and the bubbles smoothed out. The filters were
incubated at room temperature between the plastic sheets for 5 minutes, then removed
and placed between fresh plastic sheets and incubated at 37°C for 15 minutes. The
filters were exposed to X-ray film for 15-30 minutes at 37°C before developing (Section
2.13.4).

2.14.7 Stripping Hybridised DNA off Southern Blots

The filter to be stripped was immersed in a solution of boiling 0.1% (w/v) SDS and
gently shaken overnight while the solution cooled to room temperature. This was
performed twice before the filter was checked by autoradiography (Section 2.13.4 for
[a-32P]dCTP labelled DNA, Section 2.14.3) or chemiluminescence (Section 2.14.6 for
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DIG labelled DNA, Section 2.15.7) to ensure that stripping of the filter had occurred. If
stripping was incomplete the process was repeated.

2.15 LIBRARY CONSTRUCTION
2.15.1 Digestion of Genomic DNA
2.15.1.1 Trial Partial Digestion of Genomic DNA

Total genomic DNA was isolated from freeze-dried mycelia of Lp19 by the Byrd er al.
(1990) method (Section 2.5.2). Genomic DNA was partially digested (Section 2.9) with
Mbol to generate the maximum yield of fragments in the size range of 9-23 kb. A
reaction mix (300 pl) containing 10 pg genomic DNA and 30 pl REact Buffer 2 (BRL)
was prepared with 60 pl aliquoted into tube 1 and 30 pl into tubes 2-8. To tube 1, 10 U
of Mbol was added and mixed well before transferring 30 pl to tube 2. Serial dilution of
Mbol was carried through to the eighth tube, leaving the remaining tube as a control.
All of the reaction tubes were incubated at 37°C for | hour before addition of 7 pl of
SDS loading buffer (Section 2.4.1.3) to terminate the reaction. The samples were
checked on a 0.4% (w/v) agarose overnight gel (Section 2.10), supported with
approximately 90 ml of 1% (w/v) agarose.

2.15.1.2 Large-Scale Preparation of Partially Digested Genomic DNA

Using the optimised conditions determined in Section 2.15.1 a large scale reaction was
carried out with 20 pg genomic DNA. Once the reaction had reached completion the
mix was inactivated by incubation at 65°C for 15 minutes, analysed on a 0.4% (w/v)
agarose gel (Section 2.10) and stored at 4°C. DNase free RNase (Section 2.4.3.4) was
added to a final concentration of 10 pg/ml and incubated at 37°C for 30 minutes before
extraction with phenol/chloroform (Section 2.6) and the ethanol precipitated DNA
resuspended in 50 pl MilliQ water.

2.15.2 Partial Fill-In of Genomic DNA

The cloning strategy used with the A\GEM-12 Xhol Half-Site Arms (Promega) relies on
the high specificity with which partially filled-in Arms can be combined with partially
filled-in genomic DNA digested with Mbol. The digested DNA (7 pg) was combined
with: 5 pl REact buffer 4 (BRL), | mM dATP, 1 mM dGTP, 8 U Klenow enzyme
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(Boehringer Mannheim) and MilliQ water to 50 pl. The reaction was gently mixed and
incubated at 37°C for 30 minutes. The DNA was phenol/chloroform extracted (Section
2.6), the precipitated DNA resuspended in 15 pl MilliQ water and quantitated (Section
2.8.2).

2.15.3 Optimising Ligation Conditions for Genomic Inserts

To determine the optimal conditions, small-scale ligations were carried out. Ligation
reactions contained: A arms (1 pg) and insert DNA at varying ratios, 1 x ligation buffer
(New England Biolabs, NEB), 1 pul T4-DNA ligase (NEB) and MilliQ water to a final
volume of 10 pl. With each set of ligation reactions Positive Control Insert DNA
(Promega) was ligated and a negative control reaction (containing no insert DNA) was
used to determine background levels of religated arms. The ligation reactions were
gently mixed and incubated at 4°C overnight before packaging (Section 2.15.5) and
titration (Section 2.15.6) of the phage. The titres from the various ratios were compared
to determine the optimal concentrations of vector arms and insert DNA. Large scale

packaging based on the optimal ratios was carried out.
2.154 Packaging of Ligated DNA

Small scale packaging reactions requiring 25 pl of Packagene extract (Promega) and 2.5
pl of ligation mix were carried out to check ligations before large scale packaging
reactions, containing 50 pl of Packagene extract and 5 pl of ligation mix, were
performed. The Packagene Extract (Promega) was thawed on ice before addition of
ligation mix (Section 2.15.3) and incubated at 22°C for 3 hours. SM Buffer (445 pl,
Section 2.4.3.1) and chloroform (25 pl) were added and the packaged phage placed at
4°C for short-term storage or at -20°C in 7% DMSO for long-term storage. These
volumes were halved for small scale packaging reactions.

2.1585 The Titre of the Packaged Phage

Serial dilutions of the packaging reactions were carried out in SM buffer (Section
2.4.3.1) and 100 pl of the diluted phage mixed with 100 pl of an overnight culture of
KW251 grown in LB medium supplemented with: MgS0O4.7H20, maltose (Section
2.3.1) and tetracycline (Section 2.2). The phage/KW251 mixture was incubated at 37°C
for 30 minutes, then added to 3 ml of top agarose (Section 2.3.4) at 50°C, and poured
onto pre-warmed LB agar plates (Section 2.3.1). The top agarose was allowed to set,
then the plates were incubated at 37°C overnight. The plaques were counted and the
library titre (plaque forming units (PFU) per ml) determined.
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2.15.6 Amplification of a Genomic Library

Plates from Section 2.15.5 were overlayed with 5 ml of SM buffer (Section 2.4.3.1) and
left at 4°C overnight. The phage lysate was harvested and centrifuged 4,200 g for 10
minutes (all centrifugations were carried out at 4°C). The supernatant was recovered
and 400 pl of chloroform added before incubation at room temperature for 15 minutes
with occasional shaking. The phage were re-centrifuged at 4,000 g for 15 minutes, the
supernatant recovered and plated out for confluent lysis. The phage from the confluent
plates were retitred and stored in 7% (v/v) DMSO at -70°C.

2.16 LIBRARY SCREENING

Recombinant phage were screened by plating (Section 2.15.5) at approximately 2x10%
pfu/ml. The phage were incubated at 37°C for approximately 8 hours (until small
plaques were visible) then left at 4°C overnight. Filter lifts of the resulting plates
(Section 2.16.1) were then hybridised to an appropriate probe (Section 2.16.2). Plugs
containing positive plaques were stored overnight in SM buffer (Section 2.4.3.1)
containing a drop of chloroform. The phage from these plaques were purified twice
more by screening as outlined above except 30-300 phage were plated. DNA was
extracted from the positive plaques (Section 2.5.3) and analysed by restriction enzyme
digestion (Section 2.9). This method is based on that of Sambrook et al. (1989).

2.16.1 Filter Lifts

Filters (Hybond-N+) marked asymmetrically, were placed on the KW251/phage lawn
and these marks transferred to the plate. After 60 seconds the filter was removed and
placed DNA side up on 3 layers of 3MM paper soaked in Southern Blotting Solution 2
(Section 2.4.2.2) for 2 minutes, Southern Blotting Solution 3 (Section 2.4.2.3) for 5
minutes and finally in 2 x SSC (Section 2.4.2.5) for 2 minutes. The filters were then air
dried and baked in a vacuum oven at 80°C for 2 hours. When duplicate lifts were
performed, the second filter was left on the plate for 90 seconds.

2.16.2 Plaque DNA Hybridisations

Labelling of the DNA to be used as a probe, hybridisation of labelled DNA to filters,
detection and autoradiography was performed as detailed in sections 2.14.2-2.14.6,
except hybridisations were carried out in plastic pots approximately 10 cm in diameter.
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Positive plaques were identified by positive signals on the autoradiographs (Section
2.16.3).

2.16.3 Isolating Positive . Clones

Positive plaques were identified as signals on the autoradiographs in identical positions
on duplicate filters. The positions of the positive plaques on the KW251 lawn were
established by alignment of the asymmetrical markings on the plates and filters with the
autoradiograph. Plaques corresponding to signals were picked with the pipette tip of a 1
ml Gilson autopipettor from which the end (5-10 mm) had been removed and were
stored at 4°C in 500 pl SM buffer (Section 2.4.3.1) containing a drop of chloroform.

2.17 SUBCLONING
2.17.1 DNA Ligations
2.17.1.1 CAP-Treatment of Vector DNA

Approximately 5 pg of vector DNA was digested to completion with the appropriate
restriction endonuclease (Section 2.9). Calf alkaline phosphatase (0.5 U, CAP,
Boehringer Mannheim) was added and the mixture incubated for 30 minutes at 37°C
before addition of NaEDTA (5 mM) and SDS (0.5% [w/v]). Proteinase K was added
(to a final concentration of 50 pg/ml) and the mixture incubated at 56°C for 30 minutes,
phenol/chloroform extracted (Section 2.6) and the precipitated DNA resuspended in
MilliQ water. This method is based on that of Sambrook et al. (1989).

2.17.12 Ligation

Ligation mixtures containing 1 x Ligation buffer (NEB), 20 ng of insert DNA, 20 ng of
CAP treated vector DNA, 1 pl of 1/10 T4-DNA ligase (NEB) and MilliQ water to 10 pul
were prepared. With each set of ligation reactions a control of CAP vector only was
also prepared. The reactions were mixed well, briefly centrifuged and incubated
overnight at 4°C.

To check that ligation was efficient, 2 pl of the ligation mix was removed prior to the
addition of T4-DNA ligase and another 2 pl after ligation was complete. The samples
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were examined on an agarose mini-gel (Section 2.10). This method is based on that of
Dugaiczyk et al. (1975).

2172 Transformation of E. coli by Electroporation

2.17.2:] Preparation of Electrocompetent Cells

One litre of LB broth (Section 2.3.1) was inoculated (1/100) with the desired E. coli
strain and grown at 37°C with vigorous shaking to mid-log phase (ODggg 0.5-1.0,
approximately 3 hours). The cells were chilled on ice for 20 minutes then harvested by
centrifugation at 4,000 g for 10 minutes (all centrifugations were at 4°C). The cells
were washed in 1 L of ice cold water, centrifuged at 4,000 g, re-washed in 500 ml of ice
cold water and re-centrifuged. The pellet was finally washed in 20 ml of ice-cold 10%
glycerol, centrifuged at 4,000 g and resuspended in 4 ml of ice-cold 10% glycerol. Cell
suspensions were stored at -70°C in 200 pl aliquots.

2.17.3.2 Electroporation

Electrocompetent E. coli cells were thawed gently at room temperature. Cells (40 pl)
and ligated DNA (2 pl, Section 2.17.1.2) were mixed well and left on ice for 1 minute.
The Gene Pulser apparatus (Bio-Rad) was set to 25 uF and 2.5 kV and the pulse
controller to 200 W, in parallel with the sample chamber. The mixture of DNA and
cells was transferred to a cold 0.2 cm cuvette, shaken to the bottom, then pulsed at the
above settings resulting in a time constant of 4-5 msec. The cells were immediately
resuspended in 1 ml of SOC medium (Section 2.3.3) and incubated at 37°C for 1 hour.
The controls (cells and vector only) were also included. Cells were plated at suitable
dilutions onto LB plates (Section 2.3.1) containing Ampicillin (Section 2.2), X-gal and
IPTG (Section 2.3.1) and recombinants selected using a-complementation. White
colonies were screened by gel electrophoresis (Section 2.10) of diagnostic restriction
digests (Section 2.9) of isolated plasmid DNA (Section 2.5.3). This method is based on
that of Dower et al. (1988).

2.18 TECHNIQUE FOR WORKING WITH RNA

All RNA work was performed in either acid washed glassware which had been baked in
a dry air oven at 180°C for at least 2 hours or with previously untouched disposable
plastic labware. All equipment was handled with clean disposable gloves and all
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experimental work was performed wearing these. Plastic labware was stored in acid
washed, baked glass beakers and sterilised by autoclaving at 121°C for 15 minutes,
separate from other reagents and labware. One set of Gilson pipettors was used
exclusively for RNA work and solutions were prepared from previously unopened
stocks of reagents. All reagents (except those containing Tris-HCI, NaEDTA or 3-[N-
morpholino] propane-sulfonic acid [MOPS]) were treated with diethyl pyrocarbonate
(DEPC), incubated overnight at 37°C then the DEPC removed by autoclaving twice.
Reagents and labware for RNA work was stored separately from that used for other

purposes.

2.19 ISOLATION OF RNA FROM FUNGAL CULTURES

The precautions outlined in Section 2.18 were used throughout. Mycelia was grown
(Section 2.2), harvested, snap frozen in liquid nitrogen and stored at -70°C.
Approximately 5 g of frozen mycelia was ground to a fine powder under liquid
nitrogen, resuspended in 5 ml TRIZOL (BRL), homogenised until smooth and incubated
at room temperature in a securely covered Corex tube for 5 minutes. All subsequent
incubations are carried out at room temperature unless otherwise stated. The
homogenate was centrifuged for 10 minutes at 12,000 g (all centrifugations were carried
out at 4°C). To the cleared homogenate, 1 ml of chloroform was added, the tube sealed
and the mixture shaken vigorously for 15-20 seconds. After incubation for 2-3 minutes,
the mixture was centrifuged at 12,000 g for 15 minutes. The aqueous phase was
transferred to a tube containing 2.5 ml of isopropanol, mixed, incubated for 10 minutes
then centrifuged at 12,000 g for 10 minutes. The supernatant was drained and the RNA
precipitate washed with 5 ml of 70% ethanol, the tube sealed with parafilm and left on
ice for at least 20 minutes. The RNA was re-centrifuged at 7,500 g for 5 minutes, the
ethanol drained and the pellet briefly dried before resuspension in 200 pl water. The
RNA was DNase treated (Section 2.19.1) before quantitation (Section 2.19.2).

2.19.1 DNase Treatment of RNA

The isolated RNA (Section 2.19) was treated with RNase free DNase I to remove any
contaminating DNA. All the precautions outlined in Section 2.18 were used
throughout. The RNA (40 pg) was mixed with: 20 U RNase free DNase I (Boehringer
Mannheim); 50 U cloned RNase inhibitor (BRL); 0.5 mM 1,4-dithiothreitol (DTT) and
DNase I buffer (100 mM sodium acetate and 5 mM MgSO4 [pH 5.0]) to a final volume
of 800 pl. After incubation at 37°C for 30 minutes, a further 20 U of RNase free DNase
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I was added and incubated for 30 minutes at 37°C. The reaction was phenol/chloroform
extracted (Section 2.6) and the purified RNA precipitated with 0.1 volumes of 3 M
sodium acetate and 2.5 volumes of 95% ethanol. The tubes were incubated on ice for
30 minutes before centrifugation in a microcentrifuge for 15 minutes at 4°C. The
supernatant was drained, the RNA precipitate washed with 1 ml of 75% ethanol and
dried at room temperature for 15 minutes, followed by 5 minutes at 37°C . The RNA
was resuspended in 20 pl of MilliQ water, quantitated (Section 2.20.1) and stored at
-70°C.

2.20 QUANTIFICATION OF RNA

2.20.1 Spectrophotometric Determination of the Amount of RNA

For quantitation of RNA, readings were taken at wavelengths of 260 nm and 280 nm.
The reading at 260 nm allowed calculation of the concentration of nucleic acid in the
sample, as an Absorbance of 1 corresponds to approximately 40 pg/ml for RNA. The
ratio between the readings at 260 nm and 280 nm provides an estimate of the purity of
the nucleic acid, as pure preparations of RNA have a ratio of 2. Concentrated RNA
solutions were diluted appropriately and the absorbance determined at both 260 nm and
280 nm.

2.21 NORTHERN BLOTTING OF RNA AND HYBRIDISATION

2.21.1 Glyoxylation of RNA

From the DNased RNA stock 20 pl was removed for glyoxylation. To this 1/10 volume
3 M sodium acetate and 0.55 volumes isopropanol were added, incubated on ice for 15
minutes and centrifuged in a microcentrifuge for 15 minutes at 4°C. The pellet was
washed with 70 pl of 75% ethanol, dried at room temperature for 15 minutes followed
by 5 minutes at 37°C, before resuspension in 4 pl water. A mixture of deionised
Glyoxal (Sigma), 20 x MOPS buffer (400 mM MOPS, 60 mM sodium acetate and 20
mM NazEDTA, pH 7.0) and dimethylsulfoxide (DMSO) in a ratio of 50:8:100 was
prepared and 16 pl of this was added to the RNA (Section 2.19.1). After mixing
thoroughly the RNA was incubated for 1 hour at 50°C under a layer of light mineral oil
and stored at -70°C (1-2 days), until run on a Glyoxal gel (Section 2.21.2).
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2.21.2 Glyoxal Gel

All precautions outlined in Section 2.18 were used throughout. The electrophoresis
equipment was soaked for 30 minutes in a 0.1% (w/v) SDS solution, the plate and comb
were soaked in a 0.5% (w/v) sodium hydroxide solution then rinsed with MilliQ water
and wiped with 75% ethanol. A surface tension 1% (w/v) agarose gel in 1 x MOPS
buffer (Section 2.21.1) was poured onto a 75 x 50 mm glass plate. The gel was placed
in the electrophoresis tank and pre-run at 70 V for 10-15 minutes. The glyoxylated
RNA (10 pl, Section 2.21.1) and tracker dye (included in a size marker) were
electrophoresed with a voltage of 70 at 4°C, until the marker dye had migrated 4/5 the
length of the gel. The gel was stained with ethidium bromide (5 pg/pl), destained in
water, visualised on a UV transilluminator and photographed using the gel

documentation system (Alpha Innotech).
2.21.3 Northern Blotting and Hybridisation

RNA from the Glyoxal gel (Section 2.21.2) was transferred to a Nylon membrane
(Amersham) by capillary blotting as in Section 2.14.1 except the gel was not pre-treated
in any way and the transfer was performed overnight at 4°C. The unwashed membrane
was baked at 80°C in a vacuum oven for 2 hours to reverse the glyoxylation and fix the
RNA. The membrane was washed in 6 x SSC for 2 minutes, then in hybridisation
solution [6 x SSC; 2 x Denhardts Reagent (dilution of 10 x Denhardts in Section
2.4.2.6) and 0.1% SDS (w/v)], for 2 hours before addition of a [-32P]JdCTP probe
prepared as in Section 2.14.2 and overnight hybridisation in 0.2 ml of hybridisation
buffer per square cm of filter, at 65°C. The membrane was washed at room temperature
in 1 x SSC containing 0.1% (w/v) SDS for 20 minutes and then three times in 0.2 x
SSC, 0.1% (w/v) SDS for 20 minutes each. The blot was then exposed, in the presence
of a Cronex intensifying screen, to Fuji X-ray film for a suitable period of time at -70°C
then developed (Section 2.13.4). If additional washes were required these were carried
out for twenty minutes in 0.1 x SSC containing 0.1% (w/v) SDS. This method is based
on that of Sambrook et al. (1989).

2.22 RT-PCR ANALYSIS OF RNA

This method is based on that of Kawasaki (1990). The precautions outlined in Section
2.18 were used throughout.
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2.22.1 Reverse Transcriptase Synthesis of cDNA

Before cDNA synthesis and PCR amplification of cDNA it was necessary to remove all
traces of contaminating DNA from the RNA preparation. RNA was therefore treated
with DNase I as in Section 2.19.1. In a microcentrifuge tube 50 pmols of random
primers (BRL) and approximately 1 pug of DNase I treated RNA were mixed and placed
at 95°C for 5 minutes then chilled immediately on ice. To this 1 x Expand Reverse
Transcriptase Buffer (Boehringer Mannheim), 1 mM of each dNTP, 20 U cloned RNase
inhibitor (BRL), 10 mM DTT, 50 units Expand Reverse Transcriptase (Boehringer
Mannheim) and water to 20 pl were added, mixed and incubated at room temperature

for 10 minutes, then at 42°C for 45 minutes. The reaction was then stored at -20°C.
2222 Amplification of cDNA by PCR

To 10 pl of the cDNA from Section 2.22.1, 10 pmol of each of the two primers for
amplification of the target sequence of interest, 1 x PCR buffer, 2.5 U Tag DNA
Polymerase (Boehringer Mannheim), 1.25 mM of each dNTP and MilliQ water to 50 pl
were added. The reaction was then placed in a Corbett thermocycler preheated to 94°C
and after an initial 2 minute melt at 94°C, subjected to 35 cycles of 94°C for 45 seconds,
50°C for 45 seconds and 72°C for 60 seconds. After the 35 cycles were complete the
reactions were incubated at 72°C for 5 minutes, then stored at -20°C. The products were
separated by electrophoresis as in Section 2.10.
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Chapter 3

RESULTS

3.1 MOLECULAR CLONING OF HMG CoA REDUCTASE FROM
NEOTYPHODIUM LOLII

3.1.1 Primer Design

A data-base search and alignment of previously sequenced hmg genes revealed a high
degree of sequence conservation in the 3' region of the gene, corresponding to the
catalytic domain of the enzyme. This analysis indicated that it would be possible to
clone hmg from N. lolii by PCR using primers designed to this region. The polypeptide
sequences of S. cerevisiae HMGI1 (m22002), S. cerevisiae HMG2 (m22255), and
Ustilago maydis (z30085, translation of nucleotide sequence) from the GenBank data-
base, and the human sequence (p04035) from SWISS-PROT, were aligned using the
PILEUP function of the GCG package. The conserved region was identified and
sequences were selected for primer design (Figure 2A). The sequences identified and
the primers designed on the basis of the degenerate code are shown in Figure 2B.
Instead of making degenerate primers, inosine was incorporated at all degenerate
positions (Sambrook et al. 1989).

3.1.2 Isolation of hmg from Lp19
3121 Establishing Optimal PCR Conditions

A number of parameters including DNA concentration, annealing temperature and
magnesium concentration play an important role in determining optimal PCR
amplification of a target sequence (Innis and Gelfand 1990). Therefore a series of trial
reactions were carried out to test these parameters and optimise the yield of PCR
product.
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Figure 2A Alignment of partial Hmg polypeptide sequences for primer design.

Alignment of partial Hmg sequences of: S. cerevisiae HMG1 (Basson et al. 1986), S.
cerevisiae HMG2 (Basson et al. 1986), U. maydis (Croxen et al. 1994) and human
(Luskey and Stevens 1985). The conserved sequences identified for designing primers

are shown in blue.
Figure 2B Design of primers to clone hmg from N. lolii.
Two peptide sequences were identified and selected for primer design. Inosine (blue)

was incorporated at all degenerate positions in the nucleotide sequence of primers hmg 1
and hmg 3. These primers should amplify a 359 bp hmg fragment from S. cerevisiae.



Figure 2A fng: 1 \
S.cerevisiae 2 STSRFARLQH IQTCLAGDLL FMRFRTTTGD AMGMNMISKG VEYSLKQMVE 825
S.cerevisiae 1 STSRFARLQH IQTCLAGDLL FMRFRTTTGD AMGMNMISKG VEYSLKQMVE 829
U.maydis STSRFARLSS LRCVLAGRTL YVRFATSTGD AMGMNMISKG VERKALGLMTE 900
Human STSRFARLQK LHTSIAGRNL YIRFQSRSGD AMGMNMISKG TEKALSKLHE 674

S.cerevisiae 2 EYGWEDMEVV SVSGNYCTDK KPAAINWIEG RGKSVVAEAT IPGDVVKSVL 875
S.cerevisiae 1 EYGWEDMEVV SVSGNYCTDK KPAAINWIEG RGKSVVAEAT IPGDVVRKVL 879
U.maydis QY.FPEMKVL SLSGNYCTDK KPAAINWIEG RGKSVVAEAV VPGNVVRSVL 949
Human .« YFPEMQIL, AVSGNYCTDK KPAAINWIEG RGKSVVCEAV IPAKVVREVL 722

S.cerevisiae 2 KSDVSALVEL NISKNLVGSA MAGSVGGFNA HAANLVTALF LALGQDPAQN 925
S.cerevisiae 1 KSDVSALVEL NIAKNLVGSA MAGSVGGFNA HAANLVTAVF LALGQDPAQN 929

0. maydis KCTVRDLVNL NTKKNLIGSA MAGSVGGFNA HAANILTAIY LATGODPAON 999
Higan KTTTEAMIEV NINKNLVGSA MAGSIGGYNA HAANIVTAIY IACGODAAQN 772
<4— hmg 3
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In addition to N. lolii, in some instances, S. cerevisiae and Penicillium paxilli DNA
(25 ng) were also amplified. The primers NS7 and NS8 (Table 2), which amplify a 377
bp fragment of the conserved 18S rRNA gene (White et al. 1990), were included as an

internal control as they were known to amplify over a range of annealing temperatures.

The first parameter to be tested was the DNA concentration required for optimal
amplification. Lpl and Lp19=DNA was extracted and purified (Section 2.5.1) then used
as a template for amplification with primers NS7 and NS8 at an annealing temperature
of 55°C in standard Boehringer Mannheim buffer (Section 2.12). These primers
amplified a product of the expected size (White et al. 1990). The optimal DNA
concentration for both Lpl and Lp19 DNA was 25 ng (Figure 3A).

The next parameter tested was the annealing temperature of the PCR reaction which is
determined by the melting temperatures (Tm) of the primers. The Tms for hmg 1 and
hmg 3, were 44°C and 66°C respectively (Section 2.12), so a range of annealing
temperatures, 42°C-55°C, were trialed using 25 ng of DNA in standard Boehringer
Mannheim buffer (Section 2.12). At 48°C and above no products were obtained and
below this temperature a range of different sized products were produced (Figure 3B).
The greatest yield of the expected 359 bp product was obtained at an annealing
temperature of 47°C although other products were still present (Figure 3D). All
subsequent PCR reactions with hmg 1 and hmg 3 were carried out at this temperature.

The effect of different magnesium concentrations in the PCR reaction was also assayed.
PCR amplifications of 25 ng of DNA were carried out in Promega magnesium free
buffer (Section 2.12) with a range of MgCl, concentrations (0-3 mM), at an annealing
temperature of 47°C. Optimal yield of the 359 bp fragment was achieved with 1.5 mM
Mg2+ (Figure 3C), the same concentration as used previously. The Promega buffer
appeared to give a better yield and so was subsequently used for further amplifications
with hmg 1 and hmg 3.

3.1.2.2 Isolation of Lp19 hmg

Having optimised conditions for amplifying PCR products from Lp19, several reactions
were carried out to obtain sufficient product for purification. PCR reactions (Section
2.12) containing 25 ng of Lp19 DNA and 1.5 mM Mg2* were performed with primers
hmg 1 and hmg 3 (Section 3.1.1) at an annealing temperature of 47°C. The amplified
DNA was separated by electrophoresis on a 2% NuSieve gel (Section 2.10, Figure 3D).
A range of different sized products were amplified which may be due to the low
annealing temperature used and the degeneracy of the primers. This may have created a
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Figure 3 Optimisation of PCR amplification conditions.

Figure 3A Effect of DNA concentration on yield of PCR products.

PCR was carried out on Lpl and Lp19 DNA at a range of concentrations with the primers
NS7 and NS8. Lanes 3-7 contain Lpl DNA at: 10 pg, 5 ng, 10 ng, 25 ng and 300 ng
and lanes 8-12 contain Lp19 DNA at: 10 pg, 5 ng, 10 ng, 25 ng and 500 ng. No DNA
was present in lane 2 so the resulting fragment may be due to cross contamination. Lane
1 contains the BRL 1 kb ladder.

Figure 3B Amplification of DNA at 46°C.

Lanes 2-6 contain amplification products produced with primers NS7 and NS8. The
reactions contained: No DNA, lane 2; Lpl, lane 3; Lp19, lane 4; P. paxilli, lane 5 and S.
cerevisiae, lane 6. Lanes 7-11 contained the amplification reactions using hmg 1 and hmg
3: No DNA, lane 7; Lpl, lane 8; Lpl9, lane 9; P. paxilli, lane 10 and S. cerevisiae, lane
11. Lane 1 contained the BRL 1 kb ladder.

Figure 3C Effect of magnesium concentration on amplification of PCR products.

PCR amplification of Lp19 DNA was carried out in Promega Taq buffer with a range of
Mg2+ concentrations: 0.5 mM, lane 4; 1 mM, lane 5; 1.5 mM, lane 6; 2 mM, lane 7; 2.5
mM, lane 8 and 3 mM, lane 9. Lane 1 contained the BRL 1 kb ladder; lane 2, no DNA in
Boehringer Mannheim buffer; lane 3, no Mg2+ in Promega buffer and lane 10, S.
cerevisiae DNA in Boehringer Mannheim buffer.

Figure 3D PCR amplification of fungal genomic DNA.
PCR was carried out on Lp19 DNA (25 ng) at 1.5 mM Mg2+ (Promega) with the primers

hmg 1 and hmg 3 and an annealing temperature of 47°C (lane 2). Lane 1 contains the
BRL 1 kb ladder.



Figure 3A

Figure 3B

7

8§ 9101112

377 bp

670 bp

359 bp

210 bp

44



Figure 3C

Figure 3D

359 bp

210 bp

45



46

RAPD-like reaction amplifying repetitive sequences or as the primers were created in
the Hmg catalytic domain, other enzymes with similar catalytic functions may have
been amplified. The most abundant products were a 210 bp fragment and the expected

359 bp fragment (Figure 3D), both of which were purified from a 2% NuSieve gel

(Section 2.11).

3.1.3 Confirmation that Isolated Fragments were from the Lp19
Genome

3131 Analysis by Southern Hybridisation

To confirm that the PCR amplified fragments isolated were part of the N. lolii genome
both were labelled with [«-32P]dCTP (Section 2.14.2) and hybridised to Southern blots
(Section 2.14) containing Lp19 and Lpl genomic DNA (both 2 ng) digested with EcoRI
and HindIIl as well as 10 pl of 1:100 dilution of the total PCR reaction (Figure 4A).
Both labelled PCR fragments hybridised to sequences within the Lpl and Lpl9
genomes (Figures 4B and 4C). The 359 bp fragment hybridised (Figure 4B) to a DNA
fragment greater than 23 kb in the EcoRI digest (lane 4) and one of approximately 18 kb
in the HindlIII digest (lane 5) of Lp19, whereas it hybridised to two fragments in the Lpl
genomic digest. In the EcoRI digest (lane 2), a fragment of approximately 4 kb and one
greater than 23 kb hybridised and in the HindIII digest fragments of approximately 8 kb
and 18 kb hybridised (lane 3). These results are consistent with Lp19 being haploid and
Lpl an interspecific hybrid (diploid) (Schardl et al. 1994). As expected the PCR
product hybridised to the corresponding sized fragment in the PCR reaction (lane 10).
The presence of an extra band may be due to cross-contamination during probe
isolation.

The 210 bp fragment hybridised to a number of different sized fragments in the Lp1 and
Lp19 genomic digests (Figure 4C). Of the multiple bands in the Lp1 digests two bands
hybridised more strongly. In the EcoRI digest (lane 2) fragments of approximately 12
kb and one greater than 23 kb hybridised and fragments of approximately 20 kb and 6
kb in the HindIII digest (lane 3). From the multiple hybridising fragments in the Lp19
digests, one band in each digest hybridised more strongly. A fragment of
approximately 12 kb in the EcoRI digest (lane 4) and one of approximately 5 kb in the
HindIII digest (lane 5). Due to the degeneracy of the primers, the low PCR annealing
temperature and the fact that the primers were designed within the Hmg catalytic
domain, the multiple bands may relate to an enzyme family with similar catalytic
functions or the 210 bp fragment may contain repetitive sequences. The PCR product
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Figure 4 Southern analysis of the PCR isolated fragments.
Figure 4A Southern blot of EcoRI and HindIIl digested Lpl and Lpl9 genomic
DNA.

This gel contained: 2 pg of Lpl DNA digested with EcoRI (lane 2) and HindlIII (lane 3);
2 ug of Lpl9 DNA digested with EcoRI (lane 4) and HindlIlI (lane S5); and 10 pl of a
1:100 dilution of the PCR amplified products shown in Figure 3D (lane 10). Lane 1
contains HindIII digest A DNA and lane 6 contains the BRL 1 kb ladder. '

Figure 4B Confirmation that the 359 nt fragment is part of the N. lolii genome.

An autoradiograph of a Southern blot of Figure 4A hybridised with the 359 bp fragment.

Figure 4C Confirmation that the 210 nt fragment is part of the V. lolii genome.

An autoradiograph of a Southern blot of Figure 4A hybridised with the 210 bp fragment.
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hybridised to the expected sized fragment in the PCR reaction and the appearance of an

extra band may again be due to cross-contamination during probe isolation (lane 10).

3.1.32 Sequence Analysis of the PCR Isolated 359 nt Fragment

Sequence analysis of the 359 bp PCR amplified fragment was carried out to confirm
that it was part of Lpl9 hmg. The gel purified fragment (Section 3.1.2.2) was
sequenced in both directions using the Amplicycle Sequencing kit (Section 2.13.1) and
the same primers used for amplification, hmg 1 and hmg 3 (Section 3.1.1). The
nucleotide sequence obtained and the translation of that sequence are shown in Figure 5
(see also Appendix A 1.1). A BLAST search (Altschul ez al. 1990) of the protein data-
bases (Brookhaven, SWISS-PROT and GenBank) confirmed that the sequence obtained
was similar to other Hmg sequences, including those from: S. cerevisiae HMG2, §.
cerevisiae HMG1, tomato and wheat, with BLAST scores of 447, 444, 359 and 355
respectively. Comparison of this translation with other Hmg polypeptide sequences
confirmed that the fragment sequenced was a unique hmg (Figure 6). This sequence
information was used to design primers, hmg 4 and hmg 5 (Figure 5, Table 2), that were
identical to the Lpl9 hmg, so that a single fragment could be obtained for library

screening.

3.14 Amplification of Lp19 hmg Gene Fragment

PCR amplification (Section 2.12) of 25 ng of Lp19 genomic DNA was carried out with
primers hmg 4 and hmg 5 (Section 3.1.4.2, Table 2) at an annealing temperature of 65°C
using standard Boehringer Mannheim buffer (Section 2.12). The amplified DNA was
separated on a 3% NuSieve gel (Section 2.10) and shown to be a unique product of 265
bp (Figure 5, data not shown). This 265 bp fragment was sequenced in both directions
using the Amplicycle kit (Section 2.13.1) with primers hmg 4 and hmg 5 and was
shown to have 100% identity to the sequence of the 359 bp fragment. The 265 bp hmg
fragment was then used to screen an Lp19 genomic library.
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ATGAACATGATTTCAAAGGGTGTTGAGCATGCGCTCAACGTCATGGCCACCGACGGTGGC
l ————= + - Fm e ——— Fom—— B - e ——— + 60
TACTTGTACTAAAGTTTCCCACAACTCGTACGCGAGTTGCAGTACCGGTGGCTGCCACCG

M K M I s K GV E H AL NV MATTD G G

TTTGATGACATGAACATCATCACCGTCTCTGGCAACTTCTGTATTGACAAGAAACCCGCC
6]l ————————— o o i i Fmm—————— o —— tom— e ———— + 120
AAACTACTGTACTTGTAGTAGTGGCAGAGACCGTTGAAGACATAACTGTTCTTTGGGCGG

F'E D MN E E DT VY 8 R F C I D EE P A
GCTATGAACTGGATCGACGGTCGCGGCAAGGGCATTGTTGCTGAGGCCATCATTCCTG

121 -- +—= ———te— e e Fom e ——— + 180
CGATACTTGACCTAGCTGCCAGCGCCGTTCCCGTAACAACGACTCCGGTAGTAAGGAC

A M N WIDGTWRGI K G I V A EATITITP

CCGACGTGGTCARATCCGTGTTGAAGAGTGATGTTGATGCTTTGGTAGAGCTCAATATT
181 ————- + B SR S — e L ——— e + 240
GGCTGCACCAGTTTAGGCACAACTTCTCACTACAACTACGAAACCATCTCGAGTTATAA

A D VV K SV L K S D VDALV ETLNTI

GCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCGATCGGTGGCTTCAACGCCCACGCT
24] ———m————— Fom e ——— Fom e ——— o e e e s i e iy e ——— + 300
CGATTCTTGGACTAGCCCAGACGGTACCGGCCAAGCTAGCCACCGAAGTTGCGGGTGCGA

A K N L I G S A MA G S I G G F NAH A
GCCAACATCGTAGCGGCCATATTCCTCGCCACCGGCCAAGACCCC

301 ——=== T Fomm e ——— o ———— tomm——— 345
CGGTTGTAGCATCGCCGGTATAAGGAGCGGTGGCCGGTTCTGGGG

A N I VvV A A I F L A T G Q D P

Figure 5 Partial DNA sequence and deduced amino acid sequence of the 359 bp
hmg fragment.

The partial DNA sequence (345 bp) and deduced amino acid sequence of hmg, obtained
by PCR amplification of Lp19 DNA with primers hmg 1 and hmg 3. The sequence was
used to design primers unique to Lp19 hmg, and are shown in red (hmg 4) and blue
(hmg 5). An Ssi restriction site was located within this fragment (underlined) which
was important for later analysis.
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STSRFARLQH
STSRFARLQH
STSRFARLSS
STSRFARLQK

DGGFDDMNII
EYGWEDMEVV
EYGWEDMEVV
QY . FPEMKVL
. .YFPEMQIL

KSDVDALVEL
KSDVSALVEL
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MAGSIGGFNA
MAGSVGGFNA
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MEMISKG
AMGMNMISKG
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AMGMNMISKG
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RGKGIVAEAI
RGKSVVAEAT
RGKSVVAEAT
RGKSVVAEAV
RGKSVVCEAV

HAANIVXXIF
HAANLVTALF
HAANLVTAVF
HAANILTATY
HAANIVTAIY

VEHALNVMAT
VEYSLKQMVE
VEYSLKQMVE
VEKALGLMTE
TEKALSKLHE

IPADVVKSVL
IPGDVVEKSVL
IPGDVVRKVL
VEGNVVRSVL
IPARVVREVL

LATGQDPAKT
LALGQDPAQN
LALGQDPAQN
LATGQDPAQN
IACGQDAAQN
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825
829
900
674

875
879
949
722

925
929
999
772

Pile up of partial Hmg sequences showing similarity to Lpl19 Hmg.

Alignment of the deduced polypeptide sequence of hmg from N. lolii Lp19 with Hmg
sequences from: S. cerevisiae HMG1 (S. cere 1; Basson et al. 1986), S. cerevisiae
HMG?2 (S. cere 2; Basson et al. 1986), U. maydis (Croxen ef al. 1994) and human
(Luskey and Stevens 1985). S§. cerevisiae has the greatest sequence similarity to Lp19
Hmg, 71%. Sequence identity is shown in blue.
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3.2 LIBRARY CONSTRUCTION

3.2.1 Optimising Conditions for Enzymatic Digestion of DNA

N. lolii Lp19 DNA (200 ng/ul) was used to construct a \GEM-12 genomic library. Trial
digests (Section 2.9) of 1 ng of DNA with the isochizomers Mbol and Sau3A were
performed and Mbol was found to digest Lpl9 DNA efficiently (data not shown). Mbol
trial digests were undertaken to determine the enzyme concentration required to produce
the maximum yield of 9-23 kb fragments of Lp19 genomic DNA (Section 2.15.1).
Enzyme concentrations ranging from 0.008-1.0 U were trialed and the digested DNA
separated by electrophoresis on a 0.4% agarose gel (Section 2.10, Figure 7). The
greatest mass of DNA fragments in the size range of 9-23 kb were obtained with 0.03 U
(lane 7) of Mbol. The best yield of fragments of the desired size range in a large scale
partial digest usually occurs when one half the determined optimal enzyme
concentration is used (Sambrook ef al. 1989), in this case 0.015U (lane 8). A large
scale partial digest (Section 2.15.2) was carried out using this enzyme concentration as
well as additional reactions with 0.06 U and 0.03 U to ensure the optimal digest was
obtained. The samples were checked on a 0.4% agarose overnight gel (Section 2.10)
and the digests using Mbol concentrations of 0.03 U and 0.015 U gave the optimal
concentration of fragments in the 9-23 kb size range so these were pooled for ligation
into A arms and the third reaction mix discarded.

322 Determination of Optimal Ligation Conditions

Prior to ligation of insert DNA into A arms the insert ends were half-site filled with
adenine and guanine using Boehringer Mannheim's Klenow enzyme, to make them
complementary to the Xhol half-site arms of AGEM-12 (Section 2.15.3). The DNA was
phenol/chloroform extracted (Section 2.6), ethanol precipitated and resuspended in
water to a final concentration of approximately 200 ng/ul.

Trial ligations (Section 2.15.4) with varying vector:insert DNA ratios were performed to
determine the optimal ligation conditions to give sufficient plaque forming units (PFU)
for a representative Lp19 genomic library (Table 3). These ligations (2.5 pl) were
packaged into phage in small scale reactions (250 pl, Section 2.15.5) and titred (Section
2.15.6) to analyse the efficiency of the ligation and packaging reactions. The minimum
requirement for a genomic library of 9-23 kb inserts representing 99% of a 25 Mbp
genome is approximately 7.2x103 PFUs (Clarke and Carbon 1976), but a 10-fold over-
representation increases the probability of obtaining the gene of interest. Ligation ratios
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Figure 7 Establishing conditions for partial digestion of high-molecular weight Lp19 DNA.

Lp19 genomic DNA (1 pg) was digested with varying amounts of Mbol to determine conditions
that gave the greatest mass of fragments in the 9-23 kb size range. Lane 2 contained 1 U; lane 3,
0.5 U; lane 4, 0.25 U; lane 5, 0.125 U; lane 6, 0.6 U; lane 7, 0.03 U; lane 8, 0.015 U and lane 9,
0.008 U. Lane 10 contained 1 pg undigested Lp19 DNA and lane | contained the BRL high

molecular weight markers.

1 2 3 4 5 6 7 8 910
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Table 3 Establishing optimal ligation conditions for library construction.

arms:1nsert ratio

] 1:2 123 4:1 control
I'Trial ligations
ug I:1 1:2 1:3 1:0.25 21:1
PFU/ml 1.79x10° 2.44x103 1.2x104 1.45x104 2.8x106
Total PFUs in  4.48x104 6.1x104 3.0x103 3.6x103 7.0x105
250 pl reaction
3Large scale ligation
PFU/ml 2.9x105 2.5x105
PFU/100ul 2.9x104 2.5x104
Total number of 1.2x105 1.0x103

A plaques

I Trial ligation ratios 1:1 and 1:2 were shown to give sufficient plaques for a
representative library when packaged (250 pul reaction) and titred. These ligations were

then re-packaged in a large scale packaging reaction (500 pl).

2 Positive control insert DNA (pTI11, pre-digested with BamHI and half-site filled) was

ligated into A arms.

3 Three 500 pl and one 250 pl packaging reactions of each ligation ratio (1:1 and 1:2)
were carried out. The reaction titres were determined and the reactions pooled having
sufficient PFUs for a representative library. The Lp19 library was amplified before

storage.
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of 1:1, 1:2, 1:3 and 4:1 (A arms:insert DNA) were trialed (Section 2.15.4). Ligated
DNA was packaged into phage in small scale reactions (Section 2.15.5) and these were
titred (Section 2.15.6) to determine which ratio gave sufficient plaques for a
representative library of the Lp19 genome. From these trial reactions the 1:1 and 1:2
ratios produced the highest number of plaques (Table 3) so these were selected for large
scale packaging to produce the library. The 1:1 and 1:2 ligations (5 pl) were
repackaged into & arms in a large scale reaction (500 ul), pooled, titred and estimated to
have 2.2x10° PFU, sufficient for a representative library of the N. lolii Lpl9 genome.
The Lpl9 genomic library was amplified (Section 2.15.7) to 1.5x10% PFU/ml as the

original phage titre was too low for long-term storage in 7% DMSO at -20°C.

33 LIBRARY SCREENING AND MAPPING OF HMG POSITIVE
CLONES
3.3.1 Library Screening

Filters containing approximately 23,000 PFU from the AGEM-12 genomic library
prepared from Lpl9 DNA (Section 2.15), were screened by plaque hybridisation
(Section 2.16.2) with the 265 bp hmg fragment (Section 3.2.5). This probe was [o-
32P)dCTP-labelled (Section 2.14.2-2.14.3) for round one of screening and DIG-labelled
(Section 2.14.5) for subsequent rounds. In the first round of hybridisation 16 positive
plaques were isolated (Section 2.16.3), 5 of which were selected for second round
screening. Four of these were confirmed as positive (\JD1, AJD7,2JD12 and AJD14).
After a third round of plaque purification, DNA was isolated from 3 (AJD1, AJD7 and
AJD12) of the 4 positive clones (Section 2.5.2).

332 Physical Mapping of A Clones
3:3:2.1 Restriction Digestion of A Clones and Hybridisation to Lp19 hmg

DNA prepared from AJD1, AJD7 and AJD12 was digested (Section 2.9) with SstI,
HindIIl and SstI-HindII. SstI was selected for analysis as it cleaves within the multiple
cloning site, releasing the entire insert from the A arms, whereas HindIII does not (see
Appendix 2.0). Digested A DNA was separated by electrophoresis on a 0.7% agarose
overnight gel (Section 2.10, Figure 8A), alongside digested Lp19 genomic DNA. The
sizes of the fragments produced are summarised in Table 4. All three clones shared
common insert bands suggesting they were from a common region of the genome. A
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Southern blot (Section 2.14.1) of this gel was probed with the DIG-labelled (Section
2.14.5-2.14.7) 265 bp hmg fragment of Lp19 (Figure 8B). The autoradiograph of this
blot revealed that all three A clones contained fragments hybridising to the Amg probe
(fragments hybridising are identified by an asterisk in Table 4). The fragments
hybridising in each HindIII digest contain a segment of the right A\GEM-12 arm as there
is no HindllI site within the multiple cloning cassette (see Appendix 2.0). The presence
of two hybridising SstI fragments is in agreement with the presence of an SstI site
within the probe (Figure 5). This also shows there to be a HindIII site within the 0.8 kb
Sstl fragment of each clone decreasing it to a 0.7 kb fragment. The absence of
hybridisation to the Lpl9 genomic digest may be a result of the DNA concentration
being too low (see repeat experiment, Figure 11B). Clone AJD12 was selected for
further analysis.

3322 Mapping of AJD12

Further restriction analysis (Section 2.9) of clone AJD12 was carried out using BamH]I,
EcoRI, HindIll and SstI to generate a physical map. With the exception of HindIII
these restriction enzymes all cleave at the multiple cloning site in A\GEM-12 thereby
completely releasing insert DNA (see Appendix 2.0). Digests with each enzyme alone
and in combination with SstI, were carried out and the DNA separated by
electrophoresis on a 0.7% agarose overnight gel (Section 2.10, Figure 9A). The size of
the fragments obtained is summarised in Table 5. A Southern blot (Section 2.14.1) of
this gel was probed with the DIG-labelled (Section 2.14.5-2.14.7) 265 bp hmg fragment
(Section 3.2.5, Figure 9B). Hybridising fragments are identified by an asterisk in Table
5.

Fragments obtained from restriction analysis of AJD12 (Figure 9A) were used to
construct a physical map (Figure 10). The map was assembled by comparing the
fragment sizes obtained from single enzyme digests to those obtained in the double
digests with SstI. To aid mapping, each of the five AJD12 SstI fragments (5.2 kb, 4.9
kb. 1.8 kb, 0.8 kb and 0.6 kb, Figure 10) were subcloned (Section 2.17) into pUC118
(see Appendix A 3.1). Initially, 48 positive transformants were isolated and DNA was
obtained from these using alkaline lysis (Section 2.5.3). The transformants were
screened by restriction digestion with SstI (Section 2.9) and analysed gel electrophoresis
(Section 2.10, data not shown). The plasmids were then digested with the restriction
enzymes BamHI, EcoRI, HindIIl, and Pstl to determine the orientation of the insert
within the vector. Plasmids containing each SstI fragment of 1JD12 in both orientations
were isolated and recorded as: pJD4(-) and pJD11(+), 0.6 kb; pJD6(-) and pJD12(+),
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Figure 8A Restriction digestion profiles of & clones digested with SstI, HindIIl and
Sstl-HindIIl.

AD1, AJD7, D12 (approximately 300 ng) and 1 pug of Lpl19 total DNA was digested
with: Hindlll, lanes 2-5; Sstl, lanes 6-9 and HindIII-Sstl lanes 10-13. Lanes 1 and 14
contain HindlIIl digested x DNA and the BRL 1 kb ladder, respectively.
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Figure 8B Mapping the position of Amg on AJD1, AJJD7 and AJD12

An autoradiograph of a Southern blot of Figure 8A hybridised with the DIG-labelled 265 bp
hmg fragment.
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Table 4 Summary of restriction fragment sizes of clones AJD1, AJD7 and

AJD12.

61

HindIIl Sstl Sstl-HindIII
DI AJJD7  ADI2 ADI D7 ADI12 ADI D7 AJDI12
11* 11%
10*
9.2 9.2 9.2
5.3 5.3% 5:3% 3.3%
5.1
5.0 5.0 5.0 5.0 5.0
4.9 49
48 4.8
4.7 4.7 4.7
4.4 4.4 4.4
1.9
1.8
1.2 1.2 1.2
0.8* 0.8%* 0.8%*
0.7* 0.7 0. 7F
0.6 0.6

* Indicates fragments in Figure 8B hybridising to the 265 bp DIG-labelled hmg

fragment.

The left AGEM-12 arm (20 kb) is not included in this Table.

Fragment sizes were determined using the Gel Documentation System (Alpha

Innotech).
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Figure 9A Restriction digestion profile of AJD12.

MD12 (approximately 300 ng) digested with: Sst1 (lane 3), BamHI (lane 4), BamHI-Sst1
(lane 5), EcoRI (lane 6), EcoRI-Sst (lane 7), Hindlll (lane 8) and HindIII-Sst1 (lane 9).
Lane 1 and 2 contain the BRL 1 kb ladder and HindIlI digested A DNA, respectively.
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Figure 9B Mapping position of hmg within AJJD12.

Autoradiograph of the Southern blot of Figure 9A hybridised with the DIG-labelled 265 bp
hmg fragment of Lp19. The background in the autoradiograph may be due to too much
DIG-labelled probe being added during hybridisation.
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Table 5 Summary of restriction fragment sizes generated by digests of AJD12.
Sstl BamHI B-S EcoRI E-S Hindlll H-S
13.2*
10*
9.4 9.4 9.4 9.4 9.4
6.5%
5:.2% S0 5.2 S.2%
4.9 4.9
4.8
4.4 4.4
3.6%
2.6 2.6
2.3
2.0
1.9 1.9
1.8 1.8
1.1
0.9 0.9
0.8%* 0.8* 0.8
0.7*
0.6 0.6

B-S = BamHI-SstI double digest.
E-S = EcoRI-SstI double digest.
H-S = HindIII-SstI double digest.

* Indicates fragments in Figure 9B hybridising to the 265 bp DIG-labbeled hmg
fragment of Lp19.

The left A\GEM-12 arm is not included on this Table.

Fragment sizes were determined using the Alpha Innotech Gel Documentation System.
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Figure 10 Physical map of the hmg region of the Lp19 genome.
A. Restriction map of the AJD12 clone for the enzymes BamHI, HindIII and Sstl.

B. The region sequenced, the Aimg ORFs and the primers used for PCR and sequencing,

are shown.
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0.8 kb; pJD35(-) and pJD16(+), 1.8 kb; pJD21(-) and pJD48(+), 4.9 kb and pJD20(-)
and pJDI1(+), 5.2 kb (the plasmids are designated + or - depending on their orientation
with respect to the map shown in Figure 10). Single and double digests with the
aforementioned enzymes confirmed map orientation and enabled small fragments of the
A clone to be identified and mapped, completing the physical map of AJD12 for the
restriction enzymes BamHI, HindIll and SstI (Figure 10).

333 Identification of Hmg in Lp19 Genomic DNA

To demonstrate that regions hybridising to Lpl9 hAmg identified in the A clone were
present in Lpl9 genomic DNA, a Southern blot (Section 2.14.1) containing total DNA
from Lpl19, Lpl, E8 and AJD12 digested (Figure 11A, Section 2.9) with the restriction
enzymes Sstl and HindlIl, was probed with the [a-32P]dCTP-labelled (Section 2.14.2-
2.14.3) AJD12 0.8 kb SstI fragment (Figure 11B). The 0.8 kb AJD12 fragment
hybridised to the corresponding 0.8 kb fragment in each of the SstI digests. The
fragments hybridising within the AJD12 digests aligned with the those of Lpl9,
demonstrating that Lpl9 possesses genomic fragments corresponding to those within
the A clone. The Lpl HindlIll genomic digest contained hybridising fragments of
approximately 5.2 kb, 5.7 kb, 7.9 kb and one greater than 10 kb. The fragments
hybridising within the HindIII digests of E8 (approximately 7.9 and 5.7 kb) and the
Lpl9 (approximately 5.2 kb and one greater than 10 kb) aligned with the hybridising
fragments of the Lpl digest. Lpl is considered to be an interspecific hybrid of the N.
lolii and E. typhina genomes (Schardl et al. 1994) and this blot provides evidence to

support that conclusion.

34 SEQUENCE ANALYSIS OF Lp19 HMG

34.1 Sequencing of Lp19 hmg

To define the boundaries of hmg within the A clone the end of each cloned SstI fragment
(Section 3.3.3.2) was sequenced using the Amplicycle Sequencing kit (Section 2.13.1)
with the pUC/M13 "universal" forward primer (Perkin Elmer, Table 2). Sequence
similarity searches were performed using the Molecular Biology Computational
Resource (MBCR) database, and it was deduced that Lp19 hmg spanned the 4.9 kb, 0.8
kb and 5.2 kb Ss¢I fragments of AJD12 (Figure 10). The strategy employed to sequence
the Lp19 hmg was that of primer walking. This was used to extend the sequence from
the ends of pJD6, pJD12, pJD20 and pJD48. Approximately 600 bp of sequence was



68

Figure 11 Demonstration that insert DNA present in A clones corresponds to

regions of the Lp19 genome.

Figure 11A Southern blot of SsrI and HindIlI digested Lpl, E8, Lp19 and \JD12
DNA.

Lpl, E8 and Lpl9 genomic DNA (2 ng) and AJD12 (approximately 10 ng), were
digested with SstI and HindIIl. Lanes 2-9 contain SstI and HindIII digests of Lpl (lanes
2 and 3), E8 (lanes 4 and 5), Lp19 (lanes 6 and 7) and AJD12 (lanes 8 and 9). Lane 1
and 10 contain the BRL 1 kb ladder and HindIII digested A DNA respectively.

Figure 11B Demonstration that AJD12 contains the img gene of Lp19.

Autoradiograph of a Southern blot of Figure 11A probed with the 0.8 kb Ss:I fragment of
AJD12.
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Figure 12 DNA sequence and deduced amino acid sequence of hmg from Lp19.

The 4,464 bp Lp19 hmg sequence shown contains a portion of the 5' non-coding region
(7287-"1), the hmg coding sequence (1-3637) and 3' non-coding sequence (3638-4177).
The coding sequence is interrupted by an intron (3186-3258) and the intron consensus
sequences are shown (boxed, Section 3.4.2). The coding sequence begins at an ATG
(purple and underlined) and ends at TAA (pink and underlined). A poly(A) termination
sequence, AATAAA (pink and double underlined) occurs 42 bases downstream of the
STOP codon (pink). The transcription start site is thought to occur between primers hmg
22 and H-2 and this is supported by the presence of putative CAAT (red) and TATA
(green) consensus sequences. A microsatellite (TGTC);g occurs within the 3' non-
coding region (blue). Primers used for PCR and sequencing are shown, as are the Sstl

restriction sites (double underlined).
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obtained from each sequencing run (Section 2.13.2) and from this, primers were
designed to extend the contig (Figure 10, Table 2). The sequence was assembled using
the GELASSEMBLE program of the GCG package (Figure 12) and a consensus
generated (see Appendix A 1.3 for PRETTYOUT).

To confirm that the 4.9 kb SstI fragment was immediately adjacent to the 0.8 kb SstI
fragment the 6.5 kb BamHI fragment of AJD12 was subcloned (Section 2.17) into
pUCI18 (see Appendix A 3.2), to generate pJD124. Plasmid DNA was isolated (Section
2.5.3) and sequenced (Section 2.13.1) with hmg 8 (Figure 10, Table 2) providing
sequence information across the 4.9 kb and 0.8 kb fragment junction. The 0.8 kb and
5.2 kb Ss1I junction occurred within the isolated PCR products (Section 3.1.3.2) and so

had previously been sequenced (Figure 5).

Regions where ambiguities occurred within the consensus sequence of hmg were
resequenced. A segment of Lpl9 DNA containing sequencing errors was PCR
amplified using primers hmg 26 and hmg 27 (Figure 10, Table 2) in standard
Boehringer Mannheim buffer at an annealing temperature of 65°C. A product of 532 bp
was amplified (Figure 14, lane 6) and sequenced (Section 2.13.2) using primer hmg 26
to remove any ambiguities A 6 frame translation of the nucleotide sequence was
performed using the MAP program of the GCG package, identifying a number of open
reading frames (ORF's, Figure 13). Two of these ORFs, ORF1 and ORF2, showed
sequence similarity to the Gibberella fujikuroi Hmg ((Woitek et al. 1997), accession
number X94307). The frame shift between these two ORFs indicated the presence of an
intron.

3.4.2 Identification of Intronic region by RT-PCR Analysis

The putative intron was located by discontinuity of ORFs and by the presence of intron
consensus sequences associated with the splicing reaction. The 5'-donor site (A-
GTGAGT); the splice branch site (TACTAAC) and the 3' acceptor site (CTAG-C)
(Figure 12) show similarities to consensus sequences determined for these sites in
Neurospora crassa genes (Bruchez et al. 1993): 5' donor site (G-GTRMGY); the splice
branch site (RCTRAC) and the 3' acceptor site (GWYAGG-G), where M=C or A, R=A
or G, W=A or T and Y=C or T. The presence of stop codons in each of the three
forward frames provided further evidence for this to be a non-coding region.

To confirm the presence of an intron between positions 3893 and 3965 in the nucleotide
sequence (Figure 12), total RNA was isolated from Lp19 (Section 2.19) and analysed by
RT-PCR (Section 2.22), using primers hmg 29 and hmg 30 (Table 2, Figure 10). These
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Figure 13 A 6 frame translation of Lp19 hmg showing all open reading frames.

The FRAMES program of the GCG package plots the open reading frames of a nucleic
acid sequence as boxes bordered by potential start and stop codons. Potential start codons
are shown as short lines that extend above the box and potential stop codons are shown
as short lines that extend below the box. By default, only the start and stop codons at the
ends of open reading frames are shown in the frame display; if a stop codon has been
passed, no stops are shown again until a start codon is passed; if a start codon is passed,

no start codons are shown again until a stop codon is passed.
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Figure 14 Identification of an intron in Lp19 Amg.

All reactions were amplified by PCR, with the following templates. Lanes: 2, No RNA; 3,
No reverse transcriptase; 4, No DNA. Lane 5 and 6 contain Lp19 ¢cDNA and DNA,
respectively, amplified with primers hmg 26 and hmg 27. Lanes 7 and 8 contain Lp19 cDNA
and DNA, respectively, amplified with hmg 29 and hmg 30. Lanes | and 9 contain the BRL 1
kb ladder

533 bp
336 bp
263 bp
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primers amplify a 408 bp fragment from Lpl9 DNA (Figure 14). Lpl9 cDNA was
obtained using random primers (Gibco BRL, Section 2.22.1) and a PCR reaction
(Section 2.22.2) was then carried out on 10 pul of Lp19 cDNA (Section 2.22.1) and 25
ng of Lpl9 DNA at an annealing temperature of 50°C. Identical reactions were also
carried out using primers hmg 26 and hmg 27 as there is no intron within this region.
The PCR products were analysed by electrophoresis on a 2% NuSieve gel (Section
2.10) and the product obtained from Lp19 ¢cDNA with primers hmg 29 and hmg 30 was
observed to be approximately 70 bp smaller than that obtained from amplification of
genomic DNA (Figure 14). The 336 bp RT-PCR product was sequenced (Section
2.13.2) using primer hmg 29 and found to lack a 73 bp region corresponding to the

proposed intron.

To confirm that there were no other introns present in this gene, ORF1 (Figure .12) was
analysed by RT-PCR. PCR reactions were carried out on Lp19 ¢cDNA and DNA using
primers which spanned ORF1: hmg 20 - hmg 10 and hmg 14 - hmg S (Figure 10, Table
2) and the products were analysed by gel electrophoresis (Figure 15). The primers hmg
20 and hmg 10 gave a 1561 bp PCR product from cDNA and DNA indicating the
absence of any intron in this region. Primers hmg 14 and hmg 5 also gave a PCR
product of the same size (1941 bp) when amplifying Lp19 cDNA and DNA, therefore

confirming the absence of introns within this region.

343 Identification of Putative Transcription and Translation Start
Sites

The location of the putative transcription start site was determined using RT-PCR (see
Appendix 4.0 for methodology). PCR reactions were carried out on Lp19 cDNA with
one fixed primer hmg 13 and five primers H-4, H-3, hmg 20, H-2 and hmg 22 at
positions upstream. This showed the start site to be between hmg 22 and H-2 due to the
presence of an RT-PCR product H-2 and an absence of product with hmg 22 (Figure
16). This was supported by the presence of putative CAAT and TATA consensus
sequences within this region (Figure 12).

The proposed translation start site of Lpl9 hmg ORFI was identified by upstream
discontinuity of the coding sequence and by the presence of specific nucleotides at the
start as predicted by Kozak (Figure 12). The sequence around the putative start site
GTCGACAUGA, is similar to the vertebrate Kozak consensus sequence,
GCCRMCAUGG (Kozak 1988), and to two proposed consensus sequences for N.
crassa: CNNNCAMUAUGGC (Bruchez et al. 1993) and CAMMA U GGCU
(Edelmann and Staben 1994) (where N=A,T,G or C; M=C or A, R=A or G and U= a
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Figure 15 Confirmation that ORF1 lacks introns.
PCR amplification of Lp19 DNA and cDNA was carried out using primers hmg 20 and hmg 10

(lanes 3 and 4) and primers hmg 14 and hmg 5 (lanes 5 and 6). Lane 2 contained no DNA and
lane 1 contained the BRL 1 kb ladder.

3.0

2.0
1.6

1.0

0.5
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Figure 16 Identification of a putative transcription start site for hmg.

The location of the transcription start site was identified using RT-PCR with the fixed primer
hmg 13 and five upstream primers (lanes 2-6). Lane 1 contains HindIII digested A DNA.

~

~
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E

=

hmg 20
3
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H
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conserved absence of that codon). Determining the position of the translation start

proved difficult due to an absence of conservation in the 5' coding region of hmg genes.
344 Identification of the Poly(A) Termination Sequence

A putative polyadenylation signal (AAUAAA) was identified at position 3683 of Lp19
hmg, 43 bp downstream of the putative translation stop codon (Figure 12). RT-PCR
was employed in an attempt to confirm this site, which is usually located 10 to 30 bp
upstream of the poly(A) tail in mammals and yeast (Bruchez er al. 1993) which
indicates the end of the mRNA

Lpl19 cDNA was produced using A, G, and C anchored poly T primers in a single
reaction (Section 2.22.1). PCR was then performed using primer hmg 28 (Figure 10,
Table 2) in 3 separate reactions with each of the anchored primers (Section 2.22.2,
Figure 17). A single RT-PCR product was not obtained in any of these reactions
possibly due to the Tm differences of the primers (Table 2). A number of products were
obtained two of which were more strongly amplified (approximately 357 bp and 575
bp). A putative poly(A) signal is located immediately upstream of the 3' end of the 357
bp sequence, but no such sequence could be identified adjacent to the end of the 575 bp

fragment.

A microsatellite was located 304 bp downstream of the translation termination codon
for Lp19 hmg. This consists of the four base sequence, TGTC, repeated 18 times within
the 3' non-coding region of Lp19 Hmg (Figure 12).

34.5 Comparison of Lp19 hmg with Other hmg Genes

A total of 4464 bp of the hmg region of Lp19 was sequenced (Figure 13). Using the
PILEUP program of the GCG package the deduced polypeptide sequence of the Lp19
Hmg was aligned with polypeptide sequences of S. cerevisiae HMG1 (Basson et al.
1986), S. cerevisiae HMG2 (Basson et al. 1986), Schizosaccharomyces pombe (Lum et
al. 1996), U. maydis (Croxen et al. 1994), G. fujikuroi (Woitek et al. 1997) and human
(Luskey and Stevens 1985) (Figure 18). The dendrogram from this comparison (Figure
19) agrees with the phylogeny of hmg published elsewhere (Bochar et al. 1997; Lum et
al. 1996; Woitek et al. 1997), with the Hmg from Lp19 grouping closest to that from the
ascomycete G. fujikuroi. .
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Figure 17 Identification of the 3' end of Lp19 hmg mRNA.

Lanes: 2, No DNA; 3, No RNA and 4, No reverse transcriptase. Lanes 5-7 contain
RT-PCR products obtained with hmg 28 and: A-anchored poly T primer, lane 5;
G-anchored poly T primer, lane 6 and C-anchored poly T primer, lane 7. These are
flanked by the BRL 1 kb ladder.




Figure 18

Lpl9
G.fujikuroi
S.cerevisiae2
S.cerevisiael
S.pombe
U.maydis

Lpl9%
G.fujikuroi
S.cerevisiae2
S.cerevisiael
S.pombe
U.maydis

Lpl9
G.fujikuroi
S.cerevisiae2
S.cerevisiael
S.pombe
U.maydis

Lpl9
G.fujikuroi
S.cerevisiae2
S.cerevisiael
S.pombe
U.maydis

Lpl9
G.fujikuroi
S.cerevisiae2
S.cerevisiael
S.pombe
U.maydis

Lpl9
G.fujikuroi
S.cerevisiae2
S.cerevisiael
S.pombe
U.maydis

89

Alignment of deduced Hmg polypeptide sequences. Identity to

Lp19 Hmg is shown in

1
MISSSFLPNR

FRGEPDRSQT

Tadeem
e

SAAPSRIGKK

LSPLLQOFLAT

50
VZCSHZZHTV

i s

51
VTIAVLASTS

YVGLIQDSLF

ZG.PARLEKA

DWSSLTCZSR

LZARYZIQVI

~~~~~~ ~~m~m~~~ ~~MAYAVKAL

100
DLI-ZSADTRW

~~~~MSLPLK
~~~~MPPLFK
AIVGILVSMA
TIRFWALLRK

101
QWSKVECDSZE

TIVHLVKPFA
GLEKQMAKPIA
TFSFLEALTQ
ADSADIFVML

SVRNSTHLAL

CTARFSARYP
YVSRFSAKRP
ZDFZVLIRAL
SAYILMHCTF

ZTFVFPDTL=S

IHVIVVAVLL
IHIILFSLII
KRFGILCZCFP
VNLFL.SMRKF

SESAZZAPRS

SAA-YLSVTQ
SAFLYLSVIQ
NTRLPNEMIL
GSNFWLGASV

150
HYVPTPQNLS

SYLNEWKLDS
YYFNGWCLDS
KLESTQGED=
LMESTFAFLL

151
IT>IZATENS

NQ.YSTYLSI
NSVFETAPNK
SYWEQIPALE
AITFASLLGV

FTTYTCDSIL

KPDELFEKCT
DSNTLFQEC:=
Z.GGEGFVDFD
TVDPICLSEA

AYSIRPYTQ=P

HYYREPVSDT
HYYRD=SLDG
ITOWYYPANA
LPFLVILVGF

EFISA-QEIP

WKLLSSKEAA
W/SITAHEAS
K7DVAQLVEP
EKPYLLTRAI

200
CEDAEEITTQ

DIYTFFHYYL
ELZATHHYYL
YRNDCIFHDA
FTHPDITPSA

201

HGEERKEKWIM
""""" ~~MDH
LVSENGTRWR
ISSTDGTEKWR
IQRILPAIRE
MSREESFVRA

251

YLTLFYTLCC
YLMEFYTIFG
YACHLISIVE
LIEIAVMAVG

STISFLSKDN
LNLNFNSPNE
SGACHFFFKE
NSLSNRERSQ

KAAKVNERSE
EGCQGQHPQQ
LRNNSNFILD
LRSDRKELFD
HGI...SWSW
LTERLEKSEDS

ATSGVSGLRE

STTLZSLDDV
TDZZZELANT
VGNWTVSSIA
LILSNLDQ:A

ITHVLS
CCQuv
LHNIYRNMVK
VKTLAYSLYD
LLQLIARTVM
LRWAEPTPMP

K““JSF:A_S

NFWLSASTVV N
RFWLFFSVLL
FCQLAALITL

IYSVDHTRYL
VZEKDNTKYI
LPSNL-NPPI
KPEIGTLGKT

EFLD
Q_SNKTSEFD
VZSENVTQ=D
NTLKIASQAS
AHEIVVSAVN

NE

ACALYLSL
ASSLFLAL

STLFSVQrAM

FDCIF.LFAF

l'ﬂ

LSEEPKIPTE
LQEDLSVSKE
CYFLDSSSTV
SLAVANGTTA

QFCLFIILAA
PFCVLINVTA
KTELLIVGTA
RVGVPIIRDY

300

LGVR

Lh 0 0T

2L VWTTK .LGVP

YTTHSLLRK?
YVTQCILCKE
AM TLVRA.SGVR
YVSILTVMTE



Lpls
G.fujikuroi
S.cerevisiael
S.cerevisiael
S.pombe
U.maydis

Lpls
G.fujikuroi
S.cerevisiae?
S.cerevisiael
S.pombe
U.maydis

ILplS
G.fujikuroi
S.cerevisiae?
S.cerevisiael
S.pombe
U.maydis

Lpl?
G.fujikuroi
S.cerevisiael
S.cerevisiael
S.pombe
U.maydis

Lpl9
G.fujikuroi
S.cerevisiae2
S.cerevisiael
S.pombe
U.maydis

LplS
G.fujikuroi
S.cerevisiae2
S.cerevisiael
S.pombe
U.maydis

LplS
G.fujikuroi
S.cerevisiae?
S.cerevisiael
S.pombe
U.maydis

301

ALLS VI

VEALT_FE
Lvs I-§

VHR KVER V

351
GGDE- _. T
R PDGST M

RCSVSD HSP
KVFSVILG.

401

] T2 T
VNI I .STFM
TN I- SAF.

Kl «-<F=AV
SAITREH TY

451

X

N
VPTT DIIY
VPST RIIS
‘EST RH D
VA IS PITL

501
VI T
VIV S
LYVFTDKL
__FY. FGANW
F LFEL_S
GRGSSSLAVL

551
T2EFASGEAT
PT- SNNRP
YEDIGNLSNQ
SN-SENF EQ
S ISSMSNIE
GNAAL-EGNA

601

NIGVGERMNVE
GYGVEGERMVEG
oo o0 e ilID
os oo oo DLLR

PENGKPGVQT

INFELSIR
IZVWSER
INVVALD
REKPK SAELC

L0
V-NI YE-MF
TDEIVFESVS
MHED AK CR
SAREEKRRKS

(ol
e
SESLASSA
I-EL . TP
MIY LL 8
EPSPYQIVAN

S "DWTQ
GD_ELNRVEK
DETASEPHF.
AEKKSVS F.
G SSATT A
VLLESNEVYVS

ST MR
NEPSEM=I
NATILNTVYF
VND-FNSLYF
KHYAAT-AA
DSLM GWTVI

VIISVL' KQ
AIVSVTCLL
SPS RL....
AGAAAYAAAR

SLIKSLEDE
GILESLEDPV
ZVSNAIRCQF
NVSVAIRCRF

« s s+ ISASF
RGHSADGISD

M

HKVR AAFS.
HK ‘KTAQYA
AAE. QI
LDSDSAP SP
D Y

BEIRTCT

QE AYLI

EE GRLIQ H
NAAPP  HF

ENPLGR KLL

T8I EME
8 ALR
EVE T
QSPIFAPARS

ESKNTT
« +« « DAP

LR T R A ]

LR B

GSRYFKVRY
SRSTLAWNAA

GG
T .85
DETIYS P..
DKERVS P..
AARLIP VRS
VGDPVISEWM

ELEY2SYIHYS
YTPLEKY- QI
YEKPIK-YQRI
« + o LFAVFEG
F...IGAZLD

ISELLFFAF:
VESLVLSALY
LSEKWIVCALS
YHNRLAQIS™

VaAuRT

EEIASTS
Q...KFH IS
E...KFE VG

Pagrasiaai s

ISDSSTS D

. - SL
Vo VI
LFY .SSFIGC
LLC FAFIGC
SFG. .VV AI
LVASF V _HS

K HYE
R.STVSSVMS
=2 ITEBEESTY
MV _H-STI
"MR - YNAKDD
SATIAPLLAQL

MR

K I
LRSNVAIILG
LNL VV IIM

Wi din saae

LNA GVYAQA

VS PP -V
IAPLS F
QYPDFRKSQRL

SL LGISIFL

~8-=:_RDG-A

_G:-AASNP Y

ED=V
EDMV.....
AFEL-STSFLS
SEAKAIEEHS

LSVELNCELE
LESVALNGYLT
VSISINVYLL
CEAVINVILL
LEIAVIVETL
TQASVPLSKL

90

350
G.GREVQ N
. .AQNSEKES ‘K
I.DRKIT...
L.SKRIT...

SPSPNSR. FW
400

AIYARHLP
SMYAHQLKT
s ESYCNPEL
FNLISTLTRO

450
M MA A
ICVWPLRMMA
I-QT “E
IKQT E
V KV IEE L
SOSQPDDILDL

500
S
LZZIF
ASV GLLL
LSV LL. F
IILET."IA
TSTGVRPVPY

550

GK
SN <
swes e s NFCN
sesss e FLT
LDDGVF_DV_
N-YLLKGIAT

600
GAV-SAVQ:D
NDAFHH.H Q

TIH-FINNWS
ERNRRRWSAR

650
NVARWSIXDE
NVARNGIKDR
IA®KIHTGYM
NAEZRTHTSYT
HARELN.SIK
TRDNDELASK



Lpl9
G.fujikuroi

S.cerevisiae2
S.cerevisiael

S.pombe
U.maydis

Lpl9
G.fujikuroi

S.cerevisiae2
S.cerevisiael

S.pombe
U.maydis

Lpl9
G.fujikuroi

S.cerevisiae?
S.cerevisiael

S.pombe
U.maydis

Lpl9
G.fujikuroi

S.cerevisiae2
S.cerevisiael

S.pombe
U.maydis

Lpl9
G.fujikuroi

S.cerevisiae2
S.cerevisiael

S.pombe
U.maydis

Lpl9
G.fujikuroi

S.cerevisiae2
S.cerevisiael

S.pombe
U.maydis

Lpl9
G.fujikuroi

S.cerevisiae?
S.cerevisiael

S .pombe
U.maydis

651

NVPDHGIDRK
NVPEHNIDRN
NFQPQSNKI.
ADQLVKTEVT
EEPEKKVVEK
PTSMTGAAVN

701

GDGLSMSKLR
AEGLHMTKAR
EIQNNE.CVY
SSSSEEDDSR
IAQESVV...
GQQICLQDAT

751

RGKVPGYALE
RGKIPGYALE
NGKLPLYSLE
HGKLPLYALE
ARKKIPLYALE
NGKIAAYALE

801

NWERVFGACC
NWERFFGACC
DYDRVFGACC
DYDRVFGACC
DYSRVLNACC
DYGKVMGACC

851

RGCKAINSGG
RGCKAINSGG
RGCKAINAGG
RGCKAINAGG
RGCKAINAGG
RGCKALNAGG

901

MKKAFNSTSR
MEKKAFNSTSR
IKKAFNSTSR
IKKAFNSTSR
MEKKAFNSTSR
IKAAFDSTSR

951

LNVMATDGGF
LSVMANDGGF
LKQMVEE YGW
LEKQMVEE YGW
LVVMSNDAGF
LGLMTEQY.F

ELARAQRFNE
ELARAREFND

.DDLVVQQKS
KKSFTAPVQK
VWeetasnns
AVPADAIRPD

SSQSRSQFEH
P....ANLPN
ALSSQDE.PI
DIESLDK.KI

YVTPDGETVV

KALKDFTRAV
KTLGDFTRAV
KKLEDTTRAV
KEKLGDTTRAV
RVLEKDVTRAV
KVLQDHERAV

ENVIGYLPLP
ENVIGYMPLP
ENVIGYMPIP
ENVIGYMPLP
ENVIGYMPLP
ENVVGYMPIP

GAITVLTSDG
GAITVLTADG
GATTVLTRDG
GATTVLTRDG
GAVTVLTRDQ
GVTTVLTQDA

FARLQHMKTA
FARLQSMKTA
FARLQHIQTC
FARLQHIQTC
FARLQHIKTA
FARLSSLRCV

DDMNIITVSG
DDMQIISVSG
EDMEVVSVSG
EDMEVVSVSG
DDMQVISVSG
PEMKVLSLSG

TESATLPLGE
TGSATLPLGE
ATIEFSETRS
ASTPVLTNKT

T -

AMDAVKEHDV

RSIEELEEKLI
RSNEELEKLL
RPLSNLVELM
RPLEELEALL
RSLEECITLY
RPLEELVEIY

KIRRTIISRT
KIRRSIIARN
LVRRKALSTL
AVRRKALSIL
VIRRTVVSRS
RVRRALVSRA

VGVAGPLVID
VGVAGPLVID
VGVIGPLIID
VGVIGPLVID
LGVAGPLIID
LGIAGPLNID

MTRGPCVSFE
MTRGPCVAFE
MTRGPVVRFP
MTRGPVVRFP
MSRGPCVAFP
MTRGPALEFP

LAGTNLYIRF
LAGTNLYIRF
LAGDLLFMRF
LAGDLLFMRF
LAGTRLFIRF
LAGRTLYVRF

NFCIDKKPAA
NYCTDKEKAAA
NYCTDKEPAA
NYCTDKKPAA
NYCTDKKPAA
NYCTDKEKPAA

YVPPTPSCTE
YVPPTPMRTQ
MPASSGLETP
VISGSEKVKSL
VVKYIPSSNS
... .APSSDA

VEKR..THEL
SENA. .LREM
EKEQ. .LKNM
SSGN. .TKQL
NNGQ. .ISTL
AGG.AGVFFL

KATSEITNGL
KAAADITHSL
AESPI....L
AEAPV....L
SR....TKTL
S....ATQTL

GQSYFIPMAT
GQSYFIPMAT
GTSYHIPMAT
GTSYHIPMAT
GEKPFYIPMAT
GQFMPIPMAT

TLERAGAAKL
TLERAGARKL
TLIRSGACKI
TLRKRSGACKI
DLTRAGRAKI
SVVQAAKARR

KTTTGDAMGM
KTTTGARMGM
RTTTGDAMGM
RTTTGDAMGM
CTSTGDAMGM
ATSTGDAMGM

MNWIDGRGKG
LNWIDGRGKG
INWIEGRGKS
INWIEGRGKS
INWIDGRGKS
INWIEGRGKS

91

700
PATPALTDDE
PSTPAITDDE
VTAKDIIISE
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WLDSEAGQDM
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Figure 19 Dendrogram showing relatedness of Lp19 Hmg to Hmgs of other

organismes.

Dendrogram from PILEUP program of GCG showing clustering relationships used to
determine the order of pairwise alignments that together create the final multiple sequence
alignment (Figure 18). Distance along the vertical axis is proportional to the difference
between sequences. This dendrogram is from a pairwise alignment using the UPGMA

clustering strategy. Hence sequences and clusters of sequences occur in pairs.
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3.4.6 Hmg Sequence Features

Hmg contains three domains, a catalytic domain (1-641), a linker region (642-735) and
a membrane spanning domain (736-1188). These domains were determined by
comparison to the domains of the HMG1 and HMG2 proteins of S. cerevisiae (Basson
et al. 1986). The National Centre for Biotechnology Information (NCBI) program,
TMPred, which determines possible membrane spanning regions by analysing amino
acid hydrophobicity was employed to determine the putative transmembrane domains of
Lpl9 Hmg (von Heijne 1992). Seven hydrophobic regions were recognised between
amino acid residues 1-641 (Figure 20) corresponding to seven putative transmembrane

domains.

Using mutagenesis and kinetic analysis several amino acid residues have been shown to
be important for catalysis of P. mevalonii and hamster Hmg (Bischoff and Rodwell
1997; Darnay et al. 1992; Frimpong and Rodwell 1994). These residues have been
located in the catalytic domain of Lp19 Hmg and include: histidine, His!14!; glutamic
acid, Glu836 and aspartic acid, Asp!046 (Figure 21). Based on the crystal structure of P.
mevalonii Hmg, determined by Lawrence et al. (1995), four regions were identified
which form the binding sites for HMG-CoA (I and II) and for reduced and oxidised
NAD(P) (IIT and IV respectively). These regions are highlighted in Figure 21. Of
particular interest with respect to the regulation of Hmg activity is the serine at position
1147 of Lp19 Hmg. This residue is located six residues downstream of the catalytically
active histidine (His!!41), a spacing which appears to be strictly conserved in higher
eukaryotes and fungi (Friesen and Rodwell 1997). In eukaryotic Hmgs this serine
residue is known to be phosphorylated by AMP-activated protein kinase, resulting in a
loss of catalytic activity but does not appear to play a role in catalysis or substrate

recognition.

Using the GAP program of the GCG package the sequence of the putative catalytic
domain, from position 736 to 1188 of Lp19 Hmg, was compared to that of other
organisms. The amino acid sequence showed 83% similarity to G. fujikuroi, 69% to S.
cerevisiae HMG2, 69% to S. pombe, 67% similarity to S. cerevisiae HMG1 sequence
and 61% to U. maydis .

The region between the proposed membrane-bound and catalytic domains is a linker
region, which has been shown to contain little sequence similarity between different
organisms. Although some sequence similarity can be seen in this region (650-750)
between G. fujikuroi and Lp19 Hmg (Figure 18).



Deduced amino acid sequence of the Lp19 Hmg transmembrane
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Figure 20
1 MISSSFLPNR
51 VTIAVLASTS
101 WSKVEQDSAS
151 TPIPATENSF
201 GREKKKWIMK
251 LSMHLTFVSL
301 VILLSEGLPF
351 GDKSQNIISY
401 FLAAWILFFD
451 AEKRVAKSNDD
501 NICTIPFRSA
551 ASGKATLVTV
601 GGRMVGSLLK

FRGEPDRSQT
YVGLIQDSLF
VENSTHLALL
TTYTQDSILA
AARVNSRSSI

FLSMRRMGSN

? LVVTIGFERN

ATIQAATKDKG
CILLFTFYTA
WTQSSGSESK
SSLSTLRSWA
LTPIKYELEY

SLEDPVLSKY

SAAPSRIGKK
EGPARLGKAD
TFVFPDTLSS
YSIPYTQAPE
THWLSNAWVG
FWLGTSTLFS

IVLTRAVLSH
YEILRDYATIE
ILSIKLEINR
NTTLFGRMRS
GGLGGVVSAP

PSVHYALSSS

T TAT AT QU7
- _.-3__.._;':'»“"

LSPLLQFLAK
WSSLVDGSRD
ESASSAPRSH
FISAAQEIPD

FIDLLKNAET

AVEHRRTQGG
ILILSLGAAS
IKRHYEMRMA
SSVPKFXVLHM
PVDPVKVAGK

LRDGAAGAVS

T NOYVT ""“\"r"‘\_R

.——_i\—_.-_.-.

VACSHPIHTYV
LIASADTRKWQ
VVPTPQONLSI
EDAEEITTQH
LDIVIMVLGY
VTTKLGVPIS
REVQPGNKSG
GVQGGLQQFC
LEADGVSRRV
ISGFVLINVI
GLDAILTAAK
SAVQFDNYGV

W



Figure 21
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Deduced amino acid sequence of the Hmg catalytic domain. Catalytic

residues are shown in bold and residues involved in substrate binding
are shown in blue. The serine residue involved in regulation by

phosphorylation and dephosphorylation is shown in red.
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3.4.7 Codon Usage of Lp19 hing

Codon usage was measured using the CODONFREQUENCY program of the GCG
package and was clearly biased. There was a preference for C in the third nucleotide
position and where a purine was found in the third position, G was generally used in
preference to A. With the exception of the stop codons UAG and UGA, all codons were
used (Table 6). This is as expected as highly expressed genes show a more marked
codon bias than genes expressed at lower levels which is thought to be due to the need

of highly expressed genes for more common isoaccepting tRNAs (Gurr et al. 1987).



Table 6 Combined codon bias for Lp19 hmg.

Amino Codon Number Fraction Amino Codon Number Fraction

Acid Acid
Gly GGG 8.00 0.09 Thr ACG 10.00 013
GGA 13.00 0.14 ACA 9.00 0.12
GGU 34.00 0.37 ACU 18.00 0.23
GGC 36.00 0.40 ACC 40.00 0.52
Glu GAG 34.00 0.61 STOP UAG 0.00 0.00
GAA 22.00 0.39 STOP UARA 1.00 1.00
GAU 18.00 0.36 Tyr UAU 10.00 0.48
GAC 32.00 0.64 UAC 11.00 0.52
vVal GUG 14.00 0. 17 Leu uuG 19.00 Q=17
GUA 11.00 0.13 UuA 1.00 0.01.
GUU 30.00 0.36 Phe uuu 15.00 0.34
GuUC 29.00 0.35 uuc 29.00 0.66
Ala GCG 10.00 0.09 Ser ucG 16.00 513
GCA 13 .00 0.11 UCA 8.00 018
GCU 35.00 0.30 ucu 26.00 0.21
GCC 59.00 0.50 ucc 21.00 (o B
Arg AGG 3.00 0.05 Arg CGG 8.00 0.14
AGA 6.00 0.11 CGA 16.000.28
Ser AGU 16.00 0.13 CGU 10.00 0.18
AGC 26.00 0.21 CGC 14.00 0.25
Lys AAG 45 .00 0.73 Gln CAG 23.00 0.68
AAR 13600 027 CAA 11.00 0.32
Asn AAU 9.00 0.20 His CAU 8.00 0.36
AAC 35.00 0.80 CAC 14.00 0.64
Met AUG 32.00 1.00 Leu CcuG 25.00 0.22
Ile AUA 3:00 0.04 CUA 12.00 0.11
AUU 32.00 0.41 cuu 19.00 0.17
AUC 43.00 985 cuc 38.00 0.33
Trp UGG 15.00 1.00 Pro CCG 9.00 0LE7
STOP UGA 0.00 0.00 CCA 8.00 0.15
Cys uGU 3.00 0.23 CCU 8.00 0.33
UGC 10.00 0.77 cee 19.00 Q.35
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Chapter 4

DISCUSSION

4.1 Lp19 HMG

The endophyte (Lp19) which was isolated from perennial ryegrass, is classified as a
Neotyphodium sp., and placed in taxon L. perenne taxonomic group one, otherwise
known as LpTG-1 (Christensen ef al. 1993). The hmg gene was isolated from this N.
lolii isolate by PCR and the genomic region containing this gene was cloned. This

allowed sequencing of the entire hmg gene as well as 5' and 3' non-translated regions.

The hmg gene of Lpl9 was isolated by PCR using the degenerate primers hmg 1 and
hmg 3, containing the neutral base inosine. A range of different sized products were
amplified, which may be due to the low annealing temperature used and the degeneracy
of the primers. The most abundant products were a 210 bp fragment and the expected
359 bp fragment (Figure 3D). These two fragments were purified and used to probe a
Southern blot containing Lpl and Lpl9 digested genomic DNA (Figure 4). Both
probes hybridised to fragments within the Neotyphodium genome, one fragment in the
Lp19 digests and two within the Lp1 digests. The 359 bp fragment was sequenced and
shown to be part of a unique hmg gene (Figure 6). The 210 bp fragment also weakly
hybridised to a number of other fragments within each genomic digest and sequencing
is required to further determine the nature of this PCR isolated fragment.

Lp19 possesses a haploid genome which has been shown, by Southern analysis, to
contain a single copy of the hmg gene (Figure 4B). Lpl, another perennial ryegrass
isolate, has been shown to contain two hmg genes, one from N. lolii and the other from
E. typhina (Figure 11B). This provides further evidence for the conclusion that this
isolate is a hybrid whose ancestors are N. lolii and E. typhina (Schardl et al. 1994). The
ascomycetous fungi G. fujikuroi, S. manihoticola (Woitek et al. 1997) and the fission
yeast S. pombe (Lum et al. 1996) have also been shown to contain only one Amg gene,
in contrast to S. cerevisiae (Basson et al. 1986) and U. maydis (Croxen et al. 1994)
which contain two structural genes encoding Hmg isozymes. The two genes in S.
cerevisiae may be the result of a gene duplication event (Wolfe and Shields 1997).



101

4.2 HMG SEQUENCE FEATURES

4.2.1 Lp19 hmg Nucleotide Sequence

Lp19 hmg consists of two open reading frames of 3184 bp (ORF1) and 378 bp (ORF2),
separated by a 73 bp intron. The nuclear genes of filamentous fungi are often
punctuated by non-translated intervening sequences which are usually less than 100 bp
in length (Gurr et al. 1987). The intronic region in the Lp19 hmg gene was determined
by genomic sequence comparison to cDNA, and is located between positions 3186 and
3258 of the nucleotide coding sequence (Figure 14). ORF1 was shown to be free of any
introns which may have left the sequence in frame after processing (Figure 15), thus

proving the presence of a single intronic region within the hmg gene.

In general, introns begin with the dinucleotide GT and end with AG, forming the splice
site junctions (Lewin 1990). These conserved nucleotides are present at the intron
boundaries of Lp19 hmg. In some instances the dinucleotide GC has also been found to
be present at the 5'-splice site. This has been described for one of the introns in the E.
typhina B-tubulin (tub2) gene (Byrd et al. 1990) and also in S. cerevisiae where the
introns in question are still functional (Hodge and Cumsky 1989). During splicing of
the intronic region, the left exon is cleaved to produce a linear molecule. The remaining
right intron-exon molecule is not linear and becomes linked to a consensus sequence
within the intron, thus forming a lariat intermediate (Lewin 1990). This consensus
sequence is referred to as the TACTAAC box and was found between positions 3235
and 3241 of Lpl9 hmg. Mutations within this sequence prevent splicing in yeast,
however this sequence is not as well conserved in higher eukaryotes (Lewin 1990). The
hmg gene of G. fujikuroi is 2928 bp in length and also contains an intron, though this is
smaller, being only 47 bp in length (Woitek et al. 1997). This intron occurs in
approximately the same position as that in Lp19 and also contains the standard intron
consensus sequences. In contrast, the S. cerevisiae, S. pombe and U. maydis hmg genes
are continuous open reading frames. S. cerevisiae HMG1 and HMG?2 are 3162 bp and
3135 bp respectively, S. pombe contains a 3159 bp gene and the U. maydis gene is 3495
bp in length. The occurrence and position of introns within corresponding genes of
different organisms provides a basis for speculation as to the origin of these DNA
elements, as well implying relationships between fungal genera. Filamentous fungal
genes, in general, possess introns whilst the equivalent genes of the related ascomycete,
S. cerevisiae, do not (Gurr et al. 1987).
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It was determined that codon usage within Lpl9 hmg was biased. There was a
preference for C in the third position and where a purine was found in the third position,
G was generally used in preference to A. This codon bias was also seen in the fub2
gene of E. typhina (Byrd et al. 1990). This was as expected, since highly expressed
genes show a more marked codon bias than genes expressed at lower levels (Gurr et al.
1987). The pyrd genes of isolate Lpl showed codon bias, however this was not as
extreme as in the himg and rub2 genes; only a preference against A in the third position
was observed, maybe due to low expression levels. Varying patterns of overall codon
usage may be due to the abundance of codon isoacceptor tRNA molecules (Gurr et al.
1987). All of the codons were used in the hmg coding sequence of Lp19 (with the
exception of two of the STOP codons) and in the Lpl pyr4 genes. However, 15 codons
were not used in the E. typhina tub2 gene, including two of the stop codons. The GC
content of the coding sequence was determined for the Lpl9 hmg gene. The open
reading frames showed a preference for GC, with this content at 54%. The non-coding
sequence of the intronic region showed a preference for AT, as the GC content was only
44%. This correlates with the open reading frames of the two pyr4 genes of Lpl, which
are both approximately 54% GC rich. In comparison, the non-coding regions of these
genes have a preference for AT, with a GC content of approximately 40% (Collett
1994). This GC richness of the coding regions is due to the low frequency with which
A and T appear in the third position of codons.

4.2.2 5' Sequence Analysis

A 287 bp portion of the Lpl9 hmg promoter region was analysed (-1 to -287) for
putative regulatory elements. Regulation of filamentous fungal gene expression is
exerted mainly at the stage of transcription, with a tendency toward integrative control
of transcription initiation, as both major and minor initiation sites can be present (Gurr
et al. 1987). The approximate transcription initiation site within the promoter region of
Lp19 hmg was determined to occur between positions -215 and -76 (Figure 16). There
is no extensive sequence homology at the start point of eukaryotic genes, however there
is a tendency for the first base of mRNA to be A, flanked by pyrimidines. The exact
position of the start site awaits further experimental analysis by primer extension.

Upstream of the transcription start site, short sequences occur which are recognised and
bound by particular transcription factors, thus facilitating transcriptional activation.
These sequences are distributed within approximately 150 bp immediately upstream of
the start point of Lp19 hmg. The spacing between these regions, rather than the actual
sequence, has been reported to be important in determining binding specificities of
these regulatory regions. There is variability in the position and occurrence of these
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fungal core promoter sequences and this raises questions as to their contribution and
functional significance as promoters. As they may or may not be present within the
fungal gene promoter, it is unclear whether these elements affect the level of expression
or function of a gene, or which elements are essential for transcription (Gurr et al.
1987).

Two of the best characterised of these promoter region modules are the CAAT and
TATA boxes. Putative CAAT and TATA consensus sequences were located near the
position of the transcription start site of the Lp19 hmg gene. The TATA box is usually
found approximately 30 bp upstream of the major transcriptional initiation point of
most higher eukaryotic genes (Lewin 1990). This AT-rich motif is not a ubiquitous
feature of filamentous fungal promoters, but when present is found in single copy,
upstream of the major start site. This resembles the consensus of higher eukaryotes and
S. pombe, but is distinct from the S. cerevisiae TATA consensus which often occurs in
multi copy and in variable positions (Gurr ez al. 1987). The putative TATA consensus
sequence, TAATCATAAT, of Lpl9 occurs from position -173 to -164, within the
promoter region. The CAAT motif occurs at around -70 to -90 bp upstream of the
mRNA start site in higher eukaryotes, but is rarely seen in S. cerevisiae. In filamentous
fungal genes the putative CAAT consensus, when present, is usually observed between
60-120 bp upstream from the start site. Within the Lp19 Amg gene promoter a putative
CAAT consensus sequence was located at position -255. The putative CAAT box of
Lpl9 hmg occurs 77 bp upstream of the determined putative TATA box. This is the
correct spacing for these modules to be used as promoter elements with respect to the

designated transcription initiation region.

A number of other elements are located within the 5' non-transcribed regions of genes
which are involved in the control of transcription. Further experimental analysis of the
promoter region of hmg will be required to elucidate these regions. No coding sequence
has been identified 5' of the Lp19 hmg mRNA so the entire regulatory region cannot, as
yet, be defined.

4.2.3 3' Sequence Analysis

Many higher eukaryotic genes are transcribed far beyond the site of polyadenylation of
the mature mRNA. The transcript is subsequently cleaved, followed by the addition of
a poly(A) tail approximately 10-30 bp downstream of the sequence AAUAAA. This
consensus sequence is thought to be involved in polyadenylation of the 3' terminus of
mature mRNA (Lewin 1990). This element is not necessarily an important regulatory
feature, but it has been found to occur in a number of filamentous fungal genes (Gurr et
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al. 1987). An AAUAAA consensus sequence was located within the hmg gene, from
position 3683 to 3688, 42 bases downstream of the translational STOP codon, UAA.
The 3'-terminus of hmg RNA was shown experimentally to correlate to this determined

polyadenylation signal (Figure 17).

A microsatellite was located within the 3' non-coding region of Lpl9 hmg.
Microsatellites are tandemly repeated units of 2-5 bp of DNA which are highly
abundant within eukaryotic genomes, and which can reach a length of up to 150 bp. As
they are distributed throughout the eukaryotic genome, they are very useful as genomic
markers and for genome mapping (Schlotter and Pemberton 1994). The microsatellite
located downstream of the hmg gene consisted of the four base sequence TGTC which
was tandemly repeated 18 times, creating a microsatellite 72 bp in length. The
microsatellite has been shown in further analysis to be a highly polymorphic genetic

marker for the analysis and fingerprinting of N. lolii isolates (Moon 1997).
4.24 Lp19 Hmg, Polypeptide Sequence

The hmg gene of Lpl9 encodes a predicted protein of 1189 amino acids. In higher
eukaryotes, recognition of the correct translation start site depends on the sequence
context around the AUG codon, as this consensus sequence is necessary to target the
ribosome to the correct start site (Kozak 1981). The translational start site for Lp19
hmg is proposed to occur at the AUG at nucleotide position +1 (Figure 12). The Hmg
polypeptide sequence exhibits the greatest overall similarity to G. fujikuroi Hmg (79%),
U. maydis (55%) and S. cerevisiae HMG?2 (51%). The sequence similarity within the
C-terminus is high and this corresponds to the catalytic domain of the enzyme, whereas
there is very little sequence similarity within the amino-terminal domain, or the

membrane bound region of the enzyme.

Sequence conservation within the catalytic domain of this enzyme is a feature of hmg
sequences from a range of diverse organisms, which may indicate high sequence
conservation during evolution. This may be associated with substrate and/or co-factor
binding sites and catalytic activity. The catalytic domain of Lp19 Hmg was defined by
comparison to the domains of the two S. cerevisiae Hmg polypeptides (Basson et al.
1986) and was determined to begin at residue 736 in Lpl19 Hmg. The most sequence
identity within this region was to G. fujikuroi, with 83% at the amino acid level,
followed by 69% to S. pombe and S. cerevisiae HMG2, 67% to S. cerevisiae HMG1 and
61% to the isolated U. maydis Hmg. The high sequence similarity between the hmg
genes of the two ascomycetous fungi, N. lolii and G. fujikuroi, alluded to their being
closely related with little sequence divergence. These organisms are of the same
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Ascomycete class, pyrenomycete, and were grouped together on a dendrogram (Figure
19). It was also seen that S. pombe Hmg grouped closer to the ascomycetous fungal
Hmg proteins than to the Hmgs of the budding yeast S. cerevisiae.

Within the C-terminal domain of this enzyme, a number of amino acids have been
found to be functionally conserved, and these play a role in the structural conformation
and/or catalytic properties of the enzyme. Amino acid residues important for catalysis
in the Hmg of P. mevalonii, Haloferax volcanii and hamster include histidine,
glutamate and aspartate residues (Bischoff and Rodwell 1997; Friesen and Rodwell
1997; Frimpong and Rodwell 1994). These residues are also present in Lpl19 Hmg at
positions His! 141, Glu836 and Asp1046 (Figure 21). Also of particular interest with
respect to the regulation of Hmg is the serine residue located at position 1147. This
residue is located close to the catalytically important histidine residue at position 1141,
and this six residue spacing between the histidine and serine has been shown to be

conserved in most eukaryotes (Friesen and Rodwell 1997).

The activity of Hmg in higher eukaryotes is regulated by the reversible phosphorylation
of the serine residue at position 1147 by an AMP-activated protein kinase, which results
in a loss of catalytic activity. Interestingly, neither of the S. cerevisiae Hmgs contain a
serine residue at this position in the protein. Protein kinase recognition motifs
frequently contain basic residues on the N-terminal side of the target sequence and
investigations of P. mevalonii Hmgs have implicated basic residues as being involved in
substrate recognition by AMP-activated protein kinase. All Hmgs containing the serine
residue have been found to have at least two basic amino acids at positions P-1 through
P-4 (residues 1-4 upstream of the serine residue). The mammalian enzymes all have
histidine at P-3 and arginine at P-1, while the plant enzymes have lysine at P-4 and
arginine at P-1 (Friesen and Rodwell 1997). Lp19 Hmg contains a histidine at P-3 and
arginine at P-1, like that of the mammalian enzymes. Kinetic analysis of the Hmg-
catalysed reaction led to the hypothesis that the introduced phosphate interacts ionically
with the active site histidine, inhibiting its ability to protonate the potentially inhibitory
CoAS-, thus arresting its release from the active site and halting the overall reaction
(Omkumar and Rodwell 1994).

Residues involved in substrate binding have also been identified by studies of the
crystal structure of P. mevalonii Hmg, and these residues appear to be mostly conserved
over a range of organisms (Lawrence ef al. 1995). Within Lp19 Hmg, the proposed
binding sites for HMG-CoA occur at positions 805-814 and 835-841, while the reduced
and oxidised forms of NAD(P) bind at 930-935 and 1078-1084, respectively (Figure
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21). These binding regions conform to the consensus as determined by Lawrence e al.
(1995).

The N-terminal domain of Lpl9 Hmg (residues 1-641) contains seven putative
transmembrane domains, as determined using TMpred program of NCBI (von Heijne
1992). This number was also predicted within the G. fujikuroi Hmg N-terminal
domain, using Kyte and Doolittle hydropathy plots. In the U. maydis and S. cerevisiae
Hmg proteins, eight hydrophobic regions have been predicted, but only seven of these
have been recognised as possible transmembrane domains (Senstag et al. 1990). The
N-terminal domain is important for anchoring the enzyme to the endoplasmic reticulum
membrane, as well as being required for the sterol-regulated proteolytic degradation of
the enzyme. However, the domain is not required for catalytic functioning of the
enzyme (Gil er al. 1985).

4.3 G. FUJIKUROI HMG

The coding sequence of the G. fujikuroi hmg gene is somewhat shorter than that of
other fungal hmgs and Woitek et al. (1997) described the gene as having a truncated N-
terminal region. A 6-frame translation of the G. fujikuroi hmg nucleotide sequence was
performed, using the MAP program of the GCG package. This showed the two open
reading frames as determined by Woitek et al. (1997), but in addition a region of
openness was also determined in a different frame, overlapping the 5' end of G.
fujikuroi ORF1 (see Appendix 5.0). The nucleotide sequence in this frame also shows
similarity to the sequence of Lp19 hmg, supporting the possibility that the N-terminus
of this gene is not truncated, but that a sequencing error forced a frame shift (Figure 22).
If this is part of the actual coding sequence, the polypeptide sequence of G. fujikuroi
Hmg would increase to become larger than the S. cerevisiae polypeptide sequences.
There are a number of methionines present upstream of the determined translation start
methionine of G. fujikuroi Hmg, and interestingly, if the coding sequence begins at the
first methionine of this new open reading frame, the first four amino acids of the new
sequence are identical to those of S. cerevisiae HMG?2 (Figure 18).

The hmg gene of N. lolii isolate Lp19 has been isolated and the upstream regulatory
region identified and characterised. Further experimental analysis can now be
undertaken to determine hmg expression in planta. This will enable some aspects of the
regulatory influence of hmg on the isoprenoid pathway and toxin production to be
elucidated.
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VACSHPIHTV

LIASADTEWQ

VVPTPQNLST
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EDAEEITTQH
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REVOPGNEKSG
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GVQGGLQQFC
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Alignment of G. fujikuroi Hmg published coding sequence and
upstream sequence with Lp19 Hmg.

The published sequence of G. fujikuroi (G. fujikuroil, Woitek et al. 1997) is aligned to
Lp19 Hmg and the identity is shown in blue. The upstream sequence (G. fujikuroi2),
which was in another frame is also aligned to the Hmg polypeptide sequence of Lp19.
This upstream open reading frame showed 62% identity to Lp19 Hmg and this is
highlighted in red.



APPENDIX

Appendix 1.0 SEQUENCE DATA

1.1

PRETTYOUT from hmg PCR Contig

GELASSEMBLE PrettyOut of Contig: hmg PCR from Project: hmgPCR

From: 1

hmgl
hmg3
CONSENSUS

hmgl
hmg3
CONSENSUS

hmgl
hmg3
CONSENSUS

hmgl
hmg3
CONSENSUS

hmgl
hmg3
CONSENSUS

hmgl
hmg3
CONSENSUS

To:

A

345

tGGCCACCGACGGCgtg
atgaagatgatttcaaagggtgttgAGCATGCGCTCAACGTCATG. . cACCGACGGTGGC
ATGAAGATGATTTCAAAGGGTGTTGAGCATGCGCTCAACGTCATGgCcCACCGACGGYGks

CttGATGACATGAACATCATCACCGTCTCTGGCaACTTCTGtaTTGAcaAGAAACCCGeC
TTTGATGACATGAACATCATCACCGTCTCTGGCAACTTCTGTATTGACAAGAAACCCGCC
TTTGATGACATGAACATCATCACCGTCTCTGGCAACTTCTGTATTGACAAGAAACCCGCC

GcatTGAACTGGATCGACGGT . CGCGG. acaGGGacTTGTTGCTGAGGacctacTTcCTG
GCTATGAACTGGATCGACGGTACGCGGCcaYAGGGCATTGTTGCTGAGGCCATCATTCCTG
GCwwTGAACTGGATCGACGGTaCGCGGCcACAGGCMMTTGTTGCTGAGGMCMTIMTTCCTG

CCGACGTGGTCAAATCCGTGTTGCAAGAGTGATGTTGATGCTTTGGTAGAGCTCAATATT
CCGACGTGGTCAAATCCGTGTTG . AAGAGTGATGTTGATGCTTTGGTAGAGCTCAATATT
CCGACGTGGTCAAATCCGTGTTGCAAGAGTGATGTTGATGCTTTGGTAGAGCTCAATATT

GCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCGATCGGTGGCTTCAACGCCCACGCT
GCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCGATCGGTGGCTTCAACGCCCACGCT
GCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCGATCGGTGGCTTCAACGCCCACGCT

GCCAACATCGTAGCGGCCATATTCCTCGcCACCGGCCAAGACCcc
GCCAACATCGTAtacg
GCCAACATCGTAkmsGCCATATTCCTCGCCACCGGCCAAGACCCC

..... M, .

17
60
60

77
120
120

137
180
180

187
240
240

257
300
300

302
316
345
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A 1.2 BIGPICTURE of hmg PCR Contig

GELASSEMBLE BigPicture of: Contig: HmgPCR from Project:

All fragments

hmgPCR
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A 1.3

PRETTYOUT from hmg Contig

GELASSEMBLE PrettyOut of Contig: hmg.fil from Project: hmg4

From: 1

p4lhmg23
CONSENSUS

p4lhmg23
CONSENSUS

p4lhmg23
CONSENSUS

p4lhmg23
CONSENSUS

p41lhmg23
CONSENSUS

p4lhmg23
CONSENSUS

p4lhmg21
p41lhmg23
CONSENSUS

p4lhmg2l
p4lhmg23
CONSENSUS

p4lhmg22
p4lhmg21
p4lhmg23
CONSENSUS

To;

v

v

v Vv

VVVvVvy

4885

ATCCTTGTGATCAATATTCAAAGTTCAAACAAGTCCAGGAAAAGGGGGGCAGTTCCTTCG
ATCCTTGTGATCAATATTCAAAGTTCAAACAAGTCCAGGAAAAGGGGGGCAGTTCCTTCG

GTGTCTCATTTTGGCTGTAACATCAATTGCTTTTCGTGGTTGCTATTGTTCTGCAGTTTT
GTGTCTCATTTTGGCTGTAACATCAATTGCTTTTCGTGGTTGCTATTGTTCTGCAGTTTT

CAATTCAGGGTCCAGTTCTGTGTCGGCGCAACCCGCTTTTGCTTGATTGGCCCCGCGATC
CAATTCAGGGTCCAGTTCTGTGTCGGCGCAACCCGCTTTTGCTTGATTGGCCCCGCGATC

CCTCCTTTCACAACCACAATCGATTGAGAATCTCGTCCGCCACTTTTCAACACACGACAT
CCTCCTTTCACAACCACAATCGATTGAGAATCTCGTCCGCCACTTTTCAACACACGACAT

CTGTCTCCCGTCTCCCGTCATCCGTCATCGCAACCTTCGCGCCTGCCAATTCCTATCAAG
CTGTCTCCCGTCTCCCGTCATCCGTCATCGCAACCTTCGCGCCTGCCAATTCCTATCAAG

TGCACGGCGGTGCTCTCTACACCCGAGGTCAGTARACCTGTTACTTGCTCTTACGTCTTG
TGCACGGCGGTGCTCTCTACACCCGAGGTCAGTAAACCTGTTACTTGCTCTTACGTCTTG

GAGACGCcTGCGGTGCACCAC
CTGCGTCGTGGTCTGGTCTTGCCTCACTCGACAGATCGTCGAGACGCTGCGGTGCACCAC
CTGCGTCGTGGTCTGGTCTTGCCTCACTCGACAGATCGTCGAGACGCTGCGGTGCACCAC

CACGACGCCCGAAAAATCCcTCCATACGACATCAATGCCTTCcTCATCTGGTGCAACACC
CACGACGCCCGAAAAATCCCTCCATACGACATCAATGCCTTCCTCATCTGGTGCAACACC
CACGACGCCCGAAAAATCCCTCCATACGACATCAATGCCTTCCTCATCTGGTGCAACACC

s sPunn sdeens s SRR R s o e Focasesnant

TCcAAGTCAGCcACATGACGATAATC
ATGGCTGCCCCATCTCTTGCTTTACACGgGACGATCCAAGTCAGCCACATGACGATAATC
ATGGCTGCCCCATCTCTTGCTTTACACGGGACGALCCAA
ATGGCTGCCCCATCTCTTGCTTTACACGGGACGATCCAAGTCAGCCACATGACGATAATC

ssssssnsssPesncssssstonasssssateinase

60
60

120
120

180
180

240
240

300
300

360
360

20
420
420

80

110

480

480

26

140
519
540



pdlhmg22
pdlhmg21l
CONSENSUS

pdlhmg22
pdlhmg21l
CONSENSUS

p41lhmg22
p4lhmg21l
CONSENSUS

p4lhmg2?2
pdlhmg21
CONSENSUS

pdlhmg22
pdlhmg21l
CONSENSUS

p41lhmg20
p4lhmgl8
p4lhmg22
p4lhmg2l
CONSENSUS

p4lhmg20
p4lhmgl8
pdlhmg22
p4lhmg21l
CONSENSUS

p41lhmg20
p4lhmgl8
p4lhmg22
CONSENSUS

p41hmg20
p4lhmg18
p4lhmg22
CONSENSUS

v v

v v

vVVVvVy VVVVY VvV VVVYV v

VVvVy

ATAATCAGTCCCCATCAACCCCATCACAACGTTTACCACTACCCGCCTCATTTACTTACA
ATAATCAGTCCCCATCAACCCCATCACAACGTTTACCACTACCCGCCTCATTTACTTACA
ATAATCAGTCCCCATCAACCCCATCACAACGTTTACCACTACCCGCCTCATTTACTTACA

CGCATTCAGCTCTTTACTTGGACAGAACCGTTGCCGATAACGAGGATCCACGCAAGaCCC
CGCATTCAGCTCTTTACTTGGACAGAACCGTTGCCGATAACGAGGATCCACGCAAGACCC
CGCATTCAGCTCTTTACTTGGACAGAACCGTTGCCGATAACGAGGATCCACGCAAGACCC

GATGTCGTAAACCGGACCGCCGAGTTACTTTTTTCCGATCAAGTCGACATGATATCTTCT
GATGTCGTAAACCGGACCGCCGAGTTACTTTTTTCCGATCAAGTCGACATGATATCTTCT
GATGTCGTAAACCGGACCGCCGAGTTACTTTTTTCCGATCAAGTCGACATGATATCTTCT

TCATTCCTACCGAACCGCTTTCGCGGTGAACCTGACCGCTCCCAAACCTCAGCCGCTCCA
TCATTCCTACCGAACCGCTTTCGCGGTGAACCTGACCGCTCCCAAACCTCAGCCGCTCCA
TCATTCCTACCGAACCGCTTTCGCGGTGAACCTGACCGCTCCCAAACCTCAGCCGCTCCA

TCGCGCATCGGCAAAAAGCTCTCGCCTCTGCTGCAGTTCCTAGCTAAAGTGGCTTGCTCG
TCGCGCATCGGCAAAAAGCTCTCGCCTCTGCTGCAGTTCCTAGCTAAAGTGGCTTGCTCG

TCGCGCATCGGCAAAAAGCTCTCGCCTCTGCTGCAGTTCCTAGCTAAAGTGGCTTGCTCG
......... T ws sowieis i e TR e et e e e wie e &t alieie e Bale aimeiieis sra
TCATATGTTGGCCTG

ACCCAATCCACACCGTCGTTACCATCGCCGTTCTAGCCAGCACGTCATATGTTGGCCTG
CACCCAATCCACACCGTCGTTACCATCGCCGTTCTAGCCAGCACGTCATATGTTGGCCTG
CACCCAATCCACACCGTCGTTACCATCGCCGTTCTAGCCAGCACGTCATATGTTGGCCTG
CACCCAATCCACACCGTCGTTACCATCGCCGTTCTAGCCAGCACGTCATATGTTGGCCTG

ATCCAGGACAGCCTGTTCGAAGGCCCTGCGAGGCTCGGCAAGGCTGACTGGTCATCTCTG
ATCCAGGACAGCCTGTTCGAAGGCCCTGCGAGGCTCGGCAAGGCTGACTGGTCATCTCTG
ATCCAGGACAGCCTGTTCGAAGGCCCTGCGAGGCTCGGCAAGGCTGACTGGTCATCTCTG
ATCCAGGACAGCCTGTTCG

ATCCAGGACAGCCTGTTCGAAGGCCCTGCGAGGCTCGGCAAGGCTGACTGGTCATCTCTG

GTGGATGGTAGCAGAgATCTTATTGCCAGTGCTGATACCAAATGGCAGTGGTCAAAAGTC
GTGGATGGTAGCAGAGATCTTATTGCCAGTGCTGATACCAAATGGCAGTGGTCAAAAGTC
GTGGATGGTAgCAgAgaTCTTATTGCCAGTGCTGATACCAAATGGCAGTGGTCAAAAGTC
GTGGATGGTAGCAGAGATCTTATTGCCAGTGCTGATACCAAATGGCAGTGGTCAAAAGTC

GAGCAAGATTCTGCCTCTGTCAAGAACAGCACTCACCTGGCTCTTCTGACATTCGTCTTC
GAGCAAGATTCTGCCTCTGTCAAGAACAGCACTCACCTGGCTCTTCTGACATTCGTCTTC
GAgCAAgGATTCTGCCTCTGT

GAGCAAGATTCTGCCTCTGTCAAGAACAGCACTCACCTGGCTCTTCTGACATTCGTCTTC

......... T srw e ey vetees sneatet Gemaaidm e se B R e

111

86
200
600

146
260
660

206
320
720

266
380
780

326
440
840

15
59
386
500
900

75

119
446
519
960

135
179
506
1020

195
239
526
1080



p41hmg20
p41lhmgls8
CONSENSUS

p41lhmg20
p41lhmgl8
CONSENSUS

pd4lhmgl3
p4lhmg20
p4lhmgl8
CONSENSUS

p4lhmgl3
p41lhmg20
p4lhmgl8
CONSENSUS

p41lhmgl3
p41lhmg20
p41lhmgl8
CONSENSUS

pd4lhmgl3
p41lhmg20
p4lhmgl8
CONSENSUS

p41hmgl9
p4lhmgl3
p41lhmg20
CONSENSUS

p4lhmgl9

p4lhmgl3
CONSENSUS

p4lhmgl9
p4lhmgl3
CONSENSUS

VvV v VvV VvV VvV VvV vV VvV V v v v

Vv VvV YV

VvVVvVwvy

CCCGACACTCTCTCGTCTGAATCAGCCAGCTCTGCTCCTCGATCCCACGTCGTCCCGACT
CCCGACACTCTCTCGTCTGAATCAGCCAGCTCTGCTCCTCGATCCCACGTCGTCCCGACT
CCCGACACTCTCTCGTCTGAATCAGCCAGCTCTGCTCCTCGATCCCACGTCGTCCCGACT

CCCCAGAACCTCTCGATCACCCCAATCCCTGCCACTGAGAACTCGTTCACGACCTACACT
CCCCAGAACCTCTCGATCACCCCAATCCCTGCCACTGAGAACTCGTTCACGACCTACACT

CCCCAGAACCTCTCGATCACCCCAATCCCTGCCACTGAGAACTCGTTCACGACCTACACT
......... Fang om0 B ecane i wm e e wm mw i rmar e mmet wioayie e e w4l
TTTCAGCG

CAGGATAGCATTCTTGCCTATTCCATTCCTTACACCCAGGCACCGGAGTTCATTTCAGCG
CAGGATAGCATTCTTGCCTATTCCATTCCTTACACCCAGGCACCGGAGTTCATTTCAGCG
CAGGATAGCATTCTTGCCTATTCCATTCCTTACACCCAGGCACCGGAGTTCATTTCAGCG

GCCCAGGAAATTCCCGATGAGGATGCTGAAGAGATCACAACTCAACATGGGCGAGAGAAG
GCCCAgGAAATTCCCGATGAGGATGCLtGAAGAGATCaCAACTCAaCATGGGCGAGAGAAG
GCCCAGGAAATTCCCGATGAGGATGCTGAAGAGATCACAACTCAACATGGGCGAGAGAAG
GCCCAGGAAATTCCCGATGAGGATGCTGAAGAGATCACAACTCAACATGGGCGAGAGAAG

AAGAAGTGGATTATGAAGGCTGCCAAGGTCAACTcTcGAAGTTCCATCACGCACTGGCTC
AAGAAGTGGATTATGAAGGCTGCCAAGGTCAACTCTCgAAGTTCCATCACGCACTGGCTC
AAGAAGTGGATTATGAAGGCTGCCAAGGTCAACTCTCGAAGTTCCATCACGCACTGGCTC
AAGAAGTGGATTATGAAGGCTGCCAAGGTCAACTCTCGAAGTTCCATCACGCACTGGCTC

AGCAACGCGTGGGTGGGATTCATCGACCTTCTCAAARACGCCGAAACCCTCGACATCGTC
AGCAACGCGTGGGTGGGATTCATCgAcCTTCTCaAAAACgGCCgAAACCCTCGACATCGTC
AGCAACGCGTGGGTGGGATTCATCGACCTTCTCAAAAACGCCGAAACCCTCG

AGCAACGCGTGGGTGGGATTCATCGACCTTCTCAARAAAACGCCGAAACCCTCGACATCGTC

TTAtCTCTCCATGCATCTGACCTTTGTGTCTCTCTTCCTCTCCATG
ATCATGGTGCTTGGTTATCTCTCCATGCATCTGACCTTTGTGTCTCTCTTCCTCTCCATG
ATCATGGTGCTTGGTTATCTCTCCATGCATCTgACCTTTG
ATCATGGTGCTTGGTTATCTCTCCATGCATCTGACCTTTGTGTCTCTCTTCCTCTCCATG

AGACGAATGGGCTCCAACTTCTGGCTAGGCACGAGCACCCTTTTTTCGTCTGTCTTTGCC
AGACGAATGGGCTCCAACTTCTGGCTAGGCACGAGCACCCTTTTTTCGTCTGTCTTTGCC
AGACGAATGGGCTCCAACTTCTGGCTAGGCACGAGCACCCTTTTTTCGTCTGTCTTTGCC

......... tosenssnmsPoscnosnsosPoona
TTTCTTTTCGGTCTAGCCGTGACCACTAAGCTCGGCGTACCGATCAGTGTTATTCTCTTG

TTTCTTTTCGGTCTAGCCGTGACCACTAAGCTCGGCGTACCGATCAGTGTTATTCTCTTG
TTTCTTTTCGGTCTAGCCGTGACCACTAAGCTCGGCGTACCGATCAGTGTTATTCTCTTG

--------- FesssssssasFeassnsrsssFeasssasrsseFassssscsnstanas

112

255
299
1140

315
359
1200

375
419
1260

68
435
479
1320

128
495
539
1380

188
555

591 |
1440 |

46
248
595
1500

106
308
1560

166
368
1620



p4lhmgl9
p4lhmgl3
CONSENSUS

p41lhmgl9
p4lhmgl3
CONSENSUS

pdlhmgl9
pd4lhmgl3
CONSENSUS

p4lhmgl0O
p4lhmgl9
p4lhmgl3
CONSENSUS

pd4lhmgl4d
p41lhmgl0
p41lhmgl9
CONSENSUS

p4lhmgl4d
p4lhmgl0
p4lhmgl9
CONSENSUS

p4lhmgld
p4lhmgl0
p4lhmgl9
CONSENSUS

p4lhmgld
p4lhmgl0
CONSENSUS

p4lhmgl4
p41lhmgl0
CONSENSUS

YV V'V V V'V VYV v

YN NN

VY VvV YyY

TCCGAGGGCCTGCCGTTCCTTGTTGTAACAATTGGTTTTGAgAAGAACATTGTCCTCACC
TCCGAGGGCCTGCCGTTCCTTGTTGTAACAATTGGTTTTGAGAAGAACATTGTCCTCACC
TCCGAGGGCCTGCCGTTCCTTGTTGTAACAATTGGTTTTGAGAAGAACATTGTCCTCACC

AGAGCTGTCCTCAGCCATGCCGTTGAGCATCGTCGAACGCAAGGAGGCCGTGAGGTCCAG
AGAGCTGTCCTCAGCCATGCCGTTGAGCATCGTCGAACGCAAGGAGGCCGTGAGGTCCAG
AGAGCTGTCCTCAGCCATGCCGTTGAGCATCGTCGAACGCAAGGAGGCCGTGAGGTCCAG

CCCGGCAACAAGTCCGGTGGGGACAAATCACAAAACATCATTTCCTACGCCATTCAAGCT
CCCGGCAACAAGTCCGGTGGGGACAAATCACARAACATCATTTCCTACGCCATTCAAGCT
CCCGGCAACAAGTCCGGTGGGGACAAATCACAAAACATCATTTCCTACGCCATTCAAGCT

TTATGAAATTCTGCGLGACTATGCCATCGAAATCTTGATTCTA
GCCATCAAGGACAAGGGTTATGAAATTCTGCGTGACTATGCCATCGAAATCTTGATTCTA
GCCATCAAGGACAAGGGTTATGAAATTcTGCGTGACTATGCCAT
GCCATCAAGGACAAGGGTTATGAAATTCTGCGTGACTATGCCATCGAAATCTTGATTCTA

TGTTCAGGGAgGTCTCCAGCAGTTCTGCTTCTTGGCTGCG
TCGTTGGGCGCAGCCcTCGGGTGTTCAGGGAGGTCTCCAGCAGTTCTGCTTCTTGGCTGCG
TCGTTGGGCGCAGCCTCGGGTGTTCAGGGAGGTCTCCAGCAGTTCTGCTTCTTGGCTGCG
TCGTTGGGCGCAGCCTCGGGTGTTCAGGGAGGTCTCCAGCAGTTCTGCTTCTTGGCTGCG

TGGATCTTGTTCTTTGACTGTATTCTCTTGTTTACCTTCTACACTGCAATCCTCAGTATC
TGGATCTTGTTCTTTGACTGTATTCTCTTGTTTACCTTCTACACTGCAATCCTCAGTATC
TGGATCTTGTTCTTTGACTGTATTCTCTTGTTTACCTTCTACACTGCAATCCTCAGTATC
TGGATCTTGTTCTTTGACTGTATTCTCTTGTTTACCTTCTACACTGCAATCCTCAGTATC

AAACTCGAAATCAACCGCATCAAGCGACACTACGAgGATGCGCATGGCCCTCGAAGCAGAT
AAACTCGAAATCAACCGCATCAAGCGACACTACGAGATGCGCATGGCCCTCGAAGCAGAT
AAACTCGAAATCAACCGCATCAAGCGACACTAC

AAACTCGAAATCAACCGCATCAAGCGACACTACGAGATGCGCATGGCCCTCGAAGCAGAT

cssticnnsseset
GGTGTTAGTCGGCGCGTAgCCGAgAAGGTGGCCAAGAgCAACGATGACTGGACCCAGTCC
GGTGTTAGTCGGCGCGTAGCCGAGAAGGTGGCCAAGAGCAACGATGACTGGACCCAGTCC
GGTGTTAGTCGGCGCGTAGCCGAGAAGGTGGCCAAGAGCAACGATGACTGGACCCAGTCC

svssssmssFesssvsasnsFanessasaet

AGTGGATCTGAATCCAAGAACACAACCTTGTTTGGTCGCATGCGGAGTAgCAGCGTTCCA
AGTGGATCTGAATCCAAGAACACAACCTTGTTTGGTCGCATGCGGAGTAGCAGCGTTCCA
AGTGGATCTGAATCCAAGAACACAACCTTGTTTGGTCGCATGCGGAGTAGCAGCGTTCCA

113

226
428
1680

286
488
1740

346
548
1800

43
406
592
1860

40
103
466
1820

100
163
526
1980

160
223
559
2040

220
283
2100

280
343
2160



hmg26
p4lhmgl4d
p41hmgl0
CONSENSUS

hmg26
p4lhmgl4
p4lhmgl0
CONSENSUS

hmg26
p4lhmgl4
p41hmgl0
CONSENSUS

p4lF
hmg26
pd4lhmgl4
p4dlhmgl0
CONSENSUS

pdlhmgll
p4lF
hmg26
p4lhmgl4
CONSENSUS

p4lhmgll
p4lF
hmg26
CONSENSUS

p4lhmgll
p4lF
hmg26
CONSENSUS

p4ilhmgll
p4lF
hmg26
CONSENSUS

p4lhmgll
p4lF
CONSENSUS

>
>
>
>

V VYV VY Ve N N N W VvV VYV vV V VvV V

vV VVvy

vVVvVvvy

N VYVvVYyY

TTCTGGGTTCGTTCTCATCAACGTAATCAACATTTGCACG
AAGTTCAAGGTGCTTATGATTTCTGGGTTCGTTCTCATCAACGTAATCAACATTTGCACG
AARGTTCAAGGTGCTTATGATTTCTGGGTTCGTTCTCATCAACGTAATCAACATTTGCACG
AAGTTCAAGGTGCTTATGATTTCTGGGTTCGTTCTCATCAACGTAATCAACATTTGCACG

ATCCCTTTCCGCAGCGCAAGCTCTCTATCAACCCTTCGATCGTGGGCTGGTGGTCTGGGC
ATCCCTTTCCGCAGCGCAAGCTCTCTATCAACCCTTCGATCGTGGGCTGGTGGTCTGGGC
ATCCCTTTCCGCAGCGCAAGCTCTCTATCAACCCTTCGALCGTGGGCTGGTGGTCTGGGC
ATCCCTTTCCGCAGCGCAAGCTCTCTATCAACCCTTCGATCGTGGGCTGGTGGTCTGGGC

GGTGTTGTGTCTGCTCCTCCGGTTGACCCTGTCAAGGTTGCTGGCAAGGGTCTTGACGCC
GGTGTTGTGTCTGCTCCTCCGGTTGACCCTGTCAAGGTTGCTGGCAAGGGTCTTGACGCC
GGTGTTGTGECTGCLCCTCCGGTTGACCCTGTCAAGGTTGCTGGCAAGGGECTTGACGCC
GGTGTTGTGTCTGCTCCTCCGGTTGACCCTGTCAAGGTTGCTGGCAAGGGTCTTGACGCC

AAAGCAAGTGGGAAGGCAACCCTGGTCACTGTCCTTACACCCATC
ATTCTGACCGCCGCCAAAGCAAGTGGGAAGGCAACCCTGGTCACTGTCCTTACACCCATC
ATTCTGACCGCCGCCAAAGCAAGTGGGAAGGCAACCCTGGTCACTGTCCTTACACCCATC
ATTCTGACCGCCGCCAAAGCAAGTGGGAAGGCAACC
ATTCTGACCGCCGCCAAAGCAAGTGGGAAGGCAACCCTGGTCACTGTCCTTACACCCATC

AGAGACGGC
AAATACGAACTAGAGTACCCCTCTGTTCACTACGCGCTGTCATCcTCGTTGAGAGACGGC
AAATACgAACTAgAGTACCCCTCTGTTCACTACGCGCTGTCATCCTCGTTGAgAgGACGGC
AAATACGAACTAGAgTACCCCTCTGTTCACTACGCGCTGTCATCCTCgTTGAGAGAC
AAATACGAACTAGAGTACCCCTCTGTTCACTACGCGCTGTCATCCTCGTTGAGAGACGGC

GCAGCCGGTGCCGTAAGTTCTGCCGTTCAGTTTGACAATTATGGGGTTGGTGGCCGAATG
GCAGCCGGTGCCGTAAGTTCTGCCGTTCAGTTTGACAATTATGGGGTTGGTGGCCGAATG
GCAGCCGGTGCCGTAAGTTCTGCCGTTCAGTTTGACAATTATGGGGTTGGTGGCCGAATG
GCAGCCGGTGCCGTAAGTTCTGCCGTTCAGTTTGACAATTATGGGGTTGGTGGCCGAATG

GTTGGGAGCCTCTTGAAGAGCCTCGAGGACCCCGTACTTTCAAAATGGATAGTCATCGCC
GTTGGGAGCcTCTTGAAGAGCCTCGAGGACCCCGTACTTTCAAAATGGATAGTCATCGCC
GTTGGGAgCCTCTTGAAgAGCCTCgAGGACCCCGTACTTTCAAAATGGATAGTCATCGCC
GTTGGGAGCCTCTTGAAGAGCCTCGAGGACCCCGTACTTTCAAARATGGATAGTCATCGCC

......... Worpiene v wewei R s wnmeie s i e e e B e s v e e #

CTGGCCCTAAGTGTTGGCCTCAATGGATACCTCTTCAATGTCGCTAGATGGAGCATCAAA
CTGGCCCTAAGTGTTGGCCTCAATGGATACCTCTTCAATGTCGCTAGATGGAGCATCAAA
CTGGCCCTAAGTYTTGGCCTCAATGGATACCTCTTCAATGTCGCTAgGATGGAGCATC

CTGGCCCTAAGTGTTGGCCTCAATGGATACCTCTTCAATGTCGCTAGATGGAGCATCAAA

GACCCTAACGTTCCGGACCACGGAATTGACCGCAAGGAGCTGGCCCGGGCTCAACGCTTC
GACCCTAACGTTCCGGACCACGGAATTGACCGCAAGGAGCTGGCCCGGGCTCAACGCTTC
GACCCTAACGTTCCGGACCACGGAATTGACCGCAAGGAGCTGGCCCGGGCTCAACGCTTC

114

40
340
403
2220

100
400
463
2280

160
460
523
2340

45
220
520
559
2400

105
280
537
2460

69
165
340
2520

129
225
400
2580

189
285
457
2640

249
345
2700



p4lhmgll
pdlF
CONSENSUS

pl24hmg8
pdlhmgll
p4lF
CONSENSUS

pl24hmg8
p4dlhmgll
p4lF
CONSENSUS

poF
pl2hmg8
pl24hmg8
pd4lhmgll
pdlF
CONSENSUS

p6F
pl2hmg8
pl24hmg8
CONSENSUS

p6F
pl2hmg8
pl24hmg8
CONSENSUS

p6F
pl2hmg8
pl24hmg8
CONSENSUS

p6F
pl2hmg8
pl24hmg8
CONSENSUS

Vv VvV VvV vV Vv VvV v vV VV VvV VYV Vv Vv vV Vv Vv VvV Vv v

VvV VYV

vV vVvVvYy

AACGAGACAGAATCCGCTACCCTACCCCTCGGCGAATATGTTCCCCCAACACCCAGTTGT
AACGAGACAGAATCCGCTACCCTACCCCTCGGCGAATATGTTCCCCCAACACCCAGTTGT
AACGAGACAGAATCCGCTACCCTACCCCTCGGCGAATATGTTCCCCCAACACCCAGTTGT

ctgatgacgaaggtgatggtctgtccatgtcaaag
ACCGAGCCTGCTACGCCTGCATTGACTGATGACGAAGGTGATGGTCTGTCCATGTCAAAG
ACCGAGCCTGCTACGCCTGCATTGACTGATGACGAAGGTGATGGTCTGTCCATGTCAAAG
ACCGAGCCTGCTACGCCTGCATTGACTGATGACGAAGGTGATGGTCTGTCCATGTCAAAG

ctcaGGTCCtCgcAaTCTCGGTCTcaGtTTGAGcatcGaTCAATTGAGGAACTGGAGAAG
CTCAGGTCCTCGCAATCTCGGTCTCAGTTTGAGCATCGATCAATTGAGGAACTGGAGAAG
CTCAGGTCCTCGCAATCTCGGTCTCAGTTTGAGCATCGATCAATTGAGGAACTGGAGAAG
CTCAGGTCCTCGCAATCTCGGTCTCAGTTTGAGCATCGATCAATTGAGGAACTGGAGAAG

GAGCTCAATGACGAGGAAGTTGTAACCATGTCTATG

GAGCTCAATGACGAGGAAGTTGTAACCATGTCTATG
TTGATCGTGGAGAAGCGAACCCATgagctcaatgacgaggaagttgtAacCATGLCTATg
TTGATCGTGGAGAAGCGAACCCATGAGCTC
TTGATCGTGGAGAAGCGAACCCATGAGCTC
TTGATCGTGGAGAAGCGAACCCATGAGCTCAATGACGAGGAAGTTGTAACCATGTCTATG

CGTGGAAAGGTTCCCGGTTATGCACTCGAAAAGGCTCTGAAGGACTTTACTCGGGCCGTC
CGTGGAAAGGTTCCCGGTTATGCACTCGAAAAGGCTCTGAAGGACTTTACTCGGGCCGTC
CGTgGaAAGgTtcCCgGTLATGCACTCGAAaaGgCTCTGAaGGACTTEACTCGGgCCGTC
CGTGGAAAGGTTCCCGGTTATGCACTCGAAAAGGCTCTGAAGGACTTTACTCGGGCCGTC

AAGATCCGTCGTACTATCATTTCTCGCACCAAAGCCACTTCCGAAATCACCAATGGACTT
AAGATCCGTCGTACTATCATTTCTCGCACCAAAGCCACTTCCGAAATCACCAATGGACTT
aAGATCcGTCGTACTATcatttctcgcacCAAAGCCACTTCCgAAATCACCAATGGACET
AAGATCCGTCGTACTATCATTTCTCGCACCAAAGCCACTTCCGAAATCACCAATGGACTT

GACCGATCCAAGCTTCCCTTCGAAAACTACAACTGGGAAAGGGTGTTTGGTGCCTGCTGC
GACCGATCCAAGCTTCCCTTCGAAAACTACAACTGGGAAAGGGTGTTTGGTGCCTGCTGC
GACCGATCCAAGCLTCCCTTCGaAAACTACAACTgGGAAAGGGTGTTTGGTGCCTGCTGC
GACCGATCCAAGCTTCCCTTCGAAAACTACAACTGGGAAAGGGTGTTTGGTGCCTGCTGC

GAGAATGTCATCGGCTACCTGCCCCTTCCCGTTGGCGTCGCCGGCCCGCTCGTTATTGAT
GAGAATGTCATCGGCTACCTGCCCCTTCCCGTTGGCGTCGCCGGCCCGCTCGTTATTGAT
GAGAATGTCATCGGCtaCCTGCCCCTTCCCGTTgGCGTCGCCGGCCCGCTCGTTATTGAT
GAGAATGTCATCGGCTACCTGCCCCTTCCCGTTGGCGTCGCCGGCCCGCTCGTTATTGAT

......... Faie sin wleiseie Ty caalesvn atyGs dal e Peieeaiseie na e sidieuis st
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309
405
2760

35
369
465
2820

95
429
525
2880

36
36
155
459
555
2940

96
96
215
3000

156
156
275
3060

216
216
335
3120

276
276
395
3180



pl2F

p6F
pl2hmg8
pl24hmg8
CONSENSUS

Pl2F
p6F
CONSENSUS

pPl2F
p6F
CONSENSUS

pl2F
p6F
CONSENSUS

p6hmg7
pl2F

p6F
CONSENSUS

hmgl

hmg3
p6hmg?
pl2F
CONSENSUS

hmgl

hmg3
péhmg7
pl2F
CONSENSUS

hmgl

hmg3
pbhmg7
P1l2F
CONSENSUS

>
>
>
>
>

v

VVVVYVY YNV VVNY vV Vv Vv v

VVVVvVy

CTATTTCATTCCTATGGCCACGACGGAAGGTgTCTTGGTTGCCAGCACTAGT
GGGCAGAGCTATTTCATTCCTATGGCCACGACGGAAGGTGTCTTGGTTGCCAGCACTAGT
GGGCAGAGCTATTTCATTCCTATGGCCACGACGGAAGGEGTCTTgGTTGCCAGCACT
GGGCAGAGCTAt t tCAt tCCTATGGCCACGACGgAAGGTGTCTTGGTT
GGGCAGAGCTATTTCATTCCTATGGCCACGACGGAAGGTGTCTTGGTTGCCAGCACTAGT

CGTGGCTGCAAAGCGATCAACTCTGGTGGCGGTGCCATTACTGTCTTAACAAGCGATGGT
CGTGGCTGCAAAGCGATCAACTCTGGTGGCGGTGCCATTACTGTCTTAACAAGCGATGGT
CGTGGCTGCAAAGCGATCAACTCTGGTGGCGGTGCCATTACTGTCTTAACAAGCGATGGT

ATGACCCGTGGACCTTGCGTTAGTTTTGAGACTTTGGAGCGTGCCGGTGCCGCCAAGCTC
ATGACCCGTGGACCTTGCGTTAGTTTTGAGACTTTGGAGCGTGCCGGTGCCGCCAAGCTC
ATGACCCGTGGACCTTGCGTTAGTTTTGAGACTTTGGAGCGTGCCGGTGCCGCCAAGCTC

TGGCTGGATTCTGAGGCAGGCCAGAACACCATGAAGAAGGCTTTCAACTCGACCAGTCGG
TGGCTGGATTCTGAGGCAGGCCAGAACACCATGAAGAAGGCTTTCAACTCGACCAGTCGG
TGGCTGGATTCTGAGGCAGGCCAGAACACCATGAAGAAGGCTTTCAACTCGACCAGTCGG

tttggccggcaccaaCTTGTATATTCGATTC
TTCGCTCGTCTACAGCACATGAAGACTGCTTTGGCCGGCACCAACTTGTATATTCGATTC
TTCGCTCGTCTACAGCACATGAAGACTGCTTTGGCCGGCACCAACTTGT
TTCGCTCGTCTACAGCACATGAAGACTGCTTTGGCCGGCACCAACTTGTATATTCGATTC

AGCAEGCG

atgatttcaaagggtgttgAGCATGCG
ARGACCACCACCGGAGACGCCATGGGCATGAACATGATTTCAAAGGGTGTTGAGCATGCG
AAGACCACCACCGGAGACGCCATGGGCATGAACATGATTTCAAAGGGTGTTGAGCATGCG
AAGACCACCACCGGAGACGCCATGGGCATGAACATGATTTCAAAGGGTGTTGAGCATGCG

CTCAACGTCALGGCCACCGACGGtggct t tGATGACATGAACATCATCACCGTCTCTGGC
CTCAACGTCATGgccACCGACGGTGGCTTTGATGACATGAACATCATCACCGTCTCTGGC
CTCAACGTCATGGCCACCGACGGTGGCTTTGATGACATGAACATCATCACCGTCTCTGGC
CTCAACGTCATGGCCACCGACGGTGGCTTTGATGACATGAACATCATCACCGTCTCTGGC
CTCAACGTCATGGCCACCGACGGTGGCTTTGATGACATGAACATCATCACCGTCTCTGGC

AACTTCTGTATTGACAAGARACCCGCcCGCTATGAACTGGATCGACGGTCGCGGCAAGGGC
AACTTCTGTATTGACAAGAAACCCGCCGCTATGAACTGGATCGACGGTCGCGGCcaAGGGC
AACTTCTGTATTGACAAGAAACCCGCCGCTATGAACTGGATCGACGGTCGCGGCAAGGGC
AACTTCTGTATTGACAAGAAACCCGCCGCTATGAACTGGATCGACGGTCGCGGCAAGGGC
AACTTCTGTATTGACAAGAAACCCGCCGCTATGAACTGGATCGACGGTCGCGGCAAGGGC

116

52
336
333
443
3240

112
396
3300

172
456
3360

232
516
3420

31
292
565
3480

27
91
352
3540

68
87
151
412
3600

128
147
211
472
3660



hmg29
hmgl

hmg3
p6hmg7
pl2F
CONSENSUS

p20hmgl2
p20F
hmg29
hmgl

hmg3
pbhmg7
pl2F
CONSENSUS

p20hmgl2
p20F
hmg29
hmgl

hmg3
CONSENSUS

p20hmgl2
p20F
hmg29
hmgl
CONSENSUS

p20hmgl?2
p20F
hmg29
CONSENSUS

p20hmgl2
p20F
hmg29
CONSENSUS

p20hmgl2
p20F
hmg29
CONSENSUS

o DN L R

vV VYV VMV VY VvV VYV VNV Y

VvV V.V VYV

VvVVvVvVvy

GTT
ATTGTTGCTGAGGCCATCATTcCTGCCGACGTGGTCAAATCCGTGTTGAAGAGTGATGTT
ATTGTTGCTGAGGCCATCATTCCTGCCGACGTGGTCAAATCCGTGTTGAAGAGTGATGTT
ATTGTTGCTGAGGCCATCATTCCTGCCGACGTGGTCAAATCCGTGTTGAAGaAGTGATGTT
ATTGTTGCTGAGGCCATCATTCCTGCCGACGTGGTCAAATCCGTGTTGAAGAGTGATGTT
ATTGTTGCTGAGGCCATCATTCCTGCCGACGTGGTCAAATCCGTGTTGAAGAGTGATGTT

GAGCcTCAATATTGCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCG

GAGCTCAATATTGCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCG
GATGCTTTGGTagAGCTCAATATTGCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCG
GATGCTTTGGTAGAGCTCAATATTGCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCG
GATGCTTTGGTAGAGCTCAATATTGCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCG
GATGCTTTGGTAGAGCTC
GATGCTTTGGTAGAGCTC
GATGCTTTGGTAGAGCTCAATATTGCTAAGAACCTGATCGGGTCTGCCATGGCCGGTTCG

ATCGGTGGCcTTCAACGCCCACGCTGCCAACATCcGTAGCGGCCATATTCCcTCGCCACCGGC
ATCGGTGGCTTCAACGCCCACGCTGCCAACATCGTAGCGGCCATATTCCTCGCCACCGGC
ATCGGTGGCTTCAACGCcCCACGCTGCCAACATCGTAGCGGCCATATTCCTCGCCACCGGC
ATCGGTGGCTTCAACGCCCACGCTGCCAACATCGTAGCGGCCATATTCCTCGCCACCGGC
ATCGGTGGCTTCAACGCCCACGCTGCCAACATCGTA

ATCGGTGGCTTCAACGCCCACGCTGCCAACATCGTAGCGGCCATATTCCTCGCCACCGGC

CAAGATCCCGCACAGGTAGTAGAGAGCTGCAACTGCATCACCACCATGAAGAAGTGAGTG
CAAGATCCCGCACAGGTAGTAGAGAGCTGCAACTGCATCACCACCATGAAGAAGTGAGTG
CAAGATCCCGCACAGGTAGTAGAGAGCTGCAACTGCATCACCACCATGAAGAA. . .. ...
CAAGAtCccgc

CAAGATCCCGCACAGGTAGTAGAGAGCTGCAACTGCATCACCACCATGAAGAAGTGAGTG

CCAGCCTTGTTTCTCCCGTTCTTTGAAAGCATGATTCATTTGTACTAACGACGATCTTTG
CCAGCCTTGTTTCTCCCGTTCTTTGAAAGCATGATTCATTTGTACTAACGACGATCTTTG

CTCTAGCCTTCACGGATCGCTCCAGATTGCCGTTTCCATGCCGTCTCTCGAGGTCGGCAC
CTCTAGCCTTCACGGATCGCTCCAGATTGCCGTTTCCATGCCGTCTCTCGAGGTCGGCAC
...... CCTTCACGGATCGCTCCAGATTGCCGTTTCCATGCCGTCTCTCGAGGTCGGCAC
CTCTAGCCTTCACGGATCGCTCCAGATTGCCGTTTCCATGCCGTCTCTCGAGGTCGGCAC

CCTCGGCGGCGGCACCATCTTGGAGCCTCAGAGCGCTATGCTGGACATGCTCGGTGTGCG
CCTCGGCGGCGGCACCATCTTGGAGCCTCAGAGCGCTATGCTGGACATGCTCGGTGTGCG
CCTCGGCGGCGGCACCATCTTGGAGCCTCAGAgGCGCTATGCTGGACATGCTCGGTGTGCG
CCTCGGCGGCGGCACCATCTTGGAGCCTCAGAGCGCTATGCTGGACATGCTCGGTGTGCG

117

3
188
207
271
532
3720

48
48
63
248
267
289
550
3780

108
108
123
308
303
3840

168
168
183
319
3900

228
228
243
3960

288
288
303
4020

348
348
363
4080



p20hmgl?2
p20F
hmg29
CONSENSUS

p20hmgl?2
p20F
CONSENSUS

p20hmgl2
p20F
CONSENSUS

p20hmg9
p20hmgl5
p20hmgl2
p20F
CONSENSUS

p20hmg%
p20hmgl5
p20F
CONSENSUS

p20hmg9
p20hmgl5s
CONSENSUS

p20hmg9
p20hmgls
CONSENSUS

p20hmg9
p20hmgl5
CONSENSUS

p20hmg9
p20hmgl5
CONSENSUS

v NV MY VvV VvV V VYV v v vV VvV VYV

A

AGGATCACATCCAACCAATCCAGGAGACAATGCCCGACGACTTGCACGCATCATTGGTGC
AGGATCACATCCAACCAATCCAGGAGACAATGCCCGACGACTTGCACGCATCATTGGTGC
AGGATCACATCCA

AGGATCACATCCAACCAATCCAGGAGACAATGCCCGACGACTTGCACGCATCATTGGTGC

TTCCGTCTTGGCTGGTGAGCTGTCTCTTTGCAGTGCTCTCCAGGCCGGCCACCTAGTCAA
TTCCGTCTTGGCTGGTGAGCTGTCTCTTTGCAGTGCTCTCCAGGCCGGCCACCTAGTCAA
TTCCGTCTTGGCTGGTGAGCTGTCTCTTTGCAGTGCTCTCCAGGCCGGCCACCTAGTCAA

AGCGCACATGCAGCACAACCGAAGCGCCGCCCCATCAAGAAGCACTACACCCGCTCCTCC
AGCGCACATGCAGCACAACCGAAGCGCCGCCCCATCAAGAAGCACTACACCCGCTCCTCC
AGCGCACATGCAGCACAACCGAAGCGCCGCCCCATCAAGAAGCACTACACCCGCTCCTCC

AAAgCGC

tcactggccatGACCATTGCcTCAAGACAAGTCcGAGCAAAAGCGe
TCCCATGAcgCCcgTCTCActggcca

TCCCATGACGCCCGTCTCACTGGCCATGACCATTGCTCAAGACAAGTCGAGCAAAAGCGC

TCCCATGACGCCCGTCTCACTGGCCATGACCATTGCTCAAGACAAGTCGAGCAAAAGCGC

TGCGGCCcAACAGCGGTCAAAGCGGTAAACAAAAGTATCAAGATGCCACGCAAGGCAAGG
TGCGGCCCAACAGCGGTCAAAGCGGTAAACAAAAGTATCAAGATGCCACGCAAGGCAAGG
TGCGGCCCAAC

TGCGGCCCAACAGCGGTCAAAGCGGTAAACAAAAGTATCAAGATGCCACGCAAGGCAAGG

AAGGGGTGGGAATARAGATGATAGAAGAGAGGGTGTTGGAGTTTAGATTTCGCATTCCGG
AAGGGGTGGGAATAAAGATGATAGAAGAGAGGGTGTTGGAGTTTAGATTTCGCATTCCGG
AAGGGGTGGGAATAAAGATGATAGAAGAGAGGGTGTTGGAGTTTAGATTTCGCATTCCGG

GAGTTCATTATTGACTACGCGCAGGGCCTGACATACAATAGCACCTACCTATATAGACGA
GAGTTCATTATTGACTACGCGCAGGGCCTGACATACAATAGCACCTACCTATATAGACGA
GAGTTCATTATTGACTACGCGCAGGGCCTGACATACAATAGCACCTACCTATATAGACGA

TATACTGCTACATATAAGGCCTGAGGGTGGGTTTCCAGAGATCTTAGACCTCCACGGTCA
TATACTGCTACATATAAGGCCTGAGGGTGGGTTTCCAGAGATCTTAGACCTCCACGGTCA
TATACTGCTACATATAAGGCCTGAGGGTGGGTTTCCAGAGATCTTAGACCTCCACGGTCA
......... Fn s b aa B va e s e e a e s edin s e e aheE e weah
TTATAATCGTTACTTTGTTTCACTGCTACAATTCTGTCCAGCTTCGATATCTCCTGTACA

TTATAATCGTTACTTTGTTTCACTGCTACAATTCTGTCCAGCTTCGATATCTCCTGTACA
TTATAATCGTTACTTTGTTTCACTGCTACAATTCTGTCCAGCTTCGATATCTCCTGTACA
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408
408
378
4140

468
468
4200

528
528
4260

44
554
588
4320

67
104
599
4380

127
164
4440

187
224
4500

247
284
4560

307
344
4620



p20hmg9
p20hmgl5s
CONSENSUS

p20hmg9
p20hmgl5
CONSENSUS

p20hmg$
p20hmgl5
CONSENSUS

p20hmg9
p20hmglh
CONSENSUS

p20hmg9
p20hmgl5
CONSENSUS

W

v

TGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTC
TGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTC
TGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTC

TGTCTGTCTGTCCATCTGTAACTGTCCCTCACACCAGCGCCTTGACTCGTGCAATCTCTT
TGTCTGTCTGTCCATCTGTAACTGTCCCTCACACCAGCGCCTTGACTCGTGCAATCTCTT
TGTCTGTCTGTCCATCTGTAACTGTCCCTCACACCAGCGCCTTGACTCGTGCAATCTCTT

> GTCCATCCATGGAAATCATTTTGACACCCTTGTTCATAATCTCTCGTCTGCATTCATCCC

GTCCATCCATGGAAATCATTTTGACACCCTTGTTCATAATCTCTCGTCTGCATTCATCCC
GTCCATCCATGGAAATCATTTTGACACCCTTGTTCATAATCTCTCGTCTGCATTCATCCC

> ACTGCTCCGGCATGACAGGCTTTGTAgCCTCCTCGACAATGTACGACCTAAAACCTTGCT

v

ACTGCTCCGGCATGACAGGCTTTGTAGCCTCCTCGACAATGTACGACCTAAAACCTTGCT
ACTGCTCCGGCATGACAGGCTTTGTAGCCTCCTCGACAATGTACGACCTAARACCTTGCT

CGATGGCATGCTCCGCCGTA
CGATGGCATGCTCCGCCGTAGCTTT
CGATGGCATGCTCCGCCGTAGCTTT

119

367
404
4680

427
464
4740

487
524
4800

547
584
4860

567
609
4885
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GELASSEMBLE BigPicture of: Contig:

All fragments
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Fragments

p20hmg9
p8F
p20F
Hmg29
Hmgl
pbhmg7
p6F
pd4lhmgll
Hmg26
pdlhmgld
p4lhmgl?9
p41lhmg20
p4lhmg22

CONSENSUS+

sorted by strand
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Restriction map showing Sacl, BamHI, EcoRI and Xhol within the multiple cloning region of A\GEM-12, and
HindIII within the right A arm.
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Appendix 3.0 VECTOR MAPS

A 31 pUC118

Restriction map of pUC1 18 showing all restriction sites.

giEIl, Narl 237

gll 252 -
stl 259 Eg’ﬁ‘fm
vul 280 Pstl
vull 309 Sall
Xbal
M13 IG v\ £l
Eco0109 2674 (i sKa%'}I
Aatll 2622 ‘\||| EcoRl
fiac] vull 631
Sspl 2501 pUCIIS
8 3200 bp
| = AfII 806
_---""E= ;?:
Xmnl2299 = &
/==_= amp-R A
Scal 2180 =
P
Pvul 2070

Avall 2060 /_':_i-*—_

Mstl 1922/
Avall 1838

HgiEII 1387
Bgll 1830
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A 3.2 pUC18

Restriction map of pUC18 showing all restriction sites.

EcoRI/Pvull) l'FII - arl 235
g1t B
EcoO109 2674 del 183 gll 245
Aatll 2617 spl 256
Sspl 2501 , Pvul 276 HindIII
Pvull 306 Sphl
f Pstl
Xmnl 2294 7 Sall
“%, Accl
Scal 2177 lacZ & Hincll
Xbal
BamHI
Pvul 2066 pUCIS \ Smal
Avall 2059 2686 b 18 ol
Ap p lacl Kpnl
: vull 62 Sacl
EcoRI
Fspl 1919 Bt AIITI 806
Avall 1837 Z
Bgll 1813
Gsul 1784 Mmel 996
Cfr101 1779
Ppal 1766 Mmel 1180
, AlwNI 1217
HgiEIl 1387

Eco571 1333
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Appendix 4.0 RT-PCR ANALYSIS OF THE TRANSCRIPTION START SITE

A 4.1 RNA Extraction from Lp19 Cultures

All precautions outlined in Section 2.18 were used throughout. In a pre-cooled mortar
approximately 500 mg of frozen Lp19 mycelia was ground to a fine powder under
liquid nitrogen and resuspended in 15 ml of extraction buffer (50 mM Tris-HCI [pH
8.0], 300 mM sodium chloride, 5 mM EDTA, 2% [w/v] SDS, 0.5% [w/v]
polyvinylpyrrolidone (PVP) and 0.5 mM aurintricarboxylic acid [pH 8.0]). The
solution was mixed, incubated at 65°C for 10 minutes, with occasional shaking and
centrifuged for 15 minutes at 10,000 g. The supernatant was transferred to 0.7 ml of 3
M potassium acetate (pH 4.8), mixed, incubated on ice for 30 minutes before
centrifugation at 10,000 g for 10 minutes at 4°C. To the resulting supernatant 5 ml of 8
M lithium chloride was added the mixture incubated at 4°C overnight . Following this
the mixture was re-centrifuged at 12,000 g for 30 minutes at 4°C. The pellet was
washed twice with 10 ml of 3 M sodium acetate (pH 5.2) by resuspending the pellet and
further centrifugation at 10,000 g for 10 minutes at room temperature. The final pellet
was resuspended in 5 ml of water. The RNA was phenol/chloroform extracted as in
Section 2.6 except each chloroform extraction also contained an equal volume of
isopropanol. The aqueous phase was added to 0.5 ml of 3 M sodium acetate (pH 5.2)
and 13 ml absolute ethanol and incubated overnight at -20°C. The mixture was
centrifuged at 10,000 g for 10 minutes at 4°C, the pellet washed in 70% ethanol and air
dried for 10 minutes. The RNA was resuspended in 50 pl of water and the RNA
concentration determined to be approximately 2.5 mg/ml (Section 2.20.1).

Ad4.2 DNase Treatment of RNA

Prior to cDNA synthesis and PCR amplification of the cDNA it was necessary to
remove all traces of contaminating DNA from the RNA preparation. To 25 pg of Lp19
RNA the following was added: 1 x DNase buffer (40 mM Tris-HCI [pH 7.5], 6 mM
MgCl,.6H,0 and 2 mM CaCl,.2H»0), 200 U DNase I (Stratagene), 40 U RNase Block
(Stratagene) and water to 50 pl. The mixture was incubated at 37°C for 15 minutes and
the DNase reaction stopped by addition of 25 pl DNase stop mix (50 mM EDTA, 1.5
mM sodium acetate and 1% [w/v] SDS) and the RNA extracted with
phenol/chloroform/ isoamyl alcohol as in Section A 4.1.
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A43 Reverse Transcriptase Synthesis of cDNA

RT-PCR was carried out on Lpl9 RNA using the Stratagene RT-PCR kit. In a
microcentrifuge tube 300 ng of BRLs random primers and 5 pig of Lpl9 RNA in a total
volume of 41 pl, were mixed and incubated at 65°C for 5 minutes and slowly cooled to
room temperature to allow the primers to anneal to the RNA. To this 1 x first strand
buffer, 40 U of RNase Block Ribonuclease Inhibitor, 4 mM of each dNTP, 50 U of
MMLV-RT and water to 50 pl was added and the mixture incubated at 37°C for 1 hour
and then at 90°C for 5 minutes. The reaction was stored at -20°C.

Ad4 Amplification of cDNA by PCR

To 2 pul of the cDNA from Section A 4.2, 3 uM of primer hmg 13 and 3 uM of the
appropriate primer (hmg 22, H-2, hmg 20, H-3, or H-4), 1 x PCR buffer, 2.5 U Expand
High Fidelity (Boehringer Mannheim), 0.5 mM of each dNTP and water to 50 pl were
added. The reaction was then placed in a Corbett thermocycler preheated to 94°C and
after an initial 2 minute melt at 94°C was subjected to 35 cycles of 94°C for 30 seconds,
55°C for 30 seconds and 72°C for 90 seconds. After the 35 cycles were complete the
reactions were incubated at 72°C for 7 minutes, then stored at -20°C. The products

were then separated by electrophoresis as in Section 2.10.
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Appendix 5.0 A 6 FRAME TRANSLATION OF G. FUJIKUROI HMG
SHOWING ALL OPEN READING FRAMES.

The FRAMES program of the GCG package plots the open reading frames of a nucleic
acid sequence as boxes bordered by potential start and stop codons. Potential start
codons are shown as short lines that extend above the box and potential stop codons are
shown as short lines that extend below the box. By default, only the start and stop
codons at the ends of open reading frames are shown in the frame display; if a stop
codon has been passed, no stops are shown again until a start codon is passed; if a start

codon is passed, no start codons are shown again until a stop codon is passed.
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