





been demonstrated that all Minutes do not in fact encode ribosomal proteins (see

below).

Several ribosomal protein genes (Burns et al., 1984; Brown et al., | 1988; Noselli and
Vincent, 1992; Kongsuwan et al. 1985; Andersson et al., 1994) have been mapped to
chromosomal locations known to contain Minute mutations. Qian et al., (1988) and
Patel and Jacobs-Lorena (1992) have also demonstrated that anti-sense interference of
rpAl gene expression can mimic Minute phenotypes. However, no direct evidence is
available for a general correlation between ribosomal proteins and Minutes. To date,
only two Minutes have been shown to encode ribosomal proteins, these being rp49
(Kongsuwan et al. 1985) and rpS3 (Andesson et al., 1994). Several workers have in
fact shown that some ribosomal proteins that were previously thought to encode
Minutes proteins due to their cytological location, do not actually do so (e.g. Kay et
al., 1988; Qian et al., 1988). It seems much more likely that Minutes are genes
involved in a common cellular process and probably not solely ribosomal proteins.
This is supported by observations that the mutations bobbed and mini, caused by
mutations in other genes involved in translation (fRNA and 5S RNA respectively),
have phenotypes similar to that of Minute genes (Ritossa, 1976; Procunier and Dunn,

1978).

6.5.3.4 Possible Roles for the rpL11 Protein in the Ribosome.

The results showing high levels of amino acid homology across the very diverse
organisms (displayed in Figure 6.07), reflect the fundamental importance of these
ribosomal proteins, and suggests that rpL.11 was a component of the early
ribonucleoprotein ribosome. The function of this protein within the fly’s ribosome
(and those of other eukaryotes) remains unclear. It is known that in eubacteria, three
proteins bind to 5S rRNA; in E.coli they are LS, L18 and L25 (Huber and Wool,
1984). In eukaryotes only one protein, L5 has been shown to bind to the nucleic acid
(see Huber and Wool, 1986). Some anomaly exists however, as the eubacterial L5
proteins have homology with eukaryotic L11 proteins (e.g. this study), but eukaryotic
L11 proteins are not known to associate with 5S rRNA. To complicate this situation
further the eubacterial L5 proteins do not share homology with the eukaryotic L5

proteins. Further study is needed to clarify this confusion.
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6.5.4 The in situ Hybridisation Results.

6.5.4.1 The 12.0 kb Region Fragment from A95204C9.

As P2.4 and other transcripts proximal to this 12.0kb region are all internally primed
(Section 1.2.8.1) it is therefore possible that the 3’ end of P2.4 and other cDNA:s,
such as N52 and S2.2, may originate from this 12.0kb genomic region. Other shak-B
neural transcripts (Crompton et al., 1995) are also expressed in the giant fibres at least
two days post eclosion. The lamina expression is interesting as it may have a
correlation with a phenotype from shak-B mutants. As discussed in Section 1.2.4,
shak-B mutant flies have a defective electroretinogram (ERG). The type of ERG
defect present in shak-B flies, an alteration in the transient component, is known to be
caused by defects in the neurones of the lamina of the eye (e.g. Coombe, 1986). It is
therefore possible that the defect in the ERG, is caused by some alteration of a
transcript expressed in the very tissue that the 12.0kb region hybridised to. It is
unknown whether the 1.6kb transcript is responsible for this expression in the lamina.
However, as this is the only transcript detected upon Northern analysis of the region,
and as the amount of eye expression would seem to correlate with the amount of
expression on the Northern blots i.e. both visible, it would seem logical for this to be
the case. Results using antibodies to the protein produced from the S2.2 cDNA
(Section 1.2.8.4) have shown expression of S2.2 protein in the lamina of the eye (M.
Wilkin personal communication). The S2.2 clone is 2.6kb in length and therefore it
cannot be the 1.6kb transcript. It is possible that this may be a more common splice

variant from the locus. More study is needed to clarify this situation.

The expression patterns observed in the head indicate that transcripts detected in the
in situ hybridisations using the 12.0kb region may have a role in the shak-B locus i.e.
transcripts from this region are expressed in the lamina of the eye, where mutations in
at least one of the transcripts could be causing the defects associated with the ERG.
Alternatively, there may be two different loci in this region, it being merely fortuitous
that the more common gene is also expressed in the lamina of the eye, as is the shak-B
neural transcript(s). However as no negative controls were included in this paper it is
not possible to eliminate the possibility that the probes used were cross hybridising

with other members of the OPUS family (see Section 1.2.8.3).
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Chapter Seven



Chapter Seven - Discussion.

This project had two main aims. Firstly to delineate the region in which the shak-B
gene lies by chromosomal walking and by deficiency and duplication breakpoint
analysis. The second aim was primarily to attempt to determine the actual molecular
location of the shak-B transcripts (and any other unrelated transcripts contained in the
cloned walk genomic DNA), but also to examine the molecular organisation of the
region, lying as it does in an cytologically interesting region that is a transition zone

from euchromatic to heterochromatic DNA.

7.1 Chromosomal Walking and the Chromosome Aberration Breakpoints.

Two of the four chromosomal walks used in this work were localised by this study to
specific polytene subdivisions using deficiency and duplication breakpoint mapping.
The 798 walk was localised to 19E1 (Section 3.4) and shown to contain the mell locus
(Section 3. ); the runt walk was known to be located at 19E2 as it was started using a
clone from the chromosomal walk that cloned the runt gene (Gergen and Weischaus,
1986). The 952 walk was localised to 19E3 (Sections 3.5 - 3.8) whereas the 896 walk
was localised to 19E4 by the finding of the distal breakpoint of Df{1)T2-14A (C.
Taylor and J. Davies personal communications). These four walks therefore cover a
large part of the distal half of the 19E3 subdivision. This is a fascinating region lying
as it does on the border between the euchromatic and heterochromatic regions of the

base of the X chromosome in Drosophila melanogaster.

Taken together these four walks constitute one of the largest areas analysed at the
molecular level in Drosophila as the combined amount of cloned DNA from all four
walks is in excess of 450kb. None of the walks however have yet joined up which is
unfortunate for a number of reasons. Firstly, being able to analyse the whole region
from a cytogenetic viewpoint would be very informative. For example being able to
analyse the way gene incidence, repetitive sequence occurrence, chromosomal
abnormality frequency etc. alters across the region would be made much simpler if the
whole region was cloned as it would be possible to get a true picture of how the
genomic landscape varies as the centromere is approached. It would also be
interesting to find out just how large the band subdivisions are at the molecular level.

The average amount of DNA per band, plus adjacent interbands is 21.6kb with a range
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from 5 - 150kb (Ashburner, 1989). This figure agrees well with that calculated from a
315kb chromosome walk in the rosy - Ace region (Spierer et al., 1983) which
identified 15 bands with a size range of 3.7kb - 160kb. It would however imply that
shak-B is an unusual locus in that its size is around 200kb. As the 896 and 952 walks
have yet to be joined, it is probably more than this. It may be that large band sizes are
a feature at the base of the X chromosome as other large band areas have been

identified in this region e.g. at 20A (Yammamoto et al., 1990).

7.2 The shak-B Locus.

Thirty two different transcribed regions were identified by this study of which fifteen
were shown to contain non-repetitive sequences. Nine of these regions (from the 19E3
region) were characterised further using Northern analysis, sequence analysis and in
situ analysis to Drosophila head sections (see Chapters 5 and 6). It is felt that a much
more detailed analysis of these regions, together with the other regions identified but
not characterised, from the 19E3 region would be of value. This would preferably be

by isolating transcripts that originate from these regions.

7.2.1 The/size of the shak-B Locus.

The size of the shak-B locus is of note. Transcripts from the locus extend over a
region of 30kb, (although this is probably greater as no complete 3 ends have yet
been identified). The genetic interactions that occur between the shak-B locus and
deficiencies and duplication that impinge upon it however are known to extend much
further than this. 120kb separates the region from which the shak-B transcripts
originate to the distal breakpoint of Df{1)17-351. It should also be noted that the distal
breakpoint of Df{1)T2-14A (which also interacts with the locus) is 64kb proximal to
the distal end of the 896 walk. Therefore the interactions stretch at least 184kb (120kb
in the 952 walk plus 64kb in the 896 walk). It almost certainly stretches further as
more DNA, (containing the distal breakpoints of Df{1)A118, HC279 and 26B), lie
between the proximal end of the 952 walk used in this study and the distal end of the
896 walk. If this interaction is found to be due to regulatory elements, (as has been
suggested, Baird et al., 1993), this would make shak-B one of the largest loci yet

identified in Drosophila, although its size is not unique.
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Other loci in Drosophila e.g. the Antennapaedia Complex and the Bithorax Complex
(Scott et al., 1983; Duncan, 1987; Kaufman et al., 1990) and dunce (Chen et al.,
1987; Furia et al., 1991; 1993; Qiu and Davis, 1993) are relatively large and posses a
complex organisation compared to the majority of other loci. The dunce locus
stretches for 148kb and has several non-related genes in its introns. This is a situation
that may well exist in the shak-B locus i.e. R-9-28 (and possibly several other genes -
see Chapter 5) lie between the locus at 19E3 and the region that interacts genetically
with it at 19E4 / 5. Further study will be needed to determine if other parallels
between shak-B and dunce exist. For example dunce has a very complex pattern of
transcripts, at least eight arise from five transcribed regions. shak-B has only one
transcribed region identified to date, however at least five transcripts originate from it,

all having common 3’ but slightly different 5’ exons (Krishnan et al., 1995).

The Antennapaedia and Bithorax genes span upto a 100kb and are expressed in
complex spatial and temporal patterns. Many of the regulatory sequences have been
identified by mutations in cis-regulating elements which cause expression of wild-type
proteins in subsets of the normal patterns. Some of these mutations are insertions or
small deletions that map as far as 100kb away from their promoter. Such long distance
interactions (between cis-regulatory elements and promoters) have also been observed
in many higher eukaryotes including man. It is thought that many of the homeo-box
genes trans-acting proteins e.g. zeste, brahma and trithorax (see Kennison, 1995 for
references) which influence homeotic gene activity facilitate interactions between cis-
regulatory elements and a promoter by bringing together distant chromosomal
elements (Kennison, 1995). This type of cis-interaction has been postulated to explain
the long distance interactions of the 19E3 region with that at 19E5/6 (Baird et al.,
1990).

7.2.2 Isolation of Transcripts from the 19E3 Region.

Although conventional cDNA library screening has been used for many years it has
several disadvantages. The main one is that searching for a rare transcript is tedious
and time consuming due to the large number of clones and therefore filters that must
be screened. Most of the alternatives to conventional library screening utilise PCR.
RACE RT PCR (Frohman, 1990) is probably one of the most commonly used

techniques for isolating 3’ and 5’ ends of cDNAs. Alternatively by using a small
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amount of known sequence (inferred from either protein sequence, homologies with
other genes (e.g. heterologous screening) or from genomic sequence), it is possible to
isolate a novel transcript using RT PCR or direct PCR screening of a cDNA library
using a primer to the transcribed sequence and another primer to the 3’ or 5 ends of

the vector.

In at least three (and probably four cases) it may be possible, using PCR to isolate
transcripts identified in this study as sequence data is available from regions that are
transcribed (Section 6.3). Although there is no definite proof that these sequences are
located in a transcribed area it would be worth while attempting using primers
designed to the sequence obtained for 3’ and 5’ RACE PCR on either RNA or cDNA
libraries. PCR does have some disadvantages (the main one being sequence and length
bias- i.e. GC rich regions tend to cause stalling of the polymerase whilst long
transcripts are often not isolated due to problems with the processivity of the enzyme,
its advantages; iampliﬁcation of rare sequences and its speed (experiments can be
completed in a day) means an approach utilising PCR would be by far the easiest

option for isolating transcripts from the 19E3 region.

It is common in studies using Drosophila to have a large genomic region (e.g. the 952
walk) which has one well characterised region (normally the gene of interest to the
study) but the surrounding cloned DNA has normally only been partially
characterised. Due to the makeup of the Drosophila genome (See Chapter four) a
particular walk normally has only a few repetitive regions, with several
uncharacterised transcribed regions contained within it. A technique termed “direct
selection” would allow the isolation of the majority of these transcripts in one
experiment. Direct selection was developed initially for screening large areas of
human genomic DNA (YAC clones, cosmid contigs efc.) but should also work well in
Drosophila. Direct cDNA selection is a procedure that has been utilised to ‘fish out’
transcripts originating from a genomic region from a complex mixture of cDNAs
fLovett et al., 1994)!; Parisimoo et al., 1991; Lovett et al., 1995). Many of the problems
associated with the technique in humans simply do not occur in Drosophila e.g. very

frequently occurring repetitive DNA, pseudogenes efc.
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The procedure involves hybridising genomic DNA (either immobilised on a filter or
alternatively, labelled with biotin which is attached to magnetic beads coated with
streptavidin which are immobilised on a magnet), to a solution containing a mixture
of cDNAs amplified from a cDNA library by PCR with some of the surrounding
vector sequences included. After hybridisation, the filters (or beads) are washed to
remove non-specifically bound cDNAs. This washed filter is then stripped by boiling
to remove the hybridised cDNAs which are then amplified using primers specific for
the flanking vector sequences. This approach has been used successfully in man; in a
900kb cosmid contig 81 cDNA clones were isolated of which 54 mapped back to the
contig (Morgan et al., 1992). This approach should work well in the isolation of
transcripts from the 19E3 region. Besides allowing the isolation of transcripts from
these uncharacterised regions it may also allow the identification of more shak-B
transcripts as it is not a technique that is dependent upon sequence data. If any
transcripts from the region exist that do not cross hybridise to the cDNAs isolated to
date and therefore not included in the PCR selection (Crompton, 1995), it may be
possible to ‘fish’ the cDNAs out of the cDNA mixture.

Once transcripts from several regions have been identified it would then be possible to
determine which (if any) of the regions are related and also determine which (if any)

are associated with the shak-B locus.

7.2.3 Isolation of shak-B Transcripts if Non-Polyadenylated.

Several explanations have been proposed (Section 5.7.6) to explain this studies lack of
success in identifying and characterising the expression of shak-B transcripts. Of these
suggestions it is felt that that either the rarity of, or non-polyadenylated state of the
shak-B transcripts is the most likely explanation. There are very few alternatives that
can be used if it is rarity of the transcripts that is stopping detection of the transcripts
as only PCR based approaches and not conventional RNA based techniques will be
successful (Crompton et al., 1995). The main disadvantage of using a PCR based
approach however is, as mentioned above, that it is sequence specific. That is, those
transcripts not containing the priming sites will fail to be isolated even if other regions
of the transcript are common. It would therefore be better to use whole transcripts as
probes in conventional library screens (or in a similar screen to mentioned earlier

Section 7.2.2) so any regions of cross-homology will hybridise and therefore the
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transcripts may be detected. If the shak-B transcripts are non-polyadenylated however

then these approaches are very difficult if not impossible as the lack of a 3’ poly A

tract will mean the transcripts (or at least their 3 ends) are absent from poly A"

enriched libraries.

If this is the case (transcripts from shak-B are not polyadenylated) then it is also the
case that they are too rare to be detected with upto 100g of total RNA. If it is non-
polyadenylated then this would be potentially very exciting as very few loci with poly
A’ transcripts have been identified to date, even though over a third of Drosophila
transcripts have been estimated to be poly A™ (Zimmerman et al., 1982). The reasons
very few unpolyadenylated transcripts have been identified to date is probably because
very few people have looked for them. Also most of the screening techniques will
exclude them e.g. screening of poly A* libraries etc. Those genes from which poly A’
transcripts have been identified, tend to be because the gene in question is extremely
well characterised and an identified transcript e.g. identified from genomic sequence
analysis, is shown to be missing from the poly A" fraction of the RNA. This was the
case for one of the Bithorax transcripts. It is possible to perform RT PCR on total
RNA which will contain both poly A* and poly A™ transcripts amongst the tRNA and
rRNA, however, the same problems as mentioned above will be encountered, that of
selecting only those transcripts from the locus with the priming sequence.
Conventional library screening of poly A"cDNA libraries (or direct selection of
transcripts using poly A"cDNAs) would be the best option, however, it is therefore
necessary to obtain poly A" RNA. One way of obtaining this is to isolate cytoplasmic
mRNA which is composed of poly A" or poly A* RNA (Berger and Kimmel, 1987;
Mechler, 1987).

Proteins of eukaryotes are synthesised on polysomes that are either free in the
cytoplasm or associated with the endoplasmic reticulum. Soluble cytosolic proteins
are synthesised on free polysomes whereas secreted or integral membrane proteins are
synthesised on membrane bound ribosomes. In most cells the membrane bound
ribosomes represent 5 -15% of the total cell ribosomal population. To isolate
microsomes RNases are firstly removed or inactivated and then an isopycnic
centrifugation in a discontinuous sucrose gradient is performed. The discontinuous

gradient allows the membrane vesicles to float whereas the free ribosomal particles
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are partially sedimented. It is therefore possible to isolate one, or both, of the types of
polysomes by removing either one, or both, fractions. The microsomal fraction
contains membrane bound ribosomes and some 80S and 60S subunits as well as
mitochondrial ribosomes. The free ribosomal fraction contains the free polysomes, the
inactive 80S ribosomes and the recycling ribosomal subunits as well as untranslated
mRNP particles. It is therefore possible to extract RNA from these polysomal
fractions and this RNA will contain poly A” and poly A" transcripts. Reverse
transcription using random hexamers will allow the RNA to be converted to cDNA
and hence cloned to make a microsomal cDNA library. This cDNA library will be
enriched for all mRNAs (i.e. poly A” and poly A™) and so if shak-B is non-
polyadenylated, it should be possible to isolate poly A™ transcripts from the locus, by
screening this library.

7.3 The opa Repeats.

As shown in Chapter 4 (Section 4.2.5) a large number of the repetitive transcribed
fragments were shown to contain opa repeats. Opa repeats are known to occur in a
large number of developmentally regulated genes in Drosophila many of which have
important functions (see Section 1.4.5.1) for examples and references). One problem
that may be encountered using direct selection is that although cDNAs containing dpa
repeats can be isolated it may be difficult to ascertain whether the clone is a spurious
contaminant or was selected by hybridisation to a stretch of single copy sequence (e.g.
Figure 5.09). Bearing in mind that a large number of the transcribed regions identified
by this study, contained opa repeats (Section 4.2.5). it would therefore probably be
worthwhile to isolate flanking sequences outwith the opa repeat sequences or block
the repetitive sequence in some way prior to hybridising these cDNAs to Northern.
Blocking of the opa repeat can be achieved by preparing single stranded DNA
containing the opa repeat sequence which when used in excess in a hybridisation, will
competitively bind to and so block hybridisation to other opa repeats. This approach is
used routinely in human ¢cDNA screens to block Alu sequences, many of which are
contained in other genes as well as being transcribed themselves (e.g. Lovett et al.,

1991; Parimoo et al., 1991).

This approach would be useful for allowing the identification of transcribed opa

repeats for further analysis from regions of interest to this study; it would however
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also allow the number of transcribed versus non-transcribed opa repeats to be

calculated, which has not been done for any large genomic region to date.
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Appendix Five

AS.1. Sequencing rationale for the repetitive region adjacent to the Bam HI site within
the 3.2kb Hin dIII-Hin dIII fragment from AR209. See Section 4.2.4 and 4.3.4 for
details.

Hindll  1.8kp  BamHl | 4 Hindill
| J

————
AS.1.1
-
AS.1.2

AS.1.1 Sequence and open reading frames found from the T7 (Bam HI) end of the
1.4kb Hin dIII-Bam HI fragment from AR209. There are no O.R F.s that extend
throughout the length of the sequence, although the one that continues the longest is
shown. The frame the O.R.F. originates from is indicated down the left hand side of
the page. ‘ :

CCAAGCAATTCATACTGGAAAATTTTCGATTTATGAGAGTGTATAAAAAATTGAAAAAAC

1 ---=-=---=-- o me - o Hmmm—mmm-- to-mmmm--- $emmm—————— + 60
GGTTCGTTAAGTATGACCTTTTAAAAGCTAAATACTCTCACATATTTTTTAACTTTTTTG
FRAME 3 K Q F I L E N F R F MR V Y K KL K K R

GTAGAGCCTGGCAAGACTTTGCCATTTGTTTGTATTTTGTTTTTTTTTTTTATGTGCTCA

6l —-~----w- o m—— - o m 4o LR R Fmmmmmm— - + 120
CATCTCGGACCGTTCTGAAACGGTAAACAAACATAAAACAAAAAAAAAAAATACACGAGT
FRAME 3 R A W Q D FATI CLYF V F F F Y V L 8§

GTGCCCCTTTACTGATTTTCCTGTTGTGCAATTTACTTTCATCAGCCGTCTGTCTTGAAA

121 -----=--~-- e fmmm—————— e —————- pommm—————— tommm————— + 180
CACGGGGAAATGACTAAAAGGACAACACGTTAAATGAAAGTAGTCGGCAGACAGAACTTT
FRAME 3 A P L L I F L L ¢CNL L S8 S AV CULEN

ATATCAAAACAGTGTAAGGGAAA
181 ---==-=== $mmmmmm +--- 203
TATAGTTTTGTCACATTCCCTTT
FRAME 3 I K T V *

A5.1.2 Sequence and open reading frames found from the T7 (Bam HI) end of the 1.8kb
Hin dIII-Bam HI fragment from AR209. There are no O.R F.s that extend throughout the
length of the sequence.

CCACCGTACACCAAGAGAAATTTCAAATATATTTTAAGTTTTTAAGTTGAGAGTCTCTTG
1 ---~--=-=-=-- tmmmmmmm o L ik L it toemmmm— - + 60
GGTGGCATGTGGTTCTCTTTAAAGTTTATATAAAATTCAAAARATTCAACTCTCAGAGAAC

AATGCCACTTAAGARATGCGAATAACTGAGGTGTAGAATATAAAGTAATCCATATTAAAA
61 -—--=------ pommmmemm Fommmmmmm - P et Fmmmmmmm o B e + 120
TTACGGTGAATTCTTTACGCTTATTGACTCCACATCTTATATTTCATTAGGTATAATTTT

ATCTATTCTAATAAATGCAATAGTGTTTTAAGTAAGTGAATTTACAACTTCGACGTATAG
121 ~-------- temmmmmm - Fmmmm - tomm-- e pm—m———— = LR i + 180
TAGATAAGATTATTTACGTTATCACAAAATTCATTCACTTAAATGTTGAAGCTGCATATC

AGCATTGCCCATTTATAATTCTTGAATGAAGTCCTGATTTTTGTATTTTACGTTAAATAC
181 --------- e ——m - o tmmmmmmmm = tmmmm————— Fmmmm—— - + 240
TCGTAACGGGTAAATATTAAGAACTTACTTCAGGACTAAAAACATAARATGCAATTTATG

CTTGGCTCAGGCCTATCTTATTTCTCGTCGTGTACTCATCGTGTGAGTTTAATATTTCAA
241 --------- P ) $mmmmmmm - Ammmmmm Fmmmmmmmm - P + 300
GAACCGAGTCCGGATAGAATAAAGAGCAGCACATGAGTAGCACACTCAAATTATAAAGTT

301 --------- 309
AATTAAGCC
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A5. 2 Sequencing rationale for the 1.0kb Eco RI fragment from AAGOO?2.

Unobtained
[T} AS22 Sequence A5.2.1 -@{T3]
Eco RI = 3, peoRI
|.__- ’ {Exola
| |
b 4{Exolb
1 |
I { Exolc
] HT7]
| { Exole
-
} 1 Exolf

Due to 'chewing back' of the exo III nuclease one of the exo III deletions could
not be sequenced. The region this unobtained sequence lies in is shown above.

AS. 2.1 Sequence and open reading frames found from the T3 (distal) end of the 1.0kb
Eco RI fragment from AAGOO2. There are no O.R F.s that extend throughout the
length of the sequence, although the longest (Frame 4) is shown as it starts before, and
extends through, the opa repeat, (the sequence of which is shown in bold text). See

-

Sections 1.4.5.1, 4.3.4 and 4.3.4.1 for more details.

FRAME 4

61

FRAME 4

121

FRAME 4

181

FRAME 4

241

FRAME 4

FRAME 4

361

FRAME 4

421

FRAME 4

AAACGGTGGGAATGGACTGTAATTGTGCCGCTTAAAAGGCAGGTGATTCGGCAACAAGTG

--------- D e et R D bt bttt 2

TTTGCCACCCTTACCTGACATTAACACGGCGAATTTTCCGTCCACTAAGCCGTTGTTCAC
* F A P 8 E A V L

AGACTACCGCATAACCCACAGCGACCACAAAGGCCACACGGTGCGGCATTAATAAATTTG
--------- D bt T e e itk 2
TCTGATGGCGTATTGGGTGTCGCTGGTGTTTCCGGTGTGCCACGCCGTAATTATTTAAAC
8 VVAY GV AV YV FAVURHEPMTLTLN

CCTCTGGCAAAAAGCTGAAAAATATTGAAAAAGCGATCTCTACACAATTGTCCATAAAGT
--------- B et D ekt Sufuiaiadebasia
GGAGACCGTTTTTCGACTTTTTATAACTTTTTCGCTAGAGATGTGTTAACAGGTATTTCA
A E P L F S F F I S FAIEUVCNDMTF

GGACACTTTTTGCATTACTTTTCATTTTATTTTTGCCTTTGCAATGCTGTTGCTGTTGCT
--------- B i e et el DL DRl Dbttt 4
CCTGTGAAAAACGTAATGAAAAGTAARATAAAAACGGAAACGTTACGACAACGACAACGA
HV 8S$ KA NS KMI KNI KGT EKTCHGQQAQQ

GTTGCTGTTGCTTCTGCTETTGCTGCTGCTGCTGCTGCTGCTGCAGTTGCAGTTGTATGC
--------- i it R e etk bkl et et 4
CAACGACAACGAAGACGACAACGACGACGACGACGACGACGACGTCAACGTCARCATACG
0 Q 0 Q K Q Q0 0000 Q2 Q QL QL QI

TCCGEGCTGTCCTITATTTTTGCCGGGCAACCACAGCGAGGATTAAAGCGGACAGTARAGC
--------- O it it T e e ik ¢
AGGCCCCACAGGAATAAAAACGGCCCGTTGGTGTCGCTCCTAATTTCGCCTGTCATTTCG
S R P TR I KA PO CGT CRU PNV FRUVTF

GGACCGNTGCCATTTGTTGTGACAATGTGGCTAACAAAAGCGAACAGCAACACATGACTC
--------- B et e e S et 4
CCTGGCNACGGTAAACAACACTGTTACACCGATTGTTTTCGCTTGTCGTTGTGTACTGAG
R V. ? AMQQ $ L TALIULIULSUGCOCOCMUV

GTTGATATGACAACTTTTT
--------- +===-=-=---- 439
CAACTATACTGTTGAAARAA

R Q ¥ S L K K -

261

60

120

180

240

300

420



AS5.2.2 Sequence obtained from the T7 (proximal) end of the 1.0kb Eco RI fragment
from AAGOO?2. There are no O.R.F.s that extend throughout the length of the
sequence, although the longest (Frame 6) is shown as it extends almost all of the way
through, the sequence.

CTTGGGAACATCAATCAAAGATATCTCTTTTAAAATATATATTTAAAATTATAAATTAAA
i --------- tmmmmm— - trmm - dmmm—m— - P L - + 60
GAACCCTTGTAGTTAGTTTCTATAGAGAAAATTTTATATATAAATTTTAATATTTAATTT

AAATAGGTTTTGTAATTAGTATATACTTAACTTCTTAACTATNTGAGCTTNGTTGACARAA

61 --------- Hm—mm—mmm - - e o Hommm— - + 120
TTTATCCAAAACATTAATCATATATGAATTGAAGAATTGATANACTCGAANCAACTGTTT
FRAME 6 * 8§ 2 8§ 8§ ? N V F -

CACTTTTTGTTGCCCAAAAAAAAAAAAGGGCAACCAAATATTTGTGGAGCCGAAGACCAG
121 -----=--- P L - e ————- B it tmmmm - + 180
GTGAAAAACAACGGGTTTTTTTTTTTTCCCGTTGGTTTATAAACACCTCGGCTTCTGGTC
FRAME 6 V X Q 9 G F F F F P L W I NTS G F V L -

TTGAATCCTTNCGACAGCAATTTTTCCGAGTCTTTTGTTCATTG . CAGGCGCTTGAGTAT
181 --------- R L R Fommmm———— tommm—— - + 240
AACTTAGGAANGCTGTCGTTAAAAAGGCTCAGAARACAAGTAAC . GTCCGCGAACTCATA
FRAME 6 Q I R ? V A I K GG L R KDNMU@? L R K L I-

TCTGATTGAGTGACGGATGAAAGGGTTCGTGATTGAGGTGGGACTTTGATTGGGGCCAGG

241 --------- Fommmmm - LR L Fommmm - L bl + 300
AGACTAACTCACTGCCTACTTTCCCAAGCACTAACTCCACCCTGAAACTAACCCCGGTCC
FRAME 6 R I s H R I F P N T I 8 T P S Q N P G P -

GAATTTGGGGGNGGGGCTAGCCGTTGTCC
301 ---=---=- o= mmmmm - L it 329
CTTAAACCCCCNCCCCGATCGGCAACAGG
FRAME 6 F K p ? P 8 A T T -

AS.3 Both ends of the 3.2kb Eco RI-BamHI fragment from the distal end of AAGOO1
were sequenced using T3 and T7 primers.

AS5.3.1 Sequence and open reading frames found at the T3 end of the 3.2kb Eco RI-
BamHI restriction fragment from the proximal end of AAGOO01. There are two O.R.Fs
that extend throughout the length of the sequence.

AACCAAACCAAACCGAACCGTACGGAACGGAACCACCCGGTTGAAGTGGTTGGTTGTACG
1l —=---m-=- e fmmmm - tmmmmm———- fmmmmm—m $mmmmm——m— + 60
TTGGTTTGGTTTGGCTTGGCATGCCTTGCCTTGGTGGGCCAACTTCACCAACCAACATGC
FRAME1 N Q T K P N R TEIRDNUHUP V E V V G C T -
FRAME2 T K P N R TV RDNGTTWRULI KWL V V R -

ATTTGGATTTGGAATTTGCGATTTCAATGCCACTCAACTGGCCGCTGGGAAAATCGCCTT
61 --------- Fommmmmm— - R tommmmm—— E e - + 120
TAAACCTAAACCTTAAACGCTAAAGTTACGGTGAGTTGACCGGCGACCCTTTTAGCGGAA
FRAME1 I W I W NILIRVF Q CH S T GZR WENTZRL -
FRAME2 F G F 6 I ¢ D F N AT GQULA AWM AGI KTIATIL -

AAAAAGTCCTTTACCCCGCATCCGCGCATCCCTATCCGCAAATGTATCTGTAGCTGTAGT
121 ----=---- tomm - LR Fommmmm - o o —— - + 180
TTTTTCAGGAAATGGGGCGTAGGCGCGTAGGGATAGGCGTTTACATAGACATCGACATCA
FRAME1 K K s F T P H PRI P I R KOCTI CS C s -
FRAME?2 K s P L PRI R ASIL S ANV S V A V V -

TGTAGCTGTAGCTGTATCTGTATCGTATCTGTATGCGCGCAGAGATACATTGTATATGGC
181 ----~--=~- B tommmm o - L et e + 240
ACATCGACATCGACATAGACATAGCATAGACATACGCGCGTCTCTATGTAACATATACCG
FRAME1 ¢ s ¢ s ¢ 1 ¢ I V 8 V C A QR Y I V Y G -
FRAME2 vV A V. A VvV S V 8 ¥Y L ¥ AR RDITUL VY M A -
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AGGAAGAAGGTCGAGCATGCCTCGTGGTGCT

TCCTTCTTCCAGCTCGTACGGAGCACCACGA
FRAME1 R K K V E H A s W C -
FRAME2 G R R 8 s M P R G A -

AS.3.2 Sequence and open reading frames found at the T7 (distal) end of the 3.2kb
Eco RI-Bam HI restriction fragment from the distal end of AAGOO01. The opa repeat
sequence is shown in bold text. (B= Bam HI).

B
CCCCGGATCCACCTTTGCTTTTTTTTTTGTCCCCTGTTGTTTTTGGCCAGGCTTTTTTCC

GGGGCCTAGGTGGAAACGAAAAAAAAAACAGGGGACAACAAAAACCGGTCCGAAAAAAGG
FRAME 2 P G 8§ T F A F F F VvV P CCUVF WP G VF F P -
FRAME 3 P D P PL L F FL S P V V F G Q A F F Q-
FRAME 4 G S G G K $ K K KD G TTIE K P W A K K -

AGGGCGGTTGGCTGACAGTCACGGCGGCACGTGTCACTTGGACAGTTGTACGAGCGGCAC
6l --------- B ittt Hommmmm oo B ittt +o—mmmmm - B + 120
TCCCGCCAACCGACTGTCAGTGCCGCCGTGCACAGTGAACCTGTCAACATGCTCGCCGTG
FRAME 2 G R L A DS HGGT CHULDSOCT S G T -
FRAME G G WL TV T A AWZRUV T W T V V R A A R-
FRAME 4 W P P Q 8 V T V A A R T V Q V. T T R A A -

w

GAGCAACAGCAGCAGCAACAACAACAGCAACAATGAACAGCAACAGCAGCAGAAGCATCA
121 -----=---- e $ommmmmme e it L e + 180
CTCGTTGTCATCGTCGTTGTTCTTGTCGTTGTTACTTGTCGTTGTCGTCGTCTTCGTAGT
FRAME 2 S N 8 8 S N N N S N N E Q Q Q Q @ K H Q -
FRAME 3 AT A A A TTTA ATMNDNSNS S R S I N-
FRAME 4 R A V A A A V V V A V I F L L L L L L M -

ACTGCACGGCAGCAACATCAACGGAGTGAAGCGAGAAACACTAGAGAACAAAGCGT
181 --===-==- tommm - e — - tommmm——m - e t-———-- 236
TGACGTGCCETCCTTGTAGTTGCCTCACTTCGCTCTTTGTGATCTCTTGTTTCGCA
FRAME 2 L HG S N I N GV K RETTULENZK A -
FRAME 3 C T A A T S T E * -
FRAME 4

AS.4 Both ends of the 0.8kb Eco RI-BamHI fragment from 195208 were sequenced
using T3 and T7 primers.

AS5.4.1 Sequence and O.R Fs obtained from the T3 end of the 0.8kb Eco RI-BamHI

fragment from A.95208. There are three O.R.Fs that extend throughout the length of
the sequence.

AGTCCGGGCAGGCGCGAGAGCCTCAAGATGCCCACGATTTCATCGAACACGTTCGCGAGG

TCAGGCCCGTCCGCGCTCTCGGAGTTCTACGGGTGCTAAAGTAGCTTGTGCAAGCGCTCC
FRAME1 S P G R R E S L KX M P T I 8 S N T F A R -
FRAME 3 S G Q AR E P QDAHDVF I EH VYV R E G-
FRAME 5 G P L R S L RL I GV I EDVFVNAIL -

GTGAAATCGAAGGAGTTTACTGGACGGGCGAGGGCAAACGGACAGCCACCCAAACGCCAC

CACTTTAGCTTCCTCAAATGACCTGCCCGCTCCCGTTTGCCTGTCGGTGGGTTTGCGGTG
FRAME 1 V K S K E F T G R A R A N G Q P P K R H -
FRAME 3 E I E GV Y WTGE G KR T AT QT P Q-
FRAME 5 T F D F S NV PRALA ATFU©PUCGS GULU R W -

AGCGTAAGACGGGGCATTCGGGATTCATCGATGGCCATGGCGAAGAGATTCCCCATGAGG
TCGCATTCTGCCCCGTAAGCCCTAAGTAGCTACCGGTACCGCTTCTCTAAGGGGTACTCC
FRAME1 S V R R G I R D S S M A M A K R F P M R -

FRAME 3 R K T G H S 6 F I D GHGEETIPHE D-
FRAME 5 L T LR PMUPR S EDTIA AMATFTLNDNGMML -
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ACTCCAAACAAGAGGTGGCTCCCTATCACCCTGATACCTCGGATCCCAGTTCGCAGGTCC
181 --------- fmmm - Fmmmmm———- - o ———— $mmmm————— + 240
TGAGGTTTGTTCTCCACCGAGGGATAGTGGGACTATGGAGCCTAGGGTCAAGCGTCCAGG
FRAME 1 T P N K R WL P I TUL I P R I P V R R 8 -
FRAME 3 S K Q E VvV A P Y H P D P S D P S S Q V Q-
FRAME 5 vV ¢ F L L H $ ¢ I VvV R I GR I GTRL D -

AACTCCAACTTTAATTTT

TTGAGGTTGAAATTAAAA
FRAME 1 N s N F N F -
FRAME 3 L Q L ~* -
FRAME 5 L E L K L K -

A5.4.2 Sequence obtained from the T7 end of the 0.8kb Eco RI-BamHI fragment from
A95208. There are no O.R F.s that extend throughout the length of the sequence.

CGCCAAAAGCCAAAAAAAGGATTAGGGCTTGTTAAAAAAGGATTTTAGAGGACTGCAAAA
1 --=-==-=-- dmmmm - Fmmmmm - e Fmmmm———— tm—mm————- + 60
GCGGTTTTCGGTTTTTTTCCTAATCCCGAACAATTTTTTCCTAAAATCTCCTGACGTTTT

AAGAGTGAAAGTTGCCCACCGNCCGCGTGTGGGAAGCGTGTGTTGTGACCGCCCAGGTAA
61l --------- Fomm - 4mmmmmm——— to—mm—m - L hdale e + 120
TTCTCACTTTCAACGGGTGGCNGGCGCACACCCTTCGCACACAACACTGGCGGGTCCATT

ATCGTCCTTGCACTCCTGGTCATTGCATAAATTTGCTAAGCGG
121 ----=----- tomem———-- R Fmm e +--- 163
TAGCAGGAACGTGAGGACCAGTAACGTATTTAAACGATTCGCC

AS.5 Sequence obtained from the T7 end of the 1.0kb Eco RI fragment from A95208.
Only the T7 end was sequenced. There are no O.R.F.s that extend throughout the
length of the sequence, although the longest (Frame 3) is shown as it has homology to
an uncharacterised sequence in the database, see Section 6.3.2 for details. (v=Eco RV
restriction site).

TTCACAGGTAAACACGCGCCGGGGGAGGTGTAAAAGTCAAAACAATGACAAGARAAATTAG

1 --------- 4m-mmmm - Fommmmmm Fommmmm Fmmmmmm - Fommmmm - + 60
AAGTGTCCATTTGTGCGCGGCCCCCTCCACATTTTCAGTTTTGTTACTGTTCTTTTAATC
FRAME 3 H R * M T R K L A -

CTATAATTGTGGCCCCCGCCCCGGTGCGGGGGGGAAGAAGCGACTTACACACGAACCAAA

6l --------- Fommmmm-—- Fommmm—— - Fmmmmmmm-- #mmmmmm——- Fommm i m— + 120
GATATTAACACCGGGGGCGGGGCCACGCCCCCCCTTCTTCGCTGAATGTGTGCTTGGTTT
FRAME 3 I I vV A P A PV RGG R S DUL HTWDNOGQT-

CAAAGAGAAATATATATCAGAACAACTCAGATCATTGGGGGGAAATCCGACTTCAGATCG

121 --------- Fmmmmm - Fommmmm e R P + 180
GTTTCTCTTTATATATAGTCTTGTTGAGTCTAGTAACCCCCCTTTAGGCTGAAGTCTAGC
FRAME 3 K R N I ¥ Q NN S D HWGEIRULUOQOTI G-
RV
GTTGGCAAATCGATATCT
181 ---------~ oo mmm o 198
CAACCGTTTAGCTATAGA
FRAME 3 W Q I D I -
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AS.6 Sequencing rationale for the cDNA clones pI1 and pC10 and the genomic regioﬁ
to which they hybridise. See Sections 6.2.2, 6.2.3, 6.5.1.1 and 6.5.3 for more details.

X1 Av Ac RY H3 Alc
| | |
Genome A5.64 AS6.6| | AS568
- - , -
.y = 5 Key:-
X1 Av. A< Rl ———— 33 | Xi=Xhol
pil A5.6.1|1A5.6.2 —_— H3= Hin dIll
¢ - » RV=Eco RY
A5.6.3 Ac=Accl
X1 Av- Ac RV X1 R1 Av=Aval
pCl10 AS.SII ! R1=Eco RI
Gz ™ Ase a——1
2563 See Figures

6.06 and 6.07

AS.6.1 Sequence obtained from the Y7o I to Ava I subclone from the 3’ end of the
cDNA clones pIl and pC10. There are no O.R.F.s that extend throughout the length of
the sequence. The poly A" tail is shown in bold text.

TTTTTT I T TTT T T T T TGTGT T T TTCGTT T TTTTCGTTTCGTATTTTTAATCTTGTCTG
1 ——-mmeem L o L it o o m—e—- + 60
AAAAAAAAAAAAAAAAAACACAARAAGCAAAAAAAGCAAAGCATAAAAATTAGAACAGAC

T T IGGTTT I TACGTTTGTTGCTTGCTTTAATAATAATTTATAATTATAATAATTTATA
61 --------- D it D ks L 4ommcceaa pommm———— + 120
AAAAACCAAAAATGCAAACAACGAACGAAATTATTATTAAATATTAATATTATTAAATAT

TAATAATATTTTATAATTTTACTTGGTAATTATTAATTCCCATCAACGTCCATGGCCTTT
121 ----c---- tomemmma—- Fmmmmm———— D b e mmm——— b= + 180
ATTATTATAAAATATTAAAATGAACCATTAATAATTAAGGGTAGTTGCAGGTACCGGAAA

Ava I
TGTTTTTTGTTGGAAGTAACGAAGGGCGGGGAGTTG
181 ----cmeu- e $rmmmee——n o 216
ACAAAAAACAACCTTCATTGCTTCCCGCCCCTCAAC

AS.6.2 Sequence obtained from the 3 end of the Ava I to Eco RI subclone from the
cDNA clones pI1. There are no O.R.F.s that extend throughout the length of the
sequence. The primer used was the T3 primer. (a=Acc I site) .

TTTCTTCCGACTGGGCTCTTTTGCTTIGCTTTTTCATTTGCTTTTGCCTTTGCCTCTGCC
1l ~-oemeem R tormmmm e D ettt R ittt o m + 60
AAAGAAGGCTGACCCGAGAAAACGAAACGAAAAAGTAAACGAAAACGGAAACGGAGACGG

TTTGTTTGTCTTTGCCTTTACTTTACTTTTAATGCATATGATTTTTGGTTTTATTTCTTC
61 --------- B D o $——————-- ommmmmmm - + 120
AAACAAACAGAAACGGAAATGAAATGAAAATTACGTATACTAAAAACCAAAATAAAGAAG

GTTCTTCTTCTTTGCCGCGTTI TAGTTGTATTTCATTTTATGTAATGCGCCTGCTGCAAT
121 --------- L R e E $mmmmmee e mm——— Rt o ———— + 180
CAAGAAGAAGAAACGGCGCAAAATCAACATAAAGTAAAATACATTACGCGGACGACGTTA

AATTTTAGTTTGTAAAATTAACTAATCGTAAAATGTGTGTATGTGGGCATGTGTGAGTGG
181 -~---~v--- $m———————- o emm— L et o ik BLEL LTt + 240
TTAAAATCAAACATTTTAATTGATTAGCATTTTACACACATACACCCGTACACACTCACC

A
GTGTATGTATACTGATGTGACTGTCTGCGGTCTGTAGGTGTGTTGGCTGTGTGTATGCGT
241 --------- P B o ———— B s $o—mmmmm— - + 300
CACATACATATGACTACACTGACAGACGCCAGACATCCACACAACCGACACACATACGCA

GTTATTTACAAGTCGATTTTT
301 --------- SO +- 321
CAATAAATGTTCAGCTAAAAA
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AS5.6.3 Sequence obtained from the 5’ end of the Ava I to Eco RI subclone from the
cDNA clones pIl. There are no O.R F.s that extend throughout the length of the
sequence. The primer used was the T7 primer. The region in lower case is polylinker
sequence. (a=Acc I site; r = Eco RI site).

R
gtggatccccecggget gcagGAATTCGGCACGAGACTAACGGAAACGGAAGTGGAGGCGA
l --------- e B e L it Fommm——— - + 60
cacctagggggecegacgt cCTTAAGCCGTGCTCTGTTGCCTTTGCCTTCACCTCCGCT

GGACACCTTACATTTAAGACACTGAACAAAAAATCGACTTGTAAATAACACGCATACACA
61 --------- Rt R Hm—mm - L +--mmmm o + 120
CCTGTGGAATGTAAATTCTGTGACTTGTTTTTTAGCTGAACATTTATTGTGCGTATGTGT

A
CAGCCAACACACCTACAGACCGCAGACAGTCACATCAGTATACATACACCCACTCACACA
121 -----=--- t--mmm—--- tommm————- Fommmm— - LR Fmmmmmm—-- + 180
GTCGGTTGTGTGGATGTCTGGCGTCTGTCAGTGTAGTCATATGTATGTGGGTGAGTGTGT

TGCCCACATACACACATTTTACGATTAGTTAATTTTACAAACTAAAATTATTGCAGCAGG
181 --------- tmmmmmmmm Fommmm———— Fmmm Fo-mmm——-- +-mmmmmm + 240
ACGGGTGTATGTGTGTAAAATGCTAATCAATTAAAATGTTTGATTTTAATAACGTCGTCC

CGCATTACATAAAATGAAATACAACTAAAACGCGGCAAAGAAGAAGAACGAAGAAATAAA
241 --------- Foreemmmnn +--------- 4o —--- === +-=-mm--- + 300
GCGTAATGTATTTTACTTTATGTTGATTTTGCGCCGTTTCTTCTTCTTGCTTCTTTATTT

ACCAAARATCATATGCATTAAAAGTAAAGTAAAGGCAAAGACAAACAAAGGCAGAGGCAA
301 --------- oo me - Fommmm——-- e - m - Hmmm - + 360
TGGTTTTTAGTATACGTAATTTTCATTTCATTTCCGTTTCTGTTTGTTTCCGTCTCCGTT

AGGCAAAAGCAAATGAAAAAGCAAAGCAAAAGAGCCCAGTCGGAAGAAAGGGGCGGGTGG
361 --=rm---e- tommmmmma tommmmm - - tmmmm————— $mmmm—mm——- + 420
TCCGTTTTCGTTTACTTTTTCGTTTCGTTTTCTCGGGTCAGCCTTCTTTCCCCGCCCACC

TACACACACCCGA
421 --------- +--- 433
ATGTGTGTGGGCT

AS5.6.4 Sequence obtained from the end of the 0.6kb Ava I to X#o I genomic subclone
that contains the 3’end of both the pI1 and pC10 cDNA clones. The sequence high-
lighted bold is where the 3’ end of these clones finish (i.e. it is where their poly A tails
hybridise). The primer used was the T7 primer.

GTTACTTCCAACAAAAAACAAAAGGCCATGGACGTTGATGGGAATTAATAATTACCAAGT
1 ------=-- L Fommmmm—— tmmmmmmm Fommmmm - ) + 60
CAATGAAGGTTGTTTTTTGTTTTCCGGTACCTGCAACTACCCTTAATTATTAATGGTTCA

AAAATTATAAAATATTATTATATAAATTATTATAATTATAAATTATTATTAAAGCAAGCA
6l --~------ - Fo-mm----- L ekt Fommmm—m - Fommm—m - + 120
TTTTAATATTTTATAATAATATATTTAATAATATTAATATTTAATAATAATTTCGTTCGT

ACAAACGTAAAAACCAAAAACAGACAAGATTAAAAATAGCAAACGAAAAAAACGAARAAC
121 --------- +-mm - R +---—----- +--mm-—-—- - mmm + 180
TGTTTGCATTTTTGGTTTTTGTCTGTTCTAATTTTTATCGTTTGCTTTTTTTGCTTTTTG

Sequence after this point not in clones.
ACAAAAAAAAAATCAAACAAAACCAAACATAAACCAAAAACACATTATTATAATGCGATA
181 --------- ] dmmmmmm e +--—————- L - + 240
TGTTTTTTTTTTAGTTTGTTTTGGTTTGTATTTGGTTTTTGTGTAATAATATTACGCTAT

ATTGAGTAAGCAACAAAACGAATTGACAACGTTGTATGATTTTGATCAGAAGTAATAAAA
241 ----~---- F-—————-- $mmemmm e +---mmmm—-- - LR + 300
TAACTCATTCGTTGTTTTGCTTAACTGTTGCAACATACTAAAACTAGTCTTCATTATTTT

301 ------- 307
GTTCCCC
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AS5.6.5 Sequence obtained from the adjacent regions (proximal and distal) to the Eco
RV site in the pC10 clone.

TAGACACATACAGACAAGGAAACGTCCTCAGTTTATAAATTTTCAAATGAGTGACACGAC
ATCTGTGTATGTCTGTTCCTTTGCAGGAGTCAAATATTTAAAAGTTTACTCACTGTGCTG

AAACTTGAAACGAAACGAACGAAACGAAACACGTAGGCAGTACGGATTAGGTCTTAAGGC
61 --------- fmmmm Sl ke o m———— Hmmmmm——— - o m———- + 120
TTTGAACTTTGCTTTGCTTGCTTTGCTTTGTGCATCCGTCATGCCTAATCCAGAATTCCG-

CCCATATAAGTAATATACAATTTAAATTATTTAACAATCAATTTATTATTGATGGCAAAC
121 --------~~ Fom-mmmm o Fommmm - L Fommmmmm - L ikl + 180
GGGTATATTCATTATATGTTAAATTTAATAAATTGTTAGTTAAATAATAACTACCGTTTG

GGAAGAGAAAGCGGAACGATGGCGATAGCGATAGTGATGACGATAACGACAGCGAGAGGG
181 ----~---- +-=—---—--- Fomm———--- Fm—m———--- t-—mm——-—- to———————- + 240
CCTTCTCTTTCGCCTTGCTACCGCTATCGCTATCACTACTGCTATTGCTGTCGCTCTCCC

RV
GAGAGCCAGGCAGTATAGATCGGAGCCGCGAACATATACATGTGATCATATATCCGATAT
241 --------- tommm - P B e R R P ke + 300
CTCTCGGTCCGTCATATCTAGCCTCGGCGCTTGTATATGTACACTAGTATATAGGCTATA

CCGTCGATATATATCACGTCCGATATATGCGCACGTGCCCCGATCGCCATACATATACAC
301 --------- it +--------- +mmmmmm—-- tmmm—————- - + 360
GGCAGCTATATATAGTGCAGGCTATATACGCGTGCACGGGGCTAGCGGTATGTATATGTG

ACACAATTACTATATGCATAATACCAGTGACATACATACATATGTACTACTCGAATCAAT
361 --------- L +--------- AR R L e + 420
TGTGTTAATGATATACGTATTATGGTCACTGTATGTATGTATACATGATGAGCTTAGTTA

CCGATCGGAGGAGGAAATGAGGAGGCAAAACAAATCTATATACAGTACATGGCTAACACT
421 --~------ Fommmmmmnm Hommm e m o o tmmmm—— e + 480
GGCTAGCCTCCTCCTTTACTCCTCCGTTTTGTTTAGATATATGTCATGTACCGATTGTGA

TATATAAAGCCCCTATATTGAGGTATAAAACGTGAATTTTTAGCAGACTAAGTAATAAAT
481 ----~----- LR Fommm - - $rmmmm————— $rmmm—m——— + 540
ATATATTTCGGGGATATAACTCCATATTTTGCACTTAAAAATCGTCTGATTCATTATTTA

TATACACCACAGGCGGTCATATCGACTACACACACACAGGGCGGTT
541 ~-------- $----m---- o fmmmmm e - == 586
ATATGTGGTGTCCGCCAGTATAGCTGATGTGTGTGTGTCCCGCCAA

AS.6.6 Sequence obtained from the end of the 3.4kb Hin dIII to Eco RI genomic
subclone nearest to the Eco RV site in the pC10 clone. The primer used was the T7
primer.

Hin dIll
AGCTTTAATTTGAAGCTATATAGGTATATATATATACGCAAATATATATATATATATATA
1l ------==- F-mm————-- tommm e 4o mmm - fmmmmm - tmmmmmmm—— + 60
TCGARATTAAACTTCGATATATCCATATATATATATGCGTTTATATATATATATATATAT

CCCACACACTAATACACACCCGACGCAATACACACAAATAGACACATACAGACAAGGARAA
61l --------- R L tmmm - L - + 120
GGGTGTGTGATTATGTGTGGGCTGCGTTATGTGTGTTTATCTGTGTATGTCTGTTCCTTT

CGTCCTCAGTTTATAAATTTTCAAATGAGTGACACGACAAACTTGAAACGAAACGAACGA
121 -----=--- Fomm———— - Fommmmm— - L Rl bl o m tmmmmmm - + 180
GCAGGAGTCAAATATTTAAAAGTTTACTCACTGTGCTGTTTGAACTTTGCTTTGCTTGCT

AACGAAACACGTAGGCAGTACGGATTAGGTCTTAAGGCCCCATATAAGTAATATACAATT
181 --------- L +------m-- LR +-------- L + 240
TTGCTTTGTGCATCCGTCATGCCTAATCCAGAATTCCGGGGTATATTCATTATATGTTAA

TAAATTATTTAACAATCAATTTATTATTGATGGCAAACGGAAGAGAAAGCGGAACGATGG
241 --------- $emmmm— - L ek LR Femmmm Fomm— + 300
ATTTAATAAATTGTTAGTTAAATAATAACTACCGTTTGCCTTCTCTTTCGCCTTGCTACC

CGATACGATAGTGATGACGATAACGACAGCGAGAGGGGAGAGCCAGGCAGTATAGATCGG

301 -----~--~-- R ettt R R L i L kel + 360
GCTATGCTATCACTACTGCTATTGCTGTCGCTCTCCCCTCTCGGTCCGTCATATCTAGCC
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RV
AGCCGCGAACATATACATGTGATGATATATCGATATCGTCGATATATATGCACGTCGATA

TCGGCGCTTGTATATGTACACTACTATATAGCTATAGCAGCTATATATACGTGCAGCTAT

TAT
421 --- 423
ATA

AS.6.7 Sequence obtained from the 5’ end of the pC10 clone. The T3 primer was
used. (x = Xho I).

X
CTCGAGCGTCGATTACTTCCATTACCCATTCCTATCGAAAGACCACCACCCCTAGATACG

GAGCTCGCAGCTAATGAAGGTAATGGGTAAGGATAGCTTTCTGGTGGTGGGGATCTATGC

CACACCCCCAAGAATCGAATACGAAAACGAAATCGATGGCTGAAACGAGATTACAACCAC
6l --------- o o o m - Fmm P e + 120
GTGTGGGGGTTCTTAGCTTATGCTTTTGCTTTAGCTACCGACTTTGCTCTAATGTTGGTG

AATTACGATAACTATTACAATGGCCACCATAANCACAGATGCACAACCACTGGAGCGAAG
121 --------- e - mmmm - - Fmmmm—---- - mmmmmmm - + 180
TTAATGCTATTGATAATGTTACCGGTGGTATTNGTGTCTACGTGTTGGTGACCTCGCTTC

GACATGCGAATTAAGAATGCGGATGTAGAAGCTGAAAGGAGTAGATCGAATCTAGTGAAT
181 --------- tmmmmmm—— o tommmmem— Fom e o - + 240
CTGTACGCTTAATTCTTACGCCTACATCTTCGACTTTCCTCATCTAGCTTAGATCACTTA

ACTTAAGGCGTTAAGCGTACTTCTAGTTTGTATCTCTATATCTCGC
241 --------- H-mmmmmm - - +-mmmmmm - Fmmmm e +---—-- 286
TGAATTCCGCAATTCGCATGAAGATCAAACATAGAGATATAGAGCG

AS5.6.8 Sequence obtained from the genomic region containing the 5’ end of the pC10
clone. The T7 primer was used. The area corresponding to the X#o I site in the pC10
clone is highlighted with bold text. There is no X4o I site in the genome however as the
G residue at position 5 in the recognition sequence, is replaced with an A.

ATTGTAATAGTTATCGTAATTGTGGGTGTCATCTCGTTTCAGCCATCGATTTCGTTTICG
1 ---=--=---- e tommmme—-- R e EE + 60
TAACATTATCAATAGCATTAACACCCACAGTAGAGCAAAGTCGGTAGCTAAAGCAAAAGC

TATTCGATCTTGGGGGTGTGCGTATCTAGGGGTGGTGGTCTTTCGATAGGAATGGGAATG
6l --------- e R e o Fmmmmmm = + 120
ATAAGCTAGAACCCCCACACGCATAGATCCCCACCACCAGAAAGCTATCCTTACCCTTAC

GAAAGTAATCGACGTCTTTCATTGGATATGTGCGAGTGTCTCTAGTTAAAAAAAATATTA
121 ----~---- H---m----- tommmmm - Fmmm - Fmmmmm——-- F-—mm———-- + 180
CTTTCATTAGCTGCAGAAAGTAACCTATACACGCTCACAGAGATCAATTTTTTTTATAAT

P2
ATNCAATTTTAAGCAGCTGAAGATGGGGATTTTTCGGAAACCCTCTCATTTCTTCTGTGC
181 --------- B - trmmm - e tom + 240
TANGTTAAAATTCGTCGACTTCTACCCCTAAAAAGCCTTTGGGAGAGTAAAGAAGACACG

TGGGGGCTGGGGGAAATCTATCGGTTATTGGTTATCGAAGTCGGTTTAGTCTAATATTGC
241 --------- L - +----mm--- #ommmmm— - Fomm——————— + 300
ACCCCCGACCCCCTTTAGATAGCCAATAACCAATAGCTTCAGCCAAATCAGATTATAACG

GTGTATAAGTTGCGTAGTCCTTAACGGATCTTTAGTGTACAAATATGAATGCTTTATCTT
301 ~---~---- L i Fommmmm——- - m————- tommmmmmm - Fmmm— - + 360
CACATATTCAACGCATCAGGAATTGCCTAGAAATCACATGTTTATACTTACGAAATAGAA

GATTTTTTTATTTTTTTTTCGTTTGTTCTCTTTTGTTTGCCATTTGTTACTGCTTTAAAA
361 --------- L Fmmm - tmmmmmmme dommmmmmm tommmmm—— + 420
CTAAAAAAATAAAAAAARAGCAAACAAGAGAAAACAAACGGTAAACAATGACGAAATTTT

TCTTTGTTTTTACTTCAGTCTTTTTGAATTTCATTTTTGTGTAGATTTGTTCTTTTCTTG

421 --------- Hommmmmmn— P Hommm e m e tm——————-- + 480
AGAAACAAAAATGAAGTCAGAAAAACTTAAAGTAAAAACACATCTAAACAAGAAAAGAAC

268



ATGCGCCTGCCTTCAACGCGTACTTCTAGTACAAGTACAAAAAAAAAGATTGGATCTACT
481 --------- B el B it +mmmmmm - R prmmmmm— = + 540
TACGCGGACGGAAGTTGCGCATGAAGATCATGTTCATGTTTTTTTTTCTAACCTAGATGA

AAATCTCTATCGACTTCGATCGATTACTATCGATATTCAGCGACTTACACTCGACATCGA
541 ----~---- e +ommmmmm - i tmmmem—— LR i + 600
TTTAGAGATAGCTGAAGCTAGCTAATGATAGCTATAAGTCGCTGAATGTGAGCTGTAGCT

TCCACTGGCTAGTTGTATGCGTTATCTGAATTATTCATAGGTCTGTATATCTGTATAATT
601 -------~- B P tmmmmm - Fommmmm - D + 660
AGGTGACCGATCAACATACGCAATAGACTTAATAAGTATCCAGACATATAGACATATTAA

ATGCTATGTCCATATACCTAGATATATCTGCGTGTATATAGAGATACAAACTAGAAGTAC
661 --------- D ] Hommmmm—— - e B e - + 720
TACGATACAGGTATATGGATCTATATAGACGCACATATATCTCTATGTTTGATCTTCATG

GCTTAACGCCTTAAAGTATCACTAGATTCGATCTACTCCTTNCAGCTTCTACATCGCATT
721 --------- B i e R o= R + 780
CGAATTGCGGAATTTCATAGTGATCTAAGCTAGATGAGGAANGTCGAAGATGTAGCGTAA

GTTAATTCGCATGTCTCGCTCCAGTCCTTGTGCATCTGTGGTTATGGTGGCCAT
T78L -=-mmmm- P L $ommmmmme P R +---- 834
CAATTAAGCGTACAGAGCGAGGTCAGGAACACGTAGACACCAATACCACCGGTA

AS.7 Sequencing rationale for the region containing the repetitive area in the 6.0kb
Eco RI-Eco RI subclone, p94.R1 from the genomic clone A9405.
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AS5.7.1 Sequence obtained from the region containing the repetitive area in the 6.0kb Eco RI-

Eco RI subclone, p94.R1 from the genomic clone A9405. The repetitive region is indicated in
bold.

ACGGTGTTCATACGGACAGACGGCTGGATTGACTCGGATATTGATCCTGATCAAGAATAT
TGCCACAAGTATGCCTGTCTGCCGACCTAACTGAGCCTATAACTAGGACTAGTTCTTATA

ATATACTTTATATAGTCGGAAACGCTTACTTCTGCCTGTTACATACTTTTCAACAAATCT
6l --------- B mmmmmmm - P R et e ] + 120
TATATGAAATATATCAGCCTTTGCGAATGAAGACGGACAATGTATGAAAAGTTGTTTAGA

AGTATACCCTTTCAATCTACGAGTAACGGGTATAATAATGTGTAAGGGATGGTGCCACTC
121 -------=- fmmmmm - B B it 4mmm e domm e + 180
TCATATGGGAAAGTTAGATGCTCATTGCCCATATTATTACACATTCCCTACCACGGTGAG

CCAAAATTATGATATGAGCTTGTGTAACCCAATACAAAAAACACAAAAAAAAAAATATCT
181 --------- dmmmmm o D et B et 4ommmm - toemm e + 240
GGTTTTAATACTATACTCGAACACATTGGGTTATGTTTTTTGTGTTTTTTTTTTTATAGA

GTCTCCGCTTTGAAGTTATTTATTTTGGCCACAATAAGGTATCATTCAGCCAGTAGTGCA
241 --------- R o Fommmmmm - tommmm - 4mmmmm - + 300
CAGAGGCGAAACTTCAATAAATAAAACCGGTGTTATTCCATAGTAAGTCGGTCATCACGT

TCCCGGCCGTTACNCATCTTCTTATTATAATATCTTTAGATTGTCGCTTTCTCTCTCTAT
301 --------- dmmmmmmm o ——— fmmmm P e D e daddd + 360
AGGGCCGGCAATGNGTAGAAGAATAATATTATAGAAATCTAACAGCGAAAGAGAGAGATA

CCCCCTCTCTTTTTCGCCCAGTATCCCCGTCTCTGCCTGACATCCCCTACGTCATAGACG

361 --------- B it Fmm e B B P + 420
GGGGGAGAGAAAAAGCGGGTCATAGGGGCAGAGACGGACTGTAGGGGATGCAGTATCTGC
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AACTATCTTTGGGTA

TTGATAGAAACCCAT

AS5.8 Sequence and map obtained from the T3 end of the 3.2kb Sal I -Sal I restriction
fragment from A9915. Only this end was sequenced. See Sections 6.3.3 and 6.5.2.3 for
more details.

TCATTCGATGCTGAAGATTTCGGCTTAAGCGCGTTCAGCTTGTTAAACGCGCTGCTGGCA

AGTAAGCTACGACTTAGGAAGCCGAATTCGCGCAAGTCGAACAATTTGCGCGACGACCGT
FRAME 1S F D A E D F G L S A F S L L N AL L A -

AATTGCATTCCCCATTTCCCTGCCATTTTCCATTTCCCACCCACACTTTCCGGCCACTTC
61 --------- E e e e i - +-m—-m-- - + 120
TTAACGTAAGGGGTAAAGGGACGGTAAAAGGTAAAGGGTGGGTGTGAAAGGCCGGTGAAG
FRAME 1 N ¢ I P H F P A I F HF P P TUL S G H F -

CCGACAGGACACAGATGCTGGCAACGAACCGTGCGACTGAGATGGGATAGTTATTCTCGC
121 ----~---- L ] L Hommmm———- L it o + 180
GGCTGTCCTGTGTCTACGACCGTTGCTTGGCACGCTGACTCTACCCTATCAATAAGAGCG
FRAME 1 P T G H R C€C W Q R T V R L R W D S Y S8 R -

GTCGTAAATTACAATAATTTCGGTTTAAACTTGGGAAAATGGGGTTTCGGCCATGTTTGG
181 --------- B $mmmmmmm—- tomm—m———— - L + 240
CAGCATTTAATGTTATTAAAGCCAAATTTGAACCCTTTTACCCCAAAGCCGGTACAAACC
FRAME 1 V V N ¥ N N F G L NL G K W G F G H V W -

GAGTGTAACTCGCAGGATTTTTTTCATCAAGAATCAACTGAGCATCC
241 --------- o mmm— o oo mm - - H+o-mmm - Fommmm——— 287
CTCACATTGAGCGTCCTAAAAARAGTAGTTCTTAGTTGACTCGTAGG
FRAME 1 E C N 8§ Q¢ D F F H Q E 8§ T E H -

AS5.9 Both ends of the 1.4kb Sal I-Sal I restriction fragment from AS2 were sequenced
using T3 and T7 primers

AS5.91 Sequence and map obtained from the T3 end of the 1.4kb Sa/ I-Sal I restriction

fragment from AS2. The area with putative homology to a transposable element (see
Section 4.2.4 and 4.3.2) is indicated by bold text.

GCGTCGATTACTTTCCATTCCCATTCCTATCGAAAGACCACCACCCCTAGTATACGCACA
CGCAGCTAATGAAAGGTAAGGGTAAGGATAGCTTTCTGGTGGTGGGGATCATATGCGTGT

CCCCCAAGAATCGAATACGAAAACGAAATCGATGGGTGAAACGAGAACACAACCACAAGT
61 --------- H-—-mm-—-- E R EE L - +--—------ + 120
GGGGGTTCTTAGCTTATGCTTTTGCTTTAGCTACCCACTTTGCTCTTGTGTTGGTGTTCA

TACGATAACTATTACAATGGCCACCATAACCACAGATGCACAACCACTGGAGCGAAGGAC
121 -------~-- - mm——- - D it L tmmmm——— - Fommmm———- + 180
ATGCTATTGATAATGTTACCGGTGGTATTGGTGTCTACGTGTTGGTGACCTCGCTTCCTG

ATGCGAATTAAGAATGCGGATGTAGAAGCTGAAAGGAGTAGATCGAATCTAGGTGAATAC
181 --------- o R $mmmmmm——— L kel e e + 240
TACGCTTAATTCTTACGCCTACATCTTCGACTTTCCTCATCTAGCTTAGATCCACTTATG

TTAAAGGGGTTAAGCGTACTTCTAGTTTGGGATCTCTTATATACACGCAGGTATTTTCTA
241 -----~--- o +-—m——---- Fom - Fommmmmm - F-—---—--- + 300
AATTTCCCCAATTCGCATGAAGATCAAACCCTAGAGAATATATGTGCGTCCATAAAAGAT

GGTATTTGGACATAGCATACTTCATACAGATATC

301 ----~---- e L +---- 334
CCATAAACCTGTATCGTATGAAGTATGTCTATAG
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A5.9.2 Sequence and map obtained from the T7 end of the 1.4kb Sal/ 1 -Sal 1
restriction fragment from AS2.

GGGGATAAAATATAATTGTAGTCGCTTTTCGGACAACAGCAATAAGGTAATGCCATAAAC
CCCCTATTTTATATTAACATCAGCGAAAAGCCTGTTGTCGTTATTCCATTACGGTATTTG

TCTCCTCTAATTTCATTTACTAATTGCCATTAAAATTAATCCAAATCCAGCTCAGTGGGT
61 --------- Hmmmmmmm - B pom o $mmmmmm - Fommmmmm - + 120
AGAGGAGATTAAAGTAAATGATTAACGGTAATTTTAATTAGGTTTAGGTCGAGTCACCCA

CAAAAAATAGGGACAATGATGGCCAACACCTTGGNTCTGTTGGCCATGGTCCCCAAAATA
121 --------- Fommmmem - F--------- +--------- Fm—mmme - Fommmmm - + 180
GTTTTTTATCCCTGTTACTACCGGTTGTGGAACCNAGACAACCGGTACCAGGGGTTTTAT

GCTTTGGAGGTCAGCTATAAACAATTTGCGAGCAATTCCACAAAAATATTGTGGGTTAAT
181 ~---~=--- - dommmmmmeo R L iy === + 240
CGAAACCTCCAGTCGATATTTGTTAAACGCTCGTTAAGGTGTTTTTATAACACCCAATTA

TGTAGGARAATGTGGGGAAATGTTTCTACAAGCCCCGAGGACCCGAAACTCAAAAGGACT
241 --------- +-mmmmm - tomemmm—ea EE R bt +m—-——-—-- + 300
ACATCCTTTTACACCCCTTTACAAAGATGTTCGGGGCTCCTGGGCTTTGAGTTTTCCTGA

CGGCAATTTCAACCCACAAATTAACATGGGGGT

301 --------- +--------- +mmmm-m--- +--- 333
GCCGTTAAAGTTGGGTGTTTAATTGTACCCCCA
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