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SUMMARY

The DNA sequences of the BamHI b fragment and of a 
Smal-BamHI subfragment of BamHI e from the herpes 
simplex virus type 1 (HSV-1) genome have been 
determined. These restriction fragments are located at 
each end of the U^ sequence and span the Rl/Ul 
junctions. The BamHI b fragment contains over 6 kb of 
the Rl element. The DNA sequence of the two restriction 
fragments was determined by chain terminator sequencing 
reactions of recombinant M13 clones generated from 
sonicated DNA or restriction enzyme digested DNA.

The precise locations of the junctions between the 
Rl and Ul sequences have been determined. This was 
achieved by aligning the homologous RL sequences of both 
fragments and noting where they diverged. The Rl /uL 
junction was found to be located adjacent to a set of 
tandem reiterations, which are contained in the Rl 
sequences. The copy number of this reiteration set was 
found to vary in the BamHI b sequence.

The natures of the DNA sequences of the two 
fragments were investigated. The Rl sequence was found 
to contain several tandem reiteration sets and numerous 
minor repeated elements. RL was further characterised 
by the high G+C content of the DNA sequence. The base 
composition of the Rl sequence determined is 70.6% G+C. 
The Ul sequences investigated contained no reiteration 
sets, and had lower G+C contents, of 65.6% and 61.8% for 
the BamHI b and BamHI e fragments respectively.

Two genes had previously been mapped to the BamHI 
b fragment. These are the immediate early genes, IE 
gene 1 and IE gene 2. IE gene 1, encoding IE110, is 
entirely contained within the RL element. The gene is



3.6 kb in length, and extends beyond BamHI b. IE gene 1 
contains two introns of 764 bp and 135 bp in length.
The introns are composed of repetitive DNA sequences.
All three of the exons are believed to be polypeptide 
coding. The 775 amino acid sequence of IE110, predicted 
from the DNA sequence, has a M r 78,452. IE110 has a 
cysteine rich region which may be involved in functional 
binding to DNA.

IE gene 2, encoding IE63, has been previously
mapped to the Ul component of the BamHI b fragment, and
had been shown to contain no introns. The predicted 
amino acid sequence of IE63 is 512 residues in length, 
and has a M r 55,376.

The DNA sequences determined have been analysed in 
a search for further genes. This analysis indicated 
clearly that two genes, encoding proteins of M r 20,491 
and 21,182, are located in the Ul  sequence of BamHI b, 
downstream of IE gene 2. Three genes are believed to be
contained in the UL sequence of BamHI e. These genes
have been named ULl, UL2 and UL3, and encode proteins 
with Mr 24,932, 27,327, and 24,446. None of these 
predicted genes are thought to contain introns. No 
function has been assigned to any of the predicted 
proteins.

Examination of the 3 kb sequence in Rl  between the 
Rl /Ul junction and the 3' end of IE gene 1 suggests that 
it may not be polypeptide coding. The open reading 
frames in this region have been analysed, but do not 
resemble known HSV-1 polypeptide coding sequences.

The arrangement of the genes in the Rl  and Ul 
sequences of the BamHI b and e restriction fragments of 
HSV-1 has been examined. The genes in the Ul  sequences 
determined show a compact arrangement. None of the 
genes are thought to contain introns, and the distances



between adjacent genes is generally short. Two of the 
genes, ULl and UL2, are believed to be transcribed into 
3' coterminal mRNAs. The organisation of the genes 
adjacent to the Rl /u l  junctions was studied. Each 
junction is located very close to the promoter sequences 
of a gene transcribed in a direction away from RL .

Both IE gene 1 and IE gene 2 have homologues in 
the genome of the alphaherpesvirus, varicella-zoster 
virus (VZV). Four of the predicted genes also have VZV 
homologues. The relative arrangement of the genes 
encoding the homologous proteins was found to be similar 
in the two viruses. However, comparisons between the 
arrangement of the genes relative to the R^ elements and 
the Rl /Ul junctions in HSV-1 and VZV indicated a change 
in sequence organisation. These differences have 
implications for the evolution of the DNA sequence in 
the regions characterised.

Two of the proteins, IE63 and the M r 27,327 
protein encoded by UL2, also have homologues in the 
genome of the gammaherpesvirus, Epstein-Barr virus 
(EBV). An extensive search for EBV homologues was 
carried out. However, no detectable level of homology 
was seen between any EBV polypeptide and IE110 or any of 
the remaining proteins predicted from the DNA sequence. 
The homologous proteins show considerable amino acid 
sequence conservation. The level of homology between 
the proteins was comparable with that observed for these 
proteins in VZV. In addition, the segments of the amino 
acid sequences showing greatest conservation was the 
same for both VZV and EBV.

The organisation of the two homologous genes in 
EBV differs greatly from the arrangement of the 
corresponding genes in HSV-1. As no EBV genes 
neighbouring the conserved genes have HSV-1 homologues, 
it is not possible to reconstruct in any detail the



evolutionary events which have resulted in this 
extensive relocation of genetic material.



NON-STANDARD ABBREVIATIONS

A deoxyadenylic acid residue in DNA
BCIG 5-chloro-4-bromo-3-indolyl-^-D-

galactoside 
BSA bovine serum albumin
bp ba s e pa i r (s )
C deoxycytidylic acid residue in DNA
C terminus carboxy terminus of a protein
CAT chloramphenicol acetlytransferase
CCV Channel Catfish Virus
dATP 2'deoxyadenosine 5 1-triphosphate
dCTP 2'deoxycytidine 5'-triphosphate
dGTP 2 1deoxyguanosine 5 1-triphosphate
dTTP 2'deoxythymidine 5 1-triphosphate
dITP 2 1deoxyinosine 5 1-triphosphate
ddATP 2 1,3 1-dideoxyadenosine 5'-triphosphate
ddCTP 2 1,31-dideoxycytidine 5'-triphosphate
ddGTP 2',3'-dideoxyguanosine 5'-triphosphate
ddTTP 2',31-dideoxythymidine 5'-triphosphate
DNase deoxyribonuclease
DTT dithiothreitol
EBV Epstein-Barr virus
EDTA ethylene diaminetetra acetic acid
G deoxyguanylic acid residue in DNA
HCMV human cytomegalovirus
HSV-1 herpes simplex virus type 1
HSV-2 herpes simplex virus type 2
HVS herpesvirus saimiri
IPTG isopropyl-/5-D-thiogalact os ide
kb k i1oba s e (s )
MDV Marek's disease virus
Mr molecular weight
N terminus amino terminus of a protein
ORF open reading frame
PEG polyethylene glycol
pi post infection



PRV psuedorabies virus
R purine nucleotide
SDS sodium dodecylsulphate
T deoxythymidylic acid residue in DNA
TK thymidine kinase
TEMED N,N,N',N 11tetramethyl ethylenediamine
t ris t ris(hydroxymethyl)aminomethane
t s temperature sensitive
UV ultraviolet radiation
vmw viral protein
VZV varicella-zoster virus
Y pyrimidine nucleotide



Amino acid symbols

amino acid three letter one letter
symbol symbol

Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamine Gin Q
Glutamic acid Glu E
Glycine Gly G
Histidine His H
Isoleucine lie I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Valine Val V
any amino acid - X
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INTRODUCTION

1.1 OBJECTIVES

The aim of the work described in this thesis was 
to investigate the nature of the long repeat region and 
adjacent long unique sequences of the genome of herpes 
simplex virus type 1 (HSV-1). With this objective, the 
DNA sequences of two regions of the HSV-1 genome have 
been determined. The data have been interpreted in 
relation to the sequence organisation of the genome.
The arrangement of the genes in the sequence has been 
deduced, and the nature of their encoded proteins 
examined. The evolutionary implications of the 
results, in relation to other herpesviruses, have been 
explored.

This introduction aims to provide a general 
background on the herpesviruses and on the biology of 
herpes simplex virus. A description of topics more 
directly related to the experimental work then follows. 
These include the structure and organisation of HSV-1 
genes, the regulation of HSV-1 gene expression, and the 
relationships between HSV-1 and other herpesviruses.

1.2 THE HERPESVIRIDAE AND THEIR CLASSIFICATION

Herpes simplex virus (HSV) is a member of the 
family Herpesviridae (Matthews, 1982). Members of the 
Herpesviridae characteristically have a large virus 
particle, 120-200 nm in diameter, containing a single, 
linear double-stranded DNA molecule with a M r ranging 
between 80 and 150 X 10^ (Honess and Watson, 1977).
The genomes of herpesviruses contain regions of unique
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and repeat (or reiterated) nucleotide sequences. The 
genomes of several herpesviruses exist in different 
isomeric forms, with respect to the orientations of the 
unique sequences (Honess and Watson, 1977). Figure 1.1 
shows the structure of the six genome arrangements 
known, with arrows showing the relative orientations of 
the unique sequences in the various isomers.

The herpesviruses have a wide host range, 
infecting fish (for example, Channel catfish virus,
CCV) , birds (for example, Marek's disease virus of 
chickens, MDV), and mammals. Humans are known to be 
the natural host of five herpesviruses: herpes simplex
virus types 1 and 2, varicella-zoster virus (VZV), 
Epstein-Barr virus (EBV), and human cytomegalovirus 
(HCMV) (Honess and Watson, 1977).

Herpesviruses of vertebrates differ in the cell 
types infected and in the pattern of latency in the 
host. This has been used as a basis for classification 
(Matthews, 1982), as described below.

1.2.1 Alphaherpesvirinae

Members of this sub-family have a short 
replicative cycle, less than 24 h, which can be 
observed as a rapid spread of infection in cell 
culture. Primary infection ~ generally gives rise
to skin or respiratory tract infections. The viruses 
often persist subclinically as latent infections of the 
central nervous system and may reactivate to give 
periodic recurrences of disease. Members of the 
Alphaherpesvirinae include herpes simplex virus types 1 
and 2 and varicella-zoster virus.



Figure 1.1 Genomic structure of the herpesviruses

The structures of herpesvirus genomes are illustrate^ 
Repeat sequences are represented as open boxes. U l and Us* 
indicate long and short unique sequences, a, b, etc., 
indicate repeat sequences, with b ' , a', their complement. 
Arrows indicate the relative orientations of unique 
sequences. The number of isomeric forms of each structuiy 
is given. CCV, Channel catfish virus; HVS, Herpesvirus 
saimiri; EBV, Epstein-Barr virus; PRV, Pseudorabies virus 
VZV, varicella-zoster virus; HSV-1, Herpes simplex virus



Genome Structure Number of 
Isomers

;c V a U L a

O --------------------->----------------------□

IVS (a)n U L

rrm )----------------rrm

e:BV (a)n Ug (b)m U(_ (a )n

11111 m—)—mm-------->-------nmm
>

*RV U l a' U5 a

------ )-----1=K-H=)
^  a U l  a' b' U5 b

0---- --o -----QHK-HUI

1

1

2

2 major  

2 minor

1 a b U l b ' a V U g  c a

EEZD <-) I .JDfHJ 4



3

1.2.2 Betaherpesvirinae

Members of this sub-group have a narrow host 
range. Infection is usually subclinical, although it 
can result in serious disease in neonates or 
immunocompromised hosts. They have a long replicative 
cycle, greater than 24 h, and replicate best in 
fibroblasts. The virus can become latent, although the 
site of persistence is presently unclear. Human 
cytomegalovirus is a member of the Betaherpesvirinae.

1.2.3 Gammaherpesvirinae

Members of this group have a narrow host range. 
They all replicate in lymphoblastoid cells, although 
the length of the replicative cycle varies between 
viruses. The Gammaherpesvirinae frequently give rise 
to latent infections, giving transformed lymphoblastoid 
cells. EBV is a member of the Gammaherpesvirinae.

1.3 PATHOLOGY AND BIOLOGY OF HERPES SIMPLEX VIRUS

Generally, HSV-1 infections give rise to oral and 
facial lesions, whereas infection with HSV-2 gives rise 
to genital lesions. However, a proportion of genital 
HSV infections are caused by HSV-1, and HSV-2 has 
likewise been associated with non-genital disease 
(Whitley, 1985). Individuals are usually subjected to 
primary infection by HSV-1 as children, and most adults 
have antibodies against HSV-1. There is a great 
variability in symptoms of primary infection, ranging 
from being totally asymptomatic to a combination of 
fever, sore throat, ulcerative and vesicular lesions
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and gingivostomatitis. Following primary infection,
HSV can remain latent in nervous tissue. Reactivation 
of latent virus involves transmission from the ganglion 
sites through the sensory nervous tissue to the skin. 
Recurrent infection is usually characterised by lip 
lesions (herpes labialis), as reviewed by Whitley 
(1985).

Although less common, there are a number of 
serious diseases also attributable to herpes simplex 
virus. These include herpes keratoconjunctivitis, 
eczema herpeticum and herpes simplex encephalitis 
(Whitley, 1985). In addition, serious disease can 
arise in the immunocompromised host and through 
infection of the newborn (Rawls, 1973). Further, 
genital HSV-2 infection has been associated with 
cervical carcinoma. This followed the observation that 
women with genital HSV infection had an increased 
incidence of cervical carcinoma (Whitley, 1985). Both 
HSV-1 and HSV-2 can induce malignant transformation of 
cells in vitro, but only after the virus has been 
inactivated to prevent productive infection and cell 
death. This has increased speculation that HSV-2 may 
provide at least a contributory factor in cervical 
cancer (Spear and Roizman, 1980).

1.4 STRUCTURE AND REPLICATION OF THE VIRION

The virion consists of four structural 
components, namely, the core, the capsid, the tegument 
and the envelope (Spear and Roizman, 1980). The core 
of the virion contains the DNA in association with a 
proteinaceous structure (Furlong et a l ., 1972). 
Surrounding the core is the capsid, which consists of 
162 capsomeres arranged in an icosahedron,
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approximately 100 nm in diameter (Spear and Roizman, 
1980). The tegument, a variable layer of amorphous 
material, surrounds the capsid (Roizman and Furlong, 
1974). These structures are enclosed within a lipid 
bilayer, the envelope. The envelope originates from 
the nuclear membrane and contains a number of virally 
encoded structural glycoproteins (Roizman and Furlong, 
1974) .

The virus gains entry to the host cell by 
adsorption of envelope glycoproteins to receptors on 
the plasma membrane of the host cell, followed by 
fusion of the envelope with the membrane (Spear, 1985). 
The capsid is released into the cytoplasm of the cell 
(Spear and Roizman, 1980) and the DNA in a protein 
complex is translocated to the nucleus. Inside the 
nucleus, the DNA is transcribed into mRNA, which is 
translated in the cytoplasm (Wagner, 1985). The DNA is 
replicated in the nucleus as described below, and is 
incorporated into newly formed nucleocapsids (Stow, 
1985). The nucleocapsids bud through the inner nuclear 
membrane, thereby aquiring the outer envelope (Spear 
and Roizman, 1980). The virus particles are released 
by transport to the surface of the cell through the 
endoplasmic reticulum (Spear, 1985).

Following primary infection, HSV will often 
establish a latent infection (Wildy et a l ., 1982). HSV 
DNA persists in the sensory ganglia, and can be 
reactivated from explanted ganglia cultured in vitro 
(Al-Saadi et a l ., 1983; Tullo et a l ., 1983). Work with 
ts mutants has shown that HSV genes are required to 
induce latency (Lofgren et a l ., 1977). It has been 
claimed that viral transcripts and proteins, including 
IE175, can be detected in latently infected neurones 
(Green et a l ., 1981). The physical state of the HSV
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DNA is uncertain, although it is believed to exist in 
"endless" structures, such as circles or concatemers 
(Rock and Frazer, 1983).

1.5 GENOME STRUCTURE OF HSV

The genome of HSV is a linear, double-stranded 
DNA molecule of approximately 98 X 10^ molecular 
weight, as determined by the summation of the molecular 
weights of restriction endonuclease fragments of 
genomic DNA (Clements et a l ., 1976: Cortini and Wilkie,
1978). HSV-1 DNA has an average base composition of 
67% G+C, and HSV-2 DNA, 69% G+C (Kieff et a l ., 1971). 
HSV DNA is unmethylated (Low et a l ., 1969). There 
appear to be single strand gaps in the DNA, revealed by 
alkaline denaturation and by digestion of HSV DNA from 
internal sites by lambda exonuclease (Kieff et a l ., 
1971; Wilkie 1973; Wadsworth et a l ., 1976). The HSV 
genome is believed to have a single unpaired nucleotide 
at each 3 ‘ terminus (Mocarski and Roizman, 1982).

HSV DNA can be regarded as consisting of two 
segments, designated long (L, 121 kbp) and short (S, 26
kbp) (Delius and Clements, 1976; Roizman, 1979; McGeoch 
et a l ., 1985 and 1986a). Each segment comprises a 
unique region, the long unique (UL ) and short unique 
(Us) sequences, and these are bounded by inverted 
repetitions, the terminal and internal long repeats 
(TRL and IRL ) and the terminal and internal short 
repeats (TRS and IRs) (Sheldrick and Berthelot, 1974). 
The base composition differs between the repeat and 
unique sequences. The Rs sequence of HSV-1 is composed 
of 79.5% G+C DNA, and Us 64.3% G+C (McGeoch et a l .,
1985 and 1986a).
The inverted repeat sequences are considered to contain
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two sequence elements, as described below.

A terminal redundancy of approximately 400 bp 
(dependent on HSV strain), known as the a sequence, is 
present as direct repeats at both termini and in 
inverted orientation at the joint between the L and S 
segments (Davison and Wilkie, 1981). The a sequence is 
present as a single copy at the S terminus and in 
variable copy numbers at the L-S joint and at the L 
terminus (Wagner and Summers, 1978; Locker and Frenkel,
1979). The sequence in TRL and IRL excluding the a 
sequence, is termed the b sequence. Likewise, the TRg 
and IRg elements, are composed of an a and a c 
sequence (Roizman, 1979). The structure of the HSV 
genome is illustrated in figure 1 .1 .

In addition to these major repeat elements, the 
HSV genome contains a number of short tandemly
reiterated DNA sequences (reviewed by Rixon et a l .,
1984). Examining eight tandem reiteration sets, Rixon 
et a l . (1984) noted that although the individual 
sequences differ, they all have high G+C contents and 
show a marked asymmetry in the distribution of purines 
and pyrimidines on the two DNA strands. The reiterated 
sequences studied are generally short (between 5 and
35 bp) and their copy number can vary between
individual virus genomes (Rixon et a l ., 1984). The 
majority of the reiterations presently known are 
located in the major inverted repeats, RL and Rg 
(Davison and Wilkie, 1981; McGeoch et a l ., 1986a; work 
described in this thesis). However, two reiterated 
sequences lie within Ug (McGeoch et a l ., 1985). At 
least three tandem reiteration sets are believed to 
occur within polypeptide coding regions. These include 
both the sets in Ug, which are located in genes US7 and 
US11 (Rixon and McGeoch, 1984; McGeoch et a l -, 1985).
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The third reiteration set is located within a gene in 
Rl near the a sequence (Chou and Roizman, 1986).

1.5.1 Isomerisation of the HSV genome

Sheldrick and Berthelot (1974) suggested that as 
the terminal regions are repeated internally, 
recombination between these sequences might occur 
readily. This would result in the inversion of the L 
or S component, thereby producing four isomeric forms. 
Restriction analysis of HSV DNA confirmed that isomeric 
forms do indeed exist (Hayward et a l ., 1975; Clements 
et a l ., 1976). The presence of four genome 
arrangements has also been demonstrated by partial 
denaturation mapping of heteroduplex DNA (Delius and 
Clements, 1976) .

DNA from wild-type virus consists of four 
equimolar populations. These are termed P (Prototype), 
II (L inverted), Ig (S inverted) and IgL (S and L 
inverted) (Roizman et a l ., 1979). The four isomers are 
illustrated in figure 1.2.

Studying intertypic recombinants of HSV-1 and 
HSV-2, Davison and Wilkie (1983a), demonstrated that 
segment inversion specifically depends upon the a 
sequence. Homology between a sequences alone at the L 
terminus and L-S joint was sufficient for inversion of 
UL . Deletion of the L-S joint sequences prevents 
inversion, and insertion of additional copies of the a 
sequence promotes inversion (Poffenberger et a l ., 1983; 
Mocarski et a l ., 1980).



Figure 1.2 The structure and four isomeric forms of
the HSV-1 genome

Ul  and Ug indicate the long and short unique 
sequences; TRL , IRl » *Rs and TRS ' tlie major repeat 
sequences. Arrows indicate the relative orientation of the 
unique sequences. The four isomeric forms of HSV-1 are 
labelled as follows.

P = Prototype arrangement
II = Inversion of the long region
Ig = Inversion of the short region
IgL = Inversion of both the long and short regions
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1.5.2 Replication of HSV DNA

Replication of the HSV genome occurs in the 
nucleus of the infected cell. The precise mode of 
replication has not been determined. The genome 
appears to circularise, perhaps as a result of direct 
ligation of the termini (Poffenberger and Roizman,
1985), possibly involving the complementary unpaired 
nucleotides present at both 3' termini of the genomic 
DNA (Mocarski and Roizman, 1982). Replication is 
initiated at one or more origins of replication and 
continues in a rolling circle, to yield head to tail 
concatemers. Late in infection newly synthesised HSV 
DNA appears as tandem repeats of the viral genome 
(Jacob et a l ., 1979; Stow et a l ., 1983; Stow, 1985). 
Cleavage of unit lengths of virus DNA is believed to 
occur by site specific events and may be directed by 
signals within the a sequence (Davison and Wilkie,
1981; Varmuza et a l ., 1985). Cleavage and 
encapsidation of the DNA is believed to be tightly 
coupled (Deiss and Frenkel, 1986). The cis-acting 
signals necessary for cleavage and packaging of the HSV 
genome are all believed to be contained within the a 
sequence (Stow et a l ., 1986).

The HSV genome contains three origins of 
replication. Two lie in identical sequences in IRg and 
TRg and the third is near the centre of Ul  (Friedmann 
et a l ., 1977; Kaerner et a l . , 1979; Stow, 1982). The 
origin of replication in UL (OriL ) contains a 144 bp 
perfect palindromic sequence (Quinn and McGeoch, 1985; 
Weller et a l ., 1985). Orig contains a sequence similar 
to OriL and has a near perfect palindromic sequence 45 
bp in length (Murchie and McGeoch, 1982). Of the 144 
bp palindromic sequence in Ori^, 90 bp are conserved in 
Orig. Greatest homology occurs at and near to the
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centre of the palindrome (Weller et a l ./ 1985).

1.6 EXPRESSION, STRUCTURE AND ARRANGEMENT OF HSV GENES

HSV DNA is transcribed in the nucleus of the 
infected cell by host cell RNA polymerase II (Costanzo 
et a l . , 1977; Lowe, 1978). As with host mRNA, HSV mRNA 
is polyadenylated at the 3' end (Bachenheimer and 
Roizman, 1972), 5' capped, and is internally methylated 
(Moss et a l ., 1977).

HSV promoters have features similar to those of 
cell genomes and will function when introduced by 
transfection into cells (McKnight and Gavis, 1980). A 
number of HSV genes studied have recognisable TATA 
boxes in their 5' upstream sequences, positioned 25 to 
30 nucleotides upstream of the transcriptional start 
site (Corden et a l ., 1980; McGeoch et a l ., 1985). 
Further transcriptional control sequences upstream of 
the cap site operate in HSV genes, and will be 
discussed later. Non-translated leader sequences range 
from about 15 to over 300 bp in length (Murchie and 
McGeoch, 1982; McGeoch et a l ., 1985).

HSV mRNA differs from cellular mRNA in its low 
level of splicing. Apart from work which will be 
described in this thesis, the only genes tfhich are 
known to be spliced are IE gene 4 and IE gene 5, and a 
late gene (Rixon and Clements, 1982; Costa et a l .,
1985). The splice donor and acceptor sites of the 
introns studied all comply with recognised consensus 
sequences (Mount, 1982). The introns of IE genes 4 and 
5 share identical sequences in the IRg and TR regionsO
of the S segment, respectively. The introns are short 
and contain tandemly reiterated non-coding sequences
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(Murchie and McGeoch, 1982). The late gene described 
by Costa et a l . (1985) has a 4 kb intron which contains 
a nested set of three 3' coterminal genes, located on 
the opposite DNA strand.

The sequence AATAAA or its variant ATTAAA have 
been found near the 3' termini of all HSV mRNAs mapped 
(for example, McGeoch et a l ., 1985). As with cellular 
genes, the sequence is associated with termination of 
transcription and polyadenylation of the 3' end of the 
mRNA (Proudfoot and Brownlee, 1976; Wickens and 
Stephenson, 1984).

A sequence associated with efficient termination 
of mRNA transcription has been identified (McLauchlan 
et a l ., 1985). This sequence element with the 
consensus YGTGTTYY usually lies approximately 30 bp 
downstream of the polyadenylation site. The sequence 
has been found to be present in many HSV genes 
(McLauchlan et a l ., 1985).

The S region of HSV-1 has been completely 
sequenced, and the mRNAs mapped, thereby enabling an 
analysis of gene organisation in HSV-1 (Rixon et a l ., 
1982; McGeoch et a l ., 1985 and 1986a; Rixon and 
McGeoch, 1985). The arrangement of genes in Ug is 
compact, utilizing both strands of the DNA, with 94% of 
the sequence transcribed and 74% of the sequence 
believed to be polypeptide coding. The sequence 
contains the polypeptide coding regions of twelve 
genes. All of the genes entirely contained in Ug have 
been shown to be unspliced.

Of the twelve genes, ten are organised into four 
3* coterminal families. This results in a wide range 
in length of the 3 ‘ untranslated sequence, from
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approximately 50 nucleotides to over 3 kb. Although 
this appears to be a common feature in HSV/ adjacent 
genes on the same DNA strand do not always possess 3' 
coterminal mRNAs. Each of the genes in Ug has a 
distinct promoter. Several may lie in an adjacent 
gene, within either untranslated or polypeptide coding 
sequences. mRNAs on opposite strands also overlap. In 
addition, the polypeptide coding regions of two genes 
in Ug overlap (Rixon and McGeoch, 1984).

Both strands of HSV DNA encode genes. Examples 
of head to head and tail to tail genes occur in Ug 
(Rixon and McGeoch, 1985). The genes for the major DNA 
binding protein and the DNA polymerase have been mapped 
and sequenced (Quinn and McGeoch, 1985) . These genes 
are located on either side of an origin of replication 
(OriL ) and are transcribed divergently.

1.7 PROTEINS OF HSV

HSV codes for an estimated 80 polypeptides (Honess and
Watson, 1977; McGeoch and Davison, 1986). A large number of
HSV induced proteins can be detected experimentally. For
example, Haar and Marsden (1981) detected approximately 230
virus induced polypeptides by two dimensional gel analysis.
However, these certainly included many processed species,
and the presence of multiple forms obscures experimental
determination of numbers of separate proteins. The
functions of a number of HSV-1 proteins were first
determined using tjs or drug resistant mutants. Physical
mapping of ts mutants by marker rescue has been useful in
determining their genomic location (for example, Stow etofa l ., 1978). The functions of a number HSV-1 proteins have
been characterised, but for the majority of proteins the 
function is unknown. Proteins encoded by the HSV genome can
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be classified as structural proteins of the virion, proteins 
involved in DNA replication, and proteins responsible for 
the regulation of gene expression.

1.7.1 Structural proteins

The virion contains 15-33 polypeptides (Spear and 
Roizman 1980). These include the proteins of the 
nucleocapsid, the tegument and the glycosylated proteins 
associated with the virion envelope.

The capsid is composed of at least six polypeptides. 
The major capsid protein is a large constituent of the 
capsid, with an estimated 850-1000 copies present in each 
virion (Spear and Roizman, 1980). In addition to 
determining the regular structure of the virion, the 
proteins of the nucleocapsid may play a role in the 
encapsidation of the viral DNA in the core.

The tegument is a variable layer, containing an 
undefined number of proteins. Most of the proteins have yet 
to be functionally characterised, but are believed to be 
important in the envelopment of the nucleocapsid through 
interactions with the proteins of the nucleocapsid and 
envelope (Spear and Roizman, 1980). A major constituent of 
the tegument is Vmw65, a regulatory protein (Campbell _et_ 
a l ., 1984) which will be discussed later.

The glycosylated proteins are the best characterised 
group of the structural proteins. HSV-1 is known to encode 
six glycoproteins, namely, gB, gC, gD, gE, gG and gH (Spear 
1985; Frame et a l ., 1986; Buckmaster et a l ., 1984; McGeoch 
et a l ., unpublished). No HSV-2 counterpart to gH has yet 
been characterised, but all other known HSV-1 glycoproteins 
have HSV-2 equivalents (Frame et a l ., 1986; Spear, 1985).
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Glycoproteins are important determinants of viral 
pathogenicity (Spear, 1985). The glycoproteins are 
intergrated in the virion envelope and form the spikes 
projecting from the particle. They are also present on the 
surface of infected cells. The glycoproteins are believed 
to be involved in the adsorption and penetration of the 
virion into the host cell, and to mediate cell to cell 
spread of infection. They may also play a role in budding 
and envelopment (Spear, 1985; Spear and Roizman, 1980). 
Antibodies directed against some of the glycoproteins have 
been shown to have neutralising activity (Powell et a l ., 
1974) .

1.7.2 HSV proteins involved in DNA metabolism and 
replicat ion

HSV codes for a number of proteins involved in DNA 
replication. These include enzymes participating in the 
metabolism of DNA precursors, such as thymidine kinase (TK), 
ribonucleotide reductase and dUTPase (Kit and Dubbs, 1963; 
Dutia, 1983; Frame et a l . , 1985; Cohen, 1972; Wohlrab et. 
a l ., 1982). The genes for TK and both subunits of the
ribonucleotide reductase have been sequenced (McKnight, 
1980; McLauchlan and Clements, 1983; Nikas, personal 
communication). HSV also encodes proteins which are 
directly involved in DNA synthesis. These proteins include 
the DNA polymerase, DNA binding protein, alkaline 
exonuclease and possibly topoisomerase (Keir and Gold, 1963; 
Keir et a l ., 1966; Littler et a l ., 1983; Morrison and Keir, 
1968; Muller et a l ., 1985).

Since the activity of a virally encoded DNA polymerase 
was first detected (Keir and Gold, 1963), the protein has 
been extensively characterised. The gene for the DNA 
polymerase has been sequenced (Quinn and McGeoch, 1985). In
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addition to DNA polymerisation, the enzyme has a 3' to 5' 
exonuclease activity, believed to serve as a proof reading 
function. The virally encoded alkaline exonuclease is also 
required for HSV DNA replication (Morrison and Keir, 1968; 
Moss, 1986). The enzyme is believed to function together 
with the DNA polymerase and major DNA binding protein 
(Littler et a l ., 1983). The function of the major DNA
binding protein has not been clarified although it is known 
that in vitro it can separate the strands of DNA of a double 
helix (Powell et a l ., 1981). The gene for this protein has 
also been sequenced (Quinn and McGeoch, 1985). A 
topoisomerase activity is associated with the HSV virion 
(Muller et a l ., 1985). The enzyme is believed to be a^
component of the envelope or tegument of the virion.

1.7.3 HSV regulatory proteins

The regulatory proteins of HSV control viral 
expression. A number of virally encoded proteins including 
the IE proteins and Vmw65 regulate expression of viral genes 
at the transcriptional level. The control of gene 
expression at the transcriptional level by the IE proteins 
and Vmw 65 will be discussed fully later.

A number of virally encoded proteins undergo 
post-translational modifications, including phosphorylation, 
glycosylation and sulphation. Modification may affect the 
protein by altering its activity or location in the infected 
cell. Similarly, modification of host proteins may affect 
their activity. An HSV-1 gene encoding a protein showing 
homology to the amino acid sequence of the protein kinase of 
other organisms has been sequenced (McGeoch and Davison, 
1986). It is postulated that this protein may play a role 
in the modulation of cellular processes during lytic 
infection and possibly also in latent infection (McGeoch and
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Davi son, 1986) .

1.8 CONTROL OF GENE EXPRESSION OF HSV

HSV gene expression is coordinately regulated and 
sequentially ordered in a cascade fashion. The first genes 
to be expressed are the five immediate early (IE or oO genes 
(Watson et a l .# 1979). The IE genes can be expressed
without de novo protein synthesis in the newly-infected cell 
nucleus (Honess and Roizman, 1974; Harris-Hamilton and 
Bachenheimer, 1985). The five IE genes are located at or
near the inverted repeats, as shown in figure 1.3 (Clements 
et a l ., 1979; Watson et a l ., 1979; Anderson et a l ., 1980;
Watson et a l ., 1981).

Following translation ot the IE proteins, the second 
set of genes are transcribed (Wagner et a l ., 1972). The
early (E or ̂  ) genes can be subdivided into two subgroups 
(ftl and p 2 ) according to their time of expression 
(Mavromara-Nazos et a l ., 1986).

At late times of infection, with the onset of viral 
DNA replication, the late (L or /) genes are transcribed 
(Wagner, 1972). The late genes can also be subdivided into 
two groups. In the absence of viral DNA replication, the 
leaky-late ( /]_) mRNAs become detectable in the cytoplasm. 
Transcription of the true late genes (If 2) appears to have 
an absolute requirement for viral DNA replication (Holland 
et a l ., 1980).

The regulation of viral gene expression in the 
infected cell is considered to be primarily at the 
transcription level, through both cis-acting promoter 
sequences and trans-acting viral products. The factors 
involved in the control of each stage of transcription will
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Figure 1.3 Location and orientation of the IE genes

HSV-1 
et al

The locations and orientations of the five IE genes of 
are shown. The scale represents map units. (Clements 
, 1979; Watson et a l ., 1979; Anderson et a l ., 1980).
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be considered below.

1.8.1 Regulation of IE gene expression

Even the IE genes, transcribed immediately on 
infection of the cell, are subject to modulation by the 
virion (Batterson and Roizman, 1983). The late polypeptide 
VmW65, a major species of the virus tegument, will stimulate 
IE gene expression from basal levels (Campbell et a l ., 
1984). The DNA sequence of the gene encoding Vmw65 has now 
been sequenced (Dalrymple et a l ., 1985). Stimulation of 
expression by Vmw65 is specific to IE gene promoters (O'Hare 
and Hayward, 1985b).

IE175, itself an IE protein encoded by IE gene 3, 
down-regulates IE gene transcription (Preston, 1979). 
Conversely, IE110, also an IE protein, appears to stimulate 
expression from IE promoters (O'Hare and Hayward, 1985b). 
The control of IE gene expression provided by IE175 and 
IE110 may maintain a balance required during normal 
infection (O'Hare and Hayward, 1985b).

VmW65, a structural component of the virion, induces 
expression of the IE genes (Cordingley et a l ., 1983). The 
significance of sequences upstream of the mRNA cap site in 
IE gene transcription regulation has been recognised (Post 
et a l ., 1981; Mackem and Roizman, 1982a). Sequence data
from the upstream regions of all five IE genes of HSV-1 have 
been analysed (Murchie and McGeoch, 1982; Mackem and 
Roizman, 1982a and b; Whitton et a l ., 1983). A sequence 
with the consensus 5' TAATGARATTC 3' (R = purine) is present 
in the upstream regions of all IE genes (Mackem and Roizman, 
1982b; Preston et a l ., 1984). The highly conserved sequence 
is present in one or more copies. Further, the upstream 
regions have palindromic sequences (Mackem and Roizman,
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1982b ) .

On comparing the regulatory region of the HSV-1 IE 
gene 2 with the HSV-2 equivalent, Whitton et a l . (1983 and 
1984) found that sequences believed to be involved in the 
induction of IE gene expression were highly conserved. The 
TAATGARATTC sequence element is conserved in the HSV-2 IE 
gene 2. In addition, palindromic sequences are present at 
similar positions in the upstream regions of both the HSV-1 
and HSV-2 IE gene 2.

The presence of these sequence characteristics 
upstream of all HSV-1 IE genes and their conservation 
between the two HSV serotypes suggest they may be of 
importance in the coordinate induction and regulation of IE 
gene expression. The requirements for particular upstream 
sequences in stimulation of transcription by Vmw65 have been 
investigated (Cordingley et a l ., 1983; Preston et a l ., 1984; 
Campbell et a l ., 1984; Bzik and Preston, 1986). Two
distinct regions have been identified.

For efficient transcription only 69 bp of the upstream 
sequence from the promoter region of IE genes 4 and 5, was 
required. This region includes the TATA sequence element 
(Corden et a l ., 1980). A second region, far upstream from
the IE gene cap site, was demonstrated (Cordingley et al .,
1983). This region was shown to be important for 
stimulation by Vmw65. This far upstream region contains the 
TAATGARATTC sequence element at positions -338 to -328 
relative to the transcriptional start site . This sequence, 
crucial for stimulation of IE transcription by Vmw65, 
appears to be unique to the IE genes (Preston et a l ., 1984).

The sequences flanking the TAATGARATTC element are 
also conserved between the IE genes, and have some effect on 
the degree of response to Vmw65 (Preston et a l ., 1984). The
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longer consensus, including these flanking nucleotides is 
5' GYATGNTAATGARATTCYTTGNGGG 3' (Y= pyrimidine)(Mackem and
Roizman, 1982b; Preston et a l ., 1984). In the upstream
regions of IE genes 4 and 5, these flanking regions have not 
been conserved. This would suggest that they are not 
crucial for the induction of the IE genes (Preston et a l .,
1984) .

Further upstream and downstream of the conserved 
element are G+C and G+A rich sequences. In the case of IE
genes 4 and 5, the extent of stimulation by Vmw65 declines
as the upstream G+C rich regions are removed (Preston et_ 
al., 1984). The G+A rich element was found to be required 
for full activation of IE gene 3 by Vmw65 (Bzik and Preston, 
1986). Deletion of the G+C rich sequences downstream of the 
TAATGARATTC element also results in reduced stimulation. 
This effect however, could be due to altering the distance 
between the regulatory sequences and the promoter, or
changing the relative positions of sequences within the far 
upstream region. These two G+C rich sequences contain 
inverted and direct repeats. Hairpin loop formation may 
modulate the response to Vmw65 (Mackem and Roizman, 
1982a,b).

Low levels of IE175 have been found to give a small 
stimulatory effect on IE gene expression in transient assays 
(DeLuca and Schaffer, 1985). Plasmids containing the
promoter region of an IE gene linked to the coding regions 
of the chloramphenicol acetyltransferase (CAT) gene have 
been used as expression vectors to measure this response. 
The stimulatory effect is diminished or abolished, however, 
with increasing levels of IE175 (DeLuca and Schaffer, 1985).

In normal infection, IE175 inhibits expression of IE 
genes. t_s mutants with a defect in IE gene 3 do not shut 
down IE gene expression (Preston, 1979). Similar results
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have been reported for mutants with deletions in IE gene 3 
(DeLuca et a l ., 1985). Further evidence for the negative
autoregulatory role of IE175 is provided by O'Hare and 
Hayward (1985b), who found that IE175 inhibited both basal 
levels and Vmw65- and IE110-activated levels of expression 
from its own promoter in a chimaeric IE-CAT construct in 
short-term cotransfection assays.

The stimulatory and inhibitory activities of IE175 on 
IE gene transcription are probably separate functions, 
possibly involving different domains of the protein. At 
non-permi ss i ve temperatures, a t_s mutant of IE175 stimulated 
expression from IE-CAT constructs in transient assays. This 
effect required expression of the t_s IE175 and the presence 
of the cis-acting regulatory sequences in the CAT construct 
(DeLuca and Schaffer, 1985).

The sequences involved in IE transcription regulation 
by IE175 have not been identified. IE175 is a DNA binding 
protein (Hay and Hay, 1980), and may be acting directly, 
binding to specific sequences in the upstream regions of IE 
gene promoters. Freeman and Powell (1982) have reported, 
however, that on purification, IE175 loses its ability to 
bind DNA. The association between IE175 and DNA may
therefore be indirect, through forming a complex with 
another protein. O'Hare and Hayward (1985b) speculate that 
the IE175 negative autoregulation may be due to binding of 
IE175 to its own promoter. This would explain IE175 
abolishing IE110-stimulat ion of transcription from the IE175 
promoter. Similar conclusions have been drawn by DeLuca and 
Schaffer (1985), who suggest that both the stimulatory and 
inhibitory effects of IE175 on IE gene expression could be 
due to IE175 either alone or in a complex, binding at 
multiple sites on IE gene promoters. The ability of mutant 
forms of IE175 to bind may be altered, only allowing the 
interaction responsible for the stimulation of IE gene
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expression. The ability of a t_s mutant of IE175 to inhibit 
the activity of IE175 also supports the suggestion that 
specific binding or interactions involving the IE175 protein 
are essential for IE transcriptional regulation (DeLuca ert 
al., 1985).

In short term transfection assays IE110 has been shown 
to stimulate expression from IE-CAT constructs (O'Hare and 
Hayward, 1985b). No specific sequence elements have been 
identified in the promoter or far upstream region of IE 
genes which could be responsible for the effect.

The specificity of transcriptional stimulation by 
IE110 is uncertain. In addition to up-regulat ion of IE gene 
expression, IE110 transactivates later classes of HSV genes 
(Everett, 1984a). IE110 is also a DNA binding protein (Hay
and Hay, 1980). However, little is known of how 
transcriptional stimulation by IE110 is achieved. There is 
presently no evidence that IE110 and IE175 interact 
directly.

A protein produced at late times of infection may be 
involved in the down-regulation of IE gene expression, 
possibly in conjunction with IE175 (DeLuca et a l ., 1984). 
Two t_s mutants of IE175, permissive for E gene expression, 
do not reinitiate IE gene expression on raising the 
temperature to non-permissive levels at late times (after 
6 h post inf ect ion) . This differs from other tŝ  IE175 
mutants, which will recommence IE transcription at any stage 
of infection, on raising the temperature to non-permissive 
levels. This may suggest that a late function, acting in 
conjunction with or in addition to IE175, contributes in the 
negative regulation of IE gene expression (DeLuca et a l .,
1984).
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1.8.2 Regulation of E gene expression

Other than its role in switching off IE genes, IE175 
is required to activate E gene expression (Watson and 
Clements, 1980). E gene transcription is also stimulated by 
IE110 (Everett, 1984a). A further IE protein, IE12, has 
also been implicated in E gene transcription regulation 
(O'Hare and Hayward, 1985a).

IE175 by itself can induce E gene expression in short 
term transfection assays (Everett, 1984b). The induction of 
E genes by IE175 appears to be specific, involving 
cis-acting sequences in the upstream regulatory region. The 
presence of the TK promoter sequences alone was insufficient 
for transactivation of the TK gene by IE175 (O'Hare and 
Hayward, 1985a). In addition, some cis-acting regulatory
domain, present further upstream of the cap site, was 
required. However, Everett (1983) reported that far 
upstream sequences were not required for the transactivation 
of the E glycoprotein D gene, but that the required 
sequences were all contained within 83 bp of the mRNA cap 
site.

In short term transfection assays, IE110 can also 
independently stimulate expression from E genes (O'Hare and 
Hayward, 1985a). The reported level of transactivation by
IE110 relative to levels achieved by IE175 is variable 
(Gelman and Silverstein, 1985; O'Hare and Hayward, 1985a).
Not all E genes may be induced by IE110 alone. Where
transactivation does occur it appears to be less specific 
than Vmw65 or IE175, stimulating HSV genes of different 
classes (Everett, 1984a).

Stimulation of transcription of E genes is greatly 
increased in assays where genes for both IE175 and IE110 are 
cotransfected with the target gene (Everett, 1984b; Quinlan
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and Knipe, 1985). This may be partly explained by higher 
levels of IE175 present due to IE110 stimulation of 
expression of IE175 (O'Hare and Hayward, 1985b), although 
this is thought unlikely (Everett, 1984b).

The conditional lethal mutant tsK fails to express E 
genes at the non-permissive temperature although it has 
functional IE110 genes (Gelman and Silverstein, 1985). This 
may suggest that IE175 and IE110 interact, possibly forming 
a transcriptional complex which is inactivated by the jts 
lesion. Alternatively, the ts_ IE175 may interact with or 
bind to the regulatory sequences of the E genes, thereby 
making them unavailable to IE110 (Gelman and Silverstein,
1985). Either suggestion is supported by the observation 
that transactivation by IE110 of a TK-CAT (CAT coding 
sequences linked to the promoter regions of the TK gene) 
construct is inhibited by cotransfection of a jts IE175 gene 
at non-permissive temperature (DeLuca and Schaffer, 1985).

It has been reported that IE12 may augment activation 
of E promoters by IE175 or IE110 or both together (O'Hare 
and Hayward, 1985a), although on its own IE12 shows no 
inducing activities (Everett, 1984b).

IE63 and IE68 have been found not to stimulate 
transcription from E promoters either independently or when 
transfected with other IE genes (Everett, 1984b; O'Hare and 
Hayward, 1985a). Interestingly, IE68 appears to slightly 
decrease IE175 and IE110 stimulation of E gene transcription 
in transient assays using E-CAT constructs (O'Hare and 
Hayward, 1985a). A mutant with a deletion in the IE68 gene 
has recently been described (Sears et a l ., 1985). The
mutant exhibits a delayed shut-off of E gene expression, 
perhaps suggesting that IE68 may play a role in E gene 
expression regulation. The function of IE68 in HSV 
infection is unknown, but it is not essential for growth in
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human and primate cell culture (Post and Roizman, 1981; 
Jacquemont et a l ., 1984). Growth of the IE68 mutant is
restricted, however, in rodent cell lines (Sears et a l .,
1985) .

1.8.3 Regulation of L gene expression

L promoters, although structurally similar to E 
promoters, have additional requirements for transcription 
(Wagner, 1985). The two subgroups of late genes, | i and 

2» differ in their time of expression and in the 
stringency of requirement for viral DNA synthesis (Conley et 
a l ., 1981). Only IE175 and IE110 have been shown to
regulate L gene expression in transfection assays, although 
further IE proteins may be involved. Viral DNA replication 
appears to play a significant role in the activation of L 
genes (Hall et a l ., 1982; Johnson et a l ., 1986).

IE175 is required for L gene expression (Watson and 
Clements, 1980). DeLuca et a l . (1984) have described a ĵ s
mutant of IE175 that expresses IE and E genes, induces viral 
DNA synthesis, but produces greatly reduced levels of L 
proteins at the non-permissive temperature. In transient 
assays, IE175 can induce transcription from L promoters 
(Silver and Roizman, 1985; Mavromara-Nazos et a l ., 1986). 
However, higher levels of IE175 and additional trans-acting 
HSV gene products may be necessary for induction of some 
(particularly 2̂  L genes (DeLuca and Schaffer, 1985). 
Generally, cotransfections with constructs containing IE175 
together with the other IE genes increased the expression 
from L promoters (DeLuca and Schaffer, 1985).

The domains in IE175 responsible for induction of late 
promoters may be separate from those stimulating E gene 
transcription. t_s mutations in the IE175 gene affecting
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both E and L , or only L gene expression, have been reported 
(DeLuca et a l ., 1984).

IE110 by itself will stimulate expression from L 
promoters to levels comparable to E genes, in short term 
transfection assays (Mavromara-Nazos et a l ., 1986). The 
stimulation of L gene expression by IE110 may be responsible 
for the increased transcription of L genes by a plasmid 
containing all five IE genes, relative to the levels 
achieved by IE175 alone (DeLuca and Schaffer, 1985).

Recent studies have indicated that true late ( 1( 2 ) 
genes are differentially regulated depending on their 
genomic environment. Late genes introduced into cells in 
plasmid constructs or integrated in the cellular genome 
appear to be regulated in a manner similar to E genes, and 
are transactivated by IE110 and IE175, but not by IE63, IE68 
or IE12 (Mavromara-Nazos et a l ., 1986). L genes resident in
the viral genome, however, are not expressed until late 
times of infection (Silver and Roizman, 1985). Further 
evidence of this differential regulation comes from the 
characterisation of several t_s mutants of IE63 (Sacks et̂  
a l ., 1985). Although infection at non-permissive
temperature advanced to the stage of DNA replication, the 
mutants produced drastically reduced levels of several late 
proteins, implying a role for IE63 in L gene expression.

Two explanations have been given for the apparent 
requirement for additional factors. It has been suggested 
that host transcriptional factors required for late gene 
expression are sequestered during HSV infection and only 
become available through an effect of the viral DNA 
polymerase. The second hypothesis predicts that late gene 
transcription is blocked by specific viral proteins bound to 
the viral genome which are removed during DNA replication. 
Either suggestion could begin to explain the observed
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differences in regulation of L genes isolated from or 
integrated in the viral genome (Mavromara-Nazos et a l ./
1986) .

1.9 RELATIONS BETWEEN HSV AND OTHER HERPESVIRUSES

The diversity of the herpesviruses, demonstrated by 
their differing biological properties, has been discussed. 
At the genomic level, this diversity can be seen as large 
differences in size, structure and base composition.

The base composition of herpesvirus DNAs ranges 
widely, from 32% G+C for canine herpesvirus, to 75% for 
B-virus (Honess and Watson, 1977). Herpesviruses infecting 
a single host can also show a wide range in base 
composition. For example, VZV and HSV-2, both human 
herpesviruses, have G+C contents of 46% and 69% respectively 
(Ludwig et a l ., 1972; Kieff et a l ., 1971). The exception is 
the cytomegaloviruses, which all have G+C contents between 
50% and 60% (Honess and Watson, 1977). The uneven 
distribution of high G+C sequences within the genome is a 
further feature of many herpesviruses. An extreme example 
is HVS, with 70% G+C repeat sequences and a 35% G+C unique 
region (Honess and Watson, 1977).

The range in base composition of the herpesviruses 
approaches the limits of protein coding capacity (Woese, 
1967). There is evidence of HSV-1 making maximal use of 
degenerate codons and tolerable amino acid replacements 
which increase the use of codons with high G+C contents. To 
illustrate this, the coding region of the HSV-1 gene for the 
protein IE175, with a base composition of 81.5% G+C, has G+C 
contents in the three codon positions of 81.9%, 66.2% and 
96.3% respectively. Although there is a strong bias towards
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a G or C residue in the third codon position, the-four most 
common amino acids are Ala, Pro, Gly and Arg, all of which 
have codons containing only G+C residues (McGeodh et a l ., 
1986a).

Despite great differences in base composition, a 
closer relationship between HSV and other alphaherpesviruses 
than with members of the beta- or gammaherpesviruses has 
been demonstrated. First detected as common antigens 
between viruses, similarities have been demonstrated as 
homology at the DNA sequence level and in the colinearity of 
gene arrangement. Homology between amino acid sequences of 
related proteins coded by the viruses has further^emphasised 
the closer relationship between viruses within the subgroup. 
The relationship between HSV and viruses of theralpha-, 
beta- and gammaherpesviruses will be discussed bdlow.

1.9.1 Alphaherpesviruses

HSV-1 and HSV-2 share multiple ant igens?r ahd will 
cross-neutralise (Honess et a l ., 1974). The very close 
relationship between HSV-1 and HSV-2 has been^demonstrated 
by their ability to recombine (Timbury and S'ubak-Sharpe, 
1973). Limited cross-reactivity between HSV and other 
alphaherpesviruses has demonstrated a relationship between 
the viruses (Honess, 1984).

a ) DNA cross hybridization

Extensive DNA sequence homology between the genomes of 
HSV-1 and HSV-2 has been demonstrated (Kieff et ~ al<., 1972). 
Southern blot analyses of restriction enzyme digests of 
genomic DNA have been used to identify the regions of 
conserved sequences. Almost all regions of the HSV-1 and
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HSV-2 genomes show some homology. Least conserved sequences 
include the repeat sequences and the majority of the short 
segment. The analysis confirmed the belief that the two 
genomes are colinear (Davison and Wilkie, 1983b).

Heteroduplex analysis of cloned fragments of HSV-1 and 
HSV-2 has shown that this homology is not uniform throughout 
the length of the genome (Kudler et a l ., 1983). Three 
regions of the genome were investigated. The region between 
0.3 and 0.4 map units showed extensive sequence homology 
between HSV-1 and HSV-2. This region contains the gene for 
gB, which shows cross-reactivity between the two serotypes 
(Spear and Roizman, 1980). The region between 0.2 and 0.3 
map units, also in U^, showed a high level of DNA sequence 
homology. Heteroduplex analysis of fragments spanning most 
of the Ug region however, suggested that this sequence is 
less highly conserved between HSV-1 and HSV-2 (Kudler et_ 
al., 1983).

Homology between the DNA sequences of HSV and other 
alphaherpesviruses has also been investigated. Rand and 
Ben-Porat (1980) detected a low level of sequence homology 
between PRV and HSV by DNA hybridisation. Homologous 
sequences were located in the UL region and to a lesser 
extent in U g . Only low levels of homology were detected in 
the repeat sequences. PRV appears to contain sequences in 
Ug showing greater homology to HSV-2 than to HSV-1. Davison 
and Wilkie (1983b) also reported finding additional regions 
of homology between PRV and HSV-2, and located these 
homologous sequences to the Rg region of HSV-2. They 
reported finding no homology in the Ug region. The PRV 
genome was found to be generally colinear with the 1^ or IgL 
arrangement of HSV, although a region within the Ul sequence 
of PRV was inverted relative to HSV.

Davison and Wilkie (1983b) also demonstrated sequence
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homology between HSV and VZV. A detectable level of 
hybridisation was observed in most regions of the HSV 
genomes. Regions showing least homology included all of Ug 
and sequences within UL between approximately 0.1 and 0.3 
map units and between 0.45 and 0.55 map units. The L 
segment of VZV genome was found to be inverted relative to 
the P arrangement of HSV (Davison and Wilkie, 1983b).

The EHV-1 genome also showed some homology to HSV by 
DNA hybridisation. No homology between the DNAs of EHV-1 
and HSV in the Ug sequences was found. The extent of 
homology was sufficient to conclude that the EHV-1 genome is 
colinear with the II or IgL arrangement of HSV (Davison and 
Wilkie, 1983b).

b) Gene homology and arrangement

The determination of the complete DNA sequence of the 
short segment of the HSV-1 and VZV genomes has enabled a 
comparison of the predicted amino acid sequences of the 
encoded genes (Murchie and McGeoch, 1982; McGeoch et a l ., 
1985; McGeoch et a l ., 1986a; Davison, 1983; Davison and 
Scott, 1985). The S segment of the HSV-1 genome contains 14 
genes (including two copies of IE gene 3). The HSV-1 Rg 
sequence contains one entire gene, and the $ ‘ non-coding 
regions of two further genes. The Ug sequence contains ten 
genes plus the coding regions of the two genes located 
across the Rg/Ug junction (McGeoch et a l ., 1985 and 1986a). 
In VZV the S segment encodes only seven genes. The Ug 
sequence contains two entire genes, and the majority of two 
further genes. Each copy of Rg contains three entire genes.

All seven of the VZV proteins have counterparts in the 
HSV-1 S segment. Although only low levels of DNA sequence 
homology in S were detected by DNA hybridization,
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significant similarities between related proteins are 
visible (Davison and McGeoch, 1986).

Similarities between the corresponding proteins 
varied. Some proteins showed extensive amino acid sequence 
homology, such as the HSV-1 IE175 protein and the VZV 
counterpart. Other proteins showed only low levels of 
sequence conservation. Homologous amino acid sequences were 
not generally distributed evenly throughout the proteins. 
Least conservation of amino acid sequences was usually found 
at the amino terminal portion of the proteins. Differences 
in sizes between pairs of homologous proteins was also 
usually due to heterogeneity at the amino terminus.

With the identification of related proteins in the two 
viruses, the arrangement of the genes for the homologous 
proteins was examined (Davison and McGeoch, 1986). The 
genetic organisation of the S segment of the two virus 
differs, as shown in figure 1.4. The genes coding for 
corresponding proteins in each virus are indicated.

The changes in gene arrangement between the two 
viruses occurring during their evolution from a common 
ancestor, are believed to have arisen through a number of 
recombinational events. This could have resulted in the 
expansion and contraction of the repeat sequences in S. The 
encroachment of Rg into Ug would result in the inclusion of 
genes in Rg, originating from the Ug sequence, and the loss 
of other genes (Davison and McGeoch, 1986).

1.9.2 Betaherpesviruses and gammaherpesviruses

The characterization of several of these viruses has 
suggested they show some similarity to HSV. At the DNA 
sequence level, HCMV (a betaherpesvirus), EBV and MDV



Figure 1.4 Relationship between genes in the
S segments of HSV-1 and VZV

The location and orientation of predicted polypeptide 
coding regions in the S segment of the two viruses are 
indicated. The Rg regions are represented as open boxes and 
the UL sequences as solid lines. Homologous genes are 
indicated by arrows. For clarity, relationships are 
indicated for only one copy of genes in the inverted 
repeats. From Davison and McGeoch (1986).
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(gammaherpesviruses) show no detectable sequence homology by 
cross hybridisation to HSV DNA (Honess and Watson, 1977). 
Evidence for an evolutionary relationship between HSV and. 
other herpesviruses has often been based on the 
identification of apparently equivalent virally encoded 
proteins in infected cells. A DNA polymerase activity 
distinguishable from that of the host, has been identified 
in cells infected with HSV-1, HSV-2, HCMV, EBV and other 
herpesviruses (Honess and Waton, 1977).

The complete DNA sequence determination of EBV (Baer 
et a l ., 1984) has enabled comparisons of the predicted amino 
acid sequences of the encoded genes with data from HSV. 
Clear homology has been found between the amino acid 
sequences of the major DNA binding protein, the DNA 
polymerase, glycoprotein B and the two ribonucleotide 
reductase subunits of HSV-1 and EBV (Quinn and McGeoch, 
1985; Gibson et a l ., 1984). The relative arrangement and 
location in the genome of the DNA polymerase, DNA binding 
protein and gB genes has not been entirely conserved between 
the two viruses (Quinn and McGeoch, 1985).

A 7.8 kbp DNA sequence from near the left end of the 
UL region of HSV-1 has also been determined (McGeoch et a l ., 
1986b) and the transcripts mapped (Costa et a l ., 1983). Of 
the seven polypeptides believed to be coded in this region, 
five (including the alkaline exonuclease) show homology to 
translated EBV ORFs. In addition to the amino acid sequence 
homology between the predicted polypeptide sequences, the 
genes are similarly arranged although their location within 
the genome differs (McGeoch et a l ., 1986b). The
organisation of homologous genes found to date are 
illustrated in figure 1.5. (McLauchlan and Clements, 1983; 
Gibson et a l ., 1984; Quinn and McGeoch, 1985; McGeoch et_
al., 1986b).
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Figure 1.5 Location of homologous genes in HSV-1
and EBV

The HSV-1 prototype genome (above) and EBV genome are 
shown. Repeat elements are shown as open boxes, unique 
sequences as solid lines. All genes encoding detectable 
homologues reported to date are illustrated. From left to 
right, in the HSV-1 genome, homologous genes labelled are as 
follows. a) exonuclease and neighbouring genes; b) 
glycoprotein B, major DNA binding protein and polymerase 
genes; c) genes for both of the ribonucleotide reductase 
subunits (McLauchlan and Clements, 1983; Gibson et a l ., 
1984; Quinn and McGeoch, 1985; McGeoch et a l ., 1986b).
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Therefore# despite the identification of homologous 
genes in HSV-1 and EBV, and a similar local arrangement of 
genes, large scale rearrangements of DNA sequences must have 
occurred during the evolution of these viruses. All the 
homologous genes identified to date are located within the 
UL region of the viruses. No homology has been detected 
between any EBV ORF and the genes located in the short 
region of HSV-1 (McGeoch and Davison, 1986). The structure 
of the EBV genome in relation to the organisation of unique 
and repeat sequences is markedly different from that of 
HSV-1, as described in section 1.2. Further, no DNA 
sequence homology between the two viruses has been detected 
by cross hybridisation experiments (Honess and Watson, 
1977).



MATERIALS AND METHODS
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MATERIALS

2.1 Enzymes

Restriction endonucleases, T4 DNA polymerase and T4 
polynucleotide kinase were obtained from Bethesda 
Research Laboratories.
The large fragment of Escherichia coli polymerase I 
(Klenow), was obtained from Boehringer Corporation 
Limited, or provided by A.J. Davison.
Calf intestinal phosphatase was obtained from 
Boehringer Corporation Limited.
E.coli DNA polymerase I and T4 DNA ligase were obtained 
from New England Biolabs.
Lysozyme and proteinase K were purchased from Sigma 
Chemical Company Limited.

2.2 Chemicals

5-chloro-4-bromo-3-indolyl-^-D-galactosidase (BCIG) and 
isopropyl-D-thiogalactoside (IPTG) were obtained from 
Sigma Chemical Company Limited.
3 1-deoxyribonucleoside 5'-triphosphates and 
2 ' ,31-dideoxyribonucleoside triphosphates were supplied 
by Pharmacia P-L Biochemicals.
Synthetic oligonucleotide primers were obtained from 
Celltech Limited.
Other laboratory chemicals were obtained from BDH and 
Sigma.
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2.3 Radiochemicals

All radiochemicals were obtained from the Radiochemical 
centre, Amersham:
[ {>£ 32p ]dNTPs at 3000 Ci/mmol, 10 mCi/ml.

2.4 Miscellaneous Materials

3MM chromatography paper was purchased from 
Whatman Limited. Nitrocellulose 82 mm discs (BA85,
0.45 urn pore) and nitrocellulose paper (BA85, 0.45 urn 
pore) were obtained from Schleicher and Schuell.
Wacker silicone was provided by Wacker-Chemie GmbH, 
Munich.
Repelcote (2% solution of dimethyldichlorosilane in 
1,1,1-trichloroethane) was supplied by Hopkin and 
Williams.

2.5 Buffers and Solutions

TBE 90 mM Tris-base, 90 mM boric acid,

5000 Ci/mmol, 10 mCi/ml.

NTE

TE
2.5 mM EDTA. pH 8.3.
10 mM Tris.HCl, 0.1 mM EDTA. pH 
8.0.
10 mM Tris.HCl, 10 mM NaCl, ImM
EDTA. pH7 .4

Denhardts

SSC 0.15M NaCl, 15 mM Na citrate. pH 
7.5.
0.02% (w/v) each Ficoll, 
polyvinylpyrrolidone, BSA (bovine 
serum albumin) in 0.06 X SSC.
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2.6 Agar and 

2YT

L Broth

L Broth Agar 
Top Agar

Bacterial Growth Media

85 mM NaCl, 1.0% (w/v) 
bactopeptone, 1 .0 % (w/v)
yeast extract.
177mM NaCl, 1.0% (w/v) 
bacto-peptone,
0.5% (w/v) yeast extract.
1.5% (w/v) agar in L Broth.
1 .0% (w/v) agar in water.
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METHODS

2.7 Glycerol stocks of bacteria

Bacterial stocks were prepared from 20 ml 
standing cultures grown overnight in 2YT# at 37°C. 
After centrifugation at 5000 rpm for 5 min, 4°C, the 
bacterial cell pellets were resuspended in 2 ml 2 % 
Difco bactopeptone (w/v) and 2 ml 80% glycerol (v/v) 
was added. The stocks were stored at -70°C.

2.8 HSV-1 recombinant plasmids

The bacterial hosts used were E .coli K12 strains 
HB101 (Boyer and Roulland-Dussoix, 1969) and DHl 
(Hanahan, 1983). The following recombinant plasmids 
carrying restriction fragments of HSV-1 cloned into 
pAT153 (Twigg and Sherratt, 1980) were used in this 
work:

plasmid HSV-1 fragment(s) cloning site source

pGX48 
pGX2 3 
pGX190 
pGX53

BamHI b 
BamHI e 
Hpal s and v 
Sall-BamHI 
subfragment of 
BamHI b

BamHI
BamHI
EcoRl/BamHI 
BamHl/Sail

F.J. Rixon 
V.G. Preston 
C.M. Preston
F.J. Rixon

2.9 Preparation of plasmid DNA

A standing culture of 100 ml 2YT broth with 100 
Mg/ml ampicillin inoculated with 50 pi from a glycerol
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stock was incubated overnight at 37°C. This was added 
to 1.6 1 L broth and incubated at 37°C in an orbital 
shaker for 3-4 h until it reached an optical density at 
550 nm of approximately 0.7 (O.D.55Q 0.7). The plasmid 
was amplified by the addition of chloramphenicol to 25 
pg/ml (Clewell, 1972) and the culture shaken overnight 
at 37°C.

The isolation of plasmid was by soft lysis as 
described by Katz et a l . (1973). The bacteria were
pelleted by centrifugation at 5000 rpm for 5 min and the 
cell pellet was resuspended in 10 ml 25% sucrose (w/v) 
in 50 mM Tris.HCl (pH 8.0). All subsequent procedures 
were carried out on ice. Lysozyme was added to a 
concentration of 2 mg/ml to disrupt bacterial cell 
walls. After 5 min, 4 ml 250 mM EDTA (pH 8.0) was 
added, and incubation on ice continued for a further 5 
min. Lysis of the bacterial cells was achieved by 
adding 16 ml of 2% (v/v) Triton X-100 in 50 mM Tris.HCl 
(pH 8.0), 2.5 mM EDTA and standing 20 min on ice. The 
lysate was centrifuged for 20 min at 15000 rpm at 4°C to 
pellet cell debris and the majority of the chromosomal 
DNA. The supernatant was mixed vigorously with an equal 
volume of NTE-equi1ibrated phenol and centrifuged at 
5000 rpm for 5 min. The upper aqueous layer was phenol 
extracted again and the DNA precipitated with three 
volumes of ethanol and a tenth volume 4 M NaOAc at 
-20°C.

The plasmid DNA was purified by isopycnic banding 
on caesium chloride gradients to remove residual host 
cell DNA and RNA. To prepare the gradient, the DNA was 
recovered from the ethanol precipitation by 
centrifugation at 8000 rpm for 30 min, rinsed in 70% 
ethanol, and dried. The pellet was resuspended in 0.75 
g/ml CsCl containing 0.5 mg/ml ethidium bromide.
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Centrifugation was carried out at 40000 rpm for 18 h, at 
15°C in a TV865 or TV865B rotor. The lower fluorescent 
red band, visualised under long wave (365 nm) UV 
irradiation contained the supercoiled plasmid DNA and 
was removed using a needle and syringe. The ethidium 
bromide was removed from the sample by extraction with 
CsCl-saturated isopropanol. To precipitate the DNA, 
three volumes of water and nine volumes of ethanol were 
added, and the sample held at -20°C.

2.10 Transformation of bacterial cells with plasmid DNA

Host bacterial cells were grown to an O. D . 5 3 Q  0.3 
and pelleted by centrifugation at 5000 rpm for 5 min at 
4°C. The pellet was resuspended in a half volume of 
ice-cold 50 mM CaCl2 and incubated on ice for 20 min.
The cells were centrifuged again and resuspended in a 
tenth volume of ice-cold CaCl2 - Plasmid DNA (20-200 ng) 
was added to 0.2 ml aliquots of calcium shocked cells 
and incubated on ice for 1 h. The samples were heated 
to 42°C for 2 min and transferred to 1 ml 2YT and grown 
as shaking cultures at 37°C. After 1 h, 0.2 ml aliquots 
of each sample were spread on L broth agar plates 
containing the appropriate selective antibiotic and 
incubated overnight at 37°C. Colonies picked from the 
plates were streaked on duplicate plates containing 
antibiotics; one antibiotic to which it was resistant 
and one to which it was sensitive. For example bacteria 
containing the plasmid pGX48 are ampicillin resistant 
and tetracyclin sensitive. Colonies were restreaked 
onto L broth agar plates and grown overnight.
Individual colonies were picked and glycerol stocks 
prepared, as described in section 2.7.
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2.11 Isolation and preparation of DNA prior to cloning

DNA fragments to be sequenced were digested with 
the appropriate restriction enzyme and purified from the 
vector by gel electrophoresis. Generally, fragments 
greater than 2000 base pairs in length were purified by 
elution from low melting point agarose and smaller 
fragments from polyacrylamide gels.

a) Elution from low melting point agarose

The digested DNA was electrophoresed through a 1% 
agarose minigel run in 1 X TBE with 1 jug/ml ethidium 
bromide at 30 mA. Under long wave UV illumination, a 
slice containing the DNA fragment was cut from the 
agarose. The agarose was heated to 65°C in two volumes 
of TE for 10 min. The sample was extracted twice with 
an equal volume of phenol equilibrated with TE, and 
ethanol precipitated.

b) Elution from polyacrylamide gel

The digested DNA was electrophoresed through a 4% 
polyacrylamide gel run in TBE at 40 mA for 6 h. The gel 
was soaked in 5 jag/ml ethidium bromide for 5 min and 
rinsed. Under long wave UV illumination, a slice 
containing the DNA fragment was cut from the gel. The 
gel slice was extruded through a hole pierced in a 0.5 
ml Eppendorf tube by centrifugation. The acrylamide was 
mixed vigorously with 0.5 ml elution buffer [0.5 M 
NH4OAC, 1 mM EDTA, 0.1% SDS (sodium dodecyl sulphate)] 
and incubated overnight at 55°C. The sample was 
filtered through sterile glass wool, extracted with TE 
saturated phenol and ethanol precipitated.

The DNA was prepared for insertion into M13 by two
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methods. a) The DNA was digested with a restriction 
enzyme yielding flush ends, such as Alul, Rsal and 
Smal, for ligation into the Smal site of the vector. 
Alternatively, the DNA was digested with Sau3AI and 
ligated into the BamHI site of the vector.

b) A large proportion of the recombinant M13 
clones were prepared using sonicated DNA. After the DNA 
was isolated from the plasmid, the ends of the fragment 
were ligated together using 2 units of T4 DNA ligase in 
ligation buffer [10 mM Tris.HCl (pH 7.5), 10 mM MgCl2 #
10 mM DTT (dithiothreitol), 1 mM ATP], to a final volume 
of 10 ûl, at 15°C for 48 h. Random DNA fragments were 
generated by sonication as described by Deininger 
(1983). The DNA (5-20 pg) was suspended in 0.5 ml 
sonication buffer [500 mM NaCl, 100 mM Tris.HCl (pH
8.00), 1 mM EDTA]. This was sonicated in 5 X 5 s 
bursts, with 40 s intervals, using a Daves soniprobe set 
at minimum power.

The ends were made flush by incubation with 4 
units of T4 DNA polymerase at 37°C for 1 h in 67 mM 
Tris.HCl (pH 8.0), 7 mM MgCl2 # 0.025mM each of dCTP, 
dGTP, dATP, dTTP and 5 mM DTT. The reaction was stopped 
by the addition of an equal volume of 10 mM EDTA 
followed by extraction with phenol equilibrated with TE, 
and ethanol precipitation.

The products of the sonication were size 
fractionated prior to cloning. The DNA was run on a 
1.5% agarose, 1 X TBE, 1 jug/ml ethidium bromide, minigel 
at 50 mA alongside DNA markers of appropriate size. 
pAT153 DNA digested with Hinfl, giving fragment sizes of 
1651, 517, 396, 298, 221, 220, 154, 145 and 75 bp, was 
generally used. Under long wave UV illumination, a 
trough was cut in the sample track just ahead of the
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220/221 bp marker band, and this was filled with buffer. 
The gel run was continued and the buffer in the trough 
collected and replaced at 30 s intervals. Fractions of 
buffer were collected until, upon UV visualisation, the 
size of the fragments in the trough was estimated to be 
greater than 500 bp. The DNA was extracted with TE 
saturated phenol and ethanol precipitated. The DNA was 
pelleted and resuspended in TE buffer to a final 
concentration of 50-500 ng/pl.

2.12 Construction of recombinant M13 clones

The double stranded replicative form (RF) of 
M13mp8 (either prepared as for plasmids, Katz et a l ., 
1973, or obtained from Amersham) was used for all 
cloning experiments. The vector was linearised with 
Smal and 5' phosphate groups removed with calf 
intestinal phosphatase, to abolish recircularisation of 
the vector during ligation. Vector DNA (10 ng) was 
incubated with 10-500 ng DNA insert with 2 units of T4 
DNA ligase in ligation buffer, as described above in 
section 2.11, for 48 h at 15°C (Sanger et a l ., 1980).

2.13 Transfection of bacterial cells with M13

E .coli JM101 were grown to an O . D . ^ q  0.3 and 
calcium shocked as described in section 2.10. The 
ligation mixture was added to 0.2 ml aliquots of the 
calcium shocked cells and incubated on ice for 40 min. 
The samples were heated to 42°C for 2 min. 3 ml of 
melted top agar at 42°C containing 20 ul IPTG (100 mM) 
and 25 ul of 2% BCIG in dimethylformamide was added to 
the sample and the mixture poured on to 90 mm L broth 
agar plates and incubated at 37°C overnight.
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2.14 Growth and Extraction of recombinant M13 clones

An overnight standing culture of JM101 was used to 
inoculate 2YT broth (1:100). This was dispensed in 
1.5 ml aliquots into 25 ml Universal bottles. The 
recombinant (colourless) plaques were toothpicked from 
the plates into the broth and incubated at 37°C for 
6-7 h with shaking.

The clones were centrifuged at 10000 rpm for 5 min 
to pellet the bacterial cells. The supernatant (0.8 ml) 
was transferred to a 1.5 ml Eppendorf tube and the phage 
precipitated by the addition of 0.2 ml 2.5 M NaCl, 20% 
polyethylene glycol (PEG) 6000 for 30 min at room 
temperature or 4°C overnight. After centrifugation at 
10000 rpm for 5 min, the supernatant was removed. After 
a brief centrifugation, any remaining supernatant was 
removed with a glass capillary tube. The pellet was 
resuspended in 100 ul TE, extracted with 50 pi phenol 
equilibrated with TE, and ethanol precipitated. After 
centrifugation for 5 min at 10000 rpm, the DNA pellet 
was resuspended in 50 pi TE and stored at -20°C.

2.15 Screening recombinant clones

The DNA fragment was not always isolated from the 
plasmid prior to sonication. In this case a proportion 
of the recombinant M13 clones would contain pAT153 DNA 
inserts. Dot blot hybridisation of these clones was 
used to identify useful clones. Generally two probes 
were used on duplicate filters, namely, one probe of the 
DNA fragment to be sequenced and the second probe of pAT 
DNA.
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2.16 Preparation of nick translated DNA

The DNA (0.5 pg) to be used as a probe was 
labelled with 2 pCi [0(32p]d^TP using 1 unit of DNA 
polymerase I and 1 pi DNase (10“ 4 pg/ul) in a reaction 
mix containing 0.05% BSA, 0.1 mM each of dTTP, dCTP and 
dGTP in nick translation buffer [50 mM Tris.HCl 
(pH 7.8), 5 mM MgCl2 / 1 mM DTT] in a final volume of 
20 pi. The reaction was carried out at 15°C for 90 min. 
The DNA was isopropanol precipitated for 30 min with a 
half volume of isopropanol and a tenth volume 4 M NaOAc 
on dry ice. After centrifugaton at 10000 rpm for 5 min, 
the pellet was resuspended in TE and isopropanol 
precipitated again.

2.17 Probing recombinant M13 clones

A sample of DNA from each clone processed (0.5 pi) 
was spotted on an 82 mm nitrocellulose grid. The 
nitrocellulose was air dried and baked under vacuum at 
80°C for 2 h. The nitrocellulose was prehybridised at 
68°C, shaking gently, in hybridisation buffer [20 mM 
Tris.HCl (pH 7.5), 6 X SSC, 10 X Denhardt's buffer, 1 mM 
EDTA, 0.5% SDS, 50 pg denatured calf thymus DNA], The 
nick translated probe was pelleted as before, taken up 
in 80% formamide and heated at 100°C for 5 min. The 
nitrocellulose was then incubated in fresh hybridisation 
buffer containing the nick translated probe. 
Hybridisation was continued overnight, with shaking, at 
680c. The nitrocellulose was washed three times for 
30 min.in 2 X SSC, 0.2% SDS at 60°C, with shaking. The 
filters were air dried and autoradiographed.



Table 2.1 Nucleotide concentrations used in

DNA sequencing reactions

component 

(concentration) T

sequencing solution 

C G

dNTPs (0.5mM)
dTTP 25 500 500
dCTP 500 25 500
dGTP 500 500 25

DDNTPS (5MM)
DDTTP 30 --- ---
ddCTP   2 ---
ddGTP --- -—  5
ddATP --- --- ---

TE buffer 945 973 970

A

500
500
500

3

497
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2.18 Sequence analysis of recombinant M13 clones

Single stranded DNA template (2 pi) was annealed 
to 2.5 ng of a commercial oligonucleotide primer 
(purchased from Celltech) in 10 mM Tris.HCl (pH 8.5),
10 mM NaCl in a volume of 10 pi at 37°C for 30 min. The 
annealed DNA was aliquoted in 2 pi fractions into four 
0.5 flnl Eppendorf tubes, corresponding to the specific T, 
C, G and A reactions of each clone (Sanger et a l .,
1977). An equal volume of nucleotide mix containing 
dNTPs and specific ddNTPs (see Table 2.1), 1 pM dATP, 
[0(32p]ciATP (0.25 pCi/clone), and polymerase I (Klenow 
fragment) was added to each tube. The tube contents 
were mixed and the reaction allowed to proceed for 
15 min at room temperature. The reactions were chased 
by addition of dATP to a final concentration of 0.1 mM 
for 30 min at room temperature. The reaction was 
stopped by the addition of formamide dye mix 
[0 .1% bromophenol blue (w/v), 0 .1% xylene cyanol (w/v) 
in formamide]. The samples were heated to 100°C for 
1 min and electrophoresed through polyacrylamide gels.

2.19 Electrophoresis and autoradiography of sequence 
gels

Electrophoresis was carried out through vertical 
gels 40 X 20 X 0.03 cm in size. Spacers and gel combs 
were cut from Plasticard. The notched plate was treated 
with Repelcote. The plain plate was treated with
0.5% Wacker silicone in 0.3% acetic acid and ethanol 
(Garoff and Ansorge, 1981). This bonds the acrylamide 
to the plate allowing the gel to be dried down after 
electrophoresis.
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2.20 Gradient gels

Generally, electrophoresis was carried out through 
TBE gradient gels (Biggin et a l ., 1983). In this system 
a buffer gradient is produced in the gel, with 0.5 X TBE
in the top and 2.5 X TBE in the bottom of the gel. This
was achieved using two acrylamide gel mixes. The top 
mix was of 0.5 X TBE, 6 % acrylamide and 9 M urea. The
bottom mix was compos ;ed of 2.5 X TBE, 6 % acrylamide,
9 M urea, 5% sucrose (w/v) and 0.1% bromophenol blue 
(w/v), to visualise the gradient. When preparing a 
40 X 20 X 0.03 cm gel, ammonium persulphate and TEMED 
were added to both the top (0.016% and 0.16%, 
respectively) and bottom (0 .0 2% and 0 .2 %) gel mixes.
4 ml of top mix was drawn into a 25 ml syringe followed 
by 6 ml of bottom mix. A few bubbles were passed 
through to allow some mixing. The syringe contents were 
slowly expelled between the plates to the bottom. The 
remainder of the top gel mix was used to make up the 
rest of the gel. The gel comb was inserted into the top 
and the gel rested in a near horizontal position until 
polymerisation was complete. The tape was removed from 
the bottom of the gel, and the plates set up with 0.5 X 
TBE in the top and 1 X TBE in the bottom tank of a gel 
kit. After removing the comb, the wells were flushed 
with 0.5 X TBE and the DNA samples loaded. The gels 
were run at a constant power of 40 W for 2 h 30 min.

2.21 Alternative sequencing systems

In some instances, the sequence of the DNA insert 
in the template will form secondary structures which 
prevent the polymerase reading through the region. This 
results in "pile-ups". Pile-ups are observed on the
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autoradiograph of the gel as a concentration of label in 
all four sequencing tracks at the same position.
Usually, the bands above this region are of a lower 
intensity. This effect can be alleviated by running the
sequencing reactions at 37°C, rather than at room
temperature.

The sequence of the newly synthesized DNA strand 
may lead to the formation of secondary structures which 
result in an anomalous gel migration pattern, called 
compressions. To resolve this, the gels can be 
maintained at a higher temperature using a jacket of 
circulating water at 80°C. In this system, the 
sequencing reactions were carried out as described and 
run on a 0.5 X TBE, 6 % acrylamide, 9 M urea gel. Prior 
to loading the samples, the gel was heated, using the 
hot water jacket, for one hour and prerun at 40 W for
30 min. Once the samples were loaded the gel was run at
40 W for 3 h.

Formamide gels containing 30% deionised formamide, 
6% acrylamide, 8 M urea and 1 X TBE were also used to 
resolve ambiguous DNA migration patterns. Gels were 
prerun for 30 min, and the run continued at 40 W, after 
loading the samples.

The analogue of dGTP, deoxyinosine triphosphate 
(dITP), was also used to reduce ambiguities in migration 
pattern. Sequencing reactions were carried out as 
described using a different set of sequencing solutions. 
The solutions were made up as described in Table 2.1, 
but substituting the 0.5 mM dGTP with 2.0 mM dITP, and 
the 5.0 mM ddGTP with 50 mM ddlTP. The reactions were 
chased with 0.2 mM dGTP and 0.2 mM dATP.
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2.22 Autoradiography

After electrophoresis, the plates were dismantled 
and the gel, bonded to the plain plate, immersed for 
30 min in 10% acetic acid to fix the DNA and remove the 
urea from the gel. The gels were dried down on the 
plate in an oven at 125°C for 1-2 h. An overnight 
exposure against Kodak X-Omat film at room temperature 
generally gave the required intensity.

2.23 Accumulation, storage and handling of sequence 
data

DNA sequence data were handled and interpreted 
using the Institute of Virology's PDP 11/44 computer 
operating under RSX11M. The gel readings were read and 
typed into the account using BATIN (Batch input) which 
stores data from gel readings under a chosen file name 
(Staden, 1977). Additionally, gel readings were entered 
using the digitising pad using the program DPAD 
(Digitising pad, written by P. Taylor), which stores the 
data in the same manner.

The compilation of the individual gel readings 
entered into the database was achieved using a group of 
programs designated BATCH, based on the DBAUTO system of 
Staden (1982). Firstly, a search is made to detect any 
restriction site chosen by the operator in the gel 
readings. This helps to avoid entering gel readings 
which extend beyond the cloning site into vector 
sequences, or to read across religated termini of the 
starting DNA fragment. The gel readings which pass this 
test are compared against the cloning vector sequences. 
M13 clones which do not have an insert, or have inserts 
containing pAT153 sequences are rejected. The data are
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then compared against a consensus of the gel readings 
currently held. Gel readings which show a level of 
homology to the latest consensus sequence are entered 
into the database in the appropriate region of the 
sequence. Where necessary, the program will insert 
padding characters into either the newly entered gel 
reading or into the consensus sequence, to enable the 
sequences to be correctly aligned. Gel readings which 
show no homology to any sequence held in the database, 
are also entered, but are held individually as separate 
"contigs".

The sequence held in the database could be 
manipulated with DBUTIL (database utility) (Staden,
1980). This allows individual gel readings to be 
entered directly. In addition it gives access to all 
the data in the database, including lists of the entered 
gel readings with details of the location, length and 
orientation of the clone.

During the analysis of the determined sequences, 
several programs were used. These are now listed 
together with a brief description.

BASES This counts the number of each base in a 
nucleotide sequence at a specified position (for example 
every third base), or in the whole sequence (P.Taylor, 
unpublished).

CINTHOM The program searches for homology between two 
amino acid or nucleotide sequences and displays the 
results in a matrix plot. Homologous sequences are 
displayed as letters. Greatest homology is scored with 
capital letters. The parameters such as window length 
are set by the operator (Pustell and Kafatos, 1982).
This program has been adapted by P.Taylor (unpublished)
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to score for conservative amino acid changes, as 
evaluated by Dayhoff (1983).

CHOP This provides a rapid editing facility which will 
delete strings of nucleotide or amino acid sequences 
from a file (P. Taylor, unpublished).

DIAG Results from CINTHOM can be converted to a dot 
plot using this program (P.Taylor, unpublished).

DSPLY This gives a graphic display of open reading 
frames (ORFs) in a DNA sequence. Only ORFs greater than 
a chosen length, or ORFs starting with an initiation 
codon can be specified (Cold Spring Harbor Laboratory).

FRMSCN This is used to evaluate the codon usage of all 
three reading frames in a DNA sequence. The coding 
region of a similar gene is used as a reference (Staden 
and McLachlan, 1982).

HOMOL This program will optimally align two amino acid 
or DNA sequences and indicate identical residues. The 
parameters are set by the operator (Taylor, 1984).

MOLGEL Using marker tracks as reference, this program 
will calculate the size of an unknown DNA fragment on a 
gel (P. Taylor, submitted).

PROFILE This will give a graphic display of 
hydropathicity plots of amino acid sequences (Based on 
Kyte and Doolittle, 1982), or G+C contents of DNA 
sequences (P. Taylor, unpublished).

PTRANS This will give an amino acid translation of a 
specified region of a DNA sequence. It will also 
provide amino acid content and codon usage tables (P.
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Taylor, 1986)

SEARCH This will search for specified strings of 
characters in a nucleotide or amino acid sequence (R. 
Staden, unpublished).

SEQLST This was used to provide listings of DNA 
sequence files (P.Taylor, unpublished).

TURN This program will reverse and complement a 
nucleotide sequence (P.Taylor, unpublished).

WORDSEARCH The National Biomedical Research Foundation 
protein sequence database (version 6 ) was searched using 
the wordsearch program of the "Wisconsin package" 
(Devereux et a l ., 1984) as implemented on a VAX at the 
Edinburgh Regional computing centre.

2.24 Calculation of DNA length by electrophoresis of 
labelled fragments

To determine the size of a particular restriction 
fragment which includes a tandem reiteration, 0.5 pg 
pGX48 was digested with Smal, and the 5' phosphate 
groups removed with calf intestinal phosphatase. After 
complete digestion, the DNA was extracted once with TE 
equilibrated phenol and ethanol precipitated. The 
pelleted DNA was labelled with [ J 32p]^TP using 5 units 
T4 polynucleotide kinase in 40 mM Tris.HCl (pH 7.5),
10 mM MgCl2 # 5 mM DTT for 30 min. at room temperature. 
Radioactive size markers were prepared by digesting 1 pg 
pAT153 DNA with 5 units Haell in 50 mM Tris.HCl (pH
8.0), 10 mM MgCl2 * 50 mM CaCl2 - TBE dyes [0.1% 
bromophenol blue (w/v), 0 .1% xylene cyanol (w/v) in 
5 X TBE] were added to the samples. The DNA was loaded
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on a 1 X TBE, 3% polyacrylamide gel and run at 40 v, 
alongside the pAT153/HaeII markers. The dyes were used 
as size markers to estimate the length of the run.
After drying down the gel, an overnight exposure on 
Kodak X-Omat film was taken. Using the computer program 
MOLGEL (Taylor, unpublished), with the pAT153/HaeII 
fragments as reference, the size of the DNA fragments 
was calculated.



RESULTS
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RESULTS 

3.1 SEQUENCE DETERMINATION

The DNA sequences of the HSV-1 restriction 
fragment BamHI b and part of BamHI e were determined. 
The plasmids used for sequencing are shown in figure
3.1. The entire BamHI b fragment and the Smal - BamHI 
subfragment containing the Ul  component of BamHI e were 
sequenced using dideoxy chain termination reactions of 
recombinant M13 clones containing random DNA fragments. 
Examples of three sequenced clones are shown in figure
3.2. The recombinant M13 clones generated data 
covering the whole sequence investigated. The data 
were compiled and analysed using the computer programs 
described in the previous chapter.

The databases containing the compiled sequences 
are shown in figures 3.3 and 3.4. Listings of the M13 
clones used to sequence the two fragments are given in 
figures 3.5 and 3.6. The sequence determined for the 
BamHI b fragment, shown in figure 3.7, is 10041 bp in 
length and has a base composition of 6 8 .8 % G+C. The 
sequence was determined from 116,136 characters from 
611 sequence readings, so that residues were sequenced 
an average of 11.6 times. 99.5% of the sequence was 
obtained for both strands. In BamHI e, the sequence 
determined for the Smal-BamHI subfragment, shown in 
figure 3.8, is 3160 bp in length and has a G+C content 
of 64.2%. The sequence was determined from 109 gel 
readings giving 22037 characters, or 7.0 characters per 
base. 89.3% of the sequence was obtained for both 
strands. 98.6% of the sequence of BamHI e in UL was 
determined from both strands.

Difficulties in obtaining the sequence due to
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Figure 3.1 Plasmids used in DNA sequencing

The upper part of the figure shows the prototype 
arrangement of the HSV-1 genome. The location of 
restriction fragments used for DNA sequence analysis are 
shown. Plasmids pGX23, BamHI e; pGX48, BamHI b; pGX190, 
Hpal s and v; pGX53, Sall-BamHI subfragment of BamHI b.
B = BamHI, H = Hpal, Sa = Sail, Sm = Smal.
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Figure 3.2 Sequencing gels

The figure shows three clones sequenced as described 
in the text and run on 6% polyacrylamide, 9M urea, TBE 
gradient gels. The sequencing reactions in the four tracks 
are from left to right, T,C,G,A.
1. The first gel shows a sequence in which both the
beginning and end of the DNA insert in the M13 clone are 
clearly visible. These are indicated by the arrowheads.
2. The sequence of the second M13 clone contains a
reiteration set, which gives a characteristic ladder pattern 
of fragments.
3. The insert of the third M13 clone contains the DNA
sequence spanning the TRl /Ul junction. The arrowhead 
indicates the location of the junction.



Figure 3.3 BamHI b database

The compiled gel readings of recombinant M13 clones 
covering the BamHI b restriction fragment held in the

orientated as in the prototype genome, and numbering starts 
at the left BamHI site.

The columns of numbers on the left side of the 
sequence are the clone identity numbers (see figure 3.5). 
Clones with negative identity numbers contain sequences from 
the opposite DNA strand, and their complementary sequence is 
displayed. During the compilation of the data, padding 
characters are used to optimally align the sequences. These 
are seen as X, *, or as a blank. The consensus sequence 
derived from the amassed data is shown in the bottom line of 
the display.

In the database the following "uncertainty" codes are 
used:

database are given in the following pages. The sequence is

Symbol
1
2
3
4

Meaning 
probably CVI T

A
G

n
n

D
V
B
H

Definitely C, possibly CC
A, " AA
G, " GG

R
Y
5
6
7
8

A or G 
C or T 
A or C 
G or T 
A or T 
G or C
A, C, G or T

(Staden, 1980)



10 2 0  30 < 0  so fee 7 0  BC 9 0  1 0 0  111' 120
l t l  GGATCCCAAXGACCCXGCCXATGGXTCCCAATTGGCXGTCCXGTTAACAAGACXAACCA 

-5 B 9  GGATCCC AACGACCCCGCCCATGGGTCCC AATTG GCCG7CCCGTT ACC AAG ACC AACCC AGCC AGCGTATCC ACCCCCGCCCGGGTXCCCGCGG AAGCGG AACGGGGTATGTXA 
- 1 6 3  GGATCCC AACGACCCCGCCCATGGGTCCC AA TTGGCCGTCCCGTT ACC AAG ACC AACCC AGCC AGCGTATCCACCCCCGCCCGGGTCCDXGCGGAAGCGGAACGGGGTATGTGATATGCT 
- 1 0 5  GGATCCCAACGACCCCGCCCATGGGTCCCAATTGGCCGTCCCGTTACCAAGACCAACCCAGCCAGC*TATCCACCCCCGCCCGGGT*CCCGCGGAAGCGGAACGGHXTATGTGATATGC7 

30 CCCCGCCCATGGGTCCCAATTGGCCGTCCCGTTACCAAGACCAACCCAGCCAGCGTATCCACCCCCGCCCGGGTCCCCGCGGAAXXHGAAH
- 9 0  7CCCGTT ACC AAG ACC AACCC AGCCAGC *TATCCACCCCCGCCCGGXT*CCCGC *KAAGCGGAACGGGXTATGTGATATGCT

-  39  7 GTT ACC AA&ACC AACCC AGCC A&CGTATCCACCCCCGCCCGGGTCCC •  GCGGAAGCGGAACGGGGTATGTHATATGC7
< 9 2  AACCCAGCCA&CGTATCC ACCCCCGCCCGGGTCCCCGCGGAGAC *GAACGGGGTATGTGATATGCT

GGATCCCAACGACCCCGCCCATGGGTCCCAATTGGCCGTCCCGTTACC AAG ACC AACCC AGCC AGCGTATCCACCCCCGCCCGGGTCCCCGCGGAAGCGGAACGGGGTATGTGATATGCT

1 3 0  1 4 0  1 5 0  IfeQ 17 0  1B0 1 9 0  2 0 0  2 1 0  2 2 0  2 3 0  240
- 1 6 3  AATTAAATACATGCCACGTACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAGGTGGGGCGGGGG
- 1 0 5  AATTAAA7AC ATHCC ACGTACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAGGTGG*XCGGGGGXCCCGCCXGGGGGGCGGAAC 8AGGAGGGGTTTGGGAGAG 

- 9 4  AATTAAATAC ATGCCACGTACTTATG*TGTCTGATTGGTCCTTGTCTGTGCCGGAGGTGGGXCGGGGGX*CC£CCXGGGGGGCGGAACGAGGA*GGGTTTGGGAGA6C "GGCCCCGGCAC 
- 3 9 7  AATTAAATAC ATGCCACGTACTTATGGTGTCTGATTGC-TCCTTGTCTAT -CCGGAGGTGGG*CGGGGGX-C AXCCXGGGGGGCGGAACGAGGAGGGGTTTGGGAGA*CCGGCCCCGGC AC 

4 9 2  AATTAAATACATGCCACGTACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAG*TGGGGCGGGGGXCCCGCCXGGGGGGC*GAACGAGGAGGGGTTTGGGAGAGCCGGCCCCGGC AC
15 2  TAAATAC ATGCCACGTACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAGXTGGGGCGGGGGX* *CGC *X*GGGGGCGGAACGAGGAGGGGTTTGGGAGAGCGGC *CCCGGCAC
3 2 0  ACGTAXTTATGGTGTCTGATTGGTDXTTGTCTGTGDXGGAGXTGGGGCGGGGGXCCCGDXXGGGGGGCG1AA&GAGGAGGGGTTTGGGAGAGCCGGCCCCGGCAC
2 3 )  GTACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAG*TGGGGCGGGG*X»*CGDCXGGGGGGCGGADCGAGGAGGGGTTTGGGAGAGCCGGCCCCGGC*C
6 2 4  TACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAGGTGGGGCGGGGGCCCCGCCCGGGGGGCGGAACGA
6 2 3  TTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAGGTGGGGCGGGGGCCCCGCCCGGGGGGCGGAACGAGGAGGGGTTT
2 4  5 TGGTGTCTGATTGGTCCTTGTCTGTGCCGGAC*TGGGGCGGGGGX*CCGCCXGGGGGGCGXAACGAGGAGGGGTTTGGGAGACC*GGCCCC

- 6 2  5 GGTGTCTGATTGGTCCTTGTCTCTGCCGGAGGTGGGGCGGGGGCCCCRCCCGGGGGGCGGAACGAGGAGGGGTTT
3 3 7  GGTGTCTGATTGGTCCTTGTCTGTGCCGGAGXTGGGGCGGGGGXXCCGDXXGGGGGGlGXAACGAGGAGGGGTTTGGGAGAGCCGGCCCCGGCAC
4 5 3  TTGGTCCTTGTCTGTGCCGGAGXTGGGGCGGGGGXXXXXCCXGGGGGXXX6AACGAGGAGGGGTTTGGGAGAGCCGGCCCCGGCAC

- 1 3 5  GGGXXCCGCXXXGGGGGC GAAC A GA GGGTTTGG A-AGC*CGGCCCCGGAC
- 1 4 1  CCXGGGGGGCGGAACGAGGAGGGGTTTGGGAGAGCCGGCCCCGGCAC
-  4 4 1  CXGGGGGGCH * AACGAGGAGGGGTTTGGGAGAGCCGGCCCCGGCAC

6 6 4  GGTTTGGGAGAGCCGGCCCCGCGAC
- 5 1 6  CGGCCCXGGCAC
- 2 2 6  CCCGGCAC

AATTAAATACATGCCACGTACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAGGTGGGGCGGGGGCCCCGCCCGGGGGGCGGAACGAGGAGGGGTTTGGGAGAGCCGGCCCCGGCAC

2 5 0  26C 2 7 0  2 8 0  2 9 0  3 0 0  3 1 0  3 2 0  3 3 0  3 4 0  3 5 0  36 0
- 9 4  CAC*GGTATAAGGACATC AC ACCCGGCCGGTGGTG4TGT CAGCC *TGTTCC AACCACGGTC AC G 

- 3 9 7  CACGGGTATAAGGAC A TCA * *CACCCGGCCGGTGGTXHTGTXCA 
4 9 2  CACGGGTATAAGGACATCC ACC ACCCGGCCGGTGGTGGTGTGC AGCCGTGTTCC AACCACGGTCACGCTTCGGTGCCTCTCCCCGTTAC*GGCCCTGGCXXTCGCTCG  
1 5 2  CA*GGGTATAAGGACATCCACCACCCGGCCGGTGGTGGTGT*CAGCCGTGTTCCAA*CACGGTCACGCTTCGGTCGCTCTCCCG  
3 2 0  CACGGGTATAAGGACATCCACCACCCGGCCGGTHGTGGTGTGCAGCCGTGTTCCAACCACGGTCACGCTTCGGTGCCT8TGCCCGATTGGGGCCC 
23 1  CACGGGTACAAGGCG'TCCGCCCGDCGGCCGGTGGTGC-
3 3 7  CAC GGGTAT AAGGACATCC ACC ACCCGGCCGGTGGTGGTGTGC AGCCGTGTTCC AACCACGGTIACGCTTCGGT&CCTCTCCCCGATTXGGGCCCGGT 
4 5 3  CACGGGTAT AAGGACATCC ACC ACCCGGCCGGTGGTGGTGTGC AGCCGTGTTCC AACCACGGTCACGCTTCGGTGCCTCTCCCCGATTCGGGCCCGGTCGXTG 

- 1 3  5 CAC’ GGTATAAGGACATCCACCACCCGGCCGGTGGTG TGTGCAGCC "TGTTCCAACCACGGTCACGCTTCGGTGCCTCTCCCCGATTCGGGCCCGGTCGCTCGCTACCGGTXCGCCACC 
- 1 4 1  CACGGGTAT AAGGACATCC ACC ACCCGGCCGGTGGTGGTGTGC AGCC 'TGTTCCAACCACGGTCACGCTTCGGTGCCTCTCCCCGATTCGGGCCCGGTCGCTCGCTACCGGTGCGCC ACC 
- 4 4 1  CACGGGTAT AAGGACA7CC ACC ACCCGGCCGGTGGTXKTGTXCAGC8GTGTTCCAACCACGGTCACGCTTCGGTGCCTCTCCCCGATTCGGGCCCGCTCGCTCGCTACC*GTGCGCC ACC 

4 6 4  CACGGGTATAAGGACXTCCACC ACCCGGCCGGTGGTGGTGTGC AGCCGTGTTCC AACCACGGTC AC GCTTCGGTG DC TCTCCCCGATTCGGGCCCGGTCGCTCGCTACCGGTGGGCC ACC 
- 5 1 6  CACGGGTATAAGGACATXC ACC ACCCGGCCGGTGGTGGTGTGC AGCCGTGTTCC AACCACGGTC ACGCTTCGGTGCCTCTCCCCGATTCGGGBCCGGTCGCTCGCTACCGGTXCHCC ACC 
- 2 2 6  C ACGGC-TATAAGGAC ATAC A ‘ CACCCGGCCGGTGGTGGTGGGCAGCCGTGGTCC AACCACGGTC ACGCTTCGGTGGDTCTC

2 1 5  ACGGTATAAGGACATCC ACCACCCGGCCGGTGGTG* TGTGC AGCCGTGTTCC AACCACGGTTC A3CTTCGGTGCCTCTCCCCGATTCGGGCCCGGTCGCTCGCTACGG*TGCGCC ACC
5 7 5  TTCCAACCACGGTCACGCTTCGC-TGCCTCTCCCCGATTCGGGCCCGGTCGCTCGCTACCGGTGCGCCACC

- 3 5 4  TCC AACCACGGTC ACGCTTCGGTGCCTCTCCCCXA.TTCGGGCCCGGT-GCTXGCTACCGGTGCGCC ACC
- 1 6 6  TCCAACCACGXTCACGCTTCGGTGCCTCTCCCXGATTCGGGCCCGGTCGCTCGCTACCGXTGCGCCACC

2 2 6  GATTXGGXCCCGGTCGXTCGCTACCGGTGCGDXADX
- 2 8 9  CGGGCCCGGXCGCXCGCXACCGGTGCGCCACC

- 2 7  TACCGATC--GCCACC
CACGGGTATAAGGACATCCACCACCCGGCCGGTGGTGGTGTGCAGCCGTGTTCCAACCACGGTCACGCTTCGGTGCCTCTCCCCGATTCGGGCCCGGTCGCTCGCTACCGGTGCGCCACC

3 7 0  3 8 0  3 9 0  4 0 0  4 1 0  4 2 0  4 3 0  4 4 0  4 5 0  4 6 0  4 7 0  4 8 0
- 1 3 5  ACCAGAGGCCATATCCGACACCCCAGCCCC&ACGGCAGCCGACAGCCCGGTCATGGCGACTGACATTGATA 
- 1 4 1  ACCAGAGGCCATATCCGA
- 4 4 1  ACCAGAGGCCATATCCGAC ACCCCAGCCCCGACGGCAGCCGAC 

4 6 4  ACCAGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCCGACAGCCCGGTCATGGCGACTGACATTGATATGCTAATTGACCTXGGCCTGGACCT1TCCGACAGCGATCTGGACGAGGA 
- 5 1 8  ACCAGAGGCCATATCCGACACCCCAGCCCCGACGGGAGBCGAC A-XCCGGTC ATGGCGACTGACATTGATATGCTAATTGACCTCGG  

2 1 5  ACCAGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCCGACAGCC*GGTCATGGCGACTGACATTGATATGCTAATTGACT
5 7 5  ACCAGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCCGACAGCCCGGTCATGGCGACTGACATTGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCGATCTGCACGAGGA 

- 3 5 4  ACCAGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCCGADAHCCCGGTCATGGCGACTGACATTGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCGATCTGGACGAGGA 
- 1 8 6  ACCAGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCCGAC AGCCCGGTC ATGGCGACTGACATTGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCGATCTGGACGAGGA 

2 2 6  ADXAGAGGCCATATCXGACACCCCAGCCCCGACGGCAGCCGACAGCCCGGTXATGGCGACTGACATTGATATGCTAATTGACCTXGGCCTTGACXTITCCGACAG)
- 2 8 9  ACCAGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCCGACAGCCCGC-TCATGGCGACTGACATTGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCGATCTGGACGAGGA 

- 2 7  ACC AGAGGCCXTATCCGAC ACCCC AGCCCCGACGGC AGCC G AC AGCCCGGTC ATGGCG AC TG AC ATTG AT ATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCGATC 
- 4 1 1  GCCGAC AGGCCGGTC ATGGCG AC TGACATTGATATGCT AATTGACCTC GGCCTGGACCTC TCCG AC AGCGATCTGGAC GAGGA

- 1 6  GGTCATGGCGACTGACATTGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACA-CGATC
- 2 6 3  GAC TGAC ATTGAT ATGCTAATTG ACCTC GGCCTGGACCTC TCCG AC AXCGATCTGG AC GAGGA
- 3 8 2  TGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCXATCTGGACGAGGA
- 1 0 0  GCTAATTGACCTC GGCCTGGACCTC TCCG AC AXCGATCTGGAC4AGGA.

ACC AGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCCGAC AGCCCGGTC ATGGCGACTGACATTGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCGATCTGGAC GAGGA

4 9 0  5 0 0  5 1 0  5 2 0  5 3 0  5 4 0  5 5 0  5 6 0  5 7 0  5 8 0  5 9 0  6 0 0
4 6 4  CCCCCCCXAG
5 7 5  CCCCCCCGAGCCGGCGGAGAGCCGCCGCGACGACCTGGAATCGGACAGCAGCGGGGAGTGTTCCTCGTCGGACGAGGACA 

- 3 5 4  CCCCCCCGAGXDGXCGGAGAHCCGCCGCGACGACC
- 1 6 6  CCCCCCCGAG8X8XCGGAGAGCCGCCGCGACGACCTGGAATCGGACAGCAGCG 
- 2 8 9  CCCCCCCGAGXCGXDGGAGAGCCGCCGCGACGACC
- 4 1 1  CCCCCC 84AG8CGGCGGAGAG8CGCCGCGACGACCTGGAATCGGACAGCAGCGGGGAGTGTTCCTCGTCGGACGAGGACATGGAAGACCCCCACGGAGAGGACGGACCGGAGCCGATACT 
- 2 6 3  CCCCCCCGAGCCGGCGGAAAG8CGCCXCXACGACCTGGAATCGGACAGCAGCGGGGAXTGTTCCTCGTCGGACGAGCACATGGAAGACCCCCACGGAG
- 3 8 2  CCCCCCCXAHCCGXCGGAGAHCCGCCGCGACGACCTGXAATCGGACAGCAGCGGGGAGTGTTCCTCGTCGGACGAGGACATGGAAGACCCCCACGGAGRGGACGGACCGGAGCCGATACT 
- 1 0 0  CCCCCCCGAHCCGXCXGAGAHCCGCCGCGACGACCTGXAATCGGACAGCAGCGGGXAXTGTTCCTCGTCGGACGAGGACATGGAAGACCCCCACGGA4AGGACGGACCGGAGCCGA.TACT 

2 8 0  CGGAGAGCCGCCGCGACGACCTGGAATCGGACA&CAGCGGGGAGTGTTCCTCGTCGGACGAGGACATGGAAGACCCCCACGGAGAGGACGGACCGGAGCCGATACT
- 1 2 4  CCTGXAATCG* AC AGC AGCGGGXAXTGTTCCTCGTCGGAC GAGGACATG*AAGACCCCCYCGGAGAGGACGGACCGGAGCCGATACT

2 0 9  GAAGACCCCC ACGGAGAGGACGGACCGGAGCCGATAXT
34 3 GAAGACCCCCACGGAGAGGACGGACCGGA&CCGATACT
- 2 9  AAGACCCCCA8GGAGAGGA8GGACCGGAGCCGATACT

CCCCCCCGAGCCGGCGGAGA&CCGCCGCGACGACCTGGAATCGGACAGCAGCGGGGAGTGTTCCTCGTCGGACGAGGACATGGAAGACCCCCACGGAGAGGACGGACCGGAGCCGATAC7

6 1 0  6 2 0  6 3 0  6 4 0  6 5 0  6 6 0  6 7 0  6 8 0  6 9 0  70 0  7 1 0  72 0
— 41 1 COKOCCQCTCtKCCaXCQlTCCOCCCaTCrCQTClAGAMftCCCCuarxlTACCCftariCCC
- 3 8 2  CGACGCC&CT-GCCCGGCGGTCCGCCCGTCTCGTCCAGAAGACCCCGGCGTACCC AGCACCCAGACGCCTCGTCCGACGGAGCXGC AGGGCCCC AACGAT 
- 1 0 0  CGACGCCGCTCGCCCGXCGGTCCGCCCGTCTCGTCCAGAAGACCCCGGCXTACCCAGCACCCAGACGCCTCGTCCGACGGA&C • &C AGGGCCCCAACGATCCTCAACCAGCG 

28C CGAOGDXGCTC&CCCGGCGGTCCGCCXCTCTCGTCCAGAAGACCCXGGCGTACCXAC-CACCXAGAXGXCTXGTCXGACGGAGCGGXAGGGCCCXXACGXTCXTXAXXCAGCGCCXXAXAG 
- 1 2 4  CGACGCCGCTCGCCCGXCGGTCCGCCCGTCTCGTCCA.GAAGACCCCGGCGTACCCAC-e ACCCAGACGCCTCGTCCGACGGA&CGGCAGGGCCCCAACGATCCTCAACCAGC&CCCCACAG 

2 0 9  CGACGCCGCTCGCCCGGCGGTCCGCCCGTCTCGTCCAGAAGACCCCGCGCCACCCAGCACCCAGAXGCCTGGTCCGAo GGAGCGGCAGGGCCCCAAGGATCCTGAACCAGC 
34 3 CGACGCC GCTCGCCCGGCGGTCCGCDXGTCTCG TCC AGAAG ACC CCGGCG7ACCCAGCA.CCCAGA1GCCTCGTCCGACGGAGCGGC AGGGCCCC AACGATCCT1AADXAGCGCCCC AC AG 
- 2 9  CGACGCCGCTCGCCCGXCGGTCCGCC6GTCTCGTCCAC-5AGACCCCGGCGTACCCAGCACCCAGACGCCTCGTCCGACGGAGC*GCAGGGCCCCAACGA
4 2 4  TCC AGA4GACCCCG&CGTACCCAGCACCC A6AC 4CCTCGTCC6ACGGAGCGGC AGGGCCCC AACGATCCTC AACCA&CGCCCC AC AC-
271 AAGACCCCGGCGTACCCAGCACCCAGACGCCTCGTCCGACGGAGCGGCAGGGCCCCAACGATCCTCAACCAGCGCCCCACAG
2 3 1 CGGCGTACCCAGCXXCCAGA8SCCTCGTCCGACGGAGXGGCAGGGCGCCCACGGTCCTCAACCAGCGCCCCACAG

- 4 1 2  TCCGACGGAGCGGC AGGGCCCC AACGATCCTC AACCA&CGCCCCACAG
— 1 7fc CCCCACAX

C G AC GCCGCTCGCCCGGCGGTCCGCCCGTCTCGTCCAGAAGACCCCGGCGTACCCAGCACCCAGACGCCTCGTCCGACGGAGCGGC AGGGCCCC AACGATCCTCAACCAGCGCCCC AC AG

73C 7 4 0  75C 76 0  7 7 0  7 6 0  7 9 0  BOO 6 1 0  6 2 0  6 3 0  6 4 0
2 6 0  TGTGTGC

- 1 2 4  TGTGTGGTCGCGCCTCGGGGCCCGGB8ACCGTCTTGCTCCCCCGAGCAGCACGGGGG
34 3 TGTGTGG7CGCGCCTXGGGGCCCGGCGXCCGTCTTGCTCCCCCGAGCRGGA1GGGGGCAAGGTG&CCXGDX7DXAACCCCXACXGACXAAAGCCXAGCCTXXCCGCGGCGGA 
4 2 4  TGTGTGGTCGCGCCTCGGGGCCCGGC oA~CGTCTTGCTCCCCCGAGC AGC AC GGGGGC AAGGTGGCCC GCCTCC AACCCCC ACCG ACC AAAGCCC AGCC TGCCC GCG&CGG AC GCXGTGG
2 7 )  TCTGTGGTCGCGCCTCGGGGCCCGGCGACCGTCTTGCTCCCCCGAGCA&CACGGGGGCAAGC-TGGCCCGCCTDXXACCCCCACCGACCAAAOiCCAGCCTGCCCGCGGCGGXCGCXGTGG
2 3 6  TGTGTGGTCGCGCCTCGGGGCCCGGCGXCCGTYTTGCTCCCCCGA 

- 4 1 2  TGTGTGGTCGC&CCTCGGGGCCCGGCGACCGTCTTGCTCCCCCGAGCAGC ACGGGGGb AAG XTGGCCCGCCTCC AACCCCC ACC G ACC AAA&CCC AGCC TGCCCGCGGCGG A 6XCCGTGG
- 1 7 o  t x x c t g c t c g c g c c t c g g g g c c c g x c g a c c g t c t t g c t o c c c c g a g c a g c a c g g g g g c x a g x t g g c c c g c c t c c a a c c c c c a c c g a c c a a a g c c c a g c x t g c c c g c g g c g g x x x c c g t g c -
- 5 6  2 tg tg g tc g c g c c tc g g g g c c c g & c g a c c c t c t t g c t c c c c c g a g c a g c a c g g g g g c a a g c - tg g c c c g c c t c c a a c c c c c a c c g a c c a a a g c c c a g c c t g c c c g c g g c g g a c x c c g t g g

TCGCGCCTCGGGCCCCGGCGACCGTCTTGCTCCCCCGRGCAGCA1GGGGGCAAGGTGGCCCGCCTCXAA4CC4CACXGA2CAAAGCCCAGCXTX1CCGCG01GGA 
_ GCCCGCCTCC AACCCCC ACCGACCAAAGCCC AGCC TGCCC&CG C iGGACGGDXTGG
“ Jr CCACCGACCAAAGCCCAGCCTGCCCGCGGCGGACGGDXTGC.

0 ACXGACXAAAGCCCAGCCTGCCCGCGGCGGACGCCXTGC-
TG TGTGGTCGCGCCTCGGGGCCCGGCGACCGTCTTGCTCCCCCGAGCAGCACGGGGG-CAAGGTGGCCC&CCTCC AACCCCC ACCGACCAAAGCCCAGCCTGCCCGCGGCGGACGCCGTGG



B io  BtoO 6 7 0  BBO 8 9 0  9 0 0  9 1 0  9 2 0  9 3 0  9 4 0  9 5 c  900.
4 2 4  GCGTCGCAGGGGTCGGGGTCGCGG
271 GCGTCGC AGGGGTC GGGGTC GCGGTGGTCC XXGGGC TGCXGATGGTTTG TCGG ACC

- 4 1 2  GCGTCGCAGGGGTCGGGG7 -GCGGTGGTCCCGGGGCTGCCG ATGGTTTGTC GGACCCCCGCCGGCGTGCCCCC AG AACCAATCGC AACCC T 
- 1 7 6  GCCTCGCAGGGC-
- 5 b  2 H1GTCGCAGGGGTCGGGGTCGCGGTGGTCCCGGGG8TGCCGATGGTTTGTC GGACCCCCGCCGGCGTGCCCCC AGAACCAATCGC AACCCTGGGGGAGCXXGCCCCGGGGCGGCGTGGAC 

58 2  1GGTCGCAGGGGTCGGGGTCGCGGTGGTCCCGGGGCTGCCGATGGTTTGTCGGACCCCCGCCGGCGTGCCCCCAGAACCAATCGCAACCCTGGGGGACCCCGCCCCGGGGCGGXXTGGAC 
33 0  GCGTCGC AGGGGTCGGGGT1GCGXTGGTCCCGGGGCTGCCGATHCTTTGTCGGACCCCCGDXGGCGTGCCCCCAGAACC AATCGC AACCXTGGGGGACCCCGCCCCGGGGCGGGXTGGAC 
5 6 0  GCGTCGC AGGGGTCGGGGTCGCGGTGGTCCCGGGGCTGCCGATGGTTTGTCGGACCCCCGCCGGCGTGCCCCC AGAACC AATCGCAACCCTGGGGGACCCCGCCCCGGGGCGGGXTGG A" 

-  37  3 CCATGGTTTGTCGGACCCCCGCCGGCXTGCCCCCAGAACCAATCGGAACCCTGGGGGAGDXXGCCCCGGGGCGGGGTGGAC
- 2 t 7  TGXCGGACCCCCGCCGGCGTGCCCCC AGAACC AATCGCAACCCTG GGGGACCCCGC

2 5 6  CCGGCGTGCCCCC AGAACC AATCGCAACCCTGGGGGTCCCCGCCCCGGGXCGGXXTGGAC
4 1 0  CXTGCCCCCAHAACCAATCGCAACCCTGGGGGACCCCGCCCCGGHXCGXXXTGGAC
6 2 6  TGCCCCC AG AACCAATCGC AACCCTGGGGGACCCCGCCCCGGGGCGGGGTGGAC

- 6 2 7  CCCCC AGAACC AA.TCGC AACCC
GCGTC GC AGGGGTC GGGGTC GCGGTGGTCCCGGGGCTGCCGATGGTTTGTC GGACCCCCGCCGGCGTGCCCCC AGAACC AATCGCAACCCTGGGGGACCCCGCCCCGGGGCGGGGTGGAC

9 7 0  9 8 0  9 9 0  1 0 0 0  1 0 1 0  1 0 2 0  1 0 3 0  1 0 4 0  1 0 5 0  1 0 6 0  1 0 7 0  10B 0
- 5 6 2  GG AC GGCCCCGGCGCCCCCC ATGGCG AGGCGTGGCGCGGCAGTGAGCAGCCCGACC 

58 2  GGACGGCCCCGGCGCCCCCC ATGGCG AGGCGTGGCGCGGCAGTGAGCAGCCCGACCCACCCGGAGXCCAGCGGACAXGGGGCGTGCGCCAAGCACCCCCC 
3 3 0  GGACGGCCCCGGCGCCCCCC ATGGCGAGGCGTGGCGCGGCAGTGAGDAGCCCGACC 1ACCCGGAGXCC AGCGXACAXGGG
5 6 0  GGACGGCCCCGGCBCCCCCCATGGCGAGGCGTGGCGCGGCAGTGAGCAGCCCGACCCACCCGGAGGCCAGCGGACAXGGGGCGTGCGCCAAG1ACCCCC 

- 3 7 3  GGACGGCCCCGCGGCCCCCC ATGGCG AGGCGTGGCGCGGXAGTG AGCXGCCCGACCC ACCCGGAGGCC A 4C GGAC ACGGGXCGTGCGCC AAGCACCCCCCC XGCTAATG ACGCT 
2 5 8  GGACGGCCCCGGDGCCCCCCATGGCGAGGCGTGGCGCGGCAGTGAGCAGCCCGACCCACCCGGAGGCCAGCGGTCACGGGGCGTGCGCXAXGCTXDCCCCCXGCTAXTGACGCTGGXXXT 
4 1 0  GGAXGGCCCCGGCGCCCCCC ATGGCG AGGCGTGGCGCGGCAGTGAGC AGCCCGACCC ACCCGGAGGCC AGC GGAC AXGGGGCGTGCGC XAAGXACCCCCCXXGCTAATGACGXTGGC GAT 
6 2 6  GGACGGCCCCGGCGCCCCCCATGG
1 0 3  CCCCGGCXCCCCCC ATGGCGAGGCGTGGC GCGGCAGTGAGC AGCCCGACCC ACCCGGAGXCC AGCGG AC ACGGGGCGTGCGCC AAGCAXCCCCCCXGCTAATGACGCTGGCGAT
ic ,7 CCCC ATGGCGAGGCGTGGDGDGGC AGTGAGC AGCCCGACCC ACCCGGAGGCC AGCGGACAGGGGG1GTCCGCCAAGCACCCCCCCXCCTAATGACXCTGGCGA7
- 7 7  CCAGCGGACACGG —  XATXCGCCAAGCACCCCCCCXGCTAATG 5XGCTGGCXAT

- fc32 ACACGGGGCGTGCGCCAAGCACCCCCCCCGCTAATGACGCTGGCGAT
- 3 8 3  GGGGCXTGCGCCAAGCACCCCCCCXGCTAATGACHCTGGXXAT

5 7 3  CGAT
GG ACGGCCCCGGC GCCCCCC ATGGCGAGGCGTGGC GCGGCAGTGAGC AGCCCGACCC ACCCGGAGGCC AGC GGAC ACGGGGCGTGCGCC AAGCACCCCCCCCGCTAATGACGCTGGCGAT

1 0 9 0  1 1 0 0  1 1 1 0  1 1 2 0  1 1 30  1 1 4 0  1 1 5 0  1 1 6 0  1 1 7 0  1 1 6 0  1 1 9 0  1 2 0 0
2 5 6  TG1CCCCCCGCC
4 1 0  TGCCCCCCCGCCCGCGGACCCCCGCGCCCC
1 0 3  TGCCCCCCCGCCCGCGGACCCCCGX6CCCCGGCCCCGGAGDGAAAGGCG1CCG1CGCCGACACCATCGACGCCACCACGCGGTTGGTCCTGCGCTCCATCTXCGAG-GCGTGGCGGTCGA 
20 7  T
- 7 7  TGXCCCCC-4XCCXCGGACCCCCGCXCCCCGG8CCCGGAGCGAAA4XCGCCCHCCGCCGACACCATCGACGCCACCACGCGXTTXHTCCTXC4CTCCATCTXCCA&CGCGGATC 

- 6 3 2  TGCCCCCCCGCCCGCGGACCCCCGCGCCCC
- 3 6 3  TGCCCCCCCGGCCCCGGACCCCCGCGCCCCGGCCCC68AGBGAAAGXCHCCCG&CGGCGACACCATCGACGCCACLIACGCGGTTGGTCCTGCGCTCCATCTCCGAGCHCGCGGCGGT-GA 

57 3 TGXDCCCCCGCCCGCGGACCCCCGCGCCCCGGCCCCGGAGCGAAAGGC&CCCGDX&CCXACAXCATCGACGCCACCACGCGGTTGGTCCTGCGCTCCATCTCCGAGCGCGCGGCGGTCGA 
54 5 CCGGCCCCGGAGCGAAAGGCGCCCGCX&CXGACACCA.TCGACGCCACXACGCGGTTGGTCCTGCGCTCC ATC TCCG AGC GCGCGGC GGTCGA

- 4  59 CGCCCHCCHCCGACACC ATCGACG8CACCACGCGGTTGGTCCTGXGCTCC ATC TCC GAG BSC XCGGC GGTCGA
- 2 7 4  TCCTGCGCTCCATCTCCGAGCGCGCGGCGGA&CA
- 3 1 6  CXHCXHTCGA

TGCCCCCCCGCCCGCGGACCCCCGCGCCCCGGCCCCGGAGCGAAAGGCGCCCGCCGCCGACACCATCGACGCC ACCACGCGGTTGGTCCTGCGCTCC ATCTCCGAGCGCGCGGCGGTCGA

1 2 1 0  1 2 2 0  1 2 3 0  1 2 4 0  1 2 5 0  1 2 6 0  1 2 7 0  1 2 8 0  1 2 9 0  1 3 0 0  1 3 1 0  1 3 2 0
1 0 3  CCGCATCAGCGAGAGCTTTGGCCGCAGCGCACAGGTCATGCAXGACCCXTTTXXGGGGCAGCCGTTTXDCGXCGXGXATAGXCCCTXGGCCCG 

- 3 6 3  CCGCATCAGCGAGAGCTTTGGCCGCAGCGCACAGGTC ATGCACGACCXXTTTGGGGGGCAGCCGT 
57 3 CCGC ATCAGCGAGAGCTTTGGCCGC AGCGCACAGGTCATGCAXGACCCCTTTGGGGGGCAGCCGTTTXCCGCCGCGXATAGCCCCTGGGCCCCGGTGCTGGCGGGCC AAGGAGGGCCXTT 
54 5 CCGCATCAGCGAGAGCTTTGGCCGCAGCGCACAGGTCATGCACGACCCCTTTGGGGGXCAGCCGTTTCCCGCCGCGAATAGCCCCTGGGCCCCGGTGCTGGCGGGCC AAGGAGGGCCXTT 

- 4 5 9  CCGCATCAGCGAGAGCTTTGGCCGCAGBGCACAGGTCATGCACAGAXDCTTTGGGGGGCAGCCGTTTCCCGCCGCGAATAGCCCCTGGGCCCCGGTGCTGGCGGGCCAAGGAGGGCCCTT 
- 2 7 4  CCGCATCAGCGAGAGCTTTGGCCGCAGCGCACAGGTCATGCACGACCCXTTTGGGGGGCAGCCGTTTCCCGCCGCGAATAGCCCCTGGGCCCCGGTGCTGGCGGGCCAAGGAGGGCCCTT 
- 3 1 6  CCGXATCAGCGAGAGCTTTGGCCGCAGCGCACAGGTCATGCACGAXCCXTTTGGGGGGCAGCCXTTTCCCGCCGCXAATAGCCCCTGGGCCCCGGTGCTGGCGGGCCAAXHAGGGCCCT'l 

5 0 2  GCAGCGCACAGGTCATGCACGACCCCTTTGGGGXXCAGCCGTTTCCCGCCGCGAATAGCCCCTGGGCCCCGGTGCTGGCGGGCC AAGGAGGGCCCTT
- 2 5 0  GCCCCTGGGCCCCGGTGCTGGCGGGCCAAGXAGC-GCCCTT
- 3 2 4  GGCCAA'GAGGGCCCTT
- 4 7 7  AAGGAGGGSCCTT

CC GC ATC AGCGAGAGC TTTGGCCGC AGC GC AC AGGTCATGCACGACCCCTTTGGGGGGCA&CCGTTTCCCGCCGCGAATAGCCCCTGGGCCCCGGTGCTGGCGGGCC AAGGAGGGCCCTT

1 3 3 0  1 3 4 0  1 3 5 0  1 3 6 0  1 3 7 0  13B 0 1 3 9 0  1 4 0 0 -  1 4 1 0  1 4 2 0  1 4 3 0  144C
57 3 TGACGCCGAGACCAGAXGGGTCTXDTGGG
54 5 TGACGCCGAGACCAGAXGGGTCTCCTGGGAAADXTTGGTCGCCCAXGGCCCGAGCCTCTATCGGAXXTTTGCCGGCAATCCT 

- 4 5 9  TGACGCCGAGACCAGACGGGT
- 2 7 4  TGACGCCGAGACCAGACGGGTCTCCTGGGAAACCTTGGTCGCCXAC
- 3 1 6  TGACGCCGAGACCAGACGGGTCTCCTGGGAAACCTTGGTCGCCCACGGCCCGAGCCTCTATCGC ACTTTTGCCGGC AATCCTCGGGCCGC ATCGACCGCCAAGGCCATGCGCGACTGC 

5 0 2  TGACGCCGAGACC AGACGGGTCTCCTGGGAAACCTTGGTCGCCC ACGGCCCGAGCCTCTATCHC ACTTTTGCCGGC AATCCTCGGGCCGCTACGACCGCCAAGGCCAT&CGCGACTGCGT 
- 2 5 0  TG ACGCCGAGACC AG ACGGGTCTCCTGGGAAACCTTGGTCGCCCACGGCCCGAGCCTCTATCGC ACTTTTGCCGGC AATCCTCGGGCCGC ATC GACCGCCAAGGCCATGCGCGACTGCG 7 
- 3 2 4  TGACGCC AGAGCC AHACCHGTCTCCTGGGAAACCTTGGTCHCCC ACGGCCCGAGCCTCTATC GC ACTTTTGCCGGC AA7CCTCGGGCCGC ATCGACCGCCAAGGCC ATGCGCGACTGCGT 
- 4  77  THACHCCGAGACCAGACGGGTCTCCTGGGAAACCTTGGTCGCC 6ACGGCCCGAGCCTCTA.TCG 'ACTTTTGCCGGC AATCCTCGGGCCGGATCGACCGCCAAGGCCATGCHCGACTGCGT 
- 4 8 6  TGCGT

13 9
TG ACGCCGAGACC AGACGGG TC TCC TGGG AAACCTTGGTCGCCC ACGGCCCGAGCCTCTATCGC ACTTTTGCCGGC AATCCTCGGGCCGC ATCGACCGCCAAGGCC ATGCGCGACTGCGT

1 4 5 0  146C  1 4 7 0  1 4 8 0  14 9 0  1 5 0 0  1 5 1 0  1 5 2 0  1 5 3 0  1 5 4 0  1 5 5 0  1 5 6 0
5 0 2  GC TGC GCC AAG AAAATTTC ATCG AGGCGC TGGCCTCC GCCGACG AGAC &CTGGCGTGGTGC AAGA 

- 2  5L CGTGCGCCAA8 AAAATTTC ATCG AGGC GCTGXCCTCCGCC GACG AGAC GCTGGCGT
- 3 2 4  GXTGCGCCAAGAAAATTTCATC 4AGGCGCTGGCCTCCGCCGACGAGACGCTGGCGTGGTGCAAGATGTGCATCCACCACAACCTGC D4XTXC&CCCCCAGGACCCCATTATCGGGACGAC 
- 4  7 7 GXTGCGCCAAHAAAATTTCATCGAGGCGCTGGCCTCCGCCGACGAGACGCTGGCGTGGTGGAAGA
- 4 6 6  GCTGCGCCAAGAAAATTTCATCGA*HCGCAH*CCTCCGCCGACGAGACGCTGGCGT&GTGCAAGATGTGCATCCACCACAACCTGCCCG7GCGCCCCCAGGACCCCATTATCGGGACGAC 

i  39 CT&CGCC AAGAAAATTTCATCGAGGC GCTGG "CTCCGCCGACGASACGCTG&CGTGGTGCAAGATGTGC ATCC ACC AC AACCTGCCGCTGCGCCCCC AGGACCCC ATT ATCGC-GACGAC 
- 4  91 AAA *  TTC ATCG AGGC GC TH " CC TC CGCCG AC G AHC * GC TGGCGTGGTGC A.AG ATGTGC ATCC ACC AC AACCTCCCGXTGCGCCCCC AGGACCCC ATT ATC GGGACGAC
- 4  76  TGGCCTCCGCCGACGAGAC&CTG&CGTGGTGCAAGATGTGCATCCACCACAACCTGCCGCTGCGCCCCCAGGACCCCATTATCGGGACGAC

- 9 2  GXCCTCCGCCGACGAGCAGCTGXCXTXGTGCAAGATGTGCATCCACCACAACCTGCCGXTGCGCCCD*AC*AXCCUATTATCGC»ACGAC
- 2 9 2  CCHCCGACGAGACHCTGGCGTGGTGCAAGATGTGCATCCACCACAACCT&CCXC7GCGCCCCCAGGACCCCAT1 ATCGGGACGAC
- 5 2 3  GCTGGC *TGGTGC AAGATGTGCATCCACCATDBCCTGCC &CTCC "CCCCC AGGACCCC ATT ATCGGGAC" AC

- 6 5  ACAACCTGCC**TGCGCCCC-AGGAXCCCATTATCGGGACGAC
69 AGGACCCC A TT ATC GGGGC GAC

4 7 5  CCC ATTATCGGGAC GAC
13 4  TCGGGAXGAC

GCTGC&CCAAGAAAATTTC ATCGAGGCGCTGGCC TCC&CCGACG AG ACGCTGGCGTGGTGC AAGATGTGC ATC C ACC AC A.ACCTGCCGC TGC GCC CCC AGGACCCC ATT ATCGGGAC GAC

1 5 7 0  1 5 8 0  1 5 9 0  160C 1 6 1 0  1 6 2 0  1 6 3 0  1 6 40  165C 1 6 6 6  1 6 7 ;  ib b L
- 3 2 4  C

4 6  L CGCGGCTGTGCTGGATAACCTCGCCACG""CCTGCGGCCCTTTCTCCAGTGCTACCTGAAG&r&CGA*&CCTGTGCGGCCTGGACGAAC7G7C?TCC-:GGCGGCCCCTGG0GGACATTA 
13 6  CGCGGCTCT&CTGGATAACCT*GCCA»GCGCCTGCGGCCCTTTCTC*AGTGCTA*CTGAAGGCGCGAGS*CTGTGCGGC'TGGACGAACTCTCTTCC 

- 4  9 .  CGCG&CTGTGCTGGATAACCTCGCC A C "* GCC TGCGGCCCTTTC TCC AGTGCTACCTGAAGGCGCGA * GCCTGTGCGGCCTGCA.CC-.AACTCTGTTCGCGGCGGCC'TC TGGC GGAC A T I AA 
- 4  76 CGCGGCTGTGCTGGATAACCTC&CCACGDG ; 1 TGC6&CCCTTTCTCC AGTGCTACCTGAAGGCGCGA • GCCTC-TGCGGCCTGGACGAACTGTGTTCGCGGCGC-OOTCTGGCGGACATTAA 

- 9 2  CGCGGCTGTC-CTG"A.TAACCTCGCCA*"CGCCTGCGGCCCTTTCTCCAGT&CATCCTGA>.GGCGCGAXGCCTGTGCGGCCT>C'CACGAACTGTGTTC&CGGCGGCGTCTGGCGC.ACATTAA 
- 2 9 3  C&CGGCTGTGCTGGATAACCTC&CCACGCGCGTGCGGCCCTTTCTCCAGTGCTACCTGAAGGCGCGACC-"CTGTGCG&CCTGGAC
- 5 2  2 CGCGGCTGTGCTGGATAACCTCGCCACGXGe*TGCGGCCCTTTCTCCAGTGrTACCTGAAGGGGCGA"GCCTGTGCGGCCTGGACGAACTGTGTTCGCGGCGGCGTCTG&CGGAC<.TTAA 

3 9 .  CGCGGCTCTGCTGGATAACCTCGCCACGDGCCTGCGGCCCTTTCTCCAGTGCTACCTGAAGGCGCGAGGCC ~ C-TGCGGCCTGG ACGAACTG7 GTTCGCG&CGGDGTCTGGCGGACATTAI 
- 6 5  CGCGGCTXTGCTGGATAAeCTCGCCA*XCGCCTGCGGCCCTTTCTCCAGTGCTACCTGAAh:>.GGCGAXGrCTATACXGCC0GGACGAACTGTG7CC4CHXCHXrGTrTGCCGGACATTAA 

8 9  c g c g g c t g t g c t g g a t a a x c t g g c c a * g g g c c t g c g g c c c t t t c t c c a g t g c t a g c t g a .ag g cg  
4 7 5  CGeGGCTGTGCTGGATAACCTC&CCACG-GCCTGCGGCCCTTTCTCCAGTGCTACCTGAAGGCGCGAGGCCTGTGCG&CCTGGACGAACTGTGTTCGCGGCGGCGTCTG&CGGACXTTAA 
1 3 4  CGCGGCTGTGCTGGATAACCTXGCCACGXGCCTXCGGCCCTTTCTCCAGTGCTACCTGAAGGCGCGAGGCCTGT&CGGCCTGC-ACGAACTGTGT7XGCGGCGGC6CCTGGCGGACATTAA 

- 5  36 TGCGGCCCTTTCTCCAGT&CTACCTGAAGGCGCBA’ GCCTCTGCGGCCTGGACGAACTGTC-TTCGCGGCGGCGTCTGCCGGACATTAA
50? TGGCCCTTTCTCCAGTGCTACCTGAAG&CGCGAGGCCTGTGCGGCCTGGACGAACTGTGTTCGCGGCGGCGTCTGGCGGACATTAA

73 CG CCTTTCTO AG TGC T AC TGAAGGCGCGAGGXCTCTGCGG*DTGGACGAACTGTGTT"GCGGCGGGCTCTGGCGGACATTAA
- 4 b  GAXGCCT4T-CGGCCTGGACGAACT-TGTTCCCGG1GG-GTCTGGCGGACATTAA

- 3 7 6  GCCTGTGCGGCCTGGACAA-CTGTCTTCGCGGCGGCCTCTGGCGGACATTAA
1 5 9  GCGGXCTXGACGAACTGTCTTXGCGGCGGXGTCTGGCGGACATTAA

CGCGGCTGTGCTGGATAACCTCGCCACGCGCCTGCGGCCCTTTCTCCAGT&CTACCTGAAGGCGCGAGGCCTGTGCGOCCTGGACGAACTGTGTTCGCGGCG&CCTCTGGCGGACATTAA
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1 6 9 0  1 7 0 0  1 7 1 0  1 7 2 0  1 7 3 0  174U  1 7 5 0  1 7 6 0  1 7 7 0  17fa0 1 7 9 0  1 8 0 0
GGAC ATTGCATCCTTCGTGTTTGTCATTCTGGCCAGC  
GGAC ATTGC ATCCTTC GTGAAAGTC ATTC TGGCC AGGC TC GCC 
GGACATTGC ATCCTTCGTGTTTGTC ATTCTGGCC AGGC TCGCC AACCGCGTCGAGC 
GGACATTGCATCCTTCGTGTTTGTCATI
GGAC ATTGC ATCCTTCGTGTTTGTC ATTC TGGCC AGGCTCGCCAACCGCGTCGAGCGTGGCGTCGCGGAGATCGACTACG
GGAC ATTGC ATCC TTCGTGTTAGTC ATTCTGGCC AGGC TCGCC AACCGCGTCG AGCGTHXCCTCGC GG AG ATC GACTACGCG ACCCTTXGTGTCGGGGTCGGAGAG AAG ATGCATTTCTA  
GGAC ATTGC ATCCTTC GTGTTTGTC ATTC TGGCC AGGC TCGCC AACCGCGTCG AGC GTGGCGTCGCGG AG ATCG ACTACGCG ACCCTTGGTGTCGGGGTCGG AG AG AAG ATGCATTTCTA  
GGAC ATTGC ATCCTTGGTGTTTGTCATTCTGGCCAGGCTCGCCAACCGCGTCGAGGCTGGCGTCGCXGAGATCGACATCGXGACCCTTGGTCTXGGGGTCGGAGAGAAGAGA7CTTTXAT 
GGAC ATTGC ATCCTTCGTGTTTGTC ATTCTGGCCAGGCTC GCC AACCGCGTCGAGCGTGGCGTCGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGC ATTTCTA  
GGAC ATTGC ATCCTTCGTGTTTGTC ATTCTGGCC AGGC TC GCC AACCGC GTCGAGCGTG GCGTCGC GG AG ATC GACTACGCG ACCCTTGG TGTCGGGGTCGG AG AG AAG ATGC A T T IC  TA 
GGACATTGC ATCCTTC GTGTTTGTC ATTC TGGCC AGGC T C - GCAACGCGTCGbAGGCTGGCGTCGCGGAGATCGACTACGCGACC*TTGGTGTCGGGGTCGGAGAGAAGATGC A 
GGAC ATTGC ATCCTTC 4TG 7TTG TC  ATTCTGGCC AGGC TC GCC A A C C -C8TC
GGAC ATTGC ATCC TTC HTG TTTG T8 /.TTCTGGCCAGGCTCGCCAACCHCGTCGAGCGTGGBXTCGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGG AG AG AAG ATGCATTTCTA  
GGAC ATTGC ATCCTTCGTGTTTGTC ATTC TGGCC AGGC TC GCC AACCGCGTCGAGCOTGGCGTCGCGGAGATCGACTCAGCGACCCTTGGTGTCGGGGTCGGAGAGAAG ATGCATTTCTA  

ATCCTTCGTGTTTGTC ATTCTGGCC AGGC TCGPXAACCGCGTCGAGCGTGGCGTDGCGGAGATCGACTACGCGACCCTTGGTG’IC  GGGGTC GGAGAGAAGATGC ATTTCTA  
G T C A T 71TGGCCAGGCTCGCXAACXGCGTCGAGCXTGGCGTCGCGGAGATCGCATACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGCATTTCTA 

CATTCTGGCCAGGCTCGCC AACXGCGTCGAGGCTG GCGTCGCGGAGATCGACTACGGCACCCTTGGTGTCGGGGTCGGAGAGAAGATGCATTTCTA 
ATTCTGGCCAGGCTCGCC AACCGCGTCGAGCXTGGCGTDGCGGAGA.TCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGC ATTTCTA  
ATTCTGGCCAGGCTCGCCAACCGCGTCGAGCGl'GGCCTCGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGCATTTCTA 

TCTAGGCCAGGC ACGCCAACCGCGTCGAACGT*HCCACGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGGAGA
GGCTCGC“ AACCGCGTCGAGC*TGGCGTCGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGCATTTCTA 

AACCGCGTCGAGCGTGGCGTCGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGCATTTCTA 
GAGC *TGGCGTCGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGCATTTCTA 

GCXTCGCXGAGATCGACTACGCGACCCTTGGTGTCXGGGTCGGAGAGAAGATGCATTTCTA  
CGGATAXCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAXTAGCATTTCTA  

GATCGACTACGCGACCCTTGGT-TCGGGGTCGGAGAGAAGATBCATTTCTA  
GATCGACTACGCGACCCTTH*TGTCGGGGTCGGAGA8AAGATGCATTTCTA  
GATCGACTACGCGACCCTTG4TGTCGGGGTCGGAGAGAAGATGCATTTCTA  

CCCTXGGTGTCGGGGTCGGAGAGXAGATGCATTTCTA  
GGTCGGGGTCGGAGAG*AGA.TGC ATTTCTA  

TGCGGGGTCGGAGAGAAGATGCATTTCTA 
GAAGATGC A TTTCTA

GGAC A TT  GC ATCCTTCGTGTTTGTCATTCTGGCCAGGCTCGCCAACCGCGTCGAGCGTGGCCTCGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGCATTTCTA

1 8 1 0  1 8 2 0  1 6 3 0  1 6 4 0  1 8 5 0  I 8 6 0  1 8 7 0  1 8 8 0  1 8 9 0  1 9 0 0  1 9 1 0  1 9 2 0
CCTCCCCGGGGCCTGCATG
CCTCCCCGGGGCCTGC ATGGC GGGCCTG ATCG AAA TCC TAG AC ACGCACCGCC AGG AG 
CCTXCCCGGGCCGTXXACTGXGGGCCGTATGXXAATXCTAGACACGCAXCGXXAGGXXTGTT 
CCTCCCCGGG*CCTGCAT*GCGGGCCTGATCGAAATCCTAGACACGCACCGCCAGGAGTGTTCGAGTCGTGTCTGC 
CCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAATC*TAGACACGCACCG*DAGGAGTGTTCGAGGT 
CCTCCCCGGGGCCTGCATGGCGGGCCTGATC
CCTCCCCXGGGCCTGCATGGCGGGXCTGATCGAAATXCTAGACAXG
CCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAATCCTAGACACGCACCGCCAGGAGTGTTCGAGT\:GTGTCTGCGAGTTGAGGGCCAGTCACATCGTCGCCCCCCCGTACGTGCACGG 
CCTCCCCGGGGCCTGCATGGXGGGC XTGATCGAAATCCTAGACACGCACCGCCAGXAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATCGTCGCCCCCCCGTACGTGCCAGG  
CCTCCCCGGGGCCTGC ATGGCGGGCCTG ATC GAAATCCTAG AC AC GCACCGCCAGGAGTGTTCGAGTC 
CCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAA TC
CCTCCCCGGGGCCTGC ATGGCGGGCC TG ATCG AAA TCCTAG AC ACGCACCGCC AGGAGTGTTCGAGTC GTGTC TGC GAGTTGACGGCC AGTC AC ATC GTCGCCCCCCCGT ACC-TGC ACGG
CCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAATCCTAGACACGCACCGCCAGGAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCC AGTC AC ATCGTCGCCCCCCCGTACGTGCA1GG
CCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAATCCTAGACACGCACCGCCAGGAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATCGTCGCCCCCCCGTACGTGCACGG
CCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAATCCTAGACACGCACCGCCAGGAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATSGT*GCCCCCCCGTCAGTGCCAGG
CCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAATCCTAGACACGCACCGCCAGGAXTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATCGTCGCCCCCCCGTACGTGCACGG
CC TCCCCGGGGCCTGC ATGGC GG GCCTGATC GAAA TCCTAG AC AC GC ACCGCC AGGAX TGTTCG AGTCXTGTC TGCG AG7TG ACGGCC AGTC AC ATCGTC GCCCCCCCGTACXTGC ACGG
CCTCCCCGGGGCCGTCATGGCGGGCCTGATC
CCTCCCCGGGGCCTGCATGGCGGGCCTGATC
CCTCCCCGGGGCCTGCATGGCGGGCCTGATC
CCTCCCCGGGGCCTGACTGGDGGGCCTGATCCAAATCCTAGACACCCACCGCCAGGAGTGTTCCAGTCCTGTCTGC 8AGTTGACGGCCAGTCACATCGTCGCCCCCCCGTACGTGCACGG 
CCT*CCCGGGGCCTGCATGGCGGGCCTGATCGAAATCCTAGACACGCACCGCCAGGA*TGTTCGAGTCGTGTCT—CGAGTT4ACGGCCAHTCAAT-CGTCGCCCCCCCGTACGTGCACGG  
CCTCCCCGGGGCCTGCATTGCGGOCCTGATGTAAATCCTAGACACGCACCGCCAGGAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATCGTCGCCCCCCCGTACGTGCACGG  
CCTCCCCGGGGCCTGCATGGCGGGCXTGATCGAAATCCTAGACACGCACCGCCAGGAGTGTTCGAG TC GTGTCTGCGAGTTGACGGCC AGTCACATCGTCGCCCCCCCGTACGTGCACGG 

TGATCGAAATCCTAGACACGCACCGCCAXGAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCXGTCXCXTCGTCGCCCCCCCGTXCGTGCGCGG  
TGATCGAAATCCTAGACAGGCACCGCC *AGAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATGGTGGCCCCCCCGTACGTGCACGG  

GAAA TCCTAG AC AC GC ACCGCC AG *  AGTGTTCG AGTC GTG TCTGCGAC-TTG ACGGCC AGTC AC ATCC-TGCCCCCCCCGTACGTGC ACGG 
CACCXCCAGXAXTC-TXCXAXTCGTGTCTGCXAGTTXACGGCCAGTCACATCGTCGCCCCCCCXTACGGTCACGG  

GCCAGXAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATCGTCGCCCCCCCGTACGTGCACGG 
CAGXAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATCGTCGCCCCCCCGTACGTGC A8GG

GG
G

CCTCCCCGGGGCCTGCATGGC GGGCCTGATCGAAATCCTAGACACGC ACC GCC AGGAGTGTTCGAGTC GTGTC TGC GAG TTG AC GGCC AGTC ACATCGTCGCCCCCCCGTACGTGC ACGG

1 9 3 0  1 9 4 0  1 9 5 0  1 9 6 0  1 9 7 0  1 9 8 0  1 9 9 0  2 0 0 0  2 0 1 0  2 0 2 0  2 0 3 0  2 0 4 0
CAAATATTTTTATTGCAXCTCCCTGTTTTAGGTACA  
CAAXTATTTTTATTGCAXCTCCCTGTTTT  
CAAATATTTT
C A AATATTTTTATTGC AACTCCCTGTTTTAGGTAC AATAAAAAC AAAAC ATTTC AAAC AAAT'GCCCDTCGTGTTGTCC  
CAAATATTTTTATTGC AACTCCC TGTTTTAGGTAC AATAAAAAC AAAACATTTCA 
CAAATATTTTTATTGCAACTCCCTGTTTTAGGTAC AATAAAAAC AAAAC ATTTC AAAC AAA 
CAAATATTTTTATTGCAACTCCCTGTTTTAGGTACAATAAA  
CA
C A AATATTTTTATTGC AACTCCCTGTTTTAGGTACAATAAAAACBAAACATTTCAAACAAATCGCCCCTCGTGTTGTCCnCTTTGCTCATGGCCGGCGGGGCXTGGGTCACGGC AG ATG 
CAAATATTTTTATTGCAACTCCCTG-TTTAGG TACAATAA 
CAAATATTTTTATTGC AACTCCC TGTTTTAC-GTAC AATAAAAAC AAAAC
C A AATATTTTTATTGC AACTCCCTG TTTTAGGTAC AATAAAAAC AAAAC ATTTC AAACAAATCGCCCCTCGTGTTGTCCTTCTCTGCTCATGGCCGGCG8GGCGTGGGTC AC GGC AG ATG
CAAATATTTTTATTGCAACTCCCTGTTTTAGGTACAAT AAAAA-AAAA
CAAATATTTTTATTGCAACTCCCTGTTTTAGGTACAATAAAAACAAAACAT
CAAATATTTTTATTGC AACTC C CTG TTTT AG XT AC AATAAAAAC AAAAC ATTTC AAAC AAATC GCCCCTC "TGTTGTCCTTCTTTGCTC ATGGCCGGCGGGGCGTGGGTC ACGGC AGATG 
CAAATATTTTTATTGC AACTCCCTGTTTTAGGTACAATAAAAAC AAAAC ATTTC AAAC AAA TCGCCCCTCGTGTTG TCC TTC TTTGCTC ATGGC CGGCGGGGCGTGGGT 8 AC GGC AG ATG 
CAAATATTTTTATTGCAA*TCCCTG TTTTAGGTACAT
C AAATATTTTTATTGC AACTCCCTGTT TT AGGC AC AATAAAAAC AAAAC ATTTC AAAC AAA TCGCCCCTCGTGTTGTCCTTCTTTGCTC ATGGCCGGCGGGGCGTGGGTC ACGGC AG ATG 
XAAATATTTTTATTGC AAC TCCCTG TTTTAG »7ACAATAAAAA 6AAAAC ATTTC AAAC AAATC GCCCCTCGTGTTGTCCTTCTTTGC TCATGG6C GGC GGGG8XTGGGTC ACGGGAGATG
CACATATTTTTATTGC AACTCCCTGTTTTAGGTACACCACC

CCCT4TTTTAGGTAC AAT AAAAAYAAAAC ATTTC AAAC AAATC GCCCCTC *TG TTG TC C TTC  TTTGC **ATGGCC GGCGGGGCC 2GGGTC ACGGC AGATG 
TTTAGGTAC AATAAAAAC AAAAC ATTTXAAAC.AAATCGCCCCTCGTGTTGTCCTTCTTTGCTC ATGGCCGGCGGGGCGTGGGTC AC GGC AGATG 

AC ATTTC AAAC AAATC SCCCCTCGTGTTGTCCTTCTTTGDTC ATGGCCGGCGGGGCGTGGGTC AC GGCAGATG 
TTGTCCTTCTTTGCTCATGGCCGGCGGGGCGTGGGTCACGGCAGATG 

CCGGCXXGGCGTGGGTCACGGCAGATG 
TGGXTCACGGCAGATC 

TG
CAAATATTTTTATTGC AACTCCCTG TTTTAGGTAC AATAAAAAC AAAAC ATTTC AAAC AAATC GCCCCTCGTGTTGTCCTTCTTTGCTC ATGGCCGGCGGGGCGTGGGTC ACGGC AGATG 

2 0 5 0  20 6C  2 0 7 0  2 0 8 0  209C  2 1 0 0  2 1 1 0  2 1 2 0  2 1 3 0  2 1 4 0  2 1 5 0  2 1 6 0
GCGG
GCGGGGGTGGGXCCGGCGTACGGCCTGGCTXGGCGGAGG
GCGGGGGTGGGCCCGGCGTACGGCCTGGG TGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGXTGTCATAGTGCCCTTAGGAGCTTCXXGCCCGGGCG 
GCGGGGGTGGGCCCGGCGTACGGCCTGGGTGGGCGGA.GGGAACTAACCCAACGTATAAATXCGTCCDXGTTXCAAGGC
GCGGGGGTGGGCCCGGCGTACGGCCTGGGTGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGCTTCCCGCCCGGGCGCATC 
GCGGGGGTGGGECCGGCGTACGGCCTGGGTGGGCGGAGGGAACTAACCC AACGTATAAATCCGTCCCCGTTCC AAGGCCGGTGTC ATAXTGCCCTTAGGAGCTTCC *GCCCGGGCC- 
GCGGGGGTGGGCCCG-CGTACGGCCTGGGTGGGCGGAG3GAACTAACCCAACGTATAAATCCGTCCCCGTTCCAA
GCGGGGGTGGGCCCGGCGTACGGCCTGGGTGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGCTTCCCGCCCGGGCGCATC 
GCGGGGGTGGGCCCG8CBTACGGCCTGGGTGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGDTTCCCCCCCGGGCGCATC 
GCGGGGGTGGGCCCGGCGTACGGCCTGGGTGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGGTGTC ATAGTGCCCTTAGGAGCTTCCCACCCGG*CGC ATC 
GCGGGGGTXGGCXCGGCGTAXGGCCTGGGTGGGCGGAGGGAAXTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGC TTCCXGXCCGGGCG 
GCGGGGXTGGGCCCGXCGTACGGCCTGGGTGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGCTTCCCGCCCGGGCGCATC 
GGCGGGGTGGGCC*GGCCTACGGCCTGGGTGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGCTTCCCGCCCGGGCBCATC 

GGGGTGGGCCCGGCGTACGGCCTGGGTGGGCGGAGGGAACTAACCCAACGTATAAAACCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGCTT
GG8CCGXC*TACGGCXT*GGTGGGC«GAGG4AACTAACCCAACGTATAAATCCGTCC11GTTCCAAGGCC*GTGTCATAXTGCCCTTAG4A4CTTCCCGCCCGGGCGCATC

CCGGCGTACGGCCTGGXTGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCXGTTCCAAGGCCGXTGTCATAGTGCCCTTAGGAGCTTCCCGCCCGGGCGCAT4
TGTCATAXTGCCCTTAHXAGCTTXCCGCCXXHGCGCATC 

GCCCGGGCXCATC 
ATC

GCGGGGGTGGGCCCGGCGTACGGCCTGGC-TGGGCGGAGGGAACTAACCCAACGTATAAATCCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGCTTCCCGCCCGGGCGCATC



2 1 7 0  2 1 6 0  2 i 9 0  2 2 0 0  2 2 1 0  2 2 2 0  2 2 3 0  2 2 4 0  2 2 5 0  2 2 6 0  2 2 7 0  22bt-
4 6  3 CCCCCTTTTGCACTATGACAGCGACCCCCCTCACCAACCTG TTCTTACGGGCCCCGGACATAAXDCACGTGGCCCCCCCTTACTGCC1 

- 5 4 *  CCCCCTTTTGC ACTATGAC AGCGACCCCCXTC ACC AACCTCTDCTTACGGGCCCCGGAC ATAACCC ACGTGGCCCCCCCT7
4 7 9  CCCCCTTTG*CACTATGACAGCGACCCCCCTC ACC AACCTGTTCTTACGGGCCCCGGAC ATAACCC ACGT
161 CCCCCTTTTGC ACTATGAC AGCGACCCCCCTC ACC AACC TG 7TC TT AC GGGCCCCXH AC ATAACCC AC GTXGCCCCCCPTT AC TGCCTC AACGCC AXC7XGC AGGCCGAA 

- 4  0 3  CCCCCTTTTGC ACTATGAC AGCGACCCCCCTHACC AACCTGTTCTTACGGGCCCCGGACATAACCC ACGTGGCCCCCCCTTACTGCCTC AACGCC ACCTGGC AGGCCGAAA 
- 5 2 4  CCCCCTTTTGC ACTATGAC AGCC ACCCCCCTC ACC AACCTGTTCTTACGGGCCCCGGAAT* AACCC ACGTGGCCCCCCCTTACTGCCTC AACGCC ACCTGGCXG

- 4  0 CCCCCTTTTG 6ACTATG AC A-C G  ACCCCCCTC ACC AACCTGTTCTTACGGGG A
- 3 7 0  CCCCCTTTTGC ACTATGAC AGCGACCCCCCTC ACC AACCTGTTCTTACGGGCCCCGGAC ATAACCC ACGTGGCCCCCCCTTACTGAATC AACGCC ACCTGGC AGXCCG AAAC GGCC ATGC 
- 3 4  4 CCCCCTTTTGC ACTATGAC AGCGACCCCCCTC ACC AACCTGTTCTTACGGGXCCCGGACATAACCC ACGTGGCCCCCCCTTACTGCCTC AACGCC ACCTGGC AHXCCGAAACGGCC ATGC 

3 7 4  CCCCCTTTTGC ACTATGAC AGCGACCCCCCTCACCAACCTCTTCTTACGGGCCCCGGAC ATAACCC ACGTGGCCCCCCCTTACTGCCTC AACGCC ACCTGGC AGGCCGAAAXGHCC ATGC 
- 5 2 6  CCC -C *TT T G C A C T A TG  AAC A0CRCCCCCC-C ACCC ACCTGTTCTTACGGGCCCCGGAC ATAACCC ACGTGGCCCCCCCTTACTGCCTC AACGCC ACCTGGC A *  **DGAAACGGCC ATGC 
- 3 1 9  GC A C X A 1 GAC AGC G ACCCCCCTC ACC AACC AG A1CX-ACGG GCCCCGG AC AT AACCC ACGXGGCCCCCCCXXACXGCCTC AACGCC ACCXGGCAX&CC 4 AAAC GGCC ATGC

501 AXGACAGCGACCCCCCTCACCAACCTGTTCTTACGGGCCCCGGACATAACCCACGTG8CCCCCCCTTACT&CCTC AACGCCACCTGGCAGGCCGAAACGGCXATGC
5 7 6  AACGTGTTCTTACGGGCCCCGGACATAACCCACGTGGCCCCCCCTTACTGCCTXAAl&CCADXTGGCAGGCCGAAACGGDXATGC
3 2 9  CTGTTCTTACGGGCCCCGGAXATAACCCACGTGGCCCCCCCTTACTGCCTCAACGCC ACCTGGC AGGC CGAAAXGGCC ATGC

- 5 0 0  AC GGGXCCCGGAC ATAACCC ACGTGGCCCCCCCTTACTGCCTC AACGCC ACCTGGC AXGCCXAAACGGCC ATGC
- 2 0 8  GGGCCCCGGACATAACCCACXTGGCCCCCCCTTACT&CCTBAACGCCACCTGGGAGGCCGAAACGGCCATGC
- 3 3  j  CCATAAXCCACXTGGDCCCCCCTTACTGCCTCAACGCCACCTGGCAGGCCGAAACGGCCATGC
— 4 9 ^ AAAC GGCC ATGC

66  ATGC
CCCCCTTTTGC ACTATGAC AGCGACCCCCCTC ACC AACCTGTTCTTACGGGCCCCGGAC ATAACCC ACGTGGCCCCCCCTTACTGCCTC AACGCC ACCTGGC AG GCCGAAACGGCC ATGC

2 2 9 0  2 3 0 0  2 3 1 0  2 3 2 0  2 3 3 0  2 3 4 0  2 3 5 0  2 3 6 0  2 3 7 0  2 3 8 0  2 3 9 0  2 4 0 0
ACACCAGCAAAACGGACTCCGCTTGCGTGGCCGTGCGUAGTTACCTGGTCCGC
ACACCAGCAAAACGGACTCCGCTTGCGTGGCCGTGCGGAGTTACCTGGTCCGCXXCTCCTGTGAGACCAGCGGCACAATCCACTGCTTTTTCTTT4CGGTATACAAGGACACC
ACACCAGCAAAACGCAXTCCGCTTGCGTGGCCGTGCGGAGTTACCTGGTCCGCGCCTCCTGT8AGACCAGCGGCACAATCCACTGCTTTTT
ACACCAGCAAAACGGACTCCGC
ACACCAGCAAAACXGACTCCGC
ACACCAGCAAAACGGACTCCGCTTGCGTGGCGCTGCGGAGTTACCTGGTCCGCGCCTCCTGTGAGACC AGCGGCACAATCCACT&CTTTTTCTTTGCGGTATACAAGGACACCC ACC ACA 
ACACCAGCAAAA1GGACTCCGCTTGCGTGGCCGTGCGGAGTTACCTGGTCCGCGCCTCCTGTGAGACCAGCGGCACAATCCACTGCTTTTTCTTTGCGGTATACAAGGACACCXACCACA 
ACACCAGC AAAAGCG AXTCCGCTTGCGTGGCCGTGC GGAGTTAXDTGGTCC GCCCCTCCTGTGAG AXDAC--GGC AC AATXCACTGCTTTTT1TTTGCGGTCTAXAAGGXCA  
ACACCAGC AAAACGGACTCCGCTTGCGTGGCCGTGCGGAGTTACCTGGTCCGCGCCTCC TGTGAGACC AGC GGC AC AATCC ACTGCTTTTTCTTTGCGGTATACAAGGACACCCACCACA 
ACACCAGCAAAACGGACTCCGCTT4C4TGGCCGTGCGGAXTTACCTGGTCCGGGCCTCCTGTGAGACCAGCGGCACAATCCACTGCTTTTTCTTTGCGGTATACAAGGACACC 
ACACCAGCAAAACGGACTCCGCTT4CGTGGCCGTGXGGAGTTACCTGGTCCGCGCCTCCTGTGAGACC AGCGGCACAATCCACTHCTTTTTCTTTGCGGTATAC AAGGAC ACCC ACC AC A 
ACACCAGCAAAACGGACTCCGCTTGCCTGGCCGTGCXGAGTTACCTGGTCCGCGCCTCCTGTGAGACCAGCGGCACAATCCACTGCTTTTTCTTTGCGGTATACAAGGACACCCACCACA  
ACAGCAGCAAAACGGACTDXGCTTGCGTGGCCGTGCGGAGTTACCTGGTCCGC4CXTDXTGTGAGADXAGCGGCA8AATDXACTGCTTTTT8TTTGCGGTATA4AAGGACAGCCAGCACA  

TCCGCTTGCGTGGCCGTGCGGAGTTACCTGGTCCGCGCCTCCTGTGAGAC
GGCCXTGCGGAGTTACCTGGTCCGCGCCTCCTGTGAGACC A&CGGC AC AXTCCACTGCTTTTXCXTTGCGGTATAC AXXHACACCCACCACA 

CGCGCCTCCTGTGAGACCAGCGGCACAATCCACT&CTTTTTCTTT 4CGGTATACAAGGAC ACCC ACCACA 
GCCTCCTGTGAGACCAGCGGCACAATCCACTGCTTTTTCTTTGCGGTATACAAGGACACCCACCACA 

AXC AGC GGCACAATCCACTGCTTTTTCTTTGCGGTATACAAGGAC ACCC ACCACA 
AC AA TCC ACTGCTTTTTCTTTGCGGTATAC AAGGACATCC ACC AC A 
GCACATCACTGCTTTC * *  *TTGC *GTATAC *AGGACACCCACCACA 

TTTTTCTTTGCGGTATACAAGGACACCCACCACA 
TCTTTGCGGTATACAAGGACACCCACCACA

ACACCAGC AAAACGGACTCCGCTTGCGTG&CCGTGCGGAGTTACCTGGTCCGCGCCTCCTGTGAGACCAGCGGC ACAATCC ACTGCTTTTTCTTTGCGGTATACAAGGACACCC ACC AC A

2 4 1 0  2 4 2 0  2 4 3 0  2 4 4 0  2 4 5 0  2 4 6 0  2 4 7 0  2 4 6 0  2 4 9 0  2 5 0 0  2 5 1 0  2 5 2 0
CCCCTCCGCTGATTACCGAGCTCCGCAACTTTGCGXACCTGGTTAACCACCCGCCGGTCCTACG
CCCXTCCGCTGATTACCGAGCTCXGC AACTTTGCGG ACCTGGTT AACC ACCXGCCGGTCCT AC GCGAACTGG AGGA.TAAGCGC GGGGTGC GGC TGCGG TGTGC GCGGCCGTTTAGGCTCG 
CCCCTCCGCTGATTACCGAGCTCCGC AACTTTGCGGACCTGGTTAACCACCCGCCGGTCCTACGCGAACTGGAGGAT
CCCCTCCGCTGATTACCGAGCTCCGC AAC TTTGC GGACCTGGTTAACC ACCCGCCGGTCCTACHCG AACTGG AGG ATAAGC GC GGGGTGCGGCTGCGGTGTGC GCGGCCGTTTAGCGTC 
CCCCTCCGCTGATTACCGAGCTDXGC AAC TTTGCGGACCTGGTTAACC ACCCGCCGGTCC TAC GCGAACTGG AGG ATAAGC GCGGGC-T&CGGC TGCGG TGTGC GCGGCCGTTTAGC 
CCCXTCXGXTGATTACXGAGXTCXGXAAXTTTG
CCCCTCCGCTGATTACCGAGCTCCGCAACTTTGCGGACCTGGTTAAGGACCCGCCGGTCCTACGCGAACTGGAGGATAAGCGCGGGGTGCGGCTGCGGTGTGCGCGGCCGTTTAGCGTCG 
CCCCTCCGCTGATTACCGAGCTDGGCAACTTTGCGGACCTGGTTAACCACCCGCCGGTCCTACGCCAACTGGAGGATAAGCGCGGGGTGCGGCTGCGGT
CCCCTCCGCTGATTACCGAGCTCCGC AAC TTTGCGGACCTGGTTAACC ACCCGCCGGTCCTAC GCGAACTGGAGG ATAAGC GCGGGGTGCGGC TGCGG TGTGC GCGGCCGTTTACGCTCG 
CCCCTCCGCTGATTACCGAGCTCCGCAACTTTXDGGACCTGGTTAACCACCCGCCHGTCCTACGCGAACTGGAGGATAAGCGCGGGGT8BGGCTCCGGTGTGCGCGGCCGTTTAGCGTCG 
CCCCTCCGCTGATTACCGAGCTCCGC AAC TTTGC GGACCTGGTTAACC ACCCGCCGGTCC TAC GCC AAC TGG AGG ATAAGC GCGGGGTGCGGC TGC GGTGTGCGCGGCCGTTTA’ CGTCG 
CCCCTCCGC TGATTACCGAGCTC*GCAACTTTGCGGACCTGGTTAACCACCCGCCGGTCCTAC GCGAACTGGAGG ATAAGC GCGGGGTGCGGC TGC GGTGTGCGCGGCCGTTTAGCGTCG 
CCCCTCCGC TGATTACCGA*CTCCGC AAC TTTGC GGACCTGGTTAACC ACCCGCCGGTCCTACGCGAACTGGAGG ATAAGC GCGGGGTGC GGC TGCGGTGTGCGCG&CCGTTTAGCGTCG 
CCCCTCCGCTGATTACCGAGCTCCGC AAC TTI'GC GGACCTGGTTAACC ACCC ACC GGTCC TAC GCGAACTGG AGG ATAAGC GCGGGGTGCGGC TGC GGTGTGCGCGGCCGTTTAGCGTCG 

CCCTCCGCTGATT ACCGAGCTCC&C AAC TTTGCGGACCT*HTT AACC ACCCGCCGGTCCTAC GCGAACTGGAGGATAAGCGCGGGGTGCGGCTGCGGTGTGCGCGGCCGTTTAACGTCG 
CGCGG ATTACCGAGCTC*GC AAC TTTGC "GACCTGGTT AACC ACCCGCCGGTCCTACGCGAACTGG AGGATAAGC GCGGGGTCCGGC TGCGG TGTGCGCGGCCGTTTAGCGTCG 
CGCTGATTACCGAGCTCXGXAACTTXGCGGACCTBXTTAACCACCCGCCGGTCCTACGCGAAXTGGAGGATAAGCGCGGGXTGCGGCTGCGGTGTGCGCGGCCXTTTAXCGTCG

GTTTAGCGTCG
CCCCTCCGC TGATTACCG AGC TCCGC AAC TTTGCGGACCTGGTTAACC ACCCGCCGGTCCTAC GCGAACTGG AGG ATAAGC GCGGGGTGCGGC TGCGGTGTGCGCGGCCGTTTAGCGTCG

2 5 3 0  2 5 4 0  2 5 5 0  2 5 6 0  2 5 7 0  2 5 6 0  2 5 9 0  2 6 0 0  2 6 1 0  2 6 2 0  2 6 3 0  2 6 4 0
GGACGATT
GGACGATTAAGGACGTCTCTGGGTCCGGCGCGTCCTCGGCGGGAGAGTACACGATAAACGGGATCGTGTACC ACTGCCACTGTC 
GGACGATTAAGGACGTCTCTGGGTCCGGCGCGTCC7
GGACGATTAAGGACGTCTCTGGGTCCGCCGGGTCCTCGGCGGGAGAGTACACGATAAACGGXA7CGTGTACCACTGCCACTGTCGGTATCCGTT8TCAAAAXCATGDTGGATGGG 
GGAC
GGACGATTAAGGACGTCTCTGGGTCCGGCGCGTCCTCGGCGGGAGAGTACACGATAAACGGGATC*TGTACCA 
GGAC GATT AAGGACGTCTCTGGGTCC GGC&CGTCCTC GGC GGGAGAGTACACGATAAACGGGAT
GGACGATTAAGGACGTCTCTGGGTCCGGCGCGTCCT1GGCGGGAGAGTACACGATAAACGGGATCGTGTACCACTGCCAXTGTCGGTATXCGTTCTCAAAAATAXGCTGGATGGGG  
GGACGATTAAGGACGTCTCTGGGTCCGGCGCGTCCTCGGCGGGAGAGTAC ACGATAAACGGGATCGTGTACC ACTGCCACTGTCGGTATCCGTTCTCAAAAACATGCTGGATGGCG * *C T  
GGACGATTAAGGACGTCTCTGGGTCCGGCGGGTCCTCGGCGGGAGAGTACACGATAAACGGGATCGTGTACCACTGC *ACTGTCGGTAT*CGTTCTCAAAAATA*GCTGGATGGGGGC *T  
GGACGATTAAAHACGTCTCTGGGTCCGGCGCGTCCTCGGCGGGAGAGTACACGATAAACGGGATCXTGTACCACTGCCACTGTCGGTATCCGTTCTCAAAAACATGCTGGATGGGGXCCT 
GGACGATTAAGGACGTCTCTGGGTCCGGCGCGTCCTCGGCGGGAGAGTACACGATAAACGGGA*CGTGTACCACTGCCACTGTCGGTATCCGTTCTCAAAAACATGCTGGAT*GGGHCCT 

TCCTCGGCGGGAGATGACACGATAAACGGGATC4TXATCCACTGCCACTGTCGXTATCCGTTCTCAAAAACATGCTGGATGG8XXXCT 
CC-CGGCGGGA-AXGACACGA-AAACGGGA-CGXGXACCACXGCCACXGXCGGXAXCCG-XCXCAAAAACAXGCXGGAXGGGGGCCX 

GGGATCGTGTADXACTGDAACTGTCGGTATDXGTTCTCAAAAAC ATGCTGGATGGGGGCCT 
GGGATCGTGTACCACTGCCACTGTCGGTATCCGTTCTCAAAAACATGCTGGATGGGGGCCT 

GATCGTGTACCABTGCCACTGTCGGTATCCGTTCTCAAAAACATGDTGGATGGGGGCCT 
GATCGTGTACCABTGCCACTGTCGGTATCCGTT-TCAAAR-CATGCTGGATGGGGGCCT 

ACCACTGCCATGTCGGTAl'CCGTTCTC AAAAAC ATGCTGGATGGGGGCCT 
GCACTGTCGGTATCCC-TTCTCAAAAACATGCTGGATGGGG&CCT 
CCACTGTCGGTATCCGTTCTCAAAAACATGCTGGATGGGGGCCT 

ATCC4TTCTCAAAAACATGCTG *ATGGGGY*CT  
A'3'CCGTTCTCAAAAAG ATGCTGGATGGGGGCCT 

ATGCTGGAT6GGGGCCT 
CT

GG ACGATT AAGGAC GTCTCTGGGTCCGGCGCGTCCTCGGCGGGAGAGTACACGATAAACGGGATCGTGTACCACT&CC ACTGTCGGTATCCGTTCTCAAAAAC ATGCTGGATGGGGGCCT

26  5 u 2 6 b u  2 6 7 0  2 6 8 0  269C 2 7 0 0  2 7 1 0  2 7 2 0  2 7 3 0  2 7 4 0  2 7 5 0  2 7 6 0
- 4  57 CCGCG&CCCTACAGCACCTGCGCTCCATCAGC7 

14 5  CCGCGC-
- 3 6 0  CCGCGGCCCTACAGCACCTGCGCTCCATCAGCTCCAXCGGC ATGGCCGCCCGCGCGGCAGAGC ATCGACGCGTCAAGATTAAAATTAAGGCGTGATCTCC AACCCCCCXAT 
- 4  56 CCGCG&CCCTAC AGC ACCTGCGCTCCATC AGCTCCA*CGGC ATGGCCGCCCGCGCGGC AG AGC ATCG AC GCGTC AAG A TT AAAAT7 AAG GCGTGA'I'CT'CC AACCCCCCC ATG AATGTG7G 

- 7 2  CCGCGGCCCTACAGCACCTGCGCTCCATCAG 
- 2 9 9  c c g c g g c c c x a c a g c a c c x g c g c x c c a t c a g c t c c a x c g g c a t g g o x h c c c g c g c g g c a g a g c a t c g a c g c g t c a a g a t t a a a a t t a a g g c o t g a t c t c c a a c c c c c c x a t  

71 c c g c g g c c c t a c a g c a x c t g c g c t c c a t c a g c t c c a &c g g c a t g g c c g c d x g c g - g g x a g a g a t g a g x x x x g t c a a g a t t a a a a t t a a g g c g t g a t c t c  
l o t  c c g c g g c c c t a c a g c a c c t g c g c t c c a t c a c -c t c c a g c g g c a t g g c c g c c x g c g c g g c a g a g c a t c g a c g c g t c a a g a t t a a a a t t a a g g c g t g a t c t d x a a c c c c c c c x t g a a t g t g t g

24 c c g c g g c c c t a c a g c a c c t g c g c t c c a t c a g c t c c a g c g g c a t g g c c x c c x g c g
25 CCGCGGCCCTACAGCACCTGCGCTCCATCAGCTCCAGC 6GCATGGCCXCCXGCG
32 CCGCGGCCCTACAGCACCTGCGCTCCATCAGCTCCAGCGGCATGGCCGCCXGCGCGGCAGAGCATCGACG*GTCAAGATT7vAA3TTAAGGCGTGATC 
4 7  CCGCGGCCCTAC AGCA1CTGCGCTCC A T * AG 1T1CAGCGGCATGGCCGCCXGCG*CGCAGAGCATCGACG-GTCAAGATTAAAATTAAGGCGTGATC 

131 CCGAGGCCCTACAGCACCTGC8CTCCATCAGCTCCAGCGGCATGGCCGCTCTXSCSGXAGAGCATCGACGCGTCAAGATTAAAATTAAGGCGTGATCTCCAACCCCCCCATGAATGTGTG  
- 1 0  CCGCGGCCCTACAGC ACCTGCGCTCCATC AGC TCC A *CGGC A, TG-CXGCCCGC GCGGC AG AGC ATCG AC GCGTCAAGATTAAAA *  *AAGGCGTGATC 

4 3 CCGCGGCCCTACAGCAC *  *TGCGCTDATCAGCT*CAGCGGCATGGCCGCCX&CG-GGCAGAGCATCGACGCGTCAAGATTAAAATTAAGGCGTGATC 
4 1 9  CCGCGG*CCTACAGCACCTGCGCTDAT8 *AGCTCCAGCGGCATGGCCGCCGGCGXGGCAGAGCATCGACGCGTCAAGATTAAAATTAAGGCGTGATCTD*AACCCCCCCATGAATGTGTG 
5 4 5  CCGCGGCXXTACAGCACCTGCGCTCCATC AGCTCCAGCGGCATGGCCGCCXGCG lGCGAGAGCATCGACGCGTCAAGATTAAAATTAAG&CGl'GATCTCC AACCCCCCXATGAATGTGTG 

- 1  3 3 CXGCAXAX6ATCGACXCGTCAAGATTAAAATTAAXGCXTGATCTCC AACCCCCCC ATXAATXTXTX
- 1 9 2  TCAAGATTAAAATTAAGXCGTGATC TCC AACCCCCCC ATGAATGTGTG

- 6 0  GATCTCCAACCCCCCCATGAATGTGTG
1 4 0  TCCAACCCCCCCATGAATGTGTG

- 4 6 5  CCCCCCCATGAATGTGTG
1 6 6  CCCCATGAATGTGTG
1 7 6  GAATGTGTG

CCGCGGCCCTAC AGC ACCTGCGC TCC ATC AGC TCC AGCGGCATGGCCGCCCGC GCGGC AGAGCATCGAC GCGTC AAGATTAAAA7TAAGGCGTGATC TCC AACCCCCCC ATGAATGTGTG

5 7 6  
- 5 0 3  

3 7 2  
531  

- 1 9 5  
- 4 8 9  
- 3 7 6  
112 

- 4 5 7  
14 5  

- 3 6 0  
- 4 5 6  

- 7 2  
- 2 9 9  

71  
1 0 6  

24  
2  5 
32  
47  

131  
-10 

4 3  
4 1 9  
5 4 9

501
5 7 6

- 5 0 0
- 3 3 1
- 4 9 8

68
- 5 0 3
- 1 9 7

37 2
531

- 1 9 5
- 4 8 8
- 3 7 6
112

- 4 5 7
14 5

- 3 6 0
- 4 5 6

- 3 7 0
- 3 4 4

374
- 5 2 6
- 3 1 9

501
5 7 6
32 9

- 5 0 0
- 2 0 6
- 3 3 1
- 4 9 668
- 5 3 0
- 5 0 3
- 1 9 7

372
531

- 1 9 5
- 4 6 9
- 3 7 6
11?



2 7 7 -  2 7 6 0  2 7 9 0  2 6 0 0  2 6 1 0  2 6 2 0  2 6 3 0  2 6 4 -  2 6 5 0  2 6 6 0  2 6 7 0  2 6 6 0
- 4  56 TAACCCCCCCCAAAAAAATAAAGAGCCGTAACCCAACCA 

10 6  TAADCCCCCCXAAAAAAATAAAGAGCCGTAACXCAAXCAAAXCAGGCGTGGTGTGAGTTTGTGGACCXAAAG 
131 TAACCCCCCC XAAAAAAAY'AAAGAGCCGT AAC XCAACGAAAXC AGGCGTGGTGTGAGTTTGTGG ACC AAAAGXC
4 1 9  TAACCCCCCCCAAAAAAATAAAGAGCCGTAACCCAACC AAACC AGGCGTGGTGTGAGTTTGTGGACCCAAAGCCC7 1AGAGACAACGCGAC AGGCC AGTATGGACCG-TGTACTTTTAT7  
5 4 9  TAACCCCCCCC AAAAAAATAAAGAGCCGTAACCC AACC AAACC AGGCGTGGTGTGAGTTTGTGGACCC AAAGCCCTCAGAGAC AACGCGACAGGCCAGTATGGACCG7GATACTTT7ATT 

- 1 3 3  TAACCCCCCCC AAAAAAATAAAGAGCCGTAACCC AACC AAACC AGGCGTGGTGTGAGTTTGTGGACCC AAAGCCCTCAGAGAC AACGCGAC AGGCC AGTATGGACCGTGATACTTTT A T I  
-1 9 2  TGACCCCCCCC AAAAAAATAAAGAGCCGTAACCC AACC AAACCAGGCGTKXTGT4 AXTTTGTGGACCC AAAGCCCTCAGAGAC AACGCGAC AGGCC AXTATGGACCCTGATACTTTTATT  

- 6 0  AA
14 0  TAACCCCCCCC AAAAAAATAAAGAGCCGTAACCC AACC AAAXC AGGCGTGGTGTGAGTTTGTGGACCC AAAGCCCTC AGAGACXACGCGAC AGGCC AGTATGGACCGTGATAXTTTTATT 

- 4 6 6  TAACCCCCCCC AAAAAAATAAAGAGCCGTAACCC AACC AAACC AGGCGTGGTGTGAGTTTGTGGACCC AAAGCCCTC AGAGACCACCCGACAGGCC AGTATGGACCGTGATACTTTTAT7
16 6  T AACCCCCCCXAAAAAAATAAAGAGCCGTAACCC AACXAAACXAGGCGTGGTGTGAGTTTGTGGACCC AAAGCCCTC AGAGAC AACGCGAC AGGCC AGTATGXACCGTGA7AXTTT7ATT  
17 6  7’AACCCCCCCXAAAAAAATAAAGAGCCCTAACCC AACC AAACC AGGC GTGGTGTGAGTTTGTGG ACCC AAA GCC XTC AG AGAC AAXGCG AC AGGCC AGC ATGG ACC GTGATAXTTTXATT

-1 6 4  TAACCCCCCCC AAAAAAAT AAAGAGCCGTAACCC AACC AAACC AGGCCTC-'TGTGAGTTTGTGGACCC AAAGCCCTC AGAG AC AACGCGAC AGGCC AGTATGGACCGTGATACTTTT ATT  
-1 5 1  CCCCCCCC AAAAAAATAAAGAGCCGTAACCC AACC AAACC AGGCGTGGTGTGAGTTTGTGGACCC AAAGCCCTC AGAGAC AACGCGAC AGGCC A’  TATGGACCGTGATACTTTTATT
301 AGGCGTGGTGTGAGTTTGTGG ACCC AAAGCCCTC AGAGAC AACGCGACAGGCC ACTATGGACCGTGATACTTTTATT

GTGATA TTTTA TT  
TTTTA TT  

CGTGATACTTTTATT

2 8 9 0  2 9 0 0  2 9 1 0  2 9 2 0  2 9 3 0  2 9 4 0  2 9 5 0  2 9 6 0  2 5 7 0  29 8 o  2 9 9 0  3 0 0 0
4 1 9  TATTAA
54 9 TATTAACTCACAGGGGCGCTTACXGCXACAGGAATACC AGAATAATGACC ACCACAATCGCGACC ACCC 

- 1 3 3  TATTAACTCACAGGGBCX TTACCGCCACAGGAATA 
- 1 9 2  TATTAACTCAC AGGGXC XCTTACCGCC ACAGAXATAC 

1 4 0  TATTAACTCACAGGGGCG TTAXCGXCACAGGXATACXAGXA.TXATGAC 
- 4 6 5  TATTAACTCACAGGGGCGCTTACCGCCAC AGGAATACC AGAATAATGACC ACC AC AA TCCCG ACC ACCCC AAA TAC AGC ATHXCGCC AC ACC AC GCC AC AAC AGCCCTGTCGCCGGTATG 

1 6 6  TA TT  AAC TC AC AGGGGC GC T T  AC XGC XAC AGG A 
1 7 6  XATTAACTCACAGGGGCGCTTCA

-  16 4  TATTAACTCACAGGGGCGCTTACCGCCAC AGGAATACC AGAATAATGACCACCACAATC
- 1 5 1  TATTAACTC AC AGGGGC *CTTACCGCCACAGGAATACC AGAATAATGACC ACCACAATCGCGACC ACCCC 

3 0 5  TATTAACTC AC AGGGGCGCTT ACCGCC AC AGGAATACC AGAATAATG ACC ACC ACAATCGCTACC ACCCC AAATAC AGC ATGGCGCC AC ACC ACGCC AC AAC AGCCCTGTCGCCGGTATG 
81 TATTAACTC AC AGGGGCGCTTACC- CACAGGAATACXAGAATAATGACC ACC AC AATCGCGACC ACCCXAAATAC AGC ATGGCGCC AC ADXACGDXAC AAC AGCCXTGTCGC *GGTATC- 

5 7 4  TATTAACTC AC AGGGGCGCTTACCGCC AC AGGAATACC AGAATAATGACC ACC AC AATCGCGACC ACCCC AAATAC AGC ATGGCGCCAC ACC AC GCC AC AAC AttCCCTGTCGCCGGTATC- 
- 2 6 5  ACCGCC AC AG-AATACC AGAA-AATGACC ACC AC AA-CGCGACC ACCCCAAA TAC AGC ATGGCGCC AC ACC ACGCC AC AAC AGCCCTGGCGCCGGTATG
- 1 0 2  CC AT AGXAATACC AG AATAATGACC ACC ACAATCGCGACC ACCCC AAATAC AGC ATGXCGCCACACC AC GCC AC AAC AGCCCTGTCGC *CGTATG

5 7 0  AGAATAATGACC ACC AC AAT 1GCGACCACCCCAAATACAGCATGGCGCCAC ACCACGCC AC AAC AGCCCTGTCGCCGGTATG
4 5 1  ATGGCGCC AC ADXACGCCAC AACAGCCCTGTCGCCGGTATG
4 0 7  GCCGGTAT*

TA TT AAC TC AC AGGGGCGCTT ACCGCC AC AGGAATACC AGAATAATGACCACC AC AATCGCGACCACCCCAAATACAGCATGGC GCC AC ACC AC GCC AC AAC AGCCCTGTCGCCGGTATG

3 0 1 0  3 0 2 0  3 0 3 0  3 0 4 0  3 0 5 0  3 0 6 0  3 0 7 0  3 0 8 0  3 0 9 0  3 1 0 0  3 1 1 0  3 1 2 0
- 4 6 5  GGGC ATG ATC AGADG AGC XXXGCCGC GCGTTGGGCCCTGTAC AGC XXGC GC 

3 0  5 GGGCATGATCAGACGA'CCGCG 
81 GGXCATGATCAGACGAGCCG

5 7 4  GGGC ATG ATC AGACGAGCCGC GCCGC GCGTTGGGCCCTGTAC AGC TCGC 8XGAATTGACCCTAGGAGGCCCGC AGGCGCCCGAGTTTTCCGTTCGTCGCTGGTCGTCGGGCGCXAAAGXC 
- 2 8 5  GGGCATGATCAGACCABCC-CGCCGC8CGTTGGGCCCTGTACA6 *TCGCGCGAATTGACCCTAGGAGGCCGCCACC88CCCCAXTTTT
- 1 0 2  GGGC ATGATC AGACC AGCGCCGC* **GCGTTGGGCCCTGTACACGTCGCGCGAA TTG ACCCTAGGAGGCCGCCACGCGCCCGAGTTTTGCGTTCGTCGCTGGTCGTCGGGCGCC AAA GCC 

5 7 0  GGGC ATG ATC AGACGAGCCGCGCXGCG1HTTGGGCCCTGTA1AGXT 1G1G1GAATTGACCCTAGGAGGDXGDXAXGXGXCCGAGTTTTGCGTTCGTCG 1TGGTCGTCGGGCGCCAAAGCC
4 5 1  GGGCATGATCAGACGAGCCXXGCGCC- TTGGGCCCTGTACAGCTCGCGCGAATTGACCCTAGGAGGCCGCCA1GXGCCCGAGTTTTGCGTTCGTCGCTGGTCGTCGGGCGCCAAAGCC
4 0 7  GGGCATGATCAGACGAGCCGCG88G8 ***TTGGGCCCTGTACAGCTCGB688AATTGACCCTAGGAGGCCGCCACGCGCCCGAGTTTTGCGTTGGTCGCTGGTGGTCGGGCGCCAAAGCC 
5 6 4  GGGCATGATCAGACGAGCCXXGCXGXXS6 -TGGGCCCTGTACAGCTCGCCCGAATTGACCCTAGGAGGCCGCCACGXGCCCGAGTTTTGCGTTCGTCGCTGGTCGTCGGGCGCCAAAGCC 

- 4 2  3 TGGXCCCTGTAC AGCTCGCGC4AATTGACCCTAXHAGGXCGCCACGCGCCCGAGTTTTGCGTTCGTCGCTGGTCGTCXGGCGCC AAAGCC
4 0 4  CTGTACAGCTCG8 BB-AATTGACCCTAGGAGGCCGCCAXGGGCCCGAGTTTTG8C-TTGGTGGCTGGTGGT8GGGCGCCAAAGCC

- 2 3 5  CGCGCCCXAXA**-*CG*TCC-TCGCTGGTCATCGGGv GCC AAAGCC
3 9 4  GAGTTTTGCGTTCGTCGCTGGTCGTCGGGCGC *AAAG• D

" 5 1 4  AAGCC
GGGCATGATC AGAC GAGCCGC GCCGC GCGTTGGGCCCTGTAC AGC TCGCGCGAATTGACCCTAGGAGGCCGCCACGCGCCCGAGTTTTGCGTTCGTCGCTGGTCGTC GGGC GCC AAA GCC

3 1 3 0  3 1 4 0  3 1 5 0  3 1 6 0  3 1 7 0  3 1 6 0  3 1 9 0  3 2 0 0  3 2 1 0  3 2 2 0  3 2 3 u  3 2 4 0
5 7 4  CCGGAXGG1TGTTCGGTCGAACGAAXGGCCAGGACAGTGXCATAGGTTGGGGGGTGHTCCGACATAGCCTXGG 

- 1 0 2  CCGGACGGCTGTTCGGTCGAACCAACG6CXACGACAGTGGCATA 
5 7 0  CCGGAGGG1TGTT1GGTCGAA1GAA. 1GGCCACGACAGTGXC ATAGGTTGGGGGGTGGTCCGACATAGCCTCGGCGTACGTCGGGAGGCDGCACAAGAGGTXCCT 
4 5 1  CCGGACGGCTGTTCGGTCGAACGAACGGCCACGACAGTGXCATA
4 0 7  CCGGACGGCTGTTCGGTCGAACGAACGGCCACGACAGTCG'ATAGGTTGGGGGGTGGTCCC ACATAGCCTCGGCG
5 6 4  CCGGACGGCTGTTCGGTCGAACGAACGGCCACGACAGTGXCATAGGTTXGGGGGTGGTCCGAC ATAGCCTCGGCGTACGTCGGGAGGCCCGAC AAGAGGTCCCTTGTGATGTCGGGTGGG 

- 4 2 3  CCGGACGGCTGTTCGGTC SAACCAACGGCCACGACAGTGGCATAGGTTGGGGGGTGGTCCGACA.TAGCCTCGGCGTACGTCGGGAGGCCCGAC AAGAGGTCCCTTGTGATGTCGGGTGGG 
4 0 4  CCGGA8GGCTGTT8GGTCGAACGAACGGCCACGACAGTGXCATAGGTTGGGGGGTGGTCC*ACATAGCCTGGG8GTBAT8*GGGAGGCCC*ACAA4AGGTCCCTTGTGATGTCGGGTGGG 

- 2 3 5  CCGGACGGCTGTTCGGTCGAACGAACGG 
3 9 4  CCGGACGGCTGTTCGGTCGAACGAA*GGCCACGACAGTCGACTAGGTTGGGGGGTGGTCCGAC ATAGCCTCGGCGTACGTCGGGAGGCCCGAC AAGAGGTCCCTTGTGATGTCGGGTGGG 

- 5 1 4  CXXGACGGCTGXTCGXTC 4AACGAACGGCC ACG AC AXTGGC ATAGGTTXGGGGGTGGTCCGAC ATAGCCTCGGCXTACGTCGGAGGGCCCGAC AAGAGGTCCCTTGTGATGTCGGGTGGG 
3 5 9  CCGGACGGCTCTTCGGTCGAACGAACGGCCACGAC AGCG* *  ATAGGTTGGGGGGTGGTCCG AC A.TAGCCTCGGCGTACGTCGGGAGGCCCG AC AAGAGGTCCCTTGTGATGTCGGGTGGG 
3 1 0  CCGGACGGCTGTTCGGTCGAACGAACGGCCACGACACTGXXATAGGTTGGGGGGTGGTXCGACATAGXCTCGGCGTACGTCGGGAGGCCCGACAAGAGGTCCCTTGTGA.TGTCGGGTGGG 

- 3 4  9 G TCXAACXAACGGXDAC GAC AXTGGC ATXAGTTXXHGGGTGGTCCGACATAGCCTCGGCGTACXTGCGGAGGCCCGACAAGAGGTCCCTT8TGATGTCGGGTGGG
- 4 9 6  CCGAACGAACGGXDACGACAGTGGCATAGGTTGGGGGGTGGTCCGACATAGCCTCGGCGTACGTCGGGAGGCCCGACAAGAGGTCCCTTGTGATGTCGGGTGGG

4 0 9  GAAC GGCC ACG AC AC TG * *  AT AGGTTGGGGGGTGGTCCG AC ATAGCCTCGGCGTACGTCGGGAGGCCCGAC AAG AGGTCCCTTGTGA.TGTCGGGTGGG
- 5 1 2  CGGCXACXAGACTHXCATXGC-TTXXGGGGTGGTCCGACATXGCCTCGXCGTACGTCXGGAGGCCCGACAAGAGGTCCCTTGTGATGTCGGGTGGG
'2 5 6  GGGGGGTGGTCCGAC ATAGCCTCGGCGTACGTCGGGAGGCCCGAC AAGAGGTCCCTTGTC ATGTCGGGTGGG

- 4 9 0  GGGGGGTGGTCCGAC ATAGCCTCGXCGTACGTC *GGAGGCCCGAC AAGAGGTCCC *TGTGATGTCGGGTGGC-
5 1 7  TGATGTCGGGTGGG

CCGGACGGCTG TTC GGTCGAACGAAC GGCC AC GAC AGTGGCATAGGTTGGGGGGTGGTCCGAC ATAGCCTCGGCGTACGTCGGGAGGCCCGAC AAGAGGTCCCTTGTGATGTCGGGTGGG

3 2 5 0  3 2 6 0  3 2 7 0  3 2 8 0  3 2 9 0  3 3 0 0  3 3 1 0  3 3 2 0  3 3 3 0  3 3 4 0  3 3 5 0  3 3 6 0
5 6 4  GCC AC AAGDXTGGTTTCCGG AAG AAAC AGGGGGGTTGC 

- 4 2 3  GCCACAAGCCTGGTTTCCGGAAGAAACAGGGGGGTTGCCAATAACCCGCCAGGGCCAAAACTXCGGCXXTGCGCACGTCGTTCXGCGCGGCGC 
4 0 4  •CCACAAGCCTGGTTTC
3 9 4  GCCACAAGCCTGGTTTCCGGAABAAACAGGGGGGTTCCC AATAACCCGCCAGG*CCAAAATCCCGGCXCT 

- 5 1 4  GCC AC AAGCCTGGTTTCCGG AAG AAAC AGGGGGG-TGCC AAT AACCCGCC AGGGbC AAAAC TCCGGCGC TGCGCACGTCGTTC GGCGCGGXGGC GGGC GCGCCGAGCGH8TC GCTGGGCC- 
3 5 9  GCCACAAGCCTGGTTTCCGGAAGAAACAGGGGGGTTGCCAATAACCCGCCAGGXXCAAAAXTCCGGCGTTGCGCACGTGT
3 1 0  GCCACAAGCCTGGTTTCCGGAAGAAACAGGGGGGTTGCCAATAACCCGCCAGGCGYAAAACTCCGGCGCTGCGCACGTCGTTCGGCGCGGCGC 

- 3 4 9  GCCACAAGCCTGGTTTCCGGAAGAAACAGGGGGXTTGCCAA7AACCCGCC AGGGCC AAAAC TCCGGCXC TGC GCACGTCGTXC GGC GCGXCGCCGGGCGC4CCGAGCGGCTCGCTGGGCG 
- 4 9 6  GCCACAAGCCTGGTTTCCGGAAGAAAC AGGGGGGTTGCC AATAACCCGCC AGGGSC AAAACTXCGGCBXTGCGCACGTCGTTCGGCGCX4CGCCGGGCGCGCCGAGCGGCTCGCTGGGCG 

4 0 9  GCC AC AAGCCTGGTTTCCGGAAGAAACAGGGGGGTCCCC AAT AACCCGCC AGO'CCAAAATCCCGGCXCTGCGCACGTCC-T 
- 5 1 2  GCC AC AA GCCTGGTTTCCGG AXGGAAC AGGGGGGTTGCC AATAACCCGCC AGGHCC AAAAC TCCGGCXCTGCGCACGTCGTTCGGCGX6GCXXCGGGCHCXCCXAGCGGCTC GCTGGGCC 

2 5 6  GCCACAAGCCTGGTTTCCGGAAGAAACAC-GGGGGTTGCCAATAACCCGCCAGGCCCAAAACTCeGGCGCTGCGCACGTCGTTCGGCGCXGXGCCGGGCGCGXCGAGCGGCTCGCTGG&CG 
r 4 9 0  GCC AC AAGCCTGGTTTCCGGAAAAAAGAGGGGGGTTGCCAATAACCCGCC AGGGCC AAAACTCCGG *  8 *TGCGCACGTCGTTCGGCGXGGC * 'CGC-GCGCGCCGAGCGGC TCGCTGGGCC- 

5 1 7  GCC AC AAGCCTGGTTTCC GG AAG AAAC AGGGGGC-TT XCC AATAACCCGCC AGXXCCAAAAX TCC GGC GC TGC GC ACGTCGTTCGGC GCGGDGDXXGGCXXXX8BAGCGGCT88CTGG6 X 6 
- 2 6 2  ACCXGAA-AAAC AGGGGGGTAGCC AATAACCCGCC AGGGCC AAAACXCCGGCXCTGC&CACGTCGTTCGGCGCXGCGCCGC-GCXCGCCGAGCGC-CTCGCTGG&CO
- 2 3 5  CCAXCXHCTCXCTCGGCX
- 2 1 3  CCAGCC-GC7CGCTGGGCG
- 2 0 6  AGCGC-rTC&CTGG&CG

4 8 b  AGCGGC TC GC TGGGC 0
- 3 9 1  CCTGGG8G

GCC AC AAGCCTGGTTTCCGGAAGAAAC AGGGGGGTTGCC AATAACCCGCC AGGGCC AAAAC TCCGGC GC TGC GCACGTCGTTC GGC GCGGCGCCGGGCGCGCCGAGCGGCTC GCTGGGCC-

3 3 7 0  33 81 3 3 9 -  3 4 0 0  3 4 1 0  3 4 2 0  3 4 3 0  3 4 4 0  34 50 3461 34 7 -  3 4 8 -
- 5 1 4  GCTTGGCGTGAGCGGC-CCGCTCCGAC-.
-  34 9 GCTTGGCGTGAGCGGCCCCGCTCCGACGCCTCGCCCTCTCCGGAGGAGGTTGGCGGAATTGGCACG 
- 4 9 6  GCTTG&CGTGAGCGGCCCCGCTCCGACGCCTC
- 5 1 2  HCTTXHCGTGAGCGGCCCCGCTCCGACGCCTCGC 

2 5 6  GCTTGGCGTGAGCGGCCCCGCTCCGACGXCTCGCCCTCTXCC-GA 
- 4  90  GCTTGGCGTGAGCGGCCCCGCTCCGACGCCTCGCCCTCTC'GGAGGA 

5 1 7  8CTTGGCGTGAGXGGCCCCGCYCCGACGCCTXGCCCT1TCCGGAGXAGGTTG&CGGAAT1GGCACGGACAA-AGGGGCCCACGAGAGATXGGTGGAGGTGGGTCCGTGGGGGTGTCCAGA 
- 2 6 2  GCTTGGCGTGAGCGGCCCCGCTCCGACGCCTCGCCCTCTCCGGAGGAGGTTGGCXKAACTGGCACC- 
- 2 3 5  GCXTXGCXTXA CGGCCCCGCTCCGACGCCTCGXCCTCTCCGGAGGAGGTTGGCGGAATTGGC AOGGACAACAGC-
- 2 1 3  * c t t c g c g t g a g c g g c c c c g c t c c g a c g c c t c g c c c t c t c c g g a g g a g g t t g g c g g a a t t g g c a c g g a c a a c a g g g g c c c a g c a g a g t a c g g t g g a g g t g g g t c c g t g c -g g g t g t c c a g a  
- 2 0 6  g c t t g g c g t g a g c g g c c c c g c t c c g a c c c c t a g c c c t  

4 8 8  g c t t g g c g t g a x c g g c c c c g c t c c g a c g c c t c g c c c t c t c c g g a g g a g g t t g g c g g a a t t g g c a c g g a c a a c a Bg g g c c c a g c a g a g t a c g g t g g a g g t g g g t c c g t g g c -g g t g t c c a g a
- 3 9 1  GCTTGGCGTGA&CGGCeCCGCTCCGACGCCTCGCCCTCTCCGGAGGAGGTTGGCGGAATTGGCACGe-ACAACAGGC-GCCCASCAGACTACGGTGGAGC-TGGGTCCCTC.GC-GGTGTCCAGA 
- 4  54 GAC AAC AGGGXC CC AGC AGAGTACGGTGOAGGTGGG7‘CCX7GGGGCTGTCC AGA

5 5 2  CCCAGCAGAGTACGGTGGAGGTGGGTCCGTGGGGGTGTCCAGA
- 6 3  GA
- 5 3  OA

g c t t g &c g t g a g c g g c c c c g c t c c g a c g c c t c g c c c t c t c c g g a g g a g g t t g g c g g a a t t g g c a c g g a c a a c a g g g g c c c a g c a g a g t a c g g t g g a g g t g g g t c c g t g g g g g t c -t c c a g a
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3 4 9 0  3 5 0 0  3 5 1 0  3 5 2 0  3 5 3 0  3 5 4 0  3 5 5 0  3 5 6 0  3 5 7 0  3 5 8 0  3 5 9 0  36 01
T1AXTAACGACAA
TC AAT AACGACAAACGGCCCCTCGTTCCTACCAGAC AAGCTATCGTAGGGGGGCGGGGGATCAGCAAAXC
TCAATAACGAC AAACGGCCCCTCGTTCCTACC AGAC AAGCTATCGTAGGGGGGCGGGGGATCAGCAAACGCGTTCCCCGCGCTCCATAAACCCGCHTCGGGTTGCGCCGCCTCCGAAGCC 
TC AATAA

TCAATAACGAC AAACGGCCCCTCGTTCCTACC AGAC AAGCTATCGTAGGGGGGXGGGGGATCAGC AAACGCGTTCCCCGCGCTCCATAAACCCGCGTCGGGTTGCGCCGCCTCCGAAGCC 
TC AATAACGACAAAGCGCCCCTCGTTCCTACC AGAC AA GCTATCGTAGGGGGGCGGGGGATCAGCAAA* GCGTTCCCCGCGCT• DATAAACCCGCGTBGGCTTGCGCCGCCTCCGAAGCC 
TCAATAACGAC AAACGGCCCCTCGTTCCTACC AGAC AAGCT 
TCAATAACGACAAACGGCCCCTCGTTCCTACCAGACAAGCTATCGT 
TC AAT AAC GAC AAACGGCCCCTCGTTCCTACC AG AC AAGCTATCGTAGG 
TCAATAACGACAAACGGCCCCTCGTTCCTACCAGACAAGCTATCGTAGGGGG 
TC AATAACGAC GGGCGGCCCCTCGTTCCT ACC AGAC AAGCTATCGTAGGGGGG 
TCAATAACGACAAACGGCCCCTCGTTCCTACCAGACAAGCTATCGTAGGGGGGCGGGGGATC 
TCAATAACGAC AAACGGCCCCTCGTTCCTACC AGACAAGCTATCGTAGGGGGGCGGGGGATC 
TC AATAACGAC AAA 5GGCCCCTCGTTCCTACC AC.A5AA GCTATCGTAGGGGGGCGGGGGATC 
TC AATAACGAC AAACGGCCCC 2C4TTCCTACC AGATAAGCTATCGTAGGGGGGCGGGGGA-C 

CGACAAACGGCCCCTCGTYCCTACCAGACAAGCTATCGTAGGGGGGCGGGGGATC 
CAAACGGCCCCTCGTTCCTACCAGACAAGCTATCGTAGGGGGGCGGGGGATC 

CCCCTCGTTCCTACCAGACAAGCTATCGTAGGGGGGCGGGGGATC 
CCCCTCGTTCCTACCAGACAAGCTATCGTAGGGGGGCGGGGGATC

TTCCTACCAGACAAGCTATCGTAGGGGGGCGGGGGATCAGDAAAXGCGTTCCCC
CCTACCAGACAAGTCTACT*HAGGGGGC*GGGGATCAGCAAAC•C4TTCCCCGCGCTCCATAAACCCGCCTCGGGTT*CGCCG*CTCCHAAGCC  

CCAGA1AAGCTATCGTAGGGGGGCGGGGGATC
GGGGGGXGGGGGATCAGCAAACGCGTTCCCCGCGCTCCATAAACCCGCGTCGGGTTGCGCCGCCTCCGAAGCC

ATAAACCCGCGTCGGGTTGCGCG* *C T*C G A A G *D  
TAAAC C C GC G TC GG G TTGC GC C GCC TC C G AAGC C 

CCGCGTCGGGTTGCGCCGCCTCCGAAGCC 
C

TCAATAAC GACAAAC GGCCCCTCGTTCCTACC AGAC AAGCTATCC-TAGGGGGGCGGGGGATCAGC AAAC GCGTTCCCCGCGC TCC ATAAACCCGCGTCGGGTTGCGCCGCCTCCGAAGCC

3 6 1 0  3 6 2 0  3 6 3 0  3 6 4 0  3 6 5 0  3 6 6 0  3 6 7 0  36B 0 3 6 9 0  3 7 0 0  3 7 1 0  3 7 2 0
ATGGATGCGCCCCAAAGCCACGACTCC
ATGG ATGC GCCCC AAAGCC AC GAC TCCCGCGCGCTAGGTCCTTGGGGTAATGGAAAAGGCCXTACT 
ATGGATGCGCCCCAAAGCCACGACCTCCGCGCGCTAGGTCCTTGGGGTAAT
TAGGTA *CGCCCC AAAGCC AC GACTCCC *CGCGCTAGGTCCTTGGGGTAATGGAAAAGGCCCTACTCCCCATCCAAGCCAGCGCAATTAACGCG*TACG*XTTCGGGAATGGGACTGGCA 
ATGGATGCGCCCCAAAGCC ACGACTCCCGCGCGCTAGGTCCTTGGGGTAATGGAAAAGGCCCTACTCCCC ATCC AAGCC AGCC AAGTT AAC GGGCTACGCCTTCGGGAATG GGAC TGGC A 
ATGG ATGC GCCCC AAA GCC ACG AC TCCCGC GCGC TAGGTCCTTGGGGTAA TGGAAAAGGCCCTAC TCCCC ATCC AAGCC AGCC AAGTT AACGGGCTACGCCTTGGG*GATGGGACTGGC A 
ATGGATGCGCCCCAAAGCCACGACTCCCGCGCGCTAGGTCCTTGGGGTAATGGAAAAGGCCCTACTCCCCATCC AAGCCAGCCAAGTTAACGGGCTACGCXTT8GGGAATGGGAC TGGCA 
ATGGATGC GCCCC AAAGCC AC GACTCCCGCGCGCTAGGTCCTTGGGGTAATGGAAAAGGCCCTACTCCCC ATCC AAGCC AGCC AAGTT AACGGGCTACGCCTTCGGGAATGGGACTGGC A 
ATGG ATGC GCCCC AAAGCC AC GAC TCCCGC GC GC TAGGTCC TTGGGGTAA TGGAAAAGGCCCTAC TCCCC ATCC AAGCC AGCC AAGTT AACGGGCTACGCCTTCGGGAATGGGACTGGC A

GTTAACGGGCTACGCCTTCGGGAATGGGACTGGCA 
TTCGG* AATGGGACTGGCA 
TTCGG*AATGGGACTGGCA 

CGG'AATGGGACTXHCA  
GGGAATGGGACTGGC A.

ATGGATGC GCCCCAAAGCCACGAC TCCCGC GCGCTAGGTCCTTGGGGTAATGGAAAAGGCCCTAC TCCCCATCC AAGCCAGCC AAGTT AACGGGCTACGCCTTCGGGAATGGGACTGGC A

3 7 3 0  3 7 4 0  3 7 5 0  3 7 6 0  3 7 7 0  3 7 8 0  3 7 9 0  3 8 0 0  3 8 1 0  3 6 2 0  3 6 3 0  3 6 4 0
CCCCGGCGGATTTTGTTGGGCTGGCATGCGTGGCCCAACC
1GDCGGCGGATTTTGTTGGGCTGGCATGCGTCG*CCAA*CGAGGGCCGCGTXD*AGGGA
CCCCGGCGGATTTTGTTGGGCTGGCATGCGTCGCCCAACCGAGGGAGCCGTCCA1GGGA1GXGCCTTTTATAACCCCGGGG*TCXTTXCCAACGATCACATGCAAT 
CCCCGGCG-ATTTTTTTGGGCTGGCATGCGTCGCCCAACCGAGGGCCGCGTCCACGGGA
CCCCGGCGGATTTTGTTGGGCTGGCATGCGTCGCCCAACCGAGGGCCGCGTCCACGGGA**CGCCTTTTATAACCCCGGGGGTCATTCC*AACGATCACATGCAATCTAACTG
CCCCGGCGGATTTGGTTGGGCTGGCATGCGT-GCCCAACCGAGGG
CCCCGGCGGATTTTGTTGGGCTGGCATGCGTCGCCCAACCGAGGGCCGCGTCCACGGGACGCGCCTTTTATAACCCCGGGGGTCATTCCCAACGATCACATGCAATCTAA*TGG 
GCCCGGCGGATTTTGTTGGGCTGGCATGCGTCGCCCAACCGAGGGCCGCGTCCACGGGACGXGCCTTTTATAACCCCGGGGGTCATTCCCAACGATCACATGCAATCTAA 
CCCCGGCGGATTTTGTTGGGCTGGC ATGCGTCGCCC AACCGAGGGCCGCGTCC AC GGGAC•CGCCTTTTATAACCCCGGGGGTGATTCCCAACGATCACATGCAATCTAACTGG  
CCCCGGCXHATTTT4TTGGGCTGGCATXCGTCGCCCAACCGAGGHXDXXHXXDACGGGACGCGCCTTTTATAACCCCGGGGGTCATTCCC
XCCCGGCGGATTTTGTTGGGCTGGCATGCGTCGCCXAACCGAGGGCCGCGTCCAXGGGAXXXGCCTTTTATAACCCCGGGGGTCATTXCCAAXGATCA*ATGCAAT 

TCGCCCAACCGAXXGXXXAGT86ACGGGACGCGCCTTTTATAACCCCGGGGGTCATTCCCAACGATC
CCAACCGAGGGC * •••TCCACGGGACGCGCCTTTTATAACCCCGGGGGTCATTCCCAACGATCACATGCAATCTA  

AGGGXXXXGTCCACGGGAC *CGCCTTTTATAACCCCGGGGTGCATTCCCAACGATC
TCCACGGGACG8GCCTTTTATAACCCCGGGGGTCATTCCCAACGATCACATGCAATCTAACTGG  

GGCCTTTTATAACCCCGGGGGTCATTCCCAACGATCAAATGCAATCTAACTGG
TATAACCCCGGGGGTCATTCCCAACGATCACATGC AATCTAACTGGCTCCCC 

CCCCGGCGGATTTTGTTGGGCTGGCATGCGTCGCCCAACCGAGGGCCGCGTCCACGGGACGCGCCTTTTATAACCCCGGGGGTCATTCCCAACGATCACATGCAATCTAACTGGCTCCCC

3 8 5 0  386C  3 8 7 0  3 8 8 0  3 e 9 0  3 9 0 0  3 9 1 0  3 9 2 0  3 9 3 0  3 9 4 0  3 9 5 0  3 9 6 0
CTCCCCTCTCCCCCCCTCTCCCCTCTCCCCCCCTCTCCCCTCTCCCCTCTGCTCTTTCCCCXTGACACCCGA

TCTCCCCCCC CTCCCC-------------CCCCCYYYCCCCTCTCCCCCCCTCTCCCCTCTCCCCTCTCCTCTTTCCCCGTGACACCCGACGXTGGGGGCGTGGCTGCCO
CCCCCC TC TCCCC TCTCCCCCCCTCTCCCCTCTCCCCCCCTCTCCCCTCTCCCCCCCTCTCCCCTCTCCCCTCTGCTCTTTCCCCGTGACACCCGACGCTGGGGGCGTGGCTGCCG  

TCTCCCCCCCTCTCCCCTCTCCCCCCCTCTCCCCTCTCCCCTCTGCTCTTTCCCCGTGACACCCGACGCTGGGGGCGTGGCTGCCG  
TCCCCCCCTCTCCCCTCTCCCCTCTGCTCTTTCCCCGTGACACCCGACGCTGGGGGCGTGGCTGCCG 

CCCTCTCCCCTCTCCCCTCTGCTCTTTCCCCGTGACACCCGACGCTGGGGGCGTGGCTGCCG 
CTCCCCTCTCCCCTCTGCTCTTTCCCCGTGACAXCCGACGCTGGGGGCGTGGCTGCCG 

CCTCTCCCCTCTGCTCTTTCCCCGTGACACCCGACGCTGGGGGCGTGGCTGCCG 
CCGTGACACCCGACGCTGGGGGCGTGGCTGCCG 

GGC TGC CG 
TGCCG

TC TCCCCCCCTC TCCCC TCTCCCCCCCTC TCCCCTC 7CCCCCCCTC TCCCC TCTCCCCC CCTC TCCCCTV TCCCCTC TGC TCTTTCCCCGTGAC ACCCGACGCTGGGGGCGTGGCTGCCG

3 9 7 0  3 9 8 0  3 9 9 0  4 0 0 0  4 0 1 0  4 0 2 0  4 0 3 0  4 0 4 0  4 0 5 0  4 0 6 0  4 0 7 0  4 0 8 0
GGAGGGGCCGCGGATGGGCGGGCCTACTTGGTTTCCCGCCCCCCCCCCCCCCCCCCCXBCCXCC 
GGAGGGGCCGCGGATGGGCGGGCCTACTTGG7TTCCCGCCCCCCCCCCCCCCCCCCGAACCGCC*  *GCC
GGAGGGGCCGCGGATGGGCGGGCCTACTTGGTTTCCCACCCCCCCCCCCCCCCCCCXAACCCCCCCCCC4CCTTTXCCCCCCTTTGATCCCCTGCTACCCCCAACCCGTGCTGGTGGTXC
GGAGGGGCCGCGGATGGGCGGGC*TACTTGGTTT*CCGCCCCCCCCCCCCCCCCCC
GGAGGGGCCGCGGATGGGCGGGCCTACTTGGTTTCCCGCCCCCCCCCCCCCCCCCCGAAl1XCCCCGCCGGCTTTGXDCCCCTTTGATCCCCTGCTACCCCCAACCCGTGCTGGTGGTGC 
GGAGGGGCCGCGGATGGGCGGGCCTACTTGGTTTCCCGCCCCCCCCCCCCCCCCCCGAACCGCCCCGCCGGCTTTGCCCCCCTTTGATCCCCTGCTACCCCCAAACC 
GGAGGGGCCGCGGATGGGCGGGCCTACTTGGTTTCCCGCCCCCCCCCCCCCCCCCCGACCC&CCCCGCCGSCTTTGCCCCCCTTTGATCCCCTGCTACCCCCACCCCGTCCTGGTGGTCC 
GG AGGGG 6C GCGG AT'GGGC GGGCC TAC TTGGTTTCCCGCCCCCCCCCCC CCCCCCC GAA.CCGCCCCGCCG*CTTTGCCCCCCTTTGATCCCCTGCTACCCCC AACCCGTGCTGGTGGTGC 
GGAGGG&CCGCGGATGGGCGGGXCTACTTGGTTTCCCGCCCCCCCCCCCCCCCCCCGAAXCGCCCCGCCGGCTTTGXDCCCCTTTGATCCCCTGCTACCCCCAACCGGTGCTGGTGGTGr 

ATGGGCGGGCCTACTTGGTTTCCCGCCCCCCCCCCCCCCCCCC *AACCGCCCCGCC * GCTTTGCCCCCCTTTGATCCCCTGCTACCCCCAACCCBTGCTGGTGGTGC 
GGGCGGGCCTACTTGGTTTCCCGCCCCCCCCCCCCCCCCCCGAACCGCCCCGCCG•CTTTGCCCCCCTTTGATC

TT  TCCCGCCCCCCCCCCCCCCCCCCGAACCGCCCCGCCGGCTTTGCCCCCCTTTGATCCCCTGCTACCCCCAACCCGTGCTGGTGGTGC 
CCCCCCCCCCCCCCCCCCGAACCGCCCCGCCGGCTTTGCCCCCCTTTGATCCCCTGCTACCCCCAACCCGTGCTGGTGCTGC 
CCCCCCCCCCCCCCCCCCGAACCGCCCCGCCG.WC ---G C C C C C C T * * GA TCCCC TGC T AC CCCCAACCCG TGC TGGTG 7 T o '  

CCCCCCCCCCCCCCCCCGAACCGCCCCGCCXGCTTTGCCCCCCTTTGATCCCCTGCTACCCCCAACCCGTGCTGGTC-GTGC 
CGAACCGCCCCGCCG*CTTTGCCCCeCTTTGATCCCCTGOTACCCCCAACCCXTXCTXGT>.GTx:

g t g c t g g t g g t g :
GGAGGGGCCGCGGATGGGCGGGCCTACTTGGT7TCCCGCCCCCCCCCCCCCCCCCCGAACCGCCCCGCCGGCTTTGCCCCCCT7TGATCCCCTGCTACCCCCAACCCGTGCTGGTGC-TGC 

4 0 9 i-  4 1 UC- 4 ;1 C  4 ) 2 0  4 1 3 0  4 ) 4 0  4 1 5 0  41 6C  4 1 7 0  4 1 6 0  419C  4 2 0 0
g g c t t g g g g g g g g a t g t g g g c g g g g c -t g c g c g g g a g g t g t c g g t g g t g g t g g t g g t g g t g g t a c -t a g g a a t g g t g g t g a g g g g g g g g g

GGCTTGGGGGGhXATGTGGGCGGGGGTCCGCGGGAGG-GTCGGTGCTGGTGGTC-GTGC-TGClAGTAGGAAT
GGGTTGGGGGGGGATGT
GGGTTGGGuGGiaGATCTGGGC GGGo GI'GCGCG'oGAGGTli TC GGTGGTGG TGG TGuTGGTGGTAuT AG*j  AATt_»GTGG T OAu oGGOoGG
GGGTTGGGGGGGGATGTGGGCGGGGGTGCGCGGGAGGTGTCGGTGCTGGTGGTGGTGGTGGTAGTAGGAATGGTGGTGAGGGGGGGGG
GGGTTGGGGGGGGATGCGGGCGGGGGTGCGCGGGAGGTCTCGGTGGTGGTGCTGGTGGTGGTA
GGGTTGGGGGGGGATGTGGG-CGGGH "THCGC GGGAGGTGTCGG7
GGGTTGGGGGGGGTTGTGGGCGGGGGTGCGCGGGAGGTGTCGGTC
GGGTXGGGGGGGGXTGTGGGCGGGGGTG
XGGTTXGGGGGHXAXXTXGGCGGGGXTXCGCXGGAXGTGTCXGTXGTXGTXGTXGTXGTXGTAXTAXGAATXGTXGT-AGGGGGGGGGGGCGCTGGTTGGTCAAAAA.AGGGAGGGA
GGGTTGGGGGGGGA.TGTGGGCGGGGGTGCGCGGGAGGTGTCGGTGGTGGTGGTGGTGGTGCTAGTAGGAATGGTGGTGAGGGGGG

TGGTGGTGGTGGTGGTGGTAGTAGGAATGGTGG7GAGGGGGGGGGGGCGCTGGTTGGTCAAAAAAGGGAGGGACGGC- 
GGTGGTGGTAGTAGGAATGGTGGTGAGGGGGGGGGGGCGCTGGTTGGTCAAAAAAGGGAGGGACGGC 

AGTAGGAATGGTGGTGAGGGGGGGGGGGCGCTGGTIGC-TCAAAAAAGGGAGGGACGGG 
CTGGTTGGTCAAAAAAGGGAGGGACGGC 

GG AGGCACGGC
GGGTTGGGGGGGGATGTGGGCGGGGGTGCGCGGGAGGTGTCGGTGGTGGTGGTGGTGGTGGTAGTAGGAATGCTGGTGAGGGGGGGGGGGCGCTGGTTGGTCAAAAAAGGGA3GGACGGG



4 2 1 0  4 2 2 0  4 2 3 0  < 2 4 0  4 2 5 0  4 2 6 0  4 2 7 0  4 2 6 0  4 2 9 0  4 3 0 0  4 3 1 0  4 3 2 0

5 9 9  G «X G G C  AGACC&ACGGCGACXACGCTCCCCGGCGGCCGCGTCGCGGCTCTTACGXGCGGCCCGGCCCGCGCTCCC ACCCC DXGGGCCGTGTCCTTGCTTTCCCCCCGTCTTCCCCCCC
6 0 0  GGCCGGC AGACCGACGGCGAC AACGCTCCCCGGCGGCCGGCTCGCGGCTCTT ACGAGCGGCCC 

- 6 0 1  GGCCGGC AG ACC GACGGC GAC AACGCTCCCCGGCGGCCGGGTCGCGGCTCTT ACG AGCGGCCCGGCC
- 3 0 6  GGCCGGCAGACCGACGGCGAC AACGC TCCCCGGCGGCCGGGTC GCXHCTCTT ACGAGC GGCCCGGCCCGCGC TCCC ACCCCCCGGGCCGTGTCC TTGC TTTCCCCOCGTC TCCCCCCCCC 

4 9 4  GGCCGGC AGACCGACGGCGAC AACGCTCCCCGGCGGCCGGGTCGCGGCTCTTACGAGCC-GCCCGGCCCGCGCTCCCACCCCCCGGGCCGTGTCCTTGCTTTCCCCCCGTCTCCCCCCCCC 
5 9 b  CCCGGCGGCCGGGTCGCGGCTCTTACGAGCGGCCCGGCCCGCGCTCCCACCCCCCGGGCCGTGTCCTTGCTTTCCCCCCGTCTCCCCCCCCC

- 3 2 6  GGGCCXTGTCCTTGCTTTCCCCCCGTCTCCCCCCCCC
14 3 TTGCTTTCCCCCCGTCTCCCCCCCCC

- 5 5 6  GTCTCCCCCCCCC
GGCCGGC AGACCGACGGCGAC AACGC TCCCC GGCGGCC &GGTCGC GGC TCTT AC GAGCGGCCCGGCCCGC GCTCCC ACCCCCCGGGCCGTGTCCTTGCTTTCCCCCCGTCTCCCCCCCCC

4 3 3 0  4 3 4 0  4 3 5 0  4 3 6 0  4 3 7 0  4 3 6 0  4 3 9 0  4 4 0 0  4 4 1 0  4 4 2 0  44 30 4 4 4 0
- 3 0 6  CCGCCTT

4 9 4  CCGCCTTCTCCTCCTCCTCCTCGTTTTTCC AAACCCCGCCC ACCCGGCCCGGCCCGGCCCGGCCCGGCCCGGCC ACCGCCGCCXACCXACCXACCTXGGGATACCCA 
5 9 6  CCGCCTTCTCCTCCTCCTCCTCGTTTTTCC AAACCCCGCCC ACCC GGCCCGGCCCGGCCCGGCCCGGCCC GGCC A 

- 3 2 6  CCGCCTTCTCCTCCTCCTCCTC 4TTTTTC C  AAACCCCGCCC ACCC SGCCCGGCCCGGCCCGGCCCGGCCCGHCC ACCGCCGCCC ACCC ACCC ACC TCGGG AT ACCC AGCCCCGGTXCCCC 
14 3 CCGCCTTCTCCTCCTCCTCCTCGTTTTTCC AAACCCCGCCC ACCXGGCCCGGCCCGGCCCG&CCCGGCCCGGCC ACCGCCGCCC ACCC ACCC ACCTCGGGATACCCAGCCCCGGTCCCCC 

- 5 5 6  ACGCCTTCTCCTCCTCCTCCTCGTTTTTCC AAACCCCGC CC AC XDG GCCGC GCCGC GCCCGGCCCGGCDXGGCC ACCGCCGCCC ACCC ACCC ACCTCGGGATACCCAGCCCCGGTCCCCC 
- 3 8 1  CCGCCTTCTCCTCCTCCTCCTCGTTTTTCCAAACCCCGCCCACCCGGCCCGGCCCGGCCCGGCCCGGCDXGGCCACCGCCGCCCACCCACCCACCTCGGGATACCCAGCCCCGGTCCCCC
- 5 6 6  g c c t t c t c c t c c t c c t c c t c x t t t t t c c a a a c c c c g c c g a c c c x h c c c g &c c c g g c c c g &c c c g g c c c x h c c a c c g c c g c c c a c c c a c c c a c c t c g g g a t a c c c a g c c c c g g t c c c c c  

1 6 0  t c c t c c t c c t c c t c g t t t t t c c a a a c c c c g c c c a c c c g g c c c g g c c c g g c c c g g c c c g g c c c g g c c a c c g c x g c c c a c c c a c c c a c c t c g g g a t a c c x a g c c c c g g t c c c c c
4 1 6  t c x t x c t c g t t t t t c c a a a c c c c g c c c a c c c g g c c c g g c c c g g c c c g g c c c g g c c c g g c c a x c g c c g c c c a c c c a c c c a c c t c g g g a t a c c c a g c c c c g g t c c c c c
2 1 2  CTCGTTTTTCCAAACCCCGCCCACCCGGCCCGGCCCGGCCCGGCCCGGCCCGGCCACCGCCGCCCA*CCACCCACCTCGGGATA*CCAGCCCCGGTCCCCC

- 4 6 9  CCGXXCCGXXCCGXXCCGGCXCGGCXACCGCCGXCCAXCCAXCCACCTCGGGXTACCCAGCCCCGGTXXCCC
4 8 5  CCCGGCCACCGCCH-CCACCCACCCACCTCGGGATACCCAGCCCCGGTCCCCC

- 4 9 7  CGCCCACCCACCCACCTCGGGATACCCAGCCCCGGTXCCCC
- 4 0 0  GCCC -CCC -CCC -CCTCGGGATACCC AGXCCCGGTCCCCC

CCGCCTTCTCCTCCTCCTCCTCGTTTTTCC AAACCCCGCCC ACCC GGCCCGGCCCGGCCCGGCCCGGCCC GGCC ACCGCCGCCC ACCC ACCC ACCTCGGGATACCCAGCCCCGGTCCCCC

4 4 5 0  4 4 6 0  4 4 7 0  4 4 6 0  4 4 9 0  4 5 0 0  4 5 1 0  4 5 2 0  4 5 3 0  4 5 4 0  4 5 5 0  45 6U
- 3 2 b  GTTCCCCGGGGGXDGTTATCTCCAGCGCCC 

14 3 GTTCCCCGGGGGCCGTTATCTCC AGCGCCCCGTCCGGCGCGC 
- 5 5 6  GTTCCCCGGGGGCCGTTATCTCC AXCGCCCXGTCCGGCGCGCCGCCCCCCGCCGCTAAAXCCCA
- 3 8 1  GTTCCCCGGGGGCCGTTATCTCCAXCGCCCCGTCCGGCGCGCCGCCCCCCGCCGCTAAACCCCATCCCGCCCCC AGGACCCC AC AT AT AAGCCCCC AGCC AC ACGC AAG AAC AGAC AC GC 
- 5 6 6  GTTCCCCGGGGGCCGTTATCTCCAXCHXCCCGTCCGGCCC&CCGCCCCCCGCCGCTAAACCCC ATCCCGCCCCCGGGACCCC ACATATAAGCCCCC AGC6 --A C G C  AAGAACAGAC ACGC 

1 6 0  GTTCCCCGGGGGCCGTTATCTCC AGCGCCCC GTCCGGCGCGCCGCCCCCC GCCGC TAAA21CCC ATXCCGXCCCCGGG ACCCC AC ATATAAGXCCCC AGC -  AlAXGXAAGAAiAGACAXGX 
4 1 6  GTTCCCCGGGGGCCGTTATCTCC AGC GCCCCGTCCGGCG1G1CGCCCCCCGCCGCTAAACCCCATCCCGCCCCCGGGACCCC 
21 2  GTTCCCCGGGGGCCGTTAT1TCC AG8GCCCCGTCCGGCGCGCCGCCCCCCGCCGCTAAA-CCCATCCCG * -CCCG  

- 4 6 9  GTTCCCCGGGGGCCGTTATCTCC AXC HCCCCGTCCGGC XC&CCGCCCCCCGCCGCTAAACCCCATCCCGCCCCCGGGACCCC AC ATATAAGCCCCC AGCC-CACGC AAG AAC AGAC ACGC 
4B 5 GTTCCCCGGGGGCCGTTATCTCC AGCGCCCCGTCCGGCG-GCCGCCCCCCGCCGCTAAACCCCATCCCGCCCCCGGG ACCCC AC ATATAAGCCCCC AGCC A 1 A. 1G 1 AAG AAC AG AC A -  1G 

- 4 9 7  GTTCCCCGGGGGCCGTTATCTCC AXCHCCCCGTCCGGCGCGCCGCCCCCCGCCGCTAAACCCC ATCCCGCCCCCGGGACCCC AC ATATAAGCCCCC AGCC AC ACGC AAGAAC AGAC ACGC 
- 4 0 0  GTTCCCCGGGGGCCGTTATCTCCAACGCCCDGTCCGGCGCGCCGCCCCCCGCCGCTAAACCCCATCCCGCCCCCGGGACCCCACATATAAGCCCCCAGCCAlACGCAAGAACAGACAC&C 

2 3 7  CGCCCCGTCCGG-CGCGCCGCCCCCCGCCGCTAAACCCCATCCCGCCCCCGGGXCCCC AC ATATAAGCCCCCAGCC AC AGGGAAGGXCAGAC ACGC
- 8 2  GCCGCCCCCCGCCGCTAAACCCC ATCCCGCCCCCGGGACCCC AC ATATAAGCCCCC AGCC AC ACGC AAGAAC AGAC ACGC
2 3 2  CCCGCCGCTAAACCCCATCCCGCCCCCGGGACCCCACATATAAGCCCCCAGCCACAGGGAAGA* •  • • *CCCGC
33 4  CCCGCCGCTAAACCCCATCCCGCCCCCGGGACCCCACATATAAGXCCCCAGCCACA1G1AAG AACAGACACGC

- 1 3 6  GCGCTAAACCC *ATCC *GCCCC»-GGACCCC AC ATATAAGCCCCC AGCC AC ACGC AAG AACAGAC ACGC
- 5 4  7 GGACC.CXACATATAAGCCCCXAGCCAC ACGC AAGAACAGAC ACGC
- 5 9 3  ACAGACACGC

GTTCCCCGGGGGCCGTTATCTCCAGCGCCCCGTCCGGC&CGCCGCCCCCCGCCGCTAAACCCCATCCCGCCCCCGGGACCCCACATATAAGCCCCCA&CCACACGCAAGAACAGACACGC

4 5 7 0  4 5 8 0  4 5 9 0  4 6 0 0  4 6 1 0  4 6 2 0  4 6 3 0  4 6 4 0  4 6 5 0  4 6 6 0  4 6 7 0  4 6 6 0
- 3 8 1  AGAAC
- 5 6 6  AGAACGGCTGTGTTTATTTAAATAAACCAATGTCGGAATAAACAAACAC 

1 6 0  AGAAGXGCTGTGTTTAXTTXAATXAAXCAATGTCGGXATXAACXAA  
- 4 6 9  AGAACGGCTGTGTTTATTTAAATAAACCAATGTCGGAATAAACAAACACAAACACCCGCGACGGGGGGACGGAGGGGACGGAGGGAGGGGGTGACGGGGGACGGGAACAGACACBAAAAC 

4 8 5  AGAACGGCTGTGTTTATTT  
- 4 9 7  AGAACGGCTGTGTTTATTT AAA TAAACCAATGTCGGAATAAAC AAAC ACAAACACCCGCGACGGGGGGACGGAGGGGACGGAGGGA 
- 4 0 0  AGAACGGCTGTGTTTATTTAAATAAAC-AATGTCGGAATAAACAAACAC AAAC ACCCGCGACGGGGGG ACGG AGGGG ACGG A 

2 3 7  TGGC GXGC TG TG T T T  A T T T  A 
- 8 2  AGA
2 3 2  C GGC GXGC TG TG TTT A TTT
33 4  a g a a c g g c t g t g t t t a t t t a a a t a a a c c a a t g t c g g a a t a a a c a a a c a c a a a c a c c c g g ia g g g g g g g a c g g a g g g g a c g g a g g g a g g g g g t g a c g g g g g a c g g g a a c a g a c a c a a a a a c  

- 1 3 8  a g a a c x g c t x t g t t t a t t t a a a t a a a x c a a t g t c x g a a t a a a c a a a c a c a a a c a c c * g c g a c g g g g g g a c * g a g g g g a c g g a g g g a * g g g g t g a c g g g g g a c g g g a a c a g a c a c a a a a a c  
- 5 4 7  a g a a c g g c t g t g t t t a t t t a a a t a a a c c a a t g t c g g a a t a a a c a a a c a c a a a c a c c c g c g a c g g g g g g a c g g a g g g g a c g g a g g g a g g g g g t g a c g g g g g a c g g g a a c a c a c a c a a a a a c
- 5 9 3  AGAACGGCTGTGTTTATTT AAATAAAXDAATGTCGGAATAAACAAAC AC AAAC ACCCGCGACGGGGGGACGGAGGGGACGGAGGGAXGGGC-TGACGGGGGA1GGGAAC AGAC AC AAAAAC 

201 T T T A T T T  AAA TAAACCAATGTCGGAATAAAC AAAC ACAAACACCCGCGACXGGGGGACGGAGGGGACGGAGGGAGGGGGTGACGGGGGACGGGAAC AGAC AC AAAAAC
1 2 "1 AAAC ACCCGCGA'GGGGGGACGGAGGGGACGGAGGGAGGGGGTGAC GGGGGACGGGAAC AGAC AC AAAAAC
* 4 8  ____ GGACGGAGGGAGGGGGTGACGGGGGACGGGAAC AG AC AC AAAAAC

AGAAC GGC TGTG T T T A T T T  AAATAAACCAATGTCGGAATAAAC AAAC AC AAAC ACCCGCGACGGGGGGACGGAGGGGACGGAGGGAGGGGGTGACGGGGGACGGGAACAGAC AC AAAAAC

4 6 9 0  4 7 0 0  4 7 1 0  4 7 2 0  4 7 3 0  4 7 4 0  4 7 5 0  4 7 6 0  4 7 7 0  4 7 6 0  4 7 9 0  4 8 0 0
- 4 6 9  AACCACAAAAA

3 3 4  AACC AC AAAAAACAACC ACCC ACCGACAXCCCC ACCCC AGTCTCCTXGCCTTCTXCC AXCCAXCCCAXGXCCCCACTGAGXCCGGTCGATCGACGAGC ACC 
- 1 3 8  AACCACAAAAAACAACCA
- 5 4 7  AACC AC AAAAAACAACC ACCC ACCGACACCCCC ACCC 8AGTCTCCTCGCCTTC
- 5 9 3  AACC ACAAAAAAC AACC ACCC ACCGACACCCCC ACCCC AGTCTCCTCGCCTTCTCCC ACCC ACCCC ACGCCCCCACTGAGCCCGGTCGATCGACGAGCACCCCCGCCCACGCCCCCGCCC 

2 0 1  AACC ACAAAAAACAACC ACCC ACCGACAXCCCC ACCCC AGTCTC
1 2 7  AACC AC AAAAAAC AACC ACCC ACCGACACCCCC ACCCC AGTC TCCTCGCCTTCTCCC ACCC ACCCC AC GCCCCCAA TGAGCCCGGTCGATCG ACG AGC ACCCC-GCCC A * GCCCCCGCCC 
5 4 6  AACCACAAAAAACAACCACCC ACCGACXCCCCC ACCCCAGTCTCCTCGCCTTCTCCCACCCACCCCACGCCCCCACTGAGCCCGGTCGATCGACGAGCACCCCCGCCC ACGCCCCCGCCC 

- 3  35 CCCCC AXCCC AGTC TCCTCTCCTTCTCCC ACCC ACCCC ACGCCCCCACTG AGCCCGG TCGATCG ACG AGC ACCCCCHCCC ACGCCCCCGCCC
- 2 3 8  CCC ACCC ACCCC ACGCCCCC AC TGAGCCCGGTCG ATCGACGAGCACCCCCGCCC ACGCCCCCGCCC

- 5 4  GATCGACGAGCACCCCCGCCC ACGCCCCCGCCC
- 4 8  GATCGACGAG 6ACCC8CGCCCACGCCCCCGCCC
- 5 6  GATCGACGAGCACCCCCGCCCACGCCCCCGCCC

IB  GA. TCGACGAGC AGCC 8C GCCC ACGCCCCCGCCC
- 1 7 9  CGCCCACGCCCCCGCCC

AACCACAAAAAAC AACC ACCC ACCGAC ACCCCC ACCCC AGTC TCC TCGCCTTCTCCC ACCC ACCCC ACGCCCCC AC TG AGCCCGG TCGATCGACGAGC ACCCCCGCCC ACGCCCCCGCCC

4 8 1 0  4B 2C  4 6 3 0  4 6 4 0  4 8 5 0  4 6 6 0  4 8 7 0  4B 6 0  4 8 9 0  4 9 0 0  4 9 1 0  4 9 2 0
- 5 9 3  CTGCCCCGGCGACCCCCGGCCCGCA 

127 CTGCCCCGGCGACCCCCGGCCCGCACGATXCCGACXACXATXACXACC
5 4 6  CTGCCCCGGCGADCCCCGGCCCGXACGATCCCGAC AAC AATAACAACCCC AAC GGAAAGCGGCGGGGTGTTGGGGG AGGC GAGG AXC AAXCGAGGGGAAXGGGGGATGGAAGGACGGGAA 

- 3 3 5  CTGCCCCGGCGACCCCCGGCCC&CACGATCCCGACAACAATAjACAACCCCAACGGAAAGCGGCGGGGTGTTGGGGGAGGCGAGGAACAACCGAC-GGGAACGGGC-GA 
- 2 3 6  CTGCCCCGGCGACCCCCGGCCCGC ACGATCCCGAC AACAATAAC AACCCCAACGGAAAGCGGCGGGCTGTTGGGGGAGGCGAGGAAC AACCGAGGGGAACGGGGGA 

- 5 4  CTGCCCCGGCGACCC 
- 4  6 CTGCCCCGGCGACCCC 5GG 
- 5 6  CTGCCCCGGCGACCCCCGC- 

16 CTGCCCCGGCC--CCCCCGGCCCGCA-GATXC 
- 1 7 9  CTGXCCCGCCGACCCCCGGCCC&CXCGATCCCXACAACAATAACAACCCCAACGGAAACCGGCXGGGTGTTGGGGGAG&CCAGGAACXACCGAGGGGAACGGGGGATGGAAGGACGGGAA 
- 5 2 7  ACCCCCG -XXCXC ACGATCCCGAC AAC AA.7A-AC AACGCC AACGGAAAGCGGCGGGGTGTTGGGGGAGGCGAGGAAC •  ACC G.AGGGG AAC GGGC

4 36 GATCCCGAC AAT AATX XC AAC CCC AACGGAAAGCGGC GGGc-TG TTGGGGGAGGC G AGG AAC AAC CG AGGGG AAC G GGts G A T vjo AAGGAC GGoAA
32 3 a a c a a t a a c a a c c c c a a c g g a a a g c g g c g g g g t g t t g g g g g a g g c g a g g a a c a a c c g a g g g g a .a c g g g g g a t g g a a g g a c g g g a a .
3b& a c c c c x a c g x a a a g c g g l *g g g g t g t t t g g g g a g g c g a g g a a c a a c c g a g g g g a a c g c g g g a t g g a a g g a c g g g a a

-  i  32 GTTXXGGGAXGv G AXw AAC AAC — XA-Xv-gj G AAC X£> GajG A *I*GG AAG GAC GOG AA
JLM a a c c g a g g g g a a c g g g g g a t g g a a g g a c g g g a a

- 2 5 7  AACCGAGGGGAACGGGGGATXGA-AGGACGGCAA.
CTGCCCCGGCGACCCCCGGCCCGC ACGATCCCGAC AAC AAT AAC AACCCC AAC GGAAAGC GGC GGGCTGTTGGGGGAGGCGAGGAAC AACCGAGGGGAACGGGGGATGGAAGGAC &GGAA

493C< 4 9 4 0  4 9 5 0  4 9 6 0  4 9 7 0  49 B 0  4 9 9 0  5 0 0 0  5 0 1 0  5 0 2 0  503C 5 0 4 0
54& GTGGAAGTC 

- 1 7 9  GTGXAAGTC
4 3 6  GTGGAAGTCCTGATACCC ATCC TAC ACC CCCCTGCCTTCC ACCC TCCGGCCCCCCGCG AG VCCACCC&CC GGCC GGC TACCG AG ACC GAAC A 1 GGC GGCCGXDGC AGCC GCCGC AGCCGC 
3 2 3  GTGGAAGTCCTGATAXCCATXCTAC ACCCCCCTGCCTTXCAXCCTXCGCCCCCCCG
3 6 6  GTGGAAGTCCTGATACCCATCCTACACCCCCCTGCCTTCCACCCTCCGXCCCCCCGCGAGTCCACCCGCCGGCCGGCTACCGAGACCGAACACGGCGGCCGXCGCAGCCGXCGCAGCCGX 

- 1 3 2  XTGG AAXTCCTXATACCC ATCCTAC ACCCCCCTXCCTTCC AXCCTCCC-GCCCCCCGC XA>:TCC ACX 0GCCGG8C GGCTACCG AG ACCGAAC AXSX8XGBC GCCGC AGCCGCCGfaAGCCGC 
15 4  GTGGAAGTCCTGAT ACCC ATCCTAC ACCCCCCTGCCTTCCACCCTCCGGCCCCCCGCGAGTCC ACCCGCCGGCCGGCTACCGAGACCGAAC ACGGCGGCCGXC GCAGCCGXCGC AGCC GC 

- 2 5 7  GTGCAAGTCCTGATACCCATCCTACACCCCCCTGCCTTCCAXCCTCCGGCGCCCCGCGAGTCCACCCGCCGGCCGGCTACCGAGACCGAACAXG4CGGCCGCCGCAGCCGCCHCA&CCGC 
5 7 2  T  ACCC ATCCTAC AGCCCCCTGCCTTCC ACCCTCCGGCCCCCCG 6GAGTCC ACCCGCCGGCCGGCTACC GAG ACC GAAC AC GGCGGCCGCCGC AGCC GCCGC AGCCGC
4 2 5  CTTCCACCCTCCGGCCCCCCGCGAGTCCACCC GCCG8CCGGCTACCGAGACCGAACAXGGXGXCGGCCGCAGCCGCCGC AGCCGC

- 2 3 0  CCGGTACCGAGACCGAACACG&CGCGXGCCGCAGCCGCCHCAGCCGC
GTGGAAGTCCTGATACCCATCCTAC ACCCCCCTGCCTTCCACCCTCCGGCCCCCCGCGAGTCC ACCCGCCGGCCGGCTACCGAGACCGAACACGGCGGCCGCCGCAGCCGCCGCAGCCGC



5 0 5 0  5 0 6 0  50 70 5 0 6 0  5 0 9 0  5 1 0 0  5 1 1 0  5 1 2 0  5 1 3 0  5 1 4 0  5 1 5 0  5 1 6 0
4 3 6  CGCCGAC ACCGCAGAGCCGGCC
3 6 6  DCXI43AC AXLXiC AG AGCC GGCGCGCGC ACTC AC ACGCGC-C AGAGGC AG AAAGGCCC AGAGTC ATTGT 4 
131 c  GCCGAT ACCGCAGAGBCG X aGMGCGC ACTC ATAAGCGGC AG AGGbAC AAAGGCCC AGAGTC ATTGTT7 
1 54 CGCCGArAtXTGCAGAGCCGGCGC GCGC ACTCAC AAGCGGCAGAGGC AG AAA

57 ;  C ^C G A C  ACCGC AGAGCCGGC GDGDCDAL'TC AC AAGC GGC AGAGGC AGAAAGGCCC AGAGTCA7TGTTTATGTGGCCGCGGGCCAHC AGACGGCCCGCGACAXXCCCCCCCCGCCCGTGT 
4**', C&r CGAC ACCGC AG AGCC GGC G X bB SC ACTC AC AAGC GGC AG AGGC AG AAAGGCCC AGAGTC ATTGTTTATGTGGCCGCGGGXCAG'w AG ACGGCCCuXG A-A-l C C CC ^C C C G -_^ GT G1
23C CHCCGACACCGCAGAHCCGHCHCHCHCArTCACAAGCGGCAGAGGrAGAAAGGCCCAGAGTCAT-GTTTATGT
541 CGACACCGCAGAGCD>:HCGC&CGCACTCACGAGCGGXACAGGXACA4AGGCCCAGAGTCATTGTTTATGTGGv DXXGGGCCA&wAGACHXCx.X 4 v.GA-.ACCCCCCCCCc ^.C CXTG T
- 8 4  CGC ACTC AC AAGGGGC AGAGG bAG AAAGGCCC AG AGTC AT2GTTTATGTGGCCG ^ *GGCC AGC AGACGGCCCGCGA^. A ^  wCCCCi-CCCGCCCGTGT

^ q ^ ^ q XAAGGG'C  AGAGTCATTGTTTATGTGGCCGXHGGXC AGC AGAGGGCCCXXGA- A -  >-C C C C C C C £>» V.GTGT 
r AGGCAGAAAGG'CCAGAGTCATTGTTT ATGTGGCCGCGGGCCAGCXGACGGCCCGGGACACCCCCCCCC• 8CCCGTG7

GAAAXGC'CC AGAGTC ATTGTT7 ATGTGGCCGCGKXXC AGC AG ACGGCCCXXGA— ACCCCCCCCCu.G\_Ct_GTG7 
AAGGrrcAGAGl'CATTGTTTATGTGGCCXCGGGCCAGCAHXCGGCCCGCGACACCCCCCCCCCGCCCXTG'I 

7 ^ ~~ G&CCXCGGGCCAGC AGACXGCCCGCGAC ACCCCCCCCCCGCCCXTGT
' AGCAGACGGCCCGCGACACCCCCCCCCCGCCCGTGT
4 * °  CGCCGAC ACCGCAGAGCCGGC&CGCGC ACTC AC AAGCGGC AGAGGC AGAAAGGCCCAGAGTCATTGTTTATGTGGCCGCGGGCCAGCAGACGGCCCGeGACACCCCCCCCCCGCCCGTGT

517O 51 BO 5 1 9 0  5 2 0 0  5 2 10  5 2 2 0  5 2 3 0  5 2 4 0  5 2 5 0  5 2 6 u  52 7 u  5 2 6 0
571 GGGTATCXGGXCCCCCGCCCCGOGCGGGTCCATTAAGGGXGCXCG

• M l  GGGTATCCGGCCCCCCGCCCC^CGCCGGT^GATTAAGGXXGCGCGTGCCCGCGAGATATCAATCCGTTAAXTXCTCTGCAGAC AG8XXC ACCGC4C0XXGAAATCC ATTAGGCCGCAGAG

- 6 4  XGGTGTCCGG 
6t7 GGGTATCCGGCCCCCCGCCC

« 2  GGGTATCCGGCCCCCCGCCGCGGGGCGGTCCAT7 AAGGGGGCG 1GT 6C CC GC G A 6ATATC AATCCGT7 AAGTGCTC TGC AG AC AGGGGC ACCGCGCCCGGAAATCC ATTAGGCCGC AGAC
•3 5 2  XGGTATCCGGXDCCCCHCCCCGCGCCGGTCCATIAAGG-XXXGCGTGCCC&OGAGATATCAATCCGTTh .AST-a .TCTGCAGACAGGHXCACCGCGCCj.G j AAATCs.AT  
■26 c XGGTAXCCGGCCCCCCCCCCCGCGCCGClX-'CATlAAGGGXXBCCXTHCCCGCGAGATATCAA.TCCGTTAA^TXCTCTGCAGACAGGGGCACCeXGC.CBoAAATC.AT
4 20  GGGTATCC&GCCCCCCGCCCCGCGCCGGTCCATTAAGGGGGCGCGTGCCCGCGAGATATCAATCCGTTAAGTGCTCTG-AGA^AGGGGCA-^GBaCCi-OuAAATC^ATTA&GCCo-. AGA-
4 2 0  GGo TATCC&g CCCo C . GO0O.G-GC0. g t g DXXG-'G AGATATC: AATCCGTTAAGTGCTCTGC AGAC AGGGGC AXDGCGCCCGGAAATCC ATTAGGCC&C AGAC

TGr'CCGCGAGATATCAATCCGGTAAG 6G7TCTGCAGACAGGGGC ACCGCGCCC BGAAATCCATTAGGCCGCAGAC 
-nJ; AATCCGTTAAGTGCTCTGC AG AC AGGGGC AC *HCBCCCGG AAA TCC ATTAGGCCGC AGAC
, u t  CCGGAAATCCATTAG&CCGCAGAC

GGGTATCCGGCCCCCCGCCCCGCGCCGGTCCATTAAGGGCGCGCGTGCCCGCGAGATATCAATCCGTTAAGTGCTCTGCAGACAGGGGCACCGCGCCCGGAAATCCATTAGGCCGCAGAC

5 2 9 0  5 3 0 0  5 3 1 0  5 3 2 0  5 3 3 0  5 3 4 0  5 3 5 0  5 3 6 0  5 3 7 0  53B 0 5 3 9 0  5 4 0 0
- 5 4 1  GAGGAAAATAAAATTACATCACCTAC 

4 0 2  GAGGAAAATAAAATTAC ATC ACCT ACCC ACGTGGTGC TGTGGCCTGTTTTTGCTGCGTC ATC TC AGC
4 2 0  g a g g a a a a t a a a a t t a c a t c a c c t a c c c a c g t g g t g c t g t g g c c t g t t t t t g c t g c g t c a t c t c a g c c t t t a t a a a a g c g g g g g c g c g g c c g t g d x g a t c g c g g g t g g t g c g a a a g a c t t  
561 g a g g a a a a t a a a a t t a c a t c a c c t a c c c a c g t g g t g c t g t g g c c t g t t t t t g c t g c g t c a t c t c a g c c t t t a t a a a a g c g g g g g c g c g g c c g t g c c g a t c g c g g g t g g t g c g a a a g a c t t
-86  g a g g a a a a t a a a a t t a c a t c a c c t a c c c a c g t g g t g c t g t g g c c  2GTTTTTGCTGCGTCATCTCAGCCTTTATAAA
4 0 8  GAGGAAAATAAAATTACATCACCTACCC ACGTGGTGCTGTGGCCTGTTTTTHCTGCGTGATCTC AGCCTTTATAAAAGCGGGGGDGGGGCCGTGCCGATCGCGGGTGGTGCGAAAGACTT 
5 6 5  g a g g a a a a t a a a a t t a c a t c a c c t a c c c a c g t g g t g c t g t g g c c t g t t t t t g c t g c g t c a t c t c a g c c t t t a t a a a a g c g g g g g d g x g g c c g t g c c g a t c g c g g g t g g t g c g a a a g a c t t  
2 5 5  t a c c c a c g t g g t &c t g t g g c c t g t t t t t g c t g c g t c a t c t c a g c c t t t a t a a a a g c g g g g g c g d g g c c g t g c c g a t c g c g g g t g g t g c g a a a g a c t t

- 5 3 3  g g c g g c g g c c x t g c c g a t c g c g g x t x g t x c x a g a g a c t t
3 9 5  g t g c c g a t c g c g g g t g g t g c g a a a g a c t t

4 9  TGGTGCGAAAGACTT
g a g g a a a a t a a a a t t a c a t c a c c t a c c c a c g t g g t s c t g t g g c c t g t t t t t g c t g c g t c a t c t c a g c c t t t a t a a a a g c g g g g g c g c g g c c g t g c c g a t c g c g g g t g g t g c g a a a g a c t t

5 4 1 0  5 4 2 0  5 4 3 0  5 4 4 0  5 4 5 0  5 4 6 0  5 4 7 0  5 4 8 0  5 4 9 0  . 5 5 0 0  5 5 1 0  5 5 2 0
4 2 0  TC
581 t c c g g g c g c g t c c g g g t g d c g c g g c t c t c c g g g c c c c c c t g c a g c c g g g g c g g c c a a g g g g c g t c g g c g a c a t c c t c c c c c t a a g c g c c g g c c g g c c g c t g g t c t g t t t t t x c g x t t t c c
4 0 6  t c c g g g c b g g t c c g g g t g c c g

5 6 5  t c c g g g c b c g t c c g g g t e c c g c g g c t c t c c g g g c c c c c c t g c a g c c g g g g c g g c c a a g g g g c g t c g g c g a c a t c c t c c c c c t a a g c g c c g g c c g g c c g c t g c t c t g t t t t t t c g t t t t c c  
2 5 5  tc c g g g c g c g tc c g g g tg c c g c g g d tc tc c g g g c c c c c c t g c a g c c g g g g c g g c c a a g g g g c g tc g g c g a c a t c c t c c c c c x a a g c g c c g g c c g c g  

- 5 3 3  t c c g g g s g c g t c c g g g t g c c g c g g c t c t c c g g g c c c c c c t8x a g c c g g g g c g g c c a a g g g g c g t c g g c g a c a t c c t c c c c c t a a g g c c c g h c c g h c c g c t g g t c t g t t t t t t c g t t t t c c
3 9 9  tc c g g g c g d g t c c g g g tg c c g c g g c tc tc c g g g c c c c c c t g c a g c c g g g g c g g c c a a g g g g c g tc g g c g a c a t c c t c c c c c t a a g c g c c g g c c g g c c  b c t g g t c t g t t t t t t x h t t t t c c  

4 9  t c c g g g c g c g t c c g g g t g c c g c g x c t c t c c g g g c c c c c c t g c a x c c g g g g d g g c c a a g g g g c g t c g g c g a x a tc x t c 8x c c t a a g x g  
- 3 3 9  g g g c g c b t c c g g g t g c c g c g g c t c t c c g g g c c c c c c t g c a g c c g g g g c g g c c a a g g g g c g t c g g c g a c a t c c x c c c c c t a a g c h c g g g c c g g c c g c t g g t c t g t t t t t t c g t t t t c c  
- 4  37 t c c g g g t x b c 4 c g g c t c t c c g g g c c c c c c t g 6 a x b c g g g G6 g g c c a a g g g g x x tg c g c g a c  a t c c t c c c c c t a a g s x b c g h c c g h c c g c t g g t c t g t t t t t t c g t t t t c c
- 1 5 6  c c g g g t g c c g c g g c t c t c c g g g c c c c c c t g c a g c c g g g g c g g c c a a g g g x c g t c g g c g a c a t c c t c c c c c t a a x c g c c g g c c g g c c g c t g c -t c t g t t t t t t c g t t t t c c
- 2 6 9  a g c c g c g g c a c a c c g g x c c c c c c t g c a g c c x g g g c g g c c a a x g g g c g t c g x c g a c a t c c t c c c c c t a a g c &c c g g c c g g c c g c t g g t c t g
- 4  74 a a g g g g c g t c g g c g a c a t c c t c c c c c t a a g c g c c g g c c g g c c g c t g g t c t g t t t t t t c g t t t t c c

1 9 8  CCCTAAXG'CCGGCC "GCCGCTGGTCTGTTTTTTCGTTTTCC
- 5 3 5  GCCGCTGGTCTGTTTTTTCCTTTTCC
- 4  34 GCTGGTCTGTTTTTTCCTTTTCC
- 1 5 0  TTTTTCGTTTTCC

5 5 3  GTTTCC
- 2 6 4  CC

TCCGGGCGCGTCCGGGTGCCGCGGCTCTCCGGGCCCCCCTGCAGCCGGGGCGGCCAAGGGGCGTCGGCGACATCCTCCCCCTAAGCGCCGGCCGGCCGCTGGTCTGTTTTTTCGTTTTCC

5 5 3 0  5 5 4 0  5 5 5 0  5 5 6 0  5 5 7 0  5 5 8 0  5 5 9 0  5 6 0 0  5 6 1 0  5 6 2 0  5 6 3 0  5 6 4 0
581 CXXTT
5 6 5  CCGTTTC

- 5 3 3  CC8TTTCGGGGGTGGTGGGGGTTGCGGTTTCTGTTTCTTTAACCCGTCTGGGC-TGTTTTTCGTTXCGTCGCCGGAATGTTTCGTTCGTCTGTDXXXTCACGGGGCGA 
3 9 9  CCGTTTCGGGG

- 3 3 9  CCGTTTCGGGGGTGGTGGGGGATGCGGTTTCTGTTTCTTTAACCCGTCTGGGGTGTTTTTCGTTCCGTCGCCGGAATGTTTCGTTCGTCTGTCCXXTCACGGGGCGAAGGCC 
- 4  37 CC4TTTCGGGGGTGGTGGGGGTTGCGGTTTCTGTTTCTTTAACCCGTCTGGGGTGTTTTTCGTTXCGTCGCCGGAATGTTTCGTTCGTCXGTGXXCTDACGGGGCGAA  
- 1 5 6  C-CTTTCGGGGG TGGTGGGGGTTGCGGTTTCTGTTTCTTTAACCCGTCTGGGGTGTTTTTCGTTCXGTCGCCGGAATGTTTCGTTCGTCTG
- 4 7 4  C -GTTTCGG GH* -TGTGGGGGTTGCGGTTTCTGTTTCTTTAACCCGTCTGGGGTGTTTTTCGTTCCGTCGCCGGAATGTTTCGTTCGTCTHTCCXXTCACGGGGCGAAGGCCGCGTACGG  

1 9 6  CC GTTTC * *GGGTGGTGGGGGTTGCGGTTTCTGTTTCTTTAACCCGTCTGGGGTGTTTTTCGTTCCGTCGCCGGAATGTTTCGTTCGTCTGTCCCCTCACGGGGC AAA GG-CGCGT ACGG 
- 5 3 5  CC 4TTTCGGGGG TGGTGGGGGTTGCGGTTTCl'GTTTCTTT AACCC GTCTGGGGTG TTTTTCGTTCCGTC GCCGGAA TG TTTC GTTCGTC TGTCC * *T C  AC GGGGCGAAG*CCGCGTACGG 
- 4 3 4  CC *TTTCGGGGG TGGTGGGGGTT GCGG TTTCTGTTTCTTTAACCCGTCTGGGGTGTTTTTCGTT*CGTCGCCGGAATGTTTCGTTCGTCTGTCC
- 1 5 0  C"TTTXCGGGGXTGGTGGGGXTTGCGXTTTCTGTTTCTTTAACCCXTCTGGGXTGTTTTTCGTTCCGTCGCCGXAATC-TTTCGTTCGTCTGTCC**TCACGGGGCGAA*GCCGCGTACGG  

55 3 CCGTTTCGGGG'TGGTGGGGGTTGCGGTTTCTGTTTCTTTAACCCGTCTGGGGTGTTTTTCGTTCCGTCGCCGGAATGTTTCGTTCGTCTGTCCCCTCACGGGGCGAAGGCCGCGTACGG 
- 2 6 4  CCG— ACGGGGG TGGTGGGGGA TGC GGTTTCTGTTTCTTT AACCC GTCTGGG *TGTTTTTCGTTCCGTCGCCGGAATGTTTCGTTCGTCTGTCXXXTCACGGGGCGAA*GCCGCGTACGG  
-  2 51 TTCXGTCGCCGXAATGTTTCGTTCGTCXGTCCCXXXACGGGGCGAAGGCCG
- 3 6 2  TGTCCXXTCACGXGGCACAXHCCGCGTACGG

- 6 7  ACGGGCGAAGGCCGCGTACGG
- 4 8 0  CGGGGCGAA*HCCGCGTACGG

5 8 0  AAXGBXGCGTACGG
- 4  56 GCCGCGTACGC-

CCGTTTC GGGGG TGGTGGGGGTT&CGGTTTCTGTTTCTTTAACCCGTCTGGGGTGTTTTTCGTTCCGTCGCCGGAATGTTTCGTTCGTCTGTCCCCTC AC GGGGCGAAGGCCGCGTACGG

5 6 5 0  5 6 6 0  5 6 7 0  5 6 8 0  5 6 9 0  5 7 0 0  5 7 1 0  5 7 2 0  5 7 3 0  5740  5750  5 7 4 '
- 4 7 4  CCCGGGACGAGGGGCCCCCGACCGCGGCGGTCCGG&CCCCGTCCGGACCCGCTCGCCGGCACGCGACGCGAAAAAGGCCCCCCGGAG ^

196 *CCGGGACGAGGGGCCCCCGACCGCGGGGGTCCGGGCCCCGTCCGGAr 
- 5 3 5  CCCGGGACGAGGGGCCCCCGACCGCGGCGGTCCGGGCCCCGTCCGGACCCGCTCGCCGGCACGCGACGCGAAAAAGGCCCCCCH*AGGCTTTTC *GGGTTCr  *  ■ G C 'TR G G -A C Tr t-r 

^ ^ ^ Gf'GGGG* CCCCG^ C G C ;iscGGTCCGGGCCCCGTCCGGACCCGCTCGCCGGCACGCGACGCGAAAAAGGCCCCCCGGAGGCTTTTCCGGGT T C -X G ;^ G ^ G K C -G A G A "  
c c c g g g a c g a g g g &c c c c c g a c c g c g g c g g t c c g g g c c c c c t c c g g a c c c g c t c g c c g g c a c g c g a c g - g a a a a a g g c c c c c c  XGCC-GGGGCCTGAGA;

- 2 6 4  CCCGGGACGAGGGG’ CCCCGACCGCC-GCGGTCC

- 3 6 ;  CCCGGGAA-AGGXA-CCCCGACCGCGGCGGTCCGGGCCGCGTCCGGACCCGCTCGCCGGCACGCGACGCGAAAAAGGCCCCCCGGAGGCTTTTCCGGGTTCCCGGCCCGGGGCCTXAGA- 
S ?EGGa^ GAG=G* * CCCCGA- C =O G G ;G G r:- GGG“CCC' G':'CCGGACCCGCTCGCCGGCACGCGACGCGAAAAAGGCCCCCCGGAGGCTTTTCCGGGTTCCCXHCCCGGG&-''OGAGA'J

- 4 6 0  c c c g g g .a c g a g g g g c c c c c g .a c c g c g g o g g t c c g g g c c c c g t c c g g a c c - g c t c g c c g g c a c g c g a c g c g a a a a a g g c c c c c c g g a g g c t t t t c c g Sc t t c ^ g^ ^ c g g c g - t c a c ^
566 XCCGGGACGAGGGGCCCCCGACCGCGGCGGTCCGGGC’CCCGTCCGGACCCGCTCGCCGGC ACGCGACGCGAA^AAGGCCCCCCGGAGGCTTT'1'CCGGGTTCCCGGCCCGGG G''"^G A GA -  

■ J l?  -CCGGGACGAGGGGCCCCCGACCGCGGCGGTCCGGGCCCCGTCCGC-ACCCGCTCGCCGGCACGCGACGCGAAAAAGGCCCCCCGGAGGCTT7TCCGGGTTCCC-HCCCGGGGCCTGAGA" 
“447  CGC*AAAAAGGCCCCCCG*AGHCTTTTi'*GGGTTCCCGGCCCGGGGCCTGAGA:
- 5 8 1  G•ILAAAA=:;DCCCC* GGA*G C T T T T *C GGGTTCCCGCCf-CGGG•C C ,’■GAGA••

J y '  AAAAAGGCCCCCCGGAGGCTTTTC*GGGTTCCC*brCCGGGGCCTGAGA:
- 3 1 1  ‘ CTTTTCCGGGTTCCCXGCCCGGG• “CTGAGA7
- H i  CGGC -GGCCXGGCCGGGGCCTGAGA7
- 4 4 2  CCXGCCCGGGGCCTXAXA7

CCCGGGACGAGGGGCCCCCGACCGCGGCGGTCCGGGCCCCGlCCGGAeCCGCTCGCCGGCACGCGAC&CGAAAAAGGCCCCCCGGAGGCTTTTCCGGGTTCCeGGCCCGGGGCCTGAGAT

- 5  35 GAACACTC=?GC 5 7 6 " ^  ^  5 6 4 °  5650  5 6 6 -  ^ 7 0  5860
- 1 5 0  ‘ AACACTCGGGGT
- 3 6 2  GAACACICGGGGTTACCGCCAACXGCCXGCCCCCXTGGCGGCCCXGCCCGGGGCCCCGGCGGAXCCA 

- 6 7  GAACACTCGGGGTTACC
-4B 'J  CAACACTCGGGGTTACCGCC AACGGCCGGCCCCCGTGGCGG * CCGGCCCGGGGCCCCGGCGGACCC AAXXXXCCGCXGCCC* GGGCCCC AC AACGGCCC

5 8 0  GAACACTCGGGGTTACCGCCAACGGCCG&CCCCCGTGGCGGCCCGGCCCGG.-lXXECCGGCC-GACCCAXGGGGXCCCGGCCCGGGXXCCCACAACGGCCCGGrGCATGCGCTGTG-TTTT?
— 4 56 GAA^A_TCoGGo j . A1- CG_ C AA-Go-~\. GGCC CCC o TGGC G;- *  CCG^rCCCGGu GCCCC GGC GGACCC AAGGGGCGC CXGCCCGGGGCCCC AC AA CGGCCCG *  DGACTGCGCTGTGGTTTT7
— 4 5 -  GAA— A  ̂TV GoGGTTACCajCC AACGoCCGHCCCCCCTGGC GGC CCGGCCCGGGGCCCCGGCGGACCC AAGGXXCCCCXGCCC GGGGCCCC AC AACGGCCC GGC GC ATGC GCTGTGGTTTT7 

4 4 7  GAAC ACTC GGGGTT ACCGCC AACGC-CCGGCCCCCGTGGCCGACCGGCCCGGG -CCCCGGCGGACCC AAGC-GXCCCCGGCC »GGC •  -CCC AC AAGGGCCCGGCG
- 5 b l  G AAC AC TCGGGGTT ACCGCC AAC GGCCGGCCCCC GTGGCGGCCC GGCCCGGGGCCCC GGCGGACCC AAG XXXCCCC 8 'CCCGGGGCCCC AC AAC GGCCCG*8GCATGCGCTGTGGTTTT7 

1 9 4  GAACA*TCGGGGTTA*CGCC AACGGCCG&CCCCCGTG&CGE “CCGGCCCGGGGCCCCGGCGGACCC AAGGGGCCCCGGCCCGGGGCCC *ACAA  
- 3 1 3  GAACACTCGGGGTTACC&CCC AC *HCCGGCCCCCGTGGCGG"CCG “ SCCGGGGBCCCGGCGGACC *A

-  XAAl ACTCGGGGTTACCGCCAACGGCCGGCCCCC *  TGGCGGCCC GGCCCGGGGCCCCGGCGG ACCC AAGCGXXCCCGGCCCGGGGCCCC AC AAC GGCCCGGCGCATGCGCTGTGGTTT'-T 
- 4 4 .  GAACACTCGGGGTTACCGCCAACG&CCGGCCCCCGTC-GCGGCC-GGCCCGGGGCCCCGGCGGACCCAAGGXXCCCCXHCCCGGGGCCCCACAACGGCCfHCGCATGC&CTGTGGTTTT'l

G* A~ * - TC“ “ G” 7”1AC- G' - - AA- - GGTCCCCGTGGCG3CCCG&CCCGGGGCCCCGGCGGACCC AAGGGGCCCCGGCCCGGGGCCCC AC AACGGCCCGGCGCATGrGCTGTGGTTTTT
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•455
-585
111

-442
137

-432
29 6
169
222
4 0 5
50 6
56 7
107
4B 2
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5 6 7
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37 1
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- 1 1 9
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341
2 9 7
3 6 9
4 4 4

•2 0 3
5 5 1
5 3 8

-4 0 6
-42 1
576
- 9 1

•3 5 0
4 7 3
4 2 9
146

1 5 5
3 7 5

•1 1 9
341
29 7
3 8 9
4 4 4
55 1
5 3 6

•4 0 6
-42 1
5 7 £
- 9 1

•3 5 0
4 7 3
4 2 9
1 4 6
17 3
1 6 3

-4 9 9
-2 7 7
4 3 9

•3 61
•3 7 9
4 4 0

•3 2 5

- 4 2 1
5 7 6
- 9 1
4 7 3

- 4 9 5
4 3 9

- 3 6 i
- 3 7 9

44C
- 3 2 5
- 1 4 4
- 3 1 6
- 2 4 4

53 4

5 B 9 u  5 9 0 0  5 9 1 0  5 9 2 0  5 9 3 0  5 9 4 0  5 9 5 0  5 9 6 0  5 9 7 0  5 9 8 0  5 9 9 0  6 0 0 0
TTVXXCTXGGTGTTCTGCCGGGCTOCATXGXDTTTXCTGXTCTXGCXTCT 
TTGTCC
T T T  TCC TCGG TG TTC TGCCGGGC TCC ATCGCCTTTCCTGT*TC TCGC TTC TCCCCCCCCCCTTC TTC ACCCC 
TTTTC C T
TTTTC  C TC G G TG TTC TGC C *  GGC TC C A TC GC C TTTC C T  G TTC TC GC TTC TC C
TTTTCCTCGGTGTTCTGCCGGGCTCC ATC GCC TTTCCTG TTC TCGC TTCTCCCCCCCCCCTTC TTC ACCCCC AGTACCCTC *TCC
TTTTC C TC G * *TGTCTGCC •GGCT'CATCGCCTTTCCTGTTCTCGCTTCTCCCCCCCCCCTTCTTCACCCCCATGACCCTCCTCCCTCCCTTCCTCCCCCG7TATCCCACTCGTCGAGG * 

TCCTG TTCTCGCTTCTCCCCCCCCCCTTCTTCACCCCCATGACCCTCCTCCCTCCCTTCCTCCCCC * TTATCCCACTCGTCGAGGG 
CCTGTTCTCGCTTCTCCCCCCCCCCTTCTTCACCCCCAGTACCCTCCTCCCTCCCTTCCTCCCCBGTTATCCCACTCGTCGAGGG 

TTTTCCCCCCCCCCTTC *  ‘ CACCCCCAGTACCCTCCTCCCTCCCTTCCTCCCCCGTTATCC XAXXCGTCGAGGG 
CCCCCCCTTCTTCACCCCCAGTACCCTCCTCCCTCCCTTCCTCCCCCGTTATCCCACTCGTCGAGGG 

CCCCTTCTTCACCCCCAGTACCCTCCTCCCTCCCTTCCTCCCCCGTTATCCCACTCGTCGAGGG 
CCCTTCTTCACCCCCAGTACCCTCCTCCCTCCCTTCCTCCCCCGTTATCCCADTCGTCGAGGG 

ACCCCAGTACCCTCCTCCCTCCCTTCCTCCCCCGTTATCCCACTCGTCGAGGG 
CCCAGTA*CCTCCTCCCTCCCTTCCTCCCCCGTTATCCCACTCGTCGAGGG 

TCCCTCCCTTCCTCCCCCGT7 ATCCCACTCGTCGAGGG
TTTTCCTCGGTGTTCTGCCGG&CTCCATCGCCTTTCCTGTTCTCGCTTCTCCCCCCCCCCTTCTTCACCCCCAGTACCCTCCTCCCTCCCTTCCTCCCCCCTTATCCCACTCGTCGAGGG

6 0 1 0  6 0 2 0  6 0 3 0  6 0 4 0  6 0 5 0  6 0 6 0  6 0 7 0  6 0 8 0  6 0 9 0  6 1 0 0  6 1 1 0  6 1 2 0
CGCCCC * GTGTCGTTCA
CGCCCCH'TGTCGTTCAACAAAGACGCCGCGTTTCC AGGTAGGTT AGAC ACCTGC TTC TCCCC AATAGAGGGGGGGG ACCC AAAC GAC AGGGGGC GCCCC AGAGGCTAAGGTC GGCC ACG
C GCCCC GGTGTCGTTC AAC AAAGACGCCGCGTTTCCAGGT AGG TT AGAC ACC TGC TTC TCCCC— XXG-GGGGGGGGXCCC XGXCXGGGGGCGCCCCXG-GGCTX-GGTCGGCC
C GCCCCGG T-TCGTT*AACAAAGACGACGCGTTT»CAGGTAGGTTAGACATCT*CTTCTCCC*AATAGAGGGGGGGGACC*AAA
CGCCCCGGTGTCGTTC AAC AAAGA 1GCCGCG.TTTCC AGGTAGGTT AGAC ACCTGCTTCTCCCC AATAGAGGGGGGGGACCXAAAXHACAGGGGGCGCCCC AGAGGCTAAGGTCGGCC A1G 
C 8CCCCGGTGTCGTTCAACAAAGAC8C C 8 C CC AGGTAGGTT AG AC ACC TGC TTC TCCCC AAT A
CGCCCCGGTGTCGTTCAAC AAAGACGCCGC GTTTCC AGGTAGGTTAG AC ACCTGC TTC TCCCC AATAGAGGGGGGGG ACCC AAACG A
CGCCCCGGTGTCGTTCAACAAAGACGCCGCGTTTCCAGGTAGGTTAGAC ACCTGCTTCTCCCC AA TAG AGG-GGGGG ACCC AAAC GAC AGGGGGC GCCCC AGAGGCTAAGGTCGGCC ACG 
CGCCCC GGTGTCGTTC AAC AAAGACGCCGCGTTTCC AGGTAGGTT AGAC A»CTGC TTC TCCCC AATAGAGGGGGGGGACCCAAACGAC AGGGGGC GCCCC AGAGGCTAAGGTCGGCC ACG 
CGCCCCGGTG TCGTTC AAC AAAGACGCCGC GTTTCC AGGTAGGTTAG AC ACCTGC TTC TCCCC AATAGAGGGGGGGGACCCAAACGAC AGGGGGC GCCCC AGAGGCTAAGGTC GGCC ACG 

TTCCCCGTTTCC AGGTAGGTT AGAC ACCTGC TTC TCCCC AATAGAGGGGGGGGACCCAAACGAC AGGGGGC GCCCC AGAGGCTAAGGTC GGCCACG
CGACAXXXXXCGCCCCAGAGGCTAAGGTCGGCCACG 
C G AC AXXX G GC GC C C C AG AGGC T AAG G TC GGC C AC G 

ACG
CGCCCCGGTGTCGTTC AAC AAAGACGCCGCGTTTCC AGGTAGGTTAGAC ACCTGC TTC TCCCC AATAGAGGGGGGGGACCCAAACGAC AGGGGGC GCCCC AGAGGCTAAGGTC GGCC ACG

6 1 3 0  6 1 4 0  6 1 5 0  6 1 6 0  6 1 7 0  6 1 8 0  6 1 9 0  6 2 0 0  6 2 1 0  6 2 2 0  6 2 3 0  6 2 4 0
CCACTCGCGGGTGGGCTCGTGTTACAGCACA
•CACTCGCGGGTGGGCTCGTGTTACAGC AC ACTAGCCCGTTCTTTTCCCCCC
D*ACTCGCGGGTGGGCTCGTGTTACAGCACACCAGCCCGTTCTTTTCCCCCCCTCCCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACCACCAACTGCCCC*TTAT1T«BGGGCCG 
•CACTCGCXXXXGGGCTCGTGTTACAGCACAC AGCC GTTCTTTTCCCCD TCC ACC TTAGTCAGACTCTGTTACTTACCGXTCCGAC AC AA TGCCC 
C*ACTCGCGGGTGGGCTCGTGTTACAGCACACCAGCCCGTT 
*C A1G
XCACTCGCGGGTGGGCTCGTGTTACAGCAXAXCAGXXDGTTCTTTTCCCCCCCTCCCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACCACCAACT8CCCCCTTATCTAAGGGCCG 
XCACTCGCGGGTGGGCTCGTGTTACAGCAC ACC AGCCCGTTC TTTTCCCCCCCTCCC ACCC7T AGTC AGACTCTG TT  ACTTACCCGTCCG ACC ACC AA CT8 CCCCCTTATCTAAGGGCCG
CCACTCGCGGGTGGGCTCGTCTTACAGCAC ACCAGCCCGTTCTTT CCCCCTCCCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACCACCAACTGCCCCCTTATCTAAGGGCCG

CACTCGCGGGTGGGCTCGTGTTAC AGC AC ACCAGCCCGTTCTTTTCC—CCCCTCCCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACCACCAACTGCCCCCTTATCTAAGGGCCG 
ACTC GC GGGTGGGC TCGTGTTAC AGC AC ACC AGCCCGTTC TTTTCCCCCCCTCCC ACCCTTAGTC AGAC TCTGTTACTTACCCGTCCGACC ACC AAC TGCCCCCTTATCTAAGGGCCG 

GGTXXXXGG CTC TGTTACAGCACACCAGCCCGTTCTTTTDCCCCCCTCCCACCCTTAGTCAGACTCTGTTACTTACCCTGCCGACCACCAACTGCCCCCTTATCTAAGGG'CC 
GGACACCAGCCCGTTC TTTT'CCCCCCTCCCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACCACCAACTGCCCCCTTATCTAAGGGGCG 

GCCCGTTCTTTT*DCCCCCTCCCACCCTTAGTCAGACTCTGTTACTTACCCCT— GACCACCAACTGCCCCCTTATCTAAGGGGCG 
CCTCCCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACC ACC AACG-CCCCCTTATCTAAGGGCCG 
CCTCCCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACCACCAACTGCCCCCTTATCTXAGGGCCG 
CCTCCCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACCACCAACTGCCCCCTTATCTAAGGGGCG 

TDCACCCTTAGTCAGACTCTGTTACTTACCCGTCCGACCACCAACTGCCCCCTTATC7AAGGGCCG 
GAACCACCAACTGCCCCCTTATCTAAGGGCCG 

CTGCCCCCTTATCTAAGGGCCG 
GGGCCG

CC AC TCGCGGGTGGGCTCGTGTT ACAGC AC ACC AGCCCGTTC TTTTCCCCCCCTCCCACCCTT AGTCAGAC TCTGTTACTTACCCGTCCGACC ACCAAC TGCCCCCTTATCTAAGGGCCG

6 2 5 0  6 2 6 0  6 2 7 0  6 2 8 0  6 2 9 0  6 3 0 0  6 3 1 0  6 3 2 0  6 3 3 0  6 3 4 0  6 3 5 0  6 3 6 0
GC TGG A •  GACC GCC AG
GCTGG AAG ACCGCC AGGGGXTCGGCCGGTGTCGCTGT AACCC DXXAXGCC
GCTGXXXGAGCGCCAGGGGGTCGGCCGGTGTCGCTGTAACCCCCCAXHCCXATGACCCACGTACTCXAAGXAGGCATGTGTCCCACCC 
GC T  *  GGAGACC GCC AGGGGTGC GGCC GGTGTCGCTG T A'CCCCCC
GCTGGAAGACCGCCAGGGGXTCGGCCGGTGTCGCTGTAACCCCCXACGCXAATGACCCACGTACTCXAAGAAGGCATGTGTCCCACCCXGCXTGTGTTTTXGTGCCTGXCTCTCTATGCT 
GC TGGAAGACCGCCAGGGGGTCGGCCGGTGTCGCTGTAACCCCCC ACGCC AATGACCCACGTAC TCC AAGAAGGCATGTG TCCC A*CCCGCCTGTGTTTTTGTGCCTGGCTCTCTATG^T  
GGCTHAlAGAGCGCCAGGGGGTCGGCCG'TGTCGCTGTAACCCCCCACGCCAATGACCCACGTACTCCAAGAAGGCATGTGTCCCACCCCGCCTGTGTTTTTGTGCCTGGCTCTCTATGC^ 
GCTGGAAGACCGCC AGGGGTGC GGGC GGTGTCGCTGT AACCCCCC ACGCC AATG ACCC ACG TAC TCC AAG AAGGXATXTGTCCC ACCCC GCC TGTC- 
GCT*GAAGACCGCCAGGGGGTCGGCCGGTGTCGCTGTAACCCCCCACGCCAATGACCCACGTACTCCAAGAAGGCATGTGTCCCACCCCGCCTGTGTT
GC TGG AAG ACCGCC AGGGGC TCGGCCGG TGTCGCTGTAACCCCCCACGCC A-TGACCC ACGTAC TCC AAG *  AGGC ATG TG TCCC ACCCC GCCTGTGTTTTTGTGCCTGGCTAT1TATGCT  
GCTGGX-GXCCGCCGGGGGCTCGGCCGGTGTCGCTGTCCCCCCCC-CGCC— TGXCCC-CGTXCTCCX-GX-GGCXTCTGTCCC-CCCCGCCTGTGTTTTTGTGCCTGGCTCTCT-TGC7  
GC TGG AAG ACCGCC AGGGGG TGGGCCGGTG TCGCTGTAACCCCCC ACGCC AATGACCC AC GTAC TCC AAGAAGGC ATG TG TCCC ACCCCGCCTGTGTTTTTGTGCCTGGCTCTCTATGC7 
GCTGGAAGACCGCCAGGGGGTCGGCCGGTGTC GCTGTAACCCCCCACGCCAATGACCCACGTACTCCAAG AAGGCATGTGTCCCACCCCGCCTGTGTTTTTGTGCCTGGCTCTCTATGCT 
GCT'GAAGACCGCC AGGGGGT-GGCCGGTGTCGCTGT AA'CCCCC ACGCC AATG ACCC ACGTAC TCC AAG AAGGCATGTG TCCC ACCCC GCC TGTGTTTTTGTGC "TGGC 
GCTGGAAGACCGCC AGG GGGTC GGCC GGTGTCGCTGT AACCCCCC ACGCC A A IG  ACCC AC GTAC TCC AAG AA GGC ATG TG TCCC ACCCC GCC TGTGTT TTTGTGCC TGGC TCTCTATGCT 
GCTGG*-GACCGCCA*GGGGTCGGCCGGTGTCGCTGTAACCCCCCACGCCAATGACCCACGTAGTCCAAGAAGGCATGTGTCCCA*CCCGCCTGTGTTTTTGTGCCTGGCTCTCTATGCT 
GC TGG AAG ACCGCC AGGGGGT-GGCCGGTGT-GCTGTAACCCCCCAC GCC AATGACCCACGTAC TCC AAG AAGGC ATGTGTCCC ACCCCGCCTGTGTTTTTGTGCCTGGC TCTCTATGCT 

GGGGTACGGCCHTGTACGCTGT AACCCCCCACGCCAATGACCCACGTGCTCCAAGAAGGCATGTGTCCCACCCCGCCTGTGTTTTTGTGCCTGGCTCTCTATGCT 
GGGGTC GGCCGGTGTC GCTGTAACCCCCCAC GCCAATGACCCACGTACTCCAACAAGGCATGTGTCCCACCCCGCCTHTGTTTTTGTGCCTGGCTCTCTATGCT 
GGGGTC GGCCG *TG  TCGCTGT AACCCCCC AC GCC AATG ACCC ACGTAC TCC AAG AAGGC ATXTGTCCC ACCCC G C C T-T-TTTTT4TG C C TG G C  TCTCTATGCT 

CGGTGTCGCTGTAACCCCCCACGCCAATGACCCACGTACTCCAAGAAGGCATGTGTCCCACCCCGCCTGTGTTTTTGTGCCTGGCTCTCTATGCT
ATGTGTCCCACCCCGCCTGTGTTTTTGTGCCTGGCTCTCTATGCT 

GTCCCACCCCGCCTGTGTTTTTGTGCCTGGC TCTCTATGCT 
CCTGTGTTTTTGTGCCTGGCTCTCTATGCT

GCTGGAAG ACCGCC AGGGGGTCGGCC GG TGTCGCTGTAACCCCCCAC GCC AATGACCCACGTAC TCC AAGAAGGC ATG TG TCCC ACCCCGCCTGTGTTTTTGTGCCTGGC TCTCTATGCT

| 3 7 g  6 3 6 0  6 3 9 0  6 4 0 0  6 4 1 0  6 4 2 0  6 4 3 0  6 4 4 0  6 4 5 0  6 4 6 0  6 4 7 0  6 4 8 0

TGGXTCTTACTGCCTGGGGGGGG 
TGGGTCTT
TGGGTCTT AC TGCCTGGGGGGGGGGAGTGCGGGGGAGGGGGGGTGTGGAAGGAAATGC AC GGCG 
TGGGTCTT ACTGCCTGGGGGGGGGGXGTGCGGGGGCGGGGGGGTGTGG 
TGGGTCTTXCTGCCTGGGGGGGGGGXGTGCGGGGG-GGGGGGHTGTGGX-GG
TGGGTCTT ACTGCCTGGGGGGGGGGAGTGCGGGGGAGGGGGGGTGTGGAAGGAAATGC ACGGC GCGTGTGTACCCCCCCTAAAGTTGTTCCTAAAC- 
TGGGTCTTACTG *CTGGG GG GGGGG AGTGCGGGGG AGGGG
TGGG TC TT AC TGCCTGGGGGGGGG tiAGTGCGGGGGAGGGGGGGTGTGG AAGG AAA TGC ACGGC GCGTC TGTA * *CCCCDT AAAG TTGTTCCTAAAGCG AGGA TACGGAGGAGT
TGGGTCTTACTGCCTGGGGGGGGGGAGTGCGGGGGAGGGGGGGTGTGGAAGGAAATGCACGGCGCCTCTGTACCCCCCCTAAAGTTGTTCCTAAA.
TGGG't'CTTA''TGCCTGGGGGGGGGGAGTGCGGGGGAGGGGGGGTGTGGAAGGAAATGCACGGCGCGTGTGTACCCCCCCTAAAGTTGTTCCTAAAG
TGGGTCTTACTGCCTGGGGGGGGGGAGTGCGGGGGAGGC-— TGTGSAAGGAAATGCACGGCGCGTGTGTACCCCCCCTAAAGTTGTTCCTAAAGCGAGGATACGGAGGAGTGGCGGGT
t g g g t c t t a c t g c c t g g g g g g g g g g a g t g g g g g g g a g g g g g g g t g t g g a a g g a a a t g c a c g g c g c g t g t g t a c c c c c c c t a a a g t t g t t c c t a a a g c g a g g a t a c g g a g g a g t g g c g g g a

TGGGTCTT ACTGCCTGGGGGGGGGGAGTGCGGGGGAGGGGGGHTGTGGAAGGAAATGC ACGGC 4CGTGTGTACCCCCCCTAAAGTTGTTCCTAAAGCG AGG ATACGG AGG AGl'GGCGGGT 
TGGGTCTT AC TGCCT4444444GXXAGTGCG>SGGGA44444GGTGTXGAAGGAAATGC AC GGC GCGTG TGTACCCCCCCTAAAGTTGTTCCTAAAGCGAGGATAC 
TGGG7*CTT AC TGCCTGGGGGGGGGG AGTGC GGGGG AGGGGGC TGTGGAAGGAAATGC ACGGC GCGTOTGTACCCCCCCTAAAGTTTTTCCTAAAGCG AGG AT ACGG AGG AGTGGCGGG7 
TGGG *CTTACTGCCTGGGGGGGo GGAGTGC —GGGGAG * *  - G -  -TGTGGAAGGAAATGC AC GGC GCGTGTGT ACCCCC CC TAAACTGGTTCC7 AAAGC GAG GAXACGGAGGAC GGGC GOG 
TGGGTCTTACTGCCTGGGGGGGGGGAGTGCGGGGGAGGGGGGG*! -TGGAAGGAAATGCACGGCGCCTGTGTACCCCCCCTAAA

CTTACTGCCTGGGGGGGGGGAGTGCGGGGGAC-GGGGGGTGTGGAAGGAAATGCACGGCGCGTGTGTACCCCCCCTAAAGTTGTTCCTAAAGCGAGGATA*GGAGGAG
TTACT*CCTGGGGGGGGGGAGTGCGGGGGAGGGGGGGTGTGGAAGGAAATGCACGGCGCGTGTGTACCCCCCCTAAAGT*GTTTCTAAAGCGAGGATACGGAGGAGTT

GGGGG AHGGGGGGTGTGG AAGG AAA TGC AC GGC GCGTG TG7ACCCCCCCTAAAGTTGTTCC TAAAGCGAGGAT AC GGAG GAG TGGC GGGT 
GGAAGGAAATGCACGGCGCGTCTGTACCCCCCCTAAAGTTGTTCCTAAAGCGAGGATAC

AAGGAAATGCACGGCGCGTGTGTACCCCCCCTAAAGTTGTTCCTAAAGCGAGGATACGGAGGAGTGGCGGGT
CGGCACXT4TGTACCCCCCCTAAAGTTGTTCCTAAAGCXAGGATACGGAGGAXTGGCGGGT

CGTGTGTACCCCCCCTAAAGTTGTTCCTAAAGCGAGGATACGGAGGAGTGGCGGGT
TTGTACCCCCCCTAAAGTTGTTCCTAAAGCGAGGATa CGGAGGAGTGGCGGCT

TGGCGGGT
TGGGTC T T  ACTGCCTGGGGGGGGGGAGTGC GGGGG AGGGGGGGTGTGGAAGGAAA TGC AC GGC GCGTG TGTACCCCCCCT AAAGTTGTTCCTAAAGCG AGG ATACGGAGGA3TGGC GGGT

6 4 9 0  6 5 0 0  6 5 1 0  6 5 2 0  6 5 3 0  6 5 4 0  6 5 5 0  6 5 6 0  6 5 7 0  6 5 8 0  6 5 9 0  6 6 0 0
g c c g g g g g a c c g g g g t g a t c t c t g g c a c g c g g g g g t g g g a a g g g t c g g g g g a g g g g g g g a t g g a c t a c c g g c  
GCCXGGGGAXDGXGGTGATCTCTGXXACGCGGG
GCCGGGGGACCGGGGTGATCTCTGGCACGCGGGGGTGGGAAGGGTCG 
•CCHGGGGACCG *G G TG A* *CTTGGCAGG1GGGGGVHG * AAGGG
GCCGGGGGACCGGGGTG ATC TCTGGCBCGCGGGGGTGGGAAGGGTCGGG-GAGGGGGGGATGGAGTAXCGGCCC ACCTGGCCGC HCGGGTHCGCGTGCC TTTGC AC ACC AACCCCACGTC 
GCCGGGGGACCGGGGTGATCTC TGGC AC GCGGGGG TGGG AAGGGTCGGGGGAGGGGGGGATGGAGTACCGGCCC ACCTGGCCGCGCGGG
GCCGGGGG-CCGGGGTG-TCTC TGGC AC GCGGGGGTGGGAAGGGTCGGGGGAGGGGGGGXTGGAGTACCGGCCC ACC TGGCC HCGCGGGT-CGCGTGCCTTT'GC AC ACC AACCCCACGTC 
GCCGGGGGACCGGGGTGATCTC TGGC AC BCGGGGG TGGG AAGGGTCGGGGGAXGGGGGGATGGAGTACCGGCCC ACCTGGCCGC GCGGGTGCGCGTGCCTTTGC AC ACC AACCCCACGTC 
GC GGGGGG ACC HGGGTG ATC TC TGGC AC GCGGGGG TGGGAAGGGTCGGGGGAGGGGGGGATGGAGTACCCGCCC ACCTGGCCGC GCGGG TGCGXGTGCCTTTGC AC AGDAACCCCACGTC 
GCCGGGGG *  GCC GGGTCGTCTC TGGC •CGCGGGGGTGGGAAGGGTCGGGGGAGGGGGGGXAGGAGTACCGGCCCACCTGGCCGCGCGGGTGGGCGTGCCTTTGCAC ACC AACCCCACGTC

TACGCCCACCTGGCCGCGCGGGTGCXCGTGCCTTTGCACACCAACCCCACGTC
GC AC AC C AAC C C C AC G TC 

CGC AC ACCC ACCCCAC GXC 
ACGTC

GCCGGGGGACCGGGGTGATCTC TGGC AC GCGGGGGTGGGAAGGGTCGGGGGAGGGGGGGATGGAGTACCGGCCC ACCTGGCCGC GCGGGTGCGCGTGCCTTTGC AC ACC AACCCCACGTC



6 6 2 0  6 6 2 0  6 6 3 0  6 6 4 0  6 6 5 0  6 6 6 0  6 6 7 0  6 6 8 0  6 6 9 0  6 7 0 0  6 7 1 0  6 7 2 0
- 4 9 9  CCCCXGCG
- 3 6  2 CC-CGGCGCTCTCTAAGAAGCACCGCCCCCCCTCCTTCATACCACCGAGCATGCCTG  
- 3 7 9  CC -CBGCGGTCTCTAA

4 4 0  CCC
- 3 2 5  CCCDGGCGGTCTCTAAG AAGCACCGCCCCCCCTCCTTC ATACC ACCGAGC ATGCCTGGGTGTGGGTTGGTAACC AACA
- 1 4 4  CCCCGGCGGTCTCTAAGAAGCACCGCCCCCCCTCCTTCATACCACCGAGXATGCCTGGCTCTGGCTTGGTAACCAACACGCCCATCCCCTCGTCTCCTGTGATTCTCTGGCTGCACCGCA 
- 3 1 6  CC-CGXCGGTCTCTAAGAA4faACCB8CCCCCCTCCTTCATACCACCGAG8XTGCCTG
- 2 4 4  CCCCXGCGGTCTCTAAGAAGCACCGCCCCCCCTCCTTCATACCACCGAGCATGCCTGGGTGTGGGTTGGTAACCAACAC 

53 4  CCCCGGXGGTCTCTAAGAAGCACCGCCCCCCCTCCTTCATACCACCGAGCATGCCTGGGTGTGGGTTGGTAACCAACAGGCCCATCCCCTGGCTTCCTGTGATTCTCTGGCT8CACCGCA 
- 2 0 0  ATACCACCGAGCATGCCTXGGTGTXGGTTXGTAACCAACACGCCCATCCCCTCOTCTCCTGTGATTCTCTGGCTGXACCGXA

- 7 8  CCT*GGTGT*GHTTGGTAACCAACACGCCCATCCCCTCGTCTCCTGTGATTCTCTGGCTGCACCGCA
- 3 6 7  CGCCXATCCCCTCGTCTCGTGTXATTCTCTGGCTGXACCGCA

CCCCGGCGGTCTCTAAGAACJC ACC GCCCCCCC TCC TTC ATACC ACCGAGC ATGCC TGGGTGTGGGTTGGTAACCAAC AC GCCC ATCCCC TCGTCTCCTGTGA TTC TCTGGCTGC ACC GC A

6 7 3 0  6 7 4 0  6 7 5 0  6 7 6 0  6 7 7 0  6 7 8 0  6 7 9 0  6 8 0 0  6 8 1 0  6B 2 0  6 8 3 0  6 6 4 0
- 1 4 4  TTC 'ITG TTTTC  T  AAC T  ATG TTC  

53 4  TCCTGGTTTCCTAACTATGTTCCTGTTCCTGTCTCCCC  
- 2 0 0  TTC TTG TTTTCTAACTATGTTCCTG TTTC TGTC TCCCCCCCCCCCACCCCTCCGCCCCACCCCCC AAC ACCC ACGTCTGTGGTG TGGCC GACCCCCTTTTGGX8HCCCCGTCCCGCCCCG 

- 7 8  TTCTTGTTTTCTAACTA2GTTCCTGTTTCTGTCTCCCCCC1 1 1 1 C ACCCCTCCGCCCCACCCCCCAA *XCCACGTCTGTGG  
- 3 6 7  TTCTTGTTTTCTAACTATGTTCCTGTTTCTGTCTCCCCCCCCCCC ACCCCTCCGCCCC ACCCCCC AAC ACCC ACGTCTGTGGTGTGGCCGACCCCCTTTTGGGCGCCCCGTCCCGCCCCG
- 3 3 3  TCTTGTTTTCTAACTATGXTCCTGTTTCTGTCTCCCCCCCCCCCACCCCTCCGCCCCACCCCCCAACACCCACGTCTGTGGTGTGGCCGACCCCCTTTTGGGCGCCCCGTCCCGCCCCG

1 7 4  TATGTTCCTGTTTCTGTCTGCCCCCCCCCCAGCCCTCCGCCCCATCCCCCAA AXCCACGTCTGTGGTGTGGCCGACCCCCTTTTGGGCGCCCCGTCCCGCCCCG
- 4 8 3  TH *TC C TG TTTC  TGTCT *CCCCCCCCCC ACCCCTCCGCCCC ACCCCCC AAC ACCC ACGTCTGTGGTGTGGCCGACCCCCTTTTGGGC GCCCCGTCCCGCCCCG
- 4 7 1  TGTC TCCCCCCCCCCC ACCCC TCCGCCCC ACCCCCCAAC ACCC ACGTCTGTGGTGTGGCCGACCCCCTTTTGGGC GCCCCGTCCCGCCCCG
- 5 1 1  CCCCCCCCCCACCCCTCCGCCCC ACCCCC-AACAC*OACGTCTGTGGTGTGGCCGACCCC— TTT*GGCGCCCCGTCCCGCC-CG
- 5 1 0  TCCGCCCCACCCCCCAACACCCACGTCTGTGGTGTGGCCGACCCC— TTT*GGCGCCCCGTCCCGCCCCG

4 7 0  CGCCCCACCCCCCAACACCCACGTCTGTX8 TGTGGCCGAC-CCCTTTTGGGCGCCCCGTCCCGCCCCG
- 1 3 6  CCCCCAACACCXACGTCTGTGGTGTGGCCGACCCCCTTTTGGXCGCCCCGTCCCGCCCGG
- 3 4 6  CCCCCAACACCCACGTCTGTGGTGTGGCCGACCCCCTTTTXGGCGXCCCGTCCCGCCCCG
- 1 1 0  AACACCXACGTCTGTGGTGTGGCCGACCCCCTTTTGGXCGCCCCTGCCCGCCCCG

5 2 0  GTCTGTXGTGTGGCCG-XCCCCTTTTGGX1-CCCCCYCCCGCCCCG
5 2 2  GTCTGTG *TGTGGCCGACCCCCTTTTGGGCGCCCCGTCCCGCCCCG

- 3 7 7  GGGCGACCCCCTTTTGGGCGCCCCGTCCCGCCCCG
- 5 4  0 CCCCGGCCCGCCCCC-
- 2 2 4  CXTCCXGCCXXG

2 1 8  CCG
TTC TTG TTTTCTAACTATGTTCCTG TTTC TGTC TCCCCCCCCCCC ACCCC TCCGCCCC ACCCCCC AAC ACCC ACGTCTGTGG TGTGGCCGACCCCCTTTTGGGC GCCCCGTCCCGCCCCG

6 8 5 0  6 8 6 0  6 8 7 0  6 8 8 0  6 8 9 0  690D  6 9 1 0  6 9 2 0  6 9 3 0  69 4G  6 9 5 0  6 9 6 0
- 2 0 0  CCACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCC  
- 3 8 7  CCACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCC  
- 3 3 3  CCACCCCTCCCATCCT-TGTTGCCCTATAGTGTACTTAACCC  

17 4  CCACCCCTXCCATC
- 4 8 3  CCACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCCC* GCCCTTTGTGGCG* *CAGAGGCCAGGTC
- 4 7 1  CCACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCCCCGCCCTTTGTGGCXGCCAGAGGCCAGGTCAGTCCGGGCGGGCAGGCGCTCGCGGAAACTTAACACCCACACCCA 
- 5 1 1  CCACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCCC
- 5 1 0  CCACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAA»CCCCCCCGCCCTTTGTGGC**8CAGAGGCCAGGTCAGTCCGGGCGGGCAGGCGCTCGCGGAAACTTAACACCCACACCCA 

4 7 0  CCACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCCCCGCCCTTTGTGGCGGCCAGAGGXC AGGTC AGTCCGGGCGGGC AGGC GCTC GCGG AAAC TT  AAC ACCC AC ACCC A 
- 1 3 6  CCACCCCTCCCRTCCTTTGTTGCCCTATAXTGTA*TTAACCCCCCC*GCCCTTTGTGGCG*C*AGAGGCCAGGTCAGTCCGGGCGGGCAGGCGCTCGCGGAAACTTAACACCCACACCCA  
- 3 4 6  CC ACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCCCCGCCCTTTGTXHCXGCCAGAGGCC AGGTC AGTCCGGGCGGGC AGGCGCTCGCGGAAACTTAAC ACCC ACACCC A 
- 1 1 0  CCACCCCTCCCGTCCTTTGTTGCCCTATAXTGTAGTTAAGGGGGGGGGCCCTTTGTGGCG*CCAGAGGCCAGGTCAGTCCGGGCGGGCAGGCGCTCGCGGAAACTTAACACCCACACCCA 

5 2 0  CC ACCCC TCCC ATCCTTTGTTQCCCTATAGTGTAGTTAACCCCCCCX-CCCTTTGTGG 1GXCCAGAGGCXAGGTXAGTXCGGG—GGGXAGGfiXXTXGCGGAAACTTAAlACCCACACCCA. 
5 2 2  CC ACCCCTCCCATCCTTTGTTGCCCTAT AGTG TAGTTAACCCCCCCCGCCCTTTG TGGC GGCC AG AGG *C  AGGTC AGTCCGGGCGGGC AGGCGCTCGCGGAAACTTAAC ACCC AC ACCC A 

- 3 7 7  CCACCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCCCCGCCCTTTGTGHCGGCCAGAGGCCAGGTCAGTCCGGGCGGGCAGHCHCTCGCGGAAACTTAACACCCACACCCA 
- 5 4 0  CC ACCCC -CCC TACC TTTGGTGCCC T ATACTGTAGTT AACCCCCCC TGCCC TTTGTGGC "GCCAGAGGCC AGGTC AGTCCGGGCGGGC AGGCGCTCGCGGAAACTTAAC ACCC ACACCC A 
- 2 2 4  CXACCCXTCCXATDXTTXGTTGCCXTATA>:TGTAGTTAACCCCCCCXGCCCTTTGTGGCGXCCAGAGGCCAGGTCAGTCCGGGCGGGCAGGCGCTCGCGGAAACTTAACACCCACACCCA 

2 1 8  CC ACCCCTCCCATCCTTTGTT GCCC TAT AC TGTAGTTAACCCCCCCCGCCC TTTGTGGC GGCC AG AGG *C AGGTC AGTCCGGGCGGGC AGGDGCTC GCGG AAA TTC AAC ACCC AC AC CCA 
3 4 8  CCCCTCCCATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCCCCGCCCTTTGTGGCGGCCAGAGGXCAGGTCAGTCCGGGCGGGCAGGCGCTCGCGGAAACTTAACAXCCACACCCA
2 2 7  CCTTTGTTGCCCTATAGTGTAGTTAACCCCCCCCGCCCTTTGTGGCG*CCAGAGXCGAGGTCAGTCCGGGCGGGCAGGCG*TCGGGTAAATTTAACACCAY*ACCCA
2 7 6  TTTGTTGCCCTATAGTGTAGTTAACCCCCCCCGCCCTTTG TGGCGGCCAGAGGCCAGGTCAGTCCGGGCGGGCAGGCGCTCGCGGAAACTTAAC ACCCACACCC A.
5 4 6  TCAGTCCGGGCGGGCAGGCGCTCGCGGAAACTTAACACCCACACCCA
66  CGGGCAGGCGCTCGCGGAAACTTAACACCCACACCCA

CCACCCCTCCC ATCCTTTGTTGCCCTATAGTGTAGTTAACCCCCCCCGCCCTTTG TGGC GGCC AG AGGCC AGGTC AGTCCGGGCGGGC AGGCGCTCGCGGAAACTTAAC ACCC AC ACCC A

6 9 7 0  6 9 B 0  6 9 9 0  7 0 0 0  7 0 1 0  7 0 2 0  7 0 3 0  7 0 4 0  7 0 5 0  7 0 6 0  7 0 7 0  70BC
- 4  71 ACCCACTGTGGTTCTGGCTCCATGCCAGTGGCAGGATGCTTTCGGGGATCGGTGGTCAGGCA 
- 5 1 0  ACCCA

4 7 0  ACCCACTGTGGTTCTGGCTCCATGCCAGTGGCAGGATGCTTTCGGGGATCGGTGGTCAGGCAGCCCGGGCCGCGGCTCTC-TGGTTAACACCAGAGCCTGCCCAACATXHCACCCCCACTC 
- 1 3 6  ACCCACTGTGGTTCTG*CTCCAXGCCAGT
- 3 4 6  ACCCACTGTGGTTCTGGCTCCAXGCCAGTGGCAGGATGCTTTCGGGGATCGGTGGTC AX8C AGCCCGGGCCGCGGCTCTGTGGTTAAC 
- 1 1 0  ACCCACTGTGGTTCTGGCTCCAXGCCA*’TGGCAGGATGCTTTCGGGGATCGGTGGTCA 

5 2 0  ACCCACTGTGGTTTTGGCTCCATGCCAGTGGXAGGATeXTTTXGGGGATXGGTGGTXAGGXAGXCCGGG
5 2 2  ACCCACTGTGGTTCTGGCTCCATGCCAGTGGCAGGATGCTTTCGGGGATCGGTGGTCAGGCAGCCCGGG*CGCGGCTCTGTGGTTAACACA

- 3 7 7  ACCCACTGTGGTTCTGGCTCC
- 5 4 0  ACCCACTGTGGTTCTGGCTCC ATG C * AGTGGC AGGATGCTTTCGGGGTTG*GTGGTGAGGC AGCCCGG GCCGC GGC TCTGTGGTT AAC ACC AG AG 
- 2 2 4  ACCCACTGTGGTTCTGGCTCC AXGCCAGTGGCAGGATGCTTTCGGGGATCGXTGGTCAGGCAGCCCGGGCCGCGGCTCTGTGGTTAAC 

2 1 8  ACCCACTGTGGTTCTGGCTCCAXGD*AGTGGCAGGATGCTTTCGGGGATCGGTGGTCAGG
3 4 6  ACCCACTGTGGTTCTGGCTCCAXGCC AGTGGC AGGATGCTTTC GGGGATCGGTGGTC AGGC AGCCCGGGCCGCGGC TCTGTGGTT AAC ACC AGAGXC TGCCC AATAX GGC ACCCCC AX TC 
2 2 "  ACCCACTGTGGT4TTGGCTCCAXGCCAGTGGCAGGATGCTTTCGGGGATCGGTGGTCAGGCAGCCCGGGCCGCGGCTCTGTGGTTAACACCAGAGTCTGCCCAACAXGGCACCCCCATT 
2 7 6  TCCCACTGTGGTTCTGGCTCCAXGCCAGTGGCXGGATGCTTTCGGGGATCGGTGGTCAGGCAGCCCGGGCCGCGGCTCTGTGGTTAXCACCXGTGXDTGCCC
5 4 6  ACCCACTGTGGTTCTGGCTCCATGCCAGTGGCAGGATGCTTTCGGGGATCGGTGGTCAGGCAGCCCGGGCCGCGGOTCTGTGGTTAACACCAGAGCCTGCCCAACATGGCACCCCCACTC 

66  ACCC AC TGTGG TTC TGGC TCC AXGCC AGTGGC AGG ATGC TTTCGGGGATCGGTGGTCBGGC AGCCCGG GCCGCGGCTCTGTGG TT  AAC AC *  AG AGCC TGCCC 
4 2 6  TGTGGTTC TGGC TCC ATGCCAGTGGXAGG ATX 8 TTTCGGGGATC GGTGGTC AGGC AGCCCGGGCCGCGGC TC TGTGGTTAAC ACXAGAGCCTGCCCAACATGGC ACCCCC ACTC
4 6 2  TGG TTC TG GC TCC ATGCC AGT-GBAGG AT 8 XTTTC GGGGATCGGTGGTC AGGC AGCCCGG GCCGC GGC TC TGTGG TTAAC ACC AG AGCCTGCCC AAC ATGGC ACCCCC ACTC

• 2 4 1  GTCAXHCAGCCCGGGCCGCXHCTCTGTXHTTAACACCAGAGCCAGCCCAACAXTHCACCCCCACTC
^ 5 3 2  GGCTCTGTXGTTAACACCAGAGGCTGCCCAAGATGGXACCCCCACTC

.7 4  CCCCCACTC
21C CTC

ACCC AC TGTGG TTCTGGC TCC ATGCC AGTGGCAGGATGCTTTCGGGGATC GGTGGTC AGGC AGCCCGG GCCGC GGC TCTGTGGTT AAC ACC AGAGCCTGCCC AAC ATGGC ACCCCC ACTC

7 0 9 0  7 1 0 0  7 1 1 0  7 1 2 0  71 3C  7 1 4 0  7 1 5 0  7 1 6 0  7 1 7 0  7 1 8 0  7 1 9 0  720C
4 7 0  CCACGCACCCCC 
3 4 6  CCAXC
5 4 6  CCACGCACCCCCACTCCCACGCACCCCCACTCCCACGCACCCCC
4 26 CC AC GC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC AC TCCC ACGC ACCCCC ACTCCC ACGC ACuCCCACTCCC AC Ĝ _ AC
4 6 2  CC ACGC ACCCCC AC TCCC ACGC ACCCCC AC TCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCCACGCACCCCCACTC-..C ACGC AC

- 2 4 1  CCACHCACCCCCACTCCCACGCACCCCCACTCCCACGCACCCCCACTCCC ACGC ACCCCCACTCCCACGCACCC
- 5 3 2  CCACGCACCCCCACTCCCACGC ACC CCC AC TCCC ACGC ACCCCC AC TCCC ACCC ACC CCC AC TCCC ACGC ACCCCC ACTCCC ACGC ACCCCC AC TCCC ACGC ACCCCCAC TCCC ATGC AT

- 7 4  CCACGCACCCCCACTCCCACGC ACCCCCACTCCCACGCACCCCCACTCCCACGCACCCCCACTCCCACGCACCCCCACTCCCACGCACCCCCACTCCCACGCACCCCCACTCCCACGCAC
2 1 0  CCACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCCACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC AC

- 4 1 3  ' a c h c a c c c c c a c t c c c a c h c a c c c c c a c t c c c a c h c a c c c c c a c t c c c a c h c a c c c c c a c t c c c a c r c a c c c c c a c t c c c a c h c a c c c c c a c t c c c - c g c - c
. 3 1 7  CHCACCCCCAC-CCCACHCACCCCCAC —CCCACHCACCCCCAC-CCCACHCAC

3 0 -5 CCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC ACCCCC ACTCCC ACGC a :
" 5 1 t  CATCCCACGCCACCCCACTCCCACGC-CCCCCACTCCCAB8C -C

1? 7  CCCCGACTCCCACGCACCCCCACTCCCACGCAC
CCCCCACTCCCACGCACCCCCACTCCCACGCAC

’ f n t  AC—CCC ACGC AC
2 g “  ACTCCC ACGC AC
3 5 - TCCCACGCAC

CC ACGC ACCCCC AC TCCC ACGC ACCCCC ACTCCCACGCACCCCC AC TCCC ACGC ACCCCCACTCCCACGC ACCCCC ACTCCC ACGC ACCCCCAC TCCC ACGC ACCCCC AC TCCC ACGC AC



-  3 0 3  
57 9  
4 2 2  

- 2 9 2  
- 3 1 2  

3 0 2  
2 6 6

7210 7220  7230  7 2 4 0  7 2 5 0  7 2 6 0  7 2 7 0  72BG 7 2 9 0  7 3 0 0  7 3 1 0  7 3 2 0
4 2 6  CCCCACTCCCACGCATCCCCGCGATACATCC AACA
4 6 2  CCCC ACTCCC ACGC ATCCCCGCG ATAC ATCC AAC AC AG AC AGGGAAAAGATACXAAAGTAAXCXXTTATTXCCXAAC AGAC AGXAAA

- 5 32 CCCC ACTCCCACGC ATCCCCGCG ATAC ATCC AACACACACAGC»GAAAAGATACAAAAGTAAACCTTTATTTCCCAACAGACAGCAAAAAT
- 7 4  CCCBACTCCCACGCATCCCCGCGATACATCCAACACAGACAGGGAAAAGATACAAAAGTAAACCTTTATTTCCCAACAGACAGCAAAAATCCTGAXTGGATC 
2 1 0  CCCC A.C TCCC AC

- 4 1 3  CCCC ACTCCCACGCATCCCCGCGATAC ATCC AAC AC AGAC AGGGAAAAGATAC AAAAGTAAACCTTTATTTCCC AACAGAC AGC AAAAATCCCCTG A G TTTTTTTTTA TT AGGGCC AAC A
- 3 i 7  CCCCACTCCCACGCATCCCCGCGATACATCCAACACAGACAGGGA

£ CC5 ^ rc C ^ ^ ^ ATCCCCGCXATACATCCAACACAGACAGGGAAAAGATACAAAAG7AAACCTTTATTTCCCAACAGAXAGCAAAAATCCCCTXAGTTTTTTTTTATTAGGGCCAACA  
CCCuACTCCCACGC A-CCCCGCGATACATCCAACAlAGAC AGGGAAAAGATAC AAAAGTAAACCTTT ATTTCCC AAC AGAC AGCAAAAAXCCCCTGAGTTTTTTTTTATTAGGGCC AACA 

-3  77 CCCC ACTCCCACGCATCCCCGCGATAC ATCC AACAC AGAC AGGGAAAAGATAC AAAAGTAAACCTTTATTTCCC AAC AGAC AGC AAAA.ATCCCCTG A G TTTTTTTTTA TT A
’ n S ; CCCCACTCCCACGCATCCCCGCGATACATCCAACACAGACAGGGAAAAGATACAAAAGTAAACCTTTATTTCCCAACAGACAGCAAAAATCCCeTGAGTTTTTTTTTATTAGGGCCAACA

27 5 CCCcACACCCACGC AGCCCCGCGA-AC AXCC AACACAGAC AGGGAAAAGATAC AAAAGC AAACC
2 « i  CCCCACTCCCACGCATCCCCGCGATAC ATCC AAC AC AGAC AGGGAAAAGATAC AAAAGTAiAACCTTT ATTTCCC AAC AGAC AGCXXXXA TCCCC TG A G TTTTTTTTTA TT AGGGCC 
351 CCCC AC TCCC AC GC A TCCCCGCGATA i  ATCC AAC AC AG AT AGGG.AAAAG ATAC AAAAGTAAACCTTTATTTCCC AAC AG AC AGC AAAAATCCCCTG AG TTTTTTTTTA TTA G G  GCC AAC A 

“~ 7 ATCCCCGCGATACATCCAACACAGACA*GHAAAAGATACAAAAGTAAArCTTTATTTCCCAACAGACAGCAAAAATCCCCTGAGTTTTTTTTTATTAGGGCCAACA
COGGC ‘ ATAC *TCCAACACAGACAGG * *AAAGATAC AAAAGTAAACCTTTATTTCCC AAC AGACAGCAAAAATCCCCTXAGTTTTTTTTTATT AGGGCC AACA

CC AAC AG AC AGC AAAAATCCCCTG AG T TTTTTTTTATTAGGGCC AAC A 
CCCTGAGTTTTTTTTTATTAGGGCCAACA  

AGTCTTTTTTTATTAGGGCCAACA  
TTTATTAGGGCCAACA 

ATTA4GGCCAACA 
ATTAGGGCCAACA

CCCC ACTCCCACGC ATCCCCGCG ATAC ATCC AAC AC AGAC AGGG AAAAG AT AC AAAAGTAAACCTTTATTTCCC AAC AG AC AGC AAAAATCCCCTG A G TTTTTTTTTA TT AGGGCC AAC A

7 3 3 0  7 3 4 0  7 3 5 0  7 3 6 0  7 3 7 0  7 3 8 0  739C  7 4 0 0  7 4 1 0  7 4 2 0  7 4 3 0  7 4 4 0
- 4 1 3  CAAAAGACCC 
- 3 0 7  CAAAAGAXCCGCT  

5 1 5  C AAAAG ACCCGCTGGTGTGTGGTGCCCGTGTCTTT
-  3 6 6  CAAAAGACCCGCTGGTGTGTGGTGCCCXTGTCTTTCACTTTTCCCCTCCCCGAC ACGGATTGGCTGGTGTAGTGGGXX-GGCC AGA

35 1  CAAAAGACCCGCTGGTGTGTGGTGCCCGTGTDTTTCACTTTTCCCCTCCCCGACAXGGATTGGCTGGTGTCGTGGGCG 1GGCC AGAGACCACCCAG1GCCCGACCCCCCCC 
- 3 5 7  CAAAAGACCCGCTGGTGTGTGGTGCGCBTGTCTTTCACTTTTCCCCTCCCCGACACGGATTGGCTGGTGTAGTGH*C4CGGCCA
- 1 4  7 CAAAAGACCCGCTGGTGTGTGGTGCCCGTGTCTTTCACTTTTCCCCTCCCCGAC ACGGATTGGCTGGTGTAGTGG*CGCGGCC AGAGACCACCCAGCGCCCGACCCCCCCCTCCCCA 
- 3 0 3  CAAAAGACCCGCTGGTGTGTGGTGCCCGTGTCTTTCACTTTTCCCCTCCCCGACACGGATTGGCTGGTCTAGTGG

5 7 8  CAAAAGACCCGCTGGTGTGTGGTGCCCGTGTCTTTCACTTTTCCCCTCCCCGACA1GGATTGGCTGGTGTAGTGGGCGCGGCCAGAGACC ACCCAGCGCCCGACCCCCCCCTCCCCAC AA 
4 2 2  C AAAAG ACCC GCTGG TGTGTGGTGCCCGTGTCTTTC AC TTTTCCCCTCCCCG AC ACGGATTGGCTGGTGTAGTGGGCGCGGCCAGAGACC ACCC AGC GCCCGACCCCCCCCTCCCC AC AA

- 2 9 2  CAAAAGACCCGCTGGT4TGTGGTGCCC*TGTCTTTCACTTTTCCCCTCCCCGACACGGATTGGCT  
- 3 1 2  CA AA A A AC C C G C T"4T4T4T44T*CC C *TC TCTTTC AC TTTTCC C C TCC C C XA C AC G XA TTG *CTG *T4TA 4TXG G  

3 0 2  CAAAAGACCCGCTGGTGTGTGGTGCCCGTGTCTTTC ACTTTTCCCCTCCCCGAC ACGGATTGGCTGGTGTAGTGGGCG ig g c c a g a g a c c a c c c a g c g c c c g a c c c c c c c c t c c c c  a c a a

2 6 6  c a a a a g a c c c g c t g g t g t g t g g t g c c c g t g t c t t * c a c t t t t c c c c t c c c c g a c a c g g a t t g g c t g g t g t a g t g g g c g c g g c c a g a g a c c a c c c a g c g c c c g a c c c c c c c c t c c c c a c a a  
5 3 9  a a a a g a c c c g c t g g t g t g t g g t g c c c g t g t c t t t c a c t t t t c c c c t c c c c g a c a c g g a t t g g c t g g t g t a g t g g g c g c g g c c a g a g a c c a c c c a g c g c c c g a c c c c c c c c t c c c c a c a a

CCGCTGGTGTGTGGTGCCCGTGTCTTTC-CTTTTCCCCTCCCCGACXGGGATTGGCTXHTGTAGTGGGXGCGGCCA4AG-CCACCCAAGGCCCGACCCCCCCCTCCCCA8AA 
300  GCGGGTGTGTGGTGCCCGTGTCTTTC ACTTTTCCCCTCCCCGAC AGGGATTGGCTGGTGTAGTGGGCGCGGCC AGAGACC ACCCAGCGCCCGXCCCCCCCCTCCCCGCXA
365  GCTGGTGTGTGGTGCCCGTGTCTTTCACTTTTCCCCTCCCCGACA1GGATTGGCTGGTGTAGTGGGCGCGGCCAGAGACCACCCAGCGCCCGACCCCCCCCTCCCCACAA
* 4 6  GCTGGTGTGTGGTGCCCGTGTCTTTCACTTTTACCCTCCCCGACAGGAGTTGGCTGGTGTAGTGGGCGCGG*CAGAGACCA*CCAGCGCCCGACCCCCCCCTCCCCATAA

• 563  TGTCXTTCACTTTXXCCCTCCCGGACACGGATTGGCTGGTGTAGTGGGCGCGGXCAGAGACCACCCAGCGCCCGACCCCCCCCTCCCCACAA
" 2 7 °  CCCCTCCCCGACACGAAACGGCTGATGTAGTGGGCGCGXXC AGAGACGACCC AGCGCCCGACCCCCCCCTCCCC AC AA
" 386 GCGGCCAGAGACCACCCA'BGCCCGACCCCCCCCTCCCCACAA

CAAAAGACCCGCTGGTCTGTGGTGCCCGTGTCTTTC ACTTTTCCCCTCCCCGAC ACGGATTGGCTGGTGTAGTGGGCGCGGCCAGAGACCACCC AGC GCCCGACCCCCCCCTCCCC ACAA

7 4 5 0  7 4 6 0  7 4 7 0  748G  7 4 9 0  7 5 0 0  7 5 1 0  7 5 2 0  7 5 3 0  7 5 4 0  7 5 5 0  7 5 6 0
5 7 9  ACACGGGGGGCGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGCCCCCTGCTCCCCGGACCACGGGTGCCGAGACCGCAGGCTGCGGAAGTCCAGGGCGCXCACTAGGGTGXCCTGGl 
4 2 2  AC ACGGGGGGCGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGCCCCCTGCTCCCCGGACCACGGGTGCCGAGACCGC AGGCTGCGGAAGTCCAGGGC 8CCCACTAG
30 2  ACAXGGGGGGCGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGXCCCCTGCTCCCCGGACCACGGGTGCCGAGA*DG  
2 6 6  ACACGGGGGGCGTCCCTTATT
5 3 9  ACACGGGGGGCGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGCCCCCTCCTCCCCGGACCACGGGTGCCGAGACCGCAGGCTGCG*AAGTCCAGGGCGCCCACTAGGGTGCC*T*GT

-  3 6 9  AC-CGGGGGGCGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGCCCCCTGCTCCCCGG  
3 0 0  AC—CGGGGGGCGTCCCTTATTGTTTTCCCTCXTCCCGGGT8GCCGCCCCC
3 6 5  ACACGGGGGGDGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGCCCCCTCCTCCCCGGACCACGGGXGCCGAGA'DGCAGGCTGCGGAAGTCCAGGGCGC-CAXTAGGGCTC 
14 6  ACA*GGGGGGCGTCCCTTATTGTTTTCCCTCGTCCXGGGTCGACGTCCCCTGCTXCCCGGACCAXXGGTGCCGAGA*CGXAGCGTGXXXAAGTXCAGGGXGCCXAXTAXGGTXXCCTXGT 

- 5 8 3  ACACGGGGGGCGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGCCCCCTGCTCCCCGGACCACGGGTGCCGAGXXCGGAGGCTGCGGAAGTCCAGGGCGCCCACTAGGGTGCCCTGGT 
- 2 7 0  AC ACGGGGG GCGTCCCTT AXTGTTTTCCCTCCTCCCGGGTCG ACGCCCCCTGC TCCCCGG ACC AC GGGTGCCG AGA. "CGC AGGC TGCGG AAG TCC AGGGC GCCC ACTAGGGTGXCCTXGT
-3 B 6  ACACGGGGGGCGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGCCCCCTGCTCCCCGGACCACGGGTGCCGAGACCGC AGGC TGCGGAAG TCC AGGGC GCCC ACTAGGGTGCCCTGGT
" 4 0 1  CCCTCGTCCCXGGTOGACGCCCCCTGCTCCCCGGACCACXGGTGCCGAGAXCGC AGGC TGCGGA-A8TCC AGGGC GCCC ACT AXGGTGCCCTGG7
- 5 5 9  G TCCCGGGTCG ACGCCCCCTGC TCCCCGGACC ACGGGTGCCG AG AX DHXAGGC TGCGGAAG TCC AGGGC GCCC ACTAGGGTGCCCTGGT
- 1 6 2  AC GCCCCCTGCTCCCCGGACC AC XGGTGCCGAG A "CGXAGGCTGCXGAAXTXDAXGGCGCCC ACTAXGGTGCCCTGGT

4 3 6  CCCGGACCACXGGTGCCGAGACCGOAXGCTGXXGAAGTCCAGGGCGCXCAXTAGGGTXXCCTXGT
- 4 2 6  GGGGTXCCXA4AXCGXAGGCTXCXHAXXTCCAGGXX-CCCACTAXHTGGCCCTGGT

46 1  CCGAGACCGC AG *CTGCG "AAGTCCAGGGCGCCC ACTAGGGTGCC *  "TH T
AC AC GGGGG GCGTCCCTTATTGTTTTCCCTCGTCCCGGGTCGACGCCCCCTGCTCCCCGGACC AC GGGTGCCGAGAtCCGC AGGC TGCGGAAGTCC AGGGC GCCC ACTAGGGTGCCCTGGT

7 5 7 0  75BC 75 9P  7 6 0 0  7 6 1 0  7 6 2 0  7 6 3 0  7 6 4 0  7 6 5 0  7 6 6 0  7 6 7 0  7 6 6 0
CGAACAGCATGTTCCXCACXGGGGTC ATCXAGAGGCTGTTXCA 
CGAAC AGC ATGTTCCCC AC "GGGGTC ATC "AGAGGC 
XGAA-AGXAXGTTCC
GCAACAGCATGTTCCXCACGGGGGTCATCCAGAGGCTGTTCCACTCCGACGCGGGGGCCGTCGGGXACTCGGGGg GCA

CGAAC AGC ATGTTC
CGAAC AGC ATGTTCC"CACGGGGGTC ATCC AGAGGCTGTTCC AC TCCGACGCGGGG "CCGTC
CGAA''AGCATGTTC'"XC A"GGGGG TC ATCC AG AGGC TG -TCC  ACTCCGACGCGGGGGCCGTC GGGT AC TCGGGGGGC ATC ACGTGGTT ACCCGCGGTCTCGGGGAGv. AGGG TGC GGCXG>.

i i . .  -----------------------------------------------------------------------------------------------— TCGGGGAGXAGGC-TGCGGCGGC
TCGGGGAG*AXGGTGCGGC*GC 

GGTCTCGGGGAGCAGGGTCCG
CGAAC AGC ATGTTCCXCACGGGGGTC ATCC AG AGGCTGTTCCACTCCG ATGCGGGGGCCGTCGGGTACTCGGGGGGC ATC ACGTGGTTACCC5CGGTCTCGGuGRuXAGGGTXi.GaCXH^ 

181 c GAACAGCATGTTCCCCACGGGGGTCATCCAGAGGCTGTTCCACTCCGACGCGGGGGCCGTCGGGTACTCGGGGGGCATCACGTGGTTACCCGCGo TCTCGGGGAG-AGGGT^.GG.GG^
i ATGTTCCCCAC "GGGGTCATCCAGAGGCTGTTCCACTCCGACGCGGGGGCCGTCGGGTACTCGGGGGGC ATC ACGTGGTTACCCGCGGTCTCu jGGAuv. AGGg T G -G G -G G .
, 7 A '^C A G A  3GCTC"r TCC AC TCC GAC GCGGGGGCCGTC GGGT ACTC GGGGGGC ATC ACGTGGTT ACC XGCGGTCTCGGGGAGwAGoGT<jCGGs_GG»
' t  AGO''T":‘T̂ v' T C C G  A^GCGGGGGCC GTCGGGTACTCXGG GG&C ATC ACGTGGTT ACCC GCGGTCTCGGc»xjA‘-r-AG<jGTG^.GG'w GG-" " 't c c a ^ tc c g a c g c g g g g g c c g tc g g g ta c t c g g g g g g c a t c a c g t g c t t a c c c g c g g tc t c g g g g a g c a g g g tg c g g c g g c  

t c "  a : tc c g a a c g g g g g g c c g tc g g g ta ? tc g g g g g g c  a t  - a c g t g g t t  a c c c g c g g tc tc g g g g a g c a g g g tg c g g c g g :
TC A C T''A C G C G G G G G C  * 'CTCGGTACTCGGGGGG: ATC ACGTGGTT ACCCGCGGTCTCGGGGAGXAGGGTRCGGCGG: 

CCG ACGC GGGGGCCGTC GGG TACTC BGGGGGC ATC ACXTXGTT ACCC GCGG TCTCXGGG AGC AXGGTGCXGCXGC '/I. ' CCTCGGGTACTCGGGGGC-CATCACGTGGTTACCCGCGGTCTCGGGG'GXAGGG-GCGGCGGC
4 f  TCGGCTACTCGGGGC 'CATCACGTGGTTACCCGCGGTCTCGGGXAGCAGGGTCCGGCGGL"1 *  GGGC ATC ACGTGGTT ACCCGCG'TCTCGGC • AGC AXGGTGCGGC »GC‘l . GGGCATCACGTGCTTACCCGCGGTCTCGGGGAGCAAGBTGCGGC *GC

GGGAGCAGGGTGCGGCGGC
1 ^ CGAA'AGC ATGTTCCCC ACGGGGGTC ATCC AGAGGCTGTTCC ACTCCGACGCGGGGGCCGTCGGGTACTCGGGGGGCATCACGTGGTTACCCGCGGTCTCGGGGAGCAGGGTGCGGCGG-

7690 770G 77JO  7 7 2 0  7 7 3 0  7 7 4 0  7 7 5 0  7 7 6 0  7 7 7 0  7 7 8 0  7 7 9 0  7 6 0 0

4 0 1  TCCAGCCGGGGACCXCGGXCCGCAGCCG
5 5 9  TCCAGCCGGGXACCGCGGCCCGCAGCCGGGTCGCCATGTTTCCCGTCTXGTCCACCAGCA
16 2  TCC AGCC GGGC--CCGC

l e t  T C C A ^ C T C ^ ^ ^G K tc ^ A K C G G G T C K C A ^ ™ c C G TC T G G T C C A C C A G G A D *A C G T A C G C C C C G A TG T TC C C C G T C T C C A TG T C C A G G A C T G G :A G G C A G T C C C C
T r r  k r ,'mrGGAC^GCGGCC''GCAG^CGGG'T,r'GCCATGTTTCCCGTCTGGTCCACCAGGACCACG7ACGCCCCGATGTTCCCCGTCTCCATGTCC AoGATGGG^AGG^ AGTCk_i_Cu^ 4 u.
^ a^ c ^ ^ c k g k c c ^ a g J c g g g t c ^ a t g t t t c c c g t c t g g ic c a c c a g g a c x a c g t a c k c c c g a t g t t c c c c g t c t c c a t g t c c a g c -a t x g g c a g g c a g t c c c c x g t g a
TCCXGCCGMGACCGCGGCCCGCAGCCGGGTCGCCATGTrrcCCGTCTGGTCCACCAGGACCACGTACGCCCCGATGTTCCCCGTGTCCATGTCCAGGATGGGCAGGCAGTCCCCCGTGA
■rnrxrrPGGGGA^'CG^GGCCCGCAGCCGGGTCGCCATGTTTCCCGTCTGGlMCACCAGGACCACGTACGCCCCGATGTTCCCCGTCTCCATGTCC AGGATGGGC AGGCAGTCCCCCGTGA

TCCAG'~CGGGG ACGGC GG^CCGBAGCCGGGT-GCCATG TTTCCCGTCTGGTCC ACC AGGACC ACGTAC GCCCCGATGTTCCCCGTC TCC ATG TCC AGGATGGGC AGGC AGTCCCCCGTGA
^ i - - r r ^ ^ C ^ ^ ^ M C C G G G T C G C C A T C ' n :TCCCG'rCT*GTCCACCAGGACCACGTACGCCCCGATGTTCCCCGTCTCCATGTCCAGGATGGGCAGGCAGTCCCCCGTGA

AGGrGGGGACCGC GGCCCGCAGCCGGGTC GCC ATG TTTCCCGTCTXH TCC ACC AGG AGC ACGTACGCCCCGATGTTCCCCGTC TCC ATG TCC AGGATGGGC AGGC AGTCCCCCGTGA
TCC AGCCGGGGAC^GC GGCCCGC AGCCGGGTC GCC ATGTTTCCCGTCTGGTCC ACC AGG ACC ACGTACGCCCCG ATGTTCCCC "TC TCC ATGTCC AGGATGGGC AGGC AGTCCCCCGTGA
I S ^ 5 ? ^ 5 9 “ ^X^™ Sr^rAG^CGGGTCGCCATGTTTCCCGTCTGGTCCACCAGGACCACGTACGCCCC*ATGTTCCCCGTCTCCATCTCCAGGATGGGCAGGCAGTCCCCCCTGA

1 1 A TOP AGCCGGGG ACCGC GC- "CCGC AGCCGG*TC GCC ATG TTTCCCGTCT*GTCC ACC AGGACC ACGTAC GCCCC "ATGTTCCCC "TCTCCATGTCC AGGATGGGC AGGC AGTCCCCCXTXA
12 2 TCCAGCCGGGGACCGCGG*CCGPAGCCGGGTCGCCATBTTTCCCCTCT*GTCCACCAGGACCACGTACGCCCCGATGTTCCCCGTCTCCATGTCCAGGATGGGCAGGDAGTCCCCCGTGA
SAP, TPp^rxrrtGGrArrGCGGPCCGCAGCCGGGTPGGCATGTTTCCCGTCTGGTCCACC AGG AC XACGT AC GCCCCGATGTTCCCCGTC TCC ATG TCC AGGATGXGC AGGC AGTCCCCCGTGA
5 5 0  GG ̂ cc-ftTc^TcccGTcTGGTccACCAGGACCACGTACGCCCCGATGTTCCCCGTCTCCATGTCCAGGATGGGCAGGCAGTCCCCCGTGf.
3 6 4  GGGu ACCCCGGCCCGGAGCc k g t c ^ c c a t g t t t c c c g t c t g g t c c a c c a g g a c c a c g ia g g c c c c g a t c t t c c c c c -t c t c c a t g t c c a g g a t g g g c a g g c a g t c c c c c g t g a

g g g t c g c c a t g t t t c c c g t c t c -g t c c a c c a g g a x d a c g t a ig c c c c g a t g t t c c c c g t c t c c a t c -t c c a g g a t g g g c a g g c a c t c c c c c g t g a,0 TCCCCX"TGGTCCACCAGGAC"ACGTA— CCCCGATGTTCCCCGTCTCCATGTCCAGGATGGGCAGGCASTCCCCCGTuA
f f  CCCGTCT*GT1XACCAXGA1"ACGTACGCCCC4ATGTTCCCC4TCTCCATRTCAAXHATGGGCAGG8RGTCCCCC-TGA

CTGGTCCAC "AGGA’ C ACGTACGCCCCGATGTTCCCCGTC TCC ATG TCC AGGATGGGC AGGC AGTCCCCCGTGA 
GACCACGTACGCCCCGATGTTCCCCGTCTCCATGTCCAGGATGGGCAGGCAGTCCCCCGTGA

3 8 8  CCCCGATGGTCCCCCTCTCCATGTCCAGGATGGG "AGGC AGTCCCCCGTGA
TCATGT*CAGGAT*HGCAGGCAGTCCCCCGTGA

TCC AGCCGGGG ACC GCGGCCCGCAGCCGGGTC GCC ATG TTTCCCGTCTGGTCC ACCAGGACCACGT AC GCCCCGATGTTCCCCGTC TCC ATG TCC AGGATGGGC AGGC AGTCCCCCGTGA

47fc
27 3

- 3 4 5
- 4 4 5
- 3 9 5
- 1 2 5
- 2 9 5
- 4 3 3
- 1 4 9

188



7 6 1 0  7 6 7 0  762C  7 0 4 0  785C  7 8 6 0  7B?0 7 8 8 0  7 8 9 0  7 9 0 0  791C  7 9 2 0
4 7t> t a g t c t t g t t c a c g t a a g g c g a c a g c * c g a c c a c g c t a g a g a c c c c c g a g a c t g g c a g g t a g c g c g t
27 3 TACTCTTGTTC  

- 3 4  5 TAHTCTTGTTCACGTAAGGCGACAGGGCGACCACGCTAGAGAXCCCCGAGA 
- 4 4  5 TAGTCTTGTTC ACGTA
- 3 9 b  TAG•CTTGTTBACGTAAGGCGACAGG■-GACCACGCTAGAGAC
- 1 2 b  TAGTCTTGTTC AC GTAAGGCHAC AGG 8 *GACC AC GCTAGAGACCCCCGAG ATGGGCAGGTAGC GCGTGA 
- 2 9 b  TAGTCTTGTTCACGT AAGGCGAC AG 
- 4  33 TAGTCTTGTTCACGTAAHXCG
- 1 4  9 TAGTCTTGTTCACGTAAGGCGACAGGGCGACCACGC TA
- 1 1 6  TAXTCTTGTTCACGTAAGGCGACAGG*CGACCACGCTAGAGACCCCCCAXATXGGCAGTAC 
-1 2 1 ' TAGTCTTGTTCACGTAAGGCGACAGG*CGACCACGCTAGAGACCCCCGAGATGGGCAGGTAGC8CGTGA 

5 5 0  TAGTCTTGTTC AC GTAAGGCG AC AGGGCGACC ACGC TAG AG ACCCCCG AG ATGGGCAGGTAGC GCGTG AGGCCGCCCGCGGGXACGGCCCXGGAAGTCTCCGCGTGGCGCGTCTTCCGGG 
- 3 8 4  TAGTCTTGTTCACGTAAGGCGACAGGGCG 

321 TA'TCTTGTTCACGTAAGGCGACA
3 6 7  TAGTCTTGTTCACGTAAGGCGACAGGGCGACC ACGCTAGAGACCCCCGAGATGGGC AGGTAGCGCGTGAGGCCGCCCGCGGGGACGGCCCCGGAAGXCTXDGCGTGGCGCGTCTTXI>GGG

36 TAGTCTTCTTCACGTAAGGCGACAGGGCGACCA-G-TG  
- 6 5  TAGTCTTGTTCACGTbAGGCGACAGGGXGA
4 8 7  TAGTCTTCTTCACGTAAGGCGAC AGGGC GACC ACGC TAG AG AC CCCC GAG ATGGGCAGGTAGC GCGTG AGGCCGCCCGCGGGG ACGG DCC'GGAAGTCTCCGCGTGGCGCGTCTTCCGGG
3 6 0  TAGTCTTGTTC AC GTAAGGCG AC AGGGC GACC AC GCTAG AG ACCCCCG AG ATGGGCAGGTAGC GCGTG AGGCCGCCCGCGGGG ACGGCCCCGGAAGTCTCCGCGTGGCGCGTCTTCCGGG

- 2 0 b  TA*TCTTGTTCACGTAAGGCGACAGGC*GACCACGCTAGAGACCCCGAG 
1 8 6  TAGTCTTGTTCACGTAAGGCGAC AGGGCGACC A 1G 1 TAG AG ACCCCCG AG ATGGGCAGGTAGC GCGTG AGGCCGCCCGCHGGXACGGDXCCGGAAGTCTXCGCGTXGXGCGTCT 
2 3 3  CTTGTTC ACGT AAGGC GAC AGGGC GACC ACGC TAG AG AC CCCC GAG ATGGGCGGGT AGC GCGTG TGGCC G*CCGCGGGX*C GGC XCCGGXXGTCTCCGCGTGGCGCGTC TTC

- 2 6 1  TCACGTAAGGCGAC AGGXCGACC AC XC TAG AG ACCCCCG AG ATG GGC AGGTAXC GCGTG AH XCCGCCCGCGGGG ACGGCCCCGG AAGTC TCC 4CGTGGCGCGTC TTCCGGG
- 3 4  0 TAAGGCGACAGGG8GACCAC*CTAGAGACCCCCGAGATGGGCAGGTAG6GCGTGAGGCCHCCCGCGGGGACGGCCCCGGAAGTCTCC4CGTGGCGCGTCTTCCGGG
- 1 1 5  CGCGCGGGGACGGCCCCGGAAGXCTCCXCGTGQCGXGTCTTCCGGG

5 0 5  GGCCCCGGAAGTCXCCGCGTGGCGCGTCTTCCGGG
5 2 8  CCGGAAGTC XCCGCGTGGCGXGTCTTCCGGG

TAGTCTTGTTC ACGT AAGGCG AC AGGGCGACC AC GCTAGAG ACCCCCGAG ATGGGCAGGTAGC GCGTGAGGCCGCCCGCGGGGACGGCCCCGGAAGTCTCCGCGTGGCGCGTCTTCCGGG

7 9 3 0  7 9 4 0  7 9 5 0  7 9 6 0  7 9 7 0  7 9 8 0  7 9 9 0  8 0 0 0  8 0 1 0  8 0 2 0  8 0 3 0  8 0 4 0
5 5 0  CACA
36 7  CAlAXTTCXTXGGGCCCCGCGGCCCAGAAGCAGCGG 
4 8 7  CACACTTD*TGCCCCCCCGCGGCCCAGAAGCAGCGCG 
3 8 0  CACACTTCCTXG

- 2 6 1  CACACTTCCTC *HCCCCCGCGGCCCAGAAGCAGCGCGGGGGCCGAGGGAGGTTTCCTCTTGTCTCCCTCCCAGGGCACCGACGGCCCCGXCCGAG 
- 3 4 0  CACAC TTCCTCGGCCCCCGCGGCCCACAA GC AGCGCGGGGGCCGAGGGAGGTTTCCTCTTGTCTCCCTCCCAGGG8ACCGACGGCCCCGXCCGAG 
- 1 1 5  CACACTTCCTC*HCCCCCGCGGCCCAGAAGCAG6GCGGGGG686AGGGAGGTTTCCTCTTGTCTCCCTCCCAGGGGACCGG 

50  b CAC AC TTCCTXGGCCCCCGC GGCCC AGAAGC AGCGC GGGGGC XXAXGGAGGTTTCCTCTTGTCTCCCTCCC AGGGC ACCGACGGCCCCGCCCGAGGAGGCGGAAGXGG AGG AGG ACGCGG 
5 2 8  CAXAXTTCCTXHGCCCCCGCGGCCC AGAAGC AGCGC XHGGGCCG AGGG AGGTTTCCTCTTGTC TCCCTCCC AGGGC ACCGACGGCCCCGCCCGAGGAGGCGGAAGXGG AGG AGG AC GCGG 
5 1 9  ACACTTCCTXGGCCCCCGCGGXCC AGAAGC AGCGC XXXGGCXXXXGGAGGTTTCCTCTTGTCTCCCTCCCAGGGCACCGACGGCCCCGCCCGAGGAGGCHXAA8XGGAGGAGGAC GCGG 

- 5 8 4  CGCGGGGXCCGAXGGAXHTTTCCTCTTCTCTCCCTCCCAGGGCACCCACGXXCCCGCCCGAGXAGGCGXAAGXCGAGGAGGACGCGG
3 6 4  GGGAXGTTTXCTCTTGTCTCCXTCCXAXGGCAXCGACGGCCCXGCCC-AGGAGGCGGAAGXGGAGGAGGACG-GG
3 3£ CGGCCCCG1CCGAGGAGGCGXAAGXGGAGGAGGAXGCGG
2 5 3  GGCCCCGCCXTAGGAGGCGXAAGXGGAGGAGGACGCGG
2 6 6  GCCCGAGGAGG1GXAAGXGGAGGAGGACG1GG
6 3 0  GGAAGCGGAGGAGGACGCGG

37 XGGAGXAGGACG—GK 
CACACTTCCTCGGCCCCCGCGGCCCAGAAGCAGCGCGGGGGCCGAGGGAGGTTTCCTCTTGTCTCCCTCCCAGGGCACCGACGGCCCCGCCCGAGGAGGCGGAAGCGGAGGAGGACGCGG

8 0 5 0  8 0 6 0  6 0 7 0  8 0 8 0  8 0 9 0  8 1 0 0  6 1 1 0  6 1 2 0  6 1 3 0  6 1 4 0  6 1 5 0  8 1 6 0
50 5  CCCCGGCGGCGGAAGAGGCGGCCCCCGCXGGGGTCGGGGCCGAGGAGG
52 8  c c c c g g c g g c g g a a g a g g c g g c c c c c g c g g g g x t c g g g g c c g a g g a g g .a a g a g g c a g a g g a g g a a g a g g c g g a g g c c g c x g a g g a c g t c a g g g g g g t x c c g g x c c x a x c c t g g c c  
51 9  c c c c g g c g g c g g a a g a g g c g g x c c c c x c g - g g g t c g g g g c c g a g g a g g a a g a g g c a g a g g a g g a a x g g g c g g a g g x d g c c g a g g a c g t c a g g g g g g t c c c g g g c c c a x c c t g g x c

-  58 4  c c c c g g c g x c g x a a -a g > g c g g c c g lx g c g g g g g tc g g g g c c c a g g a g g a a 4 a g g o a x a h v a g g a a g a x h c g g a g g c c g c c g a g g a c g tc a g g g g g g tc c c g g g c c c a c c c tx g c c g c g c c  
3 t 4 c c c c g g c g g c g g a a g a g g c g g c c c c c g c g g g g x tc g g g g c c g a g g a g g a a g a g g c a g a g g a g g a a g a g g c g g a g g x c g c c g a g g a c g tc a g g g g g g tc c c g g g c c c a c c x tg g c c g — c 
3 3 8  ~DCCCGGCGXCGGAAGAGGCGGCCCCCGCGGGGGTCGGGGCCGAGGAGGAAGAGGCAGAGGAGGAAGAGGCCGAGGXDGCCGAGGACGTCAGGGGGGTCCCGGGCCCACCCTGGCCGC4CC 
2 5 3  CCCCGGCGGCGGAAGAGGCGGCCCCCGCGGGGXTCGGGGCCGAGGAGGAAGAGGCAGAGGAGGAAGAGGCGGAGGXCGXCGAGGACGTCAGGGGGGTCCCGGGCCCACCCTGGCCGCGCC 
2 6 6  CCCCGGCGXCGGAAGAGGCGGCCCCCGCGGGGXTCGGGGCCGAGGAGGAAGAGGCAGAGGAGGAAGAGGCGGAGGXDGXGGAGGACGTACGGGGGGTXCDGGGCCCACCCTGGCCGIGCC
6 3 0  CCCC

37 CCCCGGCGGCGGAAGAGGCG-CCCCC-CG-GGXTCGGGGCCGAGGAGGAAGAGGCAGAGGAGGAAGAGGCGGAGGXCGACGAGGACGTCAGGGGGGTCCCGGRCCCA*DCT4GCC 
1 9 3  GGGCCGAGGAGGAAA*GGCAGAGGAGGAAGAGGCGGAGGCCG'CGAGGACGTCAGGGGGGTCCCGGGCCCACCCTGGCCGDXCC

. 3 2 2  AGGCGXAGGXXGCCGAGGACHTCAHGGGGXTCCCGGGCCCACCCTGGCCGCGCC
> 3^3  GGGCCCACCCTGGCC-CGCC

6 3 ;  GGGCCCACCCTGGCCGCGXL
CCCCGGCGGCGGAAGAGGCGGCCCCCG.-GGGGGTCGGGGCCGAGGAGGAAGAGGCAGAGGAGGAAGAGGCGGAGGCCGCCGAGGACGTCAGGGGGGTCCCGGGCCCACCCTGGCCGCGCC

8 1 7 0  8 1 8 0  8 1 9 0  8 2 0 0  8 2 1 0  8 2 2 0  6 2 3 0  8 2 4 0  6 2 5 0  82bC  8 2 7 0  8 2 8 0
- 5 6 4  CCCCCGGCCC 

3 6 4  CCCCXGGCCCTGAXTCGGAGGGGGGG
3 3 8  CCCCXGGCCCTGAGTCGGAGGGGGGGTGCGTCGCCGCCCTITTGGCCCCTGCCG 
25 3 CCCCXGGCCCTGAGTCGGAGGGGGGGTXCGTXGCXGCCCTCTTGGCCCCTGCCGG 
2 6 6  CCCCCGGCCCTXAGTGCGAGGGGGGGTGCGTXGCXGCCCT1TXGGCCCC TGC 
1 9 3  CCCCXG8CCCTGAGTCGGAGGGGGGGTCCGTCGCCGCCCTCTTGGCCCCTGCC

- 3 2 2  c c c c c g g c c c t g a g t c g g a g g g g g g g t g c x t c g c c g c c c t c t t g g c c c c t g c c g g c h c g a g g g g g g g a c g c g t g g a c t g g g g g g a g g g g t t t t c c t g g c c c g a c c c g c g c c t c t t c c t c g  
- 3 6 3  c c c c c g g c c x t x a g t c g g a g g g g g g g t x c x t c g c c g c c c t c t t g g c c d x t g c c g g c g c g a g g g g g g g a c g c g t g g a c t g g g g g g a g g g g t t t t c c t g g c c c g a c c c g c g c c t c t t c c t c c -

63 1  c c c c c g g c c c t h a g t c g g a g g g g g g g t g c g t c g c c g c c c t c t t g g c c c c t g c c g g c g c g a g g g g g g g
6 0 2  TCTTGGCCCCTGCCGGCGCGAGGGGGGGACGCGTGGACTGGGGGGAGGGGTTTTCCTGGCCCGACCCGCGCCTCTTCCTCG
2 9 6  TCTTGGCCCCTGCCGGCGCGAGGGGGGGACGCGTGGACTGGGGGGAGGGGTTTTCCTGGCCCGACCCGCGCCTCTTCCTCG

- 5 7 1  GGACTGGGGGXAGGGXXTTTCCTGGCCCGACCCGCGCCTCTTCCTCG
24 7  CCCGCGCCTCTTCCTCG

CCCCCGGCCCTGAGTCGGAGGGGGGGTGCGTCGCCGCCCTCTTGGCCCCTGCCGGCGCGAGGGGGGGACGCGTGGACTGGGGGGAGGGGTTTTCCTGGCCCGACCCGCGCCTCTTCCTCG

6 2 9 0  8 3 0 0  8 3 1 0  8 3 2 0  8 3 3 0  8 3 4 0  6 3 5 0  8 3 6 0  6 3 7 0  6 3 6 0  8 3 9 0  8 4 0 0
- 3 2 2  GACGCACCGCCGCCTCCTGCTCGACAGAGGCGGC 
- 3 6 3  GACGCACXGCXGCCTCCTGCTCGACAGAGGCGGCGG 

6 0 2  GACGCACCGCCGCCTCCTGCTCGACAGAGGCGGCGGAGGGGAGCGGGGCGGCGCCGGAGGGGGCGGCGCCGCGGGAGGGCCCGTGCCCACC
2 9 6  GACGCACCGCCGCCTCCTGCTCGACAGAGGCGGCGGAGGGGAGCGGGGCGGCGCXGGAGGGGGCGGXGCXGCGGGAGGGCCCGTGCCCACDXTCXAXGXDCGGCCCCCCCGAGCCGCGCG 

- 5 7 1  GACGC ACCGCCGCCTCCTGCTCGAC AG AGG 1GG1GGAGGGGAGCGGGXCGGCGCCGGAGGGGGCGGCGCCGCGGGAGGGCCCGTGCCC ACCCTCCACGCCCGGCCCCCCC4ABCCGCGCG 
24 7 GACBCACCGCCGCCTCCTGCTCGACAGAGGCGGCGXAGGGGAGCGGGGCGGCGCCGGAGGGGGCGGCGCCG-G-GAGGGCCCGTGCCCACCCTCCACXCCCGGCCCCCCCGAXCCGCGCG 
61 1  G AGGGG AGC GGGGC GGC GCCGG AGGGGGC GGC GCC GCGGGAGGGCCCGTGCCC ACCCTCC AC GCCCGGCCCCCCCGAGCCGCGCG

-4 7 2  CGGGAXHGCCCXTGCCCACCCTCCAXGCCCGGCCCCCCCX-------------- GCX
6 0 4  GCCCGGCCCCCCCGAGCCGCGCG
2 2 3  CCCGGCCCCCCCGA8CCGCGC8
6 1 5  GGCCCCCCCGAGCCGCGCG

— 6 0 3  CCCC CC oA*ji- CGC GC G
- 6 0 S  GCCGCGCG

- 4 2  CXCX
GACGC ACCGCCGCCTCCTGCTCGAC AGAGGCGGCGGAGGGGAGCGGGGCGGCGCCGGAGGGGGCGGCGCCGCGGGAGGGCCCGTGCCC ACCCTCC AC GCCC GGCCCCCCC GAGCCGC GCG

8 4 1 0  8 4 2 0  8 4 3 0  8 4 4 0  6 4 5 0  B 46 0  8 4 7 0  8 4 8 0  6 4 9 0  8 5 0 0  8 5 1 0  8 5 2 0
2 9 6  XCACCGTCGCACGCGCCCGGCA 

- 5 7 1  CCACCGTCGCACGCGCCCGGCACAGACTCTGTTCTTGGTTCGCGGCCTGAGCCAGGGACGAGTGCGACTGGGGCACACGGC 
24 7
61 i  CCAXCGTCGCA

- 4 7 2  XCACCGTCGCACGCGCCCGGCACAGACTCTGTTCTTGGTTCGCXGCCTXAGCCAGGGACGAGTGCGAXT 
60 4  CCAC'GTCGCACGCG*CCGGCACAGACTCTGTTCTTGGTTCGCGGCCTGAGCCAGGGACGAGTGCGACTGGGGCACACGGCGCGCGTCCGC
2 2 3  XCACCGTC8CACGCGCCXGGCACAGACTCTGTTCTTGGTTCGCGGCCTGAGCCAGGGACGAGT8C6ACTGGGGCACACGGCGCGCGTCCGXGGGGCXGGCGGCCGGXTCCCCCCCGGGGG 
6 1 5  CCACCC-TCGC ACGCGCCCGGC ACAGACTCTGTTCTTGGTTCGCGGCCTGAGCC AGGGACGAGTGCGACTGGGGC AC ACGGC GCGCGTCCGCGGGGCGGGCGGCCGGCTCCGCCCCGGGGC 

-6 0 3  CCACCCTCGCACGCGCCCGGCACAGACTCTGTTCTTGGTTCGCGGCCTGAGCCAGGGACGAGTGCGACTGGGGCACACGGCGCGCGTCCOCGGGGC 
- 6 0 5  CCACCGTCGCACGCGCCCGGCACAGACTCTGTTCTTGGTTCGCGGCCTGAGCCAGGGACGAGTGCGAC 

- 4  2 CCACCXTCXCACGCGCCCGGCACAGACTCTATTCTTGGTTC-CGGCCTXAGCCAGGGACCAXTGCGACTGGGG-ACACGGC 
-5 9 7  CGTCGC AC GCGCCCGGC AC AG ACTCTGTTCTTGCTTCGCGGCCTGAGCC AGGGACGAGTGCGACTGGGGC AC ACGGCGCGCGTCCGCGGGGCGGGCGGCCGXCTCCGCCCCGGGGG

1 9 l- GCG-CCXGGCACAGACTCTGTTCTTGGTTCGCGGCCTGAGCXAGGGACGAGTGCGACTGGGGCACACGG
6 0  7 gCGCCCGGCACAGACTCTGTTCTTGGTTCGCGGCCTGAGCCAGGGACGAGTGCGACTGGGGCACACGGCGCGCGTCCGCGGGGCGGGCGGCCGGCTCCGCCCCGGGGv
6 1 4  TTCTTGGTTCGCGGCCTGAGCCAGGGACGAGTGCGACTGGGGCACACGGCGCGCGTCCGCGGGGCXGGCGGCCGGCTCCGCCCCGGGGC

- 5 6 3  CCT4AGCCAGGGAC4AXTGCCACTGGGGCACACGGCGCGCGTXDGCGGGGCGGGCGGCCGXCTXXXXXXGGGGGG
5 9 2  GAGTGCGACTGGGGCACA4GGCGCGCGTCCGXGGGGCXGGCGGCCGGCTCCGCCCCGGGGG
621 TCCGXDCCGGGGG
171 CCCGGGGG
6 2 8  CCCGGGGG

- 6 2 9  CCCGGGGG
CCACCGTCGC AC GCGCCCGGC AC AGAC TCTGTTCTTGGTTCGCGGCCTGAGCC AGGGACGAGTGCGACTGGGGC AC AC GGC GC GCG TCC GCG GGGC GGGC GGCCGGCTCCGCCCCGGGGC-

8 5 3 0  8 5 4 0  8 5 5 0  8 5 6 0  e57G  8 5 8 0  8 5 9 0  8 6 0 0  8 6 1 0  8 6 2 0  8 6 3 0  8 6 4 0
2 2 3  CCGGGGXGCGGGGGCCGGGXCCCGGAGGCG 

- 5 9 7  CCGGGGC GCGGGGGCCGGGCCCCGG AGGC GGC GCTCGC ACGC ACGGGGCCACGGCCGCGC GGGGGC GCGCXGGTCCCGACGC GGCC GCGG ACGXXGGGGGCCCGGGGCGGG 
6 0 7  CCGGGGCGCGGGGGCCGGG 
6 1 4  CCGGGGCGCGGGGG

- 5 6 3  CCGGGG-GCGGGGGCCGGGCCCCGG AGGC GGCGDTC HCACHC AC GGGGCC AC GC--CGXXXGGGGGCGCXCXGGTCCCGA--XGGCXGCGGACGXXGGGGGC CCGG GGCXGGGGGCGG AGC 
59 2  CCGGGGXGDGGGGGCCGGGCCCCGGAGGCGGCG 1TCGCACGC ACGGGGCCACGGCCGCGCGGGGGCGXGXXGGTCCCGACGCGGCCG 1GGACGXXGGGGGCCCGGGGCGGGGGHC 
621 CCGGGGCGCGGGGGCCGGGCCCCGGAGGCGGCGCTCGCACGC ACGGGGCCACGGXC GCGCGGGGCG 
171 CCGGGXXXCGGGGGCCG3GXCCCGGAGGCGGCGCTCGCAXGXAXGGGGCC AXGGCXGCGXGGGC-
6 2 b  CCGGGGC GCGGGGGCCGGGCCCCGGAGGC GGC GC TC GC ACGC ACGGGGCC ACGGCCGC GCGGGGGCGCGCGGG TCCCGACGCGGCCGCGGACGCGGGGGGCCCGGG 

-6 2 5  CCGGGGC GCGGGGGCCGGGCCCCGGAGGCGGCGCTCGC AC GCACGGGGCC AC GGC 1GCGC GGGGGC GCGC GGGTCCCG AC GCGGCCGC GGAC GCGGGGGGCCC GGG 
591 GAXGGGGXCAXGGCXGXGXGGGGGDXXGXXGGTCCCGACGXGGCXXCGGACGXXGGGGGCCCGGGGCGGGGGGCGGAGX

- 6 2  2 CCGCGGACGXXGGGGGCCCGGGGCGGGGGGCGGAG:'
554 GGGGlGGXXX

c c g g g g c g c g g g g g c c g g g c c c c g g a g g c g g c g c t c g c a c g c a c g g g g c c a c g g c c g c g c g g g g g c g c g c g g g t c c c g a c g c g g c c g c g g a c g c g g g g g g c c c g g g g c g c -g g g g c g g a g :



BbSG 8 6 6 0  8 6 7 0  8 6 6 0  8 6 9 0  8 7 0 0  8 7 1 0  8 7 2 0  8 7 3 0  874C  8 7 5 0  B76L
- 5 6  3 CTGGCATGGGCGCCGXGGGGGGGCTGTGGC,

591 CTGGCATGGGCGCCGXGGGGGGCCYCTGGGGAGAGGCCGGGGGG 
- 6 2 2  C TGGC ATGGGCGCCGCGGGGGGCCTGTGGGG AG AGGCC GGG 

5 5 4  CTGG- ATGGGC BBXGXGGGGGGCCTGTBGGGXGXGG "CGGGGGGGAGTCGCTGATC A ’ TATGGGGTCTCTGTTBTTTGCAAGGGGGGCGGGTCTGTTGAC ACGGGGGCCCGTCCGGCCC
4 4  3 TGGC ATGGGCGCC GXGGGGGGCC TGTGGGG AG AGGCC GGGGGGG AG TCGCTG ATC ACT ATGGGGTCTCTGTTG TTTGC AAGGGGGGCGGGTCTG TTG AC AAGGGGGCCCGTCCGGCCC X

“ 50B  CCCCGCXGGGGGGCCTGTGGGGA4AGGGDGGGGGGGAGTCGCTGATC ACT ATGGGGTCTCTGTTG TTTGC AAGGGGGGCGGGTCTGTTGACAAGGGXXCCCGTC • "GCCCC
- 5 8 7  XGGGGGGCCTGTGGGGAGAGGCCGGGGGGGAGTCGCTGATCACTATGGGGTCTCTGTTGTTTGC AAGGGGGGCGGGTCTGTTGAC AAGGHXXCCCCTCCXHCCCC
- < 5 2  GGGCCTGTGGGGAGAGGCCGGGGGGGAGTCGCTuATCACTATGGGGTCTCTGTTGTTTGCAAGGGGGGCGGGTCTGTTGACAAX-HGGGCCCGTCCXGCCCC

lc , l  CTGATC ACTATGGGGTCTCTGTTGTTTGC AAGGGGGGCGGGTCTGTTGAC AAGGGGGCCCGTCCGG1CCC
17 GATCACTATGGGGTCTCTGTTGTTTGCAAGGGGGGCGGG6CTGTTGACAAGGGGGCCCGTCCGGCCCX
S3 CCTTGC AAGGHGG "CGGGTCTGTTGAC AAGGGGGCCCGTCCGGCCCX

! 5 3  TTGCAAGGGGGXCGGCTCTGTTGACAAGGGGGCCCGTCCGGC CXX
- 2 8 0  TGCAAGGGGGGCGGGTCTGGTGACAAGGGGGCCCBTCC'HCCCC

CTGGCATGGGCGCCGCGGGGGGCCTGTGGGGAGAGGCCGGGGGGGAGTCGCTGATCACTATGGGGTCTCTGTTGTTTGCAAGGGGGGCGGGTCTGTTGACAAGGGGGCCCGTCCGGCCCC

6 7 7 0  B 7 8 0  6 7 9 0  BBOO B SlO  BB20 BB 30 8 B 4 0  B 85 0  B B 60 8 6 7 0  BBBC
4 4  3 TCGGCCGCCCCGCCTCCGCTTC AACAACCCC AACCCC AACCCCAACCCCCCCGGAGXX" *  "AGACGCCCCC 

- 5 0 b  TCGGCCGCC4C4CCTCCHCTTCAACAACCCCAACCCCAACCCCAACCCCCC*GGAGGGGCCAGACHCCCGCCGCGGCGC**CGGCTCGCGACT" "CGGGAGC 
-S B 7  TCGGCC4CCDX4CCTCC4CTTC AAC AACCCC AACCCC AACCC
- 4  5 2  TCGGCCGCC4CGCCTCCGCTTCAACAACCCCAACCCCAACCCCAACCCXDCCGGAGGGGCCAGACGCCCCDCGXGX8X8CXCGGCTCGCGACTXGCGGGAGCXGCCGCCGCCGCTGCTGT 

101 TCGGCCGCCCCGCCTCCGCTTCAACAACCCCAACCCCAACCCCAACCCCCCCGGA'XXGCCAGADGCCCCCCGCGGCGCCGCGGCTCGCGACTGGCGGGAGCCGICGICGXCGCTGCTG"- 
17 TCGGCO
6 3  TCGGC8CCCCXGCCTCCGCTTCAACAACCCCAiACCCCAACCCCAACCCCCCCGGA*XXGCCAGABCCCCCC

15 3  TCGGCCGCCCXGCCTCCGCTTCAACAACCCCAACCCCAACCCCAACCCCCCCGGA’ XXGCCAGACGCCCCCCGCGGCGCCGCGXCTCGCGACTGGCGGGAGCCGCXGCXGXCGCTGCTGl 
- 2 6 0  TCGGCCG'CCDGCCTCCGCTTCAACAACCCCAACCCCAACCCCAACCCCCC'GGAGGGGCCAG 

4 1 5  TCGGCX-CCCXGCCTCCGCTTC AAC AACCCC AACCCC AACCCC AACCCCCCCGGAXXXHCC AGACGCCCCCCGCGGCGCCGCGGCTCGCGACTGGCGGGAGCCGCCGCCGCCGCTGCTGT 
3 5 8  TCCGCTTC AAC AACCCC AACCCC AACCCC AACCCCCCCGGAGXX "CC AG ACGIXCCCCCHCHGCGCCGCGGCTCGCGACTGGCGGGAGCCGCCGCCGCCGCTGCTGT
30 9  TCCGCTTCAACAACCCCAACCCCAACCCCAACCCCCCCGGAGXXGCCAGA— CCCCCCGCGGYGCCGXXHTTCGCGAXTGGCGGGA6XXGCCGCCGCCGCTGCTGT

9 0  CCCGG;.*XXCGCAGACCCCCCCCBCGGCBCCXXGGCTCGDGACTGGCGGGAXCX41CGCCGCCGCTGCTG1
6 0 6  GAGCC AGACG *  "CCCCGCGGCGCCGCGGCT*GCGACTGGCGGGAGCCGCCGCCGCCGCTGCTGT

- 1 7 0  CCGGCTCGCGAC7"GCGGGAG"XGCCGCCGCCGCTGCTGT
24 0 CGXGACTGXCGGGAXCXGCCGCCGCCGCTGCTG7
5 9 0  GGCGGGAXCCHC XGDXGCXGATGCTGT

TCGGCCGCCCCGCCTCCGCTTC AAC AACCCC AACCCC AACCCC AACCCCCCC GGAGGGGCC AG ACGCCCCCCGCGGCGCCGCGGCTCGCGACTGGCGGGAGCCGCCGCCGCCGCTGCTG7

8 8 9 0  8 9 0 0  B 9 1 0  8 9 2 0  B 9 3 0  6 9 4 0  8 9 5 0  8 9 6 0  8 9 7 0  B 98 0  6 9 9 0  9 0 0 0
- 4 5 2  TGGTGGTGGTGTTGGTGTTACTGCTGCCGTGT8BXXXGATGGGC 

101 TGGTGGTGGTGTTGGTGTXACTGCTGCCGTGTGGCCCGAT 
1 5 3  TGGTGGTGGTGTTGGTGTTACTGCTGCXGTGTGXCCCGATGG
4 1 5  TGGTGGTGG TGTTGGTGTTC ATGC TGCCGTGTGGCCCGATGGGC GCCGAGGGGGGCGXTG TCCGAGCCGCGGCCGGC TGGGGGGCTGCGTG AGAC GCCCXGCCXXTCAXGGGGGXCGCGG 
35B TGGTGGTGGTGTTGGTGTTACTGCTGCCGTGTGGCCCGATGGGCGCCGAGGGGGGCGXTHTCCGAGCCGCGGCCGGCTGGGGGGCTGCGTAGAGCCCGCC
3 0 9  TGGTGGTGGTGTTGGTGTTACTGCTGCCGTGTGGCCCGATGGG1GCCGAGGGGGGCGXTGTCCGAGCCGCGGCCGGCTGGGGGGCTGCGTGAGACGCCCCGCCCGTTACGGGGGGG 

9 0  TGGTGGTGGTGTTGGTGTT AC TGCTGCCGTG TGGCCCG ATGGGC GCCG AGGGGGGC GXTGTCCG AGCCGCGGCCGGC TGGGGGGCTGCGTGAGACGCCCC GCCCGTC AC GGGGGXG 
6 0 6  TGGTGGTGGTGTTGGTGTTACTGCTGCCGTGTGGCCCGAT 

- 1 7 0  TGGTGGTGGTGTTGGTGTT ACTGCTGCCGTGT 
2 4 0  TGGTHXTtiXTG TTGG TGTT ACTGCTGCCGTG TGGCCCG ATGGGG
5 9 0  TGGTGGTGGTGTTGGTGTT ACTGCTGCCGTGTGGCCCGATGGX 1 GCCG AGGGGGGC GXTGTCCG AGCCGXGGCCGGCYGGGGGG1TGCGTGAGACGCCCCGCCCGTCACGGGGGGXGCGG 
6 1 B TTGGTGTTACTGCTGCCGTGTGGCCCGATGGGCGCCGAGGGGGGCGCTGTCCGAGCCGCGGCCGGCTGGGGGGCTGCGTGAGACGCCCCGCCCGTCAGGGGGGGCGCGG
6 0 9  TG TT ACTGCTGCCGTG TGGCCCG ATGGGC GCCGAGGGGGGC GCTG TCCG AGCCGCGGCCGGCTGGGGGGCTGCGTG AG AC GCCCCGCCCGTCACGGGGGGC GCGG
6 0 6  T T  AC TGC TGCCGTG TGGCCCGATGGGCGCCG AGGGGGGC GC TGTCCGAGCCGCGGCCGGC TGGGGGGCTGCGTG AG ACGCCCCGCCCGTCACGGGGGX* GCG
6 3 3  ATGGGCGCCGAGGGGGGCGCTGTCCGAGCCGCGGCCGGCTGGGGGGCTGCGTGAGACGCCCCGCCCGTCACGGGGGC-
6 1 9  GAGGGGGGC GC TGTCCGAGCCGCGGCCGGC TGGGGGGCTGCGTG AGAC GCCCC GCCCGTC AGGGGGGGC GCGG
6 2 0  AGGGGGGC GCTG TCC GAGCCGC GGCCGGC TGGGGGGCTGCGTG AG AC GCCCCGCCCGTCACGHGGGXC GCGG
6 1 0  TCCGAGCCGCGGCCGGC TGGGGGGCTGCGTGAGAC GCCCCGCCCGTCACGGGGGGC GCGG

. 595  GAGACGCCCCGCCCGTCACGGGGGXCGCGG
- 5 9 6  AGAC GCCCCGCCC4TCADGGGGGXC GCGG
- 6 1 6  CCGTCACGGGGGXCGCGG
- 6 1 7  GGGGG XC GCGG
- 6 1 3  GGGGGXCGCGG

TGGTGGTGGTGTTGGTGTT ACTGCTGCCGTGTGGCCCGATGGGCGCCGAGGGGGGCGC TGTCCGAGCCGCGGCCGGC TGGGGGGCTGCGTGAGACGCCCC GCCCGTC AC GGGGGGC GCGG

9 0 1 0  9 0 2 0  9 0 3 0  9 0 4 0  9 0 5 0  9 0 6 0  9 0 7 0  9 0 8 0  9 0 9 0  9 1 0 0  9 1 1 0  9 1 2 0
4 1 5  CGTC
5 9 0  CGGDGXXTiTGCGTGGGGGGGCGCGGGGCGTCCGGCGGGGGC-
6 1 B CGGCGXXTCTGCGTGGGGGGGCGCGGGGCGTCCGGCGGGGGGCGGGCGGT
6 0 9  CGGCGCCTCTGCGTGGGGGG 
6 1 5  CGGCGCTTCTGCGTGGGGGGGCGC 
6 2 0  CG
6 1 0  CGGCGCCTCTGCGTGGGGGGGCGCGGGGCGTCCGG

- 5 9 5  CGGCGCCTCTGCGTGGGGGGGCGCGGGGCCTCCGGCGGGGGGCGGGCGGTACGTAGTCTGCTGCAAGAGACAACGGGGGGCGCGATCAGGTTACGCCCCCCCCCCGGCCCGCCCTTTCCT 
- 5 9 6  C GGC GCCTC TGCGTGGGGGGGCGC GGG XCGTCCGGC GGGGGGC GGGC GGTACGTAG TCTGCTGC AAG AG AC AACGGGGGGC GCGATC AXGTT AC GCCCCCTCCCCGGCCCGCCCTTTCCT 
- 6 1 6  c  GGC GCCTC TGC GTXGGGGGGC GCGGGGCCTCCGGCGGGGGGC GGGCGGTACGTAG TCTGCTGC AAG AG AC AACGGGGGGCGCGATC AGG T T  ACGCCCCCTCCCCGGCCCGCCCTTTC 
- 6 1 7  c  GGC GCCTCTGCGTGGGGGGGCGCGGGGCGTCC GGC GGGGGGCGGGC GGTAC GTAGTC TGCTGC AAG AG AC AAC GGGGGGC GCG ATC AGG TT  AC GCCCCCTCCCCGGCCCGCCCTTTCCT 
- 6 1 3  CGGC GCCTC TGCGTGGGGGGGCGCGGGGCGTCCGGCGGGGGGC GGGC GGTACGT AG TCTGCTGC AAGAGAC AACXGGGGGCGCGATC AGG TT  ACGCCCCCTCCCCGGCCCGCCCTTTCCT 
- 6 1 2  TCCGGC GGGGGGC GGGCGGTACGTAG TCTGCTGC AAGAGAC AACXGGGGGC GCGATCAGGTTACGCCCCCTCCCCGGCCCGCCCTTTCCT

1 0 4 GGGGCGGGC GGTACGTAG TCTGCTGC AAGAGAC AAC GGGGGGCGC GATC AGG T T  AC GCCCCCTCCCCG8CCCGCCCTTTCCT
_ 3 3 1 GGGGGC GCG ATG AXHTTAC GCCCCCTCCCCGGCCCGCCCTTTCCT

g  GATC AGG T T  AC GCCCCCTCCCCGGCCCGCCCTTTCCT
19 1  GA.TCAGGTT ACGCCCCCTCCCCGGCCCGCCCTTTCCT

.542  AGGTTACGCCCCCTCCCCGGCCCGCCCTTTCCT
22 3  TCCCGGGCCCGCCCTTTCCT

13 GGCCCGCCCTTTCCT
_ 4 6 6  • GGCCCGCCCTTXCCT

CCCGCCCTTTCCT
CGGC GCCTC TGCGTGGGGGGGCGC GGG GCGTCCGGC GGGGGGC GGGC GGTAC GTAGTC TGC TGC AAGAGAC AAC GGGGGGC GCGATCAGGTT AC GCCCCCTCCCCGGCCCGCCCTTTCCT

9 1 3 0  9 1 4 0  9 1 5 0  9 1 6 0  9 1 7 0  91 B 0  9 1 9 0  9 2 0 0  9 2 1 0  9 2 2 0  9 2 3 0  9 2 4 0
- 5 9 5  CGCCCGCCCHCCTATTCCTCCCTCCCCCCCCCTCCTCCTCCTCCTCCCCCAGGGTCCTTHCCHCCCCCCGCCTC 
- 5 9 6  CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCTCCTCCTCCTCCTCCCC 
- 6 1 7  CGCCC 
- 6 1 3  CGCCCGCCCGCCT
- 6 1 2  CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCTCCT  

1 0 4  CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCT-CTCCTCCTCCTCCCCCAGGGTCCTTGCCGCCCCCCGCCT1ACCGTCGTCCAGGTCGTCGTCATCCTCGTCCGTGGTGGGCTCCGGG  
- 3 3 6  CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCTCCTCCTCCTCCTCCCCCAGGGTCCTTGCCGCCCCCCGCCTCACCGTCGTCCAGGTCGTCGTCATCCTCGTCCGTGGTGGGCTCCGGC- 

B CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCTCCTCCTCCTCCTCCCCC AGGGTCCTTGCCGCCCCCCGCCT-ACCGTCGTCC AGGTCGTCGTCAT1CT4GTCCGTGGTGGGCTC "GGG 
191 CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCTCCTCCTCCTCCTCCCCCAGGGTCCTTGCCGCCCCCCGCCT1ACCGTCGTCCAGXTCGTCGTCATCCTCGTCCGTGGTGGGCTCXGGC  

- 5 4 2  CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCTCCTCCTCCTCCTCCCCCAGGGTCCTTGCCGCCCCCCGCCTCACCGTCGTCCAGGTCGTCGTCA  
2 2 1  CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCTCCTCCTCXTCXTCCCCCAGGGTCCTTGCCGCCCCCCGCCTCACCGTCGTCCAGGTCGTCGTCATCCTCGTCCGTGGTGGGCTDXGGG

13 CGCCCGCCCGCCTATTCCTCCCTCCCCCCCCCTCCTCCTCCTCCTCCCCCAGGGTCCTTGCCGCCCCCCGCCT-ACCGTCGTCCAGGTCGTDGTCATGCTBGTCCGTGGTGGGCTCCGGG  
- 4  6 b CGCCCGCCCGCCTATTCCTCCCTDCCCCCCCCTCCTCCTCCTCCTCCCCCAGGGTCCTTGCCGCCCCCCGCCTC ACCGTCGTCC AGGTCGTCGTCA.TCCTCGTCCGTGGTGGGCTCCGGG

14 1GCCCGCCCGICTATT - C T —CCTCCCCCCCCCTCCTCC T
- 4 1 6  GCCCGCCTATICCTCCCTCCCCCCCCCTCCTCCTCCTCCTDCCCCAGGGTCCTTGCCGCCCCCCGCCTCACCGTCGTCCAGGTCGTCGTCATCCTCGTCCGTGGTGGGCTCCGGC
_ 4 Q 5 CCCGCCTX TTX2C TCCC T DC C CCCC — C TCC TCC TCC TCC TCCCC CAGGGTCCTTGCCGCCCCCCGCCTC AC UGTDGTCC AGO TCGTCGTC ATCC TC G TCC GTGGTGGGC TCC GGG*
-54  3 ‘ CCCCCCCCCTCCTCC TCC TCC TCCCC CAGGGTCCTTGCC GCCCC CC GCCTC ACC GTCGTCCAGGTCGTC GTC ATCC TCGTCCGTGGTGGGC TCC GGG

2 8 4  C I’CCTCCCCCAGGGTCCTTGCCGCCCCCCGCCTCACCGTBGTCCAGGTCGTGGTCATCCTBGTDGGTGGTGGGCTCCGGG
353  CTXDTCCCCCAGGGTCGTTGCCGCCCCCCGCCTC ACC GTCGTCC AGG TCGTCGTC ATCCTCGTCC GTGGTGGGC TCCGGC

- 4 6 7  CCCCCGCCTCACCGTCGTCCAGGICGTCGT'CATCCTCCTCCGTGGTGGXCTCCXGG
- 5 2 5  CCCCBCCTCACCGTCGTCCAGGTCGTCGTCATCCTCC6 *""TGGTGC-HDTCCGGG
2E7 GTCATCCTCGTCCGTGGTGGGCTCCGGG

- 4 4 6  CGGC-
CGCCCGCCCGCCTA1TCCTCCCTCCCCCCCCCTCCTCCTCCTCCTCCCCCAGGGTCCTTGCCGCCCCCCGCCTCACCGTCGTCCAGGTCGTCGTCATCCTCGTCCGTGGTGGGCTCCGGO

9 3 5 0  9 2 6 0  9 2 7 0  92 61 9 2 9 0  9 3 0 0  9 3 1 0  9320- 9 3 30  9 5 4 0  9 3 5 0  9 3 60
104 TGGCTGGGCGACAGGGCCXTCACCGTGTGCCCCCDXAGGXTCAGC-TACCGCGGGc 

- 3 3 b  TGGC-TGGGCGACAGGGCCCTCACCGTGTGCCCC

191 TGGGTGGGCGACAGGGCCCTXA^XGTGTGCCCCCCCAr-GCTCAGGTAXDGCGGGGCGAACCGCTGATTGCCCGTCXAGATAAAGTCXAXGCCXGTGXCCGXCCl-GACXGGCTXCTXGGXC 
22 1  TGGGTGGGCGAC AGGGCCCTCAGCGTGTGCCCCCCCAGGGTCAGG7 ACXGCGGGGCGAACXGCTGATTGC-CGTCCAGATAAA^TCwAXG-J-- -GTGXCCGX 

13 TGo GTGG<jCG AC AG<.»GCCX i  v A
a £ l, *rv~ “* nn'cr ur  f c r r r ^ f * " 1I''* a 'T ' i"? Tr1 TijCC CCC AGGGTC AGG T ACC GC GGGGC GAACC GCT\j ATTGC c. C G TG _ AG AT AAA^TCC ACG<^. C u i oCC CGCCCTGAC X G— TC C TC GG _ C

i J l b  TGGGTGGGCGACAGGGCCCTCACCGTGTGCCCCCCCAGC-CrCAGGTACCGCGGGGCCAACCGCTGATTGCCCBTCCAGATAAAGTCCACGXCCGTGCCCGCCCTGACGT^CCTC
- 4  95  TGGGTGGGCuAC AGGGCCCTC ACC GTGTGCCCCCCC AGGGTC AGG TACC GCGGGGC GAACC CCTGATTGCCC G -v.C AGA TAAASTCX ACGGCC X TGCCC GCCC TGACXGCCTCCTCG-jCC
-  54 3 TGGGTGGGCGACAGGGCCCTC ACCGTGTGCCCCCCC AGGGTC AGCT ACC GC GGGGCG AAC C GCTG ATTGCCCGTCC AGATAAAGTCC ACXhCCoT&CCCGCCCTGACXGCCTCCTCGGCC

2 6 4  TGGGTGGGC G AC AHGGCCCTC ACCGTGTGCCCC CCC AGGCTCAGGTACCGCGGGGCGAACCG'TTATTGCCCGTCC AGA 7\A*-GTC;_ * JGGCCGTGCCCGCCC7
3b 3 TGGG TGGG 2 GAC AG GGCCC TC ACC GTG TGCCC CCCC AGGGTC AGG T ACC GCGGGGC GAAC C GO TGATTGCC CGTCC AG ATAAA^TV u A_ GGv C GTGCC CGCCC TG ACGGCC TXDT XGGC ■-

- 4 6 7  TXGGTXGGT G AC AGGGCCCTC ACC GTGTGCCCCCCC AGGGTC AGC T ACC GCGGGGC GAACC GCTG ATTGC C CGTCC AC AT AAAGTCC ACGGCC XTGCCCGCCCTGACXHCCTCCTCGGCC
TGG’r''r GGG66ACAGGGCCCTCACCGTGTGCCCCCCCAGGGTCAGGTACCGCGGGBC •AACCB6TGXTTGCCCCTCCAGATAAAGTCCACC&CCGTGCCCGCCC 

26 7  TGGG TGGGC GAC AGGGCCCTC ACC GTGTGCCCCCCC AHGGTC AGGTACCGCGSGGCGAACCGCTGATTGCCwGTC-AGATAAAwTC*. ACGGC -  GTGCCCGCCCToACl»u6_'» TCCTCG'j'--^
- 4 4  i  TGGGTGGGC GAC AGGGCCCTC ACCGTGTGCCC CCCC AGGGTC AGG T ACC GC GGG GCG AAC CGC TGXTTGCCC GTCC AG AT AAACTC^ ACGGC _ X I GO w CGCCCTG AC •GCCTCCTCGGC^

39 b  AC^GTG^GCCCCCC^AGGGTCAGGTACCGCGGGGCGAACCGCTGATTGCCCGTCCAGAT AAAGTCCACGGCCGTGCCCGCCCTGACGGCCTCCTCGGC^
.2 1  ~ ’ TGATTGCCCGTCCAGATAAACTCCACGGCC-TGCCCGCCCTGACXGCCTCCTCGGCC
2 &< GATGCCCGTCCAGATAAAGTCCACGGCCGTGCCCGCCCTGACGGCCTCCTCGGCC
4 2 -- G TCC AG AT AAAGTCC ACGGCCGTGXCCGCCCTG ACG6CCTCCTC GGCC

TGGGTGGOCGAOAGGOCCCTCACCGTGTGCCCCCCCAGGGTC AGGTAOCGCGGGGCGAACCG7TGATTGCCCGTCC AGATAAAGTCC AOGGCCGTGCCCGCCCTGACGGCCTCCTCGGCC



9 3 7 0  9 3 8 0  9 3 9 0  9 4 0 0  9 4 1 0  9 4 2 0  9 4 3 0  9 4 4 0  9 4 5 0  9 4 6 0  9 4 7 0  9 4 8 0
191 TXCATGCGGGTCTGGG  

- 4  68  TCCATGCGGGTCTGGGGGTCCTTCACGATCGGGATGGTGCTGAACGACCCGCTXXXCHTCACGCCCACTC 
- 4 9 5  TCC ATGCGGGTC TGGGGGTC GTTC AC GATCGGG ATGGTGCTG AACG ACCC 
- 5 4 3  TCCATGCGGGTCTGGGGGTCGTTCACGAT 

35 3 TXDATGCGGGTCTGGGGGTCGTTCAXGATCGGGATGGTGCTGX 
- 4 6  7 TCCATGCGGGTCTGGGGGTCGTTC AC G ATCGGG ATGGTGCTG AACG ACCCGCTXXHCGTC AC GCCC ACT ATC AGGTAC ACC AGCTTGGCGTTGC AC AGCGGGC AGG TGTTGCGC AATTGC 

2 8 7  TCCATGCGGCTCTGGGGGTCGTTCACGATCGGGATGGTGCTGXACGXCCCGCTGGGCGTCACG 
- 4 4  6 TCC ATGC GGGTC TGGGGGTCGTTC ACG ATCGGGATGGTGCTGAACXACCXGCT 

3 9 8  TCC ATGCGGGTCTGGGCCTCGTTCACGATCGGGATGGTGCTGAACGACCCGCTGGGCGTCACGCCCACTAXXXGGTAC ACC AGCTTGGCGTTGC AC AGGGGGC AGGTGTTGDGC AATTGC 
-2 1  TCCATGCGGGTCTGGGGGTCGTTXAC
2 5 4  TCC ATGCGGGTC TGGGGGTC GTTC AC GATC GGG ATGGTGCTXAACG ACCCGCTGGGCGTC AC GCCC ACTATC AGGTAC ACC AGCTTGGCGTTGC AC AGCGGGC AGGTGTT GCGC ATTTGC 
42 7 TCC ATGCGGGTCTGGGGGTCGTTCACGATCGGGATGGTGCTGAACGACCCGCTGGGCGTCACGCCC ACTATC AGGTAC AXC AGCTTGGCGTTGC AC AGC GG8GAX.4TGTT GCGC AATTGC 

-  3 8 6  GGGGTC GTTC ACGATCGGGATGGTGCTGAACGACCCGCTXGGCGT8ACGCCC ACTATC AGGTACACC AGCTTGGCGTTGC AC AGC GGGC AGGTGTTGCGC AATTGC
12 GATCGGGATGGTGCTGAACGACCCGCTGGGCGTCACGCCCACTATCAGGTACACCAGCTTGGCGTTGCACAGCGGGCAGGTGTTGCGCAATTGC

- 2 6  GATCGGXATGXTGCTGAACGACCCGCTGXXCGTCACGCCCACTATCAXGTACACCAGCTTXHCGTTGCACAGCGGGCAG-TGTTGCGCAATTGC
2 GATCGGGATGGTGCTGAACGACCCGCTGGGCGTCACGCCCACTATCAGGTACACC AGCTTGGCGTTGC AC AGC GGGC ACCTGTTGCGC AATTGC

33  GATCGGGATGGTGCTGAACGACCCGCTGGGCGTC ACGCCCACTCC AG "GTACACC AGCTTGGCGTTGC AC AGCGG8C AGGTGTTGCGC AATTGC
38 GATCGGGATGGTGCTGAACGACCCGCT4GGCGTCACGCCCACT*DAG *GTAC ACC AGCTTGGCGTTGC AC AGC GG8C AGGTGTT GCGC AATTCC

513  GATCGGGATGGTGCTGAACGACCCGCTGGGCGTC AC GCCC ACTATC AGGTAC ACC AGCTTGGCGTTGC AC AG 8GGGC AHGTGTTGCGC AATTGC
-6 TAAC-ACCCGCTH**CGTCACGCCCACTATCAE4TACACCAGCTTG4CGTTGCACAGCGGGCAGGTGTTGCGCAATTGC

449  ACGCCCACTATCAGGTACAXDAGCTTGGCGTTGCACAGCGGGCAGGTGTTGCGCAATTGC
216  ACACCAGCTTGGCGTTGCACAGCGGGCAGGTGTTGCGCAATTGC
4 3 5  ATTGC

TCC ATGC GGG TCTGGGGGTCGTTCACGATCGGGATGGTGCTGAACGACCCGCTGGGCGTC AC GCCC ACTATC AGGTAC ACC AGCTTGGCGTTGC AC AGC GGGC AGGTGTTGCGC AATTGC

9 4 9 0  9 5 0 0  9 5 1 0  9 5 2 0  9 5 3 0  9 5 4 0  9 5 5 0  9 5 6 0  9 5 7 0  9 5 8 0  9 5 9 0  9 6 0 0
- 4 6 7  ATCCAGGTTTTC ATGC ACGGGATGCAGAAGCG 

3 9 8  ATCC AGG— TTC ATGC ACGGCATGC AGAAGCGGTGC ATGC ACGGGAAGGTGTCGC AGCGC AGGTGGGGCGC 
2 5 4  ATCCAGGTTTT8ATGCACGGCATGCAG
4 2 7  ATXDAGGTTTTCATGCACGGGATGCAGAAGCGGTGCATGCACGGGAAGGTGTCGCAGCGXAHGTGGGGCGCGAXCTCATDXGTGCAXAXHXDGCAXAXGTCGGCCTCGTCG 

- 3 8 6  ATCCAGGTTTTC A
12 ATCCAGGTTTTC ATGC AC AGGG 

- 2 6  ATCCAGGTTTTC ATGC ACGGGATGCAGAAGCGXTGC ATGC ACGG
2 ATCC AGGTTTTC ATGC ACGGGATGC AGAAGCGGTGC ATGC A*GGGAAGG TGTC GC AGCGC AGG TGGGG "GCGATC 

33 ATCCAGGTTTTC ATGC AC GGGATGC AGAAGCGGTGC ATGC ACGGGAAGGT8TCGC AGC GCAGGTGGGGCG8GATC 
3 6  ATCCAGGTTTTC ATGCACGGGATGC AGAAGCGGTGC AT 4C A "GGGAAGGTGTCGCAGCGCAGGTGGGGC " 8GATC 

5 1 3  ATCCAGGTTTTCATGCACGGGATGCAGAAGCGGTGCATGCACGGGAAGGTGTCGCAGCGCAGGTGGGGCGCGATCTCATCCGTGCACACGGCGC 
-6  ATCCAGGTTTTCATGCACGGGATGCAGAAGCGGTGCATGCACGGGAAGGTGTCGCAACGCAGGTGGG-C-CGATC 

4 4 9  ATCCAGGTTTTCATGCACGGGATGCAGAAGCGGTGCATGCACGGGAAGGTGTCGCAGCGCAGGTGGGGCGCGATCTCATCCGTGCACACGGCGCACACGTCGCCCTCGTCGCTCCCCCCG 
2 1 6  ATCCAGGTTTTC ATGCACGGGATGC AGAAGCGGTGC ATGCACGGGAAGGTGTCGC AGCGC AGGTGGGGC 8 8 *  ATCTCATCCGTGCACAGCXC "CAC A
4 3 5  ATCCAGGTTTTCATGCACGGGATGCAGAAGCGGTGCATGCACGGGAAGGTGTCGCAGCGCAGGTHGGGCGCGATCTCATCCGTGCACACGGDGCACACGTGGCCCTCGTCGCTCCCCCCG 
1 2 8  AGCGC AGGTGGGGCGCGATCTCATCCGTGC AC ACGXCGCACACGTC8CCCTCGTCGCTCCCCCCG
- 7 6  CGATCTC ATCC "TGC ACACGXCGCACACGTCGCCCTCGTCGCTCCCCCCG

4  GATCTCATCCGTGCACACGXCGCACACGTCGCCCTCGTCGCT'CCCCCG
1 2 3  ATCTCATCCGTGCACAGCX8XCAXA*GTCGCCCTCGTCCCTCCCCCCG
30 1  ACGTCGCCCTCGTCG1TCCCCCCG
1 3 0  G T88CCCTCGT88CTCCCCCCG

ATCCAGGTTTTCATGCACGGGATGCAGAAGCGGTGCATGCACGGGAAGGTGTCGCAGCGCAGGTGGGGCGCGATCTCATCCGTGCACACGGCGCACACGTCGCCCTCGTCGCTCCCCCCG

9 6 1 0  9 6 2 0  9 6 3 0  9 6 4 0  9 6 5 0  9 6 6 0  9 6 7 0  9 6 8 0  9 6 9 0  9 7 0 0  9 7 1 0  9 7 2 0
4 4 9  TCCTC TCGAGGGGGGGCGCCCCCGC AAC TGCCGGGGTC TTCCTC GCGGGGGGGG
4 35 TCCTC TCGAGGGGG GGC GCCCCCGC AAC TGCCGGGGTCTTGCTCGCGGGGGGGGCT-CCCCCXGAGACCGCCCCCCC ATC XAC GCCC TGC GGCCCC AGC AGCCCC 
12S TCCTC TCG AGGG GGGGC 8CCCCXGC AA CT8CCGGGGTC TTCCTC GCGGGGGGGGCYCCCCCXXG AG ACCGCCCCCCC ATCC AC GCCC TGC GGCCCC AGC AGCCCCGTCTCGAAC AGTTCC 
- 7 6  TCCTC TCGAG GGGGG "CGCCCCCGC AAC-GCC GGGGTC TTCCTC GCGGGHXXXXCTCCCCCC "GAGACCGCCCCCCCATCCAC8 *  "C TGCGGCCCC AGC AGCCCCGTCTCGAACAGTTCC 

4  TCCTC TCG AGGGGGGGC GCCCCCGC AACT 8CCGGGGTC TTCCTCGCGGGGGGGGCTCCCCCD*GA GACCGCCCCCCC ATCC A-GCCCTGCGGCCCC A G * AGCCCCGTCTCGAA-AG TTCC 
12 3  TCCTC TCG AGGG GGGGC GCCCCCGCAA1 TGCCGGGGTC TTCCT1GGGGGG— G8TTCCCCCCGGAGACCGCCCCCCC ATCC AGGCCCTGCGGCCCC AG lAGCCCCGTTT'GAAGAGTTCC  
3 0 1  TCCTCTCGAGGGGGGGC8CCCCCGCAACTGCCGGGGTCTTCCT*"CGGGGGGGGCTCCCCCCCGAGACCGCCCCCCCATCCACGCCCTGCGGDCCC AGC AC GCCCGTC TCG AAC AGTTCC 
1 3 0  TCC TC TCGAGGG GG GGC 8CCCCXGC AAC TGCCGGGGYC TTCC T 8GXGGGGGGGGC YCCCCCXXGAGACC GCCCCCCC ATCC AXGCCCTXXGGCCCC AG XA8CCCCGTCTXG AAC AGTTCC 

- 3 4 7  AXGGGGGGC GCCCCCGC AAC TGCCXGGGTC TTCCTCGCXXH GGGGGC TCCCCCCCGAGACCGCCCCCCCATCCACGCCCTGCGGCCCCAGCAGXCCCGTCTCGAAC AGTTCC
- 1 8 5  CCCCGC AAC TGCCGGXXTC TTCCTC GCGGGGGGXXCTCCCCCCCXAG ACCGCCCCCCC ATCC AC GCCCTGC GGCCCC AGC AGCCCCXTCTCXAAC AX TTCC
- 4 8 4  CC GGGGTC TTCC "D GC * "GGGGGGC TCCCCCCCGAG ACCGCCCCCCC ATCC AC GCCCTGCGGCCCC AG 8AGCCCCGTCTCGAAC AGTTCC
- 4 6 6  TTCCTC GCGGGGGXXXC TCCCCCCCGAGACC GCCCCCCC ATCC ACGCCXTGC GGCCCC AGC AGCCCCGTCTCGAACAGTTCC

1 9 6  GCCCCCCCATCCACGCCCTGCGGCCCCAGCAGCCCCGTCTCGAACAGTTCC
3 3 2  CCCCC ATXC AC GCCC TGC GGCCCC AGC AGCCCCGTCTCGAAC AG TTCC
2 1 4  CCC ATCC AC GCCCTGC GGCCC "AGC AGCCCCGTCTCGAAC AGTTCC
2 8 2  CAGTTCC
2 8 6  CAGTTCC

TCCTCTCGAGGGGGGGC GCCCCCGC AACTGCCGGGGTC TTCCTC GCGGGGGGGGCTCCCCCCCGAGACCGCCCCCCC ATCCAC GCCCTGC GGCCCCAGC AGCCCCGTCTCGAAC AGTTCC

9 7 3 0  9 7 4 0  9 7 5 0  9 7 6 0  9 7 7 0  9 7 8 0  9 7 9 0  9 8 0 0  9 8 1 0  9 8 2 0  9 8 3 0  9 8 4 0
1 2 8  GTGTCCGT8CTGTCCGCCT1GXAGG1XGAGTCGTCGTCATGGTGGTCGGCGTCCC 
- 7 6  G

4  GTGTC C GTGC TGTD *»’ GDTGGAGG*XGAGTCGTCGTCATGGTGGT 
1 2 3  GTGTCCGTGCTGTCCGCCTCGGAGGCXGAGTCGTCGTCATGGTGGTCGGCGTCCCCC 
3 0 1  GTGTCCGT8CTCTCCGCCT*GGAGG
1 3 0  GTGTCCGT8CTGTCCGCCTXGGAGGCXGAGTCGTCGTCATGGTGGTXGGCGTCC 

- 3 4 7  4TG TCCGTGC TG TCCGCCTC GGAGGCGGAGTCGTCGTCATGGTGGTCXHCGXCCCCCCGCCCCCCC AC T IC  GGTC TCC GCCTC AG AGTCGCTGCTGTCCGGC AGGTC TCGGTCGC AX GGA 
- 1 8 5  XTGTCCGTGCTGTCXGCCTCGGAGGCGGAGTCGTCGTCATGXTGXTCGXCGTCCCCCCGCCCCCCCACTT'CGTCTCCGCCTCAGAGTCGCTGCTGTCCGGCAG'TCTCGGTCGCAGG’ A 
- 4 8 4  GTGTCCGTGCTGT*CGCCTCGGAGGCGGAGTCGTCGTCATGGTGGTCGGCGTCCCCCCGCCCCCCCACTTCGGTCTCCGCCTCAGAGTCGCTGCTGTCCGGCAGGTCTCGGTCGCAGG*A 
- 4 6 6  XTGTCC GTGC TG TC XGCCTC GGAGGC GGAG TCGTCGTC ATGGTGGTCHXCGTCCCCCCGCCCCCCCAC TTC GGTC TCCGCCTC AG AH TCGC TGC TG TCCGGC AGGTC TCGGTCGCAGGGA 

1 9 6  GTGTCCGTGCTGTCCGCCTCGGAGGCG "AGTCGTCGTC ATGGTGGTC GGCGTCCCCCCGCCCCCCC AC T T 8GGTC TCC GCCTC AG AGTC GC TGC TG TCC GGC AGGTC TCGGTCGC AGGG A 
3 3 2  GTGTCCGTGCTGTCCGCCTCGGAGGCXHAGTCGTCGTCATGGTGGTCGGCGTCCCCCCGCCCCCCCACTTCGGTCTC 1 GCCTC AG AGTC GC TGCTG TCCGGC AGGTC TCGGTCGCAGGGA 
2 1 4  GTGTCCGTGC TGTCCGCCTC GGAGGC TG AG TCGTCGTC ATGG TGGTCGGCGTCCCCCCGCCCCCCC AC TTC GGTCT*DGCCTC AGAGTC GCTGCTGTCCGGC A H*TCTC GGTC GC AGGG A 
2 8 2  XTGTCCGTGC TG TCCGXDTXG8AGG XXGAGTCGTCGTC ATGG TGGTCGGCGTCCCCCCGXCCCCCC AX TTXGGTXTXCGXCTXAGAGTCGCTGCTG TCCGGC AXGT 
2 8 6  G TGTCCGTGCTGTCCGCCTCGGAGGXXGAGTCGTCGTC ATGG TGGTCGGCGXCCCCCCGCCCCCCC AC TTC GGTC TCCGCCTC AG AGTC GCTGCTGTCCGGC AGGTC TCGGTCGXAGGGA 

- 2 2 5  CCAGXXCGGAGGCXGAXTCGTCGTCATGGTGGTCGGCGTCCCCCCGCCCCCCCACTTCGGTCTCCGCCT8A4AGTCGCTGCTGTCCGGCAGGTCTCGGTCGCAGGGA
- 2 1 9  ATCTCGTCATHT**HTCH*CG*CCCCCCGCCCCCCCACTTCGGTCTCCGCCTCAGAATCGCTGCTGTCCGGCAGGTCTCGGTCGCAGGGA

5 8 8  TXGGTCTXCGCCTXAGAGTCGCTGCTG TCCGGC AHXTCT 1GGTCGXAGGGA
GTGTCCGTGCTG TCCGCCTC GGAGGCGGAGTCGTCGTCATGGTGGTCGGCGTCCCCCCGCCCCCCCAC TTC GGTC TCCGCCTC AGAGTC GCTGCTGTCCGGC AGGTC TCGGTCGCAGGGA

9 8 5 0  9 8 6 0  9 8 7 0  9 8 8 0  9 8 9 0  9 9 0 0  9 9 1 0  9 9 2 0  9 9 3 0  9 9 4 0  9 9 5 0  9 9 6 0
- 3 4 7  AACACCCAGACATCCGGGGCGGGCTAAGGGGA
- 1 8 5  AAC ACCC AGAC ATCCGGGGCXGGC T AAGGGG AAAAAAGGGGGG SGG * *
- 4 8 4  AACACCCAGACATCCGGGGCGGGCTAAGGGG
- 4 6 6  AAC ACCC AG AC ATCCGGGGC GGGCTAAG GGG AAAAAAGGGGGGXGGGTAAGAATGGGGGGGGATTTCCCGCGTCAATC AGC AXCC ACGA 

1 9 t  AAC AGCC AG AC AT*CGGGGCGGGCTAAGGGG AAAAAAGGGGGGC GGGT AAG AATG
3 3 2  AAC AGCC AGAC ATCCGGGGCGGGCT AAGGGG AAAAAAGGGGGGC GGGTAAG AATGGGGGGGG A TT TXCCGCGTC AATC AGC AXDCAXGAGTTCCCC 
2 1 4  AAC A "CC AG AC AT "CGGGGCGGGCTAAG GGG AAAAAAGGGGGGCGGGTAAG AATGGGGGGHTATTTCCG
2 8 6  AAC A IC C  AG AC ATCC GGGGC GGGCT AAGGGG AAAAAAGGGGGGC GGGT AAGAATGGGGGGGGATTT1CCGCGTCAATCAGCA1CCACGAGTTCCCCCT1TCCCCCCCCCGCCTXACA-XG 

- 2 2 5  AACACCCAGA
- 2 1 9  AAC ACCC AGAC ATCCGGGGCGGGCT AAGGGG AAAAAA 

5 8 8  AAC ACCCAGAC ATCCGGGGC GGGCT AAGGGG AAAAAAGGGGGGC GGGT AAG AATGGGGGGGGATTTCCCGCGTC AATC AGC ACCC AC GAGTTCCCCC TDTCCCCCCCCCGCC TC AC AAAH 
- 1 6 2  ATXC XGGGCGGXCT AAGGGG AAAAAAGGGGGGC G G »* A T * AATGGGGGGGGATTTCCCGCGTC AATC AGC ACCC ACXAGTTCCCCCTC TCCCCCCCCCGCCTC AC AAAG
- 1 7 2  GGGCGGGXXAAGGGG AAAAAAGGGGGGCGG'TAAG AATGGGGGGGGATTTCCCGCGTC AATC AGC ACCC ACXA'TTCCCCCTCTCCCCCCCCCGCCTC AC AAAG

- 4 1  C GTXAAT "AGC A "CC AC XAG'TCCCCCTC TCCCCCCCCCGCCTC AC AAAG
- 2 9 4  CCCCC-C-CCCCCCCCC 4CCTCACAAA-
- 3 5 6  CCCCCGGCCCCCCCCCGCCTCACAAAG

AAC ACCC AGACATCCGG GGCGGGCTAAGGGGAAAAAAGGGGGGCGGGTAAGAATGGGGGGGGATTTCCCGCGTC AATC AGC ACCC ACGAGTTCCCCCTC TCCCCCCCCCGCCTC AC AAAG 

9 9 7 0  9 9 8 0  9 9 9 0  1 0 0 0 0  1 0 0 1 0  1 0 0 2 0  1 0 0 3 0  1 0 0 4 0  1 0 0 5 0  1 0 0 6 0  1 0 0 7 0  1 0 0 8 0
2 8 6  TXCTGCCCCDXTGCTGGCCTXGGXAGAXGGGGGAGXXAGGGXTCTGCAD
5 8 8  TCC TGCCCCCCTGC TGGCC TCGGAAGAXHGGGGAGAAAGGGGTC TGC AACXAAAGGTHXTCTGGGTCCGTCCTTTGGATCC 

- 1 6 2  TCC TGCCCCCCTGC TGGCCTCG 
- 1 7 2  TCCTGCCCCCCTCCTGGCCTCG 

-  4 1  TCCTGCCCCCC TGC TGGCC TC GG A A - AGGGGGG AG AAAGGGG 
-  2 9 4  XCC -GCCCCCCTGC -GGCCTCGGAA-AGGGGGGA4AAAGGGGTC -GC AACC AAAG— GG-CXGGGTCC 4TCCTTTGGATCC  
- 3 S 6  XCC-GCCCCCCTGCTGGCCTCGGRAGAGGGGGGAHAAAGGGGTCTGCAACCAAAGGTGGTCTGGGTCCGTCCTTTGGATCC 

TCCTGCCCCCCTGCTGGCCTCGGAAGAGGGGGGAGAAAGGGGTCTGCAACCAAAGGTGGTCTGCGTCCGTCCTTTGGATCC



Figure 3.4 BamHI e database

The compiled gel readings of recombinant clones 
covering the Smal-BamHI subfragment of BamHI e held in the 
database are listed in the following pages. The sequence is 
orientated as in the prototype genome, and numbering starts 
at the Smal site.

The numbers in the column to the left of the 
sequences, are the clone identity numbers (see figure 3.6). 
Clones with negative identity numbers contain sequences from 
the complementary DNA strand. The padding characters *, X 
or a blank, were used to align the gels. The bottom line in 
the display shows the consensus sequence derived.

In the database the following "uncertainty" codes are 
used:

Symbol
1
2
3
4

Meaning 
probably C

I I T
A
G

I I

H

D
V
B
H

Definitely C, possibly CC
TT
AA
GG

A, " AA
G, " GG

R
Y
5
6
7
8

A or G 
C or T 
A or C 
G or T 
A or T 
G or C
A, C, G or T

(Staden, 1980)



10 20 30 4 0  5 0  60  7 0  8 0  9 0  100 11 0  12 0
19 g c g g g t c g g a g c g c g g g * c g g g c c g c t c g t a a g a x c c g c g a c c c g g c c g c c g g g g a g c g t t g t c g c c g t c g g t c t g c c g g c c c c c g t c c c t c c c t t t t t t g a c c a a c c a g c x c c c  
76 GGGGG TGGGAGCGCGGGCCGGGCCGCTCGTAGGACGCGCGACCCGGCCGCCGGGGA GCGTTGTC GCCGTC GGTCTGCCGGCCCCCGTCCCTCCCTTTTTTGACC AAC •  AGCGCCCCCCCC

101 GGGGG TGGGAGCGCGGGCCGGGCCGCTCGTAA GACGCGC GACCC GGCCGCCGGGGAGC *T*TGTC GCCGTCGGTC TGCCGGCCCCCGTCCCTCCCTTTTTTG ACC AACC AGC GCCCCCCCC
1 0 3  GGGGGTGGGAGCGCGGGCCGGGCCGCTCGTAAGA'GCGCGAACCGGCCGCCGGGGAGCGTTGTCGCCGTCGGT-TGCCGGCCCCCGTCCCTCCCTTTTTTGACCAAC*AGC CCCCCC
1 2 0  GGGGG TGGGAGC GCGGGCCGGGCCGCTCGTAAGAC GCGC GACCCGGCCGCCGGGGA GCGTTGTCGCC GTCGGTCTGCCGGCCCCCGTCCCTCCCTTTTTTG ACC AACC AGC GCCCCCCCC

4 3  GGGGGTGGGAGCGCGGGCCGGGCCGCTCGTAAGAXGDGCGACCCGGCCGCCGGGGAGC 4 TTGTCGCCGTCGGTCTGCCGGCCCCCGTCCCTCCCTTTTTTGACC AAC* AGCGCCCCCCCC
8 5  G<jGGGTGGG-GCGCGGGCCGGGCCGCTCGT AAGACG DGCGACCC GGCCGCCGGGGAGCGTTGTC GCCGTC GGTCTGCCGGCCCCCGTCCCTCCCTTTTTTG ACC AACC AHC GCCCCCCCC 
45  GGGGG TGGGAGCGCGGGCCGGGCCGCTCGTAAGAXGOGCG ACCCGGCCGCCGGGGAGC *  TTG TC GCCGTC GGTC TGCCGGCCCCCGTCCCTCCCTTTTTTG ACC AACC AGC GCCCCCCCC 
93 GTGGGCGCGCGGGCCGGGCXGXTCGTAAGXCGCGCGAXCCGGCCGXCGGGGAGCGTTGTCGCCGTCGGTCTGCCGGCCCCCGTCCCTCCCTTTTTTGACCAAACAGCGCCCCCCCC

GCGACCCGGCCGXCGGGGAGCXTTGTCGCXGTCGGTCTGCCGGCCCCCGTCCCTCCCTTTTTTGACXAAXCAGCGCCCCCCCC
GGGGGTGGGAGCGCGGGCCGGGCCGCTCGTAAGACGCGCGACCCGGCCGCCGGGGAGCGTTGTCGCCGTCGGTCTGCCGGCCCCCGTCCCTCCCTTTTTTGACCAACCAGCGCCCCCCCC

1 3 0  14 0  15 0  1 6 0  1 7 0  1 8 0  19 0  2 0 0  2 1 0  22 0  2 3 0  2 4 0
76 CCCCCT*ACCACCATTCCTACTACCACCACCACCACCACCACCGACA 

101 CCCC*T*ACCACCATTCCTACTACCACCACCACCACCACCACCGACACCTCCCGCGAC 
10 3  CCCCCTCACCGACATTCCTCATACCACC ACCACCACCACCACCGACAC'TCCCGCGCACCCG 
12 0  CCCCCTCACCACCATTCCTACTACCACC ACC ACCACC AC CACCGAC ACCTCCCGCGCA*CCCCGCCCACTCC

4 3  CCCCCTCACCACCATTCCTACTACCACCACCACCACCACCACCGACAD"TCCCGCGC AX DCCC GCCC AC ATCCCXCCCC AACCCGC ACCACC AGC AXGGGTTGGGGXT AGC AGGGG ATC A 
8 5  CCCCCTCACC ACCATTCCTACTACC ACC ACC ACC ACC.ACCACCGAC ACCTCCCGCGC ACCCCC GCCC AC ATCCCCCCCCA4CCCGC ACC ACC AGC ACGGGTTGGGGXT AGC ACCCC ATC A 
4 5  CCCCCTCACCACCATTCCTACTACCACCACCACCACCACCACCGACACCT'CCGCGCAXCCCCGCCCACATCCCXCCCCAACCCGCACCACCAGCAXGGGTTGGGGXTAGCAGGGGATCA
9 3  CCCCCTCACCAGCATTCC
38 CCCCTCCACCACCATTCCTACTACCACCACCACCACCACCACCGACAC *TCC ‘ GCGCAXCCC **GCCACATC  

1 1 0  CGACCACCGACACCTCCCGCGCAXCCCCGCCCAC ATCCCCCCCCAAXCCGCACCACCAGCACGGGTTGGGGGTAGCAGGGGATCA
- 8 2  CGC ACCCCC GCCC AC ATCCCXXCCCAACCCGC ACC ACC AGC AXCGXTTGGGGXT ACC AGGGGATC A

CCCCCTC ACCACCATTCCTACTACC ACCACC ACCACC ACCACCGAC ACCTCCCGCGC ACCCCCGCCCACATCCCCCCCCAACCCGC ACCACCAGC AC GGG TTGGGGGTAGCAGGGGATC A

2 5 0  2 6 0  2 7 0  2 8 0  2 9 0  3 0 0  3 1 0  32 0  33 0  34 0  3 5 0  3 6 0
4 3  AX GGGGC
8 5  XX GGGGGGC AAXGCGGCGGG XCGXTTC GGGGG GGGG 
4 5  AXGGGGGGCAAAGCGGCGGGGCGGTTXC-GGGGGGGGGGGGGGGG 

1 1 0  AAGGGGGGCAAAGC GGC GGGGCGGTTCGGGGGGGGGGGGGGGGGGCGGGAAAXCA-AGTAGGCCCGCCC ATCCGCGGCCCCTCCCGGC AGCC AX GCCC
- 8 2  AAXGGGGGCAAAGC GGC GGGXCGGTYCGGGGGGGGGGGGGGGGGXCGGXAAACCAA*TA8GCCC GCCC ATCCGCGGCCCCTCCCGGC AGCC ACGCCCCC AGCGTCGGXTGTC AC GGGGAA
- 9 9  CXCGGXAAACCAAGTAGGCCCGCCCATCCGCGGCCCCTCCCGGCAGCCACGCCCCCAGCGTCGGGTGTCACGGGGAA

16  ATC *GCGGCCCCTCCCGGCAGCC ACGCCCCC AGCGTCGGGTGTCACGGGGAA
4 0  GGC AGCC AC GCCCCXAGCGTCGGGTGTC AC GGGGAA

AAGGGGGGCAAAGC GGC GGGGC GGTTCGGGGGGGGGGGGGGGGGGCGGGAAACCAAGTAGGCCCGCCC ATCCGCGGCCCCTCCCGGC AGCC AC GCCCCCAGCGTCGGGTGTC AC GGGGAA

3 7 0  3 8 0  3 9 0  4 0 0  4 1 0  4 2 0  4 3 0  4 4 0  4 5 0  4 6 0  4 7 0  4 8 0
- 8 2  AGAGCAGAGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGA 
- 9 9  AGAGC AG AGGGG A

16 AGAGCAGAGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGG
4 0  AGAGC AGAGGGGAGAGGGGAGAGGGGGGGAGAGGGGAG AGGGGGGG AGAGGGG AGAGGGGGGGAGAGGGGAGAGGGGGGGAG AGGGG AG AG GGGGGGAGAGGGGAGAGGGGGGGAG AGGG

AGAGC AGAGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAG AGGG

4 9 0  5 0 0  5 1 0  5 2 0  5 3 0  5 4 0  5 5 0  5 6 0  5 7 0  58 0  5 9 0  6 0 0
1 6  GAGA
4 0  GAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGCAGAGGGGAGAGGGGGGGAGAGGGGGTATATAXXCCAACGAAA
4 1  g g g g g a g a g g g g a g a g g g g g g g a g a g g g g a g a g g g g g g g a g a g g g g g t a t a t a a a c c a a c g a a a a g c g c g g g a a c g g g g a t a c g g g g c t t g t g t g g c

- 1 0 5  t a t a t a a a c c a a c g a a a a g c g c g g g a a c g g g g a t a c * g g g c t t g t g t g g c
8 4  GGGGA TACGGGGC TTGTG TGGC
7 9  GGC TTG TGTGGC

GAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGGTATATAAACC AAC GAAAAGCGCGGGAACGGGGATAC GGGGC TTGTGTGGC

6 1 0  6 2 0  < 3 0  6 4 0  6 5 0  6 6 0  6 7 0  6 8 0  6 9 0  7 0 0  7 1 0  7 2 0

- 1 0 5  KGACGTCGTGCTTGTGTTACTGGGCAAACACTTGGGGACTGTAGGTTTCTGTGGGTGCCGACCCTAGGCGCTATGGGGAT
8 4  AC GACGTCGTGGTTGTGTTACTGGGC AAAC AC TTGGGGACTHTAGGTTTCTGTGGGTGCCGACCCT AGGC GCTATGGGGATTTTGGGTTGGGTCGGGC TTATTGCCGTTG GGG TTTTGTC  
7 9  AC GACGTCGTGGTTGTGTTACTGGGC AAAC AC TTGGGGACTGTAGGTTTCTGTGGGTGCCGACCCTAGGCGCTATGGGGATTTTGGGTTGGGTC GGGC TTATTGCCGTTGGGGTTTTGTG 

- 1 0 2  CTTGGGGACTGTAGGTTTCTGTGG*TGCCGACCCTAGGCGCTATGGGGA*TTTGGGTTGGGTCGGGCTTATTGCCGTTGGGCTTTTGTG
AC GACGTCGTGGTTGTGTTACTGGGC AAAC ACTTGGGGACTGT AGG TTTCTGTGGGTGCCGACCCTAGGCGCTATGGGGATTTTGGGTTGGGTCGGGC TTATTGCCGTTGGGGTTTTGTG

7 3 0  7 4 0  7 5 0  7 6 0  7 7 0  7 8 0  7 9 0  8 0 0  8 1 0  8 2 0  8 3 0  9 4 0
8 4  TGTGC GGGGGGGCTTGCCTTCAACCGAATATGTTA TTC GGAGTCGGG TGGC TC GAGACGTGGGGGATAT A TT AAAGGTG DC TTGTG TGCCGCTCCCGTCT 
79  TG TGCGGGGGGGCTTGCCTTCAACCGAAT ATG TT ATTC GGAGTCGGG TGGC TCGAGAGGTGGGGGATATATTAAAXGTGCCTTCTGTGCCGCTCCCGTCTXACGA 

- 1 0 2  TGTGCGGGGGGGCTTGCCTTCAACCGAATATGTTATTCGGAGTCGGGTGGCTCGAGAGGTGGGGGATATATTAAAGGTGCCTTGTGTG 
- 2 6  TTATTCGGAXTCGGXTGGCTCGAGAGGTGGGGXATATATTAAAGGTGCCTTGTGTGCCGCTCCCGTCTGACGATCTTGATTGGCGTTA
1 0 6  ATCTTGATTGGCGTTA
- 5 9  TC TTG ATT'G C G TTA

55 • TTGGCGTTA
TGTGCGGGGGGGCTTGCCTTCAACCGAATATGTTATTC GGAGTCGGG TGGC TCGAGAGGTGGGGGATATATTAAAGGTGCCTTGTGTGCCGCTCCCGTCTGAC GATC TTGATTGGCGTTA

8 5 0  8 6 0  8 7 0  8 8 0  8 9 0  9 0 0  9 1 0  9 2 0  9 3 0  9 4 0  9 5 0  9 6 0
- 2 6  CGAGACCCCCTC GGCTA TAAACTATGC TTTGATAG ACGGTATATTTTTGC GTTATC AC TGTCCCGGATTGGAC AC GGTCTTGTGGGAT AGGC ATGCCC AG AAGGC ATATTGGGTT AACCC 
1 0 6  C GAG ACCCCCTCGGCTATAAACTATGC TTTGATAGAC GGTATATTTTTGC GTTATC AC TGTCCCGGATTGGAC AC GGTCTTG TGGGAT AGGC ATGCCC AGAAGGC AT ATTGGGTTAACCC 
- 5 9  C GAGCCCCCCTCGGCTAT AAACTATGC TTTGAT AGAC GG TAT A TTTTTGCGTT ATC ACTGTCCCGGATTGG AC AC GGTCTTGTGGGATAGGC ATGCCC AGAAGGC AT ATTGGGTTAACCC 

55 CGAGACCCCCTC GGCTAT AAACT ATGC TTTGATAGAC GGTATATTTTTGC GTTATC AC TGTXCCGGATTGG AC AXGGTGTTGTGGGATAGGCATGCCC AG AAGGC AT ATTGGGTTAACCC 
25 GAAGGC AT ATTGGGTTAACCC
6 1  TATTGGGTT AACCC

CGAGACCCCCTCGGCTATAAACTATGCTTTGATAGAC GGTATATTTTTGCGTTATC AC TGTCCCGGATTGGAC ACGGTCTTGTGGGATAGGCATGCCCAGAAGGC ATATTGGGTT AACCC

9 7 0  9 8 0  9 9 0  1 0 0 0  1 0 1 0  1 0 2 0  1 0 3 0  1 0 40  1 0 5 0  1 0 6 0  1 0 7 0  1 0 80
- 2 6  CTTTTTATTTGTGGCGGGTTTTTTGGA
1 0 6  CTTTTTATTTGTGGCGGGTTTTTTGGAGGACTTGAGTTACCCCGCGTTTCCTGCCAACA
- 5 9  CTTTTTATTTGTGGCGGGTTTTTTGGAGGACTTGAGTTACCCCGCGTTTCCTGCCAACACCCAGGAAACAGAAACGCGCTTGGCCCTTTATAAAGAGATACGCCAGGCGCTGGACAGTCG 

5 5  CTTTTTATTTGTGGCGGGTTTTTTGGAGGACTTGAGTTAXCCCG-B-XXXCTGCCAACACCXAGGAAACAGAAACGCGXTTGGCCCTTTATAAAGAGATACGCXAGGCGCTGGACAGTCG
25 CTTTTTATTTGTGGCGGGTTTTTTGGAGGACTTGAGTTACCCCGC TCCTGCC AAC ACCC AGGAAAC AG AAAC GCGCTTCGCCCTTTATAAAGAGATACGCC AGGCC -TGGA
61 C T T T T T  ATTTG TGGCGGGTTTTTTGGAGGXC TTG AGTTACCCCGCGTTTC*TGCC AAC AGCC AGGAAAC AG AAAC GCGC TTG GCCCTTT AT AAAGAGATACGCCAGGCGCTGGACAGTCG 

1 0 0  CGGGTTTCCTGCCAACACCCAGGAAACAGAAACGCGCTTGGCCCTTTATAAAGAGATACGCCAGGCGCTGGACAGTCG
86  TTTATAAAGAGATACGCCAGGCGCTGGACAGTCG

11 4  AAAGAGATACGCCAGGCGCTGGACAGTCG
- 8 1  CTGGACAGTCG

CTTTTTATTTGTGGCGGGTTTTTTGGAGGAC TTGAG TTACCCCGCGTTTCCTGCC AAC ACCCAGGAAACAGAAACGCGCTTGGCCCTTTAT AAAGAGATACGCCAGGCGCTGGACAGTCG

1 0 9 0  1 1 0 0  1 1 1 0  1 1 2 0  1 1 3 0  1 1 4 0  1 1 5 0  1 1 6 0  1 1 7 0  11 8 0  1 1 9 0  1 2 00
- 5 9  CAAG 

5 5  CAAGACGGCCGCXAG**ACACAC
61 CAAGCAGGCCGCXAGCCACACACCTGTGAAGGCTGGGTGTGTGAACTTTGACTATTCGCGCACCXGCCGCTGTGTAGGGCGACAGGATTTGGGACCTACCAACGGAACGTCT 

1 0 0  CAAGC AGGCCGC *AGCCACACACCTGTGAAGGCTGGGTGTGTGAACTTTGACTATTCGCGC ACC *GCCGCTGTGTAGGGCGACAGGATTTGGGAC *TACCAACGGAA 
86  CAAGCAGGCCGCCAGCCACACACCTGTGAAGGCTGGGTGTGTGAACTTTGACTATTCGCGCACCCGCCGCTGTGTAGGGCGACAGGATTT8GGACCTACCAACGGA-CGTCTGGACGGAC 

1 1 4  CAAGCAGGCCGCCAGCXACACACCTGTGAAGGCTGGGTGTGTGAACTTTGACTATTCGCGCACCXGCCGCTGTGTAGGGCGACAGGATTTGGGACCTACCAAGGGAAXGXCTGGACGGAC 
- 8 1  CAAGCAGGCCGCCAGCCACAC ACCTGTXAAGGCTGGXTGTGTXAACTTTGACTATTCGCGCACCCGCCGCTGTGTAXGGCGACAGGATTTGGGACCTACCAACGGAA8XTCTGGACGGAC 

- 1 1 7  AACTTTGACTATTCGCGCACCCGCXGCTGTGTAGGGCGACAGGATTTGGGACCTACCAACGGAACGTCTGGACGGAC
1 1 3  T ATTC GC GC ACCXGCCGCTGTGT AGGGC GAC AGGATTTGGGACCTACCAAGGGAACGTCTGGAC GGAC
- 9 J TTTGGGACCTACCAACGGAAC 4TCTGGACGGAC

TCTXGACGXAX 
AC GGAC

CAAGCAGGCCGCCAGCCACACACCTGTGAAGGCTGGGTGTGTGAACTTTGACTATTCGCGCACCCGCCGCTGTGTAGGGCGACAGGATTTGGGACCTACCAACGGAACGTCTGGACGGAC

- 1 1 9

1 2 1 0  1 2 2 0  1 2 3 0  1 2 40  1 2 5 0  1 2 60  1 2 7 0  1 2 80  1 2 9 0  1 3 00  1 3 1 0  13 2 0
86  CCCGGTTCTGCCGCCGGACGATGAAGCGGGCCTGCAGCCOAAGCCCCTXACCACGCCGCCGCCCATCATCGCCACGTCGGACCCCACCCCGCGAC

1 1 4  CCCGGTCCTGCCGCCGGACGTAGAAGCGCG
- 8 1  CCCXGTTCTHCCGCCGXACGATGAAGCGGGCCTGCAXCCXAAGCCCCTCACC ACGCCGCCGCCCATCATCGCCA8GTCGGACCCCACC8C X8GACGGGACGCCGCCA— AAAAGCAGACG 

- 1 1 7  CCCGGTTCTGCCGCCGGACGATGAAGCGGGCCTGCAGCCGAAGCCCCTCACCACGCCGCCGCCCATCATCGCCACGTCGGACCCCACCCCGCGACGGGACGCCGCCACAAAAAGCAGACG 
1 1 3  CCCGCTTCTGCCGCXGGACGATGAAGCGGGCCTGCAGCCGAAGCCCCTCACCACGCCGCCGCCCATCATCGC
- 9 2  CCCGGTTCTGCCGCCGGACGATXAAGDGGGCCTGCAGCCGAAGCCCCTCACCACGCCGCCGCCCATCATCGCCA8GTCGGACCCCACCCC88GACGGGACGCCGCCA--AAAAGCA-ACG

- 1 1 9  c c c g c x t c t g c c g c c h x a c g a tg a a g c g g g c c t g c a g c c g a a g c c c x t c a c c a c g c c g c c g c c c a t c a tc g c c a c g tc g c a c c c c a x c c c g c g a c g g g a c g c c g c c a c a a a a a g c a g a c g  
-20  c c c g g t tc tg c c g c c g g a c g a t g x a g c x g g c c t g c a g c c g a a g c c c c tc a c c a c g c c g c c a c c c a t c a t c g c c a c g tc g g a c c c c a c c c - g c g a c g g g a c g c c g c c a g a a a a a g c a g a c g  

51 g a tg a a g c g g g c c tg c a g c c g a a g c c c c tc a c c a c h c c g c c g c c c a t ia t c g c c a g g tc g g a c c c c a c c c c g c g a c g g g a c g c c g c c a c a a a a a g c a c a g g
- 4 4  a a g c g g g c c t g c a g c c g a a g c c c c t c a c c a c g c c g c c * g c c a t c a t c g c c a c g t c g g a c c c c a c c c c g c g a c g g g a c g c c g c c a c a a a a a g c a g a c g
_ 78  c c c g c x a c g g x a c g c x g c c a c a a a a a g c a g a c g
- 9 6  c 0

c c c g g t t c t g c c g c c g g a c g a t g a a g c g g g c c t g c a g c c g a a g c c c c t c a c c a c g c c g c c g c c c a t c a t c g c c a c g t c g c a c c c c a c c c c g c g a c g g g a c g c c g c c a c a a a a a g c a g a c g



1 3 3 0  1 3 4 0  1 3 5 0  1 3 6 0  1 3 7 0  13B 0 1 3 9 0  1 4 0 0  1 4 1 0  1 4 2 0  1 4 3 0  144C
- 8 1  CCGACGACC 

- 1 1 7  CCGACGACCCC ACTCCCGGCGCCTCTAACGATGCCTCGAr 
- 9 2 .  CCGACGACCCC AC TCCCGGCGCC TCTAACGATGCCGCG ACGXAAACC

- 1 1 9  c c g a c g a c c c c a c t c c c g g c g c c t c t a a c g a t g c c t c g a c g x a a a x c c g tc c g g x t t c g g g g g g c g a a c c g g c c g c c t g tc g c t c g t c a g g g c c g g c g g c g c t c c t c g c c g c c c t a g a g : :  
-20  c c g a c g a c c c c a c t c c c g g c g c c t c t a a c g a t g c c t c g a c g g a a a c c » g t c c g g c t t c * g g g g g c g a a c c g g c c g c c t  

s i  c c g a c g a c c c c  a c t c c c g g c g c c t c t a a c g a t g c c t c g a c g g a a a c c c g t x c g g g t t c g g g g g g c g a a c c g g c c g c x t g t c g x t c g t c  a g g g c c g g c g g c g x tc  
- 4 4  c c g a c g a c c c c  a c t c c c g g c g c c t c t a a c g a tg c c t c g a c g g a a a c c c g tc c g g * t t c g g g g g g c g a a c c g g c c g c c t g tc g c t c g t c a g g g c c g g c g g c g c t c c tc g c c g c c c t a g a g g  
- 7 8  CC GACG ACCCXACTXCCGGC GCCTCTAACGA TGCCTCG ACGXAAAXCCGTCCGG XTTC GGGGGGCGAACC GGCCGCCTG TCGCTCGTC AGGGCCGGC GGC GC TCCTC GCCGCCCTAG AGC 
- 9 6  CCGACGACCCC AC TCCC GGC GCCTCTAAC XATGCCTCG ACGXAAAXCCXTCCGGXTTCGGGGGGC XAACCGGCCGCCTG TCGCTCGTC GGGGCCGGC GGC GC TCCTC GCCGCCCTAG AGG 

CCGAC GACCCC AC TCCC GGCGCCTCTAAC GA TGCCTCGAC GG AAACCC GTCCGGGTTCGGGGGGCG AACCGGCCGCCTG TCGCTCGTC AGGGCCGGC GGCGC TCCTC GCC GCCCTAGAGG

1 4 5 0  1 4 6 0  1 4 7 0  1 4 8 0  1 4 9 0  1 5 0 0  1 5 1 0  1 5 2 0  1 5 3 0  1 5 4 0  1 5 5 0  156C
- 1 1 9  CTGGTCCCGCTGGTGTGACGTTTTCCTCGTCCG  

- 4 4  CTGG TCCCGC TGGTGTGACGTTTT
- 7 8  CTHXTCCCGCTGGTGTGACGTTTTCCTCGTCCGCGCCCCCCGACCCTCCCATGGATTTAAC AAACGGGGGGDTGTCGXCTGCGXCGACCTCGGC GCCTCTGGACTGGACCACGTTTCGC 
- 9 6  CTXGTCCCGCTGGTGTGACGTTTTCCTCGTCCGCGCCCCCCGACCCTCCCATGGATTTAACAAACGGGGGGGTXXCGCCTGCGGCGACCTCGGCGCCTCTGGACTGGACCACGTTTCGGC 

- 1 2 1  GTCCCGCTGGTGTGACGTTTTCCTCGTCCGCGCCCCCCGACCCTCCCATGGATTTAACAAACGGGGGGXTCTXGXCTGCGGCGACCTCGGCGCCTCTGGACTGGACCACGTTTCGGC 
- 5  ACGTTTTCCTCGTCCGCGCCCCCCGACCCTCCCATXGATTTAACACACGGGGGGGTHTXXXDTGCGXCGACCTCGGCGCCTCTGGACTGGACCACGTTTCGGC
72 C GCGCCCCCXGACCC TCCC ATGGATTT AAC AAACGGGGGGG TGTCGCC TGCGGCXAACTC GGC GCXTCTGGACTGGACCACGTTTC GGC
39 CGGC

CTGG TCCC GCTGG TGTGACGTTTTCCTCGTCCGCGCCCCCCGACCCTCCCATGGATTT AAC AAACGGGGGGGTGTCGCCTGC GGC GACCTC GGC GCCTCTGG AC TGGACCACGTTTC GGC

1 5 7 0  1 5 8 0  1 5 9 0  1 6 0 0  1 6 1 0  1 6 2 0  1 6 3 0  1 6 4 0  1 6 5 0  1 6 6 0  1 6 7 0  166C
- 9 6  GTXTCTTTCTGATC

- 1 2 1  G TGTGTTTCTGATCGACGAX GCGTGGCGGCCCCTG ATGG AGCCTGAGC TGGC GAACCCCTTAACCGCCC ACC TCCTGGCCGAATATAA
- 5  GTGTGTTTCTGATCGACGACXCGTGGCGGCCCCTGATGXAGCCTGAGCTGGCGXACCCCTTAACCGCCCACCTCCTGGCCGAATATAATCGTCG*TGCCABACCGAAGA 
72 GTGTGTTTCTGATCGACGACGCGTGGCGGCCCCTGATGGAGCCTGAGCTGGCGAACCCCTTAACCGCCXACCTCCTGGCCGAATATAATCGTC
39  GTGTGTTTGTGATCGACGACGCGTGGCGGCCCCTGATGGAGCCTGAGCTGGCGAACCCCTTAACCGCCCACCTCCTGGCCGAATATAATCGCCGGYGCCAGACCGAAGAGGTGCTGCCGC 

- 9 0  TGGCGGCCCCTGATGGAGCCTGAGCTGGC-*ACCCCTTAACCGCCCACCTCCTGGCCGAATATAATCGTCGGTGCCAGACCGAAGAGG**CTGCCGC
- 5 6  GCCCCTTAACCGCCCACCTCCTGGCCGAATATAATCGTCGGTGCCAGACCGAAGAGGTGCTGCCGC

- 1 1 1  CTTAACCGCCCACCTCCTGGCCXAATATAATCGTCGXTGCCAGACCGAAGAGGT8XTGCCGC
- 1 0 6  AACCGCCCACCTCCTGGCCXAATATAATCGTCGXTGCCAGACCGAAGAGXTGCTGCCGC

4 9  CTGGCCGAATATAATCGTCGGTGCCAGACCGAAGAGGTGCTGCCGC
21 CCGAATATAATCGTCGGTGCCAGACCGAAGAGGTGCTGCCGC

GTGTGTTTC TGATC GAC GACGCGTGGCGGCCCCTGATGG AGCCTG AGC TGGC GAACCCCTT AACC GCCC ACCTCCTGGCCGAAT AT AATCGTCGGTGCC AGACC GAAG AGG TGC TGCCGC

1 6 9 0  1 7 0 0  1 7 1 0  1 7 2 0  1 7 3 0  1 7 4 0  1 7 5 0  1 7 6 0  1 7 7 0  1 7 8 0  1 7 9 0  1BOC
39 CGCGGGAGGATGTGTTTTCGCGGACTCG 

- 9 0  CGCGGGAGGATGTGTTTTCGTGGACGCGTTAGTGCACCCCCGAC
- 5 8  C GCGGGAGGATG TG TTTTCGTGGAC TCGTTATTGC ACCCCCGACG AGG TGC GCGTGGTTATDATCGGCCAGGACCCATATCACCACCCCGGCCAGGCGCACGGACTTGCGTTT AG DC 

- 1 1 1  CGCGGGAGGATGTGTTTTCGTGGACTCXTTATTGC ACCCCCGACGAGG TGCGCGTGGTT ATC ATC GGCC AGGACCC ATATCACC ACCCC GGCC AGGCGC AC GGACTTGCGTTTAGCGTGC 
- 1 0 8  CGCGGGAGXATGTGTTTTCGTGGACTCGTTATTGCACCCCCGACGAGGTGCGCGTGGTTATCATCGGCCAXGACCCATATCACCACCCCGGCCAGGCGCACGGACTTGCGTTTAGCGTGC 

4 9  CGCGGGAGGATGTGTTTTCGTGGAC TCGTT ATTGC ACCCCCG AC GAGGTGCGCGTGGTTATC ATCGGCC AGGACCC AT ATC ACC ACCCCGGCC AGGCGC ACGGACTTGCGTTTAGCGTGC
21 c g c g g g a g g a t g t g t t t t c g t g g a c t c g t t a t t g c a c c c c c g a c g a g g t g c g c g t g g t t a t c a t c g g c c a g g a c c c a t a t c a c c a c c c c g g c c a g g c g c a c g g a c t t g c g t t t a g c g t g c  

- 6 4  t g t t t t c g t g g a c t c g t t a t t g c a c c c c c g a c g a g g t g c g c g t g g t t a t c a t c g g c c a g g a c c c a t a t c a c c a c c c c g g c c a g g c g c a c g g a c t t g c g t t t a g c c t g c
- 112  t t t t c g t g g a c t c g t t a t t g c a c c c c c g a c g a g x t g x g c g t g g t t a t c a t c g g c c a g g a c c c a t a t c a c c a c c c c g g c c a g g c g c a c g g a c t t x c g t t t a g c g t g c

10 7  t c g t t a t t g c  a x c c c c g a c g a g g t g c  g c g t g g t t a t c a t c g g c c a g g a c c c  a t a t c a c c  ACCCCGGCC a g g c g c a c g g a c t t g c g t t t a g c g t g c
- 9 5  ATTGC ACCCCCGACGAGXTGC4CGTGGTTATCATCGGCC AGGACCC-TATCACC ACCCCGGCC AGGCGCACGGACTTGCGTTTAGCGTGC
- 9 7 '  CXCXTGGTTATCATCGGCCAGGACCC-TATCACCACCCCGGCCAGGCGCACGGACTTGCGTTTAGCGTGC
- 1 1  CGTGGTTATCATCGGCCAGGACCCATAGTACCACCCCGGCCAGGCGCACGGACTTGCGTTTA'CGTGC
-  33 TTATCATCGGCCAGGACCCATATCACC ACCCCGGCC AGGCGCACGGACTTGCGTTTAGCGTG:
- 6 7  TTXXXTTTAXCGTGC
- 3 6  TTTAXCXTGr

CGCGGGAGGATGTGTTTTCGTGGAC TCGTTATTGC ACCCCCGAC GAGGTGCGCGTGGTTATC ATC GGCC AGGACCC ATATCACC ACCCCGGCC AGGCGC AC GGACTTGCGTTTAGCGTGC

1 8 1 0  1 8 2 0  1 8 3 0  1 6 4 0  1 8 5 0  1 8 6 0  1 6 7 0  1 8 8 0  1 8 9 0  1 9 0 0  1 9 1 0  19 20
- 1 1 1  GCGCGAACGTGCCGCCTCCCCCGAGTCTTCG 
- 1 0 8  GCGCGAACGTGCCGCCTCCCCCG AGTC TTC

4 9  GCGCGAACGTGCCGCCTCCCCCGAGT8TTXGGAATGTCTTGGCGGCCGTCAAGAACTGTTATCCCGAGGCA 
21 GCGCGAA'GTGCCGCCTCCCCCGAGACTT « GGAATCTCTTGGC GGCC G 

- 6 4  GCGC GAACGTGCCGCCTCCCCCGAG TC TTC GXAA TGTCTTGGC GGCCGTC AAGAAC TG TTATCCCGAGGC ACGGATGAGC GGCC ACGGTTGCCTGG AAAAG TGGXDGC GGG ACGGCGTCC 
-  112 GC GCGAACGTGCCGC CTCCCCCG AGTC TTC GGAATGTC TTG GCGGCCGTCAAGAACTGTTATCCCGAGGCACGGA 

10 7  GCGGC AACGTGCCGCCTCCCCCGAGTCTTXGGAA.T^TCTTGGCGGCCGTC AAGAACTATT-TCCXGAGGXACGGATGAGCGGCC AXGGTT
- 9 5  GCGCGAACGTGCCGCCTCCCCCGAGTC TTC GGAATGTCTTGGCGGCCGTC AAGAAC TGTTATCCCGAGGC AC GGATGAGC GGCC AC GGTTXCCTGGAAAAGTXGGCGCGGXACGXCGXCC 
- 9 7  GCGCXAACXTGCCGCCTCCCCCGAGTCTTCGGAATGTCTTGGCGGCCGTCAAGAACTGTTATCCCGAGGCACGGATGAGCGGC
- 1 1  GCGCGAACGTGCCGCCTCCCCCGAGTC TTCGGAATGTCTTGGCGGCCGTC AAGAACTGTT ATCCCGAGGC ACGGATG AGC GGCC ACGGTTGCCTGG AAAAG TGGGCGCGGGAC GGCGTCC 
- 3 3  GCGCGAACGTGCCGCCTCCCCCGAGTCTTCGGAATGTCTTGGCGGCCGTCAAGAACTGTTA.TCCCGAGGCACGGATGAGCGGCGACGGTTGCCTGGAAAAGTGGGCGC 
- 6 7  GCGCGAACXTGCCGCCTCCCCCGAGTCTTCGGAXTGTCTTGGCGGCCGTCAAGAACTGTTATCCCGAGGCACGGATGAGCGGCCACGGTTGCCTGGAAAAC-TGGGCGCGGGACGGCGTCC 
- 3 6  GCGCGAACCTGCCGCCTCCCCCXAGTCTTCGGAATGTCTTGGCGGCCGTCAAGAACTGTTATCCCXAGGCACGXATGAXCGGCCACGGTTGCCTXGAAAAGTXGGCGCGGGACGGCGTCC 

34 TC TTCGG XATGTCTTGGC GGCCGTC AAGAAC TG TTATCCCGAGGC ACGG ATG AGC GGCC AC GGTTGCCTGG AAAAG TGGGCGCGGGAC GGCGTCC
63  CGGXXTGTC TTGGC GGCC GTCAAGXXXTCTTGTCCCGAGGC ACGGXTGAGCGGCC ACGGTTGCCTGG AAAXGTGGGCGCGGGXC GGCGTCC
32 TC TTGGCGGCCGT* AAG AACTGTTATCCCGAGGC ACGGATGAGCGGCC ACGGTTGCCTGGAAAAG TGGGCGCGGGAC GGCGTCC
98  TGCCTGGAAAAGTGGGCGCGGGACGGGT**r

- 2 3  CGC*GGACG’ *CTCC
GCGC GAACGTGCCGCCTCCCCCGAGTC TTC GGAATCTCTTGGC GGCCGTC AAGAAC TG TTATCCCGAGGC ACGGATGAGC GGCC AC GGTTGCCTGG AAAAGTGGGCGC GGG ACGGCGTCC

1 9 3 0  1 9 4 0  1 9 5 0  1 9 6 0  1 9 7 0  1 9 8 0  1 9 9 0  2 0 0 0  2 0 1 0  2 0 2 0  2 0 3 0  2 0 4 0
- 6 4  TGTTACTAAACACGAXCCT  
- 9 5  TGXTACTAAACA  
- 1 1  TGTTACTAAACACGACC 
- 6 7  TGTTACTAAACACGACCCTGACCGTCAA
-  36  TGTTACTAAACACGACCCTGACCGTC AAGCXCGGGGCGXCXGCGTCCCACTCTAC AA 

34 TGTTACTAAACACGACCCTGACCGTCAAGCGCGGGGCG
63  TGTTACTAAACGCGGCCCTG
32  TGTTACTAAACACGACCCTGACCGT*AAGCGCGGGGCG
9 8  TGTTACTAAACACGACCCTGACCGTCAAGCG1GGGGCGGCGGCGTCCCACTCTAGAATCGGTTGGGACCGTTT*GTGGGCGGAGTTATXCGXCGGTTGGCCGCGCGCCGCCCCGGCCTGG 

- 2 3  TGTTACTAAACACGACCCTGACCGTCAAGCHCGGGGCGGCGGCGTCCCACTCTAGAATCGGTTGGGACCGTTTCGTGGGCGGAGTTATCCGCCGGTTGGCCGCGCGCCGCCCCGGCCTGG 
- 1 1 6  AXGACCCTGACCGTCAAXCXCGGGXCGXCGXCGXCCCACTCTAGAATCGXTTGGGACCGTTTCGTXGGCXGAGTTATCCGCXGGTTGGCCGCGCGCXGCCCXGGCCTGT

66  TCAAGCGCGGGG-XGCGGCGTCCCACTCTAGAATCGGTTGGGACCGTTTCGTGGGCGGAGTTATCCGCCGGTTGGCCGCGCGCCGCCCCGGCCTGG
54 CGTTTCGTGGGCGGAGTTATCCCGXGGTTGGCCGCG-XCCGCCCCGGCXTGG

TGTTACTAAAC AC GACCCTGACCGTCAAGC GCGGGGC GGC GGCGTCCC AC TCTAGAATCGGTTGGGACCGTTTCGTGGGCGGAGTTATCCGCCGCTTGGCCGCGCGCCGCCCCGGCCTGG

2 0 5 0  2 0 6 0  2 0 7 0  2 0 8 0  2 0 9 0  2 1 0 0  2 1 1 0  2 1 2 0  2 1 3 0  2 1 4 0  2 1 5 0  2 1 6 0
9 8  TGTTTATGCTCTGGGG*ACACAG**CCAGA  

- 2 3  TGTTTATGCTCTGGGGCACACACGCCCAGAATGCCATCAGGCCGXACCCTCGGGTCCATTGCG 
- 1 1 6  TGTTTATGCTCTGGGGCGCACACGCCCATAAXGCCATCAGGCCGXACCCTCGGGTCCATTGCGTCCTC AAXTTTTCGC ACCCGTC GCCCCTC TCC AAGXX TCCGTTCXGAACCTGCC AGC 

66  TGTTTATGCTCTGGGGCACACACGCCCAGAATGCCATCAGGCCGGACCCTCGGGTCXATTGCGTXCTXAAGTTTTCGCAXCCGTCGCCCXTCTGCAAGGTTCCGTTA 
54 TGTTTATGCTCTGGGGCACACACGCCXAGAATGCCATCAGGCCGGACCCTCGGGTCXATTGCGTCCTCAAGTTTTCGCACCCGTCGCCCXTCTCCAAGGTTCCGTTCGGAACXTGCCAGC 

- 5 2  CCC AG AA TGC XA TCAGGCCGXACCCTCGGG TCC ATTXCGTCCTC AAGTTTTCGC ACCCGTCGCCCCTC TCC AAGXTTCCGTTCGGAACCTGCC AGC
- 2 7  TGC C AGC
- 2 8  GCCAGC

4 CCC AGC
TGTTTATGCTCTGGGGC AC AC AC GCCC AGAATGCC ATC AGGCCGGACCCTC GGG TCCATTGCGTCCTCAAGTTTTCGC ACCCGTC GCCCCTCTCCAAGGTTCCGTTCGGAACCTGCCAG:

2 1 7 0  2 1 8 0  2 1 9 0  2 2 0 0  2 2 1 0  2 2 2 0  2 2 3 0  2 2 4 0  2 2 5 0  2 2 6 0  2 2 7 0  2 2 6 .
- 1 1 6  ATTTCCTCGTGGCGAACCGATA

54  ATTTC XTCGTGGC GAACXGAT ACXTCGAG AXCCGGTCGATTTCAXCC ATC GAXTGGTCGGTTTG XAAGGC ATCGAC GTXCGGG 
- 5 2  ATTTCCTCGTGGCGAACCGATACCTCGAGACCCGGTCGATTTCACCCATCGACTGGTCGGTTTXAAAGGCATCGACGTCCGGGGTTTTTGTCGGTGGGGGCTTTTGGGTATTTCCGATGA 
- 2 7  •TTTCCTCGTGGCRAACCGATACCTCGA-ACCCGGTCGATTTC ACCC ATCGA*CTGTCGGTTTGAAAGGC ATCG ACGTCCGGGGTTTTTGTCGCTG GGGGCTTTTGGGT ATTTC CGATGA 
- 2 6  ATTTCCTCGTGGCGAACCGATACCTCGAGACCCGGTCGATTTCACCCATCGACTGGTCGGTTTGAAAGGCATCGACGTCCGGGGTTTTTGTCGGTGGGGGCTTTTC-GGTATTTCCGA.TGA 

4 ATTTXCTCGTGGCGAACCGATACCTCGAGACCCGGTCGATTTC ACCC ATCG AC TGGTCGGTTTGAAAGGC ATC GACGTCCGGGGTTTTT ATC GGTGGGGGCTTTTGGGTATTTCCGATGA 
- 6 0  TTCACCCATCGACTGGTCGGTTT*AAAGGCATCGACGTCCGGGGTTTTTGTCGGTGGGGGCTTTTGGGTATTTCCGATGA

69 C GGGGTT-TTG TCGGTGGGGGCTTTT GGGT ATTTCCGATGA.
87  TGTC GGTCGGGGC TTTTGGGTATTTCCGATGA

-86  TTTCCGATGA
- 3 5  CCGA

ATTTCCTCGTGGCGAACCGATACCTCGAGACCCGGTC GATTTC ACCC ATCGACTGGTCGGTTTGAAAGGC ATCGACGTCCGGGGTTTTTGTCGGTGGGGGCTTTTGGGTATTTCCGATGA



2 2 9 0  2 3 0 0  2 3 1 0  2 3 2 0  2 3 3 0  2 3 4 0  2 3 5 0  2 3 6 0  2 3 7 0  2 3 8 0  2 3 9 0  24 00
- 5 2  ATAAAGACGGTTAATGGTTAAACCTCTGGTCTCA 
- 2 7  ATAAAGACGG
- 2 8  ATAAAGACGGTTAAT&GTTAAACCTCTGGTCTCATAeGGGTCGCTGATGTCG

4 ATAAAGACGGTTAATGGTTAAACCTCTGGTCTCATACGGCTCGGTGATGTCGGGC *TCGGGGGAGAGGGAGTTCCCTCTOCGCTT 
- 6 0  ATAAAGACGGTTAATGGTTAAAGCTCTGGTCTCATACGGGTCGGTGATGTCGGGCGTCGGGGGAGAGGGAG-TCCCTCTGCGCTTGCGATTCTAGCCTCGTGGGGCTGGACGTTCGACAr 

69 ATAAAGACGCTTAATGGTTAAACCTCTGGTCTCATACGGGTCGGTGATGTCGGGCGTCGGGGGAGAGGGAGrrXCCTCTGCGCTTGCGATTCTAGCCTCGTGGGGCTGGACGTTCGACAr
8 7  t ~ * a a g a c g g t t a a t g g t t a a a c c t c t g g t c t c a t a c g g g t c g g t g a t g t c g g g c g t c g g g g g a g a g g g a g t t c c c t c t g c g c t t g c g a t t c t a g c c t c g t g g g g c t g g a c g t t c g a c a c  

-86  a t a a a g a c g g t t a a t g g t t a a a c c t c t g g t c t c a t a c g g g t c g g t g a t g t c g g g c g t c g g g g g a g a g g g a g t t c c c t c t o c g c t t g c g a t t c t a g c c t c g t g g g g c t g g a c g t t c g a c a c  
- 3 5  a t a a a g a c g g t t a a t g g t t a a a c c t c t g g t c t c a t a g g g g t c g g t g a t g t c g g g c g t c g g g g g a g a g g g a g

37 t g g t t a a a c x t g t g g t c t c a t a c g g g t c g g t g a t g t c g g g c g t c x x g g g a g a g g g a c t t x c c t c t g c g c t t g c g a t t g t a g c c t c c t g g g g c t g g a c g t t c g a c a :
- 8 0  t g x t t x a a g c t c t x g t c t x a t a c g g x t c g x t a g t g t c g g t c g t c g g g g x a c a x g g a g t t c c c t c t g x g c t t x c x a t t c t a g c c t c g t g g g g c t g g a c g t t c c a c a :

91 t t a a x x c t c t c g t c t c a t a c g g g t c g g t g a t g t c g g g c g t c g g g g g c g a g g g a g t t c c c t c t g c g c t t g c g a t t c t a g c c t c g t g g g g c t g g a c g t t c g a c a :
8 3  t c t g g t c t c a t a s g g g t &g g t g a t g t c g g g c g t c g g g g g a g a g g g a g t t c c c t c t g c g c t t g c g a t t b t a g c c t c g t g g g g c t g g a c g t t c g a c a :
7 0  t a x g g g t c g g t g a t g t c g g g c g t c g g g g g a g a g g g a g t t x c c t c t g c g c t t g c g a t t it a g c c t c g t g g g g c t g g a c c t t x g a c a :

- 3 1  TGTCGGGCGTCGGGGGAGAGGGAGTTCCCTCTGCGCTTGCGATTCTAGCCTCGTGGGGCTGGACGTTCGACAr
- 7 1  GGGAGAGGGAGTXCCCTCTGCGCTXGCGATXCTAGCCTCGTGGGGCTGGACGTXCXACAC
6b  CCTCGTGGGXCTGGACGTTXGACAT

ATAAAGACGGTTAATGGTTAAACCTCTGGTCTCATACGGGTCGGTGATGTCGGGCGTCGGGGGAGAGGGAGTTCCCTCTGCGCTTGCGATTCTAGCCTCGTGGGGCTGGACGTTCGACAC

2 4 1 0  2 4 2 0  2 4 3 0  2 4 4 0  2 4 5 0  2 4 6 0  2 4 7 0  2 4 8 0  2 4 9 0  2 5 0 0  2 5 1 0  25 20
- 6 0  GCC AAACC ACGAGTC GGGG AT ATCGCC AGAT AC

6 9  GCXAAACCACGAGTCGGGGATATCGCCAGATACGACTXCCGCAOATTCCATTCGGGGTGCCGCTGTGGCCTCACCTGACCAACXTTTACACGGGGGCCCC
6 7  GCCAAAC •ACGAGTCGGGGATATCGCC AGATACGACT1CCGC AGATTCC A T * •GGGGTGCCGCTGTGGCCTC ACCT

- 86  g c c a a a c c a c g a g t c g g g g a t a t c g c c a g a t a c g a c t c c c g c a g a t t c c a t t c g g g * t g c c g c t g t g g c c t c a c c t g a c c a a c c t t a c a c  
37 g c c a a a c c a c g a g t c g g g g a t a t c g c c a g a t a c g a c t x c c g c a g a t t c c a t t c g g g g t g c c g c t g t g g c c t c a c c t g a c c a a c c t t t a c a c g g g g g c c c g g a a c x g g a g g c c a c a g c g c c  

- b o  g c c a a a c c a c g a g tc g g g g a ta tc g c c a g a ta c g a c t c c c g c a g a t t c c a t tc g g g x t g c c g c t g t g g c c tc a c c x g a c c a a c c t t t a c a c g g g g g c c c g g a a c g g g a g g c c a c a g c g c c  
91  g c c a a a c c a c g a g t c g g g g a t a t c g c c a g a t a c g a c t c c c g c a g a t t c c a t t c g g g g t g c c g c t g t g g c c t c a c c t g a c c a a c x t t t a c a c g g g g g c c c g g a a c x g g a g g c c a c a g c g  
8 3  g c c a a a c c a c g a g t c g g g g a t a t c g c c a g a t a c g a c t c c c g c a g a t t c c a t t c g g g g t g c c g c t g t g g c c t c a c c t g a c c a a c c t t t a c a c g g g g g c c c g g a a c * g g a g g c c a c a g c g c c
7 0  g c c a a a c c a c g a g t c g g g g a t a t c g c c a g a t a c g a c t c c c g c a g a t t c c a t t c g g g g t g c c g c t g t g g c c t c a c c t g a c c a a c c t t t a c a c g g g g g c c c g g a a c x g g a g g c c a c a g c g c c  

- 3 1  g c c a a a c c a c g a g t c g g g g a t a t c g c c a g a t a c g a c t c c c g c a g a t t c c a t t c g g g g t g c c g c t g t g g c c t c a c c t
- 7 1  g c c a a a c c a c g a g t c g g g x a t a t c g c c a g a t a c g a x t c c c g c a g a t t c c a t t c g g g x t g c c g c t g t g g c c t c a c c t g a c c a a c c t t t a c a c g g g - g c c c g g a a c g g g a g g c c a c a g c g c c
68  g c c a a a c c a c g a g t c g g g g a t a t c g c c a g a t a c g a c t x c c g c a g a t t x c a t t c g g g g t g c c g c t g t g g c c t c a c c t g a c c a a c c t t t a c a c g g g g g c c c g g a a c x g x a g g c c a c a g c g c c  

- 4 2  TCGGGGATATC GCC AGATACGACTCCCGC AGATTCC ATTCGGGXTGCCGCTGTGGCCTCACCTG ACCAGCCTTT AC AC GGGCGCCCGGAACGGGAGGCC AC AGC GCC
16 ATATCGCCAGATACGACTCCCGCAGATTCCATTCGGGGTGCCGCTGTGGCCTCACCTGACCAACCTTTACACGGGGGCCCGGAACXGGAGGCCACAGCGC;

- 2 4  TTCGGGGTCCCTT****GCCTCACCT*ACCAACCTTTACACGGGGGCCCGGAACGGGAGGCCACAGCGCC
GCCAAACCACGAGTCGGGGATATCGCCAGATACGACTCCCGCAGATTCCATTCGGGGTGCCGCTGTGGCCTCACCTGACCAACCTTTACACGGGGGCCCGGAACGGGAGGCCACAGCGCC

2 5 3 0  2 5 4 0  2 5 5 0  2 5 6 0  2 5 7 0  2 5 8 0  2 5 9 0  2 6 0 0  2 6 1 0  2 6 2 0  2 6 3 0  264C
37 GTCT

- 8 0  GTCTTTCTCCCCAACGCGCGCGGATGACGGCCCGCCCTGTACCGACXGGXXCT 
8 3  G T8TTTCTCCCCAA  
7 0  GTCTTTCTCCC

- 7 1  G TC TTTC TCCCCAACGCGCGCGGATGACGGCCCGCCCTGTACCGACGGGCCCTACGTGACGTTTGATACCCTGTTTAT 
68  GTCTTTCTCCCXAACGCGCGCGGATGACGGCCCGCCCTGTACCGACGGGCCCTACGTGACGTT 

- 4 2  GTCTTTCTCGCCAACGCGCGCGGATGACGGCCCGCCCTGTACCGACG 
IB  GTCTTTCTCCCCAACGCGCGCGGATGACGGCCCGCCCTGTACCGACGCGCCCTACGTGACGTTTGATACCCTGTTTATGGTGTCGTCGATCGACGAATTAGGGCG 

- 2 4  GTCTTTCTCCCCAACGCGCGCGGATGACGGCCCGCCCTGTACCGACGGGCCCATCGTGACGTTTGATACCCTGTTTATG*TGT 
17 GGGCCCTACGTGACGTTTGATACCCTGTTTATGGTGTCGTCGATCGACGAATTAGGGCGTCGCCAGCTCACGGA

- 1 1 5  ACXTTTXATACCCTGTTTATGXTGTCXTCXATCXACGAATTAGGGCXTCGCCAGCTCACGG1.
- 7 5  TTTATACCCTGTTTATGGTGTCGTCGATCGACGAATTAGGGCGTCGCCAGCTCACGGA

2 2  TGTTTATGGTGTCGTCGATCGACGAATTAGGGCGTGGCCAGCTCACGGA
4 6  CGTCGCCAGCTCACGGA

- 5 0  TCGCCAGCTCACHXA
- 8 9  TCCAGCTCACGGA

O T C T r iV T CCCCAAZQCGCGCGGATGACQQCCCQCCCTGTACCGACOGQCCCTACGTGACGTTTQATACCCTGTTTATOGTGTCGTCGATCGACGAATTAGGGCGTCQCCAQCTCACGttA.

2 6 5 0  2 6 6 0  2 6 7 0  2 6 8 0  2 6 9 0  2 7 0 0  2 7 1 0  2 7 2 0  2 7 3 0  2 7 4 0  2 7 5 0  276C
17 CACCATCCGCAAGGACCTGCGGTTGTCGCTGGCCAAGTTTAGCATTGCGTGCACCAAGACCTCCTCGTTTTCGGGAAACGCCCCGCGCCACCACAGACGCGGG 

- 1 1 5  CACCATCCGCAAGGACCTGCGXTTGTCGCTGXCCAAXTTTAGCATTGCGTGCACCAAGACCTCCTCXTTTTCGGGAAAXXCCCCGCGCCACCACACACXCGGGGX8TTCCAXCXCGGCAX 
- 7 5  CACCATCCGCAAGGACCTGCGGTTGTCGCTGGCCAAGTTTAGCATTGCGTGCACCAAGACCTCCTCGTTTTCGGGAAACGCCCCGCGCCACCACAGACGCGGGXCGTTCCAGDXXGGCAG 

2 2  CACCATCCGCAAGGACCTGCGGTTGTCGCTGGCCAAGTTTAGCATTGCGTGCACCAAGACCTCCTCGCCTT*GGGAAAGGCCCCGCGCCACCACAGACGCGGGGXGXYCCAGCGCGGCA> 
4 6  CACCATCCGCAAGGACCTGCGGTTGTCGCTGGCCAAGTTTAGCATTGCGTGCACCAAGACCTCCTCGTTTTCGGGAAACGCCCCGCGCCACCACAGACGCGGGGCXTTCCAGCGCGGCAX

- 5 0  c a c c a t c c g c a a g g a x d t g c g g t x g t c g c t g g c c a a x t t t a g c a t t g c g t g c a c c a a g a c c t c c t c g t t t t c g g x a a a x g c c c c g c g c c a c c a c a g a x g c g g g x c g t t c c a g x x d g g c a :
- 8 9  CACCATCCGCAAGGAC»TGCGGTTGTCGCTGGCCAAGTTTAGCATTGCGTGCACCAAGACCTCCTCGTTTTCGGGAAA*GCCCCGCGCCACCACACACGCGGGGCGTTCCA8XXCGGCAc 

- 1 2 5  a a g t t t a g c a t t g c g t g c a c c a a g a c c t c c t c g t t t t c g g g a a a c g c c c c g c g c c  ACCACAGACGCGGGGCGTTCCAGCGCGGCAC
- 7 4  t g c a c c a a g a c c t c c t c g t t t t c g g g a a a * g c c c c g c g c c a c c a c a g a c g c g g g x c g t t c c a g x x d g g c a :
1 2 3  t t t t c g g g a a a c g c c c c g c g c c a c c a c a g a c g c g g g g c g t t c c a g c g c g g c a :

- 1 2 2  AAACGCCCCGCGCCACCACAGACGCGGGGCGTTCCAGCGCGGCAT
c a c c a t c c g c a a g g a c c t g c g g t t g t c g c t g g c c a a g t t t a g c a t t g c g t g c a c c a a g a c c t c c t c g t t t t c g g g a a a c g c c c c g c g c c a c c a c a g a c g c g g g g c g t t c c a g c g c g g c a :

2 7 7 0  2 7 8 0  2 7 9 0  2 8 0 0  2 8 1 0  2 8 2 0  2 8 3 0  2 8 4 0  2 8 5 0  2 8 6 0  2 8 7 0  286C
- 1 1 5  g c g g x c g c c g c g c a g c a a c a a  

- 7 5  x c g g g c g c c g c g c a g c  a a c a a a a g c c t c c a g a t g t t t g t g g t g t g c a a a g c c g c c c a c g c c g c t c g a g t g c g a  
2 2  X**GGCGCGC
4 6  XCGGGCGCCGXGXAGCAACAAAAGCCTCCAGATGTTTGTGTTGTGCAAACGCGCCXACGCCGCTCGAGTGCGAGAX8AGCTTCGGGTCGTXATTCAGTCCCGCAAGCCGCGCAAGTATTA 

- 5 0  -GCGGGCGCCGCGCAGCAACAAAAGCCTCCAGATGTTTGTGTTGTGCAAACXCGCCCACGCCGCTCGAGTGCGAGAGCAG 
- 8 9  XCGGGCGCCGCGCAGCAACAAAAGCCTCCAGATGTTTGTGTTGTGCAAACGCGCCCACGCCGCTCGA

-74  ^ g g ^ ^ c ^ ^ a ^ a a b a a a a g c c t c c a g a t g t t t g t g t t g t g c a a a c g c g c c c a c g c c g c t c g a g t g c g a g a g c a g c t t c g g g t c g t t a t t c a g t c c c g c a a g c c g c g c a a g t a t t a
1 2 3  GCGGGCGCCGCGCAG

- 1 2 2  GCGGGCGCCGCGCAGCAACAAAAGCCT
- 1 0 9  CCACGCXGCTCGAGTGCGAGAGCAGCTTCGGXTCGTXAXTCA4TCCCGC AAXCCGCGCAAXTATTA

56 GGTGGTTATTCAGTCCCGCAAGCCGCGCAAGTATTA
_ 6 S GCAAGCCGCGCAAGTATTA.

6 GCGCAAGTAT7A
GCGGGCGCCGCGCAGCAACAAAAGCCTCCAGATGTTTGTGTTGTGCAAACGCGCCCACGCCGCTCGAGTGCGAGAGCAGCTTCGGGTCGTTATTCAGTCCCGCAAGCCGCGCAAGTATTA

2 8 9 0  2 9 0 0  2 9 1 0  2 9 2 0  2 9 3 0  2 9 4 0  2 9 5 0  2 9 6 0  2 9 7 0  2 9 8 0  2 9 9 0  3 0 00
4 6  CACGCGATCT

- 7 4  CACGCGATCTTCGGACGGGCG*CTCTGCCCCGCCGTCCCCGTGTTCGTCCACGAGTTCGTCTCG*CCGAGCCAA 
- 1 0 9  CACGCGATCTTCGGACGGGCGGCTCTGCCCCGCCGTCCCCGTGTTCGTCCACGAGTTCGTCTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGGGCCGAGTA 

56 CACGCGATCTTCGGAXGGGCGGCTXTGCCC*ACXGTCCCCGTGTTCGTCCACGAGTTCGTGTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGGGCXGAGTA 
- 6 5  CACGCGATCTTCGXACGGGCXGCTCTGCCCCGCCGTCCCCGTGTTCGTCCACGAGTTCGTCTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGGGCCGAGTA 

6 CACGCGATCTTCGGACGGGCGGCTCTGDCC*GCCGTCCCCGTGTTCGTCCACGAGTTCGTCTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGGGCCGAGTA 
- 6 2  GCGATCTTCG*ACGG*C*GCTCTGCCCCGCCGTCCCCGTGTTCGTCCACGAGTTCGTCTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGGGCCGAC-TA 
- 7 7  TCTTC *GACGGGC *GCTCTGCCCCGCCGTCCCCGTGTTCGTCCACGAGTTCGTCTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGG*CCGA*TA
- 9 4  CGGGCXGCTCTGCCCCGCCGTCCCCGTGTTCGTCCACGAGXTCGTCTCXTCCXAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGGGCCGAGTA

- 1 1 8  GXTCTGCCCXGCXGTCCCXGTGTXCGTCCACGAGTTCGTCTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGXCCTCGGGGGCCGAGTA
- 1 0 4  CGTCCCCGTG*TCGTCCACGAGTTCGTCTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGGGCCGAGTA

- 5 7  TXCGCCTCCACCXAGATAACXTCATGCTGGCCTCGGGGGCCXAGTA
- 7 3  AATACGTC ATGCTXGCCTCXXGGGCCGATGA

c a c g c g a t c t t c g g a c g g g c g g c t c t g c c c c g c c g t c c c c g t g t t c g t c c a c g a g t t c g t c t c g t c c g a g c c a a t g c g c c t c c a c c g a g a t a a c g t c a t g c t g g c c t c g g g g g c c g a g t a

3 0 1 0  3 0 2 0  3 0 3 0  3 0 4 0  3 0 5 0  3 0 6 0  3 0 7 0  3 0 8 0  3 0 9 0  3 1 0 0  3 1 1 0  3120
- 1 0 9  ACCGCCCCCCCCCCATGCCACCCTCACTGCCCGTCGCGCGTGT 

56 AXCGCCCCCCCCCXATGCCACCXTACXTGCCCGT
- 6 5  a c c g c c c c c c c c c c a t c c c a c c c t c a c t g c c c g t c g c g c g t g t t t g a t g t t a a t a a a t a a c a c a t a a a t t t g g c t g g t t g t t t g t t g t c t t t a a t g g a c c g c c c g c a a g g g g g g g g g g g c  

6 a c c g c c c c c c c c c c a t g c c a c c c t c a x t g c c c g t c g c g c g t g t t t g a t g t t a a t a a a t a a c a c a t a a a t t t g g c t g g t t g t t t g t t g t c t t t a a t g g a c c g c c c g c a a x g g g g g g g g g g c  
- 6 2  a c c g c c c c c c c c c c a t g c c a c c c t c a c t g c c c g t c g c g c g t g t t t g a t g t t a a t a a a t a a c a c a t a a a t t t g g c t g g t t g t t t g t t g t c t t t a a t g g a c c g c c c g c a a g  
- 7 7  a c c g c c c c c c c c c c a t g c c a c c c t c a c t g c c c g t c g c g c g t g t t t g a t g t t a a t a a a t a a c a c a t a a a t t t g g c t g g t t g t t t g t t g t c t t t a a t g g a c c g c c c g c a a g g g g g g g g g g g c
- 9 4  ACCGCCCCCCCCCCATGCCACCCTCACTGCCCGTCGCGC8TGTTTGATGTTAATAAATAACACATAAATTTGGCTGGTTGTTTGTTGTCTTTAATGGACCGCCCGCAAGGGGGGGGGGGC 

- 1 1 8  ACCGCCCCCCCCCCATGCCACCCTCACTGCCCGTCGCGCGTGTTTGATGTTAATAAATAACACATAAATTTGGCTGGTTGTTTGTTGTCTTTAATGGACCGCCCGCAAGGGGGGGGGGGC 
- 1 0 4  ACCGCCCCCCCCCCATGCCACCCTCACTGCCCGTCGCGCGTGTTTGATGTTAATAAATAACACATAAATTTGGCTGGTTGTTTGTTGTCTTTAATGGACCGCCCGCAAGGGGGGGGGGGC 

- 5 7  ACCGCCCCCCCCCCATGCCACCCTCACTGCCCGTCGCGCXTGTTTGATGTTAATAAATAACACATAAATTTGGCTGGTTGTTTGTTGTCTTTAATGGACCGCCCGCAAGGGGGGGGGGGC 
- 7 3  a c c g c c c c c c c c c c a t g c c a c c c t c a c t g c c c g t c g c g c g t g t t t g a t g t t a a t a a a t a a c a c a t a a a t t t g g c t g g t t g t t t g t t g t c t t t a a t g g a c c g c c c g c a a g g g g g g g g g g g c
1 2 4  C 

ACCGCCCCCCCCCCATGCCACCCTCACTGCCCGTCGCGCGTGTTTGATGTTAATAAATAACACATAAATTTGGCTGGTTGTTTGTTGTCTTTAATGGACCGCCCGCAAGGGGGGGGGGGC

3130 3140 3150 3160
- 6 s' ATTTCAGTGTCGGGTGACGAGCGCGATCCGGCCGGGA 
- 7 7  ATTTCAG
-9 4  ATTTCAGTGTCGGCTGACGAGCGCGATCCGGCCGGGA 

-118 ATTTCAGTGTCGGGTGACGAGCGCGATCCGGCCGGGATC 
-104  ATTTCAGTGTCGGGTG 

- 5 7  ATTTCAGTGTCGGGTGAGCAGCGDGATCCGGCCXGGA 
-  7 3 ATTTC AXTGTCGGXTGACGAGCGCGATCCGGCCGGGATC 
124 ATTTC AGTGTCGGGTGACGAGCGCGATCCGGCCGGGATCC 

ATTTCAGTGTCGGGTG AC GAGCGCGATCCGGCCGGGATCC



Figure 3.5 Recombinant M13 clones used to sequence 
BamHI b

A sorted list of recombinant M13 clones used to 
sequence BamHI b is given in the following pages. Alongside 
the clone name (given by the experimenter) is the identity 
number, allocated to individual sequences as they are 
entered into the database, as used in the previous figures. 
This listing also gives the position in the database where 
the clone starts, the orientation of the sequence, the 
length of the reading and the identity numbers of the clones 
sequenced to the left and to the right of this clone in the 
database.



479
i a i
180
403
524
249

40
370
344
374
526
319
501
576
329
500
208
331
498
68

530
503
197
372
531
195
489
378
112
457
145
360
456

72
299

71
108

24
25
32
47

131
10
43

419
549
133
192

60
140
465
166
176
164
151
305

81
574
285
102
570
451
407
564
423
404
235
394
514
359
310
349
496
409
512
256
490
517
262
239
213
206
4B8
391
454
552

63
53
59
55
50
34

3
1

64
58
31
44
11

199
556

61
414
315
396
460
509
568
314
259

52
175
167
246

57

161 
589 
183 
105 

30 
94 

39 7 
492 
152

1
1
1
1

13
39
43
55

124

59
-1 1 4
-1 8 8
-2 2 7

91
-2 6 9
-2 4 2

294
201

0
161
589
183
105

30
94

397
492

589
183
105

30
94

397
492
152
320

B R 1 4 8 9 .108 
B R 1 4 3 4 .102 
B R 7 1 1 .3 0  
B R 7 1 0 .2 9  
BR13 1 2 .8 4  
B R 1 4 7 8 .107 
B R 9 3 0 .4 9  
P BBR119.A  
B R 1 2 7 1 .7 9

544
479
181
180
403
524
249

40
370

1947
1968
1994
2014
2024
2039
2044
2050
2053

-2 9 5
263
277
143

-2 4 8
-2 2 7
-1 0 1
-1 6 4
-2 8 1

320
231
624 
623 
24 5
625 
337 
453  
135 
141 
441 
464 
518 
228 
215 
575 
354 
186 
226

136
138
139 
142
145
146 
146 
155 
186 
194 
19 5 
216 
229 
233 
243
291
292 
292 
325

200
141 

72 
79 
91

-7 5
193
189

-2 4 6
-1 8 5
-2 0 9

275
-2 1 9

-8 9
201
270

-2 2 4
-2 4 2

142

152
320
231
624 
623 
24 5
625 
337 
453 
135 
141 
441 
464 
518 
228 
215 
575 
354 
186

231
624 
623 
245
625 
337 
453 
135 
141 
441 
464 
518 
228 
215 
575 
354 
186 
226 
289

B R 9 53 .7 6  
B R 1 23 3 .8 1  
B R 1 4 8 0 .107 
B R 1 2 4 2 .71 
B R 1 44 7 .1 0 3  
B R 1 5 2 4 .112 
B R 1 2 7 6 .74 
B R 1 4 4 6 .103 
B R 9 5 3 .38 
B R 8 60 .74  
B R 1 4 4 0 .103 
B R 114 .A  
B R 1 4 6 9 .106 
B R 1 4 2 6 .101 
B R 8 6 6 .35 
B R 1 28 2 .8 1  
B R 1 4 7 0 .106 
B R 8 60 .34  
B R 1 4 2 1 .101

344
374
526
319
501
576
329
500
208
331
498

68
530 
503 
197 
372
531 
195 
489

2122
2148
2158
2170
2175
2196
2199
2207
2209
2218
2269
2277
2298
2309
2331
2334
2346
2355
2355

-2 7 2
224

-1 4 5
-1 3 3

290
333
193

-2 7 1 .
-1 8 5
-3 0 2
-2 4 8

157
-5 0

-2 9 6
-1 6 9

223
290

-1 7 0
-2 3 9

289 329 -1 B 7 226 27 B R 1295 .8 2 378 2367 -2 1 8
27 346 -1 2 5 289 411 B R 5 72 .13 112 2371 266

411 398 -2 6 5 27 16 B R 1 39 9 .9 8 457 2402 -2 7 2
16 409 -6 2 411 263 B R 6 27 .21 145 2407 240

263 418 -1 6 1 16 382 B R 1 1 8 4 .78 360 2407 -3 4 5
382 427 -2 7 4 263 100 B R 1 3 9 8 .9 8 456 2510 -2 9 0
100 433 -2 8 0 382 280 B A 1 0 7 .2 72 2553 -1 1 9
280 495 233 100 124 BR11 8 4 .6 5 299 2554 -1 9 8
124 514 -2 6 4 280 209 B R 124 .A 71 2576 165
209 563 149 124 343 B R 5 71 .13 108 2580 254
34 3 563 270 209 29 B S 1 5 1 .A 24 2582 113

29 564 -1 3 6 343 424 B S 154.A 25 2582 115
424 634 231 29 271 B S 1 7 3 .A 32 2591 147
271 639 258 424 236 B S 188.A 47 2597 141
236 646 120 271 412 B R 601.1 9 131 2597 258
412 673 -2 5 9 236 178 B S 1 6 7 .A 10 2608 -1 3 0
178 713 -1 4 0 412 562 B S 1 8 4 .A 43 2608 130
562 723 -2 9 4 178 62 B R 1 32 7 .8 9 419 2624 263

62 728 105 562 582 B R 1 4 9 8 .109 549 2639 311
582 785 276 62 330 B R 6 0 9 .19 133 2694 -2 2 3
330 800 241 582 560 B R 7 5 0 .3 3 192 2713 -2 0 5
560 802 258 330 373 B S 2 0 7 .A 60 2734 -3 0
373 880 -1 9 5 560 267 B R 6 24 .21 140 2738 223
267 888 -5 6 373 258 B R 1 4 0 2 .9 8 465 2743 -3 0 9
258 901 222 267 410 B R 7 00 .27 166 2746 169
410 905 206 258 626 B R 6 97 .28 176 2752 152
626 907 78 410 627 B R 7 03 .27 164 2761 -1 7 9
627 909 -2 2 626 103 B R 6 73 .25 151 2764 -1 8 7
103 967 327 627 207 B R 1 21 8 .6 9 305 2804 224
207 977 105 103 77 B R 5 38 .4 81 2867 154

77 1026 -1 6 9 207 632 B R 1 5 2 2 .112 574 2873 321
632 1034 -7 7 77 383 B R 1 14 0 .6 1 285 2902 -1 8 7
383 1038 -2 2 8 632 573 B R S 4 3 .11 102 2904 -2 6 1
573 1077 273 383 545 B R 1 5 1 8 .112 570 2919 306
54 5 1109 294 573 459 B R 1 3 6 9 .9 6 451 2960 205
459 1128 -2 1 4 545 274 B R 1324 .8 5 407 2992 204

274 1167 -2 0 0 459 u a B R 1 5 1 5 .H 1 564 3001 278
318 1191 -2 4 8 274 502 B R 1330 .8 9 423 3031 -3 0 3
502 1224 282 318 250 B R 1 3 2 0 .8 5 404 3037 221
250 1281 -2 1 6 502 324 B R 9 20 .47 235 3075 -7 4
324 1304 -2 5 8 250 477 B R 1 3 1 1 .8 4 394 3075 236
477 1308 -1 9 8 324 486 B R 1 4 5 1 .104 514 3116 -2 7 3
486 1436 -2 4 4 477 139 BR 1224 .7 9 359 3121 200
139 1439 219 486 491 B R 1 2 2 4 .69 310 3121 213
491 1453 -2 6 5 139 478 B R 1 0 7 0 .76 349 3136 -2 9 1
478 1470 -2 5 4 491 92 B R 1 4 3 5 .102 496 3137 -2 5 6

92 1471 -2 6 6 478 293 B R 1 32 8 . 86 409 3143 179
293 1476 -1 7 0 92 523 B R 1 4 2 3 .104 512 3146 -2 4 9
523 1489 -2 2 0 293 390 B R 1 0 3 8 .5 0 256 3169 236
390 1501 260 523 85 B R 1 4 2 2 .101 490 3169 -2 3 9

85 1518 -3 0 2 390 89 B R 1 4 5 6 .105 517 3227 267
89 1539 104 85 475 ' B R 1 0 7 0 .54 262 3256 -1 7 1

475 1544 315 89 134 B R 916 .4 7 239 3343 -9 3
134 1551 312 475 536 B R 9 82 .41 213 3343 -2 0 8
536 1593 -2 8 4 134 507 B R 9 5 9 .3 9 206 3345 -5 3
507 1595 274 536 73 B R 1 4 4 5 .103 488 3345 283

73 1596 199 507 46 B R 1307 .8 3 391 3353 -1 3 5
46 1626 -1 0 7 73 376 B R 1 38 0 .9 7 454 3427 -2 4 0

376 1628 -2 0 4 46 159 B R 1 5 0 3 .110 552 3438 214
159 1635 212 376 450 B S 2 1 2 .A 63 3479 -4 3
450 1690 267 159 516 BS1 9 6 .A 53 3479 -4 8
516 1703 24 7 450 290 B S 2 0 3 .A 59 3479 -5 1
290 1705 -1 6 4 516 431 B S 200.A 55 3479 -5 4
431 1706 132 290 385 B S 193.A 50 3479 -5 5
385 1706 -2 2 5 431 234 B S 1 7 5 .A 34 3479 -6 4
234 1707 -7 9 385 461 B S 1 5 7 .A 3 34 79 64
461 1716 284 234 306 B S 1 2 9 .A 1 3479 -6 4
306 1724 -2 5 2 461 521 B S112A .A 64 3479 -6 4
521 1733 249 308 156 B S 202.A 58 3488 55
156 1740 -2 2 2 521 157 B S 172.A 31 3491 52
157 1746 -1 7 7 156 28 B S185A .A 44 3498 45

28 1750 -8 4 157 19 B S101A .A 11 3498 45
19 1750 -8 4 28 7 B R 863 .3 4 199 3505 54

7 1750 -8 4 19 561 B R 1 5 0 8 .110 556 3507 -2 5 4
561 1764 -2 8 1 7 392 B S 2 0 8 .A 61 3511 32
392 1771 -1 9 0 561 204 . B R 1338 .8 7 414 3528 252
204 1772 -1 9 8 392 493 B R 1 2 4 4 .71 315 3566 261
49 3 1786 294 204 252 B R 1 31 5 .8 4 396 3567 213
252 1827 94 493 327 BR1 4 0 7 .9 9 460 3572 262
327 1827 142 252 537 B R 1458. 105 509 3600 166
537 1832 14C 327 129 B R 1 5 2 9 .113 568 3686 150
129 1847 -3 1 0 537 417 B R 1 2 4 6 .71 314 3701 130
41 7 Id  5 i 2o6 129 15 BR1061 259 3701 135

15 1853 105 41 7 463 BS1 9 5 .A 52 3704 -1 0 7
463 1919 330 15 117 B R 6 83 .28 175 3704 123
117 1920 -2 3 7 463 272 B R 0 31 .27 167 3751 -6 7
272 1921 41 117 87 B R 9 46 .48 246 3755 -7 5

87 1941 -1 7 5 2^2 544

87
544
479
181
180
403
524
249

40
370
344
374
526
319
501
576
329
500
20S
331
498

68
530
503
197
372
531
195
489
378
112
457
145
360
456

72
299

71
108

24
25
32
47

131
10
43

419
549
133
192

60
140
465
166
176
164
151
305

81
574
285
102
570
451
407
564
423
404
235
394
514
359
310
349
496
409
512
256
490
517
262
239
213
206
488
391
454
552

63
53
59
55
50
34

3
1

64
58
31
44
11

199
556

61
414
315
396
460
509
568
314
259

52
175
167



311
371
278
155
375
119
142
189
341
297
389
444
203
551
538
406
421
578

91
350
473
429
148
173
163
499
277
439
361
379
440
325
144
316
244
534
200

78
387
333
174
483
471
511
510
470
136
346
110
520
522
377
540
224
218
348
227
276
546

66
428
462
241
532

74
210
413
317
307
515
177
366
275
281
351
357
147
303
579
422
292
312
302
266
539
369
300
365
146
583
270
388
401
559
182
436
426
481
476
273
345
445
395
125
295
433
149
u a
122
550
384
321
367

38
65

487

37 3762 -5 6 246 326
326 3771 -7 0 57 594
594 3782 -1 5 9 326 586
586 3789 236 594 393
393 3845 -1 1 6 586 283
283 3875 -1 5 5 393 577
577 3894 275 283 211
211 3899 118 577 187
187 3903 259 211 114
114 3907 161 187 529
529 3928 224 114 448
448 3953 -1 4 5 529 184
184 3956 212 448 569
569 3974 -1 9 5 184 5

5 3976 -7 4 569 557
557 3992 -1 5 2 5 342
342 3999 -1 2 6 557 291
291 3999 -1 2 7 342 121
121 4000 -1 2 7 291 80

SO 401 6 -1 8 1 121 279
279 4068 98 80 599
599 4124 196 279 600
600 4134 130 599 601
601 4143 -1 2 5 600 306
306 4173 -1 5 5 601 494
494 4190 238 306 598
598 4229 167 494 328
328 4284 -1 8 7 598 143
143 4295 188 328 558
558 4308 -1 9 7 143 381
381 4321 -2 4 5 558 566
566 4323 -2 8 7 381 16Q
160 432 9 278 566 416
416 4335 188 160 212
212 4340 176 416 469
469 4369 -3 2 3 212 485
485 438 8 192 469 497
497 440 0 -2 4 7 485 400
400 4401 -2 4 2 497 237
237 4466 115 400 82

82 4481 -8 3 237 232
232 448 8 92 82 334
334 4488 294 232 138
138 4492 -2 0 7 334 547
547 451 6 -2 1 8 138 593
593 4551 -2 7 5 547 201
201 4573 152 593 127
127 4610 239 201 548
548 463 6 294 127 335
335 4709 -1 9 8 548 238
238 4735 -1 7 2 335 54

54 4768 -4 8 238 48
48 4768 -5 2 54 56
56 476 8 -5 2 48 18
18 4768 64 56 179

179 4784 -1 4 6 18 527
527 4812 -9 3 179 438
438 4827 239 527 323
323 4836 141 438 368
368 4B46 263 323 132
132 4868 -2 4 2 368 154
154 4888 204 132 257
257 4888 -2 0 7 154 572
572 493 4 272 257 425
425 4956 245 572 230
230 4994 -1 2 0 425 541
541 5044 -2 6 3 230 84

84 5065 -1 0 7 541 88
88 5083 98 84 165

165 5083 99 88 402
402 5088 260 165 352
352 5090 -1 7 9 402 288
288 5114 -1 5 5 352 420
420 5125 278 288 581
581 5205 321 420 86

86 5206 -1 5 1 581 408
408 5221 201 86 565
565 5257 271 408 255
255 5304 199 565 533
533 5362 -2 6 6 255 399
399 5372 160 533 49

49 5386 106 399 339
339 5404 -2 2 9 49 437
437 5411 -2 1 8 339 158
158 5412 -2 0 0 437 269
269 5417 -9 0 158 474
474 5456 -2 7 2 269 198
198 5479 210 474 535
535 5495 -2 7 7 198 434
434 5498 -1 1 8 535 150
150 5508 -2 6 6 434 553
553 5515 209 150 264
264 5519 -1 5 5 553 251
251 5583 -5 1 264 362
362 5610 -2 1 8 251 67

67 5620 -1 5 8 362 480
480 5620 -2 4 0 67 580
580 5627 304 480 458
458 5630 -2 5 7 580 455
455 5707 -2 4 5 458 447
447 5710 154 455 585
585 5711 -1 7 7 447 194
194 5729 125 585 313
313 5735 -9 3 194 i l l
111 5742 -1 9 1 313 442
442 5749 -2 1 7 111 137
137 5879 -1 3 9 442 432
432 5915 -2 3 7 137 298
298 5916 202 432 169
169 5927 158 298 222
222 5934 239 169 405
405 5937 131 222 506
506 5938 -1 5 0 405 567
567 5948 309 506 107
107 5950 275 567 482
482 5963 199 107 39

PBBR117.A 39 6025 101 482
B R 1 22 5 .6 9 311 6085 206 39
B R 1 2 2 5 .7 9 371 6085 244 311
B R 1087 .5 8 278 6118 168 371
B R 6 44 .23 155 6122 262 278
B R 1 28 6 .8 1 375 6123 246 155
B R 5 7 9 .14 119 6126 -2 9 9 375
B R 6 34 .22 142 6147 -1 9 0 119
B R 7 4 5 .33 189 6155 -1 8 4 142
B R 1 1 5 5 .77 341 6172 237 189
B R 1 1 5 5 .62 297 6172 241 341
B R 1301 .8 3 389 6172 285 297
B R 1375 .9 7 444 6175 226 389
B R 9 6 4 .39 203 6209 -1 4 2 444
B R 1 5 0 1 .H 0 551 6219 255 203
B R 1 4 9 0 .108 538 6235 221 551
B R 1 22 3 .8 5 406 6240 -2 1 7 538
B R 1 33 1 .8 9 421 6256 -2 9 7 406
B R 1 S 2 8 .113 578 6257 25-7 421
B R 5 30 1 .1 0 91 6257 -2 7 1 578
B R 1 0 7 6 .77 350 6266 -2 0 0 91
B R 1 4 1 3 .100 473 6316 209 350
B R 1 34 0 .9 4 429 6320 160 473
B R 6 5 3 .24 148 6331 113 429
B R 7 0 0 .29 173 6366 107 148
BR7Q2.2 7 163 6367 108 173
BR1 4 4 2 .1 0 3 499 6391 -2 1 8 163
B R 1 0 7 6 .58 277 6407 -5 9 499
BR1 3 6 4 .9 6 4 39 6409 161 277
BR1 2 3 3 .7 8 361 6420 -2 3 8 439
S R 1 28 4 .8 1 379 6425 -1 9 2 361
B R 1365 .9 6 440 6428 176 379
B R 9 3 9 .75 325 6473 -2 0 6 440
B R 6 3 6 .22 144 6548 -1 9 5 325
B R 1 23 3 .7 0 316 6561 -9 7 144
B R 9 39 .48 244 6532 -9 8 316
B R 1 4 7 7 .107 534 6596 163 244
B R 8 6 S .35 200 6639 -2 4 7 534
B R 5 1 4 .1 78 6654 -1 5 1 200
B R 1 2 9 6 .8 2 387 6679 -2 0 7 78
B R 8 65 .74 333 6722 -1 6 1 387
B R 7 0 5 .29 174 6736 119 333
B R 1 4 3 2 .102 483 6738 -1 7 8 174
B R 1 41 0 .9 9 471 6750 -2 7 3 483
B R 1 4 6 2 .105 511 6756 -1 3 1 471
B R 1 4 6 1 .105 510 6771 -1 9 5 511
B R 1 40 8 .9 9 470 6773 320 510
B R 6 19 .21 136 6781 -2 0 9 470
B R 9 94 .76 346 6781 -2 6 8 136
B R 5 75 .13 110 6786 -2 3 3 346
B R 1 4 6 3 .105 520 6795 235 110
B R 1 4 7 5 .107 522 6795 257 52u
B R 1292 .8 2 377 6806 -1 7 6 522
B R 1 4 9 5 .108 540 6826 -2 3 0 377
B R 9 94 .42 224 6829 -2 2 0 540
B R 9 99 .42 218 6838 187 224
B R 1017 .7 6 348 6844 242 218
B R 1017 .4 4 227 6854 226 348
B R 1 10 5 .5 7 276 6856 207 227
3 R 1 4 9 2 .1 0 8 546 6914 211 276
SR101 66 6924 139 546
BR13S4.9 3 428 6967 269 66
B R 1394 .9 8 462 6969 319 428
B R 906 .4 6 241 7015 -1 4 0 462
B R 1 4 7 1 .106 532 7034 -2 5 7 241
B R 5 0 4 .1 74 7072 -2 3 1 532
B R 9 67 .39 210 7078 135 74
B R 1 32 1 .8 5 413 7099 -2 3 2 210
B R 1 2 3 5 .7 0 317 7148 -9 8 413
B R 1174.6S 307 7152 -1 8 2 317
BR1 4 5 2 .1 0 4 515 7157 199 307
B R 7 03 .29 177 7168 -1 4 4 515
B R 1 2 2 9 .78 366 7168 -2 3 9 177
BR11 0 1 .5 7 275 7189 76 366
B R 1 1 0 1 .58 281 7189 128 275
BR1 0 0 1 .7 7 351 7191 241 281
B R 1 1 7 8 .78 357 7215 -1 9 0 351
B R 6 42 .23 147 7218 -2 2 0 357
B R 1 17 8 .6 8 303 7273 -1 2 9 147
S R 1 5 3 0 .1 1 3 579 7292 312 303
B R 1 33 3 .8 9 422 7297 253 579
B R 1 1 7 4 .64 292 7305 -8 1 422
B R 1 2 2 9 .70 312 7308 -9 5 292
B R 1 19 5 .6 6 302 7 308 212 312
B R 1 0 9 6 .56 266 7318 144 302
B R 1 4 9 4 .108 539 7322 275 266
B R 1 2 7 0 .79 369 7329 -1 7 2 539
B R 1 18 7 .6 5 300 7331 160 369
B R 1 1 8 7 .78 365 7331 224 300
B R 6 39 .23 146 7331 248 365
B R 1 5 3 5 .113 583 7349 -2 9 0 146
B R 9 35 .52 270 7363 -2 1 2 583
B R 1299 .8 3 388 7398 -2 2 5 270
B R 1306 .8 3 401 7467 -2 4 2 388
B R 1 S 0 2 .110 559 7472 -2 6 9 401
B R 7 1 6 .30 182 7483 -2 1 4 559
8 R 13 4 6 .9 4 436 7496 180 182
BR13 5 5 .9 2 426 7505 -2 1 8 436
B R 1 4 3 7 .102 481 7511 285 426
B R 1 4 1 7 .100 476 7569 299 481
B R 1091 .5 6 273 7587 225 476
B R 9 5 8 .76 345 7593 -2 5 9 273
B R 1 37 6 .9 7 445 7600 -2 1 7 34 5
BR1 3 1 3 .8 4 395 7600 -2 4 4 445
B R S 9 4 .18 125 7601 -2 7 0 395
B R 1 1 4 9 .62 295 7606 -2 2 0 125
B R 1353 .9 5 433 7619 -2 0 3 295
B R 6 63 .25 149 7619 -2 2 0 433
B R 5 9 4 .15 118 7634 -2 2 8 149
B R 5 9 4 .16 122 7634 -2 3 7 118
B R 1 4 9 9 .109 550 7662 263 122
B R 1291 .8 2 384 7b88 -1 4 2 550
BR1 2 6 4 .7  3 321 7707 126 384
B R 1 26 4 .7 9 367 7708 249 321
PBBR109.A 38 7721 118 367
P B B R U 6 .A 65 7722 -1 0 9 38



130

185
484
466
196
332
214
282
286
225
219
588
162
172

41
294
356

0

487 7727 231 65 380
380 7739 194 487 205
205 7750 -1 0 1 380 188
188 7768 147 205 233
233 7805 116 188 261
261 7810 -2 0 6 233 340
340 7815 -2 0 1 261 115
113 7 8 / 5 -1 2  / 3 4 0 5 0 5
505 7886 203 115 528
528 7890 266 505 519
519 7922 2 34 528 584
564 7954 -2 1 7 519 364
364 7966 221 584 338
338 8002 213 364 253
253 8003 213 338 268
268 8009 204 253 630
630 8021 24 268 37

37 8026 130 630 193
193 8077 137 37 322
322 8107 -2 0 8 193 363
363 8141 -1 7 6 322 631
631 8141 87 363 602
602 8200 172 631 296
296 B200 223 602 571
571 8234 -2 4 8 296 247
247 8264 138 571 611
611 8316 96 24 7 472
472 8352 -1 1 8 611 604
604 8378 114 472 223
223 8379 172 604 615
615 8382 139 223 603
603 8385 -1 1 2 615 605
605 8393 -7 6 603 42

42 8397 -8 5 605 597
597 8405 -2 2 7 42 190
190 8413 68 597 607
607 8413 127 190 614
614 8432 103 607 563
563 8446 -2 2 5 614 592
592 8460 176 563 621
621 8508 79 592 171
171 8513 72 621 628
628 8513 114 171 629
629 8513 -1 1 4 628 591
591 8562 123 629 622
622 8605 -7 7 591 554
554 8631 129 622 443
443 8642 190 554 508
508 8650 -2 1 3 44 3 587
587 B656 -1 4 7 508 452
452 8660 -2 6 5 587 101
101 8691 230 452 17

17 8693 74 101 83
83 8714 118 17 153

153 8716 207 83 260
260 8717 -1 0 7 153 415
415 8761 244 260 358
358 8775 206 415 309
309 8775 222 358 90

90 881 0 187 309 606
606 8817 104 90 170
170 8841 -7 2 606 240
240 8847 79 170 590
590 885 4 189 240 618
618 8892 159 590 609
609 8896 125 618 608
608 8e98 102 609 633
633 8919 77 608 619
619 8928 97 633 620
620 8929 74 619 610
610 8941 95 620 595
595 8971 -2 2 4 610 596
596 8972 -1 9 8 595 616
616 8983 -1 3 6 596 617
617 8990 -1 3 6 616 613
613 8990 -1 4 4 617 612
612 9031 -1 2 6 613 104
104 9039 257 612 336
336 9076 -1 9 8 104 8

8 9084 158 336 191
191 9084 293 a 542
542 9088 -1 2 9 191 221
221 9101 241 542 13

13 9106 157 221 468
468 9106 -3 2 5 13 14

14 9108 52 468 418
418 9126 -2 2 8 14 495
495 9127 -2 8 4 418 543
54 3 9144 -2 4 6 495 284
284 9161 184 543 353
353 9161 243 284 467
467 9185 -3 2 8 353 525
525 9186 -1 5 8 467 287
287 9213 211 525 446
446 9237 -1 8 4 287 398
398 9262 290 446 21

21 9304 -8 3 398 254
254 9306 202 21 427
427 9313 279 254 386
386 9375 -1 1 9 427 12

12 9387 116 386 26
26 9387 -1 3 8 12 2

2 9387 169 26 33
33 9387 169 2 36
36 9387 169 33 513

513 9387 186 36 6

6 9402 -1 5 4 513 449
44 9 9421 234 6 216
216 94 37 141 449 435
435 9476 230 216 128
128 9536 240 435 76

76 9551 -1 7 7 128 4
4 9552 215 76 123

B R 1 1 92 .66
B R 5 9 S . 1 9
BR 1005.7 6
B R 7 1 8 .30
B R 1 4 3 3 .102
8 R 14 0 3 .9 9
B R 8 6 1 .3 4
B R 861.74
B R 983.41
B R 1 1 1 5 .58
B R 1 H 5 .6 0
B R 1 0 05 .43
B R 1 0 03 .43
B R 1 H 5 .115
B R 697.27
B R 6 9 6 .2 8
PBBR121.A
B R 1 1 61 .63
B R 1161 .77

301 9577 169
1 3 0 9 5 7 9 1 9 6

347 9609 -2 6 4
185 9620 -2 6 9
484 9631 -2 4 1
466 9639 -2 9 1
196 9670 226
332 967 3 264
214 9675 235
282 9705 1 2 2

286 9714 296
225 97 34 -1 1 7
219 9751 -1 2 7
588 9790 252
162 9852 -1 3 1
172 9857 -1 2 6

41 9911 -9 5
294 9933 -1 0 9
356 9934 -1 0 8

123
3 0 1
130
347
185
484
466
196
332
214
282
286
225
219
588
162
172

41
294



Figure 3.6 Recombinant M13 clones used to sequence 
BamHI e

A sorted list of recombinant M13 clones used to 
sequence the Smal-BamHI subfragment of BamHI e is given. 
Alongside the clone name is the identity number of the 
sequence reading, the position and orientation in the 
database, the length of the reading and the identity numbers 
of the clones to the left and right in the database.



A R 1 31 .4 19
■AR217. 15 76
A R 3 8 4 .22 101
AR 391. 23 103
A R 4 0 4 .27 120
A R 1 6 5 .8 43
A R 148. 19 85
AR169 . 8 45
A R 3 65 .20 43
.AR 154.6 38
A ft3 85 . 22 110
A R 2 1 6 .15 82
AH 3 7 5 . 22 99
A R 1 2 8 .4 16
A ft1 5 9 .7 40
Aft 1 58 . 7 41
A R 4 01 .24 105
A H 2 2 1 .15 84
-Aft 2 1 0 . 14 79
•Aft3 87 . 23 102
A ft1 4 0 .5 26
A R 4 0 2 .24 106
A R 1 9 4 .11 59
A ft17 7 .9 55
A ft1 3 9 .5 25
AR2Q1. 12 61
A R 3 8 0 .22 100
AR215 .1 9 86
-AR393. 23 114
AR213. 14 81
A R 397 .2 4 117
A R 3 9 0 .23 113
A R 3 6 3 .20 92
A R 4 0 3 .2 4 119
A ft1 3 2 .4 20
A R 1 6 6 .8 51
A f t l6 7 .8 44
A ft2 0 2 .1 4 78
A H 3 7 3 .2 1 96
A R 4 0 5 .27 121
A R 1 2 5 .1 5
A H 2 0 8 .12 72
A R 1 5 5 .7 39
A R 3 7 6 .21 90
A R 1 8 2 .10 58
A R 3 8 6 .2 3 111
A ft3 8 1 .22 108
A ft1 7 9 .9 49
A R 1 3 3 .4 21
A R 1 9 2 .11 64
A H 3 8 8 .23 112
A R 3 7 9 .22 107
A H 3 6 7 .2 0 95
A R 3 78 .21 97
A R 1 1 6 .3 11
A R 1 5 6 .7 33
A R 1 9 8 .11 67
A R 1 4 5 .6 36
A R 1 5 7 .7 34
A A 1 9 1 .1 1 63
A f t 1 4 6 .6 32
A H 3 7 2 .2 2 98
A R 1 3 5 .5 23
A f t 3 9 5 .2 4 116
A R 1 9 5 .11 66
A R 1 72 .8 54
A R 1 6 8 .3 52
A R 1 4 1 .5 27
A R 1 4 2 .5 28
A R 1 2 4 .1 4
A R 1 9 9 .11 60
A R 2 0 4 .12 69
A R 3 6 4 .20 87
A R 3 6 9 .20 38
A R 1 1 3 .3 35
A R 1 4 7 .6 37
A R 2 1 4 .14 80
A R 3 6 1 .2 0 91
A R 2 2 0 .15 83
A R 2 0 3 .12 70
A R 1 4 3 .6 31
A R 205. 12 71
A R 2 0 0 .12 6 8
A R 1 6 1 .7 42
A R 1 3 0 .4 18
Aft 1 38 . 5 24
A R 1 2 9 .4 17
A R 3 9 4 .2 3 115
A R 2 1 2 .14 75
.Aft 1 3 4 . 5 22
A R 1 7 0 .8 46
A R 1 6 4 .8 50
A R 3 71 .21 89
3 9 4 .H 125
AJR163. 14 74
A R 1 7 0 .34 123
A R 2 1 2 .3 4 122
A R 3 8 3 .2 2 109
A R 1 8 1 .9 56
A R 1 9 3 .11 65
A R 1 2 6 .1 6
A ft2 0 6 .1 2 62
A R 2 1 8 .15 77
.Aft3 6 6 . 20 94
A R 4 00 .24 118
.Aft3 9 8 . 24 104
Aft 1 7 8 .9 57
A H 2 0 9 .13 73
A R 1 2 6 .33 124

115 0 76
167 19 101
178 76 103
182 101 120
192 103 43
247 120 85
276 43 45
284 85 93
134 45 38
155 93 110
L32 38 82

-2 4 0 110 99
-9 0 82 16
176 39 40
243 16 41
211 40 105

-1 3 1 41 84
242 105 79
237 84 102

-1 7 7 79 26
-2 3 5 102 106

195 26 59
-2 5 9 106 55

272 59 25
135 55 61
246 25 100
185 61 86
249 100 114
179 86 81

-2 6 0 114 117
-2 3 7 81 113

140 117 92
-2 0 0 113 119
-2 8 4 92 20
-2 0 4 119 51

205 20 44
-2 4 1 51 78
-2 7 2 44 96
-2 5 6 78 121
-2 0 6 96 5
-2 1 2 121 72

182 5 39
152 72 90

-1 4 1 39 58
-1 8 3 90 111
-2 1 3 58 108
-2 0 9 111 49

237 108 21
210 49 64

-2 4 7 21 112
- i a i 64 107

185 112 95
-2 2 2 107 97
-1 5 3 95 11
-2 0 5 97 33
-1 7 1 11 67
-1 6 3 33 36
-1 8 7 67 34

133 36 63
111 34 32
122 63 98
181 32 23

-1 9 8 98 116
-2 5 1 23 66

203 116 54
255 66 52 _

-2 5 0 54 27
-1 3 7 52 28
-1 7 9 27 4

211 28 60
-2 3 3 4 69

261 60 87
22a 69 88

-2 2 0 87 35
-7 5 88 37
230 35 80

-2 7 9 37 91
221 80 83
230 91 70
217 83 31

-1 4 9 70 71
-2 5 8 31 68

208 71 42
-1 5 4 68 18

206 42 24
-1 5 3 18 17

177 24 115
-2 0 3 17 75
-2 5 1 115 22

179 75 46
267 22 50

-2 1 4 46 89
-2 0 0 50 125
-1 0 7 89 74
-2 6 5 125 123

68 74 122
-7 2 123 109

-2 2 9 122 56
190 109 65

-2 9 6 56 6
252 65 62

-2 2 6 6 77
-2 4 0 62 94
-2 6 2 77 118
-2 5 8 94 104
-2 2 3 118 57
-2 0 3 104 73
-1 9 0 57 124

41 73 0

I
1
1
1
I
1
1
1
5

38
156
175
284
309
325
504
551
579
589
632
753
825
826
832
940
347

1003
1047
1052
1070
1124
1133
1168
1190
1195
1220
1224
1288
1319
1443
1458
1472
1557
1584
1615
1619
1622
1635
1639
1693
1695
1706
1711
1731
1733
1738
1786
1791
1326
1830
1837
1890
1906
1932
1945
1989
2065
2154
2154
2155
2201
2240
2249
2271
2277
2295
2295
2298
2305
2315
2328
2341
2376
2414
2420
2451
2567
2579
2583
2592
2624
2626
2628
2675
2690
2708
2716
2815
2845
2862
2869
2884
2888
2896
2902
2914
2955
2970
3120



Figure 3.7 Sequence of BamHI b

The entire sequence of the BamHI b restriction
fragment determined using the recombinant M13 clones listed 
in figure 3.5, as compilled in figure 3.3 is shown in the
following pages. Numbering starts at the left BamHI site.
The sequence is given for the 5' to 3' strand of the 
fragment, left to right, as orientated in the P genome
arrangement.



10 20 30 40 50 60 70 80 90 100 110 120
GGATCCCAAC GACCCCGCCC ATGGGTCCCA ATTGGCCGTC CCGTTACCAA GACCAACCCA GCCAGCGTAT CCACCCCCGC CCGGGTCCCC GCGGAAGCGG AACGGGGTAT GTGATATGCT

130 140 150 160 170 180 190 200 210 220 230 24 0
AATTAAATAC ATGCCACGTA CTTATGGTGT CTGATTGGTC CTTGTCTGTG CCGGAGGTGG GGCGGGGGCC CCGCCCGGGG GGCGGAACGA GGAGGGGTTT GGGAGAGCCG GCCCCGGCAC

250 260 270 280 290 300 310 320 330 340 350 360
CACGGGTATA AGGACATCCA CCACCCGGCC GGTGGTGGTG TGCAGCCGTG TTCCAACCAC GGTCACGCTT CGGTGCCTCT CCCCGATTCG GGCCCGGTCG CTCGCTACCG GTGCGCCACC

3 70 380 390 400 410 420 430 440 450 460 470 460
ACCAGAGGCC ATATCCGACA CCCCAGCCCC GACGGCAGCC GACAGCCCGG TCATGGCGAC TGACATTGAT ATGCTAATTG ACCTCGGCCT GGACCTCTCC GACAGCGATC TGGACGAGGA

4 9 0 500 510 520 530 540 550 560 570 580 590 600
CCCCCCCGAG CCGGCGGAGA GCCGCCGCGA CGACCTGGAA TCGGACAGCA GCGGGGAGTG TTCCTCGTCG GACGAGGACA TGGAAGACCC CCACGGAGAG GACGGACCGG AGCCGATACT

6 10 620 630 640 650 660 670 680 690 700 710 720
CGACGCCGCT CGCCCGGCGG TCCGCCCGTC TCGTCCAGAA GACCCCGGCG TACCCAGCAC CCAGACGCCT CGTCCGACGG AGCGGCAGGG CCCCAACGAT CCTCAACCAG CGCCCCACAG

730 740 750 760 770 780 790 800 810 820 830 84 0
TGTGTGGTCG CGCCTCGGGG CCCGGCGACC GTCTTGCTCC CCCGAGCAGC ACGGGGGCAA GGTGGCCCGC CTCCAACCCC CACCGACCAA AGCCC AGCC T GCCCGCGGCG GACGCCGTGG

6 5 0 660 870 880 890 900 910 920 930 940 950 960
GCGTCGCAGG GGTCGGGGTC GCGGTGGTCC CGGGGCTGCC GATGGTTTGT CGGACCCCCG CCGGCGTGCC CCCAGAACCA ATCGCAACCC TGGGGGACCC CGCCCCGGGG CGGGGTGGAC

9 7 0 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1060
GGACGGCCCC GGCGCCCCCC ATGGCGAGGC GTGGCGCGGC AGTGAGCAGC CCGACCCACC CGGAGGCCAG CGGACACGGG GCGTGCGCCA AGCACCCCCC CCGCTAATGA CGCTGGCGAT

1 09 0 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
TGCCCCCCCG CCCGCGGACC CCCGCGCCCC GGCCCCGGAG CGAAAGGCGC CCGCCGCCGA CACCATCGAC GCCACCACGC GGTTGGTCCT GCGC TCC ATC TCCGAGCGCG CGGCGGTCGA

1 21 0 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
CCGCATCAGC GAGAGCTTTG GCCGCAGCGC ACAGGTCATG CACGACCCCT TTGGGGGGC A GCCGTTTCCC GCCGCGAATA GCCCCTGGGC CCCGGTGCTG GCGGGCCAAG GAGGGCCCTT

1 33 0 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
TGACGCCGAG ACCAGACGGG TCTCCTGGGA AACCTTGGTC GCCCACGGCC CGAGCCTCTA TCGCACTTTT GCCGGCAATC CTCGGGCCGC ATCGACCGCC AAGGCCATGC GCGACTGCGT

1 45 0 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560
GCTGCGCCAA GAAAATTTCA TCGAGGCGCT GGCCTCCGCC GACGAGACGC TGGCGTGGTG CAAGATGTGC ATCCACCACA ACCTGCCGCT GCGCCCCCAG GACCCCATTA TCGGGACGAC

1 57 0 158 0 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680
CGCGGCTGTG CTGGATAACC TCGCCACGCG CCTGCGGCCC TTTCTCCAGT GCTACCTGAA GGCGCGAGGC CTGTGCGGCC TGGACGAACT GTGTTCGCGG CGGCGTCTGG CGGACATTAA

1 69 0 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
GGACATTGCA TCCTTCGTGT TTGTCATTCT GGCCAGGCTC GCCAACCGCG TCGAGCGTGG CGTCGCGGAG ATCGACTACG CGACCCTTGG TGTCGGGGTC GGAGAGAAGA TGCATTTCTA

1 61 0 1820 1830 1840 1850 1860 1870 1B80 1890 1900 1910 1920
CCTCCCCGGG GCCTGCATGG CGGGCCTGAT CGAAATCCTA GACACGCACC GCCAGGAGTG TTCGAGTCGT GTCTGCGAGT TGACGGCCAG TCACATCGTC GCCCCCCCGT ACGTGCACGG

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040
CAAATATTTT TATTGCAACT CccTGTTTTA GGTACAATAA AAACAAAACA TTTCAAACAA ATCGCCCCTC GTGTTGTCCT TCTTTGCTCA TGGCCGGCGG GGCGTGGGTC ACGGCAGATG

2 05 0 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2160
GCGGGGGTGG GCCCGGCGTA CGGCCTGGGT GGGCGGAGGG AACTAACCCA ACGTATAAAT CCGTCCCCGT TCCAAGGCCG GTGTCATAGT GCCCTTAGGA GCTTCCCGCC CGGGCGCATC

2 17 0 2180 2190 2200 2210 2220 2230 2240 2250 2260 2270 2280
CCCCCTTTTG CACTATGACA GCGACCCCCC TCACCAACCT GTTCTTACGG g c c c c g g a c a TAACCCACGT GGCCCCCCCT TACTGCCTCA ACGCCACCTG GCAGGCCGAA ACGGCCATGC

2 2 9 0 2300 2310 2320 2330 2340 2 35 0 2360 2370 2380 2390 2400
ACACCAGCAA AACGGACTCC GCTTGCGTGG CCGTGCGGAG TTACCTGGTC CGCGCCTCCT GTGAGACCAG CGGCACAATC CACTGCTTTT TCTTTGCGGT ATAC AAGGAC ACCCACCACA

2 41 0 2420 2430 2440 2450 2460 2470 2480 2490 2500 2510 2520
CCCCTCCGCT GATT ACC GAG c t c c g c a a c t TTGCGGACCT GGTTAACCAC CCGCCGGTCC TACGCGAACT GGAGGATAAG CGCGGGGTGC GGCTGCGGTG TGCGCGGCCG TTTAGCGTCG

253 0 2540 2550 2560 2570 2580 2590 2600 2610 2620 2630 2640
GGACGATTAA GGACGTCTCT GGGTCCGGCG CGTCCTCGGC GGGAGAGTAC ACGATAAACG GGATCGTGTA CCACTGCCAC TGTCGGTATC CGTTCTCAAA AACATGCTGG ATGGGGGCCT

2 6 5 0 2660 . 2670 2680 2690 2700 2 71 0 2720 2730 2740 2750 2760
CCGCGGCCCT ACAGCACCTG CGCTCCATCA GCTCCAGCGG CATGGCCGCC CGCGCGGC AC- AGCATCGACG CGTCAAGATT AAAATTAAGG CGTGATCTCC AACCCCCCCA TGAATGTGTG

2 7 7 0 2780 2790 2800 2810 2620 2830 2840 2850 2860 2870 2860
TAACCCCCCC CAAAAAAATA AAGAGCCGTA ACCCAACCAA ACCAGGCGTG GTGTGAGTTT GTGGACCCAA AGCCCTCAGA GACAACGCGA CAGGCCAGTA TGGACCGTGA TACTTTTATT

2 6 9 0 2 90 0 2910 2920 2930 2940 2950 2960 2970 29B0 2990 3000
TATTAAC TC A CAGGGGCGCT TACCGCCACA GGAATACCAG AATAATGACC ACCACAATCG CGACCACCCC AAATACAGCA TGGCGCCACA CCACGCCACA ACAGCCCTGT CGCCGGTATG

3 01 0 3020 3030 3040 3050 3060 3070 3080 3090 3100 3110 3120
GGGCATGATC AGACGAGCCG CGCCGCGCGT TGGGCCCTGT ACAGCTCGCG CGAATTGACC CTAGGAGGCC GCCACGCGCC CGAGTTTTGC GTTCGTCGCT GGTCGTCGGG CGCCAAAGCC

3130 3140 3150 3160 3170 3180 3190 3200 3210 3220 3230 3240
CCGGACGGCT GTTCGGTCGA ACGAACGGCC ACGACAGTGG CATAGGTTGG GGGGTGGTCC GACATAGCCT CGGCGTACGT CGGGAGGCCC GACAAGAGGT CCCTTGTGAT GTCGGGTGGG

325 0 3260 3270 3280 3290 3300 3310 3320 3330 3340 3350 3360
GCCACAAGCC TGGTTTCCGG AAGAAACAGG GGGGTTGCCA ATAACCCGCC AGGGCCAAAA CTCCGGCGCT GCGCACGTCG TTCGGCGCGG CGCCGGGCGC GCCGAGCGGC TCGCTGGGCG

337 0 3380 3390 3400 3410 3420 3430 3440 34 50 3460 3470 3460
GCTTGGCGTG AGCGGCCCCG CTCCGACGCC TCGCCCTCTC CGGAGGAGGT TGGCGGAATT GGCACGGAC A ACAGGGGCCC AGCAGAGTAC GGTGGAGGTG GGTCCGTGGG GGTGTCCAGA

3 49 0 3500 3510 3520 3530 3540 3550 3560 3570 3580 3590 3600
TCAATAACGA CAAACGGCCC CTCGTTCCTA CCAGACAAGC TATCGTAGGG GGGCGGGGGA TCAGCAAACG CGTTCCCCGC GC TCC ATAAA CCCGCGTCGG GTTGCGCCGC CTCCGAAGCC



3 6 1 0  3 6 2 0  3 6 3 0  3 6 4 0  3 6 5 0  3 6 6 0  3 6 7 0  3 6 8 0  3 6 9 0  3 7 0 0  3 7 1 0  3 7 2 0
ATGGATGCGC CCCAAAGCCA CGACTCCCGC GCGCTAGGTC CTTGGGGTAA TGGAAAAGGC CCTACTCCCC ATCCAAGCCA GCCAAGTTAA CGGGCTACGC CTTCGGGAAT GGGACTGGCA

3 7 3 0  3 7 4 0  3 7 5 0  3 7 6 0  3 7 7 0  H 7 8 0 ^ F £ W ^ 3 7 9 0  3 8 0 0  3 8 1 0  3 8 2 0  3 8 3 0  3 8 4 0
CCCCGGCGGA TTTTGTTGGG CTGGCATGCG TCGCCCAACC GAGGGCCGCG TCCACGGGAC GCGCCTTTTA TAACCCCGGG GGTCATTCCC AACGATCACA TGCAATCTAA CTGGCTCCCC

3 8 5 0  3 8 6 0  3 8 7 0  3 8 8 0  3 8 9 0  3 9 0 0  3 9 1 0  3 9 2 0  3 9 3 0  3 9 4 0  3 9 5 0  3 9 6 0
TCTCCCCCCC TCTCCCCTCT CCCCCCCTCT CCCCTCTCCC CCCCTCTCCC CTCTCCCCCC CTCTCCCCTC TCCCCTCTGC TCTTTCCCCG TGACACCCGA CGCTGGGGGC GTGGCTGCCG

3 9 7 0  3 9 8 0  3 9 9 0  4 0 0 0  4 0 1 0  4 0 2 0  4 0 3 0  4 0 4 0  4 0 5 0  4 0 6 0  4 0 7 0  4 0 8 0
GGAGGGGCCG CGGATGGGCG GGCCTACTTG GTTTCCCGCC CCCCCCCCCC CCCCCCGAAC CGCCCCGCCG GCTTTGCCCC CCTTTGATCC CCTGCTACCC CCAACCCGTG CTGGTGGTGC

4 0 9 0  4 1 0 0  4 1 1 0  4 1 2 0  4 1 3 0  4 1 4 0  4 1 5 0  4 1 6 0  4 1 7 0  4 1 8 0  4 1 9 0  4 2 0 0
GGGTTGGGGG GGGATGTGGG CGGGGGTGCG CGGGAGGTGT CGGTGGTGGT GGTGGTGGTG GTAGTAGGAA TGGTGGTGAG GGGGGGGGGG CGCTGGTTGG TCAAAAAAGG GAGGGACGGG

4 2 1 0  4 2 2 0  4 2 3 0  4 2 4 0  4 2 5 0  4 2 6 0  4 2 7 0  4 2 8 0  4 2 9 0  4 3 0 0  4 3 1 0  4 3 2 0
GGCCGGCAGA CCGACGGCGA CAACGCTCCC CGGCGGCCGG GTCGCGGCTC TTACGAGCGG CCCGGCCCGC GCTCCCACCC CCCGGGCCGT GTCCTTGCTT TCCCCCCGTC TCCCCCCCCC

4 3 3 0  4 3 4 0  4 3 5 0  4 3 6 0  4 3 7 0  4 3 8 0  4 3 9 0  4 4 0 0  4 4 1 0  4 4 2 0  4 4 3 0  4 4 4 0
CCGCCTTCTC CTCCTCCTCC TC G TTTTTCC AAACCCCGCC CACCCGGCCC GGCCCGGCCC GGCCCGGCCC GGCCACCGCC GCCCACCCAC CCACCTCGGG ATACCCAGCC CCGGTCCCCC

4 4 5 0  4 4 6 0  4 4 7 0  4 4 8 0  4 4 9 0  4 5 0 0  4 5 1 0  4 5 2 0  4 5 3 0  • 4 5 4 0  4 5 5 0  4 5 6 0
GTTCCCCGGG GGCCGTTATC TCCAGCGCCC CGTCCGGCGC GCCGCCCCCC GCCGCTAAAC CCCATCCCGC CCCCGGGACC C C AC ATATAA GCCCCCAGCC ACACGCAAGA ACAGACACGC

4 5 7 0  4 5 6 0  4 5 9 0  4 6 0 0  4 6 1 0  4 6 2 0  4 6 3 0  4 6 4 0  4 6 5 0  4 6 6 0  4 6 7 0  4 6 8 0
AGAACGGCTG t g t t t a t t t a  a a t a a a c c a a  t g t c g g a a t a  a a c a a a c a c a  a a c a c c c g c g  a c g g g g g g a c  g g a g g g g a c g  GAGGGAGGGG g t g a c g g g g g  a c g g g a a c a g  a c a c a a a a a c

4 6 9 0  4 7 0 0  4 7 1 0  4 7 2 0  4 7 3 0  4 7 4 0  4 7 5 0  4 7 6 0  4 7 7 0  4 7 8 0  4 7 9 0  4 8 0 0
AACCACAAAA AACAACCACC CACCGACACC CCCACCCCAG TCTCCTCGCC TTCTCCCACC CACCCCACGC CCCCACTGAG CCCGGTCGAT CGACGAGCAC CCCCGCCCAC G^CCCCGCCC

4 8 1 0  4 8 2 0  4 B 3 0  4 8 4 0  4 8 5 0  4 S 6 0  4 8 7 0  4 8 8 0  4 6 9 0  4 9 0 0  4 9 1 0  4 9 2 0
CTGCCCCGGC GACCCCCGGC CCGCACGATC CCGACAACAA TAACAACCCC AACGGAAAGC GGCGGGGTGT TGGGGGAGGC GAGGAACAAC CGAGGGGAAC GGGGGATGGA AGGACGGGAA

4 9 3 0  4 9 4 0  4 9 5 0  4 9 6 0  4 9 7 0  4 9 8 0  4 9 9 0  5 0 0 0  5 0 1 0  5 0 2 0  5 0 3 0  5 0 4 0
GTGGAAGTCC TGATACCCAT CCTACACCCC CCTGCCTTCC ACCCTCCGGC CCCCCGCGAG TCCACCCGCC GGCCGGCTAC CGAGACCGAA CACGGCGGCC GCCGCAGCCG CCGCAGCCGC

5 0 5 0  5 0 6 0  5 0 7 0  5 0 8 0  5 0 9 0  5 1 0 0  5 1 1 0  5 1 2 0  5 1 3 0  5 1 4 0  5 1 5 0  5 1 6 0
CGCCGACACC GCAGAGCCGG CGCGCGCACT CACAAGCGGC AGAGGCAGAA AGGCCCAGAG TC A TTG TTTA TGTGGCCGCG GGCCAGCAGA CGGCCCGCGA CACCCCCCCC CCGCCCGTGT

5 1 7 0  5 1 8 0  5 1 9 0  5 2 0 0  5 2 1 0  5 2 2 0  5 2 3 0  5 2 4 0  5 2 5 0  5 2 6 0  5 2 7 0  5 2 8 0
GGGTATCCGG CCCCCCGCCC CGCGCCGGTC CATTAAGGGC GCGCGTGCCC GCGAGATATC AATCCGTTAA GTGCTCTGCA GACAGGGGCA CCGCGCCCGG AAATCCATTA GGCCGCAGAC

5 2 9 0  5 3 0 0  5 3 1 0  5 3 2 0  5 3 3 0  5 3 4 0  5 3 5 0  5 3 6 0  5 3 7 0  5 3 8 0  5 3 9 0  5 4 0 0
GAGGAAAATA AAATTACATC ACCTACCCAC GTGGTGCTGT GGCCTGTTTT TGCTGCGTCA TCTCAGCCTT TATAAAAGCG GGGGCGCGGC CGTGCCGATC GCGGGTGGTG CGAAAGACTT

5 4 1 0  5 4 2 0  5 4 3 0  5 4 4 0  5 4 5 0  5 4 6 0  5 4 7 0  5 4 8 0  5 4 9 0  5 5 0 0  5 5 1 0  5 5 2 0
TCCGGGCGCG TCCGGGTGCC GCGGCTCTCC GGGCCCCCCT GCAGCCGGGG CGGCCAAGGG GCGTCGGCGA CATCCTCCCC CTAAGCGCCG (klCGGCCGCT GGTCTGTTTT TTCGTTTTCC

5 5 3 0  5 5 4 0  5 5 5 0  5 5 6 0  5 5 7 0  5 5 8 0  5 5 9 0  5 6 0 0  5 6 1 0  5 6 2 0  5 6 3 0  5 6 4 0
CCGTTTCGGG GGTGGTGGGG GTTGCGGTTT C T G T T T C T T T  AACCCGTCTG GGGTGTTTTT CGTTCCGTCG CCGGAATGTT TCGTTCGTCT GTCCCCTCAC GGGGCGAAGG CCGCGTACGG

5 6 5 0  5 6 6 0  5 6 7 0  5 6 8 0  5 6 9 0  5 7 0 0  5 7 1 0  5 7 2 0  5 7 3 0  5 7 4 0  5 7 5 0  5 7 6 0
CCCGGGACGA GGGGCCCCCG ACCGCGGCGG TCCGGGCCCC GTCCGGACCC GCTCGCCGGC ACGCGACGCG AAAAAGGCCC CCCGGAGGCT TTTCCGGGTT CCCGGCCCGG GGCCTGAGAT

5 7 7 0  5 7 8 0  5 7 9 0  5 8 0 0  5 8 1 0  5 8 2 0  5 8 3 0  5 8 4 0  5 & 5 0  5 8 6 0  5 8 7 0  5 8 8 0
GAACACTCGG GGTTACCGCC AACGGCCGGC CCCCGTGGCG GCCCGGCCCG GGGCCCCGGC GGACCCAAGG GGCCCCGGCC CGGGGCCCCA CAACGGCCCG GCGCATGCGC TGTGGTTTTT

5 8 9 0  5 9 0 0  5 9 1 0  5 9 2 0  5 9 3 0  5 9 4 0  5 9 5 0  5 9 6 0  5 9 7 0  5 9 8 0  5 9 9 0  6 0 0 0
TTTTCCTCGG TGTTCTGCCG GGCTCCATCG CCTTTC C TG T TCTCG CTTCT CCCCCCCCCC TTCTTCACCC CCAGTACCCT CCTCCCTCCC TTCCTCCCCC GTTATCCCAC TCGTCGAGGG

6 0 1 0  6 0 2 0  6 0 3 0  6 0 4 0  6 0 5 0  6 0 6 0  6 0 7 0  6 0 8 0  6 0 9 0  6 1 0 0  6 1 1 0  6 1 2 0
CGCCCCGGTG TCGTTCAACA AAGACGCCGC GTTTCCAGGT AGGTTAGACA CCTGCTTCTC CCCAATAGAG GGGGGGGACC CAAACGACAG GGGGCGCCCC AGAGGCTAAG GTCGGCCACG

6 1 3 0  6 1 4 0  6 1 5 0  6 1 6 0  6 1 7 0  6 1 8 0  6 1 9 0  6 2 0 0  6 2 1 0  6 2 2 0  6 2 3 0  6 2 4 0
CCACTCGCGG GTGGGCTCGT GTTACAGCAC ACCAGCCCGT TCTTTTCCCC CCCTCCCACC CTTAGTCAGA CTCTG TTAC T TACCCGTCCG ACCACCAACT GCCCCCTTAT CTAAGGGCCG

6 2 5 0 6 2 6 0 6 2 7 0 6 2 8 0 6 2 9 0 6 3 0 0 6 3 1 0 6 3 2 0 6 3 3 0 6 3 4 0 6 3 5 0 6 3 6 0
GCTGGAAGAC CGCCAGGGGG TCGGCCGGTG TCGCTGTAAC CCCCCACGCC AATGACCCAC GTACTCCAAG AAGGCATGTG TCCCACCCCG CCTGTGTTTT TGTGCCTGGC TCTCTATGCT

6 3 7 0 6 3 8 0 6 3 9 0 6 4  0 0 6 4 1 0 6 4 2 0 6 4 3 0 6 4 4 0 6 4 5 0 6 4 6 0 64  70 6 4 6 0
TGGGTCTTAC TGCCTGGGGG GGGGGAGTGC GGGGGAGGGG GGGTGTGGAA GGAAATGCAC GGCGCGTGTG TACCCCCCCT a a a g t t g t t c CTAAAGCGAG GATACGGAGG AGTGGCGGGT

6 4 9 0 6 5 0 0 6 5 1 0 6 5 2 0 6 5 3 0 6 5 4 0 6 5 5 0 6 5 6 0 6 5 7 0 6 5 8 0 6 5 9 0 6 6 0 0
GCCGGGGGAC CGGGGTGATC TCTGGCACGC GGGGGTGGGA AGGGTCGGGG GAGGGGGGGA TGGAGTACCG GCCCACCTGG CCGCGCGGGT GCGCGTGCCT TTGCACACCA ACCCCACGTC

6 6 1 0 6 6 2 0 6 6 3 0 6 6 4 0 6 6 5 0 6 6 6 0 6 6 7 0 6 6 8 0 6 6 9 0 6 7 0 0 6 7 1 0 6 7 2 0

CCCCGGCGGT CTCTAAGAAG CACCGCCCCC C CTCCTTCAT ACCACCGAGC ATGCCTGGGT GTGGGTTGGT AACCAACACG CCCATCCCCT CGTCTCCTGT GATTCTCTGG CTGCACCGCA

6 7 3 0 6 7 4 0 6 7 5 0 6 7 6 0 6 7 7 0 6 7 8 0 6 7 9 0 6 8 0 0 6 8 1 0 6 8 2 0 6 8 3 0 6 8 4 0

TTC TTG TTTT CTAACTATGT TC CTG TTTCT GTCTCCCCCC CCCCCACCCC TCCGCCCCAC CCCCCAACAC CCACGTCTGT GGTGTGGCCG ACCCCCTTTT GGGCGCCCCG TCCCGCCCCG

6 8 5 0 6 8 6 0 6 8 7 0 6 8 8 0 6 8 9 0 6 9 0 0 6 9 1 0 6 9 2 0 6 9 3 0 6 9 4 0 6 9 5 0 6 9 6 0

CCACCCCTCC CATCCTTTGT TGCCCTATAG TG TAGTTAAC CCCCCCCGCC CTTTGTGGCG GCCAGAGGCC AGGTCAGTCC GGGCGGGCAG GCGCTCGCGG AAACTTAACA CCCACACCCA

6 9 7 0 6 9 8 0 6 9 9 0 7 0 0 0 7 0 1 0 7 0 2 0 7 0 3 0 7 0 4 0 7 0 5 0 7 0 6 0 7 0 7 0 7 0 8 0

ACCCACTGTG GTTCTGGCTC CATGCCAGTG GCAGGATGCT TTCGGGGATC GGTGGTCAGG CAGCCCGGGC CGCGGCTCTG TGGTTAACAC CAGAGCCTGC CCAACATGGC ACCCCCACTC

7 0 9 0 7 1 0 0 7 1 1 0 7 1 2 0 7 1 3 0 7 1 4 0 7 1 5 0 7 1 6 0 7 1 7 0 7 1 8 0 7 1 9 0 7 2 0 0

CCACGCACCC CCACTCCCAC GCACCCCCAC TCCCACGCAC CCCCACTCCC ACGCACCCCC ACTCCCACGC ACCCCCACTC CCACGCACCC CCACTCCCAC GCACCCCCAC TCCCACGCAC



HFEH A ^
7210 7220  723 0  7240  7250  7260  7270  7280  7290  7300 7310

CCCCACTCCC ACGCATCCCC GCGATACATC CAACACAGAC AGGGAAAAGA TACAAAAGTA AACCTTTATT TCCCAACAGA CAGCAAAAAT CCCCTGAGTT TTTTTTTATT

7330 7340  735 0  7360  7370  7380  7390 7400  7410  7420 7430
CAAAAGACCC GCTGGTGTGT GGTGCCCGTG TCTTTCACTT TTCCCCTCCC CGACACGGAT TGGCTGGTGT AGTGGGCGCG GCCAGAGACC ACCCAGCGCC CGACCCCCCC

7450 7460  747 0  7480  7490  7500  7510  7520  7530  7540  7550
ACACGGGGGG CGTCCCTTAT TGTTTTCCCT CGTCCCGGGT CGACGCCCCC TGCTCCCCGG ACCACGGGTG CCGAGACCGC AGGCTGCGGA AGTCCAGGGC GCCCACTAGG

7570  7580  759 0  7600  7610  762 0  7630  7640  7650  7660  7670
CGAACAGCAT GTTCCCCACG GGGGTCATCC AGAGGCTGTT CCACTCCGAC GCGGGGGCCG TCGGGTACTC GGGGGGCATC ACGTGGTTAC CCGCGGTCTC GGGGAGCAGG

7690 7700  771 0  7720  7730  7740  7750  7760  7770  7780  7790
TCCAGCCGGG GACCGCGGCC CGCAGCCGGG TCGCCATGTT TCCCGTCTGG TCCACCAGGA CCACGTACGC CCCGATGTTC CCCGTCTCCA TGTCCAGGAT GGGCAGGCAG

7810 7820  783 0  7840  7850  7860  7870  7880  7890  7900 7910
TAGTCTTGTT CACGTAAGGC GACAGGGCGA CCACGCTAGA GACCCCCGAG ATGGGCAGGT AGCGCGTGAG GCCGCCCGCG GGGACGGCCC CGGAAGTCTC CGCGTGGCGC

7930 7940  795 0  7960  7970 7980  7990 800 0  8 01 0  8020  8030
CACACTTCCT CGGCCCCCGC GGCCCAGAAG CAGCGCGGGG GCCGAGGGAG GTTTCCTCTT GTCTCCCTCC CAGGGCACCG ACGGCCCCGC CCGAGGAGGC GGAAGCGGAG

8050  806 0  8 07 0  808 0  8090  8100  8110  8120  8130  8140  8150
CCCCGGCGGC GGAAGAGGCG GCCCCCGCGG GGGTCGGGGC CGAGGAGGAA GAGGCAGAGG AGGAAGAGGC GGAGGCCGCC GAGGACGTCA GGGGGGTCCC GGGCCCACCC

8170  818 0  819 0  820 0  8210  822 0  823 0  824 0  825 0  8260  8270
CCCCCGGCCC TGAGTCGGAG GGGGGGTGCG TCGCCGCCCT CTTGGCCCCT GCCGGCGCGA GGGGGGGACG CGTGGACTGG GGGGAGGGGT TTTCCTGGCC CGACCCGCGC

829 0  8 30 0  8 3 1 0  8 32 0  833 0  8340  8350  8 36 0  837 0  B380 8390
GACGCAjCCGC CGCCTCCTGC TCGACAGAGG CGGCGGAGGG GAGCGGGGCG GCGCCGGAGG GGGCGGCGCC GCGGGAGGGC c c g t g c c c a c  c c tc c a c g c c  cg g c c c cc c c

8410 842 0  8 4 3 0  8440  8450  846 0  847 0  8 48 0  8 49 0  8500  8510
cc ac c g tc g c  ac g c g c c c g g  c a c a g a c t c t  g t t c t t g g t t  c g c g g c c tg a  gc c ag g g ac g  a g tg c g a c t g  g g g c a c ac g g  c g c g c g tc c g  cggggcgggc  g gc c ggc tc c

8530  8540  8 5 5 0  856 0  8570  8580  8590  860 0  8610  8620  8630
c cggggcgcg  ggggccgggc c c c g g a g g c g  g c g c tc g c a c  g c acgg ggcc  ac g g cc g c g c  gggggcgcgc  g g g tc c c g a c  g c g g c c g c g g  acgcgggggg  c ccg gggcgg

8650  8660  8 67 0  868 0  8690  670 0  871 0  8 72 0  873 0  8740  8750
c tg g c atg g g  c g c c gc gggg  g g c c tg tg g g  g ag ag g c c g g  g gg ggag tcg  c t g a t c a c t a  t g g g g t c t c t  g t t g t t t g c a  ag ggggg cg g  g t c t g t t g a c  aagggg gc cc

877 0  878 0  8 7 9 0  880 0  8810  882 0  8830  8 84 0  885 0  8860  8870
TCGGCCGCCC CGCCTCCGCT TCAACAACCC CAACCCCAAC CCCAACCCCC CCGGAGGGGC CAGACGCCCC CCGCGGCGCC GCGGCTCGCG ACTGGCGGGA GCCGCCGCCG

889 0  8 90 0  8 91 0  892 0  8930  894 0  895 0  8 96 0  B970 6980  8990
TGGTGGTGGT GTTGGTGTTA CTGCTGCCGT GTGGCCCGAT GGGCGCCGAG GGGGGCGCTG TCCGAGCCGC GGCCGGCTGG GGGGCTGCGT GAGACGCCCC GCCCGTCACG

9010 9020  9 03 0  9040  9050  9060  9070  908 0  9090  9100  9110
CGGCGCCTCT GCGTGGGGGG GCGCGGGGCG TCCGGCGGGG GGCGGGCGGT ACGTAGTCTG CTGCAAGAGA CAACGGGGGG CGCGATCAGG TTACGCCCCC TCCCCGGCCC

9130  9140  9 15 0  9160  9170  9180  9190  920 0  9210  9220  9230
CGCCCGCCCG CCTATTCCTC CCTCCCCCCC CCTCCTCCTC CTCCTCCCCC AGGGTCCTTG CCGCCCCCCG CCTCACCGTC GTCCAGGTCG TCGTCATCCT CGTCCGTGGT

9250  9 26 0  9 27 0  9280  9290  9300  9310  932 0  9330  9340  9350
TGGGTGGGCG ACAGGGCCCT CACCGTGTGC CCCCCCAGGG TCAGGTACCG CGGGGCGAAC CGCTGATTGC CCGTCCAGAT AAAGTCCACG GCCGTGCCCG CCCTGACGGC

9370  9380  9 39 0  940 0  9410  9420  9430  944 0  9450  9460  9470
TCCATGCGGG TCTGGGGGTC GTTCACGATC GGGATGGTGC TGAACGACCC GCTGGGCGTC ACGCCCACTA TCAGGTACAC CAGCTTGGCG TTGCACAGCG GGCAGGTGTT

949 0  950 0  951 0  9520  9530  9540  9550  9 56 0  957 0  9580 9590
ATCCAGGTTT TCATGCACGG GATGCAGAAG CGGTGCATGC ACGGGAAGGT GTCGCAGCGC AGGTGGGGCG CGATCTCATC CGTGCACACG GCGCACACGT CGCCCTCGTC

9610  962 0  963 0  9640  9650  9660  9670  9 68 0  969 0  9700  9710
TCCTCTCGAG GGGGGGCGCC CCCGCAACTG CCGGGGTCTT CCTCGCGGGG GGGGCTCCCC CCCGAGACCG CCCCCCCATC CACGCCCTGC GGCCCCAGCA GCCCCGTCTC

9730 974 0  9 75 0  9760  9770  9780  9790  980 0  981 0  9820  9830
GTGTCCGTGC TGTCCGCCTC GGAGGCGGAG TCGTCGTCAT GGTGGTCGGC GTCCCCCCGC CCCCCCACTT CGGTCTCCGC CTCAGAGTCG CTGCTGTCCG GCAGGTCTCG

9850  986 0  987 0  988 0  9890  9900  9910  992 0  9930  9940  9950
AACACCCAGA CATCCGGGGC GGGCTAAGGG GAAAAAAGGG GGGCGGGTAA GAATGGGGGG GGATTTCCCG CGTCAATCAG CACCCACGAG TTCCCCCTCT CCCCCCCCCG

9970 998 0  9 99 0  10000  10010 10020 10030 10040  10041
TCCTGCCCCC CTGCTGGCCT CGGAAGAGGG GGGAGAAAGG GGTCTGCAAC CAAAGGTGGT CTGGGTCCGT CCTTTGGATC C .

7320
AGGGCCAACA

7440
CTCCCCACAA

7560
GTGCCCTGGT

7680
GTGCGGCGGC

7800
TCCCCCGTGA

7920
GTCTTCCGGG

6040
GAGGACGCGG

8160
TGGCCGCGCC

8280
CTCTTCCTCG

8400
GAGCCGCGCG

6520
gc c c cg gGgg

8640
GGGGCGGAGC

8760
GTCCGGCCCC

8880
CCGCTGCTGT

9000
GGGGGCGCGG

9120
GCCCTTTCCT

9240
GGGCTCCGGG

9360
CTCCTCGGCC

9480
GCGCAATTGC

9600
GCTCCCCCCG

9720
GAACAGTTCC

9840
GTCGCAGGGA

9960
CCTCACAAAG



Figure 3.8 Sequence of the Smal-BamHI subfragment
of BamHI e

The DNA sequence of the Smal-BamHI subfragment of 
BamHI e determined using the recombinant M13 clones listed 
in Figure 3.6, and compiled in figure 3.4, is listed 
opposite. Numbering starts at the Smal site. The sequence 
is given for the 5' to 3' strand of the fragment, left to 
right, as orientated in the P arrangement of the HSV-1 
genome.
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"compressions" arising from aberrant gel mobility of 
DNA fragments, were resolved by increasing the 
denaturing qualities of the gel system. This was 
achieved by including 30% formamide in the gel mix, or, 
more succesfully, by running the gel at an increased 
temperature. Some experiments also used dITP as a 
substitute for dGTP. Figure 3.9 shows an example of a 
compression in a sequence, alongside the same clone run 
on a gel maintained at a higher temperature with a hot 
water jacket. Although running gels at an increased 
temperature minimises compressions, there is an 
associated loss of resolution, so that the sequence 
cannot be read as far. This system is therefore not 
used for general sequencing.

Although a large number of difficult regions 
could be resolved using these methods, occasionally 
they proved insufficient. Regions of anomaly, usually 
with particularly high G+C contents, were subcloned as 
follows. The sequence surrounding the troublesome area 
was first examined for restriction sites. Short target 
sequences were then isolated by restriction 
endonuclease digestion from the parental plasmid clone 
or plasmid subclone (for example pGX53 containing the 
Sall-BamHI fragment from the right end of BamHI b ) , and 
cloned into M13. Sequencing reactions using M13 clones 
starting near the troublesome sequence, run on hot 
gels, usually provided good data and clarified short 
regions of difficulty.

On analysis of the sequence for IE gene 2, it was 
found that there was no continuous open reading frame. 
The sequences of M13 clones spanning the gene were 
examined closely, but no error could be found. Another 
plasmid, pGX190, containing the Hpal s and v fragments 
of HSV-1 was then examined. This plasmid was isolated



T C G A  T C G A



Figure 3.9 Resolving a compression with a hot gel

The figure shows an M13 clone sequenced as a normal 
run, alongside the same clone run on a hot gel. The 
resolved compressions are indicated. The sequence is from 
the BamHI b fragment, approximately between position 825 and 
870. The gradient gel is on the left, the hot gel on the
right. _______________ ___________ _______________________





Figure 3.10 Sequence difference between recombinant 
Ml3 clones generated from two distinct plasmids

Two clones spanning the same sequence, showing a 
difference in number in a tract of G residues at position 
1062 in the BamHI b fragment, are shown. Clone BR1281.36 on 
the left, was generated from plasmid pGX48, and CP16 on the 
right, from pGX190.
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Figure 3.11 Determination of the copy numbers of 
reiteration 1 in BamHI b

The copy numbers of reiteration 1 in plasmid cloned 
BamHI b were examined by digesting isolated BamHI b with 
Smal, 5' end labelling with [^2p]^>ppf and fractionatinq the 
DNA as single strands on a 3% polyacrylamide gel, tracks 1,
2 and 4, alongside pAT/Haell size markers, track 3. The 
sizes (nucleotides) of the pAT/Haell marker bands are shown 
on the left of the figure, known fragment sizes of 
BamHI b/Smal digest are shown on the right. The ladder of 
fragments containing the variable copy numbers of the 
reiteration is indicated by dots to the right of track 4.
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fragments (figure 3.11). The ladder represents the 
fragments containing the reiteration. Other bands in 
the track were predicted from the sequence data.
Taking the known bands as size markers, the computer 
program MOLGEL was used to calculate the sizes of the 
variable fragment. With reference to the sequence data 
it was possible to calculate the number of copies of 
the reiteration present in each band. The copy number 
was found to range from one copy to at least 2 1 . 
Fragments with copy numbers of three and 20 were the 
most abundant. Four copies of the reiteration are 
present in the BamHI b database. The copy number of 
this reiteration set was not seen to vary in BamHI e. 
Only one M13 clone, containing ten copies of the 
reiteration, spans this region of BamHI e.

3.2 LOCATION OF THE Rt./Ut, JUNCTION AND COMPARISON OF 
THE Rt, SEQUENCES

In addition to the unique sequences, the 
Smal-BamHI fragment of BamHI e contains 549 bp of TR^. 
The junction between the long unique and repeat 
sequences was identified by aligning the homologous Rl 
sequences of BamHI b and BamHI e and noting where they 
diverged. The junction is located directly adjacent to 
the set of tandem reiterations with a variable copy 
number, described above. The reiterations are part of 
the repeat structure. The Rl /^l junction in BamHI e is 
at positions 549/550 in the sequence, as orientated in 
the database. The Ul /Rl junction in BamHI b is at 
positions 3836/3837 in the sequence as listed in the 
database.

The Rl sequences adjacent to the Rl /ul junction 
have been aligned, and are listed in figure 3.12. (The
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Figure 3.12 Sequence across the Rt./Ut. junctions

The sequence across the TRL/UL junction is listed 
below the IRl /uL junction sequence. The sequences start 
from the Smal site, numbering is as in the BamHI e database. 
Homologous Rl sequences are indicated with an *. Three 
differences between the Rl sequences of the two fragments 
are numbered. The BamHI b sequence shown contains four 
copies of the reiteration. These are aligned with the first 
two and last two copies in the BamHI e sequence, which 
contains ten copies. The sequence divergence at the Rl /^l 
junctions is indicated.



56

BamHI b sequence is in reverse orientation, relative to 
the database). The figure shows that the two sequences 
are not completely identical. As stated above, the 
copy number of the reiteration set at the Rl /Ul 
junction in the bamHI b and BamHI e databases differs. 
There are three further differences between the two RL 
sequences.

At positions 35 and 36 in the sequence presented 
for BamHI e, there is an inversion of two nucleotides 
relative to BamHI b. Referring to the BamHI b 
database, this region is well represented by M13 clones 
on both strands. In the BamHI e database, all the 
clones spanning this region are in one orientation. 
There is also evidence of a compression in the sequence 
of several clones. Therefore it is possible that this 
difference does not reflect the situation in the 
plasmid. The second difference is at pos ition 113 in 
the BamHI e sequence, where there is an insertion of 
two nucleotides, relative to BamHI b. Examination of 
the sequences of the M13 clones in these regions 
suggests this difference is real and not due to a 
compression. This situation resembles the mutations 
described in the previous section as it involves a 
homopolymer tract (13 bp in BamHI e and 11 bp in BamHI 
b ) . Finally, there is a deletion of a single residue 
at position 253 in the BamHI e sequence, relative to 
BamHI b. There is no evidence of compressions, and the 
region is well represented by M13 clones covering both 
strands in both BamHI b and e. This probably also 
represents the real situation in the plasmid.

It is not possible to conclude from this data 
whether the differences observed in the RL sequences of 
the two restriction fragments originated in the virus, 
or occurred at some point during the cloning and growth
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Figure 3.13 Base compositions of the BamHI b and 
Smal/BamHI subfragment of BamHI e

The base compositions along the two DNA sequences
determined are shown. The upper part of the figure
illustrates the G+C content of BamHI b, as orientated in the
database. The G+C content of the BamHI e sequence 
determined is shown below, also as orientated in the
database. High scores represent regions with high G+C
contents. A window length of 100 was used, and moved along 
the sequence in steps of 40.

The boundaries between the repeat and unique sequences 
are indicated in the figures. The y axis represents 0 to 
100% G+C, the x axis represents kilobase pairs.
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of the plasmids.

3.3 CHARACTERISTICS OF THE DNA SEQUENCE OF BAMHI 
b AND e

As previously stated, the sequence analysed has a 
high G+C content. The local base composition varies 
within the region studied, most notably between the 
repeat and unique sequences. The 6204 bp of RL 
contained in BamHI b has a G+C content of 70.6%. The 
UL components of BamHI b and e are 65.6% and 61.8% G+C 
respectively. Figure 3.13 shows the base composition 
along the two sequences.

A characteristic of the sequence is the presence 
of tandem reiterations (several identical tandemly 
repeated copies of a sequence). Reiterated sequences 
are particularly numerous in RL . Figure 3.14 lists the 
sequence and locations of reiterations in the Rl 
sequence contained in BamHI b. Reiteration set (1) is 
present in variable copy numbers in pGX48 DNA. No 
other reiteration was seen to vary in copy number. In 
addition to these sets of reiterations, RL contains a 
large number of smaller, imperfect repeat elements. 
There are eight copies of the triplet CCG directly 
repeated between positions 4444 and 4515, and 19 copies 
of the same triplet on the opposite strand, between 
positions 5653 and 5862. Nine copies of another G+C 
rich sequence, CCCGG are directly repeated between 
positions 5741 and 5861.

3.4 ANALYSIS OF THE GENETIC CONTENT OF THE SEQUENCE

The determined DNA sequences of BamHI b and BamHI
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Figure 3.14 Location and sequence of tandem
reiterationsin the IRt. sequence of BamHI b

The upper part of the figure represents the BamHI b 
fragment of HSV-1. IRl is illustrated as an open box. 
Reiteration sets are indicated as vertical lines. The 
sequences of the reiteration sets are listed below. The 
sequences are given for the 5' to 3 1 strand of the DNA, 
right to left as orientated in the figure above.
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e were examined to identify previously mapped genes, 
and to predict further genes. Initially, the locations 
of genes known to lie in the sequences were identified. 
The only two proteins known to be coded in these 
sequences are IE110 and IE63 (Clements et al ., 1977 and 
1979). The positions of the 5' and 3' termini of the 
transcripts of IE gene 1 and IE gene 2 in the sequence 
were identified from previous studies (Mackem and 
Roizman, 1982b; Whitton et al., 1983; Rixon et al .,, 
1984) .

Evidence for further genes in these regions from 
studies with _ts or deletion mutants is minimal. The 
strain of HSV-1 HFEM has a large deletion across the 
IRl /Ul junction (Rosen and Darai, 1985). Referring to 
the work described in this thesis, the deletion has 
been exactly mapped, and is knowr^ to remove sequences 
between positions 3776 and 7227 (Darai, personnal 
communication). As the strain HFEM has an altered 
phenotype, exhibiting reduced pathogenicity, it was 
concluded that the deletion must affect one or more 
genes. Therefore one would expect to find at least a 
part of one gene within this sequence. Jenkins et a l ., 
1985 have described a method for targeting large 
inserts into the HSV-1 genome. The insertion site in 
the two mutants described has not been exactly 
identified, however, refering to the sequence presented 
in this thesis, both appear to lie within IRl. As 
genes in R^ are diploid, the mutation of any gene 
entirely contained within R^ would not be expected to 
be deleterious.

The next stage in this analysis was to locate 
ORFs in the sequence. Due to the high G+C content of 
the DNA, there are few out of frame nonsense codons.
To illustrate this Figure 3.15 shows all the ORFs
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Figure 3.15 Open reading frames in the BamHI b
sequence

All open reading frames on both strands of the 
sequence are shown. The three rightward reading frames are 
shown above, and the three leftward reading frames below.
Open reading frames are represented by ----- >. Angled
brackets, > and <, indicate in-frame stop codons.

The reading frames are numbered on the left. Open 
reading frames proposed in the text to encode IE110, IE63 
and two predicted polypeptides of 20.5K and 21.2K are shown 
in red.
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present in the BamHI b sequence determined. This 
analysis must therefore be supplemented by further 
criteria. Initially, only ORFs beginning with an ATG 
were considered. This is valid as the majority of 
HSV-1 genes characterised are known to be unspliced. 
Where appropriate, this was supplemented with the 
identification of all ORFs, usually of a minimum size. 
This allows for spliced genes, and was used in regions 
where no obvious ORF was identified.

The sequences flanking the ORFs were examined for 
transcriptional control signals. TATA box homologies 
(Corden et a l . , 1980) would be expected 25 to 30 bp 
upstream of the initiation codon of an ORF. A search 
was also made for polyadenylation signals, downstream 
of the ORFs (Fitzgerald and Shenk, 1980). HSV-1 genes 
are often arranged in 3' coterminal families (for 
example, McGeoch et a l ., 1985). Consequently, 
polyadenylation signals are not invariably found short 
distances downstream of the polypeptide coding 
sequences, and transcripts will often have extensive 
untranslated trailer sequences.

A transcription termination signal 25 to 30 bp 
downstream of the polyadenylation signal of many genes 
(including HSV-1 genes) has been identified (McLauchlan 
et a l ., 1985). The sequences downstream of all the
polyadenylation signals were examined for homologues to 
this sequence. However, it is recognised that not all 
genes have this sequence.

The polypeptide coding regions of potential genes 
identified using these parameters were analysed. Using 
the polypeptide coding sequences of a known gene, the 
codon usage of the ORFs was evaluated (Staden and 
McLachlan, 1982). An appropriate reference gene was
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Figure 3.16 Codon usage evaluation for all reading 
frames in the UT. region of BamHI b

The codon usage of the three reading frames in both 
strands of BamHI b, from positions 1 to 4000, was evaluated 
using the program FRMSCN (Staden and McLachlan, 1982), using 
the coding region of the gene US3 as reference. In frame 
stop codons are shown as vertical lines on the central axis. 
Reading frames with similar codon usage score highest.

The top panel represents the left to right DNA strand, 
reading frames 1, 2 and 3, are marked. The lower panel 
represents reading frames on the right to left strand, 
reading frames 1, 2 and 3 are marked.

The x axis represents the numbered position in the DNA 
sequence, as in the standard orientation. The y axis 
represents a log probability function, with an arbitrary 

scale (Staden and McLachlan, 1982).
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Figure 3.17 Codon usage evaluation of all reading 
frames in the Smal/BamHI subfragment of BamHI e

The codon usage of the three reading frames in both 
strands of BamHI e, from position 1 to the end of the 
determined sequence, was evaluated using the program FRMSCN 
(Staden and McLachlan, 1982), using the coding regions of IE 
gene 2 as reference. In frame stop codons are shown as 
vertical lines on the central axis. Reading frames with 
similar codon usage score highest.

The top panel represents the left to right DNA strand, 
reading frames 1, 2 and 3, are marked. The lower panel 
represents reading frames on the right to left strand, 
reading frames 1, 2 and 3 are marked.

The x axis represents the numbered position in the DNA 
sequence, as in the standard orientation. The y axis 
represents a log probability function, with an arbitrary 
scale (Staden and McLachlan, 1982).
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chosen for each evaluation. For the evaluation of 
genes in the regions, for example, the coding region 
of IE gene 2 or of the Ug genes were generally used. 
Figures 3.16 and 3.17 show the codon evaluation of all 
three reaing frames from both strands, in the UL 
sequences of BamHI b and BamHI e respectively. To 
evaluate the ORFs in RL , IE gene 1 or IE gene 3, both 
coded in the major repeat elements which are composed 
of G+C rich DNA, were used as reference genes. As 
previously mentioned, there is a significant difference 
in base compositions between the RL (70.6% G+C) and Ul 
(65.6% and 61.8% G+C) sequences determined. The base 
composition of the DNA will affect the codon usage of 
the gene.

There are a number of characteristics of HSV-1 
genes associated with the base composition of the DNA. 
Both termini of HSV-1 genes generally have a lower G+C 
content. Consequently, on a graphic representation of 
the base composition of the sequence, as in figure 
3.13, it may be possible to identify genes. To 
counteract the high G+C content of the DNA and to 
maximise coding potential, there is a tendency towards 
a G or C residue in the third, redundant position.
This can be illustrated graphically, by plotting the 
G+C contents of the first, second and third codon 
positions of an ORF. Figure 3.18 shows the G+C 
contents of the three codon positions of the 
polypeptide coding sequences of IE gene 1. Generally, 
the lowest G+C content, where there is least 
flexibility, is in the second codon position.

Subsequent transcript mapping of the proposed 
genes will substantiate the analysis. This has been 
used to confirm the proposed structure of IE gene 1, 
and will be described later. Further supportive
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Figure 3.18 Base composition of the three codon
positions of IE gene 1

The G+C contents of the coding regions of IE gene 1 
are illustrated. The program PROFILE (P. Taylor, 
unpublished) was used. A window length of 50 and a shift of 
25 were the parameters used. The three codon positions are
represented as follows. ----  , 1st position; — , 2nd
position; and — ...  , third position.

The x axis represents nucleotide position in the DNA 
sequence of the non-coding strand of IE gene 1. Numbering 
is as in the standard sequence. The y axis represents 0 to 

100% G+C.
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evidence for the interpretation can come from 
mutational analysis of the gene, also based on the 
data. The predicted amino acid sequence can be used to 
produce an oligopeptide and subsequently an antiserum 
directed against the protein. This can be used in 
infected cells to precipitate the native protein. This 
will validate the chosen ORF in this region of the 
protein.

The translated amino acid sequences of the 
proposed polypeptide coding regions can be compared 
with closely related proteins using the CINTHOM plot 
program (Pustell and Kafatos, 1982), described in 
section 2.23. During this work, data from VZV and EBV 
were extensively used. Both viruses have been entirely 
sequenced (Davison and Scott, 1986; Baer et a l ., 1984), 
and an extensive comparison with all ORFs was possible. 
These yielded several positive results which will be 
illustrated later with the coverage of each protein. 
Where appropriate and available, comparisons were made 
with the amino acid sequences of other HSV-1 and HCMV 
proteins. The amino acid sequence of IE110 was 
compared with the amino acid sequences of both HSV-1 
IE175 and with the major IE protein of HCMV, but 
neither displayed any homology. In addition, a 
comprehensive search for homologous proteins was made 
using the protein sequence database of the National 
Biomedical Research Foundation. This was unsuccessful 
in finding any homologues.

Several features are only usually present in 
non—coding regions. Although reiterated DNA sequences 
have been reported in the polypeptide coding regions of 
several HSV-1 genes (McGeoch et al ., 1985; Chou and 
Roizman, 1986), the sequences are always multiples of 
three, and therefore encode repeated amino acid
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sequences. There are no reports of reiterated 
sequences of other lengths present within the 
polypeptide coding regions of HSV-1 genes. Therefore 
ORFs spanning reiterated sequences are unlikely to be 
polypeptide coding, unless it codes for a repeated 
amino acid sequence.

Where data from more than one source is 
available, for example where two overlapping 
restriction fragments have been sequenced, it is 
possible to look for variability in the DNA sequence.
In this work several instances were identified. In the 
BamHI b/XhoI c overlap, a deletion/insertion of one 
nucleotide was found; in IE gene 2, the 
insertion/deletion of a single residue; in the Rl 
sequences determined of BamHI b and e, three instances 
of an insertion/deletion of one or two residues, and a 
reiteration with a highly variable copy number.
Although one of these instances was found to lie within 
the coding region of a gene, these occurrences may 
reflect the situation in the viral population. If the 
heterogeneity does originate from the virus, one may 
expect a higher level, and tolerance, of mutations 
outside of the coding regions and transcriptional 
control signals of the genes. Tentative use of this 
information may be helpful in some instances.

These analyses were systematically used to 
establish the arrangement of genes in the DNA sequences 
determined. The organisation of genes within the UL 
sequences of both BamHI b and BamHI e appears to have 
been resolved using this system. The proposed 
arrangement of genes in the Ul sequences of BamHI b and 
BamHI e are illustrated in Figures 3.19 and 3.20. In 
addition to IE gene 2, two potential genes have been 
identified in the UL region of BamHI b, and three
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Figure 3.19 Proposed location and orientation of
genes in the UT. portion of BamHI b

The position of IE gene 2 and two predicted genes in 
the Ul sequence of BamHI b is illustrated. The location and 
orientation of genes is shown with a representation of the 
Ul sequence (solid line) adjacent to IRl  (open box). ORFs 
are shown as open boxes. Distances between the proposed 
coding region and the mapped 5* and 3' ends of IE gene 2 
mRNA are shown as solid lines. Distances between the ORFs 
and proposed TATA box and polyadenylation signal sequences 
of the two predicted genes, representing proposed 5' and 3' 
non-coding regions, are shown as solid lines.
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Figure 3.20 Proposed location and orientation of
genes in the Uj. portion of BamHI e

The position of three predicted genes in the UL 
sequence of BamHI e is illustrated. The location and 
orientation of genes is shown with a representation of the 
Ul sequence (solid line) adjacent to TRl (open box). ORFs 
are shown as open boxes. Distances between the ORFs and the 
proposed TATA box and polyadenylation signal sequences of 
the predicted genes, representing proposed 5' and 3' 
non-coding regions, are shown as solid lines.
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potential genes in the UL component of BamHI e. The 
location and structure of IE gene 1, in RL has been 
established, and the structure of the gene will be 
described below. Each of these genes and their encoded 
proteins will be dealt with individually. In RL , the 
situation is complex. No gene in addition to IE gene 
1 was identified. An analysis of this region will be 
given later, in detail.

3.5 IE GENE 1

3.5.1 DNA sequence of IE gene 1

IE gene 1 encodes the protein IE110. The DNA and 
amino acid sequences are listed in figure 3 .2 1 . 
Numbering of the DNA sequence starts at the left BamHI 
site of the BamHI b fragment, as in the database. This 
numbering will be used for all genes in BamHI b. As 
the gene extends beyond the right BamHI site, data from 
this region, made available by D.J. McGeoch, have been 
included.

The 5 ‘ and 3' termini of the mRNA have been 
mapped to positions 10833 and 7248 respectively (Mackem 
and Roizman, 1982b; Rixon et a l ., 1984; Perry et a l ., 
submitted). A TATA box can be identified 27 bp 
upstream of the 5' terminus. The far upstream 
regulatory elements involved in coordinate induction of 
IE gene expression are located further upstream (Mackem 
and Roizman, 1982b, ) These include palindromic G+C 
rich regions and the sequence TAATGATATTC at position 
10995, which is an example of the TAATGARATTC sequence 
element, discussed in the introduction. Downstream of 
the coding region of the gene, at positions 7313 and 
7273, are two copies of the sequence AATAAA, associated 
with polyadenylation (Fitzgerald and Shenk, 1980). At



Figure 3.21 DNA sequence of IE gene 1

The DNA and sequence of IE gene 1 and the proposed 
amino acid sequence of its encoded protein IE110 is given. 
The sequence is inverted, or complementary to the consensus 
sequence in figure 3.7, and is listed 5' to 3*. Numbering 
is from the left BamHI site, as in the database. The 
predicted amino acid sequence of IE110 is given as a single 
letter code. Proposed TATA box and polyadenylation signal 
sequences are underlined. The homologuesto the TAATGARATTC 
sequence indicated. Sets of tandem reiterations are
marked as \ ......../.



TGCGTCGGCGGGAGGGGCATGCTAATGGGGTTCTTTGGGGGACACCGGGTTGGGCCCCCAAATCGGGGGCCGGGCCGTGCATGCTAATGATATTCTTTGG 1 0 9 b 0  

GGGCGCCGGGTTGGTCCCCGGGGACGGGGCCGCCCCGCGGTGGGCCTGCCTCCCCTGGGACGCGCGGCCATTGGGGGAATCGTCACTGCCGCCCCTTTGG 1 0 8 8 0  

GGAGGGGAAAGGCGTGGGGTATAAGTTAGCCCTGGCCCGACAGTCTGGTCGCATTTGCACCTCGGCACTCGGAGCGAGACGCAGCAGCCAGGCAGACTCG 10 7 8 0
0 -  -  -  -  > 5 '  T e r m in u s  mRN'A

M E 2
GGCCGCCCCCTCTCCGCATC ACC ACAGAAGCCCCGCCTACGTTGCGACCCCCAGGGACCCTCCGTCCGCGACCCTCCAGCCGCATACGACCCGCATGGAG 1 0 6 8 0

N T e r m in u s  o f  IE 1 1 0
P R P G A S ' T R R P E G R P Q R E  X9

CCCCGCCCCGGAGCGAGTACCCGCCGGCCTGAGGGCCGCCCCCAGCGCGAGGTGAGGGGCCGGGCGCCATGTCTGGGGCGCCATATTGGGGGGCGCCATA 1 0 5 8 0
E nd o f  e x o n  1 /

TTGGGGGGCGCC ATGTTGGGGGACCCCCGACCCTTACACTGGAACCGGCCGCC ATGTTGGGGGACCCCCACTCATACACGGGAGCCGGGCGCCATGTTGG 1 0 4 8 0

GGCGCCATGTTAGGGGGCGTGGAACCCCGTGAC AC TA T AT AT AC AGGGACCGGGGGCGCC ATGTTAGGGGGTGCGGAACCCCCTGACCCTATATATAC AG 10 3 8 0...................................A ................................
GGACCGGGGTCGCCCTGTTGGGGGTCGCC ATGTGACCCCCTGACTTTATATATACAGACCCCCAACACATAC ACATGGCCCCTTTGACTC AGACGC AGGG 1 0 2 8 0  
 / \  /

CCCGGGGTCGCCGTGGGACCCCCTGACTC AT AC AC AG AG AC ACGCCCCCACAACAAACACACAAGGACCGGGGTCGCCGTGTTGGGGGCGTGGTCCCCAC 10 lb O

TGACTC ATACGC AGGCCCCCCTTACTC AC ACGC ATCTAGGGGGGTGGGGAGGAGCCGCCCGCCATATTTGGGGGACGCCGTGGGACCCCCGACTCCGGTG 1 0 u 8 0

CGTCTGGAGGGCGGGAGAAGAGGGAAGAAGAGGGGTCGGGATCCAAAGGACGGACCCAGACCACCTTTGGTTGCAGACCCCTTTCTCCCCCCTCTTCCGA 9 9 8 0

GGCCAGCAGGGGGGCAGGACTTTGTGAGGCGGGGGGGGGAGAGGGGGAACTCGTGGGTGCTGATTGAC GCGGGAAATCCCCCCCCATTCTTACCCGCCCC 9 8 8 0

P A P D V W V F P C D R D L P D S S U S E A E T E V G G  28 
CCTTTTTTCCCCTTAGCCCGCCCCGGATGTCTGGGTGTTTCCCTGCGACCGAGACCTGCCGGACAGOAGCGACTCTGAGGCGGAGACCGAAGTGGGGGGG 9 7 8 0  

\  S t a r t  o f  e x o n  2

R G D A D H H D D D S A S E A D S T D T E L F E T G L L G P Q G V  61
CGGGGGGACGCCGACCACCATGACGACGACTCCGCCTCCGAGGCGGACAGCACGGACACGGAACTGTTCGAGACGGGGCTGCTGGGGCCGCAGGGCGTGG 9 6 8 0

D G G A V S G G S P P R E E D P G S C G G A P P R E D G G S D E G D  95 
ATGGGGGGGCGGTCTCGGGGGGGAGCCCCCCCCGCGAGGAAGACCCCGGCAGTTGCGGGGGCGCCCCCCCTCGAGAGGACGGGGGGAGCGACGAGGGCGA 9 5 8 0

V C A V C T D E  I A P H L R C D T F P C M H R F C I P C M K T W M  12 b  
CGTGTGCGCCGTGTGCACGGATGAGATCGCGCCCCACCTGCGCTGCGACACCTTCCCGTGCATGCACCGCTTCTGCATCCCGTGCATGAAAACCTGGATG 9 4 8 0

Q L R N T C  P L C  N A K L V Y L  X V G V T P S G S F S T I P  I  V N 161 
CAATTGCGCAACACCTGCCCGCTGTGCAACGCCAAGCTGGTGTACCTGATAGTGGGCGTGACGCCCAGCGGGTCGTTCAGCACCATCCCGATCGTGAACG 9 3 8 0

D P Q T R M E A E E A V R A G T A V D F I W T G N Q R F A P R Y L T  195  
ACCCCCAGACCCGCATGGAGGCCGAGGAGGCCGTCAGGGCGGGCACGGCCGTGGACTTTATCTGGACGGGCAATCAGCGGTTCGCCCCGCGGTACCTGAC 9 2 8 0

L G G H T V R A L S P T H P E P T T D E D D D D L D D  2 2 2
CCTGGGGGGGCACACGGTGAGGGCCCTGTCGCCCACCCACCCGGAGCCCACCACGGACGAGGATGACGACGACCTGGACGACGGTGAGGCGGGGGGCGGC 9 1 8 0

End o f  e x o n  2 /

AAGGACCCTGGGGGAGGAGGAGGAGGAGGGGGGGGGAGGGAGGAATAGGCGGGCGGGCGAGGAAAGGGCGGGCCGGGGAGGGGGCGTAACCTGATCGCGC 9 0 8 0

A D Y V P P A P R R T P R A P P R R G A A A P P V T G  27
CCCCCGTTGTCTCTTGCAGCAGACTACGTACCGCCCGCCCCCCGCCGGACGCCCCGCGCCCCCCCACGCAGAGGCGCCGCCGCGCCCCCCGTGACGGGCG 8 9 8 0  

\  S t a r t  o f  e x o n  3

G A S H A A P Q P A A A R T A P P S A P  I G P H G S S N T N T T T N  o l  
GGGCGTCTCACGCAGCCCCCCAGCCGGCCGCGGCTCGGACAGCGCCCCCCTCGGCGCCCATCGGGCCACACGGCAGCAGTAACACCAACACCACCACCAA 8 8 8 0

S S G G G G S R Q S R A A A P R G A S G P S G G V G V G V G V V E  94 
CAGCAGCGGCGGCGGCGGCTCCCGCCAGTCGCGAGCCGCGGCGCCGCGGGGGGCGTCTGGCCCCTCCGGGGGGGTTGGGGTTGGGGTTGGGGTTGTTGAA 87  80

A E A G R P R G R T G P L V N R P A P L A N N R D P I V I S D S P  127
GCGGAGGCGGGGCGGCCGAGGGGCCGGACGGGCCCCCTTGTCAACAGACCCGCCCCCCTTGCAAACAACAGAGACCCCATAGTGATCAGCGACTCCCCCC 8 6 8 0

P A S P H R P P A A P M P G S A P R P G P P A S A A A S G P A R P R  161 
CGGCCTCTCCCCACAGGCCCCCCGCGGCGCCCATGCCAGGCTCCGCCCCCCGCCCCGGGCCCCCCGCGTCCGCGGCCGCGTCGGGACCCGCGCGCCCCCG 8 5 8 0

A A V A P C V R A P P P G P G P R A P A P G A E P A A R P A D A R  194 
CGCGGCCGTGGCCCCGTGCGTGCGAGCGCCGCCTCCGGGGCCCGGCCCCCGCGCCCCGGCCCCCGGGGCGGAGCCGGCCGCCCGCCCCGCGGACGCGCGC 8 4 8 0

R V P Q S H S S L A Q A A N Q E Q S L C R A R A T V A R G S G G P  227
CGTGTGCCCCAGTCGCACTCGTCCCTGGCTCAGGCCGCGAACCAAGAACAGAGTCTGTGCCGGGCGCGTGCGACGGTGGCGCGCGGCTCGGGGGGGCCGG 8 3 8 0

G V E G G H G  P S  R G A A P S G A A P L P S A A S V E Q E A A V  R P  2b 1 
GCGTGGAGGGTGGGCACGGGCCCTCCCGCGGCGCCGCGCCCTCCGGCGCCGCCCCGCTCCCCTCCGCCGCCTCTGTCGAGCAGGAGGCGGCGGTGCGTCC 8 2 8 0



R K R R G S G Q E N P S P Q S T R P P L A P A G A K R A A T H P P  294 
GAGGAAGAGGCGCGGGTCGGGCCAGGAAAACCCCTCCCCCCAGTCCACGCGTCCCCCCCTCGCGCCGGCAGGGGCCAAGAGGGCGGCGACGCACCCCCCC B lb u

S 0 8 G P G G R G 0 G G P G T P L T S S A A S A S S S S A S S S S  32 7  
TCCGACTCAGGGCCGGGGGGGCGCGGCCAGGGTGGGCCCGGGACCCCCCTGACGTCCTCGGCGGCCTCCGCCTCTTCCTCCTCTGCCTCTTCCTCCTCGG BU8G

A P T P A G A A S S A A G A A S S S A S A S S G G A V G A L G G R U  361 
CCCCGACCCCCGCGGGGGCCGCCTCTTCCGCCGCCGGGGCCGCGTCCTCCTCCGCTTCCGCCTCCTCGGGCGGGGCCGTCGGTGCCCTGGGAGGGAGACA 7 9 8 0

E E T  S L G P R A A S G P R G P R K C A R K T R H A E T S G A V P  394  
AGAGGAAACCTCCCTCGGCCCCCGCGCTGCTTCTGGGCCGCGGGGGCCGAGGAAGTGTGCCCGGAAGACGCGCCACGCGGAGACTTCCGGGGCCGTCCCC 7 8 B 0

A G G L T R Y L P  I  S G V S S V V A L S P Y V N K T I T G D C L P  4 2 7  
GCGGGCGGCCTCACGCGCTACCTGCCCATCTCGGGGGTCTCTAGCGTGGTCGCCCTGTCGCCTTACGTGAACAAGACTATCACGGGGGACTGCCTGCCCA 7 7 8 0

I L D M E T G N 1 G A Y V V L V D Q T G N M A T R L R A A V P G W S  4 6 1  
TCCTGGACATGGAGACGGGGAACATCGGGGCGTACGTGGTCCTGGTGGACCAGACGGGAAACATGGCGACCCGGCTGCGGGCCGCGGTCCCCGGCTGGAG 7 6 8 0

R R T L L P E T A G N H V M P P E Y P T A P A S E W N S L W M T P  4 9 4  
CCGCCGCACCCTGCTCCCCGAGACCGCGGGTAACCACGTGATGCCCCCCGAGTACCCGACGGCCCCCGCGTCGGAGTGGAACAGCCTCTGGATGACCCCC 7 5 8 0

V G N M L F D Q G T L V G A L D F R S L R S R H P W S G E Q G A S  5 2 7  
GTGGGGAACATGCTGTTCGACCAGGGCACCCTAGTGGGCGCCCTGGACTTCCGCAGCCTGCGGTCTCGGCACCCGTGGTCCGGGGAGCAGGGGGCGTCGA 7 4 8 0

T R D E G K Q -  53 4
CCCGGGACGAGGGAAAACAATAAGGGACGCCCCCCGTGTTTGTGGGGAGGGGGGGGTCGGGCGCTGGGTGGTCTCTGGCCGCGCCCACTACACCAGCCAA 7 38 u  

C t e r m in u s  o f  1 E 1 1 0

TCCGTGTCGGGGAGGGGAAAAGTGAAAGACACGGGCACCACACACCAGCGGGTCTTTTGTGTTGGCCCTAATA.AAAAAAAACTCAGGGGATTTTTGCTGT 7 2 8 0

CTGTTGGGAAATAAAGGTTTACTTTTGTATCTTTTCCCTGTCTGTGTTGGATGTATCGCGGGGATGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCG 7 1 8 0   :   ../\ /\ /X
3 1 T e r m in u s  mRNA

TGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGG 7 0 8 0  
 / \  / \  / \  / \  / \ .........
AGTGGGGGTGCCATGTTGGGCAGGCTCTGGTGTTAACCACAGAGCCGCGGCCCGGGCTGCCTGACCACCGATCCCCGAAAGCATCCTGCCACTGGCATGG 6 9 8 0  
....
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Figure 3.22 Structure and location of IE gene 1

The location and orientation of IE gene 1 in IRl  is
shown. The mapped 5' and 3' termini of the transcript are
indicted. Proposed coding regions are shown as open boxes,
non-coding regions as solid lines. The position of
reiteration 3 and the BamHI site are indicated.
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position 1231, 11 bp downstream of the 3' terminus of 
the mRNA, is the sequence TGTGTTGG, resembling the 
consensus YGTGTTYY required for efficient transcription 
termination (McLauchlan et a l ., 1985). Downstream of 
the gene are nine copies of a 16 bp tandemly reiterated 
sequence.

The 5' and 3' termini of the mRNA were mapped at 
a distance of 3585 bp apart, whereas the mRNA had a 
size estimated from its gel electrophoretic mobility of 
approximately 3 kb, including poly(A) tract (Watson et_ 
al., 1979). Examination of the DNA sequence between 
the mapped 3' and 5' termini did not show an ORF 
appropriate for IE110. Figure 3.23 shows all the ORFs 
in this sequence between the mapped 5' and 3' ends of 
the mRNA. These data suggested that the gene was 
spliced. Subsequent SI nuclease and exonuclease 
analyses of the mRNA by F.J. Rixon confirmed that the 
gene is spliced and contains two introns (Perry et a l ., 
submitted). Figure 3.22 shows the structure and 
location of IE gene 1, in IRl .

There are consensus splice donor and acceptor 
sequences at the mapped boundaries of both introns 
(Mount, 1982). From the DNA sequence, the first intron 
is calculated to be 764 bp in length. It contains 
three imperfect tandem copies of a 54 bp sequence, and 
a number of other imperfect repeat elements. The 
homopolymer tract containing a variable residue number, 
discussed previously, lies within this intron. The 
second intron is 135 bp long and is extremely purine 
rich.

The polypeptide coding sequences of IE110 were 
located by examination of the codon usage of the ORFs. 
Figure 3.24
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Figure 3.23 Open reading frames in IE gene 1

All open reading frames in the sequence of IE gene 1 
are shown. The sequence is represented in the 5' to 3'
direction, from position 10901 in the standard sequence, and
is in inverted orientation. The reading frames are

numbered. Proposed polypeptide coding sequences are shown
in red. _________

Figure 3.24 Evaluation of the codon usage 
of the reading frames in IE gene 1

The codon usage of the three reading frames on the 
rightward 5' to 3' strand of IE gene 1 where compared with 
the polypeptide coding region of IE gene 3. High scores 
represent regions with a similar codon usage. Short 
vertical lines on the central axis represent in-frame stop

codons. Proposed polypeptide coding regions are shown in
red. The x axis represents the numbered position in the DNA
sequence, as in the standard orientation. The y axis
represents a log probability function, with an arbitrary

scale (Staden and McLachlan, 1982).
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shows an evaluation of the codon usage of each reading 
frame in the gene. The coding regions of the gene for 
IE175 (McGeoch et a l ., 1986a) was used as the reference 
gene as it is also coded in a major repeat structure 
with a high G+C content. The reading frame of the 
coding sequences can be deduced from this analysis. A 
reading frame with a codon usage similar to that of 
IE175 achieves a high score as is illustrated in the 
figure. The introns appear as regions with none of the 
reading frames scoring well. Using this analysis and 
referring to the sequence, it was concluded that 
translation begins at the first ATG after the 5' 
terminus of the mRNA, at position 10685. This gives a 
5' non-coding region of 148 residues. This ATG 
conforms to the initiation codon consensus CCRCCAUG of 
Kozak, 1984). All three exons are thus protein coding. 
Translation terminates at the TAA codon at position 
7459, giving a protein 775 amino acids in length. The 
3' untranslated region is 209 residues in length. The 
polypeptide coding region has a base composition of 
75.4% G+C. This is a very high value, even for an 
HSV-1 gene. The effect of the base composition on 
coding potential is minimised to some extent by the 
high level of G and C residues in the redundant third 
position of the codons (see figure 3.18).

3.5.2 Amino acid sequence of IE110

The 775 amino acid polypeptide predicted from the 
DNA sequence has a Mr 78,452. This is considerably 
lower than the previous estimate of 110,000 obtained 
from gel electrophoretic mobility of the protein 
(Marsden et a l ., 1976). Apparent molecular weights 
estimated from mobility through polyacrylamide gels can 
be fairly inaccurate. The high Pro content of many HSV



Table 3.25 Predicted Amino Acid Composition of IE110

Res No. % Res No. %

Ala 110 14.2 Leu 36 4.6
Arg 66 8.5 Lys 8 1.0
Asn 18 2.3 Met 11 1.4
Asp 39 5.0 Phe 9 1.2
Cys 14 1.8 Pro 103 13.3
Gin 20 2.6 Ser 78 10.1
Glu 36 4.6 Thr 48 6.2
Gly 94 12.1 Trp 7 0.9
His 15 1.9 Tyr 7 0.9
H e 13 1.7 Val 43 5.5



Table 3.26 Codon usage catalogue of the IE110

TTT Phe 2 TCT Ser 12
TTC Phe 7 TCC Ser 29
TTA Leu 0 TCA Ser 1
TTG Leu 1 TCG Ser 17

CTT Leu 2 CCT Pro 4
CTC Leu 6 CCC Pro 67
CTA Leu 1 CCA Pro 3
CTG Leu 26 CCG Pro 29

ATT H e 0 ACT Thr 2
ATC lie 11 ACC Thr 23
ATA lie 2 AC A Thr 1
ATG Met 11 ACG Thr 22

GTT Val 5 GCT Ala 5
GTC Val 11 GCC Ala 54
GTA Val 1 GCA Ala 4
GTG Val 26 GCG Ala 47

TAT Tyr 0 TGT Cys 1
TAC Tyr 7 TGC Cys 13
TAA --- 1 TGA --- 0
TAG --- 0 TGG Trp 7

CAT His 1 CGT Arg 4
CAC His 14 CGC Arg 29
CAA Gin 4 CGA Arg 4
CAG Gin 16 CGG Arg 17

AAT Asn 1 AGT Ser 4
AAC Asn 17 AGC Ser 15
AAA Lys 2 AGA Arg 4
AAG Lys 6 AGG Arg 8

GAT Asp 4 GGT Gly 4
GAC Asp 35 GGC Gly 33
GAA Glu 7 GGA Gly 5
GAG Glu 29 GGG Gly 52
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Figure 3.27 Hydropathicity of the IE110 protein

Hydropathicity of the proposed amino acid sequence of 
IE110 is illustrated opposite. The predicted nature of the 
amino acid sequence is based on the parameters of Kyte and 
Doolittle (1982). The amino terminus is at the left of the 
figure, the carboxy terminus at the right. Higher scores 
represent hydrophobic regions.

The y axis represents hydropathicity, -40 to +40, 
summed over nine residues. The scale along the x axis is in 
100 amino acids.
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proteins, as well as post-translational modifications 
such as phosphorylation, may give an anomalous mobility 
to polypeptides.

The IE110 protein contains a small excess of 
basic over acidic residues (table 3.25). The five most 
common amino acids are Ala, Pro, Gly, Ser and Arg.
Ala, Pro, Gly and Arg are amino acids translated from 
codons containing only G and C residues (table 3.26). 
Their prominence correlates with the extreme base 
composition of the gene. The distribution of these 
residues is not uniform: they are most abundant in the 
region beginning with the start of exon 3 (amino acid 
residue 242) and ending with residue 560. A further 
notable feature of this protein is the high Ser and Ala 
content between amino acid residues 554 and 594. The 
hydropathicity of the protein is illustrated in figure 
3.27.

There is a Cys rich region between residues 99 
and 156. Nine of the 14 Cys residues in IE110 are 
located in this 58 amino acid sequence. Many DNA 
binding proteins contain Cys rich regions (Miller êt 
al., 1985; Berg, 1986). A common sequence element 
within these regions is a pair of Cys residues 
separated by two other amino acids. IE110 has three of 
these sequences, as shown in the sequence listing, 
figure 3.21.

Using the predicted amino acid sequence of IE110, 
an antiserum was prepared by M.C. Frame against a 
12—mer oligopeptide with the amino acid sequence of the 
predicted carboxy terminus linked to a Tyr residue.
The antiserum precipitated native IE110 (Perry et a l ., 
submitted), so validating the predicted amino acid 
sequence in this locality.
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Figure 3.28 Relationship between HSV-1 IE110
and the 51K VZV protein encoded by gene 61

The relationship between the IE110 protein of HSV-1 
and the 51K protein encoded by VZV gene 61, is shown 
opposite. Homology was calculated by the CINTHOM program
(Pustell and Kafatos, 1982), adapted to allow for 
conservative amino acid changes, and displayed as a dot
matrix using DIAG (P. Taylor, unpublished). The parameters 
used were as follows, range, 2 0 ; minimum value, 2 0 ; others, 
as default. The x axis represents the 51K VZV protein, the 
y axis the HSV-1 IE110 protein. The diagonal line
represents amino acid sequences conserved between the two 
proteins.
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Figure 3.29 Alignment of the conserved amino acid
residues in HSV-1 IE110 and VZV 51K encoded by gene 61

The amino acid sequences in the conserved region were 
optimally aligned using the program HOMOL (P. Taylor, 1984). 
Default parameters were used. Identical residues are 
indicated with *. The Cys residues in both sequences are 
under/over-lined. The three sequences C X X C conserved 
between the two proteins are indicated.
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A search was made to find a homologue to IE110 in 
proteins encoded by the alphaherpesvirus VZV (Davison 
and Scott, 1986). A predicted protein of VZV encoded 
by gene 61, with a M r 50913, (hereafter referred to as 
51K), showed some homology to IE110. A matrix plot 
showing the level of homology between the two proteins 
is shown in figure 3.28. The most highly conserved 
amino acid sequences have been aligned using the HOMOL 
program, and are shown in figure 3.29. The region 
conserved between the two proteins includes the Cys 
rich sequence. The majority of the Cys residues appear 
to have been conserved between the two proteins, 
suggesting they may play an essential role in function.

The amino acid sequence of IE110 was also 
compared to the sequence of the major IE protein of the 
betaherpesvirus HCMV, (Stenberg et a l ., 1984), but they 
did not show any homology. IE110 also did not show any 
homology to any polypeptides predicted from the 
complete genome sequence of the gammaherpesvirus EBV 
(Baer et a l ., 1984).

GENES IN THE UT, REGION OF BAMHI B

3.6 IE GENE 2

3.6.1 DNA sequence of IE gene 2

IE gene 2 encodes the protein IE63. This is the 
only gene previously mapped to UL in the DNA sequence 
presented here. During the analysis of the sequence 
for IE gene 2, the reading frame believed to code for 
IE63 was seen to be blocked. Fine examination of the 
sequence of M13 clones did not resolve the problem. As
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Figure 3.30 Open reading frames in IE gene 2

All open reading frames in the sequences of JE gene 2 
determined from plasmids pGX48, shown above, and pGX190. 
The sequence is represented rightwards, in the 5' to 3' 
direction. The region displayed opposite lies between the 
mapped positions of the 5' and 3' termini of the mRNA.

The continuous red line through pGXl90 frame 2 
represents the predicted XE63 polypeptide coding sequence. 
This is marked with a dotted red line in pGX48.
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Figure 3.31 Codon usage of IE gene 2

The codon usage evaluation of the three rightward 
reading frames in IE gene 2 are shown (Staden and McLachlan, 
1982). The upper three reading frames are from the seguence 
of the plasmid pGX48, with a deletion in IE gene 2. The 
lower three reading frames are from the sequence of plasmid 
pGX190. The coding region of gene US3 was used as 
reference. Short vertical lines on the central axis 
represent in-frame stop codons.

The x axis represents the numbered position in the DNA 
sequence in the standard orientation. The y axis represents 
a log probability function, with an arbitrary scale (Staden 
and McLachlan, 1982). Proposed polypeptide coding regions 
are shown in red.
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described above, the region was resequenced using 
another plasmid (pGX190) and a single residue deletion 
was found within the coding region of the gene in the 
plasmid pGX48, at position 1062. Figure 3.30 shows all 
the ORFs in the DNA sequence between the mapped 5' and 
3' ends of the mRNA. The additional nucleotide in 
plasmid pGX190 opened a reading frame of appropriate 
size, which is proposed to code for IE63. The codon 
usage evaluation of IE gene 2 shown in figure 3.31 
supports this interpretation of the sequence.

The DNA sequence of IE gene 2 is listed in figure 
3.32. The amino acid sequence is given as the single 
letter code The 5' and 3* termini of the' mRNA have been 
finely mapped to positions 275 and 1974 re^ectively 
(Whitton et a l ., 1983). A TATA box is located upstream 
at position 247. As with IE gene 1, the far upstream 
regulatory elements involved in transcription 
regulation have been identified (Mackem and Roizman, 
1982; Preston et a l ., 1984). The sequence TAATAAATAC, 
representing the TAATGARATTC sequence element, is 
located between positions 120 and 130. Near the 3' 
terminus of the mRNA is the polyadenylation signal 
sequence AATAAA, at position 1956. Further downstream, 
at position 1990, is the sequence CGTGTTGT, showing 
homology to the consensus transcription termination 
sequence (McLauchlan et a l ., 1985). By mapping the 
mRNA, Whitton et al . (1983) concluded that IE gene 2 is
unspli ced.

The mRNA is believed to be translated from the 
first ATG at position 413, giving a 5' non-coding 
region of 138 nucleotides. This ATG conforms to 
Kozak's rules and initiates an ORF 515 amino acids in 
length. Translation terminates at TAG, at position 
1949, leaving a 3' non—coding region 23 nucleotides in



Figure 3.32 The amino acid sequences of proteins
encoded by genes in the UT. portion of the BamHI b
fragment

*

The DNA sequence of BamHI b between positions 1 and 
4000 is shown as the rightward 5' to 3' strand only, with 
numbering starting at the left BamHI site, as in the 
database. The predicted amino acid sequences of the
proteins are given as a single letter code, rightward 
encoded proteins are shown above, and the leftward encoded 
protein below the corresponding DNA sequence. The mapped
termini of the IE gene 2 mRNA are marked (0---- >, 5'
terminus; ---- :, 3' terminus). Proposed TATA box and
polyadenylation signal sequences are underlined. Homologues 
to the TAATGARATTC sequence and transcription termination 
(McLauchlan) sequence are also indicated. The IRl /Ul 
junction is labelled. Copies of reiteration set 1 are 
labelled as \ ......... /.



GGATCCCAACGACCCCGCCCATGGGTCCCAATTGGCCGTCCCGTTACCAAGACCAACCCAGCCAGCGTATCCACCCCCGCCCGGGTCCCCGCGGAAGCGG 1 0 0

AACGGGGTATGTGATATGCTAATTAAATACATGCCACGTACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAGGTGGGGCGGGGGCCCCGCCCGGGG 200
GGCGGAACGAGGAGGGGTTTGGGAGAGCCGGCCCCGGCACCACGGGTATAAGGACATCCACCACCCGGCCGGTGGTGGTGTGCAGCCGTGTTCCAACCAC 3 0 0

  0 - - - > 5' Terminus mRNA
GGTCACGCTTCGGTGCCTCTCCCCGATTCGGGCCCGGTCGCTCGCTACCGGTGCGCCACCACCAGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCC 4 0 0

M A T D I D M L I D L G L D L S D S D L D E D P P E P A E  29 
GACAGCCCGGTCATGGCGACTGACATTGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCGATCTGGACGAGGACCCCCCCGAGCCGGCGGAGA 500 N TerminuB IE63

S R R D D L E S D S S G E C S S S D E D M E D P H G E D G P E P I L  63 
GCCGCCGCGACGACCTGGAATCGGACAGCAGCGGGGAGTGTTCCTCGTCGGACGAGGACATGGAAGACCCCCACGGAGAGGACGGACCGGAGCCGATACT 600
D A A R P A V R P S R P E D P G V P S T Q T P R P T E R Q G P N D  96 

CGACGCCGCTCGCCCGGCGGTCCGCCCGTCTCGTCCAGAAGACCCCGGCGTACCCAGCACCCAGACGCCTCGTCCGACGGAGCGGCAGGGCCCCAACGAT 700
P Q P A P H S V W S R L G A R R P S C S P E Q H G G K V A R L Q P  129 
CCTCAACCAGCGCCCCACAGTGTGTGGTCGCGCCTCGGGGCCCGGCGACCGTCTTGCTCCCCCGAGCAGCACGGGGGCAAGGTGGCCCGCCTCCAACCCC 800
P P T K A Q P A R G G R R G R R R G R G R G G P G A A D G L S D P R  163 
CACCGACCAAAGCCCAGCCTGCCCGCGGCGGACGCCGTGGGCGTCGCAGGGGTCGGGGTCGCGGTGGTCCCGGGGCTGCCGATGGTTTGTCGGACCCCCG 900
R R A P R T N R N P G G P R P G A G W T D G P G A P H G E A W R G  196 

CCGGCGTGCCCCCAGAACCAATCGCAACCCTGGGGGACCCCGCCCCGGGGCGGGGTGGACGGACGGCCCCGGCGCCCCCCATGGCGAGGCGTGGCGCGGC 1000
S E Q P D P P G G Q R T R G V R Q A P P P L M T L A I A P P P A D  229 
AGTGAGCAGCCCGACCCACCCGGAGGCCAGCGGAC ACGGGGCGTGC GCCAAGCACCCCCCCCGCTAATGACGCTGGCGATTGCCCCCCCGCCCGCGGACC 1100
P R A P A P E R K A P A A D T I D A T T R L V L R S I S E R A A V D  263 
CCCGCGCCCCGGCCCCGGAGCGAAAGGCGCCCGCCGCCGACACCATCGACGCCACCACGCGGTTGGTCCTGCGCTCCATCTCCGAGCGCGCGGCGGTCGA 1200
R I S E S F G R S A Q V M H D P F G G Q P F P A A N S P W A P V L  296 

CCGCATCAGCGAGAGCTTTGGCCGCAGCGCACAGGTCATGCACGACCCCTTTGGGGGGCAGCCGTTTCCCGCCGCGAATAGCCCCTGGGCCCCGGTGCTG 1300
A G Q G G P F D A E T R R V S W E - T L V A H G P S L Y R T F A G N  329 
GCGGGCCAAGGAGGGCCCTTTGACGCCGAGACCAGACGGGTCTCCTGGGAAACCTTGGTCGCCCACGGCCCGAGCCTCTATCGCACTTTTGCCGGCAATC 1400
P R A A S T A K A M R D C V L R Q E N F I E A L A S A D E T L A W C  363 
CTCGGGCCGCATCGACCGCCAAGGCCATGCGCGACTGCGTGCTGCGCCAAGAAAATTTCATCGAGGCGCTGGCCTCCGCCGACGAGACGCTGGCGTGGTG 1500
K M C  I H H N L P L R P Q D P  I I G T T A A V L D N L A T R L R P  396 

CAAGATGTGCATCCACCACAACCTGCCGCTGCGCCCCCAGGACCCCATTATCGGGACGACCGCGGCTGTGCTGGATAACCTCGCCACGCGCCTGCGGCCC 1600
F L Q C  Y L K A  R G L C G L D E L C S R R R L A D I  K D I  A S F V  4 2 9  

TTTCTCCAGTGCTACCTGAAGGCGCGAGGCCTGTGCGGCCTGGACGAACTGTGTTCGCGGCGGCGTCTGGCGGACATTAAGGACATTGCATCCTTCGTGT 1700
F V I L A R L A N R V E R G V A E I D Y A T L G V G V G E K M H F Y  4 6 3  
TTGTCATTCTGGCCAGGCTCGCCAACCGCGTCGAGCGTGGCGTCGCGGAGATCGACTACGCGACCCTTGGTGTCGGGGTCGGAGAGAAGATGCATTTCTA 1800

L P G A C M A G L I E I L D T H R Q E C S S R V C E L T A S H I V  4 9 6  
CCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAATCCTAGACACGCACCGCCAGGAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATCGTC 1 9 0 0

A P P Y V H G K Y F Y C N S L F -  51 2
GCCCCCCCGTACGTGCACGGCAAATATTTTTATTGCAACTCCCTGTTTTAGGTACAATAAAAACAAAACATTTCAAACAAATCGCCCCTCGTGTTGTCCT 2000

C Terminus IE63 -----  .......3' Terminus mRNA



TCTTTGCTCATGGCCGGCGGGGCGTGGGTCACGGCAGATGGCGGGGGTGGGCCCGGCGTACGGCCTGGGTGGGCGGAGGGAACTAACCCAACGTATAAAT 2 1 0 0

CCGTCCCCGTTCCAAGGCCGGTGTCATAGTGCCCTTAGGAGCTTCCCGCCCGGGCGCATCCCCCCTTTTGCACTATGACAGCGACCCCCCTCACCAACCT 2200
N Terminus 20.5K

F L R A P D I T H V A P P Y C L N f A T W Q A E T A M H T S K T D S  42 
GTTCTTACGGGCCCCGGACATAACCCACGTGGCCCCCCCTTACTGCCTCAACGCCACCTGGCAGGCCGAAACGGCCATGCACACCAGCAAAACGGACTCC 2300

A C V A V R S Y L V R A S C E T S G T I H C F F F A V Y K D T H H  75  
GCTTGCGTGGCCGTGCGGAGTTACCTGGTCCGCGCCTCCTGTGAGACCAGCGGCACAATCCACTGCTTTTTCTTTGCGGTATACAAGGACACCCACCACA 2400
T P P L  I T  E L R N F A D L V N H P P V L R E L E D K R G V R L R C  10 9  
CCCCTCCGCTGATTACCGAGCTCCGCAACTTTGCGGACCTGGTTAACCACCCGCCGGTCCTACGCGAACTGGAGGATAAGCGCGGGGTGCGGCTGCGGTG 2500

A R P  F S V G T I  K D V S G S G A S S A G E Y T I N G I V Y H C H  142 
TGCGCGGCCGTTTAGCGTCGGGACGATTAAGGACGTCTCTGGGTCCGGCGCGTCCTCGGCGGGAGAGTACACGATAAACGGGATCGTGTACCACTGCCAC 2600

C R Y P F S K T C W M G A S A A L Q H L R S I S S S G M A A R A A  175 
TGTCGGTATCCGTTCTCAAAAACATGCTGGATGGGGGCCTCCGCGGCCCTACAGCACCTGCGCTCCATCAGCTCCAGCGGCATGGCCGCCCGCGCGGCAG 2700
E H R R V K I K I K A -  186
AGCATCGACGCGTCAAGATTAAAATTAAGGCGTGATCTCCAACCCCCCCATGAATGTGTGTAACCCCCCCCAAAAAAATAAAGAGCCGTAACCCAACCAA 2800 

C T e r m in u s  20.5K -----

ACCAGGCGTGGTGTGAGTTTGTGGACCCAAAGCCCTCAGAGACAACGCGACAGGCCAGTATGGACCGTGATACTTTTATTTATTAACTCACAGGGGCGCT 2900

TACCGCCACAGGAATACCAGAATAATGACCACCACAATCGCGACCACGCCAAATACAGCATGGCGCCACACCACGCCACAACAGCCCTGTCGCCGGTATG 3000 
C Terminus 21.2K

GGGCATGATCAGACGAGCCGCGCCGCGCGTTGGGCCCTGTACAGCTCGCGCGAATTGACCCTAGGAGGCCGCCACGCGCCCGAGTTTTGCGTTCGTCGCT 3100 
- V L R A A R Q A R Y L E R S N V R P P R W A G S N Q T R R Q  168

GGTCGTCGGGCGCCAAAGCCCCGGACGGCTGTTCGGTCGAACGAACGGCCACGACAGTGGCATAGGTTGGGGGGTGGTCCGACATAGCCTCGGCGTACGT 3200 
D D P A L A G S P Q E T S R V A V V T A Y T P P H D S M A E A Y T  135

CGGGAGGCCCGACAAGAGGTCCCTTGTGATGTCGGGTGGGGCCACAAGCCTGGTTTCCGGAAGAAACAGGGGGGTTGCCAATAACCCGCCAGGGCCAAAA 3300 
P L G S L L D R T I D P P A V L R T E P L F L P T A L L G G P G F  102
CTCCGGCGCTGCGCACGTCGTTCGGCGCGGCGCCGGGCGCGCCGAGCGGCTCGCTGGGCGGCTTGGCGTGAGCGGCCCCGCTCCGACGCCTCGCCCTCTC 3400 
S R R Q A R R E A R R R A R R A A R Q A A Q R S R G R E S A E G E G  68
CGGAGGAGGTTGGCGGAATTGGCACGGACAACAGGGGCCCAGCAGAGTACGGTGGAGGTGGGTCCGTGGGGGTGTCCAGATCAATAACGACAAACGGCCC 3500 
S S T P P  I P V S L L P G A S Y P P P P D T P T D L D I V V F P G  35

CTCGTTCCTACCAGACAAGCTATCGTAGGGGGGCGGGGGATCAGCAAACGCGTTCCCCGCGCTCCATAAACCCGCGTCGGGTTGCGCCGCCTCCGAAGCC 3600 
E N R G S L S D Y P P P P D A F A N G A S W L G A D P Q A A E S A  2
N Terminus 21.2K ,----- -
ATGGATGCGCCCCAAAGCCACGACTCCCGCGCGCTAGGTCCTTGGGGTAATGGAAAAGGCCCTACTCCCCATCCAAGCCAGCCAAGTTAACGGGCTACGC 3700 
M 1
CTTCGGGAATGGGACTGGCACCCCGGCGGATTTTGTTGGGCTGGCATGCGTCGCCCAACCGAGGGCCGCGTCCACGGGACGCGCCTTTTATAACCCCGGG 3800

U l_ / |Rl Junction -----GGTCATTCCCAACGATCACATGCAATCTAACTGGCTCCCCTCTCCCCCCCTCTCCCCTCTCCCCCCCTCTCCCCTCTCCCCCCCTCTCCCCTCTCCCCCC 3900A ........ /\........./\.........A .......
CTCTCCCCTCTCCCCTCTGCTCTTTCCCCGTGACACCCGACGCTGGGGGCGTGGCTGCCGGGAGGGGCCGCGGATGGGCGGGCCTACTTGGTTTCCCGCC 4000
•••A...
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length. The base composition of the coding region 
varies considerably along its length. The 5' terminus 
of the coding region is particularly G+C rich. The 
coding region of the amino terminal 300 residues is 
73.7% G+C, and the remainder of the coding region 63.0% 
G+C.

3.6.2 Amino acid sequence of IE63

The predicted amino acid sequence of the protein 
has a M r 55,376. This is lower than that estimated 
from its electrophoretic mobility (Marsden et a l .,
1976). Overall, the protein is slightly basic (table 
3.33). There is some grouping of acidic residues near 
the amino terminus. The protein is quite hydrophilic, 
although it has a strongly hydrophobic region between 
residues 143 and 160 (figure 3.33). Again, amino acids 
translated from codons containing only G and C 
residues, such as Pro, Arg and Ala, are 
over-represented (table 3.35). These residues are 
distributed unevenly along the protein, with the lowest 
number near the carboxy terminus.

A search was made for a homologue to IE63 in VZV. 
The VZV protein with an apparent M r 51540, encoded by 
gene 4 (Davison and Scott, 1986) hereafter referred to 
as 5 K, showed good homology (figure 3.36). This 
homology was most pronounced at the carboxy terminus, 
and negligible in the amino half of the protein. All 
three reading frames in this region, in each protein, 
were compared to ensure that the loss of homology was 
not due to an error resulting in a frameshift in either 
of the sequences. The aligned amino acid sequences of 
the two proteins in the homologous region are shown in 
figure 3.37. The considerable homology in this region



Table 3.33 Predicted Amino Acid Composition of IE63 

Res._______ N o ._________%___________Res_______  No. %

Ala
Arg
Asn
Asp
Cys
Gin
Glu
Gly
His
H e

64
53
11
32
14
13
23
41
13
18

12.4
10.3
2.1
6.2
2.7
2.5
4.5 
8.0
2.5
3.5

Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

42
10
9

12
55
36
25
5
9

30

8.2
1.9
1.7 
2.3

10.7
7.0
4.9
1.0
1.7
5.8
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Figure 3.34 Hydropathicity of IE63

Hydropathicity of the proposed amino acid sequence of 
IE63 is illustrated graphically. The nature of the amino 
acid sequences is based on the parameters of Kyte and 
Doolittle (1982). The amino terminus of the protein is at
the left, carboxy terminus at the right side of the figure.

\Higher scores represent hydrophobic regions.

The y axis represents hydropathicity, -40 to +40, 
summed over nine residues. The scale along the x axis is in 
100 amino acids.



Table 3.35 Codon usage catalogue of the IE63

TTT Phe 9 TCT Ser 0
TTC Phe 3 TCC Ser 10
TTA Leu 0 TCA Ser 0
TTG Leu 3 TCG Ser 8

CTT Leu 2 CCT Pro 2
CTC Leu 11 CCC Pro 32
CTA Leu 3 CCA Pro 4
CTG Leu 23 CCG Pro 17

ATT H e 7 ACT Thr 2
ATC lie 11 ACC Thr 11
ATA lie 0 AC A Thr 1
ATG Met 9 ACG Thr 11

GTT Val 1 GCT Ala 2
GTC Val 19 GCC Ala 33
GTA Val 0 GCA Ala 5
GTG Val 10 GCG Ala 24

TAT Tyr 3 TGT Cys 5
TAC Tyr 6 TGC Cys 9
TAA --- 0 TGA --- 0
TAG --- 1 TGG Trp 5

CAT His 1 CGT Arg 5
CAC His 12 CGC Arg 20
CAA Gin 3 CGA Arg 7
CAG Gin 10 CGG Arg 14

AAT Asn 4 AGT Ser 3
AAC Asn 7 AGC Ser 15
AAA Lys 1 AGA Arg 4
AAG Lys 9 AGG Arg 3

GAT Asp 3 GGT Gly 3
GAC Asp 29 GGC Gly 17
GAA Glu 5 GGA Gly 5
GAG Glu 18 GGG Gly 16
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Figure 3.36 Relationship between HSV-1 IE63
and VZV gene 4 protein

The relationship between the IE63 protein of HSV-1 and 
the protein encoded by VZV gene 4, calculated by the CINTHOM 
program (Pustell and Kafatos, 1982), adapted to allow for 
conservative amino acid changes, and displayed as a dot 
matrix using DIAG (P. Taylor, unpublished) is shown 
opposite. The parameters used were as follows, range, 12; 
minimum value, 20; others, as default. The x axis 
represents the VZV protein encoded by gene 4, the y axis the 
HSV-1 IE63K protein. The diagonal line represents amino 
acid sequences conserved between the two proteins.
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Figure 3.37 Homology between the carboxy amino acid 
sequences of the HSV-1 IE63 and 52K gene 4 proteins

The amino acid sequences of the carboxy regions of the 
proteins are optimally aligned using the program HOMOL 
(Taylor, 1984). Default parameters were used. Identical 
residues are marked with an *. Blanks represent gaps 
introduced into the sequence to optimise alignment. The 
amino acid sequence of IE63 is listed above the 52K 
sequence.
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401 LQCYLKARGLCGLDELC SRRRLADIKDIASFVFVILARLANRVERGVAEIDYAT 
* * *  * * * * * *

350 KQ PLCLL AAYAAVAPAYINANCRRRHDE

455 LGVGVGEKMHFYLPGACMAGLIEILDTHRQECSSRVCELTASHIVAP PYVHGK 
* * * *  * * * * * * *  * * *

378 VEFLGHYIKNYNPGTLSSLLTEAVETHTRDCRSASCSRLVRAILSPGTGSLGL

508 YFYCNSLF 
*

431 FFVPGLNQ



Figure 3.38a Relationship between HSV-1 IE63 
and EBV protein encoded by BMLF1

The relationship between the IE63 protein of HSV-1 and 
the protein encoded by EBV BMLF1, calculated by the CINTHOM 
program (Pustell and Kafatos, 1982), adapted to allow for 
conservative amino acid changes, and displayed as a dot 
matrix using DIAG (P. Taylor, unpublished) is shown 
opposite. The parameters used were as follows, range, 20; 
minimum value, 20; others, as default. The x axis 
represents the HSV-1 IE63K protein, the y axis the EBV 
protein encoded by BMLF1. The diagonal line represents 
amino acid sequences conserved between the two proteins.

Figure 3.38b Homology between the carboxy amino acid 
sequences of the HSV-1 IE63 and EBV BMLF1 protein

The amino acid sequences of the carboxy regions of the 
proteins are optimally aligned using the program HOMOL 
(Taylor, 1984). Default parameters were used. Identical 
residues are marked with an *. Blanks represent gaps 
introduced into the sequence to optimise alignment. The 
amino acid sequence of IE63 is listed above the EBV BMLFl 
amino acid sequence.



Table 3.39 Codon usage catalogue of 20.5K

TTT Phe 4 TCT Ser 1 TAT Tyr 1 TGT Cys 3
TTC Phe 3 TCC Ser 7 TAC Tyr 5 TGC Cys 5
TTA Leu 1 TCA Ser 1 TAA --- 0 TGA --- 1
TTG Leu 0 TCG Ser 1 TAG --- 0 TGG Trp 2

CTT Leu 0 CCT Pro 2 CAT His 1 CGT Arg 0
CTC Leu 3 CCC Pro 2 CAC His 9 CGC Arg 7
CTA Leu 2 CCA Pro 0 CAA Gin 0 CGA Arg 1
CTG Leu 7 CCG Pro 6 CAG Gin 2 CGG Arg 6

ATT H e 4 ACT Thr 0 AAT Asn 0 AGT Ser 1
ATC lie 3 ACC Thr 9 AAC Asn 5 AGC Ser 5
ATA lie 2 AC A Thr 3 AAA Lys 3 AGA Arg 0
ATG Met 4 ACG Thr 4 AAG Lys 5 AGG Arg 0

GTT Val 1 GCT Ala 1 GAT Asp 1 GGT Gly 0
GTC Val 5 GCC Ala 11 GAC Asp 5 GGC Gly 3
GTA Val 1 GCA Ala 1 GAA Glu 2 GGA Gly 1
GTG Val 5 GCG Ala 9 GAG Glu 5 GGG Gly 5
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(from residue 300 to the carboxy terminus of IE63), is 
reflected in that 37% of amino acids are identical 
between the amino acid sequences of the two proteins.

A protein of M r 51,347, coded by the gene BMLFl, 
as predicted from the DNA sequence of EBV (Baer et a l .,
1984), also shows some homology to IE63 (figure 3.38a). 
Again most conservation of amino acid sequences was 
observed at the carboxy terminus of the proteins. The 
level of homology between the two amino acid sequences 
in the conserved region is not very high, at 20%, as 
shown in figure 3.38b.

3.7 UTi GENE ENCODING 20.5K

This gene is proposed to lie on the same strand 
as and immediately downstream of IE gene 2. The amino
acid sequence of the 20.5K protein is shown with the
DNA sequence in figure 3.32. A good TATA box is 
located at position 2094. A polyadenylation signal is
located at position 2777. Downstream of the
polyadenylation signal is a G+T rich sequence 
resembling the McLauchlan consensus (1985).

Translation is considered to start at the first 
ATG codon, position 2175. Termination of translation 
of the ORF is at TGA, position 2733. The coding region
is 62.4% G+C, three percentage points lower than the
average of the region. As in the previous genes
discussed, the bias towards a G or C residue in the
third redundant position of the codon, diminishes the 
effect of the base composition on the coding potential. 
Other than the high Ala content (11.8%), the amino 
acids translated from G+C only codons are not 
over-represented (table 3.39). The 186 amino acid



Table 3.40 Predicted Amino Acid Composition of 20.5K

Res No. % Res No. %

Ala
Arg
Asn
Asp
Cys
Gin
Glu
Gly
His
H e

22
14
5
6 
8 
2 
7 
9

10
9

11.8
7.5
2.7
3.2
4.3 
1.1
3.8
4.8
5.4
4.8

Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

13
8
4
7

10
16
16
2
6

12

7.0
4.3 
2.2 
3.8
5.4 
8.6 
8.6
1.1 
3.2
6.5
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Figure 3.41 Hydropathicity of the 20.5K protein

Hydropathicity of the amino acid sequence of the 
predicted 20.5K protein is illustrated graphically. The 
nature of the protein is predicted by the parameters of Kyte 
and Doolittle (1982). The amino terminus is at the left, 
carboxy terminus at the right side of the figure. Higher 
scores represent hydrophobic regions.

The y axis represents hydropathicity, -40 to +40, 
summed over nine residues. The scale along the x axis is in 
100 amino acids.



1 MTATPLTNLFLRAPDITHVAPPYCLNATWQAETAMHTSKTD* ★ * *  * * ★ ★
1 MDTTGASESSQPIRVNLKPDPLASFTQVIPPLALETTWTCPANSHAPTPS

42 SACVAVRSYLVRASCETSGTIHCF FFAVYKDTHHTPPLITELRNFADLV * ★* * ★ * * * * * *
51 PLYGVKRLCALRATCGRADDLHAFLIGLGRRDKPSESPMYVDLQPFCSLL
91 NHPPVLRELEDKRGVRLRCARPFSVGTIKDVSGSGASSAGEYTINGIVYH 

* * * * * * *  * * *  * * *
101 N SQRLLPEMANYNTLCDAPFSAATQQMMLESG QLGVHLAAIGYH
141 CHCRYPFSKTCWMGASAALQHLRSISSSGMAARAAEHRRVKIKIKA *** *** ** *** * * * ****
145 CHCKSPFSAECWTGASEAYDH W C G G K A R A A  VGGL



Figure 3.42 Relationship between the HSV-1 2Q.5K 
and VZV 19.5K protein encoded by gene 3

The relationship between the 20.5K protein of HSV-1 
and the protein encoded by VZV gene 3, calculated by the 
CINTHOM program (Pustell and Kafatos, 1982), adapted to 
allow for conservative amino acid changes, and displayed as 
a dot matrix using DIAG (P. Taylor, unpublished) is shown 
opposite. The parameters used were as follows, range, 12; 
minimum value, 20; others, as default. The x axis 
represents the 19.5K VZV protein, the y axis the HSV-1 20.5K 
protein. The diagonal line represents amino acid sequences 
conserved between the two proteins.

Figure 3.43 Homology between the amino acid 
sequences of the HSV-1 20.5K protein and the 
19K protein encoded by VZV gene 3

The amino acid sequences of the HSV-1 20.5K and the 
VZV 19K were optimally aligned using the program HOMOL 
(Taylor, 1984). Default parameters were used. Identical 
residues are marked with an *. Blanks represent gaps 
introduced into the sequence to optimise alignment. The 
amino acid sequence of the HSV-1 20.5K protein is listed 
above the VZV 19K amino acid sequence.



Table 3.44 Predicted Amino Acid Compos ition of 21. 2\

Res No. % Res No. %

Ala 28 14.2 Leu 16 8.1
Arg 25 12.7 Lys 0 0.0
Asn 4 2.0 Met 2 1.0
Asp 11 5.6 Phe 4 2.0
Cys 0 0.0 Pro 27 13.7
Gin 8 4.1 Ser 17 8.6
Glu 10 5.1 Thr 11 5.6
Gly 14 7.1 Trp 2 1.0
His 1 0.5 Tyr 5 2.5
H e 3 1.5 Val 9 4.6
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protein has a M r 20,491. The protein has twice the 
number of basic as acidic residues (table 3.40). The 
hydropathicity of the protein is shown in figure 3.41

A homologue to the 20.5K protein has been found 
in VZV. The M r 19,149 VZV protein (19.IK) coded by
gene 3 (Davison and Scott, 1986) is of similar size and
shows homology throughout its length (figure 3.42).
The alignment of the amino acid sequences of the two 
proteins in figure 3.43 illustrates the level of 
conservation, which is greatest near to the carboxy 
terminus. 25% of amino acids are conserved between the 
two proteins. No ORF encoding a homologue to the 20.5K 
protein was found in the EBV genome. No data exist on 
the function of the protein.

3.8 UT. GENE ENCODING 21.2K

This gene is proposed to lie between IRL and the
gene for 20.5K, described above, which lies on the
opposite strand. The DNA and amino acid sequences are 
listed in figure 3.32. A good TATA box is situated 
aproximately 40 bp from the UL /lRL junction at position 
3793. The polyadenylation signal for the mRNA is 
located at position 2880. A sequence resembling the 
transcription termination sequence (McLauchlan et a l .,
1985) lies at position 2849.

The ATG considered to initiate translation is at 
position 3602. Translation terminates at TGA, position 
3011. The protein is 197 amino acids in length, and 
has a Mr 21,182. The amino acid content and codon 
usage reflect the 67.8% G+C content of the coding 
region of the gene (tables 3.44 and 3.45). For example 
the Ala, Pro and Arg levels are high at 14.2%, 13.7%



Table 3.45 Codon usage catalogue of 21.2K

TTT Phe 4 TCT Ser 2
TTC Phe 0 TCC Ser 4
TTA Leu 2 TCA Ser 1
TTG Leu 5 TCG Ser 7

CTT Leu 2 CCT Pro 4
CTC Leu 3 CCC Pro 10
CTA Leu 0 CCA Pro 6
CTG Leu 4 CCG Pro 7

ATT lie 2 ACT Thr 1
ATC lie 1 ACC Thr 6
ATA lie 0 ACA Thr 1
ATG Met 2 ACG Thr 3

GTT Val 2 GCT Ala 6
GTC Val 4 GCC Ala 10
GTA Val 0 GCA Ala 1
GTG Val 3 GCG Ala 11

TAT Tyr 1 TGT Cys 0
TAC Tyr 4 TGC Cys 0
TAA --- 0 TGA --- 1
TAG --- 0 TGG Trp 2

CAT His 0 CGT Arg 2
CAC His 1 CGC Arg 8
CAA Gin 4 CGA Arg 4
CAG Gin 4 CGG Arg 6

AAT Asn 1 AGT Ser 1
AAC Asn 3 AGC Ser 2
AAA Lys 0 AG A Arg 0
AAG Lys 0 AGG Arg 5

GAT Asp 3 GGT Gly 2
GAC Asp 8 GGC Gly 6
GAA Glu 3 GGA Gly 1
GAG Glu 7 GGG Gly 5
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Figure 3.46 Hydropathicity of the 21.2K protein

Hydropathicity of the amino acid sequence of the 
predicted 21.2K protein is illustrated graphically. The 
predicted nature of the amino acid sequence is based on the 
paramenters of Kyte and Doolittle (1982). The amino 
terminus of the protein is at the left, carboxy terminus at 
the right side of the figure. Higher scores represent 
hydrophobic regions. A * residue window length was used.

The y axis represents hydropathicity, -40 to +40, 
summed over nine residues. The scale along the x axis is in 
100 amino acids.



GGGGGTGGGAGCGCGGGCCGGGCCGCTCGTAAGACGCGCGACCCGGCCGCCGGGGAGCGTTGTCGCCGTCGGTCTGCCGGCCCCCGTCCCTCCCTTTTTT 1 0 0

GACCAACCAGCGCCCCCCCCCCCCCTC ACC ACC ATTCC TACT ACC ACC ACC ACC ACC ACC ACC GAC ACCTCCCGCGCACCCCCGCCCACATCCCCCCCC A 200

ACCCGCACCACC AGCACGGGTTGGGGGTAGCAGGGGATCAAAGGGGGGCAAAGCGGCGGGGCGGTTCGGGGGGGGGGGGGGGGGGCGGGAAACCAAGTAG 300
GCCCGCCC ATCCGCGGCCCCTCCCGGC AGCC ACGCCCCC AGCGTCGGGTGTC ACGGGGAAAGAGC AGAGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAG 400

 / \  / \ . .  .
GGGGGG AGAGGGGAGAGGGGGuG AG AGGGGAGAGGGGGGG AG AGu-^G AGAGGGGGGG AG AGGGGAGAGGGGGGGAGAGGGG AG AGGGGGGGAG AGGGGAG 5 0 0....... A ......... A ......... A ......... A ......... A ..........A.

TRj_ / U l Junction
AGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGAGAGGGGGGGAGAGGGGGTATATAAACCAACGAAAAGCGCGGGAACGGGGATACGGGGCTTGTGTGGC 6 0 0  
......................................./ \ ............................................. / \ ............................................L -------------

A  M G I L G W V G L  9
ACGACGTCGTGGTTGTGTTACTGGGC AAAC ACTTGGGGACTGTAGGTTTCTGTGGGTGCCGACCCTAGGCGCTATGGGGATTTTGGGTTGGGTCGGGCTT 700

N Terminus 24.9K
I A V G V L C V R G G L P S  T E Y V I R S R V A R E V G D I L K V  42

ATTGCCGTTGGGGTTTTGTGTGTGCGGGGGGGCTTGCCTTCAACCGAATATGTTATTCGGAGTCGGGTGGCTCGAGAGGTGGGGGATATATTAAAGGTGC 800
P C V P L P S D D L D W R Y E T P S A 1  N Y A L  I D G  1 F L R Y H C  76 
CTTGTGTGCCGCTCCCGTCTGACGATCTTGATTGGCGTTACGAGACCCCCTCGGCTATAAACTATGCTTTGATAGACGGTATATTTTTGCGTTATCACTG 900

P G L D T V L W D R H A Q K A Y W V N P F L F V A G F L E D L S Y  109
TCCCGGATTGGACACGGTCTTGTGGGATAGGCATGCCC AGAAGGC ATATTGGGTTAACCCCTTTTTATTTGTGGCGGGTTTTTTGGAGGACTTGAGTTAC 1000
P A F P A N T Q E T E T R L A L Y K E  I R Q A L D S R K Q A A S H  142

CCCGCGTTTCCTGCCAACACCCAGGAAACAGAAACGCGCTTGGCCCTTTATAAAGAGATACGCCAGGCGCTGGACAGTCGCAAGCAGGCCGCCAGCCACA 1100
T P V K A G C V N F D Y S R T R R C V G R Q D L G P T N G T S G R T  176
CACCTGTGAAGGCTGGGTGTGTGAACTTTGACTATTCGCGCACCCGCCGCTGTGTAGGGCGACAGGATTTGGGACCTACCAACGGAACGTCTGGACGGAC 1200

P V L P P D D E A G L Q P K P L T T P P P I I A T S D P T P R R D  209
CCCGGTTCTGCCGCCGGACGATGAAGCGGGCCTGC AGCC GAAGCCCCTC ACC ACGCCGCCGCCCATCATCGCCACGTCGGACCCCACCCCGCGACGGGAC 1300
A A T K S R R R R P H S R R L -  224
GCCGCCACAAAAAGCAGACGCCGACGACCCCACTCCCGGCGCCTCTAACGATGCCTCGACGGAAACCCGTCCGGGTTCGGGGGGCGAACCGGCCGCCTGT 1400

C Terminus 24.9K
M D L 3

CGCTCGTCAGGGCCGGCGGCGCTCCTCGCCGCCCTAGAGGCTGGTCCCGCTGGTGTGACGTTTTCCTCGTCCGCGCCCCCCGACCCTCCCATGGATTTAA 1500
N Terminus 27.3K

T N G G V S P A A T S A P L D W T T F R R V F L  I D D A W R P L M E  37
CAAACGGGGGGGTGTCGCCTGCGGCGACCTCGGCGCCTCTGGACTGGACCACGTTTCGGCGTGTGTTTCTGATCGACGACGCGTGGCGGCCCCTGATGGA 1600

P E L A N P L T A H L L A E Y N R . R C Q T E E V L P P R E D V F S  70
GCCTGAGCTGGCGAACCCCTTAACCGCCCACCTCCTGGCCGAATATAATCGTCGGTGCC AGACCGAAGAGGTGCTGCCGCCGCGGGAGGATGTGTTTTCG 1700
W T R Y C T P  D E V R V V  I 1 G Q D P  Y H H P G Q A H G L A F S V  103

TGGACTCGTTATTGCACCCCCGACGAGGTGCGCGTGGTTATCATCGGCCAGGACCCATATCACCACCCCGGCCAGGCGCACGGACTTGCGTTTAGCGTGC 1800
R A H V P P P P  S L R N V L A A V K N C  Y P  E A R M S G H G C L E K  137
GCGCGAACGTGCCGCCTCCCCCGAGTCTTCGGAATGTCTTGGCGGCCGTCAAGAACTGTTATCCCGAGGCACGGATGAGCGGCCACGGTTGCCTGGAAAA 1900

W A R D G V L L L N T T L T V K R G A A A S H S R I G W D R F V G  170
GTGGGCGCGGGACGGCGTCCTGTTACTAAACACGACCCTGACCGTCAAGCGCGGGGCGGCGGCGTCCCACTCTAGAATCGGTTGGGACCGTTTCGTGGGC 2000
G V I R R L A A R R P G L V F M L W G T H A Q N A I R P D P R V H  20 3

ggagttatccgccggttggccgcgcgccgccccggcctggtc-tttatgctctggggcacacacgcccagaatgccatcaggccggaccctcgggtccatt 2100
C V L K F S H P S P L S K V P F G T C Q H F L V A N R Y L E T R S I  237 
GCGTCCTCAAGTTTTCGCACCCGTCGCCCCTCTCCAAGGTTCCGTTCGGAACCTGCCAGCATTTCCTCGTGGCGAACCGATACCTCGAGACCCGGTCGAT 2200

S P I D W S V -  244
TTCACCCATCGACTGC-TCGGTTTGAAAGGCATCGACGTCCGGGGTTTTTGTCGGTGGGGGCTTTTGGGTATTTCCGATGAATAAAGACGGTTAATGGTTA 2300 

C Terminus 27 . 3K - - -   _ _ _ - -
M S G V G G E G V P S A L A I L A S W G W T F D T  25

AACCTCTGGTCTCATACGGC-TCGGTGATGTCGGGCGTCGGGGGAGAGGGAGTTCCCTCTGCGCTTGCGATTCTAGCCTCGTGGGGCTGGACGTTCGACAC 2400
N Terminus 24.4K

P N H E S G  I S P D T T P A D S  I R G A A V A S P D Q P L H G G P  58
GCCAAACCACGAGTCGGGGATATCGCCAGATACGACTCCCGCAGATTCCATTCGGGGTGCCGCTGTGGCCTCACCTGACCAACCTTTACACGGGGGCCCG 2500
E R E A T A P  S F S P T R A D D G P  P C T D G P Y V T F D T L F M  91

GAACGGGAGGCCACAGCGCCGTCTTTCTCCCCAACGCGCGCGGATGACGGCCCGCCCTGTACCGACGGGCCCTACGTGACGTTTGATACCCTGTTTATGG 2600
V S S I D E L G R R Q L T D T I  R K D L R L S L A K F S  1 A C T K T  125
TGTCGTCGATCGACGAATTAGGGCGTCGCCAGCTCACGGACACCATCCGCAAGGACCTGCGGTTGTCGCTGGCCAAGTTTAGCATTGCGTGCACCAAGAC 2700

S S F S G N A P R H H R R G A F Q R G T R A P R S N K S L O M F V  158
CTCCTCGTTTTCGGGAAACGCCCCGCGCC ACC AC AGACGCGGGGCGTTCC AGCGCGGC ACGCGGGCGCCGCGC AGCAAC AAAAGCCTCC AGATGTTTGTG 2800
L C K R A H A A R V R E Q L R V V 1 Q S R K P R K Y Y T R S S D G  191
TTGTGCAAACGCGCCCACGCCGCTCGAGTGCGAGAGCAGCTTCGGGTCGTTATTCAGTCCCGCAAGCCGCGCAAGTATTACACGCG.ATCTTCGGACGGGC 2900
R L C P A V P V F V H E F V S S E P M R L H R D N V M L A S G A E - 2 2 4
GGCTCTGCCCCGCCGTCCCCGTGTTCGTCCACGAGTTCGTCTCGTCCGAGCCAATGCGCCTCCACCGAGATAACGTCATGCTGGCCTCGGGGGCCGAGTA 3001

C Terminus 24.4K
CCGCCCCCCCCCCATGCCACCCTCACTGCCCGTCGCGCGTGTTTGATGTTAATAAATAACACATAAATTTGGCTGGTTGTTTGTTGTCTTTAATGGACCG 3101

CCCGCAAGGGGGGGGGGGCATTTCAGTGTCGGGTGACGAGCGCGATCCGGCCGGGATCC 3160



Figure 3.47 The amino acid sequences of proteins 
encoded by genes in the UT. portion of BamHI e

The DNA sequence is shown as the rightward 5' to 3' 
strand only, with numbering starting at the Smal site, as in 
the database. The predicted amino acid sequences of the 
proteins are given as a single letter code, above the 
corresponding DNA sequence. Proposed TATA box and 
polyadenylation signal sequences are underlined. The TRl /Ul 
junction is labelled. Copies of reiteration set 1 are 
labelled as \ ........./.



Table 3.48 Codon usage catalogue of 24.9K

TTT Phe 6 TCT Ser 2 TAT Tyr 6 TGT Cys 5
TTC Phe 0 TCC Ser 1 TAC Tyr 2 TGC Cys 0
TTA Leu 2 TCA Ser 1 TAA --- 1 TGA --- 0
TTG Leu 11 TCG Ser 3 TAG --- 0 TGG Trp 4

CTT Leu 3 CCT Pro 5 CAT His 1 CGT Arg 2
CTC Leu 3 CCC Pro 8 CAC His 3 CGC Arg 8
CTA Leu 0 CCA Pro 0 CAA Gin 0 CGA Arg 5
CTG Leu 3 CCG Pro 9 CAG Gin 6 CGG Arg 6

ATT H e 3 ACT Thr 0 AAT Asn 0 AGT Ser 3
ATC lie 2 ACC Thr 8 AAC Asn 5 AGC Ser 2
ATA lie 5 ACA Thr 3 AAA Lys 2 AG A Arg 1
ATG Met 1 ACG Thr 5 AAG Lys 5 AGG Arg 1

GTT Val 5 GCT Ala 4 GAT Asp 6 GGT Gly 3
GTC Val 2 GCC Ala 9 GAC Asp 9 GGC Gly 2
GTA Val 1 GCA Ala 1 GAA Glu 4 GGA Gly 4
GTG Val 8 GCG Ala 4 GAG Glu 4 GGG Gly 7
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and 12.7% respectively. There is a slight excess of 
basic over acidic residues. Near the middle of the 
protein is a strongly hydrophilic region (figure 3.46).

A search was made for homologues to the 21.2K 
protein in VZV and EBV. None was found.

GENES IN THE UT. REGION OF BAMHI E

3.9 GENE ULl ENCODING 24.9K

The numbering of the DNA sequence for the 
following three genes is from the Smal site in BamHI e, 
as in the database. The DNA sequence of the gene 
encoding the 24.9K protein is listed in figure 3.47.
The TATA box of this gene lies directly adjacent to the 
TRl /Ul junction, at position 551. Any upstream 
promoter region must therefore lie within TRL . The 
mRNA has a long 3' non-coding region, the 
polyadenylation signal is located at position 2280.
The mRNA of this gene is therefore proposed to be 3' 
coterminal with the adjacent, downstream gene encoding 
the 27.3K protein (figure 3.20). There is apparently 
no transcription termination sequence (McLauchlan et 
a l ., 1985) downstream of this polyadenylation signal.

The ATG at position 674 is considered to initiate 
translation of a 224 codon ORF, terminating at TAA, 
position 1348. The protein has a M r 24,932. The G+C 
content of the coding region is low for HSV-1, at 
58.1%. As a result, the biased codon usage and amino 
acid content, described for previous genes, is less 
apparent (table 3.48). The protein has a slight excess 
of basic over acidic residues (Table 3.49). The 
carboxy terminus of the protein is particularly basic



Table 3.49 Predicted Amino Acid Composition of 24.9K

Res No. % Res No. %

Ala 18 8.0 Leu 22 9.8
Arg 23 10.3 Lys 7 3.1
Asn 5 2.2 Met 1 0.4
Asp 15 6.7 Phe 6 2.7
Cys 5 2.2 Pro 22 9.8
Gin 6 2.7 Ser 12 5.4
Glu 8 3.6 Thr 16 7.1
Gly 16 7.1 Trp 4 1.8
His 4 • 00 Tyr 8 3.6
H e 10 4.5 Val 16 7.1
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Figure 3.50 Hydropathicity of the 24.9K protein

Hydropathicity of the amino acid sequence of the 
predicted 24.9K protein is illustrated graphically.
The predicted nature of the amino acid sequence is based on 
the paramenters of Kyte and Doolittle (1982). The amino 
terminus of the protein is at the left, carboxy terminus at 
the right side of the figure. Higher scores represent 
hydrophobic regions.

The y axis represents hydropathicity, -40 to +40, 
summed over nine residues. The scale along the x axis is in 
100 amino acids.



1 MGILGWVGLIAVGVLCVRGGLP STEYVIRSRVAREVGDILKVPCVPLP S D 
* * * * * * * * *

1 MASHKWLLQIVFLKTITIAYCLHLQDDTPLFFGAKPLSDVSLIITEPCVSSVYE 
51 DLDWRYETPSAINYALIDGIFLRYHCPGLDTVLWDRHAQKAYWVNPFLFVAGFL

★ t * *  * *  * *  ★ ★  * * * *  ★ *  * *
55 AWDYAAPPVSNLSEAL SGIVVKTKCPVPEVILWFKDKQMAYWTNPYVTLKG L



Figure 3.51 Relationship between the HSV-1 24.9K
protein encoded by UL1 and the VZV 18K protein encoded 
by gene 60

The relationship between the 24.9K protein encoded by 
gene ULl of HSV-1 and the protein encoded by VZV gene 60, is 
shown. Homology was calculated by the CINTHOM program 
(Pustell and Kafatos, 1982), adapted to allow for 
conservative amino acid changes, and displayed as a dot 
matrix using DIAG (P. Taylor, unpublished). The parameters 
used were as follows, range, 12; minimum value, 20; others, 
as default. The x axis represents the VZV 18K protein, the 
y axis the HSV-1 18K protein. The diagonal line represents 
amino acid sequences conserved between the two proteins.

Figure 3.52 Homology between the amino acid sequences 
in the conserved regions of the HSV-1 24.9K protein 
encoded by gene ULl and the VZV 18K protein encoded 
by gene 60

The amino acid sequences of the two proteins, 
including the most conserved regions, near to the middle of 
the proteins, have been optimally aligned using the program 
HOMOL (Taylor, 1984). Default parameters were used. 
Identical residues are marked with an *. Blanks represent 
gaps introduced into the sequence to optimise alignment. 
The amino acid sequence of the HSV-1 24.9K protein is listed 
above the sequence of VZV 18K.
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Figure 3.53 Hydropathicity profiles of the 24.9K
HSV-1 and 18K VZV proteins

The hydropathicity profiles, using the same parameters 
as before, of the two homologous proteins is shown. The 
amino termini of the proteins are both strongly hydrophobic 
although their amino acid sequences have not been conserved.

The y axis represents hydropathicity, -40 to +40, 
summed over nine residues. The scale along the x axis is in 
100 amino acids.



Table 3.54 Codon usage catalogue of 27.3K

TTT Phe 6 TCT Ser 1 TAT Tyr 4 TGT Cys 1
TTC Phe 3 TCC Ser 2 TAC Tyr 1 TGC Cys 5
TTA Leu 3 TCA Ser 1 TAA --- 0 TGA --- 1
TTG Leu 2 TCG Ser 7 TAG --- 0 TGG Trp 7

CTT Leu 2 CCT Pro 5 CAT His 2 CGT Arg 4
CTC Leu 6 CCC Pro 9 CAC His 8 CGC Arg 6
CTA Leu 1 CCA Pro 1 CAA Gin 0 CGA Arg 1
CTG Leu 10 CCG Pro 7 CAG Gin 5 CGG Arg 10

ATT lie 1 ACT Thr 1 AAT Asn 3 AGT Ser 1
ATC H e 7 ACC Thr 9 AAC Asn 6 AGC Ser 2
ATA lie 0 AC A Thr 2 AAA Lys 0 AGA Arg 1
ATG Met 4 ACG Thr 2 AAG Lys 5 AGG Arg 1

GTT Val 4 GCT Ala 0 GAT Asp 2 GGT Gly 2
GTC Val 6 GCC Ala 6 GAC Asp 9 GGC Gly 7
GTA Val 0 GCA Ala 1 GAA Glu 3 GGA Gly 3
GTG Val 11 GCG Ala 15 GAG Glu 7 GGG Gly 3



Table 3.55 Predicted Amino Acid Composition of 27.3K

Res N o . % Res No. %

Ala 22 9.0 Leu 24 9.8
Arg 23 9.4 Lys 5 2.0
Asn 9 3.7 Met 4 1.6
Asp 11 4.5 Phe 9 3.7
Cys 6 2.5 Pro 22 9.0
Gin 5 2.0 Ser 14 5.7
Glu 10 4.1 Thr 14 5.7
Gly 15 6.1 Trp 7 2.9
His 10 4.1 Tyr 5 2.0
H e 8 3.3 Val 21 8.6
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Figure 3.56 Hydropathicity of the 27.3K protein

Hydropathicity of the amino acid sequence of the 
predicted 27.3K protein encoded by UL2 is illustrated 
graphically. The nature of the amino acid sequences is
based on the parameters of Kyte and Doolittle (1982). The 
amino terminus of the protein is at the left, carboxy 
terminus at the right side of the figure. Higher scores 
represent hydrophobic regions.

The y axis represents hydropathicity, -40 to +40, 
summed over nine residues. The scale along the x axis is in 
100 amino acids.
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and hydrophilic. The amino terminus of the protein is 
strongly hydrophobic (figure 3.50), suggesting it may 
be membrane translated. As there are no other long 
regions of hydrophobic residues, it is probably not a 
membrane inserted protein.

A homologue to the 24.9K protein has been found 
in VZV (figure 3.51). The VZV protein has a M r 17,616 
and is coded by gene 60 (Davison and Scott, 1986). The 
VZV protein, here designated 17.6K, at only 159 amino 
acids in length, is considerably shorter than its HSV-1 
homologue. However, the two proteins are clearly 
related. Greatest similarity in amino acid content can 
be seen near the middle of the two proteins. The 
carboxy terminal regions show least, if any, homology. 
The amino terminal 100 residues aligned in Figure 3.52, 
show the level of amino acid conservation near the 
centre of the proteins. Although there is a loss of 
homology near to the amino termini of the proteins, the 
hydrophobic nature of this region of the protein has 
been conserved in VZV, as shown in Figure 3.53.
Indeed, the two proteins have similar hydropathicity 
profiles. The hydrophobic nature of the amino terminus 
of the protein may be required for its function. No EBV 
homologue to the 24.9K protein has been found.

3.10 Gene UL2 encoding 27.3K

There is a good TATA box sequence at position 
1049. The mRNA for the 27.3K protein is coterminal 
with the mRNA for the 24.9K protein , as described 
above.

There are two potential translation initiation 
sites at positions 1491 and 1596. Although both
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conform to Kozak's rules, the first ATG resembles the 
consensus initiation codon more closely. The codon 
evaluation of this region suggests the codon usage in 
the sequences preceding the second ATG are not typical 
of HSV-1 genes (figure 3.17). However it is not 
possible to rule out translation from the first 
initiation codon. For the purpose of this analysis, 
translation of the ORF will be taken from this first 
ATG. Translation terminates at TGA, position 2223.
The 244 amino acid protein has a Mr 27,327. The effect 
of the 63.7% G+C content of the coding region is 
minimised by the codon usage, as described previously 
(table 3.54). There is a slight excess of basic over 
acidic residues (table 3.55). The amino terminus of 
the protein is hydrophilic, as shown in figure 3.56.

The protein has a close homologue in VZV. The M r 
34,375 protein is coded by gene 59 (Davison and Scott, 
1986), and will be termed 34.4K. Conservation of amino 
acid sequences is shown throughout the protein, except 
at the amino terminus, as illustrated in figure 3.57. 
The aligned sequences of the HSV-1 and VZV proteins 
shows the extent of this homology (figure 3.58). In 
the region included in figure 3.58, 49% of residues are 
conserved between the two proteins. Both figures 3.57 
and 3.58 suggest that translation of the HSV-1 protein 
may start at the second ATG. However, amino acid 
sequence conservation between the amino terminus of the 
VZV protein and the second ATG of the HSV-1 27.3K 
protein is minimal, and no definitive conclusions can 
be drawn. The possibility of two translation 
initiation sites functioning in this gene must be 
considered. Examples of multiple
translation-initiation sites in HSV-1 have been 
reported (Marsden et a l ., 1983).
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Figure 3.57 Relationship between the HSV-1 27.3K 
protein encoded by gene UL2 and VZV 34K protein 
encoded by gene 59

The relationship between the 27.3K protein of HSV-1 
and the 34K protein encoded by VZV gene 59 is shown 
opposite. Homology was calculated by the CINTHOM program 
(Pustell and Kafatos, 1982), adapted to allow for 
conservative amino acid changes, and displayed as a dot 
matrix using DIAG (P. Taylor, unpublished). The parameters 
used were as follows, range, 12; minimum value, 20; others, 
as default. The x axis represents the 34K VZV protein, the 
y axis the HSV-1 27.3K protein. The diagonal line 
represents amino acid sequences conserved between the two 
proteins.



91 MDLTNGGVSPAATSAPLDWTTFRRVFLIDDAWRPLMEPELANPLTAHLLA * * ** * * * * ★* *
60 MSHHYDTETFTPVSSQLDSVEVFSKFNISPEWYDLLSDELKEPYAKGIFL

141 EYNR RCQTEEVLPPREDVFSWTRYCTPDEVRWIIGQDPYHHPGQAHGL **** ** ** * * *** * * ********** * ****
110 EYNRLLNSGEEILPSTGDIFAWTRFCGPQSIRWIIGQDPYPTAGHAHGL
190 AFSVRANVPPPPSLRNVLAAVKNCYPEARMSGHGCLEKWARDGVLLLNTT 

**** ** ** * ** ** ***** *** ********
160 AFSVKRGITPPSSLKNIFAALMESYPNMTPPTHGCLESWARQGVLLLNTT
240 LTVKRGAAASHSRIGWDRFVGGVIRRLAARRPGLVFMLWGTHAQNAIRP D 

*** ** ** ** * * * ** * ******** *** *
210 LTVRRGTPGSHVYLGWGRLVQRVLQRLCENRTGLVFMLWGAHAQKTTQPN
290 PRVHCVLKFSHPSPLSKVPFGTCQHFLVANRYLETRSISPIDWSV 

* * ** ****** *** * ** ** * *****
260 SRCHLVLTHAHPSPLSRVPFRNCRHFVQANEYFTRKGEPEIDWSVI



Figure 3.58 Homology between the carboxy region of 
the HSV-1 27.3K encoded by UL2 and VZV 34K from 
gene 59

The amino acid sequences of the carboxy regions of the 
proteins were optimally alignd using the program HOMOL 
(Taylor, 1984). Default parameters were used. Identical 
residues are marked with an *. Blanks represent gaps 
introduced into the sequence to optimise alignment. The 
amino acid sequence of the HSV-1 27.3K protein is listed 
above the VZV 34K sequence.



134 LTAHLLAEYNRRCQTEEVLPPREDVFSWTRYCTPDEVRWIIGQDPYHHPGQAH * * * * * * * * * *** ***** * ***
48 LAAVIACVRRLRTQATVYPEEDMCMAWARFCDPSDIKVVILGQDPY HGGQAN

188 GLAFSVRANVPPPPSLRNVLAAVKNCYPEARMSGHGCLEKWARDGVLLLNTTLT ****** * ****** * ** **** ** * * * * * * *  * *
100 GLAFSVAYGFPVPPSLRNIYAELHRSLPEFS PP DHGCLDAWASQGVLLLNTILT
242 VKRGAAASHSRIGWDRFVGGVIRRLAARRPGLVFMLWGTHA QNAIRPDPRVHC 

* * * *  * * *  * * *  * * * * * * * *  * * *
154 VQKGKPGSHADIGWAWFTDHVISLLSERLKACVFMLWGAKAGDKASLINSKKHL
295 VLKFSHPSPL SKVPFGTCQHFLVANRYLETRSISPIDWSV

* *  * * * * *  * * *  * *  * * * *
208 VLTSQHPSPLAQNSTRKSAQQKFLGNNHFVLANNFLREKGLGEIDWRL



Figure 3.59 Relationship between the 27.3K protein 
encoded by HSV-1 gene UL2 and an EBV protein encoded 
by BKRF3

The relationships between the predicted 27.3K protein 
encoded by UL2 of HSV-1 and the EBV protein encoded by 
BKRF3, is shown. Homology was calculated by the CINTHOM 
program (Pustell and Kafatos, 1982), adapted to allow for 
conservative amino acid changes, and displayed as a dot 
matrix using DIAG (P. Taylor, Unpublished). The parameters 
used were as follows, range 20; minimum value, 20; others as 
default. The x axisrepresents the HSV-1 protein, the y axis 
the EBV protein. The diagonal line represents amino acid 
sequences conserved between the two proteins.

Figure 3.60 Homology between the aligned amino acid 
sequences of the HSV-1 27.3K protein and the protein 
encoded by BKRF3 of EBV

The amino acid sequences of the carboxy regions of the 
proteins have been optimally aligned using the program HOMOL 
(Taylor, 1984). Default parameters were used. Identical 
residues are marked with an *. Blanks represent gaps 
introduced into the sequence to optimise alignment.



Table 3.61 Codon usage catalogue of 24.4K

TTT Phe 5 TCT Ser 3
TTC Phe 5 TCC Ser 5
TTA Leu 2 TCA Ser 1
TTG Leu 2 TCG Ser 12

CTT Leu 2 CCT Pro 2
CTC Leu 4 CCC Pro 6
CTA Leu 1 CCA Pro 4
CTG Leu 4 CCG Pro 6

ATT H e 4 ACT Thr 1
ATC lie 2 ACC Thr 5
ATA lie 1 ACA Thr 1
ATG Met 5 ACG Thr 8

GTT Val 2 GCT Ala 2
GTC Val 6 GCC Ala 11
GTA Val 0 GCA Ala 1
GTG Val 6 GCG Ala 7

TAT Tyr 1 TGT Cys 1
TAC Tyr 2 TGC Cys 3
TAA --- 1 TGA --- 0
TAG --- 0 TGG Trp 2

CAT His 0 CGT Arg 1
CAC His 7 CGC Arg 11
CAA Gin 1 CGA Arg 4
CAG Gin 5 CGG Arg 6

AAT Asn 0 AGT Ser 0
AAC Asn 4 AGC Ser 3
AAA Lys 2 AG A Arg 1
AAG Lys 5 AGG Arg 0

GAT Asp 5 GGT Gly 1
GAC Asp 8 GGC Gly 5
GAA Glu 2 GGA Gly 3
GAG Glu 7 GGG Gly 8



Table 3.62 Predicted Amino Acid Composition of 24.4K

Res No. % Res No. %

Ala 21 9.4 Leu 15 6 .
Arg 23 10.3 Lys 7 3.
Asn 4 1.8 Met 5 2.
Asp 13 5.8 Phe 4.
Cys 4 1.8 Pro 18 8.
Gin 6 2.7 Ser 24 10.
Glu 9 4.0 Thr 15 6.
Gly 17 7.6 Trp 2 0.
His 7 3.1 Tyr 3 1.
H e 7 3.1 Val 14 6 .

7
1
2
5
0
7
7
9
3
2



4 Q>

-40 — T~ 
I0?> 2.00



Figure 3.63 Hydropathicity of the 24.4K protein

Hydropathicity of the amino acid sequence of the 
predicted 24.4K protein encoded by HSV-1 UL3 is illustrated 
graphically. The nature of the amino acid sequences is
based on the parame ters of Kyte and Doolittle (1982). The 
amino terminus of the protein is at the left, carboxy 
terminus at the right side of the figure. Higher scores 
represent hydrophobic regions.

The y axis represents hydropathicity, -40 to +40, 
summed over nine residues. The scale along the x axis is in 
100 amino acids.
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A homologue to the 27.3K protein has also been 
found in EBV. The protein is coded by gene BKRF3 and 
has a M r 31,606 (Baer et al., 1984). The 31.6K EBV 
protein shows considerable amino acid sequence 
conservation, as illustrated in figure 3.59. The 
optimally aligned amino acid sequences of the two 
homologous proteins are shown in figure 3.60. In this 
region of the proteins, 42% of residues are conserved.

3.11 GENE UL3 ENCODING 24.4K

This gene is located on the same strand as the 
two genes described above. Although there is no good 
TATA box homologue upstream of the coding region, there 
are several A+T rich sequences, including the 
polyadenylation signal of the mRNAs for the 24.9K and 
27.3K proteins. The polyadenylation signal of the mRNA 
for the gene encoding the 24.4K protein is located at 
position 3052.

Translation of the mRNA is considered to begin at 
the ATG at position 2327, and terminate at TAA, 
position 2999. The coding region is 64.0% G+C. The 
amino acid content of the protein and the codon usage 
of the gene are given in tables 3.61 and 3.62. The 
protein is particularly rich in Ser and Arg residues, 
which are distributed uniformly throughout its length. 
The protein is slightly basic. The predicted protein 
has a M r 24,446. The protein contains both hydrophobic 
and hydrophilic regions (figure 3.63).

A close homologue to the 24.4K protein has been 
found in VZV (figure 3.64). The VZV 25,093 protein 
coded by gene 58 (Davison and Scott, 1986) is of 
similar size and is here termed 25.IK. The VZV protein
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75 GPPCTDGPYVTFDTLFMVSSIDELGRRQLTDTIRKDLRLSLAKFSIACTK 
* ** *********************** * ****

61 ClEKTKDDYVP FDTLFMVS SIDELGRRQLTDTIRRSLVMNAC EITVACTK
125 TSSFSGNAPRHHRRGAFQRGTRAPRSNKSLQMFVLCKRAHAARVREQLRV * *** * * ********* ** *** ★
111 TAAFSGRGVSRQKHVTLS KNKFNP S SHKSLQMFVLC QKTHAP RVRNLLYE
175 VIQSRKPRKYYTRSSDGRLCPAVPVFVHEFVSSEPMRLHRDN V

* * * *  * * * * *  * *  * * * * * *  * *  * *  *
161 SIRARRPRRYYTRSTDGKSRPLVPVFVYEFTALDRVLLHKENTLTDQPIN

218 MLASG AE 
* *

211 TENSGHGRTRT



Figure 3.64 Relationship between the 24.4K protein 
encoded by HSV-1 gene UL3 and VZV 25K protein encoded 
by gene 59

The relationship between the predicted 24.4K protein 
encoded by gene UL3 of HSV-1 and the 25K protein encoded by 
VZV gene 58 is shown. Homology was calculated by the 
CINTHOM program (Pustell and Kafatos, 1982), adapted to 
allow for conservative amino acid changes, and displayed as 
a dot matrix using DIAG (P. Taylor, unpublished). The 
parameters used were as follows, range, 20; minimum value, 
20; others, as default. The x axis represents the 25K VZV 
protein, the y axis the HSV-1 24.4K protein. The diagonal 
line represents amino acid sequences conserved between the 
two proteins.

Figure 3.65 Homology between the carboxy region of 
the 24.4K protein encoded by HSV-1 gene UL3 and the 
25K VZV protein encoded by gene 58

The amino acid sequences of the carboxy regions of the 
HSV-1 24.4K and VZV 25K proteins were optimally aligned 
using the program HOMOL (Taylor, 1984). Default parameters 
were used. Identical residues are marked with an *.
Blanks represent gaps introduced into the sequence to 
optimise alignment. The amino acid sequence of the HSV—1 
24.4K protein is listed above the VZV 25K sequence.



shows homology to its HSV-1 counterpart along most of 
its sequence (figure 3.64). Amino acid sequence 
conservation is less pronounced at the amino terminus. 
In figure 3.65, 47% of the residues are shown to be 
conserved in the most homologous region of the 
proteins. No EBV homologue to the 24.4K protein has 
been detected.

3.12 SEQUENCE IN RTi OUTSIDE OF IE GENE 1

No gene has yet been assigned to the region in RL
downstream of IE gene 1. The sequence was
systematically analysed for the presence of genes.
Much of the sequence is composed of ORFs, as shown in 
figure 3.15.

Potential transcriptional control sequences have 
been identified, and are indicated on figure 3.66, 
together with the location and orientations of ORFs in 
the region. There are four potential polyadenylation 
signals (Wickens and Stephenson, 1984). Three lie on 
the rightward 5' to 3' strand, at positions 4581, 4597
and 5287. The fourth lies on the opposite strand at
position 4578. The ORFs upstream of each 
polyadenylation signal has been examined. Upstream of 
the first polyadenylation signal is an ORF 387 bp in 
length, designated ORF 1. This would encode a 
polypeptide of M r 13.8K. The closest TATA box 
homologue lies in U^, at position 3789. This sequence 
is believed to function as the TATA box for the 21.2K 
protein in Ujj, described above. There is no homologue 
to the sequence associated with efficient 
transcriptional termination downstream of this 
polyadenylation site.
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Figure 3.66 Major open reading frames in IRj,,
downstream of IE gene 1

Possible polypeptide coding regions of the ORFs in IRl 
downstream of IE gene 1 are shown as open boxes. The 
orientation of the ORFs is indicated. Solid lines represent 
the distance to the closest polyadenylation signal. The 
locations of tandem reiterations and the position of the 
mapped 3' terminus of IE gene 1 are shown. Potential TATA

box sequences are indicated as circles.
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ORF2, initiated at position 4906, is 288 bp in 
length and would encode a polypeptide of M r 10.5K.
ORF2 has sequences resembling a TATA box, a 
polyadenylation signal and a transcription termination 
sequence. On the opposite strand, ORF3, initiated at 
position 5908 is 603 bp in length, and would encode a 
polypeptide of M r 22.IK. There are several A+T rich 
sequences upstream which may function as TATA boxes.
The closest polyadenylation signal is at position 4573. 
Downstream of the polyadenylation signal is a homologue 
to the transcription termination consensus sequence 
(McLauchlan et a l ., 1985). 0RF4, upstream of 0RF3,
initiated at position 6721 is 492 bp in length, and 
would encode a polypeptide of M r 18.OK. The closest 
TATA box homologue is over 400 bp upstream, and the 
closest polyadenylation signal over 1.5 kb downstream 
of the termination codon.

The codon usages of the four ORFs were evaluated 
using IE gene 1 and IE gene 3, both coded in the major 
repeat elements by G+C rich DNA. All four of the ORFs 
showed atypical codon usage. To determine whether the 
genes as a set employed an alternative codon usage 
pattern, the ORFs were compared against each other. 
Again, the results were negative. Examples of the 
codon usage evaluations for the whole of this region 
are illustrated in figure 3.67. In this figure both 
strands of the DNA have been analysed for potential 
coding regions. Similarly negative results were 
achieved using genes from as reference.

The repetitive nature of the Rl sequence has been 
described. The sequences of each of the four ORFs was 
examined to locate any reiterations. 0RF1 contains a 
number of repeated sequences, including six copies of 
the sequence [CCCGG]. In addition, it contains long





Figure 3.67 Codon usage evaluations of the DNA
sequence in RTi, downstream of IE gene 1

The sequence in IRl downstream of the position of the 
mapped terminus of the mRNA of IE gene 1 was examined for 
potential polypeptide coding regions. An analysis of the 
codon usage of this sequence is shown in this figure. The 
two sets of results are for the two DNA strands. In this 
instance the proposed coding regions of IE gene 1 were used 
as the reference. As before, high scores represent possible 
coding regions, short vertical lines on the central axis 
represent in-frame stop codons. A window of 15 residues, in 
steps of 5 were used in this analysis. The reading frames
are numbered at the right of the figure.
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strings of single bases, namely [G]^^ and [C]^^ at 
positions 4160 and 4312. 0RF4 also contains a number 
of long strings of C residues. These characteristics 
may suggest that the ORFs are not polypeptide coding, 
unless the mRNA is spliced to exclude the repeated 
sequences. Two of the differences observed in the 
overlapping sequences in RL of BamHI b and the 
Smal/BamHI subfragment of BamHI e lie within 0RF1.
This may also suggest that the sequence does not encode 
a polypeptide. There was no overlap of sequence data 
in the other three reading frames.

Five of the six genes identified in the UL 
sequences, and IE gene 1 in RL , have homologues in VZV. 
The sequence of R^ was analysed to see whether an amino 
acid sequence encoded within this region showed 
homology to any VZV protein. All three reading frames 
from both strands were translated. An extensive search 
was made using the CINTHOM matrix program developed by 
P.Taylor from Pustell and Kafatos (1982). No homology 
was observed between the translated amino acid 
sequences and any VZV protein.

To conclude, the region is almost entirely 
composed of ORFs, and there are several sequences which 
closely resemble transcriptional control signals. 
However, the potential codon usages of the sequences 
are atypical of HSV-1 genes, and the region contains a 
high level of repeated sequences. It is not possible 
to arrive at a clear conclusion concerning possible 
genes encoded in this region. Northern blotting data, 
supplimented with fine mapping of transcripts from the 
region, are now required to identify any genes and to 
interpret the DNA sequence data in this region.
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Figure 3.68 Relationship between the genes located
near the termini of the UT. sequence of HSV-1 and VZV

The HSV-1 genome is shown in the prototype arrangement 
at the top of the figure. The VZV genome is drawn in the IL 
arrangement. Open boxes represent the inverted repeat 
elements (Rl ). Potential polypeptide coding regions showing 
homology between the two viruses are indicated. The 
relation between the gene corresponding to IE110 in HSV-1 is 
drawn only once, for clarity. The predicted genes in HSV-1 
are labelled with their Mr . The VZV ORFs are numbered 
according to Davison and Scott (1986).

The alternative naming system for three of the genes 
used in this thesis is as follows. UL1, 24.9K; UL2, 27.3K; 
and UL3, 24.4K.
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3.13 RELATIVE ARRANGEMENT OF HOMOLOGOUS GENES IN HSV-1
AND VZV

IE gene 1 and five of the genes located in the 
sequences described, have homologues in VZV. Only one 
gene in U^, encoding the 21.2K protein, does not show 
homology to any VZV ORF.

Figure 3.68 shows the arrangement of genes in the 
HSV-1 genome, described in this section. The VZV 
genome is shown underneath. The pairs of corresponding 
genes are indicated. For the purpose of this 
comparison the orientation of the VZV genome has been 
inverted, relative to the prototype, so that the short 
region is at the left. The figure illustrates the 
similar arrangement of homologous genes near the 
termini of UL in HSV-1 and VZV. The L segment of VZV 
does not have large inverted repeat sequences. The VZV 
gene encoding the homologue to IE110 is located at the 
terminus of UL near to the junction with IRl - Although 
VZV has two ORFs at the other end of UL downstream of 
the homologue to the 20.5K protein, neither shows 
homology to the HSV-1 21.2K protein. No equivalent to 
the HSV-1 21.2K gene was found elsewhere in the VZV 
genome, suggesting it had not been relocated through 
non-homologous recombination. As mentioned previously, 
no homology was found between the amino acid sequences 
translated from all six reading frames from RL with any 
VZV ORF.

3.14 RELATIVE ARRANGEMENT OF HOMOLOGOUS GENES IN HSV-1
AND EBV

Only two of the proteins described above appear 
to have homologues coded in the EBV genome. These are



-ASH

□

COCO
H I

CO
•K.

CM

COU.
CC
CD

LL-I
2
CD

Q

EB
V



Figure 3.69 Relationship between HSV-1 and EBV 
in the region investigated

The HSV-1 genome is shown at the top of the figure, in 
the prototype arrangement. The EBV genome is shown below. 
Open boxes represent repeat elements. Solid lines, the 
unique sequences. Genes are drawn as arrowheads, indicating 
the direction of transcription. The location of the two 
pairs of genes encoding homologous proteins is shown. The 
two HSV-1 genes are IE gene 2, encoding IE63, and UL2, 
encoding a 27.3K protein.
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IE63 and the 27.3K protein encoded by U L 2 . The 
locations of the corresponding genes are illustrated in 
figure 3.69. The figure shows extensive rearrangement 
of the two genes relative to HSV-1. Close examination 
of the ORFs neighbouring the EBV homologues did not 
indicate that they might encode proteins related to any 
of the HSV-1 proteins described here.



DISCUSSION
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DISCUSSION

4.1 EVALUATION OF THE DNA SEQUENCE ANALYSIS

4.1.1 Problems associated with base composition

HSV DNA has a high G+C content which presents 
difficulties in sequencing, resulting in gel artefacts 
such as compressions and pile-ups. A compression is a 
term used to describe the situation when the newly- 
synthesised strand of DNA forms secondary structures, 
often as a result of binding of short palindromic G+C 
rich sequences. Pile-ups are caused by the template 
DNA forming secondary structures which the polymerase 
does not read through efficiently. To minimise 
compressions, a denaturing electrophoresis system is 
used, which includes 9 M urea in the gel. Pile-ups 
were reduced by conducting polymerase reactions at 
37°C. Despite this, regions with extreme G+C contents 
still prove difficult to sequence. Most of the 
sequence of both DNA fragments was obtained from clones 
generating data for both strands. This helps to 
resolve artefacts and can show up previously undetected 
compressions, as these will often occur at different 
positions on the two strands.

Resolving compressions was most successfully 
achieved by running hot gels. Raising the temperature 
of the gel using a jacket of hot circulating water 
reduces the formation of secondary structures in the 
DNA. Where the running of hot gels proved 
insufficient, the troublesome sequence was recloned, so 
that the compression was positioned near the start of 
the clone. This was then sequenced and run on a hot 
gel.
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4.1.2 Mutations within genes

A second source of ambiguity which arose during 
the sequencing of the DNA was the insertion or deletion 
of a single residue in a homopolymer tract. Both 
detected instances of this became apparent when the DNA 
sequences of two independently cloned fragments were 
compared. The first was observed in the overlapping 
sequences of the pGX48 BamHI b and the pGX58 Xhol c 
fragments, and lies within the first intron of IE gene 
1. Detailed examination of the sequence 
autoradiographs showed that this difference was real 
and not a gel artefact. The origin of this 
insertion/deletion is unknown. As the residue lies 
within an intron, it may be of no consequence to the 
virus, and could have been present in the viral DNA 
when it was cloned.

In the second case, the mutation occurred within 
the coding region of IE gene 2. Plasmid pGX190, which 
overlaps this region, was sequenced. pGX190 contains 
an additional nucleotide and opens a reading frame of 
appropriate size for IE63, which has a codon usage 
similar to other HSV-1 genes. In functional assays of 
IE63, using both pGX48 and pGX190 as the source of IE 
gene 2, only pGX190 gave IE63 activity (C.M. Preston, 
personal communication), which further supports the 
interpretation. The deletion in pGX48 may have 
originated from a defective viral genome, but it could 
not have survived as an independently infectious species if 
it resulted in the loss of an essential function.

Length variability of homopolymer tracts has been 
previously reported. In the Ug sequence of HSV-1,
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McGeoch et a l . (1985) observed variability within a C 
tract. Gingeras et a l . (1982) observed a similar 
length variability within an A tract in the genome of 
adenovirus type 2. This heterogeneity may result from 
slippage during DNA replication or from unequal 
recombination. From the sequence determined to date# 
the HSV-1 genome has an abundance of long C:G tracts.
It is uncertain how many of these vary in length. As 
the gene for IE63 had been mapped (Whitton et a l . ,
1983), a mutation causing a frameshift, thereby 
blocking the ORF, could be detected in the sequence. 
However, mutations lying within non-coding regions 
cannot be similarly detected. Of more serious 
consequence, a mutation lying within the coding region 
of a previously uncharacterised gene may remain 
unnot iced.

4.1.3 Heterogeneity in RTi sequences

The Rl  sequences determined in each fragment were 
compared, and several differences were observed. One 
of these differences was an inversion of two 
nucleotides, and may be an error in the BamHI e 
sequence resulting from aberrant gel migration of the 
sequenced DNA. The second instance involved the 
insertion/deletion of two nucleotides in a homopolymer 
tract. This resembles the situation described in 
section 4.1.2, above. A further insertion/deletion 
event of a single nucleotide in the Rl sequence was 
observed. The source of these differences was not 
determined. It is possible that they originated in 
the viral genome. If this region of the genome does 
not encode polypeptide, it may tolerate these 
mutations. It is possible that an HSV-1 population may 
show a level of heterogeneity in regions of the genome
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not under strong selective pressure^

4.1.4 Variation in copy number of a reiterated 
sequence

The Rl sequences adjacent to the Rl /u l junctions 
were found to contain a tandemly reiterated 17 bp 
sequence. The copy number of this sequence in M13 
clones of BamHI b appeared to vary between 2.5 and at 
least 18. Only four copies of the sequence were 
entered into the database. M13 clones with greater 
numbers of this reiteration were sequenced, but the gel 
migration patterns of the samples were not sufficiently 
clear to register possible imperfect copies of the 
sequence. In BamHI e, only one M13 clone spanned the 
reiteration set. This clone contained ten perfect 
copies of the sequence.

To discover whether the variation observed in 
BamHI b arose during the generation of the M13 clones, 
the copy number of the reiteration in the plasmid pGX48 
was examined. Copy numbers ranging from 1 to at least 
21 could be detected in the plasmid DNA. Copy numbers ' 
of 3 and 20 were most abundant. It thus appears that 
this sequence is unstable in the plasmid. Copy numbers 
of the reiteration in the BamHI e plasmid DNA were not 
determined.

Deletions of specific sequences within plasmids 
have been reported. Usually the sequences deleted 
contain inverted repeats. For instance, the 144 bp 
palindromic sequence of HSV-1 OriL , when contained in a 
plasmid, has been found to delete at a very high 
frequency (Quinn and McGeoch, 1985). However, the 
sequence described in this present case is a tandem
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reiteration, not a palindromic repeat sequence.

The DNA sequence at or near the reiterations may 
represent a recombinational hot spot. There is a Chi 
sequence (GCTGGTGG) in R^, at position 4070 in BamHI b, 
and at position 208 in the BamHI e sequences presented. 
Chi sites enhance homologous recombination by the RecBC 
pathway of E.coli (Ponticelli et a l ., 1985). The 
presence of the Chi recognition site may well increase 
recombination in the plasmid near to the sequence. The 
reiteration showing the variable copy number is less 
than 200 bp from the Chi sequence. Unequal 
recombination between short homologous sequences within 
the reiteration, possibly influenced by the Chi 
sequence, may have been responsible for this 
heterogeneity. There are no other Chi sites in the 
BamHI b and BamHI e sequences.

Variation in copy number of reiteration sets in 
the HSV genome has been previously described. Size 
heterogeneity of the a sequence has been shown to be 
due to variable copy numbers of several short 
reiterated sequences, and is presumed to result from 
unequal recombination (Davison and Wilkie, 1981).

Post et a l . (1980) reported that in digests of
HSV-1 DNA, the BamHI b fragment does not form a 
discrete band after gel electrophoresis. The wide, 
diffuse band was believed to be due to a variation in 
size of BamHI b fragments. This probably results from 
a variation in copy number of the reiterated sequences 
in the viral genome. However, the authors did not 
observe a similar variation in size of the BamHI e 
fragment and concluded that the variable region must 
lie within the Ujj sequences contained in BamHI b.
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4.1.5 Limitations of large scale sequence analyses

The difficulties encountered during this work 
indicate the limitations of the system. The high G+C 
content of the DNA often resulted in ambiguous gel 
migration patterns, although these could usually be 
resolved using alternative sequencing systems.

The potentially serious problem of frame-shifting 
mutations within genes was also encountered. Both 
cases were seen when overlapping sequences of 
independently cloned genomic DNA, were compared. In 
the case of IE gene 2, the deletion blocked the reading 
frame of IE63. As the gene had been mapped, the 
problem was recognised, and could be resolved. 
Sequencing uncharacterised regions of the genome must 
be seen as carrying a risk of misinterpretation. To 
overcome the problems resulting from mutations within 
the DNA sequences, it may, in principle, be necessary 
to sequence two or more fragments generated from 
separate cloning experiments, although this would 
significantly increase the work involved. It may be 
preferable to rely on computer analyses to detect 
mutations within the sequence of a single clone: for 
example, the codon usage evaluation program (Staden and 
McLachlan, 1982) which predicts polypeptide coding 
reading frames. Abrupt changes in reading frame, where 
there is no evidence of splicing, could be due to the 
insertion or deletion of a residue.

These findings emphasise the difficulties in 
performing large scale DNA sequence analysis 
independently of other supportive evidence, such as 
mRNA mapping or previous genetic analyses. However, 
evaluation of the codon usage of ORFs, taken together
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with other recognised features of HSV-1 gene 
arrangements, can give a good indication of the 
organisation of genes. With the complete DNA sequence 
determination and transcript mapping of the entire S 
segment of HSV-1 (Rixon et a l ., 1982; McGeoch et a l ., 
1985 and 1986a; Rixon and McGeoch, 1985), and the 
subsequent increased understanding of the coding 
strategy of the virus, greater confidence can be placed 
in these predictions. Transcript mapping subsequent to 
the sequence determination can be used to confirm the 
organisation of genes deduced from the analysis of the 
DNA sequence.

4.2 INTERPRETATION OF THE SEQUENCE

The most striking characteristic of the DNA 
sequence investigated was the base composition. The 
G+C content of the DNA however, is not constant 
throughout the sequence, or within the genes. There is 
generally no observable difference in the base 
composition between the coding and untranslated 
regions, other than the drop in G+C content at both 
termini of the genes. Within the coding region of the 
genes there is a periodicity in the G+C content. This 
is caused by the bias towards a G or C residue in the 
third, redundant position in the codon. In IE gene 1, 
the G+C content of the third position is 88.3%, 
compared with 70.8% and 67.0% for the first two 
positions. The G+C content of the coding regions may 
affect the coding capacity of a gene, although 
conservative amino acid changes can compensate for the 
extreme base composition, at least to some extent. In 
addition, more drastic amino acid changes might be 
tolerated in less crucial regions of the protein.
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4.2.1 Structure of IE gene 1

IE gene 1, encoding the protein IE110, is 
entirely contained within the RL sequences. The gene 
is orientated from right to left in IRL , and the 5' end 
of the gene extends beyond the right boundary of the 
BamHI b fragment. The 5' and 3' termini of the 
transcript have been previously mapped (Mackem and 
Roizman, 1982b; Rixon et a l ., 1984) but did not 
correlate with the estimated size of the transcript 
(Watson et a l ., 1979). The gene has subsequently been 
shown to be spliced (Perry et a l ., 1986). The intron 
boundaries have been finely mapped by F.J. Rixon, and 
the results agree with the sequence analysis.
Mutational analysis of the structure of the gene by 
R.D. Everett also correlates well.

Both introns contain repetitive DNA sequences. 
Downstream of the 3' end of the gene is a further set 
of reiterated sequences. These repeat sequences 
possibly play no role in the regulation of 
transcription, but may define the functional limits of 
the gene. Rixon et a l . (1984) have reviewed several 
examples of sets of reiterated sequences occurring 
within the introns and downstream of the 3* terminus of 
genes. Analysis of the DNA sequences suggested that 
all three exons are polypeptide coding. An antiserum 
prepared by M.C. Frame against an oligopeptide 
representing the predicted sequence validated the 
reading frame assignment at the carboxy terminus.
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4.2.2 Gene organisation in the Ut. sequences of BamHI b 
and BamHI e

The 5' and 3' termini of IE gene 2 have been 
mapped, and the gene has been shown to be unspliced 
(Mackem and Roizman, 1982b; Whitton et a l ., 1983). The 
five additional predicted proteins were identified by 
ORF analysis. Confidence in the identification of 
polypeptide coding sequences is based on the similarity 
of codon usage of the reading frames to other HSV-1 
genes.

The gene arrangement in these regions of UL 
appears to be fairly compact, and this is also the 
impression from other sequence studies within UL (see 
for instance, McGeoch et a l ., 1986b). The proposed 5 ‘ 
and more particularly 3' untranslated sequences of the 
genes in the UL regions of BamHI b and e are shorter 
than those found with IE gene 1. Further,' none of the 
genes in UL analysed here are believed to be spliced.
An example of a spliced late gene mapping in UL has 
been reported (Costa et a l .,1985). The 4 kb intron 
lying within the coding region of this late gene 
contains a 3' coterminal family of genes, further 
demonstrating the compact genetic arrangement.

The UL sequences of BamHI b, adjacent to IRl , 
contain three entire genes. The genes all have 
distinct promoter and polyadenylation signals. None of 
the genes overlap. IE gene 2, lying in a left to right 
organisation, is located near to the BamHI site. Just 
downstream of IE gene 2, in the same orientation, lies 
the gene for the 20.5K protein. Between this gene and 
the IRl /Ul junction lies the third gene. This is 
located on the opposite DNA strand. The TATA box 
sequence of this gene lies close (44 bp) to the IRl /Ul
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junct ion.

The presence of the gene for the 21.2K protein is 
supported by the phenotype of a mutated strain of 
HSV-1, HFEM. HFEM contains a large deletion between 
positions 3776 and 7227, which is associated with loss 
of virulence (Rosen and Darai, 1985; Darai, personal 
communication). Pathogenicity can be rescued with the 
BamHI b fragment (Rosen et a l ., 1985). The mutation 
must therefore lie within the BamHI b sequences and is 
probably due to the deletion, although this has not 
been formally shown. The deletion removes the TATA box 
and upstream sequences of the gene for the 21.2K 
protein. Any gene entirely contained within IRL and 
affected by the deletion, should not alter the 
phenotype of the virus, unless the copy in TRL was also 
non-functional.

This interpretation is supported by the structure 
of three further strains. R19, another apathogenic 
strain, contains a 0.4 kb deletion which starts at the 
same position in UL , but does not extend as far into 
^  (Becker et a l ., 1986). HSV-1 strains SPll and LP 
contain mutations which result in the loss of the Hpal 
site at position 3686, 90 bp to the left of the HFEM 
deletion, but retain their virulence. This led to the 
suggestion that the apathogenic phenotype of HFEM is 
not due to the loss of sequences at the left border of 
the deletion (Becker et a l ., 1986). Referring to the
sequence interpretation, this Hpal site lies within the 
5' non—coding region of the 21.2K gene. It could be 
predicted that a small sequence change at this position 
would have no effect on 21.2K expression. This is 
consistent with the sequence interpretation.

The Ul sequence in BamHI e is believed to contain
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three genes. All are located on the same DNA strand 
and are in a left to right orientation. The TATA box 
of the gene ULl, encoding the 24.9K protein, is 
immediately adjacent to the TRL/uL junction. This 
suggests that upstream regulatory sequences may lie 
within Rl . It is thought that the mRNA for the 24.9K 
protein must be 3' coterminal with the mRNA for the 
next gene, gene UL2, encoding the 27.3K protein. The 
coding regions for the two proteins do not overlap.
This situation is not unusual for HSV-1, as discussed 
by McGeoch et a l . (1985) and Rixon and McGeoch (1985). 
There is no good TATA box homology upstream of the 
third gene (UL3) encoding the 24.4K protein. However, 
there are several A+T rich sequences upstream of the 
coding region, including the polyadenylation signal of 
the two upstream genes.

4.2.3 Rt. sequences downstream of IE gene 1

Examination of the sequence data in this region 
of Rl  does not allow any firm conclusions on the 
presence of additional genes. Several features 
suggesting the presence of further genes can be found, 
including transcriptional control sequences. In 
particular, there are four potential polyadenylation 
sites in addition to those of IE gene 1. Further A+T 
rich sequences closely resembling TATA boxes are 
present, and are very apparent against the G+C rich DNA 
in this region.

Evaluation of the codon usage of the ORFs in this 
region showed that none contained sequences typical of 
HSV-1 coding regions. Both the IE110 and IE175 genes 
were used as references, as their genes lie within the 
two major repeat elements and also have very high G+C
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contents. A further analysis, using genes from UL as 
reference, also gave similarly negative results. To 
investigate whether a distinct sub-set of genes existed 
in Rl , the codon usage of the individual ORFs were 
compared against each other. It could be envisaged 
that these potential genes, with their close proximity 
to each other, may be more closely related. However, 
none of the ORFs appeared to share a similar coding 
strategy.

As described in the results, much of the sequence 
in this region is composed of minor tandemly reiterated 
sequences. Reiterated sequences do occasionally occur 
in polypeptide coding sequences in HSV-1 (Rixon and 
McGeoch, 1984; McGeoch et a l ., 1985; Chou and Roizman, 
1986). Usually however, the presence of reiterated 
sequences is believed to reflect regions which are not 
under selective pressure (Smith, 1976).

It is therefore possible that these sequences are 
non-coding. This would reflect the situation in VZV. 
Approximately 1.4 kb of sequence downstream of gene 61, 
the VZV homologue of IE gene 1, is believed to be non 
coding (Davison and Scott, 1986). This VZV sequence 
includes an 88 bp direct repeat of unknown function.
It was suggested that this sequence may contain 
promoter elements of the downstream gene, gene 60. An 
HSV-1 homologue to the VZV gene 60 exists, present in 
an equivalent position and orientation, and will be 
discussed later.
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4.3 NATURE OF THE RT./UT. JUNCTIONS

4.3.1 Gene arrangement around the Rt./Ut. junctions

From the sequence interpretation, it is suggested 
that there are no transcripts spanning the Rl /^l 
junctions. The proposed TATA box sequences of two 
genes in Ul  lie next to the two Rl /^l  junctions.
Further upstream regulatory sequence elements may thus 
be present in the Rl  sequence. Both genes are 
orientated so that they are transcribed in the 
direction away from Rl - The location of the junctions 
may define the functional limit of the two genes. It 
is possible that these two genes are differentially 
regulated by sequences upstream of the TATA boxes. For 
this reason, the Rl sequences, which are thought to be 
dynamic, mobile elements, may not be able to expand to 
include the 5* ends of the genes.

4.3.2 Comparison of the Rt./Ut. and Rg/Ug junctions

TRg and IRg contain the upstream sequences and 5' 
non coding regions of genes which are transcribed into 
Ug (Watson et a l ., 1981; Rixon and Clements, 1982; 
Murchie and McGeoch, 1982). The arrangement around the 
rl /Ul junctions is quite similar, although the repeats 
probably do not extend into the transcribed regions of 
the genes. It is quite possible, as mentioned above, 
that the upstream regulatory sequences of these genes 
are located in Rl « If the two genes are necessarily 
differentially regulated, then perhaps RL cannot expand 
further into the genes, to give an arrangement directly 
comparable to Rg.

Rl  contains a 17 bp reiteration directly adjacent
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to Ujj. Rg also has a reiteration of a 22 bp sequence, 
although this is located 91 bp from the Rs/Us 
junctions. This reiteration lies within IE genes 4 and 
5, the two genes mentioned above (Murchie and McGeoch, 
1982).

4.4 PROTEINS ENCODED IN THE BAMHI B AND BAMHI E 
SEQUENCES

4.4.1 IE110

Although its function in viral growth and 
replication is unknown, IE110 has been shown to 
regulate the expression of all classes of HSV-1 genes. 
The transactivational activities of IE110 were 
described in the introduction.

The coding region of the gene has a particularly 
extreme base composition, of 75.4% G+C. The only 
sequenced gene to exceed this value is another HSV-1 
gene, IE gene 3, which is contained within Rg (McGeoch, 
et a l ., 1986a). Within the coding region of IE110 are 
regions with particularly high G+C contents. Most 
notable is a 1 kb region starting at or near the 
beginning of the third exon, which has a G+C content of 
over 80%. This compares with the base compositions of 
the coding regions upstream and downstream of this 
sequence, of 70-72% G+C. This feature may indicate a 
distinction between essential and non-critical domains 
of the protein.

The functional domains of the IE110 protein have 
been investigated. R.D. Everett has constructed a 
series of IE gene 1 mutants containing frameshifts or 
deletions within the coding sequences of the gene.
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IE110 activity was totally abolished by the deletion 
taking out a large part of the second and third exon. 
However, a frameshift mutation near to the carboxy 
terminus of IE110 retained approximately 50% of IE110 
activity. This suggests that the carboxy terminal 
amino acids are not essential for IE110 activity. 
Mutations within the second and third exons reduced 
transactivational activities by varying amounts.

A variety of regulatory and nucleic acid binding 
proteins contain regions with repetitive amino acid 
sequences containing high levels of Cys and/or His 
residues, which are thought to be involved in the 
coordination of metal ions. The most characteristic 
sequence element is a pair of Cys residues separated by 
two other amino acids (Miller et a l ., 1985). IE110
appears to belong to this class of proteins. Of the 14 
Cys residues in IE110, nine are located between 
residues 99 and 156. Six of these take the form 
C-X-X-C. This suggests that the proposed interaction 
between IE110 and DNA during transcription regulation 
may be through direct binding of IE110 to the DNA.

HSV-2 IE118 is a functionally equivalent protein 
to the HSV-1 IE110. HSV-1 X HSV-2 intertypic 
recombinants containing only one functional IE gene 1 
from either serotype are viable (Davison et a l ., 1981). 
The level of conservation of amino acid sequences 
between the two proteins is presently unknown and 
awaits the DNA sequence determination of this region of 
HSV-2. IE gene 1 lies within RL , which has been shown 
to have only a low level of DNA sequence homology 
between the two serotypes (Davison and Wilkie, 1981). 
However this may be due to DNA sequences outside of the 
polypeptide coding regions.
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In cotransfection assays, the effect of IE110 is 
similar to IE175. The amino acid sequences of the two 
proteins were compared. IE110 shows no homology to 
IE175, other than a Ser rich region between amino acids 
554to 594 of IE110 and between 177 and 199 in IE175.
In addition, no homology has been found between the 
amino acid sequences of IE110 and the other HSV-1 IE 
proteins (IE175, IE68 and IE12 sequences from Murchie 
and McGeoch, 1982; McGeoch et al ., 1985 and 1986a).

A homologue to IE110 was detected in VZV. The 
two proteins differ in size, and the level of homology 
is not uniform throughout the proteins. The most 
highly conserved region corresponds to the Cys rich 
locality of IE110. All the C-X-X-C sequences have been 
conserved between the two proteins. In addition a 
further Cys residue and a His residue have been 
conserved. The conservation of this region may suggest 
that the ability to bind nucleic acid is an essential 
requirement of the proteins.

4.4.2 IE63

IE63 is an essential IE protein which plays a 
role in the regulation of HSV-1 gene expression (Sacks 
et a l ., 1985). The activities of IE63 have been 
described in the introduction.

The gene for IE63, IE gene 2, is located near to 
the right end of UL (Clements et al., 1977). The 
complete DNA sequence of the gene and the amino acid 
sequence of the protein were determined during this 
work. The 5' and 3 1 ends of the transcript have been 
finely mapped, and the gene has been shown to be 
unspliced (Whitton et a l., 1983).
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The polypeptide coding region of the gene has a 
G+C content of 69.4%. This base composition is 
tolerated in a similar manner to IE gene 1, with a 
biased codon usage. The base composition varies 
considerably within the polypeptide coding regions of 
the gene. The amino 50% portion of the protein is 
coded by sequences with 7 3.9% G+C content, whilst the 
carboxy 50% of the protein is coded by 64.7% G+C DNA.

A VZV protein, encoded by gene 4, shows 
considerable homology to IE63. The amino portion of 
the protein shows least conservation of amino acid 
residues. The pattern of amino acid sequence 
conservation between IE63 and the EBV homologue (BKRF3) 
is similar to that observed with VZV. This may reflect 
a non-critical domain, or possibly an HSV-specific 
function, at the amino terminus of the protein. This 
would support the suggestion that' within a single gene, 
polypeptide coding sequences with higher G+C contents may 
represent non-crucial regions of HSV-1 proteins (McGeoch et 
si•, 19 86a).

4.4.3 Predicted proteins encoded in BamHI b and 
BamHI e

In addition to IE110 and IE63* the genes for five 
further proteins were sequenced. None of these 
proteins have previously been characterised, and no 
function has been assigned to them.

Four of the predicted proteins, the 20.5K in 
BamHI b, and the ULl, UL2 and UL3 products in BamHI e, 
have homologues in VZV. A homologue to UL2 was also 
detected in EBV. The presence of homologues supports
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the interpretation given to the sequence data. The 
final predicted protein, 21.2K, has no detectable 
homologue. This may suggest that its function is 
specific to HSV. The 21.2K protein is encoded by the 
gene affected by the HFEM deletion, and may be 
involved, directly or indirectly, in determining 
virulence.

The ULl protein has a strongly hydrophobic amino 
terminus, suggesting it is membrane translated.
Although the VZV homologue of IE63 is considerably 
shorter, and shows only a low level of homology at the 
amino terminus, this feature has been retained.

4.5 RELATION OF HSV-1 WITH OTHER HERPESVIRUSES

4.5.1 Relation between HSV-1 and VZV

VZV and HSV-1 are distantly related 
alphaherpesviruses. A large number of homologous 
proteins have been found in the two viruses (see for 
example, Davison and McGeoch, 1986). The DNA sequence 
determination and interpretation of the entire S 
segments of both HSV-1 and VZV has enabled a complete 
analysis of homologous genes in the region (Davison and 
McGeoch, 1986). The structures and genetic 
arrangements of the S segments of the two viruses and 
the location of corresponding genes has been described 
in the introduction. The comparison of the two 
sequences has suggested that the repeats are dynamic 
entities, which have undergone recombination during 
their evolution which has resulted in the rearrangement 
of sequences within the S segment, and the change in 
length of Rg an(̂  US •
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VZV has no major repeat structures equivalent to 
the HSV-1 IRl and TRl b sequence, although it does have 
a short 88.5 bp repeat sequence flanking UL (Davison,
1984). This sequence shows no homology to the HSV-1 
sequences presented here. Possibly due to the absence 
of the b and also the a sequence, in only a small 
proportion of genomes, the UL sequence of VZV is 
present in an inverted orientation. The 5% of isomers 
observed with an inverted sequence may be generated 
by aberrant cleavage of unit lengths at the incorrect 
L-S joint in the nascent concatemeric DNA during 
replication (Davison, 1984). The predominant 
arrangement of in VZV is inverted relative to the 
arbitrary prototype arrangement of HSV-1. (The 
prototype VZV genome is equivalent to the II 
arrangement of HSV-1.)

The size of the UL sequence of the HSV-1 genome, 
estimated from restriction enzyme digests, is 
approximately 106 kbp (Clements et a l ., 1976). The UL 
sequence of VZV has been entirely sequenced and is 
105 kbp in length (Davison and Scott, 1986). The base 
composition of the two sequences varies markedly. VZV 
has a G+C content of 46.0%. Regions of HSV-1 that 
have been sequenced have base compositions of around 
62-67% G+C (McGeoch et al., 1986; Quinn and McGeoch, 
1985; Dalrymple et a l ., 1985) The RL sequences of VZV 
is only 88.5 bp in length and shows no similarity to 
the Rl  sequences of HSV-1. The absence of conserved 
sequences in this region was first demonstrated by DNA 
hybridisation experiments (Davison and Wilkie, 1983).

VZV has far fewer reiterated sequence elements 
than HSV-1. This became apparent in the comparison 
between the S sequences of HSV-1 and VZV (Davison and 
McGeoch, 1986). The reiterations VZV does contain are
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not related in either sequence or location in the 
genome (Davison and Scott, 1986). All the reiteration 
sets in the HSV-1 sequence presented here lie within 
Rl . The 88.5 bp Rl sequence of VZV contains no 
reiterations. None of the sequences show homology to 
any of the reiteration sets present in the HSV-1 
sequence presented here. If reiterations represent 
"parasitic" sequences which are not under selective 
pressure (Davison and Scott, 1986), homology between 
these sequences in distantly related viruses would not 
be expected.

Of the seven genes sequenced, five have 
detectable homologues in VZV. The three genes in the 
BamHI e Ul sequence all have homologues in VZV. The 
orientation and relative arrangement of the three genes 
is the same in both viruses. In VZV there is a gene 
located between this set of homologous genes and the UL 
boundary. This gene encodes the protein corresponding 
to IE110. The relative arrangement of the four genes 
has been conserved between the two viruses, although 
the location of the Rl /^L junction has altered. Chou 
and Roizman (1986) have mapped a gene to the Rl 
sequences upstream of IE110. This shows no homology to 
any VZV ORF in this region.

The genes for IE63 and the 20.5K protein in the 
Ul sequence of BamHI b have homologues in VZV. The 
location and orientation of the two genes is similar. 
However, HSV-1 has a further gene between the Ul 
boundary and these two genes. The gene is located on 
the opposite strand of DNA and encodes the 21.2K 
protein. There is no corresponding gene elsewhere in 
the VZV genome. In VZV, this region of the genome 
contains two ORFs. Neither shows homology to any HSV-1 
gene sequenced. These two VZV genes may have
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homologues elsewhere in the HSV-1 genome, or
ernatively, may encode VZV specific functions.

The level of conservation of amino acid sequences 
between pairs of homologous proteins varies. In the 
majority of cases however, the amino terminal portions 
are least conserved, both in sequence and in length. 
This feature has also been observed in the proteins 
coded by genes in the S segment (McGeoch et a l ., 1986; 
Davison and McGeoch, 1986).

The organisation of the corresponding genes in 
the two genomes gives an indication of the 
recombinational events which must have occurred to 
generate the rearrangements. Although the relative 
organisation of the homologous genes has been 
maintained, the position of the Rl /^l junction is 
altered. HSV-1 Rl  contains at least two genes, whereas 
the Rl sequence of VZV contains no genes. The 
expansion/contraction of the Rl sequences appears to 
have resulted in the loss of genes in both viruses.
This can be observed by identifying the equivalent 
genes in the UL sequences adjacent to TRL in VZV, with 
those in the corresponding region in HSV-1, contained 
in the BamHI b fragment. This region of the VZV 
genome contains two genes, neither of which show any 
homology to the HSV-1 gene located in the corresponding 
pos it ion.

The only region sequenced to which no genes could 
be assigned lies within Rl downstream of IE gene 1.
All the ORFs in this region were compared to the 
predicted ORFs of the entire VZV genome. No homology 
was found between any ORFs. Although this is not 
conclusive evidence, it is consistent with the DNA 
sequence interpretation. It is of interest to note
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that in the equivalent position in the VZV genome, 
there is a 1.4 kb region to which no gene has been 
asigned. This region contains an 88 bp direct repeat. 
This region may prove to have some role other than 
encoding proteins, which has not yet been recognised.

4.5.2 Relation between HSV-1 and EBV

The structures of the genomes of HSV-1 and EBV 
are very different, as described in the introduction. 
EBV has no equivalent to the sequence. Consequently 
there are difficulties in predicting where 
corresponding genes may be located in the two genomes.
A general search was made of all EBV ORFs for 
homologues to the HSV-1 proteins described here. This 
was followed by a closer examination of ORFs near to 
the homologues found. Only two proteins from the EBV 
ORFs showed homology to the HSV-1 proteins. Homology 
between HSV-1 UL2 and EBV BKRF3 was very high.

IE gene 2- is the only IE gene which has a 
detectable homologue in EBV. The protein encoded by 
the homologous gene, BMLF1, is expressed early in 
infection (Cho et a l ., 1985). Although IE63 is 
expressed at IE times, it appears to be required later 
in infection, when it plays an essential role in the 
induction of late gene expression (Sacks et al ., 1985). 
It is thus plausible that the two genes encode 
equivalent functions.

The location of the two pairs of corresponding 
genes in the two genomes differed. This suggests that 
extensive rearrangement of genetic material has 
occurred during the evolution of the two viruses. 
Several homologous EBV genes have been detected. These
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Figure 4.1 Relationship between the HSV-1 and
EBV genomes

The location and orientation of all homologous 
proteins detected to date, including the work described 
here, are illustrated. The HSV-1 genome is in the P 
orientation at the top of the figure. From left to right, 
in the HSV-1 genome, homologous genes indicated are as 
follows. a) the UL2 gene, b) the exonuclease and 
neighbouring genes, c) glycoprotein B, major DNA binding 
protein and polymerase genes, d) genes for both the 
ribonucleotide reductase subunits, e) and IE gene 2 
(McLauchlan and Clements, 1983; Gibson et a l ., 1984; Quinn 
and McGeoch, 1985; McGeoch et a l ., 1986b; and the work 
described in this thesis).
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include the genes equivalent to the HSV-1 glycoprotein 
B, major DNA binding protein, DNA polymerase, both 
ribonuclease reductase subunits, exonuclease, and four 
genes neighbouring the exonuclease (Gibson et a l .,
1984; Quinn and McGeoch, 1985; McGeoch et al, 1986b). 
Figure 4.1 shows the arrangement of these genes 
together with the location of the genes equivalent to 
IE63 and U L 2 . This figure illustrates the large scale 
rearrangements of genes between the two viruses, but 
also shows that the relative arrangements of several 
genes has been maintained. This is most clearly 
observed in the region containing the exonuclease gene. 
The location of the two EBV homologues detected in the 
BamHI b and e sequences is consistent with the location 
of other homologous genes identified.

4.6 EVOLUTION OF RT,

The comparative study of the genetic arrangement 
of the S segment of HSV-1 and VZV by Davison and 
McGeoch (1986) was described in the introduction. A
variable level of amino acid sequence conservation
between pairs of homologous proteins was observed 
together with an extensive relocation of genes. To 
explain the differences in gene layout, the report 
described a process by which Rg could expand and 
contract, thereby including or expelling genes from its 
sequence.

An analogous comparison of the HSV-1 RL genes has 
been attempted. The VZV genome does not have a major 
repeat sequence flanking UL , though the HSV-1 IE gene 1 
contained in RL does have a VZV homologue in the UL 
sequence of the VZV genome. The homologous genes have
retained their same relative positions in VZV and
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HSV-1. There are additional genes present at one 
terminus of UL in both viruses, but their origin and 
evolution cannot be deduced from the present data.

Contraction and expansion of the R^ sequence of 
HSV-1 could be envisaged. For example, this could 
result in the inclusion/exclusion of IE gene 1 in the 
%j sequence. According to the DMA sequence 
interpretation, there is approximately 3 kb of 
non-coding sequence in RL downstream of IE gene 1.
Loss of these sequences may not be strongly detrimental 
to the virus, providing transcriptional regulatory 
sequences w ere retained and the overall length of the 
genome remained within the size limits required for 
packaging into nucleocapsids.

Further expansion of Rjv, info U^, involving loss 
of sequences from one terminus of Û , would be limited 
by the genetic content of the region. The two genes 
located at each end of 0^ are both orientated in a 
direction away from R^. 'The functions of their encoded 
proteins have not been established. Exchange of the 
upstream sequences could only be tolerated if the 
subsequent regulation of expression of the modified 
gene did not adversely affect viral growth and 
replication. The effect of more drastic changes cannot 
be predicted without knowledge of the functions of the 
proteins encoded by the genes which would be modified 
or deleted.

The origin of the RL sequence cannot toe deduced 
from existing knowledge. Features such as the high 
level of reiterations suggest that the apparently 
redundant sequences within Rĵ  ©ay have been generated 
through aberrant recojubinational events within 
sequences not under selective pressure. The
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transcriptional regulatory sequences present within 
this redundant sequence may represent remnants of genes 
previously located in this region of the genome.
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ABSTRACT

We have determined the DNA sequence of the herpes simplex 
virus type 1 gene encoding the immediate early protein IE110, 
which is involved in transcriptional activation of later virus 
genes. The locations of the 5' and 3‘ termini of IE110 mRNA, 
together with the positions of two introns, were identified. 
Examination of the DNA sequence suggested that translation starts 
at the first ATG after the 5 ’ terminus of the mRNA, and that both 
introns occur in protein coding sequence. The predicted IE110 
polypeptide contains 775 amino acids, and has a molecular weight 
of 78452. It contains a cysteine rich region resembling regions 
found in several proteins which interact functionally with DNA.
An antiserum was raised to the predicted C terminal amino acid 
sequence of the 1E110 polypeptide and shown to immunoprecipitate 
the native protein from HSV-1 infected cell extracts. Evaluations 

of functional importance of regions of the protein were made by 
construction of frameshift and deletion mutants of a plasmid borne 
IE110 gene. The mutants were tested for IE110 function by 
short-term transfection assays, and the results were correlated 
with the DNA sequence and RNA mapping studies.
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INTRODUCTION

After infection of tissue culture cells with herpes simplex 
virus type 1 (HSV-1), the first virus genes to be expressed are 
the five immediate early (IE) genes (Watson et al., 1979). It has 
long been recognized that the product of IE gene 3, IE175 (also 
known as ICP4), has a major role in activation of transcription of 
early and late genes (Preston, 1979; Watson & Clements, 1980;
Dixon and Schaffer, 1980). The function of IE175 was demonstrated 
by the study of HSV-1 mutants tŝ  in IE gene 3, but until recently 
lack of similar mutants in the other IE genes has hindered studies 
on their function. In the last two years experimental schemes 
have been developed for assay of IE gene function using plasmid 
cloned IE genes (Everett, 1983; Everett & Dunlop, 1984; Gelman & 
Silverstein, 1985; O'Hare & Hayward, 1985). These can be 
introduced into culture cells to give expression of IE proteins, 
whose effect on transcription from HSV-1 promoters, introduced in 
a separate plasmid, can then be measured. Experiments of this 
type have shown that another IE protein, IE110 (also called ICP 
0), encoded by IE gene 1, can act as a transcriptional activator, 
either independently or in cooperation with IE175 (Everett, 1984; 
O'Hare & Hayward, 1985).

For both IE175 and IE110 the mechanisms of trans activation 
remain obscure. It is not clear whether either protein acts 
directly (that is, by binding to DNA in the locality of the target 
transcription initiation site) or indirectly (for instance, by 
interaction with some other component, which ultimately affects 
transcription). Nor are relations between the actions of the two 
proteins clear. For instance, they could act at the same point of 
the activation process, or sequentially at different levels of the 
one process, or in parallel in different activation processes.
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However, the existence of at least two HSV specified trans 
activators of virus gene expression certainly supports the view 

that control of HSV transcription may be far from simple.
Information on the IE gene 1 and its encoded protein is 

limited. The gene is located entirely within the long repeat 
element (R^: See Figure 1) of the HSV-1 genome, and is thus 
diploid (Preston et al., 1978). However, the existence of 
deletion variants of HSV-1 shows that only one copy suffices for 
virus replication (Davison et al., 1981). IE110 is a 
phosphoprotein which accumulates in the nuclei of infected cells 
(Pereira et al., 1977). The protein has an estimated molecular 
weight of 110000 (Marsden et al., 1976) and has been shown to 
bind DNA (Hay & Hay, 1980).

In this paper we report the DNA sequence of IE gene 1 and 
describe mRNA mapping experiments which show that the gene 
contains two introns, both of which are considered to be in 
protein coding DNA. We give the deduced amino acid sequence of 
IE110, and show that an antipeptide antiserum to the predicted C 
terminus of IE110 binds to the whole protein. Finally, we have 
constructed deletion and frameshift mutations within the gene and 
have evaluated the functionality of the resulting mutated IE110 
der i vat ives.

MATERIALS AND METHODS

Plasmids

Recombinant plasmids carrying HSV-1 strain 17 restriction 
fragments were used as follows. DNA sequence analysis used BamHI 

ed into the BamHI site of pAT153 (this plasmid was called

k, also in pAT153 (from A.J. Davison), and Xhol c in



the Xhol site of pMK16 (pGX58, from N.D. Stow). In addition to 
pGX48 and pGX58, mRNA mapping experiments also used pGX53, which 
consists of the Sall-BamHI subfragment from the right end of the 
BamHI b fragment cloned into pAT153, and plasmid pJR3 consisting 
of the Sstl-PstI fragment from IRL (including the complete IE110 
gene) cloned into pUC9, obtained from J. Russell and C.M. Preston. 
Functional assays of the IE110 gene used pJR3 described above, and 
pllO consisting of the Hindlll-SstI fragment of pJR3 (containing 
all the HSV sequences of pJR3) cloned into the Hindlll-SstI sites 
of pBRSst (where pBRSst is a derivative of pBR322 in which the 
PvuII site has been converted to an SstI site). pJR3 and pllO are 
similar except that pllO contains only a single BamHI site, while 
pJR3 has an additional BamHI site in the vector sequences. pl75, 
used in later experiments, was derived from pGX58 and contained 
the coding sequences of the IE175 gene under the control of the 
SV40 early promoter and enhancer, cloned into the EcoRI-PvuII 
fragment of pBR322, so that upstream parts of IE genes 1 and 4 
present in pGX58 were excluded. Finally, plasmid pgDCAT has the 
promoter the glycoprotein gD gene of HSV-1 linked to the 
chloramphenicol acetyltransferase (CAT) gene (McLauchlan et al.,
1985). The CAT coding region is linked to an HSV-2 
polyadenylation signal and the construct cloned into pUC9. 
Additional derivatives of pJR3 and pllO were constructed as 
described below.

DNA sequence analysis
The DNA sequence was determined by M13 chain termination 

reactions (Sanger et al., 1980), using M13 clones generated by 
ligation of sonicated DNA into the Smal site of M13mp8 (Messing & 
Vieira, 1982) . The products of the sequencing reactions, 
labelled with M-^PjdATP, were electrophoresed through 9M urea,
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6% polyacrylamide, buffer gradient gels (Biggin et al., 1983). 
Where necessary, to resolve compressions arising from the high G+C 
composition of the DNA, 6% polyacrylamide gels were maintained at 
a high temperature during the run using a hot water jacket 
(80-85°C) .

Comput inq

Computing was performed with a DEC PDP 11/44 under RSX11M. 
Sequence analysis used the database system of Staden (1982).
Codon usage evaluations used the program of Staden & McLachlan 
(1982). Sequence homologies were evaluated with a matrix 
comparison program (Pustell & Kafatos, 1982) and an alignment 
optimizing program (Taylor, 1984).

mRNA mapping

Cytoplasmic RNA was prepared by the method of Kumar and 
Lindberg (1972). For production of HSV-1 IE mRNA, cell monolayers 
were infected at a multiplicity of infection of 50 p.f.u./cell and 
the cell monolayers were pretreated and maintained in medium 
containing cycloheximide (Clements et al., 1977).

Structural analysis was performed as described previously 
(Rixon & Clements 1982). Briefly, either 3 ‘ or 5 ‘ labelled DNA 
was co-precipitated with cytoplasmic RNA from infected or 
mock-infected cells. The DNA/RNA mixture was denatured at 100°C 
for 3 min and incubated for 16 h at 57.5°C in 20 ul of 90% (v/v) 
deionized formamide, 0.4 M NaCl, 40 mM PIPES, pH 6.8, 1 mM EDTA. 
Nuclease SI and exonuclease VII digestion were performed at 37°C.

Production of anti-oligopeptide serum
The peptide NH2-Tyr-Glu-Gly-Ala-Ser-Thr-Arg-Asp-Glu-Gly- 

nthesized by Cambridge Research Biochemicals,
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Cambridge, England) corresponds to the C terminal eleven amino 
acids of the predicted IE110 polypeptide linked to a Tyr residue. 
After coupling the peptide to bovine serum albumin (BSA), antisera 
were raised in rabbits as previously reported (Frame et al.,
1986). Antibodies raised against BSA were removed by passing the 
immune-serum through a BSA-Sepharose column.

Immunoprecipitat ion

Confluent monolayers of BHK cells were infected with 
20 p.f.u./cell of HSV-1 strain 17, and the proteins labelled with 
lOOuCi/ml [ ] -methionine. Conditions for increased production 
of immediate-early polypeptides using cycloheximide block have 
previously been described (Preston, 1979). Immunoprecipitations 
were carried out as described (Frame et al., 1986) and analysed on 
5-12-5% gradient SDS-polyacrylamide gels (Marsden et al., 1976).

Construction of plasmids carrying mutated versions of IE gene 1
Derivatives of the plasmid pJR3 were constructed as follows. 

pll0del4 was made by Sail and Xhol digestion of pJR3 followed by 
ligation. pi10del6 and de!8 were made by digestion of pJR3 with 
Kpnl and Xhol respectively, followed by SI nuclease treatment and 
ligation. pllOdellO and delll were made by digestion of pJR3 with 
Sail and pllO with BamHI followed by treatment with DNA polymerase 
I large fragment in the presence of all four dNTPs (filling in) 
and ligation. p!10del7 was made by digestion of pJR3 with 
Hindlll and Hpal, followed by filling in and ligation. pilOdel1 
was isolated from the ligation that produced pi10del8. pilOdel14 
was derived from a partial Smal digest of pilOdel7. pllOEllF was 
isolated after (i) elimination of the EcoRI site in pllO to give 
pill; (ii) insertion of a 12 bp oligonucleotide, containing an 

EcoRI recognition sequence, into partially Haelll cut pill; (iii)
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screening of the resulting plasmids to isolate pllOEll, containing 
an EcoRI linker in the Haelll site at position 3440; and (iv) 
elimination of the EcoRI site by filling in with DNA polymerase I 
large fragment, and ligation. Structures of these plasmids are 
shown in Figure 7. The sequences around manipulated sites in 

del 1, de!6, de!8, dellO, del 11, and in pllOEll and pllOEHF, were 
confirmed by DNA sequence analysis (Maxam & Gilbert, 1980), and 
all plasmids were subjected to extensive restriction enzyme 
analysi s.

Transfection and CAT assays

HeLa cell monolayers were transfected with a total of 12 ug 
of plasmid DNA (4 ug per plasmid) by calcium phosphate 
precipitation (Corsalo & Pearson, 1981). pBR322 was used to make 
up the amount of DNA to 12 ug where necessary. After 24 h the 
monolayers were washed and fresh medium added. After a further 24 
h, extracts were prepared and CAT activities assayed as described 
by Gorman et al. (1982). In all experiments, a positive control 
(pgDCAT + pJR3 + pGX58) was included. The radioactivity in the 
substrate and in monoacetylated product spots was measured. The 
protein concentration of each extract was determined and the 
percentage conversion per mg protein calculated. This value was 
then expressed as a percentage of that of the positive control.

RESULTS

Mapping of IE gene 1 mRNA
As shown in Figure 1, IE gene 1 is located in the Rl element 

HSV-1 genome. We have determined the complete sequence of 

h adjacent regions of Ul : the whole sequence will
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be presented elsewhere (Perry & McGeoch, in preparation). Residue 
numbering in this paper is based on the DNA sequence of RL , 
starting with the residue in IRL adjacent to the a' sequence (see 
legend to Figure 1). Previous work had mapped the 5 ‘ terminus of 
mRNA-1 to residue 1714 (Mackem & Roizman, 1982) and the 3' 
terminus to residue 5301 (Rixon et al., 1984) on the leftward 5 ‘ 
to 3 ‘ strand of IRl , giving a span of 3587 residues. Since the 
size of the mRNA, including the poly(A) tail, was estimated from 
agarose gel electrophoresis to be 3 kb (Watson et al., 1979) , it 
seemed probable that the mRNA was spliced.

Figure 2 gives a summary of the nuclease digestion mapping 
data described in the text and shows the structure of IE mRNA-1 as 
determined by these analyses. In the following descriptions, 
single positions are given for the mRNA 5 ‘ and 3' ends and for all 
splice sites. Where detailed analysis of small nuclease-resistant 
products revealed a number of closely spaced bands (probably due 
to imprecise nuclease cleavage at the hybrid ends), the size given 
is that which aligns the RNA with the appropriate splice junction 
recognition site on the DNA. As described below, the DNA sequence 
encoding IE mRNA-1 has a high G+C composition. Furthermore, the 
distribution of G+C is not uniform throughout the gene, with 
certain regions having a particularly extreme G+C content. This 
causes difficulties in the analysis of RNA structure by nuclease 
digestion, since localised melting of double-stranded molecules in 
regions of lower G+C will occur and complex annealing of DNA and 
RNA involving more than two molecules may take place. In several 
of the examples described below more than one band was present 
following nuclease digestion. In each of these cases only one of 
the bands coincided with a recognizable RNA processing signal.
The other bands generally correspond to short A+T rich stretches 

in an otherwise high G+C sequence. These bands were assumed to
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result from localised melting of DNA/DNA or DNA/RNA hybrids. 
However, it is possible that some of these bands may represent 
minor or aberrant splicing events.

Initial attempts to determine the structure of IE mRNA-1 by 
nuclease digestion procedures were made using DNA fragments which 
had been labelled at the BamHI site at position 2508. No 
nuclease-resistant material was detected with either 5' labelled 
or 3' labelled DNA. In view of the discrepancy between the size 
of the mRNA and of the DNA sequence encoding it, mentioned above, 
it seemed probable that the BamHI site lay within an intron.

The 5 ’ end of IE mRNA-1 had previously been identified by 
Mackem and Roizman (1982). This was confirmed using pJR3 DNA 
which had been 5' labelled at the unique Ncol site at position 
1866. This generated nuclease-resistant bands of around 151 bases 
length, placing the 5' end of IE mRNA-1 at position 1716. The 5' 
boundary of the putative intron was identified using a 3 ‘ 
labelled, 491 bp Hinfl sub-fragment of pJR3, (positions 
1767-2256). This generated nuclease Sl-resistant and exonuclease 
VII-resistant bands of around 154 bases (Figure 3A) placing the 
splice donor site at position 1920. To locate the 3 ‘ boundary of 
this intron, the 435 bp Xhol/BamHI sub-fragment of pGX48 was 5' 
labelled at the Xhol site at position 2943. This generated two 
nuclease SI resistant species, a major band of around 258 bases 
and a minor band of around 280 bases, and a single exonuclease 
VII-resistant band of around 258 bases (Figure 3B). Examination 
of the DNA sequence encoding this region revealed that only the 
258 base band coincides with a recognizable splice acceptor 
sequence at position 2686. The 280 base band coincides with the 
start of a relatively A+T rich sequence which does not resemble a 

e acceptor site. The data presented here do not exclude the 

at small exons may exist between the mapped splice
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donor and acceptor sites. However, since the exonuclease VII and 
nuclease Sl-resistant bands are of similar sizes, the introns must 
extend beyond the limits of the DNA fragments used for mapping (to 
within positions 2256-2508). Conclusive proof of the absence of 
more complicated splicing patterns will probably require cDNA 
cloning and sequence determination.

To determine whether the remaining 3‘ portion of IE mRNA-1 
gene was unspliced, the 2561 bp Xhol/Hpal sub-fragment of pGX48 
(positions 2943-5503) was 3‘ labelled at the Xhol site (position 
2943). This generated three nuclease Sl-resistant bands of 409, 
427 and 470 bases (Figure 3C). Examination of the DNA sequence of 
this region revealed that the 409 base band coincides with a 
potential splice donor sequence at position 3352. The two other 
nuclease Sl-resistant products coincide with short AT rich regions 
which do not resemble any known splice donor signals. The 
position of this splice site was confirmed using a 3' labelled, 
1063 bp Hinfl sub-fragment (positions 2800-3861) of pGX53. This 
generated three nuclease Sl-resistant bands of 552, 570 and 613 
bases (data not shown), which correspond to those observed with 
the Xhol/Hpal fragment. It is clear from these results that the 
gene encoding IE mRNA-1 contains a second intron. Exonuclease VII 
digestion generated only full length probe DNA, indicating that 
the intron lay entirely within this Hinfl fragment. Therefore, 
the 3 ‘ boundary of this second intron was identified using the 
same 1063 bp Hinfl sub-fragment of pGX53, which had been 5' 
labelled. This hybridization was performed at both 57-5°C and at 
60°C and gave a complicated pattern of bands at both temperatures 
(Figure 3D). However, there were differences in the abundance of 
the bands at the two temperatures, with a considerable increase in 
the relative intensity of a 375 base band at the higher 

temperature suggesting that it represents a more stable hybrid.
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This band coincides with a possible splice acceptor signal at 
position 3488, which we propose represents the intron boundary. A 
similar pattern of bands was obtained (data not shown) with a 5' 
labelled, 549 bp Hincll/Kpnl fragment (positions 3262-3811). In 
this case the increase in relative intensity at the higher 
temperature was exhibited by a 322 base band which corresponds to 

the 375 base band produced with the Hinfl fragment. We emphasize 
that the difficulties with these analyses are considered to result 
from the extreme base composition, and that finally definitive 
results will probably require cDNA cloning and sequence analysis.

The remainder of the 3' portion of IE mRNA-1 was analysed 
using 3‘ labelled 1470 bp Hinfl (positions 4376-5843) and 1685 bp 
Sau3AI (positions 3855-5540) sub-fragments of pJR3. These 
generated nuclease resistant bands of 925 bases (Hinfl) and 1446 
bases (Sau3AI) respectively (data not shown), placing the 3' end 
at the previously mapped location, position 5301 (Rixon et al., 
1984).

From the above data the structure of the gene for IE mRNA-1 
is shown to consist of three exons of 205, 667 and 1812 bases, 
separated by two introns of 767 and 136 bases.

Sequence of IE gene 1

Figure 4 presents the DNA sequence of residues 1201 to 5520 
of IRl - This was determined by the M13/chain terminator method, 
using plasmid cloned copies of restriction fragments BamHI b,
BamHI k and Xhol c, as shown in Figure 1. The positions of the 5'
and 3' termini of mRNA-1 are marked at residues 1716 and 5301

respectively. There is a potential TATA sequence at 1689-1693.
The promoter and activator regions 5' to the mRNA's 5 ‘ terminus

een examined by Mackem & Roizman (1982). At the downstream

e* adjacent to the 3' terminus of the mRNA, there
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are two copies of the polyadenylation associated sequence AATAAA, 
at residues 5239 and 5279. Downstream of the 3 ‘ terminus lies a 

set of 9 tandem copies of a 16 bp sequence (Rixon et al., 1984). 
Also present downstream of the 3’ terminus of mRNA-1 is the 

sequence TGTGTTGG, at 5312 to 5319, which resembles the consensus 
YGTGTTYY identified by McLauchlan et al. (1985) as being required

for efficient formation of mRNA 3‘ termini.

There are consensus splice donor and acceptor sequences 

close to the mapped boundaries of the two introns (Mount, 1982).
We thus consider that intron 1 runs from 1921 to 2685 and intron 2 

from 3353 to 3488. The sequence of intron 1 contains 3 imperfect 

tandem copies of a 54 bp sequence and also a number of other 
imperfect repeat elements. Starting at residue 2647, in intron 1, 

Figure 4 shows a run of eight C residues, as found in the BamHI b 

clone analysed, while the Xhol c clone contains 9 residues here. 

The sequence of intron 2 is particularly purine rich.
We have located the polypeptide coding sequence for IE110 by 

examination of open reading frames and use of the codon usage 

evaluation program of Staden & McLachlan (1982). We conclude that 

translation begins with the first ATG after the mRNA's 5 ‘ 

terminus, at 1864, giving a 5' noncoding region of 148 residues. 

This ATG, in exon 1, conforms to the initiation codon consensus of 
Kozak (1984), and initiates an open reading frame (allowing for 

introns) of 775 codons, terminating with TAA at 5090. This leaves 
a 3' noncoding region of 209 residues. The polypeptide coding 
region of IE110 has a base composition of 75.4% G+C. This is a 

very high value, even for an HSV gene (see Discussion).

Amino acid sequence of IK110

The 775 amino acid polypeptide predicted by the above 

reading frame has a molecular weight of 78452. This is
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considerably lower than the previous estimate of 110000 obtained 
from gel electrophoretic mobility (Marsden et al., 1976) .
However, such revisions of molecular weights have occurred 
frequently in HSV sequence analysis (see, for example, McGeoch et 
al., 1985). The IE110 sequence contains a small excess of basic 
over acidic residues (Table 2). The five most common amino acid 
types are Ala, Pro, Gly, Ser and Arg. Ala, Pro, Gly and Arg are 
the amino acids which possess codons containing only G and C 
residues (see Table 1), so that their prominence correlates with 
the extreme base composition of the gene. The distribution of 
these residues is not uniform: they are most abundant in a region 
beginning with the start of exon 3 (amino acid residue 242) and 
ending with residue 560. In addition, amino acid residues 554 to 
594 consist mostly of Ser and Ala residues.

Recently, it has been found that many DNA binding proteins 
contain a Cys rich locality, which is’ thought to be involved in 
coordination of metal ions (Miller et al., 1985; Berg, 1986). The 
most characteristic sequence element within these regions 
comprises two Cys residues separated by two other amino acids. We 
have now found that IE110 also belongs to this class: as shown in 
Figure 5, 9 of the 14 Cys residues in IE110 are located in a 58 
residue region between amino acids 99 and 156, and these include 
three C— C pairs.

We investigated the possibility that the IE110 protein might 
be related to the IE175 protein, which is also involved in trans 
activation of later virus genes, but could not detect any 
homology, global or local, between the IE110 and IE175 amino acid 
sequences, beyond noting that both contain a very Ser rich region 

(amino acids 554 to 594 of IE110, and 177 to 199 of IE175; McGeoch 
t 1986). Conceivably, these residues could be involved in 

tion of the proteins. In addition, no homology of
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I El10 sequences was detected with other HSV IE proteins (sequences 
from Murchie & McGeoch, 1982; McGeoch et al., 1985; Perry & 
McGeoch, unpublished data), or with the major IE protein of the 
betaherpesvirus, human cytomegalovirus, (Stenberg et al., 1984) or 
with any polypeptides predicted from the complete genome sequence 
of the gammaherpesvirus, Epstein-Barr virus (Baer et al . , 1984).

A probable homologue to IE gene 1 was detected in the genome of 
the related alphaherpesvirus, varicella-zoster virus (VZV). This 
is gene 61 of VZV, which is proposed to lack introns and to encode 
a 467 amino acid polypeptide (Davison & Scott, 1986). Similarity 
between the two amino acid sequences is extremely limited (so that 
the correspondence was not detected in tests carried out by 
Davison & Scott (1986)) and is essentially limited to the Cys rich 
region, where all three C— C pairs are conserved (Figure 5). We 
consider that this limited similarity, taken together with the 
corresponding genomic locations of the two genes, constitutes a 
reasonable case for them being related and having similar 
functions. Confirmation of this assignment, however, must await 
experimental demonstration of transcriptional activation by the 
VZV gene 61 product.

Detection of IE110 using anti-oligopeptide serum
An antiserum raised to the C terminal eleven amino acids of 

the predicted sequence of IE110 immunoprecipitates the native 
protein from extracts of cells infected with HSV-1 and labelled 
with [35s]-methionine under immediate-early conditions (Figure 6, 
lane 2). Specificity was shown by inhibition of the 
immunoprecipitation by inclusion of an excess of the synthetic 
oligopeptide in the reaction mix (Figure 6, lane 6). This 
confirms our reading frame assignment at the C terminus. In 

addition, no reaction with extracts of mock-infected cells was
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observed. Also specifically immunoprecipitated is a lower 
molecular weight species (apparent molecular weight of 40000) 
which may be a breakdown product of IE110 or a species associated 
with it in the infected cell.

Mutational analysis of the IE110 gene
Recent work from several laboratories has shown that IE110 

can activate transcription from HSV promoters in transient 
transfection assays (Everett, 1984; O'Hare & Hayward, 1985;
Quinlan & Knipe, 1985; Gelman & Silverstein, 1985). The promoter 
of the HSV-1 glycoprotein D gene was found to be slightly 
activated by co-transfection of plasmids encoding IE175, while 
inclusion of plasmids expressing both IE175 and IE11Q resulted in 
very substantial activation (Everett, 1984). This observation 
provides the basis for an assay of the function of IE110 in this 
experimental system. The assay was used to determine if the 
effect of frameshift and deletion mutants within IE gene 1 could 
be correlated with the mRNA mapping and DNA sequence data 
presented above. In the experiments reported here, plasmids pJR3 
and pi 10, which contain HSV-1 RL sequences between the SstI site 
at 895 and the PstI site at 7308, were used as a source of 
functional IE110 gene, and a set of mutated derivatives was 
constructed. The ability of these mutant plasmids to activate 
gene expression was measured by co-transfection with a plasmid 
carrying a CAT gene linked to the gD promoter, and with pGX58 or 
pl75, which express IE175. The efficiency of gD promoter 
activation was then assayed by measurement of CAT enzyme activity 
in extracts of transfected HeLa cells.

The IE110 gene mutations made are shown in Figure 7 and the 
obtained are summarized in Table 3. Deletion of sequences
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an increase in trans activation. While the reason for the 
increase is not resolved, the important conclusion for this 
plasmid is that the functionally complete IE110 gene lies upstream 
of residue 5501. On the other hand, deletion between the Xhol 

site at 2939 and the Sail site at 5065 (plasmid p!10del4) 
eliminated IE110 activity. Thus, these trans activation data are 

consistent with the DNA sequence interpretation. Frameshift 
mutations, pi10del6 and pi10del8, both mapping in exon 2, gave 
very low levels of activation. We do not know whether the 
apparent, small effects with these plasmids are actually due to a 
residual activity of the N terminal fragments of IE110 expressed. 
Plasmid pllOdellO, containing a frameshift mutation at the Sail 
site at 5065, near the assigned translational termination site at 
5095, gave an intermediate activation. We interpret this as 
indicating that the immediate C terminal residues are not crucial 
for IE110 activity. We also constructed two in-frame deletions 
within predicted coding sequence. Plasmid pllOdell has lost 354 
bp (118 codons) from exon 2 (including almost all of the Cys rich 
region), and pilOdel14 has lost 483 bp (181 codons) from exon 3. 
Rather surprisingly, both retain low levels of trans activation 
activity. Evidently, the IE110 protein can still function to some 
extent despite substantial structural alterations in two different 
regions. Finally, frameshift mutations were constructed at the 
BamHI site, residue 2508 (pllOdelll), and at the Haelll site at 
residue 3440 (pllOEHF). These plasmids gave similar activation 
levels to those obtained with their parent. These results are 
consistent with the mRNA mapping data, which placed the BamHI site 
at position 2508 and the Haelll site at position 3440 within 
introns 1 and 2, respectively.
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DISCUSSION

This paper describes the DNA sequence, mRNA mapping and 
preliminary mutational analysis of IE gene 1, encoding IE110. In 
addition we have demonstrated a specific interaction of anti-C 
terminal oligopeptide serum with the native protein extracted from 
HSV-1 infected cells. The HSV genome contains five separate IE 
genes (Watson et al., 1979). Of these, IE genes 2 and 3 possess 
no introns (Whitton at al., 1983; Rixon et al., 1982), while genes 
4 and 5 each contain a single intron in the 5 ‘ noncoding region 
(Watson et al., 1981; Rixon & Clements, 1982; Murchie & McGeoch, 
1982). IE gene 1 is the only IE gene with multiple introns, and 
the only one containing introns in polypeptide coding sequence. 
Costa et al. (1985) have described a late gene of HSV-1 containing 
an intron, which lies within polypeptide coding sequences. 
(Fontichiaro et al . (1985) have claimed to detect a second intron 
in IE genes 4 and 5, but we consider that their interpretation is 
erroneous and results from a secondary structure artifact in high 
G+C DNA (Rixon & Clements, 1982)).

HSV-1 DNA has an estimated overall base composition of 67% 
G+C (Kieff et al., 1971) and most genes so far sequenced have 
coding regions around 65% G+C (see McGeoch et al., 1985). The 
coding region of IE gene 1 is strikingly higher, at 75.4% G+C.
This is the second highest value in any determined protein coding 
sequence, so far as we are aware, and is exceeded only by that of 
another HSV-1 gene, the IE gene 3, which is situated in the Rg 
region of the genome and has a coding region composition of 81.5% 
(McGeoch et al., 1986). Inspection of the IE gene 1 codon usage 

catalogue (Table 1) shows that the base composition is achieved 
by encoding high levels of amino acids with G+C rich 

rtly by a heavy bias towards G and C in the
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redundant third positions. The phenomenon has been discussed for 
IE gene 3 (McGeoch et al., 1986), and the arguments adduced then 
appear also to apply in the present case. Thus, it is clear in 
general that the base composition is not driven to extremity by 
requirements of amino acid sequence functionality. The nature of 
evolutionary forces underlying the effect remains obscure, 
although they are evidently potent. For both IE gene 1 and gene 
3, it is a major repeat element of the HSV genome that is 
involved.

In both genes there are, within the coding sequence, regions 
of particularly high G+C content. In the present study, the 
central portion of the IE110 coding sequence (residues 3489 to 
4564) has a base composition of 80.8%, while the upstream and 
downstream portions (allowing for introns) are 71.2% and 70.4% 
respectively. It is interesting that the upstream boundary of 
this high G+C region is at or near the start of exon 3: this could 
suggest a possible distinction in evolutionary history or in 
function of encoded polypeptide between exons 1 plus 2, on the one 
hand, and exon 3. In the case of IE gene 3, McGeoch et al.
(1986), suggested that particularly extreme base composition might 
correlate with sequences encoding relatively non-crucial regions 
of protein. The plasmid p!10dell4 (which has lost 483 bp from the 
region of high G+C) retained some transactivational activity, 
which would support this suggestion; however plasmid pllOdell 
contains a deletion outside of the high G+C region and also 
retains some transactivational activity.

There is at present no firm model for IEllO's mode of 
action. The existence of a Cys rich locality in IE110, similar to 
that found in many proteins which interact directly with nucleic 
acids (Berg, 1986) does suggest a rather direct mechanism of 

transcriptional activation, involving binding of IE110 to DNA.
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The finding that a residual activity remains after deletion of 
this region we regard as probably indicative of the complexity of 
functional interaction between IE110 and IE175, which is also 
present in our assay.

In conclusion, the mRNA mapping, DNA sequencing and sequence 
interpretation give a precise description of IE gene 1. Our 
studies on modification of the gene correlate well with the 
sequence analysis, and represent a start in molecular genetic 
analysis of IE110 function.
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