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SUMMARY

Human herpesvirus 7 (HHV-7) was first isolated by Frenkel and colleagues in 1989 from CD4+ T-
cells, during experiments concerning propagation of HHV-6. Uninfected cells underwent

spontaneous cytopathic effect following conditions promoting T-cell activation. A new

herpesvirus was isolated which was related to but distinct from human herpesvirus 6 (HHV-6)

This virus was designated HHV-7 (RK).

HHV-7 is ubiquitous in the human population - probably more than 85% of people are infected. It
is likely that HHV-7 is transmitted through saliva, with primary infection occurring before three
years of age. The virus has no proven involvement in any disease. HHV-7 is a member of the
Betaherpesvirinae and is more closely related to HHV-6 than to human cytomegalovirus
(HCMV). The genome is approximately 145 kbp in length and has an overall structure like that of
HHV-6, consisting of a long unique region (U) flanked by a direct repeat (DR).

Since 1984, the complete sequences of fourteen herpesvirus genomes have been published
and at least four more have been completed. This has allowed comparative studies of individual
genes and permitted extensive and detailed understanding of the relationships between the
herpesviruses. In addition, recent reports based on molecular sequence analysis, have provided

a detailed phylogeny and allowed an evolutionary timescale to be derived.

The aims of this project were to determine the complete DNA sequence of HHV-7 and to
analyse the coding potential of the sequence. The work was initiated in collaboration with
Professor N. Frenkel (Tel-Aviv University, Israel), who provided genomic DNA from the RK
strain. During the course of this work the complete DNA sequences of HHV-6 strain U1102 and
HHV-7 strain JI were published by other groups. Therefore, the HHV-7 strain RK sequence was
compared with these two sequences in order to appraise evolutionary divergence and to re-

evaluate the genetic contents of HHV-6 and HHV-7.

The HHV-7 RK genome was sequenced by direct shotgun cloning of random DNA fragments

into an M13 vector. Approximately 7,000 fragments were sequenced and compiled into a



database with the aid of a computer. The genetic content of the sequence was interpreted using
a suite of computer programs. This analysis was then extended to reassess the sequence of

HHV-6. Special attention was paid to potential splicing.

The HHV-7 RK genome sequence obtained is 153,080 bp in length and comprises U (133,012
bp) flanked on each side by a copy of DR (10,034 bp). Four different reiterated sequences are
present in the genome, two in U and two in DR. the latter comprise arrays of a human telomere-
like element. Complexity and size resulted in one of these arrays being particularly challenging
to resolve, and an unsatisfactory solution in this region is reflected in the likelihood that the
sequence obtained is approximately 3 kbp longer than the actual genome. Analysis of the
differences between HHV-7 RK and JI indicated that the lineages resulting in the two strains

diverged from a common ancestor of the order of 10,000 years ago.

It was concluded on the basis of various analytical criteria that the HHV-7 genome contains 84
genes, only one of which has no direct counterpart in HHV-6. However, the latter is related to an
adjacent gene which has an HHV-6 homologue. By the same criteria, HHV-6 contains 85 genes,
two of which lack counterparts in HHV-7. One encodes a putative membrane glycoprotein and
the other is a homologue of the adeno-associated virus type 2 rep gene. Furthermore, sequence
comparisons between HHV-7 and HHV-6 also allowed the identification of putative splice sites in
eleven genes. One of these genes is predicted to encode a previously unrecognised membrane

glycoprotein.

This study lays the foundation for continuing experimental investigation of gene expression in

HHV-7, particularly in regard to splicing.
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peripheral blood mononuclear cells
polymerase chain reaction
polyethylene glycol
reiterated sequence 1
reiterated sequence 2
reiterated sequence 3
ribonucleic acid
ribonuclease A
revolutions per minute
ribonucleotide reductase
room temperature
sodium dodecyl sulphate
thymidine

telomeric reiteration 1
telomeric reiteration 2

N, N, N’, N’ -tetramethethylene diamine

top gel mix
Tris (hydroxymethyl) aminomethane
long terminal repeat



TRs

U
Us
uv
viv
wiv
wiw

X-gal

short terminal repeat
unique

unique sequence
long unique

short unique
ultraviolet
volume/volume
weight/volume
weight/weight

wild type
5-bromo-4-chloro-3-indolyl-3-D-
galactopyranoside



Herpesviruses

Virus name

Alcelaphine herpesvirus
Bovine herpesvirus 1
Channel catfish virus
Epstein-Barr virus

Equine herpesvirus 1
Equine herpesvirus 2
Equine herpesvirus 4
Herpes simplex virus type 1
Herpes simplex virus type 2
Herpesvirus ateles
Herpesvirus of turkey
Herpesvirus saimiri

Human cytomegalovirus
Human herpesvirus 6
Human herpesvirus 7
Kaposi's sarcoma-associated herpesvirus
Marek’s disease virus
Murid herpesvirus 68
Murine cytomegalovirus
Pseudorabies virus
Salmonid herpesvirus 1
Salmonid herpesvirus 2
Simian herpesvirus

Varicella-zoster virus

& Murid herpesvirus 1. b Meleagrid herpesvirus 1.

Common
abbreviation

AHV-1
BHV-1
CCV
EBV
EHV-1
EHV-2
EHV-4
HSV-1
HSV-2
HVA
HVT
HVS
HCMV
HHV-6
HHV-7
KSHV
MDV
MHV-68
MCMV
PRV
SalHv-1
SalHv-2
B virus
vzv

ICTV designation

AHV-1
BHV-1
[HV-1
HHV-4
EHV-1
EHV-2
EHV-4
HHV-1
HHV-2
ARV-2
MHV-1®
SHV-2
HHV-5
HHV-6
HHV-7
(HHV-8)
GHV-2
MHV-4
MHV-12
SHV-1
SalHv-1
SalHv-2
CHV-1
HHV-3



One and three letter abbreviations for amino acid residues

Amino acid Three letter code One letter code
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamine Gln Q
Glutamic acid Glu E
Glycine Gly G
Histidine His H
Isoleucine lle |
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
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1.0. FOREWORD

This chapter is divided into four sections. Section 1.1. provides a thumbnail description of
several aspects of the Herpesviridae, including clinical manifestations, life cycle, classification,
genetic content and evolution. Sections 1.2., 1.3. and 1.4., refer to the members of the human
Betaherpesvirinae: human cytomegalovirus (HCMV), human herpesvirus 6 (HHV-6) and human
herpesvirus 7 (HHV-7), respectively. These viruses are related and share many common
features. Thus, the information in each section is similarly organised, and includes sub-sections
concerning general characteristics, epidemiology, tropism, growth properties and diseases of the
viruses, with emphasis placed on their genetic makeup. The chapter concludes with a short

statement of the thesis aims.

1.1. THE HERPESVIRIDAE

1.1.1. Overview

The Herpesviridae are eukaryotic viruses, and number more than 100. They infect both warm
and cold-blooded vertebrates, in a broad range from fish to man (Roizman and Sears, 1993,
Fenner et al., 1987) and at least one invertebrate, the oyster (Comps and Cochennec, 1993).
The best studied infect humans, cattle, chickens, horses, mice and monkeys. Herpesviruses are
well adapted to their hosts. Most display a high degree of host specificity, although a single host
may become infected by several herpesviruses; for example, there are at least eight human
herpesviruses. However, some, such as pseudorabies virus (PRV) and B virus, are less host

specific and may infect a range of species.

Herpesvirus lytic infection typically follows a lifecycle of adsorption and penetration into the cell
and migration of the viral DNA to the nucleus where gene expression occurs in a sequentially
ordered cascade, with three main phases: immediate early (IE), early (E) and late (L).
Transcription, viral DNA replication and capsid assembly take place in the nucleus. DNA is
packaged into the capsids which then acquire tegument and envelope. Virions are released from

the cell by exocytosis.

A common property of herpesviruses is the ability, following primary infection, to persist in an

inapparent (or latent) form for the lifetime of the host, with only a small subset of viral genes
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being expressed (Kieff and Liebowitz, 1990; Rock, 1993). Occasionally, latent virus may

reactivate under the influence of as yet poorly defined stimuli.

Herpesvirus epidemiology is not linked to geographical or seasonal factors and age does not
correlate with susceptibility to infection. It is possible, however, to predict the levels of
seroconversion to herpesviruses in a population in relation to age. For example at three years of
age 90% of people have antibodies to human herpesvirus 6 (HHV-6). Herpesvirus infection may
be transmitted horizontally or vertically by direct contact of mucosal surfaces (through saliva,

sexually or in breastmilk), but respiratory droplet infection is also common.

Membership of the Herpesviridae is based on virion morphology. The DNA genome which is in a
liquid crystalline state (Booy et al., 1991) is packaged within an icosahedral capsid, 100-110 nm
in diameter and composed of 162 capsomeres: 12 pentavalent capsomers at the vertices, 60
hexavalent capsomers at the 20 faces and 90 hexavalent capsomers along the 30 edges (Wildy
et al., 1960). The capsid is enclosed within a proteinaceous layer (the tegument); (Roizman and
Furlong, 1974), which in tum is surrounded by a host-derived lipid envelope, containing viral
glycoproteins (Morgan et al., 1959; Asher et al., 1969; Spear and Roizman, 1972; Stannard et
al., 1987). Herpesvirions range in diameter between 160 nm and 230 nm, averaging 180 nm

(Szilagyi and Berriman, 1994).

Herpesviruses have large, linear, double-stranded DNA genomes (Furlong et al., 1972) which
range in size from 125 kbp (e.g. varicella zoster virus; VZV) to 240 kbp (e.g. murine
cytomegalovirus; MCMV) and exhibit an impressively wide range of base compositions from 32-
75% G+C (Honess, 1984). A characteristic of herpesvirus genome structure is the presence of
terminal or internal repeated sequences, in direct or inverse orientation. Herpesviruses contain
between about 70 (e.g. herpes simplex virus type 1; HSV-1) and 200 genes (e.g. human
cytomegalovirus; HCMV). The great majority of the genome codes for protein, and the genes are

arranged in about equal numbers on each DNA strand.
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1.1.2. Clinical manifestations
1.1.2.1. General

Primary infections by herpesviruses are often asymptomatic or slight, and recrudescent infection
may occur once (e.g. VZV) or many times (e.g. HSV-1). Herpesvirus infection combined with
conditions of immune suppression can prove fatal. For example, bone marrow transplant
patients suffering from interstitial pneumonitié due to HCMV infection risk 25% mortality. In
addition, infection with certain herpesviruses, such as Epstein-Barr virus (EBV) and Marek’s
disease virus (MDV), can result in carcinoma or lymphoma (Epstein et al,, 1964; Evans and
Niederman, 1991; Fenner et al, 1987), and the recently discovered Kaposi's sarcoma-
associated herpesvirus (human herpesvirus 8 or HHV-8) probably plays a significant causative
role in Kaposi's sarcoma (Moore et al., 1996). More unusually, a few herpesviruses are capable
of infecting more than one species under natural or near-natural conditions. B virus causes an
HSV-1-like disease in monkeys but brings about fatal ascending paralysis and encephalitis in
humans (Fenner et al, 1987). PRV primarily infects swine, but in cattle causes "mad-itch",
resulting in death within a few hours; also dogs suffer a rabies-like illness which is also invariably
fatal (Fenner et al., 1987).

1.1.2.2. Human herpesviruses

Currently, most research effort is put into the human herpesviruses and herpesviruses of
domestically important animals. Humans are host to at least eight herpesviruses, seven of which

are etiologic agents of a number of diseases.

HSV-1 is ubiquitous in human populations and is typically acquired by the age of five years via
respiratory droplets and through contact with mucosal surfaces or abraded skin. Primary
infection is usually subclinical, and lifelong latent infection is established in neurons of the
sensory ganglia (Baringer and Swoveland, 1973; Fraser ef al., 1981). Subsequent reactivation
can be periodically triggered by a number of factors including stress, UV radiation and immune
suppression (Hill et al., 1978). During primary and recurrent infection the virus causes vesicular
lesions of the skin and mucosa. Infection is generally limited to the oropharynx but may involve
the eyes and the genitalia (Whitley, 1985; Cameron, 1993).
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The clinical pathologies associated with HSV-1 and herpes simplex virus type 2 (HSV-2) are not
strictly separated (Nahmias et al, 1991). However, HSV-2 is transmitted sexually, although
infection may occur at birth (Whitley, 1985; Cameron, 1993), and lesions are localised to the
mucous membranes and skin of the genitals. HSV-2 reactivation usually occurs more frequently
than that of HSV-1 (Timbury, 1991; Whitley, 1990).

VZV can spread by airborne infection or by direct contact (Johnson, 1982) and causes two
distinct diseases (Hope-Simpson, 1965; Gelb, 1990). Primary infection causes the childhood
disease varicella (chickenpox), a generally benign condition characterised by a fever and a
vesicular rash. Complications are rare but symptoms may be more severe in adults, where
pneumonia is common. The virus establishes latent infection in the dorsal root or cranial nerve
ganglia. VZV reactivation causes the disease zoster (shingles), where painful vesicles appear in
the area of skin enervated by the affected ganglia. The incidence and severity of zoster
increases with age and in the immunocompromised (Schrimpff et al., 1972; Kennedy, 1987;
Timbury, 1991), and can leave the victim with the distressing condition of post-herpetic

neuralgia.

EBV initiates infection via the oropharynx (Sixbey et al, 1983, 1984) and establishes latent
infection in B-lymphocytes. Primary EBV infection is commonly asymptomatic in children, but
during adolescence and adulthood the virus may cause infectious mononucleosis (glandular
fever). In addition, EBV is implicated in cancers, such as Burkitt's lymphoma, a highly malignant
B-cell lymphoma which is common in African children and virtually confined to areas where
malaria is endemic, and nasopharyngeal carcinoma which is common among southern Chinese
populations (Neiderman et al., 1976; Epstein and Achong, 1986). The selective geographic and
racial distribution of these tumours suggests the influence of genetic and environmental factors,

as well as EBV infection, in the progression towards disease (Miller, 1990; Timbury, 1991).

HCMV primary infection is often asymptomatic or self-limiting with the only evidence of infection
being an increase in antibody titre (Alford and Britt, 1990). Transmission is thought to occur most
commonly by salivary contact, but the virus may also be acquired sexually (Emery and Griffiths,

1990). The virus establishes latency in monocytes (Taylor-Wiedeman et al., 1991). The most
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serious aspect of HCMV infection occurs if the host is immunocompromised through immaturity
or suppression. For example, HCMV can act as a major pathogen of the foetus and allograft or
AIDS patients (Alford and Britt, 1990; Emery and Griffiths, 1990; Black and Pellet, 1993).

HHV-6 is typically acquired by the age of two years (Yoshikawa, 1993) and can persist in T-
lymphocytes (Salahuddin et al., 1986), possibly establishing latency there (Frenkel and Wyatt,
1992). The virus has been isolated from the saliva of normal adults (Pietroboni et al., 1988a;
Harnett et al., 1990; Levy et al., 1990) and this may act as a vehicle for transmission (Wyatt and
Frenkel, 1992). HHV-6 isolates may be segregated into two groups, termed variants A and B
(HHV-6A and HHV-6B), based on biological and immunological properties and genomic analysis
(Wyatt et al., 1990; Ablashi et al., 1991; Schirmer et al., 1991; Aubin ef al., 1993). HHV-6A is not
associated with disease but HHV-6B is the etiologic agent of exanthem subitum (roseola

infantum), a childhood febrile illness (Yamanishi et al., 1988).

Human herpesvirus 7 (HHV-7) has been shown to replicate preferentially in activated CD4+ T-
lymphocytes (Frenkel et al,, 1990) and has also been isolated from the saliva of up to 81% of
healthy adults (Wyatt and Frenkel, 1992; Black et al., 1993; Yoshikawa et al., 1993; Hidaka et
al., 1993). HHV-7 primary infection is usually acquired by three years of age (Wyatt et al., 1991,
Clark et al., 1993; Hidaka ef al., 1993), but a potential site for HHV-7 latent infection has not
been identified, nor has transfer by saliva been proved to be the mode of virus transmission.
HHV-7, like HHV-6, has been associated with a proportion of exanthem subitum cases (Tanaka
et al., 1994).

Kaposi's sarcoma (KS) is a neoplasm of uncertain histogenesis occurring in both HIV-1-infected
and uninfected persons (Moore et al.,, 1996). Kaposi's sarcoma-associated herpesvirus (KSHV),
or HHV-8, was discovered in an AIDS-KS lesion by representational difference analysis and

shown to be present in almost all AIDS-KS lesions (Chang et al., 1994). These findings have

‘been confirmed and extended to nearly all KS lesions examined from the various epidemiologic

classes of KS (Boshoff et al., 1995; Dupin et al., 1995; Moore et al., 1996; Schalling et al., 1995;
Chang et al., 1995).
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1.1.3. Life cycle

The life cycle of herpesviruses is divided between Iytic and latent phases. This can best be
illustrated by briefly considering the life cycle of the best-studied herpesvirus, HSV-1; its general
aspects apply to the other herpesviruses. Certain properties of EBV are also considered.
Specific details relating to HCMV, HHV-6 and HHV-7 are discussed later.

1.1.3.1. The lytic cycle

Initial association of HSV-1 with the host cell is mediated by viral envelope glycoproteins, which
also have important roles in adsorption and penetration of the virus (Campadelli-Fiume, 1994).
After the virus envelope fuses with the plasma membrane, the nucleocapsid is released into the
cytoplasm and migrates to the nucleus where the DNA enters via nuclear pores. At least some
of the tegument proteins also enter the nucleus, although the process by which this occurs is not

clear. Transcription and replication of viral DNA and capsid assembly take place in the nucleus.

Gene expression occurs in a co-ordinated, regulated and sequentially ordered cascade with
three main phases: immediate early (IE or a), early (E or B) and late (L or y) (Honess and
Roizman, 1975; Roizman and Sears, 1990). Overall, proteins encoded by 74 genes are
expressed during the cycle. Some IE proteins are trans-acting regulators of virus genes, and
initiate cascade expression. E genes encode several enzymes involved in DNA replication and
nucleotide metabolism, as well as a subset of glycoproteins and some uncharacterised proteins.

L genes encode many virion structural proteins (Honess and Roizman, 1975).

Replication starts in the nucleus, with circularisation of viral genomic DNA by direct ligation of the
termini. Viral DNA synthesis is initiated from the viral origins of replication (oris and orit) to
produce DNA in an endless conformation, probably as head-to-tail concatemers, by a rolling
circle mechanism (Roizman, 1979; Jacob et al., 1979). Replicated DNA is cleaved specifically

into unit-length molecules and packaged into preformed capsids.

The processes by which the capsid acquires tegument and envelope are not fully understood.

The envelope is derived from altered host membranes and contains viral glycoproteins, which
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are processed into their mature forms in the Golgi apparatus. Virions are released from the cell
by exocytosis (Rixon, 1993; Spear, 1985).

1.1.3.2. The latent cycle

Latent infections are produced by all of the human herpesviruses, but are established at sites
that are specific to the virus. For example, HSV-1 and VZV become latent in sensory ganglia,
whereas EBV latently infects circulating B lymphocytes (Kieff and Liebowitz, 1990; Bastian et al.,
1972).

In its latent form, HSV-1 DNA is present either as a circular molecule or as a concatemer (Rock
and Fraser, 1983, 1985; Efstathiou et al., 1986) and is not thought to integrate into the host DNA
(Mellerick and Fraser, 1987). EBV latent DNA is also maintained as covalently closed circular
episomes (Lindhal et al, 1976), and both HSV-1 and EBV latent genomes are apparently
present in multiple copies in the latently infected cell. In addition, EBV infection can result in cell
transformation and proliferation that may lead to carcinomas or lymphomas (Zur Hausen et al.,
1970).

The products of viral genes expressed during the latent state appear to function in maintenance
of and reactivation from latency (Steiner et al, 1989; Dambaugh et al., 1986; Speck and
Strominger, 1989), but differ between HSV-1 (latency-associated transcripts or LATs) (Spivack
and Fraser, 1987; Deatly et al., 1988) and EBV (Epstein-Barr virus nuclear antigen or EBNA
proteins) (Lindahl et al., 1974). |

1.1.4. Herpesvirus genes

The functions of many herpesvirus genes have been assigned from experimental data and from
comparisons with genes of known function from other organisms. Herpesvirus proteins may be

grouped into five functional categories, as illustrated by McGeoch and Schaffer (1993).

Firstly, control proteins that influence viral transcription or that modulate the infected cell to
facilitate viral replication (Everett, 1987). Secondly, essential components of the DNA replication

machinery, including DNA polymerase and associated processivity factor, a protein which
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recognises the origins of viral DNA replication in certain herpesviruses, a single-stranded DNA-
binding protein and the three constituents of a helicase-primase complex (Challberg, 1991).
Thirdly, enzymes engaged in nucleotide metabolism or DNA repair, including thymidine kinase,
uracil-DNA glycosylase, dUTPase, ribonuclectide reductase (two subunits), a deoxyribonuclease
and thymidylate synthase (in VZV and certain other herpesviruses) (Morrison, 1991). Fourthly,
virus structural proteins, including components of the capsid, tegument and envelope (Rixon,
1993). Lastly, proteins involved in pathogenesis or latency, including those that which modulate
the immune response of the host, such as G protein coupled receptors in certain herpesviruses
(Chee et al., 1990; Gompels et al., 1995; Nicholas, 1996).

Experimental analyses of the phenotypes of HSV-1 mutants indicate that approximately half of
its complement of genes is not absolutely essential for viral growth in cell culture on a gene-by-
gene basis (Roizman and Sears, 1990; McGeoch and Schaffer, 1993). It is assumed that these

genes confer a selective advantage in vivo.

1.1.5. Herpesvirus classification
1.1.5.1. Formal classification

A formal system of classification for the herpesviruses has been developed (Roizman et al.,
1981; Roizman et al, 1992), in which the family Herpesviridae is divided between three
subfamilies, the Alpha-, Beta- and Gammaherpesvirinae. Since little genetic information was

available at that time, this division depended on biological criteria alone.

The Alphaherpesvirinae are classified on the basis of a moderately wide host range in vitro.
They exhibit a relatively short reproductive cycle, efficiently destroy infected cells and spread
rapidly in culture. Many members of this subfamily have been shown to establish latent
infections in sensory ganglia. Members of the Alphaherpesvirinae include HSV-1, HSV-2, VZV,
PRV and equine herpesvirus 1 (EHV-1).

The Betaherpesvirinae typically (though not exclusively) demonstrate a restricted host cell range
in vitro, and infected cells often become enlarged, forming cytomegalia. The reproductive cycle

is relatively long and infection progresses slowly in culture, with cell lysis occurring several days
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after infection. Latency among the Betaherpesvirinae is as yet poorly understood but may occur
in secretory glands, lymphoreticular cells and kidney cells. HCMV, MCMV, HHV-6 and HHV-7

are now amongst those viruses grouped in the Betaherpesvirinae.

In the Gammaherpesvirinae, host range in vitro is typically restricted to cells from animals to
which the natural host belongs. The viruses of the Gammaherpesvirinae exhibit reproductive
cycles of variable length. They are lymphotropic and infect either B- or T-lymphocytes; some
also cause infections in epithelial and fibroblastoid cells. Infection of lymphocytes, even at the
lytic stage, often occurs without the production of infectious progeny. Latency is frequently
established in lymphoid tissue. Well-studied viruses from this subfamily include EBV,
herpesvirus saimiri (HVS) and HHV-8.

Since this initial classification of the herpesviruses, significant effort has been channelled into
determining the structures and DNA sequences of herpesvirus genomes, and attempts have
been made to use the emerging data in classification. Genome size and nucleotide composition
have proved unsuitable criteria in classificafion, as many members of each subfamily have
genomes of similar size and G+C content may vary widely (Honess, 1984). Genome structure is
a somewhat more suitable aid in herpesvirus classification. A characteristic of herpesvirus
genome structure is the arrangement of reiterated sequences positioned within and at the ends
of the genomes, either in direct or inverse orientation. On this basis the herpesviruses may be
grouped into six categories (Fig. 1.0). Although there is no exclusive correlation between type of
genome structure and the formal herpesvirus classification system, group 5 genomes are
characteristic of many of the Alphaherpesvirinae and group 2 genomes of many of the

Gammaherpesvirinae (Davison, 1993).

More recently, the classification system was refined (Roizman et al., 1992), to take into account
herpesvirus genome structures and more importantly, relationships between DNA or protein
sequences and gene arrangements. The three subfamilies were each divided into genera: the
Alphaherpesvirinae into the genera Simplexvirus (e.g. HSV-1 and HSV-2) and Varicellovirus
(e.g. VZV); the Betaherpesvirinae into the genera Cytomegalovirus (e.g. HCMV), Roseolovirus
(HHV-6) and Muromegalovirus (e.g. MCMV); and the Gammaherpesvirinae into the genera

Lymphocryptovirus (e.g. EBV) and Rhadinovirus (e.g. HVS).
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Fig. 1. Types of herpesvirus genome structure

From Davison and McGeoch (1995). Unique and repeated sequences are seen as lines and
rectangles, respectively. Arrows indicate locations and orientations of repeated regions. The genomes
are not to scale.

1 A long unique sequence flanked by large direct terminal repeats (CCV, EHV-2, HHV-6 and HHV-7)
(Chousterman et al., 1979; Davison, 1992; Browning and Studdert, 1989; Telford ef al., 1995; Martin ef
al., 1991; Gompels et al.,, 1995; Nicholas, 1996).

2 Along unique sequence flanked by multiple smaller tandem direct repeats at the genome termini
(HVS and HHV-8) (Bornkamm et al.,, 1976; Albrecht et al., 1992; Russo ef al., 1996).

3 Along unique sequence flanked by multiple smaller tandem direct repeats at the genome termini,
and in inverse orientation at an internal location (LHV-1) (Cebrian et al., 1989).

4 Multiple smaller direct tandem repeats at the genome termini plus a different sequence repeated a
variable number of times at an internal tocation (EBV) (Given and Kieff, 1979; Baer et al,, 1984).

5 A short unique sequence flanked by large inverted repeats, and a long unique sequence flanked by
smaller inverted repeats (EHV-1 and VZV) (Whalley et al., 1981; Telford et al., 1991; Dumas et al.,
1981; Davison and Scott, 1986).

6 Short and long unique sequences each flanked by a pair of large inverted repeats; small direct
repeat (the a sequence) at the genome termini, also present in inverse orientation at the IRL/IRS
junction (HSV-1 and HCMV) (McGeoch et al., 1988; Weststrate ef al., 1983; Chee et al,, 1990).
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1.1.5.2. Genetic classification

Comparative genetic data used as the sole criteria also support a subdivision of mammalian
herpesviruses into three subfamilies termed the -, B-, y-herpesviruses (reviewed by: Davison,
1993; Davison and McGeoch, 1995; McGeoch et al, 1993, 1995). Perhaps surprisingly, this
division for the most part agrees with the formal system. In the genetic scheme the genera
Simplexvirus and Varicellovirus correspond to the ou- and o-herpesviruses, the genera
Lymphocryptovirus and Rhadinovirus correspond to the vyi- and vy.-herpesviruses (Honess,
1984), and the genera Cytomegalovirus/Muromegalovirus and Roseolovirus to the B1- and B2-

herpesviruses.

Only a few viruses were wrongly classified using the formal system: HHV-6 is genetically a -
herpesvirus and not a member of the Gammaherpesvirinae as suggested by its lymphotropism
(Lawrence et al., 1990). Similarly, the lymphotropic MDV and HVT were originally classified as
members of the Gammaherpesvirinae (Roizman et al., 1981), their gene content most closely
resembles that of the o-herpesviruses (Buckmaster ef al., 1988). EHV-2 was suggested as a
member of the Betaherpesvirinae, on the basis of its growth properties (Plummer et al., 1969;
Roizman et al., 1981), however its DNA sequence confirmed that it is a y-herpesvirus (Telford et
al., 1995). '

Genetic data, involving DNA sequences and their interpretations in terms of gene organisation
and encoded protein sequences, are now the primary tool in classification. For example, HHV-8

is accepted as a ye-herpesvirus solely on the strength of sequence data.

10
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1.1.6. Genetic content
1.1.6.1. Genome sequences

Since 1984, the complete sequences of fourteen herpesvirus genomes have been published:
those of EBV, VZV, HSV-1, HCMV, EHV-1, HVS, channel caffish virus (CCV), EHV-2, HHV-6,
HHV-7, HHV-8, MCMV, murine herpesvirus 68 (MHV-68), bovine herpesvirus 1 (BHV-1), and
alcelaphine herpesvirus (AHV-1) (Baer et al., 1984; Davison and Scott, 1986; McGeoch et al,,
1988; Chee et al., 1990; Albrecht et al., 1992; Davison, 1992; Telford et al., 1992; Telford et al.,
1995; Gompels et al., 1995; Nicholas, 1996; Russo et al., 1996, Rawlinson et al., 1996; Virgin et
al., 1997; Schwyzer et al., 1996; Ensser et al., 1997). At least four more have been completed:
those of HSV-2, equine herpesvirus 4 (EHV-4), a second strain of HHV-8, and, in this thesis, a

second strain of HHV-7. Together, these sequences total well over two million base pairs.

Analysis of DNA sequences has provided comprehensive insight into genetic content.
Herpesviruses contain between about 70 genes in smaller genomes (e.g. HSV-1 and VZV) to
perhaps 200 genes in larger genomes (e.g. HCMV). The genes are densely packed and
arranged in about equal numbers on each DNA strand. Most are expressed as single exons
from their own promoters, although families of genes arranged tandemly on the same strand
commonly share a single polyadenylation site (Wagner, 1985). Overlap between genes in
different reading frames on the same strand or on opposing strands is rare and usually not

extensive. Few genes are spliced in the o-herpesviruses, but splicing is more common in the B-

and y-herpesviruses (McGeoch and Davison, 1995; Davison and Clements, 1996).

The extensive availability of sequence information has also facilitated comparisons between
herpesviruses. DNA sequence comparisons are of limited general use in the evaluation of
detailed genetic relationships, because of the wide divergence of the family. Relationships are
most easily detected at the level of primary amino acid sequence. Mapping and analysis of open
reading frames (ORFs: DNA sequences clear of in-frame termination codons that are potentially
translatable into proteins) have allowed comparative studies of individual genes and permitted
extensive and detailed understanding of the relationships between the herpesviruses. In

particular it was apparent at a relatively early stage that the function of a gene in a poorly

11
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understood genome could be inferred from its similarity to a gene from a better characterised
genome, such as that of HSV-1 (Davison and Wilkie, 1983; Davison, 1993).

1.1.6.2. Gene conservation

When the genetic contents of the sequenced herpesviruses were compared it became clear that
members of the same subfamily share the great majority of genes in a very similar layout. For
example, the rather distantly related o-herpesviruses, VZV and HSV-1, share 64 genes
arranged colinearly in both genomes (McGeoch and Schaffer, 1993). This has also been
demonstrated for the y herpesviruses (HVS and EBV) and B-herpesviruses (HCMV and HHV-6;
Albrecht et al., 1992; Gompels et al., 1995). Differences are much more marked however, when
comparisons are made between members of different subfamilies (Davison, 1993), both in that
divergence of individual genes is greater and in that the order of conserved genes is disrupted
by large scale rearrangement of gene blocks (Davison and Taylor, 1987; Chee et al., 1990;
Albrecht et al., 1992). When the genomes of EBV and VZV were compared, conserved genes
were observed to be separated into four blocks which are arranged differently in each genome
(Davison and Taylor, 1987). Similar comparisons involving HCMV (Chee et al., 1990) showed

conserved genes to be present in seven rearranged gene blocks.

About 40 ubiquitous (or "core") genes have been identified which have homologues in all three
subfamilies (Davison and Taylor, 1987; Chee et al., 1990; Albrecht et al., 1992; Telford ef al.,
1992, 1995; Gompels et al., 1995; Nicholas, 1996). The estimate of core genes is approximate,
as several genes exhibit lower or undetectable levels of amino acid homology and yet have
apparent counterparts in each genome that are similar in size, location, orientation and (in some
cases) distribution of hydrophobic residues (Davison, 1993). Relatively few genes are found in

representatives of two subfamilies and not the third.

The core genes are located in the long unique region of herpesvirus genomes. They are not
restricted to any of the five functional groupings mentioned above (in Section 1.1.4.), but are
presumably responsible for aspects common to the lifestyle of all herpesviruses (Davison, 1992;
McGeoch and Davison, 1995).
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In addition to the core genes, each subfamily contains a subset of unique (or non-core) genes,
which are presumably responsible for survival in particular ecological niches. Some genes are
unique to genera. For example, EBV encodes latency genes that are not found in HVS (Baer et
al., 1984; Albrecht et al., 1992), and HCMV contains several genes lacking counterparts in HHV-
6 (Chee et al, 1990; Gompels et al, 1995). Many non-core genes have roles in latency,

pathogenesis or immune evasion.

The gene complements of herpesviruses have also diverged by the acquisition of additional
cellular genes and development of multigene families (McGeoch et al., 1990). Core genes with
cellular homologues (e.g. DNA polymerase), probably derived at very early times from the host
cell, and non-core genes with cellular counterparts probably represent more recent acquisitions
from the host genome which supply functions of value to a virus in a particular niche (McGeoch
and Davison, 1995).

1.1.7. Genome evolution
1.1.7.1. Mechanisms

The herpesviruses are a very divergent family and appear to have used two broad types of
molecular mechanisms to arrive at their present state; namely extensive nucleotide mutation and

several types of recombination (Davison and McGeoch, 1995; McGeoch, 1989).

Nucleotide mutation involves changes to the base composition of herpesvirus genomes by local
substitution/insertion/deletion changes, the end result being the modification of protein functions
or the generation of genes de novo, (for example the US11 gene of HSV-1; Rixon and
McGeoch, 1984). The very large variation in base composition within the Herpesviridae is
striking, stretching from 32 to 75% G+C (canine herpesvirus 1 and B-virus, respectively; Honess,
1984), even between herpesviruses in the same genus. PRV and VZV, for example, have G+C
compositions of 74% and 46%, respectively. Intragenomic heterogeneity in base composition is
also marked, with repeat elements commonly displaying higher G+C compositions than unique
sequences (McGeoch, 1989). For example, the HVS genome comprises a unique sequence of
35% G+C flanked by non-coding tandem direct repeats of 71% G+C (Borkmann et al., 1976;

Albrecht et al., 1992). The force behind nucleotide compositional bias has not been identified,
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although an error-prone DNA polymerase (in HSV-1) (Hall et al, 1985; Honess, 1984) and
differing sizes of nucleotide pools caused by the presence or absence of specific enzymes
involved in nucleotide anabolism, such as thymidylate synthase (Honess, 1984; Honess et al.,

1989), have been suggested as playing a part.

Another interesting facet of nucleotide mutation is "CpG suppression” (shortage of the CG
dinucleotide), which is linked to mutations caused by methylation of cytosine residues in CG
doublets. CpG suppression is observed commonly throughout y-herpesvirus genomes, only at
certain locations in B-herpesviruses (notably the IE gene regions), and not at all among the o-
herpesviruses (Honess et al., 1989; Chee et lal., 1990; Gompels et al., 1995; Nicholas, 1996).
The site of methylation of herpesviruses is thought to be the latent genome (Honess et al.,
1989).

Recombination processes have played roles in genome evolution by gene duplication, gene
capture and rearrangement of genes on a small or large scale (McGeoch, 1989). The presence
of gene families (or sets of related genes) is ample evidence that gene duplication has occurred
in the herpesviruses. Gene families grow by the process of gene duplication, divergence and
eventual partitioning of function, and are most common amongst the B-herpesviruses. For
example, HCMV contains nine different gene families (Chee et al,. 1990). Gene duplication on a

smaller scale has also been reported in a-herpesvirus genomes (McGeoch, 1990).

All herpesviruses contain genes with clear cellular homologues which have presumably been
obtained by capture of host genes. This has probably occurred by reverse transcription of
cellular mRNAs rather than by integration of genomic DNA, since most captured genes are not
spliced. Many captured genes encode enzymes involved in nucleotide anabolism and DNA
repair, such as DNA polymerase, dUTPase, thymidine kinase, uracil-DNA glycosylase and
thymidylate synthase (Harrison et al, 1991; Mullaney et al, 1989; Honess et al, 1986;
Thompson et al., 1987). Others may function in modulation of immune or pathogenic processes:
for example, the HSV-1 RL1 gene (McGeoch and Barnett, 1991) and possibly the HHV-6 adeno-

associated virus type 2 rep gene (Thomson et al.,, 1991; Gompels ef al., 1995). However, it is
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notable that no unambiguous cellular homologue has been identified for any herpesvirus

structural gene.

Large scale differences in gene layout between the herpesvirus subfamilies show that gene
rearrangement occurred in ancient times (Chee et al.,, 1990; Albrecht et al., 1992; Davison and
Wilkie, 1983; Davison and Taylor, 1987). Evidence of gene rearrangement during relatively
recent herpesvirus evolution comes from studies of the Us regions of HSV-1 and VZV (Davison
and McGeoch, 1986) and from EHV-1 (Telford et al, 1992). Gene rearrangement appears to

have depended largely on the expansion and contraction of the flanking inverted repeats.

1.1.7.2. Phylogeny

The conserved set of mammalian herpesvirus core genes has provided strong evidence that the
three subfamilies evolved from a common evolutionary origin (Davison, 1992; McGeoch ef al.,
1995). This points to a common ancestor for mammalian and (from incomplete sequence data)
avian herpesviruses which would have contained the set of core genes, plus, perhaps, other
genes that are absent from present-day herpesviruses (McGeoch, 1989). Fig. 2a. is an
illustrative tree of the Herpesviridae, showing descent of two major groups from a putative
ancestor (McGeoch et al., 1995).

Considering the extremes of divergence displayed by the family, it seems likely that the
herpesvirus constitute a very ancient lineage and that the evolutionary space they have explored
is extensive (McGeoch, 1992). It is also evident that the herpesvirus evolutionary clock must run
faster than that of their hosts (McGeoch, 1989). Many core genes may have been captured from
host cells and subsequently adapted to the needs of the virus, as mentioned above, but no
convincing examples of cellular homologues of major structural genes have yet been identified.
This may mirror the disparity between cellular and viral structure, in contrast to the functions of
DNA replication and nucleotide metabolism and repair which are likely to be similar for the virus
and host cell. It may be that viral structural genes did evolve from cellular precursors, but that
their sequences have been changed radically during evolution to fit novel roles (McGeoch,
1992).
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Fig. 2. Herpesvirus evolution

A) A scheme for the evolution of present day herpesviruses from ancestors B and C, which may in
turn have originated from ancestor A. It is clear that the mammalian/avian herpesviruses are related
and have descended from an ancestral herpesvirus (B) which itself was probably a recognisable
herpesvirus with at least 40 genes. Fish herpesviruses have evolved from another progenitor (C) of
similar complexity. Nevertheless, the mammalian/avian and fish herpesviruses share evolutionary

origins, this places their ancestor (A) much farther in the past. From Davison and McGeoch (1995).

B ) Phylogenetic tree distinguishing the a-, B- and y-herpesvirus subfamilies. Horizontal portions of

branches are proportional to assigned divergence values. Subfamily groupings are indicated by
Greek letters. The timescale is shown at the foot. The oldest part of the tree is shown as a broken line

to indicate the lower level of confidence in data for this region. From McGeoch et al. (1995).
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The phylogeny of mammalian and avian herpesviruses has resulted in a rather self-contained
view of herpesvirus evolution. Our understanding, however, has expanded recently owing to an
analysis of the DNA sequence of a fish herpesvirus, CCV, (Davison, 1992). The CCV gene set,
with the exception of a few captured genes, lacks any convincing genetic relationship to the

mammalian and avian herpesviruses that would indicate a common origin.

Two possible conclusions may be drawn from these findings. CCV may have evolved completely
separately from mammalian and avian herpesviruses. Although feasible, this interpretation
seems unlikely. CCV particles have the complex virion morphology and capsid structure of
herpesviruses (Davison and Davison, 1995; Booy et al., 1991), a group 1 genome similar in size
to that of some other herpesviruses (see Fig. 1), and certain aspects of gene arrangement like
those of other herpesviruses. Alternatively, CCV and the mammalian and avian herpesviruses
may share a common ancestor, but have diverged to an extent that a genetic relationship is no

longer detectable. At present, this appears to be the more reasonable view.

Preliminary studies of other fish herpesvirues, salmonid herpesvirus 1 (SalHV-1) (A. J. Davison,
unpublished data) and salmonid herpesvirus 2 (SalHV-2) (Bernard and Mercier, 1993) indicate a
distant relationship to CCV rather than to mammalian/avian herpesviruses. Thus, it is likely that
CCV is a member of a group of relatively little studied fish herpesviruses that is comparable in

genetic complexity and evolutionary breadth to the mammalian/avian herpesviruses.

1.1.7.3. Evolutionary timescale

Recent reports, based on molecular sequence analysis (McGeoch and Cook, 1994; McGeoch et
al, 1995), have provided a detailed phylogeny and evolutionary timescale for the

mammalian/avian herpesviruses.

A robust phylogenetic tree was assembled which clearly distinguished the three recognised
herpesvirus subfamilies and the major sublineages (genera), this is illustrated in Fig. 2b. A root
position for the tree was established and a timescale was constructed for the tree. The timescale
was constructed from the mammalian fossil record, on the assumption that the herpesvirus

speciation leading to contemporary herpesviruses within each of the sublineages to a large
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extent represents cospeciation with hosts. It was then estimated that the three subfamilies arose
approximately 180-220 million years before present, that the major sublineages diverged 80-60
million years before present (probably before the mammalian radiation) and that herpesvirus

speciation within the sublineages took place in the last 80 million years.
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1.2. HUMAN CYTOMEGALOVIRUS

1.2.1. Basic characteristics

HCMV strains were independently isolated by Smith (1956), Rowe et al, (1956) and Weller et al.
(1957). HCMV is formally designated as human herpesvirus 5 (HHV-5) the prototypic B-
herpesvirus. As a member of the Betaherpesvirinae it is most closely related to HHV-6 and HHV-
7, which contain homologues to the US22 gene family, in addition to the herpesvirus core genes
which are located in the HCMV genome between genes UL45 and UL114 (Lopez and Honess,
1990; Gompels ef al., 1995) (see Sections 1.2.6., 1.2.7. and 1.2.9.). HCMV-infected cells contain
particles with characteristic herpesvirus morphology (Irmiere and Gibson, 1983 and 1985; Sarov
and Abady, 1975; Smith and de Harven, 1974, 1978), in addition to "dense bodies" in almost
equal numbers (Craighead et al, 1972; Sarov and Abady, 1975; Irmiere and Gibson, 1983;
Klages et al., 1989; Landini ef al., 1987) and less abundant "non-infectious enveloped particles"
(Sarov and Abady, 1975). HCMV replication in vitro is characterised by the appearance of foci

containing large refractile cells (or cytomegaly) (Weller et al., 1957).

1.2.2. Epidemiology

HCMV is ubiquitous in the human population, and the prevalence of antibodies in normal adults
ranges from 40 to 100% (Krech, 1973). Transmission of HCMV occurs by person-to-person
contact and infection can occur at any age. Congenital infection is relatively uncommon, but
transmission during birth and from breast milk is very common in developing countries. Infants
and young children excrete HCMV in their urine and respiratory tract and may be sources of
infection for adults and other children (Stagno and Cloud, 1994). The most important mode of
transmission post puberty is probably sexual (Handsfield et al., 1985), especially among sexually
active male homosexuals (Drew et al., 1981; Collier et al., 1987), and reinfection is common in
sexually active populations (Drew et al, 1984; Spector et al, 1984). HCMV can also be

transmitted via blood products and transplanted organs. (Van der Meer ef al., 1996)

1.2.3. Cellular tropism

HCMV exhibits tropism in vitro most commonly for primary human fibroblast cells. Interestingly,

HCMV can be recovered from many different types of cell in vivo, including epithelial cells,

18



Chapter 1: Introduction

peripheral blood mononuclear cells, cells derived from the central nervous system and
endothelial cells (Britt, 1996).

1.2.4. Growth properties

Although HCMV s a Iytic virus, individuals rarely exhibit clinical evidence of infection. Several in
vitro properties of the virus, including slow replication, restricted cell tropism, and limited cell-to-
cell spread, may contribute to its limited pathogenicity in normal hosts. This important aspect of

HCMV biology has been reviewed recently by Stenberg and Kerry (1995) and Mocarski (1996).

As in other herpesviruses, HCMV attachment and cell membrane fusion and penetration are
mediated by viral envelope glycoproteins (Rasmussen, 1990; Keay and Baldwin, 1991).
Following entry of the virion into the cell the genome is transported to the cell nucleus (Mocarski,
1996).

Expression of HCMV genes is highly regulated and has been divided into three phases:
immediate early (IE), early (E) and late (L). Expression of IE genes does not require protein
synthesis (DeMarchi, 1981; Stinski et al., 1983, 1991), and the encoded proteins are thought to
be involved in the initiation and modulation of virus replication (Stinski et al., 1991). Following IE
gene expression, the protein products of the E genes can be detected, many encoding
replicative enzymes such as the DNA polymerase. Late gene expression then occurs with the
production of virion structural proteins. The virus is notoriously slow growing in vitro, and older

studies have documented a replicative cycle of nearly 48 hours.

Virus assembly begins with formation of the capsid (Gibson et al, 1993), into which newly
replicated concatameric DNA is packaged as unit-length molecules. Tegument components and
the envelope are then added and the mature virion is released either by lysis of the infected cell

or by a process similar to reverse endocytosis (Britt, 1996).

Like all herpesviruses, HCMV remains with its host for life after primary infection. However, a
true latent infection with HCMV has not been demonstrated in the human host, and the site(s) of

viral persistence or latency remain unclear, although sensitive polymerase chain reaction (PCR)
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methods have identified a monocyte population in peripheral blood of healthy carriers as a site
of viral DNA persistence (Taylor-Wiedeman et al, 1991; Mocarski, 1996). Persistence in the
presence of an ongoing host immune response remains a characteristic of HCMV, and
therapeutic immunosuppression commonly leads to activation of viral replication. Whether the

virus enters latency, or continues persistent low level replication, has not been resolved.

1.2.5. Disease and therapy

Primary infection with HCMV in normal adults is often asymptomatic but may be manifested by a
self-limiting mononucleosis-like syndrome in less than 1:1000 cases (Horwitz ef al., 1986). In
contrast, infections in immunocompromised hosts range from similar asymptomatic infection to
fulminant life-threatening disease. HCMV is associated with different diseases depending on

type and level of immunosuppression.

In AIDS patients, HCMV infection is commonly manifest as retinitis and gastrointestinal
dysfunction (Jacobson and Mills, 1988; Jabs et al., 1989; Dietrich and Rahmin, 1991; Gallant et
al., 1992; Spector et al., 1993). In allograft transplantations the majority of morbidity for HCMV
disease occurs when the recipient is seronegative but the donor is seropositive (Ho et al., 1975;
Smiley ef al., 1985; Meyers ef al., 1986; Appereley and Goldman, 1988; Winston et al., 1990;
Wingard et al., 1988). The risk for and the manifestation of HCMV disease are associated with
the organ of transplant. For example, pneumonia is a major problem in bone marrow or lung

transplant recipients, whereas hepatitis is quite common after liver transplantation.

The risk of fetal infection with HCMV correlates with the lack of pre-existing seroimmunity in
women infected with the virus during pregnancy. Infants with congenital infection exhibit many of
the findings of both AIDS patients and allograft recipients infected with HCMV (Becroft, 1981;
Boppana et al, 1992). Post-natally, HCMV infections are self-limiting, but frequent central
nervous system (CNS) sequelae result from damage secondary to fetal infection (Stagno et al.,
1983; Demmler, 1991; Boppana et al., 1992; Fowler et al., 1992; Williamson et al., 1992).

The therapeutic agents for invasive HCMV infections include two inhibitors of the viral DNA
polymerase, foscarnet and ganciclovir (Faulds and Heel, 1990; Chrisp and Clissold, 1991).

However, both agents are toxic (Chrisp and Clissold, 1991) and viral resistance can develop
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following treatment (Faulds and Heel, 1990). A third agent, HPMPC, or cidovir, also exhibits
potent antiviral activity against HCMV (De Clercq, 1993), but its use is limited by its toxicity
(Lalezari ef al., 1995; Cherrington et al., 1996).

1.2.6. The HCMV genome

The features of the HCMV genome discussed below have been derived largely from Weston and
Barrell (1986), Chee et al. (1990) and Bankier et al. (1991). Table 1 lists the genes present in
the HCMV genome, and Fig. 3 shows the genome structure and relative arrangement of the

genes

1.2.6.1. Size and structure

The most widely used HCMV strain in the laboratory is a vaccine strain derived from multiple
passage in cell culture, AD169. The genome of HCMV strain AD169 is 229,354 bp in length. The
nucleotide composition is 57.2% G+C, but varies across the genome (Chee et al., 1990). The
AD169 genome structure is in group 1, similar to that of HSV-1 (Fig. 1). It comprises a long
unique sequence (UL: 166,972 bp) flanked by inverted repeats (TR.: each 11,247 bp), and a
short unique sequence (Us: 35,418 bp) also flanked by inverted repeated sequences (IRS and
TRS: both 2,514 bp). Each unique sequence bounded by repeated sequences is free to invert,

and hence the genome is found in four equimolar isomers (Fig 3).

Interestingly, recent findings suggest that compared with the published DNA sequence, most
isolates of HCMV strain AD169 contain an additional 929 bp after nucleotide 54,612 (Dargan et
al., 1997). This sequence is unrelated to the 15 kbp fragment of additional DNA present in
clinical isolates and the Toledo strain of HCMV but not in AD169 (Cha et al., 1996).

1.2.6.2. Origin of DNA replication

The HCMV origin of lytic DNA replication (ori.) is adjacent to the gene encoding the single-
stranded DNA binding protein (UL57). Ori_ is complex and maps to a 1.5 kbp region that is
extremely rich in repeated sequences and binding sites for various transcription factors (Anders
et al., 1992; Anders and Punturieri, 1991; Hamzeh et al., 1990; Masse et al, 1992). This

contrasts with the lytic or latent origins of replication in EBV or HSV-1 (Mocarski and Roizman,
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TABLE 1. HCMV genes and encoded proteins

Oold

Frame Strand Start K-ATG Stop Length MW Name (ref)  Family Comments

HCMVIJIL C 3 929 309 33176 1 Overlaps JII & J1S

HCMVTRLI 934 970 1902 3 34822 HKLFI 1 =HCMVIRLI

HCMVTRL2 1893 2237 115 12324 =HCMVIRL2

HCMVTRL3 3141 3192 3533 114 13252 =HCMVIRL3. Glycoprotein?

HCMVTRL4 C 3785 4435 217 24929 = HCMVIRLA4. ORF in major early
transcript (GREENAWAY
and WILKINSON 1987)

HCMVTRLS 4185 4266 4607 114 12835 =HCMVIRLS

HCMVTRL6 C 5615 5947 6010 1 12286 =HCMVIRLé

HCMVTRL7 C 6598 6843 6921 82 98 =HCMVIRL7

HCMVTRLS 7227 7284 7670 129 14302 =HCMVIRLS

HCMVTRLY 7501 7929 143 15909 =HCMVIRLY

HCMVTRLI10 8101 8182 8694 1M 19035 =HCMVIRL10; D at position 38 is
N in IRL10. Glycoprotein

HCMVTRLI1 8648 8726 9427 234 26661 RLI1 family = =HCMVIRLI!. Glycoprotein

HCMVTRLI12 9431 9434 10681 416 47417 RL!1 family = =HCMVIRLI2. Glycoprotein

HCMVTRLI3 10778 10796 11236 147 15888 = HCMVIRLI13. Glycoprotein exon?

HCMVTRL14 11140 11143 11700 186 21827 RL11 family  First 35 amino acids identical
in IRL14. Glycoprotein exon?

HCMVULI1 11771 11810 12481 224 25578 RL11 family  Glycoprotein

HCMVUL2 C 12868 13047 13131 60 6763 Glycoprotein exon?

HCMVUL3 C 13010 13324 13330 105 12307

HCMVUL4 13434 13464 13919 152 17751 RLI11 family  Glycoprotein exon?

HCMVULS 13986 14013 14510 166 18861 RL11 family  Glycoprotein exon?

HCMVULé6 14522 14612 15463 284 31447 RL1t family  Glycoprotein exon?

HCMVUL? 15523 15526 16191 22 24354 RLI11 family  Glycoprotein exon?

HCMVULS 16198 16234 16599 122 13787 RL!1 family  Glycoprotein exon?

HCMVULY 16 606 16612 17295 228 26889 RL1! family  Glycoprotein

HCMVULI10 17222 18199 326 37366 RL!1 family  Glycoprotein exon?

HCMVULLI1 18268 18295 19119 275 31382 RL11 family  Glycoprotein

HCMVULI2 C 19103 19321 19351 73 8250 Glycoprotein exon?

HCMVUL13 19143 19320 20738 473 54614 Glycoprotein exon?

HCMVULI14 20798 20843 21871 343 38567 Glycoprotein

HCMVULLS C 21639 22604 322 35338

HCMVULL6 22342 22414 23103 230 26 148 Glycoprotein

HCMVULL17 23151 23214 23525 104 12672

HCMVUL18 23631 23637 24740 368 41736 H301 2 Glycoprotein homologous 1o class 1
HLA (Beck and BARRELL 1988)

HCMVUL19 24701 24740 25033 98 11281

HCMVUL20 25233 25299 26318 340 38703 Glycoprotein. Homologous to TCR-y?

HCMVUL2I C 26 500 27024 27039 175 19940

HCMVUL22 C 27263 27646 128 14132 Hydrophobic

HCMVUL23 C 27866 28891 342 39341 US22 family

HCMVUL24 C 28936 30009 30171 358 40187 US22 family

HCMVUL25 30030 30057 32024 656 73 541 UL25 family

HCMVUL26 C 32212 32775 32994 188 21156

HCMVUL27 C 32834 34657 34723 608 69222

HCMVUL28 c 34757 35893 379 42739 US22 family

HCMVUL?29 C 35926 37005 37092 360 40779 US22 family

HCMVUL30 C 37138 37500 37533 121 14047

HCMVUL31 37682 39763 694 76061

HCMVUL32 C 39850 42993 43050 1048 112689 Large structural phosphoprotein
(pp150) (JARN et al. 1987)

HCMVUL33 43128 43251 44420 390 43806 GCR family  Multiply hydrophobic. Homology to
G-protein-coupled receptors

HCMVUL34 44 500 46011 504 56185 .

HCMVUL3S 46042 46093 48012 640 72531 S UL25 family

HCMVUL36EX2 C 48 246 49751 408.7 47518 HILF4 3 US22 family

HCMVUL36EX1 C 49354 49776 49863 67.3 7483 HILF3 3 US22 family

HCMVUL37EX3 C 49913 50842 310 35476 HILF2 3 1E glycoprotein exon 3

HCMVUL37EX2 C 50893 51015 14.3 1561 HILF1 3 IE glycoprotein exon 2

HCMVUL38 C Stix 52123 52138 331 36738 HZLF3 3

HCMVUL37EX1 C 52218 52706 52763 162.7 19116 HZLF2 3 1E glycoprotein exon 1

HCMVUL39 53024 53395 124 13533

HCMVULAQ C 53216 53878 53893 221 24368 Glycoprotein

HCMVULA41 C 53936 54358 141 16767

HCMVUL42 C 54384 54854 157 17066 Glycoprotein exon?

HCMVUL43 C 54 604 55164 55245 187 20993 US22 family

HCMVUL44 C 55214 56512 56 668 433 46234 Encodes ICP36 protein family
(LEACH and MOCARsK1 1989)

HCMVULA5 C 56656 59400 915 101670 Homology to large subunit of

ribonucleotide reductase
(NIKas et al. 1986)*



Old

Frame Strand Start K-ATG  Stop Length MW Name (ref) Family Comments
HCMVUL46 C 59519 60388 60562 290 33028 Capsid assembly? PERTUISET ct al.
. (1989)*

HCMVULA47 60282 60390 63335 982 109962

HCMVULA48 62921 63335 70057 2241 253227 HFRFO 4 Virion protein? (BATTERSON et al.
1983* McGEOCH et al. 1988a)*

HCMVUL49 C 70403 72112 72334 5710 63852 HFLFS 4

HCMVULS0 C 72072 73262 73283 397 42902 HFLF4 4 Glycoprotein?

HCMVULS1 C 73287 73757 73910 157 16968 HFLF3 4

HCMVULS2 73748 73796 75799 668 74122 HFRFI 4

HCMVULS3 75789 75795 76922 376 42314 HFRF2 4

HCMVUL54 C 76906 80631 80655 1242 137104 HFLF2 4 DNA Polymerase (KOUZARIDES et al.

: 1987a)

HCMVULSS C 80775 83492 83654 906 102005 HFLF1 4 gB (CRANAGE et al. 1986)

HCMVULS6 C 83458 86007 86019 850 95870 HFLFO 4 -

HCMVULS? C 86577 90281 90326 1235 133880 Major DNA-binding protein
(ANDERs and GiBsoN 1988)

HCMVULS8 90864 91235 124 14418

HCMVUL59 C 91205 91573 91597 123 13945

HCMVUL60 C 92336 92815 160 18241

HCMVULS61 C 92847 94139 431 44310

HCMVULG62 C 94114 94 764 217 23686

HCMVUL63 95331 95717 129 14792

HCMVUL64 C 95904 96203 100 11245

HCMVULG65 96315 96620 102 11525 Segments in frame with 67-kDa
phosphoprotein sequence of
Davis and HUANG (1985)

HCMVUL66 C 96475 96816 114 13921

HCMVUL67 C 97098 97436 97451 113 13218 Glycoprotein exon?

HCMVULS68 C 97750 98079 98 100 110 12728

HCMVUL69 C 98202 100433 100 532 744 82679 Transactivator? (MCGEOCH et al.
1988a)*

HCMVUL70 C 100536 103721 1062 120928 DNA replication? (McGEocH
ct al. 1988b)*

HCMVULT71 103239 104471 411 45728

HCMVULT72 C 104558 105721 105751 388 43576 dUTPase? (PRESTON and FISHER 1984)*

HCMVUL73 105629 105737 106150 138 14868 Glycoprotein

HCMVUL74 C 106128~ 107525 107585 466 54236 Glycoprotein exon?

HCMVUL75 C 107904 110132 110153 743 84453 gH (CRANAGE ct al. 1988}

HCMVUL76 110324 110327 111301 325 36070

HCMVUL77 110787 110907 112832 642 71188 Virion protein? (ADDISON
et al. 1984*; McGeocH
et al. 1988a)*

HCMVUL78 112864 112924 114216 431 47358

HCMVUL79 C 114277 115161 115779 295 33846

HCMVULS0 115084 115198 117321 708 73853 Assembly protein read from
internal start (RossoN and
GissoN 1989)

HCMVULSI C 11731 117658 116 12796

HCMVULS82 C 117489 119165 119189 559 61950 ULS82 family  pp7! (RUGER et al. 1987)

HCMVULS3 C 119355 121037 121094 561 62900 ULS2 family  pp6S (RUGER ct al. 1987)

HCMVULS4 C 121312 123069 123306 586 65430

HCMYULSS C 123104 124021 124090 306 34596

HCMVULB86 C 124186 128295 128415 1370 153875 HaLF1 5 Major capsid protein
(CHEE ct al. 1989b)

HCMVULS8? 128265 128355 131177 941 104 805

HCMVULSS 131144 131177 132463 429 47691

HCMVULB9EX2 C 132466 133629 378 42776 Conserved herpesvirus spliced
genc (CosTa et al. 1985)*

HCMVUL90 133639 133836 133920 66 7445

HCMVUL9I 133784 133835 134167 m 12028

HCMVUL92 134020 134140 134742 201 22512

HCMVUL93 134693 134711 136492 594 68464

HCMVUL9% 136008 136353 137387 345 38382

HCMVULS9EX1 C 137382 138389 138803 296 34323 Conserved herpesvirus spliced
gene (CosTA et al. 1985)*

HCMVUL9S 138352 138388 139980 531 57214

HCMVUL9%% 139821 140016 140360 115 13108

HCMVUL97 140373 140484 142604 707 78234 HSRF3 6 Phosphotransferase?
(CHEE et al. 1989a)

HCMVUL98 142626 142701 144452 584 65273 DNase (MCGEOCH et al. 1986)*

HCMVUL99 144311 144392 144961 190 20924 Phosphoprotein pp28
(MEYER et al. 1988)

HCMVULI100 C 145229 146344 146413 3n 42862 -Multiply hydrophobic

HCMVULI101 146353 146 697 115 12184 DNA replication? Position only
(McGeocH et al. 1988b)*

HCMVULI102 146 747 149 140 798 85615 DNA replication? Position only
(MCGEOCH et al. 1988b)*

HCMVULI103 Cc 149311 150057 150108 249 28637

HCMVUL104 150008 152098 152167 697 78508 Virion protein? (WELLER

et al. 1983*; McGeocH
et al. 1988a)*



ol

Frame Strand Start K-ATG  Stop Length MW  Name (rel) Family Comments
HCMVULI105 151806 151926 154793 956 106 501 Helicase (MARTIGNETTI 1987,
CRUTE ¢t al. 1989)*
HCMVULI106 -C 154950 155324 155330 125 14 500
HCMVUL107 C 155420 155869 150 17374
HCMVUL108 156016 156384 123 14501
HCMVUL109 C 157517 157810 157816 98 11709
HCMVUL110 (o} 157896 158276 127 14224
HCMVULI11 C 159479 159799 107 11565
HCMVULI11A 159615 159678 159911 78 8582 ORF in transforming region
(RAZZAQUE ct al. 1988)
HCMVULI112 160484 160589 161392 2523 26415 Common N-terminus of four
phosphoproteins
(WRIGHT et al. 1988)
HCMVULI13 161301 162797 499 51105 Probably spliced to UL112;
internal splicing?
(WRIGHT et al. 1988)
HCMVUL114 C 162973 163722 163758 250 28354 Uracil-DNA glycosylase
(WORRAD and CARADONNA 1988)*
HCMVULI115 C 163697 164614 306 34110
HCMVULI116 C 164533 165 564 344 37519 Glycoprotein exon?
HCMVUL117 C 165474 166745 166757 424 45464
HCMVULI118 C 166861 167487 209 24599 Glycoprotein exon?
HCMVULI19 C 167558 167983 168037 142 14729 Glycoprotein exon?
HCMVULI120 C 168041 168643 168700 201 22768 Glycoprotein
HCMVULI121 C 168697 169236 169269 180 20138 Glycoprotein
HCMVULI122 C 169367 170878 494.7 51084 IE2A. Spliced to IE! EX4. Also
KATG at 170599 (STENBERG
ct al. 1985)
HCMVULI23EX4 C 171009 172274 405.7 45622 IE1 gene exon 4 (STENBERG ctal.
1984; AKRIGG et al.
1985)
HCMVULI123EX3 C 172301 172654 61.7 6865 1E1 gene exon 3 (STENBERG
et al. 1984; AKRIGG et al.
1985)
HCMVULI123EX2 172659 172765 172873 237 2658 IE1 gene exon 2 (first coding
exon) (STENBERG et al. 1984;
AKRIGG et al. 1985)
HCMVULI124 172783 172798 173253 152 15887 Glycoprotein
HCMVULI125 C 173114 173419 102 11000
HCMVULI126 o} 173 508 173909 134 15910
HCMVULI127 174453 174495 174887 131 15248
HCMVULI28 C 174868 175284 139 16036
HCMVULI129 C 175357 175704 116 13288 Glycoprotein exon?
HCMVULI130 C 175665 176306 176438 214 24653 Glycoprotein exon?
HCMVULI131 C 176644 176871 177042 76 8243
HCMVUL132 C 176934 177743 177845 270 29973 Glycoprotein
HCMVIRL14 C 177776 178324 178327 183 20750 First 35 amino acids identical
in TRL14
HCMVIRL13 C 178231 178671 178689 147 15888 =HCMVTRLI3. Glycoprotein
exon? -
HCMVIRL12 C 178786 180033 180036 416 47417 RL1! family ~=HCMVTRLI2. Glycoprotein
HCMVIRLI11 C 180040 180741 180819 234 26661 RL11 family =HCMVTRLII. Glycoprotein
HCMVIRL10 C 180773 181285 181366 171 19034 =HCMVTRLIO; N at position
38 is D in TRL!0. Glycoprotein
HCMVIRLY C 181538 181966 143 15909 =HCMVTRL9Y
HCMVIRLS C 181797 182183 182240 129 14302 =HCMVTRLS
HCMVIRL? 182546 182624 182869 82 9718 =HCMVTRL7
HCMVIRLé6 183457 183520 183852 1} 12286 - = HCMVTRLS. Glycoprotein
exon?
HCMVIRLS C 184860 185201 185282 114 12835 =HCMVTRLS
HCMVIRA 185032 185682 217 24929 =HCMVTRLA. ORF in major
carly transcript (GREENAWAY
and WILKINSON 1987)
HCMVIRL3 C 185934 186275 186326 114 13252 =HCMVTRL3. Glycoprotein?
HCMVIRL2 C 187230 187574 15 12324 =HCMVTRL2
HCMVIRLI C 187565 188497 188533 311 34822 HKLF1 =HCMVTRLI
HCMVI1L 188538 189 560 341 36544 Positions 1 to 309 overlap J1L;
118 to 341 overlap JIS
HCMVIRS1 189702 189765 192302 846 91050 HQRF1 US22 family  V at position 190 is L in TRSI1.
Sequences diverge alter
position 549
HCMVUSI C 192332 192967 212 23481 HQLF3 USI family
HCMVUS2 C 193119 193715 193850 199 23112 HQLF2 US2 family Glycoprotein
HCMVUS3 C 194133 194690 194924 186 21575 HQLF1 US2 family Spliced IE glycoprotein
(WESTON 1988)
HCMVUS4 194832 195188 119 13089
HCMVUSS 195203 195230 195607 126 14451
HCMVUS6 C 195403 195951 195975 183 20640 HXLF6 US6 family Glycoprotein
HCMVUS7 C 196377 197051 197069 225 26271 HXLFS US6 family Glycoprotein



Old

Frame Strand Start K-ATG  Stop Length MW  Name (ref) Family Comments

HCMVUSS8 C 197256 197936 197960 227 26634 HXLF4 1 US6 family Glycoprotein

HCMVUS9 C 197954 198694 198772 247 28054 HXLF3 1 US6 family ~ Glycoprotein

HCMVUSI0 C 199083 199637 199646 185 20772 HXLF2 1 US6 family  Glycoprotein

HCMVUSI! C 199716 200360 200366 215 25265 HXLF1 1 US6 family Glycoprotein

HCMVUSI2 C 200549 201391 201562 281 32470 HVLF6 1 US12 family  Multiply hydrophobic

HCMVUSI3 C 201474 202256 202307 261 29461 HVLFS i US12 family  Muitiply hydrophobic

HCMVUS14 C 202328 203257 203311 310 34198 HVLF4 ! USI2 family  Multiply hydrophobic

HCMVUSIS C 203 305 204756 484 53049 HVLF3 1 US12 family  Multiply hydrophobic

HCMVUS16 C 204153 205079 205091 309 34718 HVLF2 1 USI12 family  Multiply hydrophobic

HCMVUS17 C 205227 206105 206144 293 31910 HVLF1 1 US12 family ~ Multiply hydrophobic

HCMVUSI18 C 206376 207197 207266 274 30195 HWLFs 1 USI2 family  Multiply hydrophobic

HCMVUS19 C 207338 208057 208132 240 26424 HWLF4 1 US12 family ~ Multiply hydrophobic

HCMVUS20 C 208 107 209177 357 39890 HWLF3 1 USI12 family  Multiply hydrophobic

HCMVUS2! C 208978 209694 209793 239 26586 HWLF2 1 US12 family  Multiply hydrophobic

HCMVUS22 C 209874 211652 593 66971 HWLF1 1 US22 family  Early nuclear protein (MOCARSKI
ct al. 1988)

HCMVUS23 C 211717 213492 213510 592 68886 HHLF7 1 US22 family

HCMVUS24 C 213591 215090 215105 500 57928 HHLF6 1 US22 family

HCMVUS25 215097 215633 179 19655

HCMVUS26 C 215730 217538 217574 603 70022 HHLFS 1t US22 family

HCMVUS27 217859 217904 218989 362 41996 HHRF2 1 GCR family  Multiply hydrophobic. Homology
to G-protein-coupled
receptors

HCMVUS28 219083 219200 220168 323 37189 HHRF3 1 GCR family  Multiply hydrophobic. Homology
to G-protein-coupled
receptors

HCMVUS29 220420 220426 221811 462 51068 HHRF4 1

HCMVUS30 221537 221618 222664 349 39115 HHRFS 1

HCMVUS31 222674 223264 197 22936 HHRF6 1 US1 family

HCMVUS32 223325 223385 223933 183 22058 HHRF7 1 US| family

HCMVUS33 C 224075 224485 137 15775 HHLF3 1

HCMVUS34 224408 224480 224968 163 17767 HHRF8 1 Glycoprotein exon?

HCMVUS35 C 225212 225538 109 12966 HHLF2 1

HCMVUS36 C 225429 225758 110 12352

HCMVTRS! C 226115 228478 228541 788 83983 HHLF! 1 US22 family L at position 190 is V in IRSI.
Sequences diverge after
position 549

HCMVIIS C 228683 229354 224 23797 Overlaps JIL & J11

Acompilation of reading frames of HCMV strain AD169, from Chee ef al. (1990).
The orientations, coordinates, and theoretical sizes are tabulated, together with the

locations of predicted Kozak consensus ATG codons. For spliced genes exon

coordinates represent open reading frame coordinates: donor and acceptor positions
are not shown. Lengths are shown in amino acids. References given in the
comments section are not referred to in this thesis.



Fig. 3. Genetic layout of the HCMV genome

The genome scale is in kbp, and the thinner and thicker portions of the genome denote the unique
regions and repeats, respectively. Abbreviations: TRL/S, long/short terminal repeat; IRL/S, long/short
interal repeat; J1, junction frame 1. Protein-coding regions are shown as arrowed boxes pointing in
the direction translation, and contain the gene nomenclature. ORFs predicted to be expressed as
spliced mRNAs are indicated on the diagram. Abbreviations: HLA, human leukocyte antigen
homologue; pp, phosphoprotein; GCR, G-proteincoupled receptor homologue; IE, immediate early;

ICP, infected cell protein. From Bankier et al. (1991).
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Chapter 1: Introduction

1982; Spaete and Frenkel, 1985). An origin of DNA replication operating in the latent phase of
HCMV infection has not been identified.

1.2.6.3. Genetic organisation

The HCMV genome contains approximately 200 densely packed genes (J1L, TRL1,-TRL14,
UL1-UL132, IRL14-IRL1, J11, US1-US36, TRS1, J1S) which are arranged about equally on both
strands of the genome with little overlapping (Fig. 3). Transcription signals are commonly
present within the preceding gene, and some genes share common polyadenylation sites.
Splicing appears to be limited to four groups of exons: the IE genes (UL36/UL37 and
UL122/UL123), which are spliced in a complex manner (Kouzarides ef al., 1988; Weston, 1988;
Stenberg et al., 1989), a highly conserved late core gene (UL89) of unknown function (Costa ef
al., 1985) and UL112 which encodes four phosphoproteins by alternative splicing and may also
be spliced to UL113. |

1.2.7. Gene complement

A comprehensive list of genes and their functions is given in Table 1, and their positions are
shown in Fig. 3. The HCMV IE genes map in two major loci, termed IE (UL36-38) and major IE
(or MIE) (UL122-UL123), although four more |IE genes (TRL4, TRS1-IRS1, US3 and possibly
U69) are located elsewhere (Stasiak and Mocarski, 1992; Stenberg et al., 1984, 1985, 1989).
The most abundantly expressed transcripts are |[E1 and IE2A (UL122 and UL123, respectively),
which are expressed through splicing from a single transcription start site. In contrast to the bulk

of the HCMV genome, the MIE region is CpG suppressed (Honess et al., 1989).

HCMV DNA replication uses the set of six herpesvirus-common replication functions that have
been best studied in HSV-1: DNA polymerase (UL54) (Hirai et al., 1976; Hirai and Watanabe,
1976; Huang, 1975), single-stranded DNA-binding protein (UL57) (Anders and Gibson, 1988;
Kemble et al., 1987), a processivity factor (UL44) which associates with DNA polymerase and
prevents its dislocation from the DNA template (Ertl and Powell, 1992), and the predicted three-
component helicase-primase complex (UL70, UL101/102 and UL105). However, in addition,
several other genes may play a role, including the regulatory genes (mentioned above) required

to activate gene expression, as well as two genes that have uncertain roles in viral replication,
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UL112/113 which encodes four phosphoproteins by alternative splicing (Wright et al., 1988) and
UL84 (He et al,, 1992).

HCMV proteins involved in nucleotide metabolism and DNA repair include, uracil-DNA
glycosylase (UL114), a putative dUTPase (UL72), deoxyribonuclease and the large, but not the
small, subunit of ribonucleotide reductase (UL45). HCMV does not encode a thymidine kinase
but does encode another kinase which can modify nucleosides, UL97 (Littler et al., 1992;
Sullivan et al., 1992, 1993).

The capsid proteins comprise the major capsid protein (UL86), the two components of the
intercapsomeric triplex UL46 and UL85, a small protein associated with the exterior surface of
the capsid (UL49) and the protease and the major and minor scaffolding proteins encoded by
UL80 and UL80a. The tegument is made up of as many as 20 proteins, many of which are
phosphorylated (Gibson, 1981, 1983), with the basic phosphoprotein (UL32) and the lower
matrix protein (UL83) being most abundant (Gibson, 1983). Minor tegument proteins include the
upper matrix protein (UL82), which functions as a transactivator of gene expression (Liu and
Stinski, 1992), the product of UL99 which is highly immunogenic (Irmiere and Gibson, 1985;
Martinez et al., 1989; Meyer et al., 1988; Pe(eira et al,, 1984) and UL56 which is likely to be
involved in virion maturation (Bogner et al., 1993). However, a full understanding of the functions
of many tegument proteins has not yet emerged. At least 17 other genes potentially encode
additional tegument proteins (Mocarski, 1996). At least 54 genes have characteristics of
glycoproteins, as listed in Table 1. Three envelope glycoproteins are encoded by the core
genes: gB (UL55), which is likely to have roles in virion penetration into cells, transmission from
cell to cell and fusion of infected cells (Navarro et al., 1993), and gH (UL75) which is thought to
be involved in membrane fusion and complexes with the product of UL115 (gL) during transport
to the cell surface (Kaye et al., 1992; Spaete ef al., 1993).

US27, US28 and UL33 make up the G-coupled receptor (GCR) gene family. Each gene has
seven potential hydrophobic domains and contains motifs which show homology to the opsin
family of cell surface receptors. This diverse family of receptors mediate their responses via G-

proteins and transduce different signals in a variety of systems, including vision, olfaction,
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memory and learning, and regulation of the circulatory system, among others (Chee et al,
1990). In addition, UL100 and the 10 genes that go to make up the US12 gene family also
contain multiple potential hydrophobic domains, and may act in similar ways to the G-coupled

protein receptors.

1.2.8. Captured genes

In addition to genes directly involved in replication, several genes have clear counterparts in the
cellular genome and may play roles in the virus-host interaction. HCMV gene UL18 encodes a
glycoprotein which has homology to cellular HLA class | proteins (Beck and Barrell, 1988; Chee
et al., 1990). The MCMV genome also has a MHC class | homologue (Rawlinson et al., 1996),
which is thought to contribute to immune evasion through interference with natural killer cell-
mediated clearance. UL20, which is in close proximity to UL18, has low level similarity to regions
of the human T-cell receptor vy chain (Beck and Barrell, 1991). The function of UL20 is unknown,
but if it is a T-cell receptor homologue, the virus may be able to use the protein to interact with
CD3 and infect T-cells (Borst et al., 1987; Brenner et al., 1987).

1.2.9. Gene families

HCMV s strikingly different from other herpesviruses in the evident expansion of the genome by
gene duplication and divergence (Weston and Barrell, 1986; Chee et al., 1990; Mocarski, 1993).
Fifty-two of the predicted open reading frames listed in Table 1 can be grouped Into nine families
of related genes: three pairs (UL25 and UL35; UL82 and UL83; and US2 and US3) and six
larger groups: US1 gene family, US6 gene family, RL11 gene family, US12 gene family, US22
gene family and GCR gene family. Unfortunately, little is known about the function of many
members of these families, although three families (R11, US2 and US6) are predicted to encode
glycoproteins, and possibly compose a gene superfamily. Some US22 genes are spliced and
expressed as |E proteins in HCMV or MCMV, but it is not known whether this extends to all of
the family (Kouzarides et al., 1988; Messerle et al., 1991). There is evidence for a role in
transcriptional activation for UL36 (Colberg-Poley et al., 1992) and IRS1/TRS1 (Stasiak and
Mocarski, 1992) but similarly it is not known if all US22 gene products are involved in

transactivation. The gene families are clustered in Us and at one end of U, parts of the genome
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that appear to be unique to the B-herpesviruses. Most are conserved in MCMV (Rawlinson ef

al., 1996), and some in HHV-6 and HHV-7 (depels et al., 1995; Nicholas, 1996).
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1.3. HUMAN HERPESVIRUS 6

1.3.1. Basic characteristics

HHV-6 was first isolated in 1986 from the peripheral blood lymphocytes of patients with
lymphoproliferative disorders, some of whom were also infected with HIV-1 (Salahuddin et al,
1986). The virus was subsequently isolated from AIDS patients (Becker et al., 1988; Downing et
al., 1987; Lopez et al., 1988; Tedder et al., 1987), children with exanthem subitum (ES), patients
with a variety of other disorders (Agut et al., 1988; Becker ef al, 1988) and healthy adults
(Lopez et al, 1988). HHV-6 has a typical herpesvirus morphology (Biberfeld et al, 1987;
Yoshida ef al., 1989; Kramarsky and Sander, 1992), with a very distinct tegument layer (Roffman
et al, 1990). Like HCMV, the most noticeable effect of HHV-6 infection in vitro is the
enlargement (cytomegaly) of host cells and the occurrence of multinucleated cells (syncytia) 3 to
5 days after infection (Pellett and Black, 1996).

Two major subgroups or variants (A and B) of HHV-6 have been identified by restriction
endonuclease analysis, sequencing, monoclonal antibody reactivity and cell culture properties
(Ablashi et al., 1993; Schrimer ef al., 1991; Aubin et al., 1991). The A strains, including GS and
U1102, are less frequently observed and have no definite association with human disease, but
are often isolated from immunocompromised patients, suggesting a possible link with AIDS. The

prototype of B strains is Z29, which is the etiologic agent of ES (Yamanishi et al., 1988).

1.3.2. Epidemiology

Serological surveys indicate that maternal antibodies to HHV-6 can be detected in more than
90% of infants’ serum at birth, but that these decrease during the first six months to as low as
5%. Antibody levels to HHV-6 then increase between six months and five years, with 80% of
children developing an antibody response by 13 months (Balachandra ef al., 1989; Briggs et al.,
1988; Brown et al., 1988; Huang et al., 1992; Yoshikawa et al., 1989; Okuno et al., 1989). In
most geographical areas, about 90% of people over the age of two years are HHV-6
seropositive (Linde ef al., 1988; Linde et al,, 1990; Parker and Weber, 1993; Saxinger et al.,
1988; Yoshikawa et al., 1989; Okuno et al., 1989; Levy et al., 1990).
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Evidence of nearly identical restriction endonuclease profiles from cases during an ES outbreak
in an orphanage nursery (Okuno et al., 1991), and from siblings and mothers of children with ES
(Mukai et al., 1994), suggests that HHV-6 is transmitted horizontally to infants, although the
mode of transmission remains uncertain. It has been widely reported that HHV-6 is present in
the saliva and throat swabs of nearly all adults (Levy et al., 1990; Pietroboni ef al., 1989;
Pietroboni et al, 1988; Brown et al., 1988; Asano et al., 1992), that HHV-6 antigens can be
detected in saliva and bronchial gland epithelium (Fox et al., 1990; Krueger et al, 1990), and
that DNA has been detected in saliva by polymerase chain reaction (PCR) (Cone ef al., 1993;
Jarrett et al., 1990; Kido et al., 1990). Questions have been raised over the specificity of some of
the analytical reagents used to detect HHV-6 in these tests, with respect to HHV-7 (Pellett and
Black, 1996), but it seems reasonable to suggest that HHV-6 infection can be transmitted

through saliva.

Possible vertical transmission of HHV-6 has also been suggested. HHV-6 is present in vaginal
swabs, including specimens from pregnant women (Leach et al,, 1994; Okuno et al, 1995),
suggesting the possibility of perinatal and sexual infection. Also, Hall et al (1994) reported that
nearly 30% of new-borns had HHV-6 DNA in their mononuclear cells. In contrast,
immunoglobulin (Ig) M with activity against HHV-6 is not found in peripheral blood from new-
borns (Farr et al., 1990) and rarely in specimens of cord blood cells (Dunne et al, 1992). In
addition, only one of 52 aborted fetuses of HIV-1 positive women was HHV-6 positive by PCR
(Ando et al., 1992). HHV-6 DNA sequences have not been found in breast milk (Dunne and
Jevon, 1993; Takahashi et al, 1988), suggesting that breast feeding is not a route of

transmission.

1.3.3. Cellular tropism

HHV-6 replicates optimally in CD4+ T-cells (Lusso et al., 1988; Takahashi et al., 1989) and
displays limited replication in CD8+ T-cells, natural killer cells, monocytes, epithelial cells, brain-
derived cells (Levy et al., 1990; He et al., 1996) and EBV infected B lymphocytes (Ablashi et al.,
1991). CD4 is not believed to be the membrane receptor used by HHV-6, as infection is not
inhibited by anti-CD4 antibodies (Lusso et al, 1989). The cellular receptor of HHV-6 is not
known. Interestingly, HHV-6 A strain induces CD4 in CD3+ CD4- CD8+* lymphocytes, rendering
them susceptible to HIV-1 infection (Lusso et al., 1991).
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1.3.4. Growth properties

The growth cycle of HHV-6 requires 4 to 5 days for the production of extranuclear enveloped
virions (Black et al., 1989; Kramarsky and Sander, 1992). However, a regulatory cascade for the
virus has not been described, and little is known of the regulation of specific viral genes, largely

as a result of the difficulty involved in growing high titre virus (Pellett and Black, 1996).

Of interest are unusual cytoplasmic invaginations (tegusomes) in the infected cell, in which
capsids appear to acquire a tegument layer (Roffman et al, 1990). Tegusomes have been
observed in cells infected with HHV-7, but have not been noted in cells infected with other

herpesviruses.

At any given time, 5% of the population may be seropositive for HHV-6 IgM (Suga et al., 1992);
HHV-6 DNA can be detected in the lymphocytes of up to 90% of healthy individuals (Cone et al.,
1993; Cuende et al., 1994; Jarrett et al, 1990), and HHV-6 antigens can be found in salivary
glands (Fox et al., 1990; Krueger et al.,, 1990), lymph node tissue (Levine ef al, 1992) and
neurons and glial cells in the brain (Challoner et al., 1995). Such a high level of HHV-6 in the
human population is unlikely to be due solely to reinfection. It is thought that following primary
infection, HHV-6 develops a persistent infection that persists for the lifetime of the host.
However, the site(s) of HHV-6 persistent infection is not known, although one report has been

proposed that the virus may reside in monocyte/macrophage cells (Kondo ef al., 1991).

1.3.5. Disease and therapy

HHV-6 has been cited as possible cause of certain malignancies, such as Hodgkin's disease
(Clark et al., 1990; Torelli et al., 1992; Di Luca et al., 1994), non-Hodgkin’s lymphoma (Jarrett et
al., 1988; Josephs et al, 1988), angioimmunoblastic lymphadendopathy with dysproteinemia
(Luppi et al, 1993a), Langerhans cell-hystiocytosis (Leahy et al, 1993), Kaposi's sarcoma
(Bovenzi et al., 1993), cervical carcinoma (Chen et al., 1994a) and oral carcinoma (Yadav, et al.,
1994). However, a direct involvement of HHV-6 in human malignancies has not been proven,
and it is difficult to differentiate virus that is a passenger in tumour tissue from that which has a
role in tumour etiology. Nonetheless, HHV-6 DNA has been reported to integrate into host cell

chromosomes (Luppi ef al., 1993b), and has the ability to transform cultured murine fibroblasts
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and human epidermal keratinocytes in vitro (Razzaque, 1990; Razzaque et al., 1993; Thompson
et al, 1994). In addition, HHV-6 DNA can accelerate the tumourigenesis induced by human
papillomavirus-immortalised (HPV) human cervical cells transplanted into nude mice (Chen et
al., 1994b).

The role of HHV-6B as the causative agent of ES, also known as roseola infantum and sixth
disease, was proposed in 1988 (Yamanishi et al., 1988). In most cases, ES is characterised by a
high fever which typically lasts for three days and a rash (roseola) that appears as the fever
subsides, lasting one to three more days. However, primary HHV-6 infection may lack the typical
rash (Suga ef al., 1989; Pruksananonda et al., 1992). The disease normally resolves without
complications (Asano et al., 1991 and 1994; Okada et al., 1993), but high fever can in some
cases lead to convulsions, respiratory tract and tympanic inflammation, intestinal symptoms,
meningitis and meningoencephalitis (Pellett and Black, 1996; Suga et al., 1989; Pruksananonda
et al, 1992). In a manner similar to HCMV infection, individuals who acquire primary HHV-6
infection in adulthood can develop a self-limiting febrile illness which resembles infectious

mononucleosis (Steeper et al., 1988) or hepatitis (Irving ef al., 1990; Sobue et al., 1991).

HHV-6 has been associated with chronic fatigue syndrome (CFS), but serological studies reveal
conflicting reports. CFS patients have been reported to have higher than average antibody titres
for HHV-6 (Ablashi ef al., 1988; Balachandran et al., 1991; Buchwald et al., 1992; Dale et al.,
1989; Levine et al,, 1992; Read ef al., 1990; Reeves et al., 1992) or antibody titres for HHV-6
that are similar to control patients (Gold et al., 1990; Marshall et al., 1991; Wakefield et al.,
1988). These results must be interpreted in light of the fact that higher than average antibody
titres to other viruses (e.g. HCMV, EBV, measles virus) are also seen in CFS patients compared

to controls (Holmes et al., 1987).

Current evidence points to a possible role for HHV-6 in the pathology of multiple sclerosis (MS).
HHV-6 has an association with acute nervous system disease (Asano et al., 1992; Caserta et
al., 1994; Drobyski et al., 1994; Hall et al., 1994; Huang et al., 1991; Kondo et al,, 1993; Suga et
al., 1993; Ward and Grey, 1994; Yamanishi et al.,, 1988). The virus can grow in cells derived
from the nervous system (Ablashi et al., 1987), persists in the GNS of children (Caserta et al,

1994), and is present in nearly all adult brains (Challoner et al., 1995; Luppi et al., 1994). In
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addition, MS sufferers have higher than normal antibody titres to HHV-6, the virus has been
detected in the cerebrospinal fluid of MS sufferers, and the distribution of HHV-6 antigen in their
brains appears significantly different from normal (Sola et al, 1993; Wilborn et al,, 1994;
Challoner et al., 1995).

As with HCMV, there is some evidence that HHV-6 may act as an opportunistic agent in
immunosuppressed patients suffering from AIDS or undergoing organ or bone marrow
transplants (Okuno ef al., 1990). The conditions that are associated with infection in the
immunocompromised host include interstitial pneumonia in AIDS, bone marrow and organ
transplant patients (Carrigan et al, 1991; Knox and Carrigan, 1994; Cone et al., 1993) and
encephalitis in AIDS and bone marrow transplant patients (Drobyski et al., 1993; Carrigan and
Knox, 1994). The evidence linking HHV-6 with these conditions is based on the temporal
association between the signs of disease, antibody levels to HHV-6 and detection of viral

antigens and DNA.

No systematic trials have been performed to test the efficacy of drugs for the treatment of HHV-6
infection in vivo. However, several compounds have been tested for their ability to inhibit HHV-6
growth in cell culture. Of the compounds tested, gancyclovir and foscarnet inhibit HHV-6
infectivity more effectively than acyclovir, a pattern shared with HCMV (Agut et al., 1991 and
1989; Burns and Sandyford, 1990; Russler et al., 1989; Streicher et al.,, 1988). In addition, the
cytokines IFN-or and IL-2 exert inhibitory effects on HHV-6 infection in cell culture (Kikuta et al.,
1990; Roffman and Frenkel, 1990).

1.3.6. Co-infection with other viruses

HHV-6 has been reported to interact with several other viruses. HHV-6 superinfects B cells
latently infected with EBV and may induce EBV lytic replication (Ablashi et al., 1988; Flamand et
al., 1993). The observed increase in HHV-6 specific antibodies during HCMV primary infection
suggests that HHV-6 may be activated by HCMV. Similarly, HHV-7 primary infection can activate
(presumably latent) HHV-6, which can then outgrow the HHV-7 infection (Frenkel and Wyatt,
1992). HHV-6 has been shown to transactivate a HPV promoter and enhance expression of
HPV RNA (Chen et al., 1994a).
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Perhaps most interesting is that HHV-6 has been proposed as a cofactor with HIV-1, capable of
speeding the progression of AIDS. Several lines of evidence support this claim. The HIV-1
transactivator, tat, enhances HHV-6 replication (Sieczkowske et al., 1995); HHV-6 (strains A and
B) is a potent transactivator of HIV-1 (Lusso et al., 1989; Ensoli et al., 1989; Horvat et al., 1989);
and HHV-6 induces two cytokines, TNF-a and IL-1f (Flamand et al., 1991), which are known to
enhance replication of HIV-1 in vivo. These findings are made more relevant because HHV-6
and HIV-1 share tropism for CD4+ T-cells (Lusso et al., 1988).

In contrast, studies of the prevalence of antibodies to HHV-6 and HIV-1 are confusing and have
variously shown no difference in HHV-6 prevalence between HIV positive groups and control
groups (Brown et al., 1988; Essers et al., 1991; Fox et al., 1988), higher (Ablashi et al., 1988) or
lower prevalence to HHV-6 in HIV-1 positive people, or no positive correlation between

seroprevalence to HHV-6 and progression to AIDS (Spira ef al., 1990; Chen ef al., 1992).

1.3.7. The HHV-6 genome

The features of the HHV-6 genome discussed below have been derived largely from Lawrence
et al. (1990), Lindquister and Pellett (1991), Martin ef al. (1991), Nicholas and Martin (1994),
Nicholas (1994) and Gompels et al. (1995). Table 2 gives a list of the genes present in the HHV-
6 genome, Fig. 4 shows the genome structure and relative arrangement of the genes, and Fig. 5

compares the gene arrangements of the human B-herpesviruses.

1.3.7.1. Size and structure

The published sequence of HHV-6 strain U1 102 (Gompels et al., 1995) is 159,322 bp in length
(Nicholas, 1996) and consists of a unique region (U) (143,147 bp), flanked by single copies of a
directly repeated sequence (formally DR. and DRg; referred to here as DR) (8,087 bp), as
shown in Fig. 4.0. The overall nucleotide composition is 43% G + C, but it is lower in U (41%)
and higher in DR (58%) (Gompels ef al., 1995; Lindquister and Pellett, 1991). Genes located in

the direct repeat are prefixed by the term DR and genes in the unique sequence by U.

There are three major reiterations designated R1, R2 and R3 positioned in or adjacent to the IE-

A region near the right end of U (Gompels et al., 1995). R1 is located within U86, which is
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TABLE 2. HHV-6 genes and encoded proteins

L1 C 338 3 112:12816

DRI - 501 791 97:11677 DRI/DR6 - CXC motif

DR2 - 791 2650 620:67151 HCMVUS26¢ HCMVUS22

DR3 C 2979 2404 192:19404

DR¢ - 2146 3045 100:10562

DRS C 4171 3737 145:15637

DR6 - 4725 5033 103:12129 DRI/DR6 - CXC motif

DR7 - 5629 6717 363:40831 HCMVUS22+ HCMVUS22 - transformation, transactivator

DR8 - 7237 7566 110:12766  SIRF1 - SR domain

|0} C 8432 7470 321:36736  SILF1 - across DRL junctional telomeric repeats

U1 - BAS 8613 123:14338  SIRF2 - SR domain

U2 C 9816 8719 366:39815  SHL1 HCMVUL23* HCMVUS22

u3 C 1276 10158 373:43700  SHL2 HCMVUL2A4+ HCMVUs22

U4 C 13092 11488 535:61963  SHL3 HCMVUL27+ U4/Us

us C 14548 13217 444:51587  SSL1 HCMVUL27¢ U4pus

us - 14619 14864 82:8878

u7 C 15936 14911 342:39357  SSL2 HCMVUL28* HCMVUS22

us C 17091 16024 356:41103  SFL1 HCMVUL29* HCMVUS22

U9 C 17552 17241 104:11819  SFL2

uio - 17604 18911 436:50123  SFR1,P1IRFO HCMVUL31*

Uil C 21578 18969 870:97073  PILFL HCMVUL32+ - pp100 major antigenic structural protein, basic phosphoprotein, BPP

UI2EX - 21680 21710 347:39747+ - U12 exonspliced donor/acceptor 21710,21800+

U2 - 21856 22809 318:36611  PIRFI1 HCMVUL33* GCR - G-protein coupled receptor homology; EBV induced EBI1

u13 22898 23215 106:12003  EFRF1

Ul4 - 23316 25142 609:69561  EFRF2 HCMVUL25* - homology to HCMV*UL?25/35" family

uis C 25992 25663 110:13416  EFLF}

UI6BX C 27349 26262 312:36092+ HCMVUL36EX2* - 1E-B;Ul16exonspliced acceptor/donor 27034,27187

Ule C .27116 26262 285:32908  EFLF2JE-B  HCMVUL36* HCMVUS22 - IE-Btransactivator,

ul7  C 21349 26951 133:15538  EFLF1 HCMVUL36EX1* HCMVUS22 - IE-B;Ul16exan1? acceptoridonor 27034,27187

Ui  C 29389 28511 293:33219  EJLF6 HCMVUL37EX3* - IE-B; to HCMYV IE glycoproteil

U9 C 30818 29652 389:43317 EILK4 HCMVUL38* -1IEB

U200 C 32337 31072 422:48689 EJLF3 1G - glycoprotein;Ig chain C domain

U2l C 33641 32343 43349396 EILF2 - glycoprotein

U22  C 34347 33742 20223409 EJLF1 - glycoprotein

U23  C 35085 34378  236:26524  EqLFI - glycoprotein

U4 C 35655 35395 87:10092 EoLF1 - glycoprotein exon? glyco site,TM

U2s C 36814 35867 316:37097 EPLF3 HCMVULA3* HCMVUS22

U2 C 37809 36925 295:33336  EPLF2

U271 € 38978 37800 393:44811  EPLF1 HCMYULA4 s 1 - pp41,pol processivity transactivator, HCMV ICP36
. uzs C 41434 39023 804:93354  P2LF2 HCMVULAS*** 1 - large sub-unit ribonucleotide reductase;RR1

U29 C 42356 41460 299:34205  P2LF1 HCMVULAG ¢ 1 - capsid asscmbly and DNA maturation; minor capsid protein, mCP

u3o - 41884 45129 1082:124060 P2RF1 HCMVULAT7#*+ 1 - HCMYV capsid assembly myosin

Ut - 45150 51380 2077:239950 HHRFI1 HCMVULAg*++ 1 - large tegument protein high molecular weight protein, HHWP

u2 Cc s17a 51458 88:9742

U3 C 53135 51726 470:54701  XILF3 HCMVULAG#s+ 1 - capsid protein

U34 C 53916 53089 276:31672  XILF2 HCMVULS0** T - possible virion protein, TM

u3s C 54253 53936 106:12441 XILF1 HCMVULS1* ¢

U6 - 54252 55703 484:56409  XIRF1 HCMVULS52¢¢+ 1 - probable virion protein

Uz - 55710 56501 264:30846  XIRF2 HCMVULS3%** I - nuclear phosphoprotein?

Us C 59588 56553 1012:115822 XILRO,Pol  HCMVULS4%#¢ T - DNA polymenase

U3 C 62080 59591 830:93240 gpB HCMVULS5*e* T - glycoprotein B

U0 C 64214 62037 726:82879  tp HCMVULS6*++ 1 - transport protein

U4l C 67620 64225  1132:127765 mdbp HCMVULS7#+ I - major DNA binding protein

U4z C 70598 69057 514:597T1 HCMVULE94** I0 - conserved herpesvirus transactivator-

u43 C 73405 70826 860:100082 HCMVUL70%*+ I - helicase/primase complex; HSV primase

Udd - 73446 74084 213:24297 HCMVULT71%¢* m

uss  C 75218 74091 376:43399  BHLF3 HCMVULT72%¢+ I - putative dUTPase

v - 75291 75542 84:9779 BHRFI1 HCMVUL73#s+ II - membrane/secreted protein

U4T  C 77867 75915 651:73251  variablegp HCMVUL74* - membrane/secreted glycoprotein

U48  C 8018 78037  694:79544 gHBHLF1 HCMVULTS*#+ IV - glycoprotein H

U49 - 80277 81032 252:29293  BHRF2 HCMVULT76%*+ IV - fusion protein

uso 80812 82476 555:63596  BHRF3 HCMVUL774%+ IV - virion protein

us1 - 82574 83476 301:34715  XKRF1 opioid”/HCMVUL78* GCR - G-protein coupled receptor homology; HVS GCR

us2 C 84274 83501 258:30031 XKLF1 HCMVUL79* .

Us3 - 84281 85864 528:58637  OR,XKRFI HCMVULB0*** IV - protease; US3a in-frame assembly protein, AP

usa C 87427 86054 458:51499  IL HCMVULB2/83¢ - tegument pp65/72K, possible transactivator IE gencs

Uss C 88803 87508 432:50172 2L HCMVULB4*

Usé C 89873 88986 296:33465 3L HCMVULB5#+¢ V - probable capsid protein

US7T  C 93912 89878 1345:151953 4L.mcp HCMVUL86%++ V- major capsid protein MCP




aane  soand atan slog amw okl name sdoscsl homol goocfamily genc blogk -

US8 - 93924 96239 77288748 SR HCMVULST**

USS - 96239 97288 350:39884  6R HCMVULS8*

U6 C 98256 97291  322:36084 7L HCMVULBYEX2#+* VI - late spliced gene(U60/66),possible DNA packaging protein
USl C 98578 98234  115:13578

U2 - 98427 98681 859579 B8R HCMVULS1*

U6 - 98632 99279  216:24783 9R HCMVUL92%*

U4 - 99260 100585  442:51392  10R HCMVUL93%+* vi

UGS - 100545 101549  335:37878  1IR HCMVULg4s+e vi

Us6 C 10248 101572  305:35930 12L HCMVULB9EX1+%¢ VI - late spliced genc(U60/66),possible DNA packaging prokein
U6T - 102458 103516 35339533 13R HCMVUL9S#*+ vi

U8 - 103519 103860  114:13075  14R HCMVUL96**

U - 103866 105551  562:63718 ISR HCMVUL97%4¢ VI - ganciclovir kinase;

UT0 - 105562 107025  488:56646  16R HCMVUL98*** VI - alkaline exanuclease

Ul - 106965 107195  77:8469  17R - position HCMV pp28i HSV mrystilated virion protein
U2 C 108312 107281  344:38993  1SL HCMVUL100%#¢ VI - inlegral membrane protein, gM

U3 - 108325 110664  780:89719  19RHDRFO HSVULS+ - origin binding protein

U4 - 110636 112621  662:76318  HDRFI HCMVUL102¢%¢ VI - helicase/primase complex

U7 C 113408 112662 249:26762 HDLF2  HCMVULI03*** Vi

U6 C 115305 113320 66277236  HDLEI HCMVUL104%+¢ VI - possible virion protein

UTT - 115100 117571  824:93288 HDRF2  HCMVULI05** VI - helicase/primase complex; helicase

U78  C 119038 118712 109:12725 EDLFS

U79 - 120164 121195  344:39273  EDRFI HCMVUL112¢ - HCMV in vitro replicationspliced

USO - 121170 121763  198:22256 EDRF2 HCMVUL113* - HCMV in vitro replication; spliced

Ut  C 122577 121813  255:29039 EDLE4 HCMVUL114%¢ VI - uracil-DNA glycosylase

US2  C 123405 122656  250:28962 gL.EDLF3  HCMVUL11S*** VE - glycoprotein gL; gH accessary protein
US3 - 123528 123818  97:10411  EDRF3 - CC chemokine?

Uss € 124953 123928  342:39557 EDLF2 HCMVUL117* - spliced in HCMV

USS C 125853 124984  290:32901  EDLF1 16 - OX-2 homology; glycoprotein

USS € .128136 125992  715:80040 BCLF! HCMVUL122* - IE-A;HCMVIE2 homology, SR dormain repeats
UST € 130043 127554 83091391 BCLFO - IE-Asglycoprotein?, highly charged,pro repeats
USS - 131034 132272 413:44136 - IE-A;open all frames, cys repeats

U9 C 135610 133094  839:93712 pRF3M;RF2 - [E-A;HCMV IE1 position, transactivator
U9 C 135948 135667 940651  pRFZRFI -1E-A; spliced U89

U9L - 136485 136826  114:12897 - IE-Asspliced antiscnse IEL?

U92 € 138492 138052  147:15878 - kpn repeats, part duplicate U93

U9l € 139124 138534 197:21371 - kpa repeats, part duplicate U92

USd € 142866 141397  490:55849 HCLR2 AAV?2 Rep 68/78 - parvovirus replication, transactivatian
U9S - 142941 146303  1121:124069 HCRF2  MCMVIE2® HCMVUS22 - positional/sequence homolgue MCMVIE2
U6 C 146940 146644 99:12128  HCLFI

U97  C 148077 147811  89:10384

USB € 149391 148744  296:24698

U9  C 149766 149488  9%:10559 - sigml sequence

UI00 C 150437 149871  189:21609  gp82/10S - spliced glycoprotein gp82/105

RII C  ISIST1 151143 143:16221 - scross DRR junctional telomeric repeats
DRI - 151734 152024  97:11677 DR1/DR6 - CXC motif

DR2 - 152024 153883  620:67151 HCMVUS26*  HCMVUS22

DR3 C 154212 153637  192:19404

DR4 - 153979 154278  100:10562

DRS C 155404 154970  145:15637

DR6 - 155958 156266  103:12129 DRI/DRG - CXC motif

DR7 156862 157950  363:40831 HCMVUS22*  HCMVUS22 - transformation, transactivator  +

DR8 - 158470 158799  110:12766 - SR domain

Acompilation of reading frames of HHV-6 strain U1102, from Gompels ef al. (1995). = Start is the first base ATG
(or its complement), except as indicated by a dash, where first base in ORF or exon is listed. Stop is third base in

stop codon. +indicates spliced gene encoded molecular weight.

8 **conserved in a-, B- and y-herpesviruses; **conserved in B- and y-herpesviruses; *conserved in B-

herpesviruses; **conserved in 8- and a-herpesviruses.

¢ Properties for proteins are derived mostly from homologues described in HSV-1, VZV, EHV-1, or HCMV

(Davison and Scott, 1986; McGeoch et al., 1988; Chee et al., 1990; Telford et al., 1992).
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Fig. 4. Genetic layout of the HHV-6 genome.

Predicted HHV-6 gene organisation, from Gompels et al. (1995). Repeat regions are boxed, DRL, DRR, R1,
R2, R3, and the long unique (UL) region is indicated by a solid line. Protein coding regions are indicated as
open arrows and are numbered DR1-DR8 in the direct repeats and U1-U100 in UL. The ori-lyt is indicated by
a star on UL. Abbreviations are, GCR (G-protein coupled receptor), RR1 (large subunit of ribonucleotide
reductase), TEG (tegument protein), POL (DNA polymerase), tp (transport protein), mDBP (major single-
stranded DNA binding protein), TA (conserved herpesvirus transactivator), Pts (protease/assembly protein),
exo (alkaline exonuclease), OBP (origin binding protein), UDG (uracil DNA glycosylase), Hel (helicase), MCP
(major capsid protein), AAV rep (Adeno-associated virus replication protein homologue), IG (immunoglobulin
superfamily). The US22 gene family are shaded.
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Chapter 1: Introduction

homologous to HCMV IE-2 (Birney et al., 1993; Nicholas, 1994; Gompels et al., 1995). The R2
region contains approximately 250 bp of simple TG dinucleotide repeats and creates a large
ORF in all 6 reading frames (Gompels ef al., 1995), although it is doubtful that any are actually

expressed as protein. R3 is an array of more than 25 copies of a 110 bp tandem reiteration.

Both ends of each copy of DR contain arrays of a simple repeat (GGGTTA)n, similar to human
telomeric sequences (Kishi ef al, 1988; Martin et al, 1991a; Gompels et al, 1995). The
telomeric repeats form an imperfect array near the left end of DR, and approximately 60 perfect
tandem copies of the sequence near the right end of DR (Gompels and Macaulay, 1995;
Thomson et al.,, 1994), although the number of copies in each region may vary (Martin et al,
1991a; Gompels and Macaulay, 1995; Thomson et al., 1994). The significance of the telomeric
repeats has not been established. Cleavage/packaging sites, pac-1 and pac-2, are positioned

between the telomeric repeats and the ends of DR (Gompels et al., 1995; Thomson et al., 1994).

1.3.7.2. Relationships to other herpesviruses -

The core genes are compactly arranged across 86 kb in the centre of U. Overall, the HHV-6
genome is arranged colinearly with that of HCMV, but diverges near the genome ends
(Efstathiou et al., 1992; Neipel et al., 1991). As a result, genes contained at the left end and in
Us of the HCMV genome, including the HLA class 1 homologue (UL18) and most of the
glycoprotein gene families (RL11, US6 and US12) are absent from the HHV-6 genome. In a
reciprocal fashion those genes unique to HHV-6 are found largely outside the region of
colinearity with HCMV (Gompels et al., 1995).

1.3.7.3. Gene complement

The HHV-6 genome contains 121 closely packed ORFs (LT1, DR1-DR8, LJ1, U1-U100, RJ1,
DR1-DR8), encoded on both DNA strands, with little overlapping (Gompels et al., 1995). Splicing
is thought to operate for several pairs of ORFs: U60 and U66 (Lawrence et al., 1990), U17 and
U16 (Nicholas and Martin, 1994), U90 and U91 (Schiewe et al., 1994) and U96 to U100 (Pfeiffer
etal., 1995).
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The HHV-6 genome contains two IE loci, IE-A (U86-U91) and IE-B (U16-U19), which are roughly
analogous to HCMV MIE and IE-2 respectively, and which are also CpG suppressed
(Kouzarides et al., 1988; Nicholas and Martin, 1994). HHV-6 genes with homologues in HCMV

are listed in Table 2.

Several HHV-6 genes lack detectable counterparts in HCMV. These are also listed in Table 2
and include: the telomeric repeat ORFs LT1, LJ1 and RJ1; the R2 ORF U88; glycoprotein ORFs
U20, U21, U22, U23, U24 (although there are glycoprotein genes in the corresponding region of
the HCMV genome they are unrelated); the spliced ORFs U96-U100 encoding gp105; U85,
which is a homologue of OX-2 and a member of the Ig family; the origin binding protein encoded
by U73; the AAV-2 rep gene homologue, U94; the |E proteins encoded by U89/U90 and the U91
protein; and ORFs DR1, DR3, DR4, DR5, DR8, U1, U6, U9, U13, Ut5, U26, U32 ,U61, U78,
U83, U92 and U93. Many of the genes unique to HHV-6 are located towards the genome ends

and include regions which may be expressed by splicing.

1.3.7.4. Origin of lytic DNA replication

HHV-6 contains an origin of DNA replication (ori) upstream of the major DNA-binding protein
gene (U41) in a position corresponding to ori, in HCMV (Hamzeh et al,, 1990; Anders et al,
1992; Gompels et al., 1992; Jones and Teo, 1992; Masse et al., 1992; Dewhurst et al., 1993).
Ori. is complex and comprises an AT-rich sequence and two 137 bp imperfect direct repeats. It
contains two origin-binding protein binding sites (OBP-1 and OBP-2), and is adjacent to a GC-
rich motif. It is noteworthy that the origin binding protein of HHV-6 (U73) is a counterpart of the
o-herpesvirus origin binding protein, and lacks a homologue in HCMV (Chee et al., 1990). Thus,
HHV-6 ori. has features of both the B- and a-herpesviruses, in containing a complex set of

repeat motifs and sequences which bind the origin binding protein.

1.3.7.5. Gene families and captured genes

The HHV-6 genome contains several gene families, DR1/6 (DR1 and DR6), U4/5, (U4 and U5)
US22 (DR2, DR7, U2, U3, U7, U8, U17, U25, and U95) GCR (U12 and U51) and Ig (U20 and
U85), some of which are related HCMV genes (Chee et al,, 1990) (see Table 2).
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The DR1/DR6 proteins share a CxC motif (X = unspecified residue) and appear to be unique to
HHV-6. U4/5 are tandemly duplicated positional homologues of HCMV UL27. Members of the
US22 gene family are the most numerous related genes in the HHV-6 genome, having nine
members (two repeated in DR). They are related to varying extents to the 12 members in HCMV
(see Table 2) (Kouzarides et al., 1988; Chee et al., 1990); U95 is also related to the MCMV IE2
gene (Messerle ef al., 1991). There is evidence for a role in transcriptional activation for HHV-6
U16 (Geng et al., 1992; Nicholas and Martin, 1994) and DR7 (Thompson et al., 1994), DR7 also

appears to have a role in cellular transformation in vitro (Thompson et al., 1994).

The U12 and U51 proteins are cellular GCR.homoIogues, and are distantly related to HCMV
GCR gene family (Gompels et al., 1995; Chee et al., 1990). GCRs are similar to chemokine
receptors, which interact with a family of proinflammatory cytokines that function in the migration
and activation of leukocytes and thus mediate the inflammatory response (Oppenheim et al,
1991; Gerard and Gerard, 1994). Interestingly, HHV-6 U83 may also act as a CC chemokine.

U20 and U85 encode glycoproteins with domains similar to those of the Ig superfamily (Gompels
et al., 1995), although the significance of the former is doubtful. These proteins may play a role

in cell-to-cell contact via protein-protein interactions (Williams and Barclay, 1988).

Notably, HHV-6 encodes a homologue of the parvovirus, adeno-associated virus type 2 rep
gene. The function of the gene product in HHV-6 is unknown, but in AAV this protein functions
as a transcriptional regulatory protein and is an essential component of the DNA replication
machinery (Thomson et al.,, 1991). On the basis of close (24% identity) amino acid sequence
similarities between the AAV-2 and HHV-6 rep genes, HHV-6 U94 probably represents a gene
captured during coinfection of a single cell by AAV-2 and an HHV-6 progenitor (Thomson et al.,
1991).
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1.4. HUMAN HERPESVIRUS 7
1.4.1. Basic characteristics

HHV-7 (strain RK) was first isolated in 1989 from the CD4+ T-cells of a 26 year old healthy
individual (Frenkel et al, 1990), during experiments concerning propagation of HHV-6.
Uninfected cells underwent spontaneous cytopathic effect (CPE) following conditions promoting
T-cell activation, and subsequent electron microscopic analyses revealed particles with the
characteristic herpesvirus morphology including a clearly visible tegument layer. However, the
virus was distinct from other herpesviruses, including HHV-6 A and B variants, as shown by
restriction endonuclease blot hybridisation analyses, nucleotide sequencing, and interactions

with monoclonal antibodies. The novel virus was designated HHV-7 (Frenkel et al., 1990).

1.4.2. Epidemiology

HHV-7 is ubiquitous in the human population - probably more than 85% are infected (Ablashi et
al., 1995; Wyatt et al., 1991; Berneman et al., 1992b). The prevalence rates both for adults and
for children appear lower in Japan than in the USA or Europe (Yoshikawa ef al., 1993; Wyatt et
al., 1991).

It is likely that HHV-7 is transmitted through saliva, many workers have isolated HHV-7 from
saliva and noted that the salivary system is a source of persistent production of infectious HHV-7
(Wyatt and Frenkel, 1992; Sada et al., 1996; Hidaka ef al., 1993; Black et al., 1993). HHV-7 has
also been consistently isolated from the peripheral blood mononuclear cells (PBMC) of young
children (Ablashi et al., 1995). In addition, HHV-7 has been found at the cervix (Okuno ef al.,

1995), suggesting possible sexual transmission of the virus.

HHV-7 infection occurs early in childhood, perhaps later than HHV-6 infection at three years of
age (Wyatt et al, 1991; Yoshikawa et al,, 1993), but one study reported little difference in the
prevalence of antibodies to both viruses in relation to age (Clark et al., 1993). Although the great
majority of human sera contain antibodies to both HHV-6 and HHV-7, as tested by
immunofluorescent antibody (Berneman et al., 1992b; Wyatt et al., 1991), very few sera contain
antibodies to HHV-6 or HHV-7 alone.
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1.4.3. Cellular tropism

HHV-7 has a more limited host range then HHV-8, but grows well in CD4+ lymphocytes (PBMC)
and adequately in the immature T-cell line SUP T1 (Frenkel et al, 1990; Berneman et al.,
1.992b). The CD4 molecule is a critical part of the cell receptor used by HHV-7 (Lusso et al.,
1994), although it has been proposed that HHV-7 infection selectively down-modulates surface
expression of cellular CD4 (Lusso ef al., 1994; Furukawa et al., 1994). This is in direct contrast
to HHV-6, for which CD4 is not the cellular receptor, and which is thought to enhance CD4

presentation during infection (Lusso et al., 1991; Furukawa et al., 1994).

As HIV-1 is also associated with the CD4 receptor and infects CD4+ T-cells, it is interesting that
preadsorption of CD4+ T-cells with HHV-7 results in inhibition of HIV-1 replication (Lusso et al,
1994).

1.4.4. Growth properties

Little can be said about the HHV-7 Iytic cycle except that it is likely to be similar to that of HHV-6.
A regulatory gene cascade has not been described for HHV-7, and little is known of the
regulation of specific viral genes, largely as a result of the difficulty involved in growing high titre

virus. As with HHV-6, tegusomes are evident in HHV-7 infected cells.

The high prevalence of HHV-7 and its presence in the saliva of healthy individuals (Wyatt and
Frenkel, 1992; Wyatt ef al., 1991; Berneman et al., 1992b; Black et al., 1993; Ablashi et al,
1995; Frenkel and Roffman, 1996) are unlikely to be maintained by lytic reinfection alone, but
probably involves latent virus. HHV-7 was first isolated from CD4+ T-cells, most likely following
reactivation from latency, and PBMCs have been proposed as a site of HHV-7 latency (Frenkel
et al., 1990; Katsadanas et al., 1996). HHV-7 infection has been reported to mediate reactivation
of HHV-6 in cells infected with both viruses (Frenkel and Wyatt, 1992; Katsadanas ef al., 1996).

1.4.5. Disease

Unlike HHV-6, which is widely accepted as a causative agent of ES (Yamanishi et al., 1988),
HHV-7 has no proven involvement in any disease. Recent reports of several seroconversions to

HHV-7 during convalescence from ES have suggested that HHV-7 may cause a proportion of

36



Chapter 1: Introduction

ES cases (Tanaka ef al, 1994; Hidaka et al., 1994; Ueda et al., 1994; Asano et al., 1995;
Portolani et al, 1995). However, in all but one of these cases the patients had previously
seroconverted to HHV-6. Also, it has been suggested that primary HHV-7 infection may appear
to cause ES as a result of its ability to reactivate HHV-6 (Asano et al., 1995; Frenkel et al., 1992;
Frenkel and Roffman, 1996; Katsafanos et al., 1996).

HHV-7 was recovered from one patient with CFS (the JI strain; Berneman et al., 1992), but
serological studies have found no association between HHV-7 infection and the disease. One
report (Kawa Ha et al., 1993) described a case of chronic EBV-like infection where no viruses
other than HHV-7 could be isolated, but again no pathogenic link was established. In addition,

HHV-7 is known not to be the etiologic agent of Kawasaki disease (Burns, 1994).

1.4.6. The HHV-7 genome

The features of the HHV-7 genome discussed below have been derived largely from Secchiero
et al, (1995), Ruvolo ef al, (1996) and Nicholas (1996). Table 3 gives a list of the genes
represented in the HHV-7 genome, Fig. 5 compares the gene arrangements of the human 8

herpesviruses and Fig. 6 shows the genome structure and relative arrangement of the genes.

1.4.6.1. Size and structure

The complete nucleotide sequence of HHV-7 strain JI was derived using plasmid and lambda
clones by Nicholas (1996). The following description of the genome content is derived from this

analysis except where stated otherwise.

Genome structure is identical to that of HHV-6, with a single long unique component (U) flanked
by large terminal direct repeats (DRL and DRg), approximately 133 kbp and 6 kbp in length,
respectively (Nicholas, 1996; Ruvolo et al., 1996; Secchiero et al., 1995). The genome of HHV-7
stain JI is thus approximately 14 kbp shorter than that of HHV-6 strain U1102. The nucleotide
composition of HHV-7 is 43% G+C overall, and is lower (38%) in U and higher (54%) in DR
(Secchiero et al., 1995).
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TABLE 3. HHV-7 genes and encoded proteins

Position® Length  Homology Homolog(s)*
ORF® Sense® NTerm (a‘;g)i with HHV-6 Comments
Start Stop Met? TOW(A) (%Sim/%1d)? HHV-6 HCMV HVS EBV EHV-2 EHV-1 VZV HSV-1

H1 + 33 542 N 853* 169

DRI + 368 826 N 853* 152 57.1/440 DRI US22 gene family, DR1/DR6
homology

DR2 + 898 2100 N 3917+ 400 58.1/37.0 DR2 US22 gene family

H2 + 2267 2506 Y 3917* 79

DR6 + 2562 3050 Y 3917* 161 71.6/588 DR6 US22 gene family, DR1/DR6
homology

DR7? + 3122 3910 Y 3917 262 77.8/60.5 DR7 US22 gene family, transactivator

H3 - 4224 3976 Y 3040 82

H4 — 4745 4449 Y 3040 98

u2 - 1417 6338 Y 6248* 359 69.6/51.1 U2 UL23 US22 gene family

u3 - 8732 7578 Y 7514 384 65.4/493 U3 UL24 US22 gene family

U4 - 10382 8754 Y 514 542 75.5/592 U4 UL27

us/? - 13004 10407 Y 10411 865 71.2/49.7 US UL27 US22 gene family (HHV-6 U7)

80.2/60.7 U7 UL28

uUs - 14262 13174 Y 11850 362 69.0/51.0 U8 UL29 US22 gene family

v1o0 + 14608 15963 Y 15885* 451 71.6/51.5 U110 UL31

unl - 18249 15982 Y 15971 755 55.6/307 U1l UL32 Structural phosphoprotein

U1z + 1839 19436 Y 19481 346 67.7/145.7 UlI2 UL33 GCR homolog, chemokine receptor

u13 + 19521 19817 Y 20424* 98 54.6/37.1 U13

ul4 + 19885 21831 Y 21925* 648 67.9/535 Ul4 UL3s HCMV UL25/35 gene family

u1s - 22244 22564 Y 22075 106 84.9/64.1 UlLS

vlé —  23547(A) 227172 N 22754 264 74.8/565 Ulé UL36x2 1E-B, transactivator (spliced to
u17)

U17Ex - 23836 23620(D) Y 72 55.5/41.7 UI7Ex UL36x1 IE-B, transactivator (spliced to
Ul6)

u17 - 23836 23570 Y 22754 88 54.5/39.8 UL7

Ul7a + 24318 24587 Y 24707 89 46.6/29.3 UlTa

u1s - 25600 24713 Y 24578 295 71.4/439 Ul8 UL37x3 IE-B, homologous to HCMV [E
glycoprotein

u19 - 26922 25945 Y 25504 325 59.9/40.1  U19 uL3s IE-B

u20 - 2821 27036 Y 27027 391 53.2/234 U20 Ig gene famity?

u21 ~  2949% 28202 Y 28127 430 55.8/322 U21 Glycoprotein

u23 - 30418 29903 Y  29%04* 1m 55.6/294 U223 Glycoprotein, EHV-1 gJ homology

U24 ~ 30772 30524 Y 30455 82 63.2/36.8 U24 Glycoprotein

U2da - 31129 30776 Y 30671 117 57.1/339 U24a

uz2s - 31898 30936 Y 30671 320 70.7/489 U25 ULA3 US22 gene family, transactivator

U26 - 32869 31988 Y 31959 293 60.4/30.4  U26

u27 - 33951 32857 Y 31959 364  838/67.6 U27  UL44 (59) (BMRF1) (59) (18) (16) (ULA2) DNA polymerase processivity factor

U228 — 36484 34064 Y 34059 806 70.2/47.1 U228 UL45 61 BORF2 61 21 19 UL39  Ribonucleotide reductase (large

. subunit)

U9 - 31347 36487 Y 36457 286 71.5/533 U229 UL46 62 BORF1 62 22 20 UL38 Minor capsid protein (mCP)

u30 + 37362 40178 Y 37548 938 660459 U0 UL4T 63 BOLFI 63 (23)  (21) (UL37) Capsid assembly, myosin

us31 + 40179 46358 Y 46994 2,059 65.3/46.2 U3l UL48 64  BPLF1 64 24 22 UL36  Large tegument protein

u3s2 - 46627 46355 Y  46385* 90 80.7/65.9  U32 (66) (BFRF2) (66) (25) (23) (UL3s)

u33 — 48041 46608 Y 46385 4 78.5/59.4 U33 UL49 Virion protein

U34 - 48768 47992 Y 47906 258 75.0/59.1 U34 ULS0 67 BFRF1 67 (26)  (24) (UL34) Virion protein?

u3s - 49119 48805 Y 48775 104 78.6/583 U35 ULS1 ' 27 25 UL33

u36 + 49118 50575 Y  51089* 485 77.3/582 U36 ULS2 68 BFLFL 68 28 26 UL32  Probable virion protein

U37 + 50577 51356 Y 51613 259 80.5/63.0 U37 ULs3 69 BFLF2 69 29 27 UL31
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ULS50
(ULA9a)

uL22
UL24
UL25

UL26

UL18
UL19

UL15x2

UL17
UL16
UL15x1

(UL14)

UL13
UL12

UL10
UL9
(ULS)
UL?7
UL6
ULS

uL2
(UL1)

DNA polymerase
Glycoprotein B (gB)
Transport protein (tp)
Major DNA-binding protein
Transactivator

Primase

dUTPase

Glycoprotein H

Fusion protein

Virion protein

GCR, opioid® homolog

Protease/assembly protein
Tegument protein transactivator
Replication function?
Replication function?

Capsid protein

Major capsid protein (MCP)

Late spliced gene (U60/U66) DNA
packaging

Late spliced (U60/U66) DNA
packaging

Phosphotransferase
Alkaline exonuclease

Integral membrane protein (gM)
Origin-binding protein (OBP)
Helicase/primase complex

Virion protein?
Helicase

HCMY replication, spliced (UL112/
ULI113)

HHV-6 U79 homology (C terminus)

HCMYV replication, spliced (UL112/
113)

Uracil-DNA glycosylase

Glycoprotein L

Spliced in HCMV

OX-2 homology, glycoprotein

IE-A, HCMV IE2 homology
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U90 — 129051 128776 N 91 69.6/39.1 US0 1E-A, exon in HHV-6

u91 + 129122 129625 Y 130111 167 41.7/27.0 U91

H7 + 130829 132112 Y 132157 427 Dral repeats

u9s + 133382 136204 Y 136293 940 52.8/29.7 U9 MCMYV IE2 homolog, US22 gene

H8 - 136579 136307 Y 136257 90

U9 - 138451 137945 N 168 5225312 U9 Homology to HHV-6 gp82/105

u99 - 138692 138375 N 105 61.3/37.6 U99 Homology to HHV-6 gp82/105

U100 - 138999 138751 Y 82 44.4235 U100 Homology to HHV-6 gp82/105

HI' + 139080 139589 N 139900* 169

DRI’ + 139415 139873 N 139900* 152 57.1/440 DRI US22 gene family, DR1/DR6
homology

DR2' + 139945 141147 N 142964* 400 58.1/370 DR2 US22 gene family

H2' + 141314 141553 Y 142964* 9

DR6’ + 141609 142097 Y 142964* 161 71.6/588 DRé6 US22 gene family, DR1/DR6
homology

DR7' + 142169 142957 Y 142964* 262 77.8/60.5 DR7 US22 gene family, transactivator

H3' - 14327 143023 Y 142087 82

H4' — 143792 143496 Y 142087 98

Acompilation of reading frames of HHV-7 strain JI, from Nicholas (1996). @ HHV-7 ORFs are named after their
HHV-6 homologs (Gompels, et al., 1995); ORFs unique to HHV-7 are prefixed with “H* and numbered 1 to 8.

b The positions and orientations of the ORFs are indicated, together with the positions of the first downstream
polyadenlyation signals (AATAAA, ATTAAA"). Polyadenlyation signals overlapping ORF C-terminal sequences
are indicated (+). Determined (U16/U17Ex) and predicted (U60/U66) splice donor (D) and acceptor (A) sites
are indicated.

°The sizes of ORF translation products (starting at the N-terminal methionines where these occur) in amino acids
(aa) are shown.

¢The values for percent similarity (% Sim) and identity (% Id) between HHV-7 and HHV-6 homologs. are based
on BESTFIT alignments (Devereux et al., 1984), with gap and length weights set at 3.0 and 0.1, respectively.

® Homologous genes were identified by database searches and pairwise alignments. Listings of homologous
genes were based on these analyses and on data from comparisons of other herpesvirus proteins (Albrecht, et
al, 1992; Chee ef al., 1990; Gompels ef al., 1995; McGeoch, 1989). Genes that show only limited sequence
similarities to HHV-7/HHV-6/HCMV genes but are colinear (and in some cases functionally analogous) are given
in parentheses.
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aigin binding prateing HP, heldase-primase conplex corponent; Hel, hdlicase; UDG uracil-DNA dlycosylase; OX-2,
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In common with HHV-6, HHV-7 has repetitive sequences upstream of the IE-A locus, designated
R1 and R2. HHV-7 R1 is located between U86 and U89 in an analogous position similar to the
R2 repeat in HHV-6. HHV-6 R2 is an array of TG repeats but HHV-7 R1 is complex, described
as comprising two complete 84 bp repeats and two 67 bp partial repeats, with multiple copies of
a simple repeat (TAAAT) scattered within and around the larger repeats. HHV-7 R2 is
homologous to HHV-6 R3 (Gompels et al., 1995; Martin et al.,, 1991a, b) and is located upstream
from the IE-A locus. It is described as comprising 16 well conserved 105 bp repetitive motifs,
flanked by two copies of a partially conserved repeat. Size heterogeneity in this region of the
HHV-7 genome has been reported, and may correspond to different numbers of 105 bp repeats

in different viral isolates (Ruvolo ef al., 1996).

HHV-7 does not contain an equivalent of the HHV-6 R1 repeat present in U86 (Nicholas, 1994),
although the HHV-7 U86 gene product does contain a region which is similarly rich in serine and

basic residues at a corresponding location.

As in HHV-6, the HHV-7 genome contains arrays of human telomere-like tandem repeats
(IGGGTTA], and related sequences) close to both ends of DR (Secchiero et al., 1995; Ruvolo et
al., 1996). The HHV-7 telomeric repeat region at the left end of DR is longer and more complex
than that in HHV-6, and that at the right end is shorter and simpler. In addition, the HHV-7
telomeric repeat regions at the right end of DR varies in length between 1.2 and 1.7 kbp in

plasmid clones (Nicholas, 1996).

The function of the telomeric repeats is not known, but their presence in the genomes of several
lymphotropic herpesviruses, including o-herpesviruses (MDV) and y-herpesviruses (EHV-2)
(Kishi et al., 1991, 1988; Telford ef al, 1995), has provoked a range of suggestions. Possible

functions for the telomeric arrays are mentioned in the discussion.

The origin of lytic replication (oriL) is positioned upstream of the major DNA-binding protein gene
(U41), as in HHV-6, and is closely related to, but considerably shorter than, its HHV-6
counterpart (van Loon et al, 1997). HHV-7 also encodes a homologue of the a-herpesvirus

origin-binding protein (U73).
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1.4.6.2. Genetic organisation

The HHV-7 genome contains 101 closely packed ORFs encoded on both DNA strands, with little
overlapping (Fig. 6). Splicing is thought to occur in several genes, but splice sites have been
predicted only for two pairs of ORFs (U60 and U66; U17 and U16).

1.4.6.3. Gene complement

HHV-7 gene functions have been inferred from previous experimental findings with other better
characterised herpesviruses (notably HSV-1, HCMV and HHV-6) or from the functional
characteristics of cellular homologues (see Table 3). The arrangement of the genes within the
HHV-7 genome is shown in Fig. 6, and the gene arrangements of HCMV, HHV-6 and HHV-7 are
compared in Fig. 5. HHV-6 and HHV-7 are very similar in gene layout, and predicted protein

sequences are generally well conserved (as listed in Table 3).

Eight HHV-7 ORFs (H1-H8) lack detectable counterparts in HHV-6, and 22 HHV-6 ORFs lack
HHV-7 counterparts (LT1, DR3, DR4, DR5, DR8, LJ1, U1, U6, U9, U12EX, U22, U61, U78, U83,
U87, Uss,u92, U93, Ug4, U96, U97,RJ1). Thus, HHV-7 lacks an equivalent of the AAV-2 rep
gene. Gene fusion and duplication events also appear to have occurred in HHV-7. Two HHV-6
ORFs (U5 and U7) are fused in HHV-7 to give U5/7. Also, U55 is duplicated in HHV-7, giving
U55A and U55B.
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1.5. AIMS OF THE THESIS

The project was initiated in October 1993, as a collaboration with Professor N. Frenkel (Tel-Aviv
University, Israel) who provided genomic DNA from HHV-7 strain RK. The aims were to
determine the complete DNA sequence of HHV-7 by random shotgun cloning of genomic DNA
and to interpret the coding potential of the sequence. During the course of this work the
complete DNA sequences of HHV-6 strain U1102 and HHV-7 strain JI were published (Gompels
et al, 1995; Nicholas, 1996). Therefore, the. HHV-7 strain RK sequence was compared with
these two sequences in order to approve evolutionary divergence and to re-evaluate the genetic
content of HHV-6 and HHV-7.
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2.1, MATERIALS

2.1.1. Chemicals

The chemicals used were of analytical grade and most of these were supplied by

BDH Chemicals or Sigma Chemical Co. Exceptions were ammonium persulphate
(APS) and N,N,N’,N-tetramethylethylenediamine (TEMED) (Bio-Rad Laboratories
Ltd), dGTP, dATP, dTTP, dCTP, ATP (each at 100 mM), deaza-dGTP, ddGTP,
ddATP, ddTTP, ddCTP (each at 5 mM) (Pharmacia) and N,N-dimethyl formamide

(Cruachem Chemicals).

2.1.2. Solutions and buffers

TE:

10 x TBE:

50 x TAE buffer:

DF dyes:

Buffer A:

10 mM Tris-HCI pH 8
1 mM EDTA

109 g/l Tris
55 g/l boric acid
9.3 g/l EDTA

242 g/l Tris
57.1 g/l glacial acetic acid
11.6 o/l EDTA

37.2 g/ EDTA
100 g/l Ficoll 400
5x TBE

1% (w/v) bromophenol blue

330 mM Tris-acetate (pH 7.9)

100 mM magnesium acetate

660 mM potassium acetate

5 mM dithiothreitol (DTT) (supplied by

Boehringer Mannheim as buffer A)
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5 x ligase buffer:

X-gal:

IPTG:

PEG/NaCl:

Phenol/TE:

Sodium acetate/ethanol:

TM buffer:

Chase solution:

250 mM Tris-HCI (pH 7.5)
50 mM MgClz

5mMDTT

25% (w/v) PEG 6000

40 mg/ml 5-bromo-4-chloro-3-indoyl B-D-
galactopyranoside in

dimethyl formamide

30 mg/ml isopropylthio-B-D-galactoside

20% (w/v) PEG 6000
2.5 M NaCl

phenol equilibrated with TE

10 ml 3 M sodium acetate (pH 5.5)
240 ml ethanol

100 mM Tris-HCI (pH 8.0)
100 mM MgCl>

0.25 mM each of dGTP, dATP, dTTP and
dCTP
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dNTP/ddNTP solutions: volumes are in pl

G A T C
water 2000 1000 2000 2000
05 mM 7-deaza- 50 1000 1000 1000
dGTP
0.5 mM dTTP 1000 1000 50 1000
0.5 mM dCTP 1000 1000 1000 50
5 mM ddGTP 15
5 mM ddATP 2
5mM ddTTP 50
5 mM ddCTP 7
40% Acrylamide solution: 40% (w/v) Acrylogel 5 premix; deionised

Top gel mixture:

Bottom gel mixture:

Formamide dyes:

50 x TAE buffer/formamide solution:

460 g/l urea
0.5xTBE

acrylamide solution to 6% (v/v)

460 g/l urea

50 g/l sucrose

50 mg/l bromophenol blue
2.5x TBE

acrylamide solution to 6% (v/v)

1 g/l xylene cyanol FF
1 g/l bromophenol blue
10 mM EDTA

in deionised formamide

960 Ll deionised formamide

40 p! 50 x TAE
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2.1.3. Enzymes

All restriction endonucleases and buffers were obtained from Bethesda Research

Laboratories (BRL) or Boehringer Mannheim. Other enzymes included:

Calf intestinal phosphotase (1 unit/pl): Boehringer Mannheim
T4 DNA polymerase (3 U/pl): Boehringer Mannheim
T4 DNA ligase (4 U/pl): Stratagene

Klenow fragment of E. coli DNA polymerase | (20-50  provided by Dr. E.A.R. Telford (Joyce
u/ul) and Grindley, 1983)

2.1.4. Radiochemicals
Deoxyadenosine (355) thiophosphate (dATP®S)  Specific activity: 500 Ci/mmol (12.5 uCi/ul)
(NEG0345; Du Pont) '

2.1.5. Bacterial growth media
2YT broth: 85 mM NaCl
1% (w/v) bactopeptone

1% (w/v) yeast extract

L-Broth: 177 mM NaCl
1% (w/v) bactopeptone

L-Broth Agar: 1.5% (w/v) agar in L-broth

Top agar: 06% (w/v) bacto-agar in water
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2.1.6. Bacterial strains

Escherichia coli MAX Efficiency DH50F'IQ competent and lawn cells (phenotype:
F'$80dlacZAM15 A(lacZYA-argF)U169 deoR recA1 endA1 hsdR17 (rc, mg*)
SupE44 A thi-1 gyrA96 relA1/F’ proAB+ lacliZA M15 zzf::Tn5[Km1]) were used

(Gibco-BRL).

2.1.7.DNA

HHV-7 (strains RK) genomic DNA was provided by Prof. N. Frenkel (Tel-Aviv
University). Bacteriophage M13mp19 RF | DNA (0.01ug/ul) and DNA markers

(123 bp DNA ladder (1 pg/pl) and 100 bp DNA ladder (1 pg/pul)) were obtained

from Gibco-BRL. Oligonucleotide primers were synthesised by Dr J McLauchlan,
Mr J McGeehan and Mr R Reid using a Cruachem PS250 DNA synthesiser.

2.1.8. Miscellaneous

The following items were used in addition to standard laboratory materials and

equipment:

Whatman 3 MM chromatography paper:

Kodak X-OMAT XS-1 film:

BioMax MR autoradiographic film:

Electroporator Il and electroporation cuvettes 0.1 cm:
EDP-Plus and EDP-Plus M-8 pipettes:

Geneclean i Kit:

S/P Multi-Tube Vortexer:

ECPS 3000/150 Electrophoresis constant power supply:

Whatman International Ltd
Kodak Ltd

Kodak Ltd

Invitrogen

Rainin Instrument Co. Inc.
BIO 101, Inc.

Baxter

Pharmacia
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2.2. METHODS

2.2.1. PREPARATION OF DNA
2.2.1.1. Production of viral DNA

The production of viral DNA was carried out in the laboratory of Professor N Frenkel. Four

samples of HHV-7 RK genomic DNA, totalling several micrograms, were provided.

Human cord blood mononuclear cells (CBMCs) were treated with phytohemagglutinin for 2 days
in RPMI 1640 medium containing 10% (v/v) fetal calf serum, 50 mg/ml gentamycin (Frenkel et
al., 1990; Berneman et al., 1992a; Black and Pellett, 1993). The cells were then incubated for 2
h at 37° with concentrated aliquots of HHV-7 (RK). Following adsorption, the cells were diluted
with medium to 108 cells/ml (approximately 300 m! total), and incubated further at 37° (Frenkel
and Rapaport, 1995). The typical cytopathic effect (CPE) of HHV-7 infection, characterised by
ballooning of cells and the appearance of limited syncytia, became evident at about 14 days
after infection. The cells were harvested by centrifugation, rinsed in phosphate-buffered saline
and pelleted by once more. The cells were resuspended in 10 mM Tris-HCI pH 7.5, 10 mM NaCl,
1.5 mM MgClz, 0.6% (v/v) Nonidet P40, Dounce homogenised and separated into nuclear and
cytoplasmic fractions by centrifugation. The fractions were treated with 0.5% (w/v) sodium
deoxycholate and incubated with 50 mg/ml DNase | and 10 mg/ml RNase A, and capsids were
prepared by density centrifugation on sucrose gradients as described by Gibson and Roizman
(1972) and Vlazny et al. (1982). DNA was extracted from capsids by SDS-proteinase K lysis as
described by Di Luca ef al. (1990).

2.2.1.2. Restriction enzyme digestion

Digestion of DNA using restriction enzymes was carried out in accordance with the
manufacturer's instructions. A typical digest would involve 1 U of enzyme per 0.5

pg DNA in a volume of 20, incubated for 1 h at 37¢.
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2.2.1.3. Agarose gel electrophoresis

100 ml of 0.6-1.5% (w/v) agarose in 1 x TBE (or TAE) was dissolved by boiling and
allowed to cool to 65°. The agarose was poured into a horizontal slab gel template
(15 cm x 10 cm) that had been sealed with tape and contained a Teflon well-
forming comb. When the agarose was set the tape was removed, and the gel was
placed into an electrophoresis tank and filled with 1 x TBE buffer. DNA samples
(along with appropriate size markers) were mixed with 0.2 volumes of DF dyes
prior to loading. Following electrophoresis at 100 V for 1-2 h, the DNA was stained
for 30 min with 0.5 pg/ml ethidium bromide (EtBr) in 100 ml 1 x TBE. The DNA
was visualised by short wave UV transillumination (302 nm) for analytical gels or
by long wave UV transillumination (365 nm) for preparative gels. The gels were

photographed using a photo-imager system (Appligene).

2.2.1.4. Precipitation of viral DNA

50% PEG was mixed with HHV-7 genomic DNA containing 1 M NaCl to a final
concentration of 8% and incubated overnight at 4°. The DNA was pelleted by
centrifugation for 10 min at 12,000 rpm, washed twice with 95% ethanol, dried in a
lyophilizer, and resuspended in 50 pl of water. 5 pl was electrophoresed on a

1.5% agarose gel (containing 1 x TBE) for 2 h at 50 V. The DNA was stained with
EtBr and photographed.

2.2.1.5. Sonication of viral DNA

50 wl of HHV-7 genomic DNA prepared by PEG precipitation was placed in a 1.5
ml microfuge tube and sonicated in a Pulsatron sonicating waterbath for 60 sec. 5
ul was electrophoresed at 50 V for 2 h on a 1.5% agarose gel (containing 1 x

TAE). The gel was stained with EtBr and photographed. -

2.2.1.6. Size selection of sonicated DNA fragments

50 pl of sonicated DNA fragments was mixed with 10 pl of DF dyes and loaded on
a 1.5% (w/v) agarose gel (containing 1 x TAE). A 100 bp ladder was included as a
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DNA marker in a separate lane. The samples were electrophoresed at 50 V for 2
h. The agarose gel was divided in two halves, and the half containing the DNA
ladder was stained with EtBr and photographed. Reassembly of the gel over a UV
light source made it possible to excise blocks of agarose containing DNA
fragments of a specific size without the need to contaminate the DNA with EtBr
stain. Thus, 400-700 bp fragments of DNA were separated from the bulk of the

randomly sonicated DNA.

2.2.1.7. DNA purification using Geneclean

Sonicated DNA was recovered from the agarose blocks using a commercial kit
(Geneclean Il). The blocks were mixed with three volumes (1 g/ml) of sodium
iodide solution, and incubated at 55° until the agarose had dissolved. 6 pl of
'Glassmilk’ silica matrix (which binds DNA in the presence of high concentrations of
sodium iodide) was added to each sample and mixed by rotation for 30 min. The
silica was pelleted by brief centrifugation and the supernatant was removed. The
silica was resuspended by vortexing in 200u|. of wash solution and pelleted. This
was repeated three times and the silica allowed to air dry for 12 min. The pellet
was resuspended in 25 pl of TE and the DNA was eluted by incubation at 55° for 5
min. The silica was pelleted by brief centrifugation and the DNA solution was

transferred to a fresh microfuge tube and stored at -20°.

2.2.2. PREPARATION OF TEMPLATES
2.2.2.1. T4 DNA polymerase end repair

45 nl of sonicated DNA fragments was mixed with 5.0 pl of 10 x Buffer A, 5.0 pl of
2 mM dNTPs and 3 pl (3U) of T4 DNA polymerase, and incubated for 1 h at 37°.

The end-repaired DNA was purified by phenol/chloroform extraction and ethanol

precipitation. The purified DNA was dissolved in 20 pl of TE.

48



Chapter 2: Materials and Methods

2.2.2.2. Preparation of M13mp19 Smal

20 pg of M13 mp19 RF | DNA (1 png/ul) was added to 191 pl of water and mixed
with 10 ! (100 U) of Smal, 4 pl (4 U) of calf intestinal phosphatase and 25 pl of
10 x Buffer A, and incubated for 5 h at 25°. The linearized, dephosphorylated M13
DNA was purified by phenol/chloroform extraction and ethanol precipitation and

resuspended in water at 0.1 pg/pl.

2.2.2.3. Ligation

2 W of sonicated, end-repaired HHV-7 DNA fragments was added to 9.5 pl of
water and mixed with 2 pl (0.2 ug) of Smal-cleaved, dephosphorylated M13 mp19
RF DNA, 4 pl of 5 x ligase buffer, 2 ul of 10 mM ATP and 0.5 pl (2 U) of T4 DNA

ligase and incubated overnight at 16°. Two 20 pl control ligations were alsp |

employed, 'both lacking HHV-7 DNA fragments and one lacking ligase. The
ligations were diluted to a final volume of 100 pl with water and the DNA was
purified by careful phenol/chloroform extraction and ethanol precipitation. The

ligated DNA was resuspended in 50 pl of water and stored at -20°.

2.2.2.4. Transfection and electroporation

300 ml of L-broth agar was melted in a microwave oven, cooled to approximately
50° and poured into ten 90 mm Petri dishes. The plates were allowed to set and

were then dried open and inverted for 1 h at 37°.

100 pl of competent E. coli cells (DH5a.F’) was added to a precooled 15 ml Falcon
2006 tube, followed by 5 l of ligated DNA. The cells were mixed gently with the
DNA and incubated on ice for 30 min. The cells were transformed by heat shock at
43° for 2 min and placed on ice for 2 min. The transformed cells were then
transferred to 15 ml of top agar containing 50 pl of IPTG, 100 pl of X-gal and 1 ml
of a fresh overnight culture of E. coli DH5alF’ (grown in 2YT broth). The top agar

49



Chapter 2: Materials and Methods

was spread onto the L-broth agar plates (3 ml/plate) and allowed to set for 30 min.
The plates were inverted and incubated overnight at 37° and stored at 4° for up to
20 days. A typical transfection would yield a mixture of blue plaques (phage

without insert) and clear plaques (phage containing insert DNA).

Electroporation was employed as an alternative method of transfecting bacterial
cells. E. coli (DH5alF’) cells were grown to mid-log phase in 400 ml of L-broth,
chilled, centrifuged at 3,000 rpm in a Sorvall RC-5B superspeed centrifuge for 30
min, and then washed extensively with water to reduce the ionic strength of the
cell suspension. The cells were resuspended in 10% glycerol at a concentration of

3 x 1010 cells/ml, frozen in dry ice, and stored at -70°.

Electroporation was carried out according to the manufacturer’s instructions
(Invitrogen). 2 pl of ligated DNA was mixed with 50 pl of electrocompetent cells,
deposited into an 0.1 cm electroporation cuvette, which was electropulsed at 1500
V, with a capacitance of 50 puF and a resistance of 150 Q. 200 pl of a fresh
overnight culture of E. coli (DH5aF’) was added to facilitate transfer of the samples
to tubes containing top agar, IPTG and X-gal, as described above. The top agar
mixtures were spread onto the L-broth agar plates, which were then inverted,

incubated overnight at 37° and stored at 4°.

2.2.2.5. Preparation of DNA templates

200 m! of 2YT broth was inoculated with 2 ml of a fresh overnight culture of E. coli
(DH50F’) grown in 2YT broth. 1.2 ml aliquots were dispensed into six 24 well
plates. Clear recombinant M13 plaques were visualised on a light box and
transferred to the wells using sterile cocktail sticks. The plates were incubated at
37° for 6 h in a humidified benchtop shaking incubator. 1 ml aliquots were
transferred to 1.5 ml microfuge tubes and centrifuged for 5 min at 12,000 rpm to

pellet the bacteria. The supernatants were tipped into fresh tubes, and 120 i of
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20% PEG/2.5M NaCl was added. The samples were mixed vigorously and

incubated overnight at 4°.

Phage was pelleted by centrifugation for 5 min at 12,000 rpm and the supernatants
were aspirated using a water pump. Each pellet was resuspended in 100 pl of TE
and mixed vigorously with 50 ! of phenol/TE for 1 min using a multitube vortexer.
The samples were vortexed twice more with time intervals of 1 h and 10 min,
respectively, between vortexing. Following centrifugation at 12,000 rpm for 2 min,
the upper aqueous layer were transferred to fresh tubes. 250 ! of sodium
acetate/ethanol was added to each tube, and the samples were mixed several

times by inversion and incubated overnight at -20°.

Phage DNA was pelleted by centrifugation for 5 min at 12,000 rpm. The
supernatants were aspirated using a water pump, and the pellets were washed

with 500 pl of 95% ethanol. The ethanol was aspirated using a water pump and
the pellets were air dried at 37° for 30 min, dissolved in 30 pl of TE, and

transferred to 96 well microtitre plates. The plates were sealed and stored at -20°.

2.2.3. DNA SEQUENCING

2.2.3.1. Preparation and deprotection of primers.

Oligonucleotides were eluted from the column matrix in 1.5 mi of ammonia and

deprotected by incubation at 55° for 5 h. The oligonucleotides were lyophilised

overnight, resuspended in 200 pul of water and stored at -20°.

2.2.3.2. Polyacrylamide gel electrophoresis

The purity of freshly prepared oligonucleotides was checked by electrophoresis on

a 16% polyacrylamide gel.

51



Chapter 2: Materials and Methods

Two well washed glass plates separated by 1.5 mm spacers were sealed with 38
mm Scotch electrical tape and secured by two large foldback clips positioned over
each spacer. 125 pl of 25% (w/v) APS and 125 pl of TEMED were added to 50 ml
of acrylamide solution in 1 x TAE. The mixture was poured into the gel sandwich,
and a 20 tooth Teflon well-forming comb was inserted. The gel was allowed to set
for 10 min before the clips and tape were rembved from the bottom of the gel. The
gel sandwich was secured to the electrophoresis apparatus and 1 | of 1 x TAE

buffer was added to the electrophoresis tanks.

5 wl of each oligonucleotide solution was mixed with 5 pl of TAE/formamide
solution, denatured for 5 min at 100°, and cooled on ice for 5 min. The 20 tooth
Teflon comb was removed from the gel and the samples were loaded onto the

wells alongside a 10 pl marker sample of formamide dyes. The samples were

" electrophoresed at 150 V for 3 h until the bromophenol blue dye had migrated half-

way through the gel. The gel sandwich was removed from the electrophoresis
apparatus and the plates were separated. The gel was covered with clingfilm and
placed on a fluorescent screen, visualised by shading under UV irradiation and

photographed.

2.2.3.3. Annealing primer

Annealing reactions were carried out in 96 well microtitre plates. DNA templates
were thawed and vortexed briefly, and 4.5 pl from each template was transferred
to a fresh microtitre plate using an EDP-Plus M-8 pipette. 15 pl of annealing
mixture (225 pl M13 specific primer (diluted 1:1000), 180 pl TM buffer and 1095 pl
water) was dispensed onto the wall of each well using an EDP-Plus pipette. The
microtitre plate was sealed, vortexed and briefly centrifuged in a Beckman GPR

tabletop centrifuge. The plate was incubated at 37° for 30 min and stored at -20°.
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2.2.3.4. Sequencing reactions

Template DNA was sequenced by the dideoxynucleotide chain termination method
based on that of Sanger et al. (1977). Sequencing reactions were performed in 96
well microtitre plates, each plate providing material sufficient for eight sequencing
gels. Annealed DNA templates were thawed and briefly vortexed. 2.5 pl of
annealed template DNA was transferred into each of four wells (for G, A, T, or C

reactions) in four fresh 96 well microtitre plates using an EDP-Plus M-8 pipette.

Four sequencing mixtures sufficient for 96 seq.uencing reactions were made up: 10
ul 0.1M dithiothreitol (DTT), 250 i of the appropriate dNTP mixture (dGTP, dATP,
dTTP or dCTP), 8 pl dATP35S and 2 pl Klenow fragment (diluted 1:15). 2.5 pl
aliquots from these mixtures were dispensed to the sides of appropriate wells
using an EDP-Plus pipette. The microtitre plates were sealed, vortexed and briefly
centrifuged ina Beckmah GPR tébleto'p c‘:entrif'ugé, and ihcdbéted af 37° fof 10
min. Using an EDP-Plus pipette, 2.5 pl of chase solution (containing Klenow
fragment) was aliquoted to the side of every well. The microtitre plates were
sealed, vortexed, centrifuged and incubated at 37° for 10 min. The sequenced

templates were stored at -20°.

2.2.3.5. Sequencing gel electrophoresis

Buffer gradient gels were prepared in pairs or groups of four. For each gel, two
clean siliconised glass plates were polished with 95% ethanol, and the sequencing
gel sandwich assembled around a pair of vertically positioned (0.4 mm) spacers.
The sandwich was sealed on the sides and bottom using 38 mm Scotch electrical

tape and secured with two large foldback clips positioned over each spacer.

60 ml of top gel mixture (TGM) and 12 ml of bottom gel mixture (BGM) were cooled
on ice. 25 pi or 95 pl respectively of 25% (w/v) ammonium persulphate (APS) was
dispensed into the BGM and TGM solutions. The same volumes of TEMED were

also dispensed and the two solutions were mixed.
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12 ml of polymerising TGM were drawn into a 25 ml pipette, followed by 12 ml of
polymerising BGM. The interface was disturbed with a few air bubbles and the
mixture was pipetted slowly into the gel sandwich. Bubbles were dislodged by
striking the glass plates vigorously. The remaining 35 ml of polymerising TGM was
dispensed evenly into the sandwich and bubbles were removed. The gel sandwich
was placed almost horizontally and two narrow 24 lane sharks-tooth combs were
inserted adjacently, 0.5 cm into the gel (teeth uppermost). Three large foldback
clips were positioned to secure the combs, and the gel was allowed to set for 30
min. The clips and the tape from the bottom of the gel sandwich were removed.
The gel was clamped into a BRL model S2 sequencing kit and the reservoirs were
filled with 0.5 x TBE. The combs were removed from the gel and the well was

washed out three times with 0.5 x TBE using a 60 ml syringe fitted with a needle.

Several non-buffer gradient gels were also made. These were assembled
identically to the buffer gradient gels mentioned above but lacked BGM and were

comprised wholely of TGM.

The microtitre plate containing sequenced templates was thawed, and 2.5ul of
formamide dyes were added to each well using an EDP-Plus pipette. The covered
plate was vortexed briefly, placed in a boiling waterbath for 1 min to denature the
samples and chilled on ice for 5 min. The combs were repositioned with their teeth
touching the surface of the gel, and 2ul from each well were loaded onto the gel

from left to right, in the order GATC.

Samples were electrophoresed on buffer gradient gels at 60W until the lower dye
front (bromophenol blue) reached the bottom of the gel (approximately 2 h). The
gel sandwich was removed from the sequencing apparatus, and the glass plates
were separated using the point of a pair of scissors. The gel was soaked three

times with 10% acetic acid for 5 min in a fume hood, transferred onto two sheets of
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3 MM paper, and covered with clingfilm. The gel was dried on a gel drier for 1 hour

at 80° under vacuum and exposed to X-ray film overnight.

2.2.4.0. GENOME ASSEMBLY AND ANALYSIS
2.2.4.1. Reading and assembly of sequences

DNA sequence data were read from the autoradiographs using a computer-linked gel reading
device (Summagraphics digitizer) and were labelled according to template number on the
microtitre plates. The database was compiled by a computer-driven process of overlapping
individual sequences, using version 1.0 of Staden’s sequence assembly package (SAP)
(Staden, 1987). Software was operated in a DEC Alpha 2100 computer.

2.2.4.2. Analysis of the completed sequence

The completed DNA sequence .of HHV-7 RK was manipulated and analysed using -the
Wisconsin package, Genetics Computer Group (GCG) Madison, Wisconsin (Devereux et al,
1984), running on Open VMS AXP, version 7.1. Several of the programs used are listed below.
Assemble was used to construct the genome sequence from the database consensus
sequence. Composition was used to determined the nucleotide composition of the sequence.
Gap was used to align the DNA and protein sequences. Candidate open reading frames were
identified using Frames. Findpatterns was used to identify candidate polyadenylation sites.
Codon usage was examined using Codonfrequency and Codonpreference. Hydrophobicity
profiles were prepared using PepPlot, using the parameters described by Kyte and Doolittle

(1982). DNA sequences were translated using Ptrans (Taylor, 1986).
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3.1. RANDOM SHOTGUN SEQUENCING

Of the complete herpesvirus sequences obtained in this Institute, four (CCV, EHV-1, EHV-2 and
EHV-4) were determined by direct random shotgun sequencing of genomic DNA (Davison,
1992; Telford et al, 1992, 1995, unpublished data). The procedure has been described by
Davison (1991) and involves sequencing by the dideoxynucleotide chain termination technology
(Sanger et al., 1977) large numbers of random genomic DNA fragments generated by sonication
of genomic DNA and cloned directly into bacteriophage M13 vector. The DNA sequences are
visualised by autoradiography following electrophoresis on high resolution denaturing gels, and
“read" using a computer linked gel reading device (usually a digitiser). A database is compiled
using Staden’s sequence assembly program (SAP) (Staden, 1987) and every nucleotide in the
completed sequence is manually checked on both strands and edited by reference to the
autoradiographs. Lastly, the sequence is analysed using programs from Wisconsin Package
Version 9.0, Genetics Computer Group (GCG), Madison, Wisconsin. For this project, given the
limited availability of HHV-7 DNA, the whole pfocedure was tested using HSV-1 DNA until good

quality sequence data was reliably produced.

3.2. PREPARATION OF VIRAL DNA

Viral DNA was produced in the laboratory of Professor Niza Frenkel at the Tel-Aviv university,
Israel, and the procedure is described in Section 2.2.1.1. Four samples of HHV-7 RK genomic

DNA (HHV-7 a to d), totalling several micrograms, were provided by Professor Frenkel.

3.3. PREPARATION OF SEQUENCES
3.3.1. Identity and purity of the DNA

The identity of one representative sample was checked by restriction endonuclease analysis
with Hindlll and Sall, followed by agarose ge'l electrophoresis (Fig. 7). Although the restriction
patterns were somewhat blurred, they appeared to match published profiles (Wyatt and Frenkel,
1992), thus confirming that this sample was HHV-7 RK DNA.

Aliquots of the four samples were assessed for contamination with smaller DNA fragments by

electrophoresis. A few micrograms of full length genomic DNA was detected in each sample
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Fig. 7.H/'ndlll and Sal | restriction profiles of HHV-7 RK genomic DNA .

The EtBr-stained 0.7% (w/v) agarose gel shows HHV-7a DNA digested with  Hindill
or Sa/l. M is a H/ndlll digest of bacteriophage lambda DNA as size marker (kbp). A
is smaller size DNA contamination.
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(Fig. 8). Each sample also contained a much larger amount of smaller DNA fragments. HHV-7b
and d displayed a smear of larger size DNA contamination (smaller than genome size, up to
several kbp), and HHV-7d additionally contained smaller size (100 bp or less) fragments. HHV-
7a and ¢ showed no evidence of larger size DNA contamination, but did contain substantial
amounts of smaller size fragments. Prior to. purification, at least 50% of each HHV-7 DNA
sample was estimated to comprise the contaminating smaller DNA fragments. The provenance
of these fragments was not determined, and they may represent residual genomic or cellular

DNA degraded during treatment of capsids with DNase.

Based on the predicted size of the HHV-7 genome (145 kbp; Black and Pellett, 1993),
completion of the DNA sequence was calculated to require 5,000-5,500 clones (200-230
sequencing gels). A contamination level of 10% (involving an additional 560 clones) might have
been acceptable, but 50% contamination would have doubled the size of the task. Thus, starting

with DNA that was as pure as possible was fundamental to the efficiency of the project.-

3.3.2. DNA purification

One sample of genomic DNA (HHV-7a; cytoplasmic fraction), which was heavily contaminated
with fragments smaller than 100 bp (Fig. 8), was purified by precipitation using 8% polyethylene
glycol (Section 2.2.1.5.). This step effectively removed the contaminating DNA (Fig. 9). An
attempt was made also to purify the remaining samples (HHV-7b, ¢ and d), by centrifugation on
a glycerol gradient, as described by Van Zijl et al. (1988), but only a very small quantity of full-

length DNA was finally recovered (data not shown).

3.3.3. Fragmentation of the DNA

It was important to start with fragmented DNA of an appropriate size (400-700 bp). If the
fragments were too large they would not ligate efficiently into the M13 vector, and this would
have increased the amount of effort needed to generate the required number of clones. Equally,
if the fragments were too short, more M13 recombinants would have contained multiple inserts,

and this would have increased the number of non-contiguous sequences in the database.
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Fig. 8. Status of HHV-7 strain RK genomic DNA

The EtBr-stained 0.7% (w/v) agarose gels show untreated HHV-7 a to d. G is full length
genomic DNA, A and B are smaller and larger size contaminants, respectively, M1 and
M2 are 123 bp and 100 bp DNA ladders as markers.
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Fig. 9. Purification of HHV-7 RK genomic DNA.

The EtBr-stained 0.7% (w/v) agarose gel shows PEG-precipitated HHV-7 RK
genomic DNA. G is full length genomic DNA precipitated by PEG, and A is
small size contaminants. M is a 100 bp DNA ladder as markers.
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50 Wl of purified genomic DNA from sample HHV-7a was fragmented by sonication. 5 pl of
sonicated DNA was visualised by electrophoresis to assess the extent of fragmentation, and a
sufficient proportion of the DNA was found to be close to 600 bp in size (Fig. 10). The remaining
45 nl of DNA was electrophoresed on an agarose gel, utilising a 100 bp DNA ladder as a
marker. The agarose gel was divided into two halves and the half containing the marker was
stained with EtBr. The gel was reassembled and the marker visualised by long wavelength UV
irradiation. Sonicated HHV-7 fragments in the range of 400-700 bp were excised from the gel
(Fig. 11), and purified using a Geneclean Il kit. The purified DNA fragments were resuspended
in 50 wl of TE, and an aliquot of 5 pl was visualised by electrophoresis to assess recovery (Fig.
12).

3.3.4. End repair and ligation

In order to clone the sonicated DNA fragments into the vector it was necessary to repair any
ragged ends. The fragments were treated with T4 DNA polymerase in the presence of the four
dNTPs to produce flush ends, and ligated into dephosphorylated Smal-cleaved bacteriophage
M13 mp19 RF | DNA.

3.3.5. Transfection and electroporation

DNA templates were generated by transfection of ligated DNA into E. coli DH5alF, as described
in Section 2.2.2.3.. A typical transfection yielded a mixture of blue (M13 phage lacking insert)
and clear plaques (M13 phage containing HHV-7 insert DNA). Plaque numbers were invariably
low, probably as a result of the small amount of HHV-7 DNA in the ligation. In an attempt to
enhance the yield, electroporation was employed as an alternative. It was not, however, more

efficient. In total, approximately 600 clones were made by electroporation.
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Fig. 10. Status of randomly fragmented HHV-7 RK genomic DNA.

The EtBr-stained 0.7% (w/v) agarose gel shows HHV-7 DNA randomly
fragmented by sonication. M is a 100 bp DNA ladder as markers.
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Fig. 11. Recovery of 400-700 bp fragments from randomly fragmented HHV-7
RK genomic DNA.

The EtBr-stained 0.7% (w/v) agarose gel shows randomly fragmented HHV-7 DNA following
excision of the 400-700 bp fragments. M is a 100 bp DNA ladder as marker.



Fig. 12. Recovered 400-700 bp fragments of HHV-7 RK genomic
DNA.

The EtBr-stained 0.7% (w/v) agarose gel shows 400-700 bp randomly generated
fragments of HHV-7 RK DNA (F), M1 and M2 are 100 bp DNA ladders as markers.
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3.3.6. Growth of recombinant phage

Growth and harvesting of clones was usually spread over three days, and clones were
processed in sets of 144. On the first day, clear plaques were picked from agar plates, and
recombinant phage was grown in small cultures of E. coli and precipitated overnight by PEG
precipitation. On the second day, phage was pelleted and template DNA extracted using phenol,

ethanol precipitated and resuspended.

Initially, 5,200 templates were generated, but this number proved to be insufficient owing to a
significant number of poor quality templates. A further 1,800 templates were prepared and
sequenced in order to bring the project to a successful conclusion. This brought the final number

of templates to approximately 7,000.

3.3.7. Sequencing

Typically, templates were sequenced in batches of 96.or 192. Templates were loaded on gels in
batches of 24, and the gels were run in groups of two, four or eight. In total, about 290
sequencing gels were involved in the project. Autoradiographs were read into a computer using
a Summagraphics digitizer and an average of 207 nucleotides were obtained from each
template, although sequences of over 300 bp were not obtained uncommonly. Rare templates
with very short inserts (less than 30 bp) were ignored, along with poor quality sequences. The
templates were stored in 96 well microtitre plates (74 in total). Each plate was divided into four
sections (1-4) which corresponded to four sequencing gels, each accommodating 24 templates
(1-24). Thus, in the database, reading 14_4.12 was for example the sequence generated from
template 12 in the fourth quarter of plate 14. Thus, every sequence in the database was easily

associated with the template and autoradiograph from which it was obtained.

3.4. ASSEMBLY OF THE DATABASE

The database was compiled with the aid of Staden’s sequence assembly package (SAP;
Staden, 1987), which facilitates computer-driven overlapping of individual complementary
sequences. The general stages in the assembly of the sequence database are summarised
below. Assembly of reiterated sequences presented unusual problems and is discussed in
Section 4.2.7.
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3.4.1. Initial assessment of DNA templates

In the initial stages of the project, a check was made on the quality and identity of the templates
by entering approximately 200 sequences into SAP. A number of encouraging observations
were made: the sequences were of an appropriate length; the number of overlaps between
sequences was empirically similar to those found at the same stage in previous herpesvirus
sequencing projects (Davison, 1991); several sequences contained a short reiteration
(TAACCC) characteristic of the telomeric repeats of HHV-6 and HHV-7; and some sequences
evidently originated from the HHV-7 major capsid protein gene (Mukai ef al, 1995). These

observations provided reassurance that the majority of templates contained HHV-7 DNA.

3.4.2. Automatic input of sequence data

The progress of the assembly of the database is charted graphically on Fig. 13 and recorded in
Table 4. Before being added to the database, sequences were checked for the presence of M13
vector sequence. Once entered into SAP, e.ach batch of new sequences was automatically
screened against those already in the database, with four potential outcomes. Each new
sequence would: match and be joined to a stretch of contiguous sequences (contig) in the
database; not match the database and be added as a single sequence contig; overlap a contig
but fail to meet the entry criteria, and be rejected as a poor match; or match, and thus join, two
contigs. Entry criteria included the minimum size of overlap between sequences (15 bp), the
maximum percentage of non-matching nucleotides and number of padding characters needed to
optimise the match. These criteria could be adjusted, but in the majority of the project were 15
bp, 12% and 8 characters, respectively. An example of entry of a single sequence resulting in
the joining of two contigs is shown in Fig. 14. The new sequence overlapped two contigs and
was added to the end of the contig with the closest match. The elongated contig was then
compared with the second contig, in order to reassess the quality of the overlap, and the two

contigs were joined.

A significant number of overlapping sequences were refused automatic entry into the database,
even under the most relaxed criteria, owing to the accumulation of errors in the database. By

necessity these sequences were entered manually (stage A in Table 4 and Fig. 13).
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Fig. 13. Database assembly
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Fig. 14. Entry of a single sequence into the HHV-7 database

A- new sequence (dp65_1.24)

B- 1st contig (4370) matched by the new sequence

C- details of the closeness of the match

D- display of the match

E- 2nd contig (3902) matched, and details of the closeness of the match
F- display of the match

G- new sequence joined to the end of 1st contig

H- new sequence and 1st contig match 2nd contig

J- display of the match

K- contigs joined (by the new sequence)
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Screening the contig ends - To reduce further the number of contigs in the database,
sequences from the ends of each contig were compared against the whole database to
ascertain whether any contigs could be joined (stage B in Table 4 and Fig. 13). Also, the
autoradiographs from which the sequences at the contig ends had been obtained were carefully
re-examined by eye with the aid of a light box, and many sequences were extended. These
extended sequences were instrumental in promoting contig joining (stage C in Table 4 and Fig.
13).

Database assessment - By this stage, the database was in an advanced state. Although there
were still a relatively large number of contigs, only eight contained more than two gel readings
(multiple sequence contigs), and ranged in size from 300 bp to 46.5 kbp. The remainder (126
contigs) were all single sequence contigs except one, which contained two sequences. Although
a few single sequence contigs overlapped poorly with the multiple sequence contigs, most did
not match, even under the most relaxed conditions. In addition, the ends of three of the multiple
sequence contigs and the middle of a fourth contained reiterated sequences. These were in

various stages of organisation and were by no means complete.

Final joins - In order to assemble the multiple sequence contigs, several appropriate templates
from the contig ends were resequenced and electrophoresed over an extended period on gels
lacking a buffer gradient, in an attempt to produce elongated “reads" that might overlap other
contigs. To extend these data, customised primers (Table 5) were also made to match
sequences at the contig ends. The combined use of theée approaches allowed the remaining
multiple sequence contigs to be assembled into one large contig (Fig. 13 and stage D in Table
4).
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Table 5. Custom oligonucleotide primers used to extend sequences
in order to join contigs.

Primer Sequence Location’

P503.01 CCC AAT GAG TAC ATT | 69970-84

P762.18 . | AAT GAC TGT GAC AAA | 114893-907

P494.06 ACC GTA TTG GTA cA"If' 1 14293953

PI8107a | GAT GAA AGA TTT cTA | 11532236

PIBL.OTb | = ACA TCG ATA CAT Gaa | 11518498

P113.17a GTC GGT GAA TGT AGA |  25980-94

- P113.17b ATT'.ATA c'i?A GCA GAT | “‘2‘575‘2-66

P33 | Gar orc TAT Acc ATC | 4625115

P423.23b | ATA GAT AGA GCT GAA | 46440-54

P494.10 | CAA TTT ACA CAT AGA | 6976983

P514.15 | CAG TTA ATG 6 ccA - | 5177791

PA91.24a | TTG CCT TTA AAA GAA | 25438-52

P49124b | AGG AAG CAC TAC ACC | 2556377

P69221 | AAT AAC ATT GTT ’c”;A'c 1l ~1‘_’46829§43‘

P634.03 | . ATG GAT CAT AGA GTA | 5101529

P741.07 | CAT ATC ACA GTG AGA |  51355-69

*Location of the primer in the completed HHV-7 RK genome (bp), regardless of strand.
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3.5. ASSEMBLY OF REITERATED SEQUENCES

Four regions containing sequences reiterated in head-to-tail orientation were observed within the
database: R1, R2 and two sets of telomeric reiterations (T1 and T2). None of the regions

assembled readily in the database and each had to be dealt with individually.

3.5.1. R2

R2 involved 71 sequences, each containing all or part of a 105 bp reiterated sequence. Although
very similar, the reiterations were not identical and displayed nucleotide substitutions, deletions
or insertions. Three approaches were attempted to determine the order of the reiterations.
Firstly, a special database was created specifically for the R2 sequences. The SAP algorithm,
however, lacked the sensitivity required to assemble automatically so many almost identical
sequences. Secondly, each sequence was screened against the others to provide information
about how they overlapped. These data were then transcribed onto a series of cards to produce
a "jigsaw", each carrying one sequence name and the names of the sequences it could overlap.
Eventually, most of the sequences were matched, by eye, to one of two groups. Unfortunately,
the two halves of the "jigsaw" could not be joined and the arrangement of the reiteration
remained incomplete. Eventually, assembly of the R2 sequences was completed by making
sequence alignments by eye in a simple computer text file. Differences between the 105 bp
reiterations made it possible to group overlapping sequences, and then to join groups together.
During this process all of the sequences were checked against the autoradiographs and many
sequences were extended. Also, templates were resequenced to lengthen some sequences.
The sequences were assembled successfully and the arrangement of the 105 bp reiterations
was determined. The completed sequence of RK reiteration R2 can be seen in Fig. 15,

alongside its counterpart in Jl.

3.5.2. R

The Rt array has a structure like that of R2, but contains fewer reiterations and involved fewer
sequences. Hence the sequence was readily determined in a manner similar to that used for R2.
The completed sequence of RK reiteration R1 can be seen in Fig. 16, alongside its counterpart
in Jl.
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ATTTAAATCTTTGARA.CRA,
ATTTAAACCCGTGAAAACAA.
ATTTTAATATGTGAAAACAA.
ATTTAAACCCGTGAAAACAA.
ATTTAAACCCGTGAAAACAA.

ATTTAAACCCGTGAARACAA
ATTTAAACCCGTGAARACAA

ATTTAAACCCGTGAARACAA.
ATTTAAACCCGTGAAARACRA.
ATTTAAACCCGTGAAAACAA.
ATTTARACCCGTGAARACAA.
ATTTAAACCCGTGAAAACAA.

CAGGAATTGCGGTTGTCTTCTCAGCAAGTTCTACACATTCCCACTCGCT TTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTACGGGTTCTCACCCG. TTTAGGCAGGAAAGACCCCAACCACATAACCCACTAAC
CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTACGGGTTCTCACCCG. TTTAGGCAGGARAGACCCCAACCACATAACCCACTGAC
CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGAGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGARAGACCCCAACCACATAACCCACTGAC

. CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
. CAGGAACTGCGGTTGTCTTCTCAGCAGGTTTTATGAGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA.
ATTTAAACCCGTGAARACAA.

CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTACGGGTTCTCACCCG. TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC

I+ 4+ % % % * »

CAGGAACTGCGGTTGTCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC -

CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGATTCTCACCCG . TTTAGGCAGGAAAGACCCCGACCACATAACCCACTGAC
CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG. TT . AGGCAGGAAAGACCCGAACCACATAACCCACTGAC
CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGT TCTCATCCG . TTTAGGCAGGAAAGACCCCGACCACATAACCCACTGAC
CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGTAGGAAAGACCCAGACCGCATAACCCACTAAC

ATTTTAATATGTGAAAATARACAGGAACTGCGGTTATAGTTTCAGTACATTCTAGAGATTACATCCTG . CTAAGGCGAAAAACACTTTAACCGCAAAAGCCACTGAT
TTTTAAACTTGTGAARATAA . CAGGAA

* ATTTARATCTTTGAAA . CAA . CAGGAATTGCGGTTGTCT TCTCAGCAAGT TCTACACATTCCCACTCGCTTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC

ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTACGGGTTCTCACCCG. . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTAAC
ATTTTAATATGTGAAAACAA , CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTACGGGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGAGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGARAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGRACTGCGGTTGTCTTCTCAGCAGGTTTTATGAGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGARAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGTCTTCTCAGCAGGTTTTATGAGTTCTCACCCG .. TTTAGGCAGGARAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGAGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGTCTTCT CAGCAGGTT TTATGAGTTCTCACCCG. TTTAGGCAGGAAAGACCCCAACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGAAAGACCCCAACCACATAATCCACTGAC
ATTTAAACCCGTGAARACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGCAGGAAAGACCCGAACCACATAACCCACTGAC
ATTTAAACCCGTGAARAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCATCCG . TTTAGGCAGGAAAGACCCCGACCACATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCG .. TTTAGGCAGGAAACACCCAGACCGCATAACCCACTGAC
ATTTAAACCCGTGAAAACAA . CAGGAACTGCGGTTGACTTCTCAGCAGGTTTTATGGGTTCTCACCCG . TTTAGGTAGGARAGACCCAGACCGCATAACCCACTAAC
ATTTTAATATGTGAAAATAAACAGGAACTGCGGTTATAGT TTCAGTACATTCTAGAGATTACATCCTG . CTAAGGCGAAAAACACTTTAACCGCAAAAGCCACTGAT
TTTTAAACTTGTGAAAATAA . CAGGAA

Fig. 15. The structure of the R2 reiteration in HHV-7 strains RK and JI.

Nucleotides differing from the consensus 105 bp sequence are displayed as bold characters.

* Counterparts found in both strains, in identical positions.
+ Counterparts found in both strains, in different positions.
— No counterpart found in the other strain.
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RK

ATGTACATATTACATAATATATGCTAGTAAATGATTACATGCACTAGTAAATATTTGCACATGCTAATGTGTTCATGTGGGTAT
ATGTACATATTACATAATATATGCTAGTAAATGATTACATGCACTAGCATATATTTGCACATACTAATGTGTTCATGTGGGTAT
ATGTACATATTACATAATATATGCTAGTAAATGATTACATGCACTAGCATATATTTGCACATACTAATGTGTTCATGTGGGTAT
ATGTACATATTACATAATATATGCTAGTAAATGATTACATGCACTAGTAAATATTTGCACATGCTAAT

JI

ATGTACATATTACATAATATATGCTAGTAAATGATTACATGCACTAGTAAATATTTGCACATGCTAATGTGTTCATGTGGGTAT
ATGTACATATTACATAATATATGCTAGTAAATGATTACATGCACTAGCATATATT TGCACATACTAATGTGTTCATGTGGGTAT
ATGTACATATTACATAATATATGCTAGTAAATGATTACATGCACTAGCATATATTTGCACATACTAGCATATATATGTAAT
ATGTACATATTACATAATATATGCTAGTAAATGATTACATGCACTAGTAAATATTTGCACATGCTA

Fig. 16. The structure of the R1 reiteration in HHV-7 strains RK and JI.

Nucleotides differing those in the first repeat (84 bp) are displayed as bold characters.
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3.5.3. T1 and T2

T1 and T2 comprise arrays of a simple hexameric element (TAACCC) which is similar to human
telomeric sequences, plus a total of 34 types of related element, mostly hexanucleotides but
some longer (Table 6). The telomeric arrays are quite different from R1 and R2. The reiterations
are small and numerous and, to complicate matters further, are split between two loci near either
end of DR. Neither T1 nor T2 was successfully assembled using SAP. As the telomeric
elements varied in sequence, the approach used to resolve R1 and R2 was attempted.
However, the large number (229) of separate sequences and reiterated elements therein made
assembly by eye difficult. Thus, it was essential to simplify the data. This was done by
representing each type of reiteration as a single character. The predominant element (TAACCC)
was represented as a dash, and related elements were designated as letters or symbols (listed

in Table 6). This made overlapping the sequences by eye much easier. As with R1 and R2,

- overlapping sequences were-grouped, and then the groups were linked together.

Of the two telomeric reiterations, the region atthe right end of DR (T2) is the smaller, containing
148 elements. A single solution which included all of the telomeric reiterations from this region
was obtained quickly, and is displayed in Fig. 17. Unfortunately, assembly of the larger telomeric
reiteration (T1) at the left end of DR, which apparently contains 663 elements, proved more
difficult. Every sequence was checked manually and many were extended by eye or by
resequencing before a solution was reached. The solution was the best that could be obtained
from the available data, and is displayed in Fig. 18. It should be noted, however, that a few (less
than ten) random sequences could not be incorporated. Differences between the telomeric

reiterations of RK and JI are described later (Section 3.9.1.) .
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Table 6. Telomeric repeat elements in HHV-7 RK, and the code used for their
assembly.

Repeat’ Letter code

TAACCC
TAAGTC
TAGCTC
TGACCC
CAGCCC
CAACCC
TAAGCC
TAAACC
GAACCC
TAGCCC
TAAGTTCACCC
TAGGGCTG
TAGGTC
CGGCCC
TAAATC
TAGCTGC
TACCCT
AATCCC
AACCCC
AATCCG
AATCTC
GATCCC
TAATCC
AAACCC

afml =] =l ==l <] alwlslol vl el =|alzlolslolalw

- TAACCG
TAACCT
TAACCA
TAGGCC %*
TCACCC (rare repeats)
TTAGCCC ‘
CAATCC
TAACTC
TAAGTT
TCACTG -
TAACAC

“The repeat elements appear as they do in the genome sequence, and are complementary to the classic
GGGTTA repeat.
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—* L* =L-C* C* D* ~H-* CP-~* DD-QS-L-222L-0S-L--LOSJ---S--QS--QSKL-~LQSK
L--LQS--LQSJ-LOS--0S~-QS--QSK--—-~ U-0S--0SK---0S--0S~-* 0S-—---QSKL

JI

—* L¥ ~L,—C* C* D* ~H-* CP~~* DD~* S-L--23L-QS-L---QS--QSK----QS~~QS--QSK~
-=QS~-0S~=*QS=-==QSKL~=DD========== ===

Fig. 17. The structure of the telomeric array (T2) from the right end of DR in HHV-7
strains RK and JI.

The telomeric repeats are represented by a letter code, which is displayed alongside the repeats
in Table 6.
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JI

——=-CH-E~-CH-G~C***C

Fig. 18. The structure of the telomeric array (T1) from the left end of DR in HHV-7
strains RK and JI.

The telomeric repeats are represented by a letter code, which is displayed alongside the repeats
in Table 6.
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3.6. EDITING THE DATABASE
3.6.1. Removal of single contigs

The sequence was completed without inclusion of the single sequence contigs. A very few short
or poor quality single sequence contigs appeared to contain HHV-7 DNA inserts, as evidenced
by partial matching of their sequences with the multiple sequence contig. However, the majority
matched neither the multiple sequence contig nor each other, and were assumed to comprise
cellular DNA. Thus, following entry of the completed reiterated sequences into the database
(described above), the single sequence contigs were removed and the number of contigs was
reduced to one (Fig. 13 and Table 4).

3.6.2. Editing the database

A paper copy of the single multiple sequence contig was printed, and every nucleotide in the
sequence was checked (on both strands) by reference to the autoradiographs. There were -
many areas of uncertainty, and each was resolved by checking all the sequences in the region
against the autoradiographs. Regions for which data were obtained on only one strand were
examined particularly closely during editing. Finally, remaining ambiguities were resolved by
analysis of specific templates from both strands using the universal or custom primers. Figs. 19

and 20 display the resolution of four typical errors in the database.

To correct the errors in the database, it was necessary to work from right to left along the contig,
since following every correction the sequence to the right was renumbered by SAP. Manual
correction of errors was time-consuming, and so corrections were entered using a batch file
which could be left to run unattended. In all, the sequence was determined an average of 8.2
times per nucleotide, and 97% was determined on both strands. In addition, the proportion of
random sequences obtained that did not match the final genomic sequence indicates that the
DNA was 97% pure.

64



2 1

-LGS4 <455 .i. 13
~3m de9__s.03
—12133  d30__3,17
-3313 clGc!,&. ell
1..548 049 4.07
507  cx33_4.CH
3G58  dG9._I. 11
—676  d44_3.13
d3& <2.15
-aaai df.yJBLﬂi
3449 <340__3.11
—1034  d35_1.13
-3709  cl69 4. Oc!
—3313 dea~2.ei
-£>846  cl49_4.07
507  d.53,4.22
cf69_1. 11
676 U44 3 .13
336G d36,2.15
3861 d23,,2.16
5449  d40™3. il
353.1 (174 4.15
co—
-

-3913 at*a2.21
",3648  d49,4.07
507  dTXJ 4.22
3656  d63_1.11
-878 3.13
33fcw6  <i36.,2.16
~ami  (:u;9E. 16
#<2449  d40,_3,11
3831 d?4 4.16
—1486  d12 1.06
315 d27_2..04
-1&t20  dl14 2.02

COSSGHGUS
-3918  d62__2.21
507  d33_4.22
3658 d69,1.11
878  d44_3.13
2366  d.¥X 2. 16
wen2381  d29_2.16
2449  cl40_3.11
3291 d7474.15
-1 4SG d12 1.06
216 d27,2.04
“1620  d14..2.02
~¥137  di4 1:17
3591 dé<i 1.16

XGNSENSliy

55460 55470 54.80, 55430 55500
RFAALOGRAAAE qCHT rGT(:>WH'0¥4rt¥ rrr-TTAijrcGrn'TftG
ARIMASAGEINo*T rarcmirttyiArflc rTrABTtasTTrroG
¥¥¥C|W¥¥¥¥¥éffttT ron;Ai ¥e«ifx: mTT«3TTG ITTTft
A 33RAANACHT 1(j I'CRt FYYOYTIN '™ TTnTAGT
AmCGfIGAMOA'r-IBrCATY-¥0Ar« rrmrT«BiTCGrrrr«3
TR RARACAr ron:mmcAft TAI rTmMAGTCGT11T«S
YEYCGAGR¥ ¥ bO il r'GICA ti-VKXVVI'f rrTTmjrarrrn
AR XSGR OYT TGTCRTRAGH TG rnTmSTGGTTTTAG

ftIT M T«GTasTTTT«G

mTTfiBTOQTn'TAB

rerrmHOGTTTTft(j

nTTTAGTOSTTTTAG
555 XO

55540
1¥n o)l (o]

«"Tcneifloe'rmTcn'ecT (*oftiicTC3ATc» Te
AAATCTGAiIGGTAATCTGCTGGTQATTCTGATQAATG *«-*TTTf"fGC 3ftTA
it TCTCTAGGTWCTGCGIN.SAT1-CTGAT rAATE N TNTC H TpAT ft
mMATCTCAMTWICTGCTGTRWTCTBATCAATG rrGTTE*-**C 3ATA
AAATCTGAGGTAAYCTGCTGTGHTICTGATCAATG 16 | | GAVT¥i (ft
AATCU¥E3ermrcTGerGrrwTTCT'GATa TG GTfTCc***C 3ATA
¥A7Gvria A 'rm T CTGCx'G-r-rc’Trcigatcaatgi TGT 1CWAHtCJJATA
AWTCTCJ«3GTAATGTGCTGTTGATICT'UA7 GAATC FDBIID™C 31tift
f¥¥yIGTQAGBTAAYCT("T6TTGRTICTGATGAATC> [TGIT C**¥ IiftTft
(30Tm7G7-GCIG71GATTCTDATCATG CTGTrC***C 3ATA
AAA (1.i GMGGTAA ICII13CTGTTCiftTrCTGATCAATG irr6 TTC***C SATA

55580 65570 55560 55530 65600
(ijitgﬁ% TGGGQAGAC' VTFCX 1TCACAAAAC FCATAGAGT 1TAGAGGAAG
1130
A TGGCAACAC; TTACC .ITO¥. X*¥¥*:: I'CHCHGHGI-I |AGAGGAAC
O ]M‘\wl IfXXi FCACAAAAC rmm GAGHfti TAGAGGAAG
40ACGAA 11 ACCTTCACAAAAC"'CCHCHGHVIftT' | AGAGGAAC
liftCGAft reaxvicftc TTRCCTTCACAAAAC ia-¥iftGftGr-vi TAGAGGAAC
GItC(3Aft 7GGCAACAC'NIacc: | fCACAAAAC | (FENEMEMN rAGAGGAAC
’.Cad:‘AALI'GGCAACAC 11f ¥11rreecAAAAC ITCAGAGRGAT TAGAGGAAC
cacaaa 1'GeemcAcr TTHCC T fORCIYAAAE 11'CACHGAGHT TAGAGGAAC
%l |ICAGAGAGATTAGAGGAAC
AGAr TAGAGGAAC

AC
(A T (AN (REX e ARAL IO CE ' (eft (i rity»BGRRE;
55t¥-0

oxrn

ftitTn KYIXIR/VGuI #fTATATT rr
ftFtTTI x ACGATGTGGT T fIW ffIT rCF\GAAT

sertTTT ¥ ACGAIGIGAT it THTHTT FCAGAAT ITDAHiftGTTCGTGITHTA
ftA'nx * AUGRHIAOK: St 1t 1t 1 1CAGAAT | TOQACAGTTCGTG

m m  OGBAGBE [THTATATT IICAGAAT (fia ¥¥Iftt;IC GrG TTH'Tft

ivirri *»¥C(}..7é(f‘.6GGTT ATATATT IQ-tIAAT nXXFtCAGTTCGTGTT'ATft
ftftrn 4 ¥[¥j X TATATATT fCi¥ ¥¥Y'f ri'f. XIftCftGI'ICX3TG 7mi'ft

fIfilITT YX3AFGTGGITffTATATT rCAGAAT IT CX2ACAGTTCGTGTTATft

PR XA T G(CIt VWYY XKY Y

XDcO 56530

5553.0 55X30 55640 wvX.iXi

MM VI 03ATGTGGT TRTHITATT TCAGAAT TTCCHRC5AGTTCGTGTTHTIt
>¥ii r{  0:.m GTGGT TATATATT fCAGAAT rraii' X ftGirmrGirft Tft
GreGrefi'i'Ali'ft

1 frt I'ft

i-¥iin ¥JGATGTGBTTATATATTTCAGHtftl rra."¥¥*=»GTixxn G TiAi'ft

Fig. 19. Four unedited errors in the database.

The errors are all of a similar nature. A contains several sequences that are
incorrect and B requires correction of two sequences, whereas C and D require
single nucleotide deletions. 1 are the names of individual sequences and 2 are
their SAP designations; sequences in the complementary strand are denoted
with a dash. Asterisks are padding characters entered by the program.
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Fig. 20. Correction of four errors in the database (see Fig. 19).
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3.6.3. Errors in the sequence

At this stage, and not before, the completed sequence was compared to that of HHV-7 strain J!
(Nicholas, 1996), using the Gap program. The RK sequence differed from that of JI at
approximately 200 positions. These positions were then reassessed carefully, by reference to
autoradiographs as well as by resequencing templates when appropriate. As a result, 35 errors
were identified in the RK sequence and corrected. The nature of these errors and their locations
in the RK genome are listed in Table 7. Errors were located in regions of the genome that had
been sequenced on one strand only or were covered by a single sequence, although several
were located within compressions (aberrant migration of partially base paired sequencing

products).

3.7. THE HHV-7 RK GENOME SEQUENCE

The structure of the HHV-7 genome comprises a long unique sequence (U) flanked by a direct
repeat (DR). However, the database contained U flanked by portions of one copy of DR, since
no evidence of differences between the DR sequences emerged when compiling the database.
Thus, in order to construct the genome sequence from the database consensus, it was
important to define the DR sequence. This was accomplished by locating by eye the ends of the
genome, which also correspond to the U-DR and DR-U junctions. It is rare for the ends of two
random sequences to map at the same nucleotide, in contrast to sequences from the ends of
the genome. Thus, the genome ends, which are shown in Fig. 21, are denoted by a sharp

change in contig depth at two specific points in the database.

The right genome end of RK (Fig. 21a) is identical to that of JI, but the left end is one base pair
shorter, containing six rather than seven C residues (Fig. 21b). Most clones from the left
terminus had six C residues and none had seven. As fragments were end-repaired prior to

ligation, no information was obtained on unpaired nucleotides at the genome termini.

The HHV-7 RK genome sequence was reconstructed from the database consensus sequence
using the Assemble program. The sequence is 153,080 bp in length, and comprises U (133,012
bp) flanked on each side by a copy of DR (10,034 bp). Overall, the genome contains 36% G+C,
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Table. 7. Errors in the DNA sequence of HHV-7 strain RK

" Position (bp) Difference® I Sequence ORF
cha_nge
HHV-7 RK HHV-7 J1 | RK JI
82197151251 /143316 DA - non-coding |

Il 82427151274 /143338 ID - T non-coding |
14051 9830 D 3 C U4
18376 14156 S G T U8
18996 14776 D - G ~U10
25580 21361 1D - G Ul4

25389 21372 D - A Ul4

[—aa347 40131 D - G 130
45463 41247 D - A U31
45493 41278 ID N A U31
45499 [ 41285 S G A U31
56906 I 52692 1D - A U38
60250 56044 ID A - U39
60886 56670 1D - C U39
67391 63674 D G - U42
678934 63676-7 MS GG AA U42
73804 69677 S A C U47
74201 69984 - D G . U7
78657 74440 ID - A U50
34842 80618 D - G U55A
591135 86913 D - G U57
106813 102592 D - T 073
106819 102598 1D - T U73
110369 106150 S C G U75
11289] 108672 1D - T U77
114913 110698 i) - A U77
1149314 || _110717-8 D —- TG U77
114936 I 110720 S G A u77
123110 || 118897 D G - U85
125010 || 120784 ID - T U86
129563 || 125349 - S T G__ || mon—coding

® 1D is insertion or deletion, S is substitution and MS is multiple substitution.



DR U
I
6159 6169 6179 6189 6199
-4516 td47_1.15 GCGCGCAGCACTCAGTGAAAAACA
-4514 td44_4.02 *C*CGCAGCACTGAGTGAAAAACﬁ
-4518 td46_4.14 TCGCGCAGCACTGAGTGAAAAACA
-4558 d34_1.10 GCGCGCAGCACTCAGTGAAAAAC
-4503 td76_3.10 GCGCGCAGCACTCAGTGAAAAACAAGTTTGTGCACGAGAAAGACGCTGCC
-4510 tdl4_3.21 GCGCGCAGCACTCAGTGAAAAACA
-4513 td46_2.05 TCTCACATCACTCAGTGAAAAACA
-4557 dl10_3.16 GCGCGCAGCACTCAGTGAAAAACA
-4509. td4_4.20 GCGCGCAGCACTCAGTGAAAAAC
-4515 td38_1.07 GCGCGCAGCACTCAGTGA
-4504 td32_4.21 GCACGCAGCACTCAGTGAAAAACﬁAGTTTGTGCACGAGAAAGACGCTGCC
-4506 td73_3.24  GCGCGCAGCACTCAGTGAAAAACACCGTTTCGTATTTCAAATCCTAAATA
-4512 td73_2.17 GCGCGCAGCACTCAGTGAAAAAC
-4500 tdé6l1_3.24 GCGCGCAGCACTCAGTGAAAAACAAGTTTGTGCACGAGAAAGACGCTGCC
-4560 d65_2.22 GCGCGCAACACTCAGTGAAAAACNAGTTTGTGCACGAGAAAGACGCTGCC
-4501 td66_3.23 GCGCGCAGCACTCAGTGAAAAACAAGTTTGTGCACGAGAAAGACGCTGCC
-4505 td29_2.11 GCGCGCAGCACTCAGTG. GTTTGTGCACGAGAAAGACGCTGCC
4508 td62_1.23  GCGCGCAG*ACTCAGTGAAACACAAGTTTGTGCACGAGAAAGACGCTGCC
-4499 td15_2.21  GCGCGCAGCACTCAGTGAAAAACH*GTATGTGCACGAGAAAGACGCTGCC
| -4370 ED71_2.20 CAGCACTCAGTGAAARACAAGTTTGTGCACGAGAAAGACGCTGCC
| CONSENSUS GCGCGCAGCACTCAGTGAAAAACAAGTTTGTGCACGAGAAAGACGCTGCC
| DR/U junction
:
S
|
| U | DR
|
g 139160 139174 139180 139190 139200
| 4389 ED12_3.14 CTTTATGTGCAGGCTTATTCCCCCCCGTTTCGTATTTCAAATCCT
} 4390 ed79_2.10  CTTTATGTGCAGGCTTATTACCCCCCGTTTCGTATTTCAAATCCT
: 4473 tde5_2.04 CTTTATGTGCAGGCTTATTCCCCCCCGTTTCGTATTTCAAATC*TAAATA
i 4474 td69_1.02 CTTTATGTGCAGGCTTATTCCCCCCCGTTTCGTATTTCAAATCCTAAATA
l 4476 'td44_3.11 FCCCCCGTTTCCTATTTCAAATCCTAAATA
| 4477 'td52_3.09 CCCCCGTTTCGTATTTCAAATCCTAAATA
[ -4475 etdl0_3.12 FCCCCCGTTTCGTATTTCAAATCCTAAATA
l -4478 td46_3.09 CTTTATGTGCAGGCTTATTCCCCCCCGTTTCGTATTTCAAATCCTAAATA
i 4479 td43_1.08 | CCCCGTTTCGTATTTCAAATCCTAAATA
; 4564 d14_2.15 TTTCGTATTTCAAATCCTAAATA
' 4480 td32_3.09 l CGTATTTCAAATCCTAAATA
[ 4481 td36_2.01 CGTTTCGTATTTCAAATCCTAAATA
: 4482 td44_2.18 | cccccerrre*rarTTcaraTcoTARATA
| 4483 td33_2.16 | GTTTCGTATTTCAAATCCTAAATA
: 4484 td25_3.20 CCCGTTTCGTATTTCAAATCCTAAATA
| 4485 td47_2.02 [CCCCCCGTTTCGTATTTCAAATCCTAAATA
| 4486 td73_3.18 TATTTCAAATCCTAAATA
% 4487 td19_1.17 | TATTTCAAATCCTAAATA
% 4563 d71_4.22 CGTTTCGTATTTCAAATCCTATTTT
| 4488 td70_3.19 kcccccerTTCeGTATTTCAAATCCTAAATA
? 4565 d79_1.22 ATTTCAAATCCTAAATA
[ -4489 td74_1.16 I CCGTTTCGTATTTCAAATCCTAAATA
’ 4490 td31_3.21 CCCCCGTTTCGTATTTCAAATCCTAAATA
E CONSENSUS CTTTATGTGCAGGCTTATTCCCCCCCGTTTCGTATTTCAAATCCTAAATA
U/DR junction

Fig. 21. The DR/U and U/DR junctions, or right and left ends of the genome (Figs. A
and B), respectively, as represented in the database.

Sequences from the genome ends begin or terminate with DR, whereas those from within
the genome span the DR/U junctions.
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U and DR containing 34% and 52% G+C, respectively. The sequence has been deposited with
the GenBank Data Library under accession number AF037218.

3.8. GENOME SEQUENCE COMPARISONS

Sequence comparisons were carried out using the HHV-7 RK sequence, the HHV-7 JI sequence
(Nicholas, 1996; accession U43400, version 5, 22. May 1997) and the HHV-6 U1102 sequence
(Gompels et al, 1995; accession X83413, version 16, 17 February 1997). For certain

comparisons, published sequences from other HHV-6 strains were utilised.

3.9. DIFFERENCES BETWEEN THE HHV-7 RK AND JI SEQUENCES
3.9.1. Reiterations

The sequences of HHV-7 RK and JI were compared using the Gap program and were found to
differ at various locations throughout their lengths. The differences are greatest between the
regions containing reiterated sequences R1, R2, T1 and T2. R1 and R2 are located toward the
right end of U, whereas T1 and T2 are located near the beginning and end, respectively, of each
DR (Fig. 22).

R1 in the RK sequence comprises three copies of a complex 84 bp element and one partial
copy of 68 bp; the reiterations differ at two nucleotides only. The R1 arrays from RK and J! are
very similar, as shown in Fig. 16. The first and second 84 bp elements in J! are identical to those
in RK, but the third element is 3 bp shorter and contains several mismatches, also the partial

copy is shorter (66 bp).

R2 consists of an array of 105 bp elements that differ at several positions. RK contains 15
copies of the element followed by a partial copy of 26 nucleotides, and JI has 17 elements plus
the partial copy. The R2 arrays from RK and JI are compared in Fig. 15. Several reiterated
elements are identical between the strains and some are positioned analogously, but other
elements are unique. The arrangement of elements is similar in both strains at the extremities of
the array, but differs in the central region. Interestingly, within each strain the elements closest to

the edges of the array are the most imperfect.
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T1 and T2 are similar in RK and JI in that they consist largely of the telomeric element TAACCC,
but differ in the length of the arrays. T2 is the shorter reiteration, consisting of 148 elements and
is displayed in Fig. 17, alongside the analogous reiteration in JI. T1 near the left end of DR
consists of 633 elements (Fig. 18). It is likely, however, that the solution for T1 is not a correct
representation of the actual sequence in this region. This aspect is taken up in the Discussion
(Section 4.1.4.).

Bacterial clones containing T1 and T2 in the JI genome contain 20 and 106 copies of the
repeated element, respectively (Secchiero et al., 1995). Both are thus smaller than in RK, the
former markedly so. Towards the edges of T2 the telomeric elements are arranged similarly

between the strains, but the central portion of the RK array is absent in JI.

3.9.2. Rest of the genome

The two HHV-7 sequences also differ at many locations outside the reiterations. The validity of
these differences was assessed carefully in the RK sequence, through reference to the
database and the autoradiographs, in addition to resequencing several templates. Differences
between the strains where thus identified as genuine differences, or errors in either the RK or JI

sequences.

Errors in the RK sequence numbered 35 and are recorded in Table 7 (see Section 3.6.3.). Errors
in the JI sequence were defined as deletions or insertions which caused frameshifts in coding
regions identified by Nicholas (1996) that resulted in sub-optimal amino acid sequence
conservation between HHV-7 and HHV-6. Only four errors were noted, two in ORF U38 (2 bp
deletion at 57718 and a 1 bp deletion at 57733) and two in ORF U53 (1 bp deletion at 81361
and a 2 bp deletion, plus a 2 bp substitution at 81380), each causing a local shift from and then
back into the correct reading frame (Table 8). It is possible that other differences may also result
from errors in the JI sequence, but there was no evidence to support this. Therefore, all other
disparities were classified as reflecting genuine strain variation. The types and distribution of the
differences are listed in Table 9, and a summary is given in Table 10. Fig. 22 shows the layout of
the differences between HHV-7 RK and JI, on the HHV-7 RK genome (the Fig. also includes the
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Table. 8. Errors in the DNA sequence of HHV-7 strain JI

Position (bp) Difference * " Sequence ORF
change
HHV-7 RK HHV-7 JI  RK JI
57718 53497-8 ID || TG - U38
57733 53512 1D I C - U3$
81361 77138 D A - U53
81380-3 77159-60 ID,S || CACG - «.TC US3

? ID is insertion or deletion and S is substitution.




Table. 9. Differences between HHV-7 strains RK and JI

Genome location (bp) Difference* Nucleotide change " ORF’ Amino acid
change
RK JI I___RK a1 JI | RK
4130/147175 184/139231 S G A__ [ von-coding
41781147223 232/139279 S A T non-coding
4761/147806 815/139862 SS A G non-coding
5211/148256 1255/140302 NS G A DR2 S N
Il 5572148617 1626/140673 $S C G DR2
I 5836/148881 1890/140937 S G C DR2
I 5986/149031 2040/141087 S8 G C . DR2
I 6058/149103 2112/141159 1D C - non-coding
6282/149327 2335/141382 S8 A G non-coding
Il 6335-6/149380-1 || 2388-9/141435-6 MS TG CA non-coding
I 6433/149478 2486/141533 . 55 C G non-codin :
I 66267149671 2679/141726 NS A G 'DR6 N [ D
|F 7227/150272 3280/142327 SS A G DR7
7876150921 3929/142976 1D A - |l non-coding’
79267150972 3978/143025 D A - non-coding
I 79957151041 4045/143092 D A _non-coding
| 8618/151664 4668/143715 1D A - non-coding
| 8828/151873 4877/143924 SS T G non-coding
10144 5614 SS T C non-coding
10397 6177 SS C G non-coding
10429 6209 SS C T -~ non-eodin
10533 6313 SS A G non-coding
10604 6384 NS A G U2 F S
10662 6442 88 A G U2
10826 6606 NS T C U2 N S
11314 7094 NS T A U2 E D
11329 7109 SS G A U2 '
11663 7443 1D A - non-coding
11782-84 7561-63 MS GGG AAA non-coding
11786 7565 SS G A non-coding
11877 7656 SS G A U3
12042 7821 S C T U3
13986 9765 SS A G U4
14532 10311 S8 A G U4
15120 10899 SS G A Us
16038 11817 Ss A T U5
16941 12720 NS - A T U7 C S
18747 14526 53 - T A non-coding
19157 14937 NS A G U10 E G
19614 15693 SS T C U10 o
20310 16089 NS ~—C T U1l DI N
20893 16672 SS G - A Uil
20896 . 16675 S A G - U1l
20956 16735 SS A G Ull ,
21513 17292 NS A -G Ul1 Y I H
25119 "20898 S8 C T Ul4
25532 21311 NS . G Al U4 R H
26264 22043 SS T A " non-coding. |-
26525 22304 8§ G - A Uis
28914 24693 SS G T non-coding
29880 25659 1D - A |l non<oding
30669 W 26449 S G A U19 v
36169 I 31949 1D T e non-coding || :
36863 L 32642 NS C -G 126 - M 1.
37076 32835 . NS -~ C G U26 M I
41483 " 37262 NS - C T U2y R |[ K
43070 38849 SS 1 A - 130 -
43847 Il 39626 SS - G A U30
44420 40199 S T C U3l
45038 j' 40817 SS G A U31.
45093 40872 NS e A U3l S T
45559 Il 41340 NS C - A U3l A D
46100 | - 41879 5S G . A U31
48014 "_ 43793 NS G I a U3l M 1
48188 13567 S 1' A I G U31
51648 I 47427 SS C | I U33
54801-2 Il 50580-1 MS | AT I GC 137 1 A




55352 I\ 51131 SS C T U37

55388 Il 51167 SS C T U37

57272 ] 53051 NS T C U38 K E
57480 ] 53259 S8 A G U38

57531 " 53310 SS T G U38

57857 53633 S8 A G U38

58092 53878 SS G A U38

58889 54675 SS T C U39

59788 55564 NS C T U39 D N
59876 55652 SS G A U39

60539 56315 SS G A U39

60683 56459 SS Il C T U39

61228 57004 NS T G U40 N T
61732 57508 NS C T U40 G E
62949 58725 SS A G -U40

64136 59912 SS A T U41

64163 59939 SS A G U4l

64535 60311 3S A G U41 -

66238 62014 NS G A U4l P S
66970 62746 SS G C non-coding

67524 63300 88 A G U42

69466 65242 SS T A V43

72576 68352 5 A S 045 I ‘
72583 68359 S G A - U45

74828 70604 S A C non-coding

76742 72518 NS T G U48 LI F
77170 72946 1D S A non-codin& :

78065 73842 NS G- A U50 R J[-H
78889 74666 NS T -G U50 L Vv
78939 74716 RS G A U50

79103 74878 - NS 1 T C U50 v

79152 74929 88 G A Us0

79305 75082 $S T A U50

79820 75597 38 G A 051 ||

81079 76856 NS G A Us2 || S F
81436 77210 NS T C U53 vV A
82224 77998 NS A G U53 MLV
82744-7 78514 1D TCTG - US4
84702 80472 NS A G US5A F L
84813 80583 NS C G - US5A v L-
84929 80699 NS C T U55A R K
85653 81423 S8 G A US5B Ii |
87406 83176 SS C T Us6 "
88182 83952 SS G A Us7 ]
89460 85230 SS C T Us7 1
89493 85263 SS T G Us7 |
90090 85860 SS " C . A Us7 4'
90435 86204 SS C T U57

90927 86697 SS A G Us57

90996 86766 S8 A G Us7 -

92542 88312 SS "C. T U58 I

92980 88750 - NS A C Us8 R S
97463 93233 NS A G U6d - I M
97984 93754 NS A C - U64 y |l I
98138 93908 S C. G - U4 SN
. 98853 94623 - NS T. G - U65 1 ' M-
99922 95692 S8 A G U66 -
101182 96952 S C T - U67 K
101207 - 96977 NS - T . . -C - U6T L S .
105406 101176 SS T C U '
106411 - 102181 SS .C T - U73 B
107348 . 103118 NS C - T U73 L F
107938 103708 S G T. . U73 ‘
109107 104877 S C T U74 -

111155 106925 - SS ~G A - U6

111725 107495 SS T C- - .U76 » ,
112108 107878 NS T C U776 - N |.D
112448 108218 SS A G U76 - K
113231 109001 SS A G U77 - .

113244 109014 NS G - A u77 A N
113252 109022 88 G A ur? ~
115353 111122 ID A - non-coding .
120833 116602 NS A T U82 N | K
121143 1169124 1D - TTC non-coding




121627 117399 NS -~ C T U84 E K
121685 117457 NS A G U84 1 T
123077 118849 NS G T U85 8 Y
123239 119011 SS T G -non-coding

123249 119021 S5 A T non-¢coding

123309 119081-2 1D - - TT non-coding

125104 _ 120879 S _C ST W uss

125200 120975 S " T C -~ U86
" 125389 121164 NS Il G T UR6 D E
130991 126766 S |l T C U89

131119 . 126892 NS ] G A U89 P S
131326 127099 NS 1l C T - URY AT
134546 130318 1D ] A - non-coding

136728 132711-31 D - TATTTA || non-coding ||

ATTATT. :
ACTGTT
: TCA

137805 133809 NS A G U9 [ D G
140260 - 136264 ) G A non-coding

140569 136573 S T " C non-coding

140943 136947 SS T C non-coding-
_ 141306 137309 I ID. LA o non-coding fI —
141965 137968 NS A G U100 C R

* ID is insertion or deletion, SS is synonymous substitution, NS is non-synonymous substitution and MS
is multiple substitution. v
® Encoding potential is based on subsequent analysis in this thesis (Fig. 11).



Table 10. Differences between the genome sequences of HHV-7 strains RK and JI

(excuding tandem repeats)

type of difference

genome region

; DR Ry ~ total®
‘synonymous substitution 10 84 - 104 \
nonsynonymous substitution 2 46 - 50
multiple substitution 2. 7
* insertion/deletion 5 10 20
T total 16 142 178

*U plus two copies of DR




Fig. 22 Distribution of sequence differences between the HHV-7 RK and JI genomes.

The RK genome is shaded, the thinner and thicker portions denoting U and DR, respectively. The
scale is in kbp. Protein-coding regions (DR1, DR6, U2-U100; deduced in Section 4.10.2) are shown
as open arrows above the gene nomenclature; the U prefix has been omitted. ORFs predicted to be
expressed as spliced mRNAs are connected by open horizontal bars. The differences between te
strains are categorised into insertion/deletion (ID), multiple substitution (MS), non-synonymous
substitution (NS) or synonymous substitution (SS), and their locations are marked. Differences within
the reiterated sequences are not given, and the reiterated sequences (R1, R2, T1 and T2) are shown
as shaded rectangles above the genome.
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Chapter 3: Results

gene layout of HHV-7 which is discussed in Section 3.10.2.). As anticipated, the majority of
differences do not affect coding capacity. Moreover, differences that do affect coding potential
are scattered throughout the genome, and appear not to be clustered in particular genes. This
indicates that no small subset of genes has been subject to unusual evolutionary pressures

since divergence of the two strains.

3.10. THE GENETIC CONTENT OF HHV-7 AND HHV-6
3.10.1. Examination of coding potential

Although various criteria may be used to predict the genetic content of a nucleotide sequence,
they are to some extent arbitrary. Thus, the results of such an analysis actually take the form of
a spectrum of probabilities ranging from candidates with strong coding potential (usually ORFs
with counterparts in other genomes), to others that are less certain (usually smaller ORFs
lacking counterparts). This may lead to inclusion of false positives and false negatives into the
overall picture. Also, specific factors may have a dominant effect on individual candidates

regardless of other considerations; independent data on gene expression, for example.

The previous detailed predictions of the coding capacities of the HHV-7 JI and HHV-6 U1102
genomes were used as a starting point for the analysis of the genetic content of the RK
sequence. An amino acid sequence counterpart in HHV-6 and a candidate polyadenylation
signal close downstream or downstream from a subsequent ORF in the same orientation (i.e.
expressed as part of a 3’ coterminal family of genes), were the primary criteria for accepting
potential HHV-7 genes. ORFs unique to each genome but substantial in size and possessing
appropriate polyadenylation signals were then‘included. Similarities to proteins encoded by other
herpesviruses and by other organisms, and potential splicing (Section 3.11.), were also taken
into account. Some previously identified ORFs were excluded because they suffer from
combinations of features indicating that they are less likely to encode proteins, such as small
size, lack of suitable initiation codons, significant overlap with other genes, presence of
reiterated sequences, absence of suitable polyadenylation signals and lack of sequence
similarity to other proteins. The Codonpreference program was also used to assess whether

codon usage patterns would aid identification of protein coding regions. However, codon usage
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Chapter 3: Results

was found not to be significantly biased to help substantially. A more detailed account of the

predicted coding capacities of RK sequence is given in the following subsection.

Throughout the analysis a conservative approach was taken and proposed coding was
restricted to strong candidate genes only. However, this approach is biased towards the
exclusion of ORFs that are unique to either HHV-6 or HHV-7 (false negatives), rather than the
inclusion of ORFs that do not encode proteins (false positives). Nevertheless, each candidate
gene was considered carefully in developing the following view of HHV-7 and HHV-6 gene
content, both in terms of the exclusion of marginal ORFs and in identification of potentially
spliced genes. Thus, this analysis is considered a more accurate representation of the genetic

contents of HHV-7 and HHV-6 than were previously available.

3.10.2. The deduced layout of HHV-7 genes

The deduced layout of HHV-7 genes is shown in Fig. 23 and details are listed in Table 11. A
loose copy of Fig. 23 is included at the back of this thesis. In addition, a listing of genetic
features and an alignment of predicted amino acid sequences with the genome sequence is
given in Appendix . Also, evidence for splicing in several genes is discussed fully in Section
3.11.

The nomenclature for ORFs developed for HHV-6 and extended to HHV-7 JI was employed for
RK, except that several ORFs potentially expressed by splicing are identified only by the 5'-
proximal ORF. 19 different JI ORFs (Fig. 6, Table 3) have not been included by name in the
analysis of RK (Fig. 23, Table 11). DR2, DR7, U5, U16, U17ex, U60, U80, U89, H6, H8, U98
and U99 now form exons in spliced genes (Section 3.11.2.). The remaining HHV-7 JI ORFs
lacking counterparts in HHV-6 (H1, H2, H3, H4, H5 and H7), in addition to U17a, are considered
unlikely to encode protein. H1 spans reiteration T1 and lacks an initiation codon. H2 is small (79
codons). H7 is also small (82 codons), and spans R2. H5 is 166 codons in length and lacks an
initiation codon. Lastly, ORFs H3 and H4 are small (82 and 98 codons, respectively), lack
candidate polyadenylation signals and importantly, are disrupted by insertions or deletions in

RK. U17ais small (89 codons), and is not convincingly related to a corresponding HHV-6 ORF.
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Fig. 23 Predicted layout of HHV-7 RK genes.

The genome is shaded, the thinner and thicker portions denoting the unique region and terminal direct
repeats, respectively. The scale is in kbp. Protein-coding regions (DR1, DR6, U2-U100) are shown
as open arrows above the gene nomenclature; the U prefix has been omitted. ORFs predicted to be
expressed as spliced mMRNAs are connected by open horizontal bars. Candidate polyadenylation
signals (AATAAA, ATTAAA or AGTAAA) are indicated by vertical arrows in the appropriate strand.
Reiterated sequences (R1, R2, T1 and T2) are shown as filled rectangles above the genome, and the
minimal fragment shown to act as an origin of DNA replication (ori) is indicated (van Loon et al.,
1997).
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Table 11. Features of HHV-7 (RK) genes.

GENE"

DR1

DR6

u2
U3
U4
u7

us
u10
Ut 1
u12

u13
U 14
u15

u17

uU18
u19
u20
Uzl
u23
u24
U24A
u25
u26
u27

u28
u29

u3o
U31

u32
u33
u34
u3s
u36
us7
u3s
U39
u40
U41

u42
u43

u44
u4s
u46
u47
u48
u49
U50
U51
us2
us3

U53.5
us4
U55A
us5B
us6

us7
us8
us9
ue2

ex1
ex2
ex 1
ex2

ex 1
ex2

ex 1
ex2

ex 1
ex2
ex3
ex 1
ex2

+

+ + +

+

STRAND START1

4485

4863

6509

7055
11637
12953
14603
17324
16266
18483
18829
22470
22566
22689
23742
24106
26785
26393
26249
28057
27768
29821
31142
32431
33714
34638
34992
35166
36118
37090
38172

40705
41568

41583
44400
50848
52262
52989
53340
53339
54798
58625
61093
63221
66619
68546
71310

71367
73122
73154
74803
77133
77226
77761
79527
81172
81180

82029
84100
85431
86807
87741

91781
91793
94068
96247

STOP

4728
6046
6926
7857
10558
11799
12975
16348
14628
17395
20184
20203
22598
23657
24038
26052
26469
26321
26064
27841
26993
28934
30165
31256
32422
34123
34744
34996
35156
36209
37078

38285
40708

44399
50579
50576
50829
52213
53026
54796
55577
55584
58625
61056
63224
66996
68725

71978
71983
73414
73862
75041
77945
79425
80411
80408
82721

82721
82736
84148
85515
86860

87744
94120
95111
96474

CODONS

475

406

359
384
542
>871

362
451
755
333

98
648
191

330

295
325
391
430
171

82

56
320
293
364

806
286

938
2059

477
258
104
485
259
1013
822
721
1131
516
861

203
379

86
313
690
239
554
294
254
513

230
454
427
430
293

1345
775
347

75

ID"1

33

59

48
49
59
54

46
46
66
59
56
58
58

67
56
56
68
56
61

58
50
52
23
39
52
55
35
56
52

51
42

21
65

68
61
38
45

PROPERTIES'
HCMV US22 gene family; exon 1 starts at 4466
HCMV US22 gene family

HCMV US22 gene family

HCMV US22 gene family

Related to U7 exon 2

HCMV US22 gene family (exon 1); related to U4 (exon 2);
exon 1 starts at 17326

HCMV US22 gene family

Structural phosphoprotein
G protein-coupled receptor

HCMV UL25/UL35 gene family

HCMV US22 gene family; 1E-B1transactivator

IE-B membrane glycoprotein
IE-B protein

Probable membrane glycoprotein
Probable membrane glycoprotein
Probable membrane glycoprotein
Contains a hydrophobic domain
Contains a hydrophobic domain
HCMV US22 gene family

Processivity subunit of replicative DNA polymerase;
[UL42]

Ribonucleotide reductase large subunit [UL39]

Capsid protein; component of intercapsomeric triplex
|UL38]

Tegument protein [UL37]

Very large tegument protein [UL36]

Capsid protein; located on tips of hexons [UL35]
Virion protein

Membrane-associated phosphoprotein [UL34]

Role in DNA packaging [UL33]

Role in DNA packaging [UL32]

[UL31]

Catalytic subunit of replicative DNA polymerase [UL30]
Envelope glycoprotein gB [UL27]

Role in DNA packaging [UL28]

Single-stranded DNA-binding protein [UL29]
Post-translational regulator of gene expression [UL54]
Component of DNA helicase-primase complex; primase
[UL52]

[UL51]

[UL50]f

Membrane protein [UL49A]

Envelope glycoprotein gH; complexes with gL [UL22]
[UL24]

Role in DNA packaging [UL25]

G protein-coupled receptor

N-terminal protease domain acts in capsid maturation and is
a capsid protein; C-terminal domain is the minor capsid
scaffold protein [UL26]

Major capsid scaffold protein [UL26.5]

Virion transactivator

Related to U55B

Related to U55A

Capsid protein; component of intercapsomeric triplex
[UL18]

Major capsid protein; forms hexons and pentons [UL19]



u63 + 96446 97081 211 68

ue4 + 97059 98378 439 41 Role in DNA packaging; tegument protein [ULI7]
ues + 98341 99333 330 59 Tegument protein [ULI6]
uee ex1 - 100215 99352 663 72 Role in DNA packaging; putative terminase [UL15]
ex2 96235 95108
ue7 + 100214 101254 346 52 [ULI4]
u68 + 101254 101598 114 48
u69 + 101601 103241 546 53 Serine-threonine protein kinase; tegument protein [UL13]
u7o + 103243 104685 480 52 Deoxyribonuclease; role in maturation/packaging of DNA
[UL12]
u7i + 104622 104843 73 53 Myristylated tegument protein [UL11]
u72 - 105906 104866 346 59 Envelope glycoprotein gM; role in virion envelopment
[UL10]
u73 + 105923 108286 787 58 Origin-binding protein; helicase fUL9]
u74 + 108237 110216 659 41 Component of DNA helicase-primase complex [f/LS]
u75 - 110973 110203 256 45 [UL7]
u7e - 112819 110897 640 59 Minor capsid protein; role in DNA packaging [UL6]
ur7 + 112665 115127 820 75 Component of DNA helicase-primase complex; helicase
1UL5]
u79 ex1 + 117733 118429 506 42 Probable role in DNA replication
ex2 118522 118712
ex3 118788 119420
us1 - 120179 119415 254 58 Uracil-DNA glycosylase [UL2]
us2 - 121009 120269 246 38 Envelope glycoprotein gL; complexes with gH [UL1]
us4 - 122271 121339 310 42
uss - 123141 122299 280 37 Probable membrane glycoprotein; related to OX-2
use - 126934 123317 1205 29 IE-A1 protein
U90 ex1 - 133408 133323 1199 28 IE-A transactivator; exon 1 starts at 133434
ex2 133244 133033
ex3 132949 129648
U9t ex1 + 133539 133740 153 27 Probable membrane glycoprotein
ex2 133817 134076
u9s + 137378 140201 940 25 HCMV US22 gene family
U100 ex 1 - 142997 142753 603 28 Envelope glycoprotein gpl()5; exon | starts at 143000
ex2 142658 142377
ex3 142303 141947
ex4 141826 141749
ex5 141672 141565
ex6 141494 141381
ex7 141298 141144
ex8 140914 140815
ex9 140742 140599
ex 10 140532 140304
DR1 ex1 + 147531 147774 475 33 HCMV US22 gene family; exon 1starts at 147512
ex2 147909 149092
DR6 ex1 + 149555 149972 406 59 HCMV US22 gene family
ex2 150101 150903
" Protein-coding exons (ex) are listed. Genes with counterparts in all mammalian herpesviruses are shaded.

hFirst exons: from first nucleotide of first complete codon (U7) or initiation codon (other ORFs). Subsequent exons: from first
nucleotide.

cTo last nucleotide of stop codon or exon.

I Percentage identical amino acid residues to the HHV-6 counterpart as determined by Gap at default values;U23proteinsdid
not align at these settings.

e Properties derived from the current analysis and summaries in Gompels et al. (1995), Nicholas (1996) and numerous other
herpesvirus genome sequence papers. For genes with counterparts in all mammalian herpesviruses, the HSV-1 nomenclature is
given in square parentheses; where identification is based on positional data, the HSV-1 gene is shown in italics.

1Immediate early B locus.

g Related to HSV-1 UL50 encoding deoxyuridine triphosphatase, but probably lacking enzymatic function.

h Immediate early A locus.
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HHV-7 RK is thus considered to contain 84 different genes, two of which (DR1 and DR6) are
present twice in DR, giving a total of 86 genes in the genome (Table 11, Fig. 23). The weakest
candidate, U24a, is small and poorly conserved, but encodes a protein containing a highly
hydrophobic domain in both HHV-7 and HHV-6. Indeed, all of the proposed HHV-7 genes but
one have clear HHV-6 homologues. The exception, U55B, is a sizeable member of a 3
coterminal family, and has been shown previously to be related to an adjacent member, U55A,
which is analogous to HHV-6 U55. In addition, all of the proposed HHV-7 genes have candidate
polyadenylation signals (AATAAA, ATTAAA or AGTAAA) near the 3’ end of the ORF or ORF

family, as shown in Fig. 23.

3.10.3. The deduced layout of HHV-6 genes

The criteria used above were applied to the HHV-6 U1102 sequence, and yielded the deduced
gene layout, which is given in Fig. 24. The HHV-6 genome is predicted to contain 85 different
genes, two of which (DR1 and DR6) are present twice in DR giving a total of 87 genes in the
genome. All of the proposed genes have appropriate polyadenylation signals except U2, which
has a CATAAA element instead. Of the 22 HHV-6 ORFs identified by Gompels et al. (1995) that
lack HHV-7 counterparts, only two are strong candidates for encoding complete proteins: U22 a
potential membrane glycoprotein and U94 a homologue of the adeno-associated virus type 2
rep gene. HHV-6 U87 now forms part of U86 owing to a sequence error by Nicholas (1994) that
was corrected by Nicholas (1996). Most ORFs lacking counterparts in HHV-7 (LT1, DR3, DR4,
DR5, DR8, LJ1, U1, U6, U9, U61, U78, U83, U88, U92, U93 and RJ1) are considered unlikely to
encode proteins. U21ex, U96 and U97 are predicted to form exons in spliced genes, in addition
to conserved ORFs DR2, DR7, U5, U16, U17, U60, U79, U89, U398 and U99.

Specific features responsible for excluding ORFs that lack HHV-7 counterparts from the genetic
content of HHV-6 are as follows. U9, U61 and U83 (104, 115 and 97 codons, respectively) are
small. DR5 (145 codons), DR8 and U78 (110 and 109 codons, respectively) are small and also
lack candidate polyadenylation signals. U92 and U93 (147 and 197 codons, respectively), are
larger but span R3 and lack suitable initiation codons. U88 is relatively large (413 codons), but

spans R2. LT1 (112 codons) and RJ1 (143 codons) span reiteration T1; LT1 also lacks a
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Fig. 24 Predicted layout of HHV-6 U1102 genes.

The genome is shaded, the thinner and thicker portions denoting the unique region and terminal direct
repeats, respectively. The scale is in kbp. Protein-coding regions (DR1, DR6, U2-U100) are shown
as open arrows above the gene nomenclature; the U prefix has been omitted. ORFs predicted to be
expressed as spliced mRNAs are connected by open horizontal bars. Candidate polyadenylation
signals (AATAAA, ATTAAA or AGTAAA) are indicated by vertical arrows in the appropriate strand.
Reiterated sequences (R1, R2, R3, T1 and T2) are shown as filled rectangles above the genome, and
the minimal fragment shown to act as an origin of DNA replication (ori) is indicated (Dewhurst et al.,
1993).
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candidate polyadenylation signal. LJ1 (321 codons) spans T2 and lacks a candidate
polyadenylation site. DR3 (192 codons), DR4 (100 codons) and U6 (103 codons) overlap other

genes; also, DR3 overlaps the 3’ end of DR1 and lacks a consensus polyadenylation signal.

3.10.4. Gene organisation

About half of the genes in HHV-7 and HHV-6 have counterparts in all sequenced mammalian
herpesviruses; these are termed core genes and are highlighted in Table 11. Gompels et al.
(1995) and Nicholas (1996) pointed out that most of the non-core genes are located towards the
genome termini. However, many non-core genes have counterparts in HCMV (Chee et al,
1990) or MCMV (Rawlinson et al., 1996). Several belong to the US22 gene family.

Where possible, amino acid sequence similarity between HHV-7 and HHV-6 was also used as a
guide to locating initiation codons and possible splice sites (Section 3.11.1). This resulted in
modifications to the locations of some HHV-7 genes from those reported for JI; details are
incorporated in Tables 11 and 12. Also, modifications to the HHV-6 U1102 interpretation from
comparisons with RK resulted in 5’ truncation of ORFs U14, U27, U30, U44, U47, U67 and U76.
All but one is reduced in size by approximately 5-10%; U47 is truncated to almost 50% of its
original size. These modifications for HHV-6 genes are listed in Table 13; a few were stated or

implied in Nicholas (1996), or in HHV-6 sequence papers predating Gompels ef al. (1995).

3.11. GENE SPLICING IN HHV-7 AND HHV-6

Drawing largely on data from other herpesviruses (especially HCMV) and, in some cases, on
experimental data from HHV-6, Gompels et al. (1995) and Nicholas (1996) indicated that
splicing may occur in certain HHV-7 and HHV-6 genes. However, the detailed situation is
unclear. Splice sites were predicted for HHV-6 (Lawrence et al., 1990) and U17, U18 and U20
(Nicholas and Martin, 1994), and splicing patterns were deduced from transcript mapping data
for U90, U91 and U100 (Schiewe ef al., 1994; Pfieffer et al., 1995). Subsequently, Gompels et
al. (1995) listed sites only for HHV-6 U12 and U17, with three of the four sites apparently
incorrect, as described below. Nicholas (1996) indicated that splicing may occur in certain HHV-
7 genes, but predicted splice sites only for U66 and U17. In reassessing this aspect of HHV-7

gene organisation, substantial support was found from sequence comparisons for splicing in
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Table 12. Predicted splice sites in the HHV-7 and HHV-6 genomes

RK ORF JI ORF HHV-7 acceptor HHV-7 donor HHV-6 acceptor HHV-6 donor

consensus YYYYYYYYYYYNYAGG MAGGTRAGT YYYYYYYYYYYNYAGG MAGGTRAGT

DR1 exon 1 DR1 TCTCTTCTATCACAGA CATGTAAGC CTATTCTTACTCTAGG TATGTGAGT
exon 2 DR2 TTTGCTCTATCGCAGG none TTTGGTTTCCCTCAGG none

DR6 exon 1 DR6 none GCGGTGAGT none GCGGTGAGT
exon 2 DR7 TCTACATCCCGGCAGC none CGCGTCCCATCACAGC none

u7 exon 1 u7 AAGTTAATTTTGCAGA TAGGTATGT TTATGTTTCAAACAGA CAGGTGGGT
exon 2 U5 GATGTTCTTTTTCAGA none TTTTTCTTACAACAGG none

Ul2 exon 1 - none CTGGTATGA none CTGGTAAGT
exon 2 ulz AACTTTTTTTCACAGC none CAATATCTTTAATAGC none

Ul5 exon 1 Uls none ACGGTGAGT none AAGGTGGGT
exon 2 - CTCTTTTATTTTCAGG GCGGTAAGA GTTTTTCTTTTACAGG GCGGTGAGT
exon 3 - TTTTTTTTTCTTTAGT none GTTTTTTTTTTTTAGT none

Ul7 exon 1 Ul7 none TATGTAAGT none TGTGTAAGT
exon 2 Ule TTGTTGTTTTCATAGG none TTCCTTTTAAACRAAGG none

U66 exon 1 U66 none CACGTAAGT none CACGTAAGT
exon 2 U6o TCATTTTCTTCTCAGA none TCATTCCCCTCTCAGA none

U79 exon 1 U79 none AAGGTTAGT none ATGGTAAAT
exon 2 H6 AACATGTTTTCTTAGA CAGGTGGGT TTGTTGCRAATTTCAGA CAGGTGGGT
exon 3 Us0 GTTTCTTTCTTTTAGG none ATCTTTTTATTTTAGG none

U90 exon 1 - GGTTTGTTATTGTAGG TGAGTAGGT TTCATTGGCTATCAGC AGAGTAAGT
exon 2 U90 TAAATTTTATTACAGA CAGGTATTT TATTTATACTTACAGC CTGGTAAGT
exon 3 U89 TTCTTTAAATTCTAGC none TCTTTTACATCCTAGC none

U91 exon 1 U91 none CAGGTTTGT none CTGGTTAGT
exon 2 - TATTTTTTCTTGTAGA none ATGGTTTGTTTTTAGA none

U100 exon 1 U100 AAAATCTCTTCGCAGA ACAGTAAGT CGRAAATTTTCACAAGA ACGGTAAGG
exon 2 U99 TTTAATTCTTCTAAGG ATGGTAAGC TTTAATTTATCGCAGC ATGGTGAGT
exon 3 U9s GTACCCGCTTATTAGT AGTGTAAGT ATTTATTCACTCAAGT CGTGTAAGT
exon 4 - TATTTTTTTTTTTAGA AATGTAAGA TTCGTTTTTTGTCAGG ACTGTAAGT
exon 5 - AATTGTGTTTCGCAGT CAGGTAAAT TTATGTTTCTAACAGA ACGGTGAGT
exon 6 - GCTTCTTCATCCTAGA TTGGTAATT TCCGGTTATGCACAGC ATGGTGAGC
exon 7 - TTTTTTTCATACCAGC ACAGTGGAA TTTCTTAATTTGCAGC AGGGTGGGC
exon 8 - TTTTTTTAATTCTAGC CATGTGAGT TTTCGACCTGCCTAGA? AATGTAAGT
exon 9 - ATTTCTCGTTCGCAGC CAGGTGAGC TTGATATTTGTTCAGT TAGGTATTA
exon 10 H8 CATTTTCTCTTTTAGT none TGTTTTTTTTTTAAGT none

@ Another acceptor site (GCTACCGCTTTTTAGC) is located further upstream. It could extend coding similarity between
HHV-7 and HHV-6 exon 8, but is in an inappropriate reading frame.



Table 13. Proposed modifications to HHV-6A(U1102) genes.

GENE* STRAND START® STOP* CODONS REASON FOR CHANGE

DRI exl + 501 759 689 Putative splicing; exon 1 starts at 500
ex2 843 2653
DR6 exl + 4725 5028 395 Putative splicing
ex2 5837 6720
U7 exl - 15921 14948 >872 Putative splicing; exon | starts at 15923
ex2 14858 13214
Ul2 exl + 21680 21712 351 Correction of splice sites
ex2 21790 22812
ul4 + 23331 25145 604 5’ truncation
Ul5 exl - 25992 25676 191 Putative splicing
ex2 25602 25530
ex3 25364 25179
Ul7 exl - 27349 27121 334 Definition of splice sites
ex2 27034 26259
U24A - 35847 35674 57 Not previously identified
U27 - 38903 37797 368 5’ truncation
U30 + 42325 45132 935 S’ truncation
U44 + 73470 74087 205 5’ truncation
u47 - 77768 75912 618 S’ truncation
Us3.5 + 85133 85867 244 Definition of coding region
U66 exl - 102486 101614 666 Definition of splice sites
ex2 98415 97288
ue7 + 102485 103519 344 5’ truncation
u76 - 115257 113317 646 5’ truncation
U79 exl + 120164 120794 474 Definition of splice sites
ex2 120891 121087
ex3 121170 121766
Ug6 - 130044 125989 1351 Error correction
U90 exl - 136112 136054 941 Definition of splice sites; exon 1 starts at 136150
ex2 135965 135772
ex3 : 135664 133092
U91 exl + 136267 136477 153 Definition of splice sites
ex2 136580 136830
U100 ext - 150282 149873 656 Definition of splice sites; exon 1 starts at 150295
ex2 149771 149490
ex3 149081 148746
ex4 148628 148551
ex5s 148454 148347
ex6 148255 148142
ex7 148055 147895
ex8 147383 147374
ex9 147223 147095
ex10 146984 146642
DR1 exl + 151735 151993 689 Putative splicing; exon 1 starts at 151734
ex2 152077 153887
DR6 ex1 + 155959 156262 395 Putative splicing
ex2 157071 157954

* Protein-coding exons (ex) are listed. Coordinates include an extra G residue at 128132 (in U86) as indicated by Nicholas
(1996).

® First exons: from first nucleotide of first complete codon (U7) or initiation codon (other ORFs). Subsequent exons: from first
nucleotide.

¢ To last nucleotide of stop codon or exon.
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nine genes in addition to U66 and U17 (U7, U15, DR1, DR6, U12, U79, U90, U91 and U100),

and splicing patterns were predicted.

3.11.1. Detection of splice sites

Regions of the RK genome in which splicing had been demonstrated experimentally in HHV-6,
regions in which splicing was suspected, and regions lacking obvious coding potential, were
examined for possible splicing. Selected regions of the RK genome and analogous sequences
in HHV-6 were initially assessed for amino acid sequence similarity outwith the borders of
previously predicted genes. In order to do this, conceptual translations of the HHV-6 and HHV-7
sequences were created (in all six reading frames) using the Ptrans program. The amino acid
sequences were then examined by eye for similarity. In regions where similarity extended
upstream from the proposed initiation codon or did not extend to the stop codon, or where local
similarity was detected outwith established ORFs, sequences were analysed for the presence of

consensus splice donor and acceptor sites (Krainer and Maniatis, 1988).

Splicing was proposed when candidate sites were located similarly in the HHV-6 and HHV-7
genomes, so that two exons could in principle be joined in the same register and express the
conserved, and not the non-conserved, polypeptide regions. Table 12 summarises splice sites
proposed from the analysis for the two genomes, and lists the ORFs previously recognised in

HHV-7 JI that are proposed to form exons in spliced genes.

3.11.2. Candidate spliced genes

U66 - U66 is the only putatively spliced gene which has counterparts in all sequenced
herpesviruses, and splice sites have been predicted previously for HHV-6 and HHV-7. Splice
sites for this gene are located identically in all herpesviruses, and those in HSV-1 have been
mapped experimentally (Dolan ef al., 1991). U66 is thus used as a benchmark for other HHV-7
spliced genes discussed below. Fig. 25 shows that significant amino acid sequence similarity
between the exons in HHV-6 and HHV-7 does not extend beyond the proposed splice sites into
the intron, that the splice sites are in the same register in HHV-7 and HHV-6, and that the exons

are joined appropriately.
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U66 internal splice

HHU-7

HET1EKSIALEH®SASTC CECYHNTIHUGSS»k f f I ptygyyaoft dowt
ACGARACAATRARRAGTACAGCACTGTTTGCTAGTTGTTACAACACT CACgt aagtaacaaatttttcttacctacttactatgecgtttacagactggac

g k e y - - yy i ktags oL yrl kIl r s f s s agsS 1L BG O ¢
aggaaaggagtattaa....... tagtattacataaaaactcagtctttatatcgtttaaaactcegt tcattttcttctcagAGTATACGTGGTCAGAL

HHU-6

HOoON L KSIALEASASCYHNIH st inlt t | f s e i k n -
ATCAAAATATARAGAGCACAGCACTTTTCGCCAGCTGCTACAARTACACACgt aagtactatcaatttaactttattttcagaaataaaaaattaa. .. ..

-k gr | s fh s s qnoer L | s p 1 tpn s fps asS$ LBEQ E
..... taaaaaggtcgtctttcgtttcacagttctcaocaategtcttttatececcgtttaacgecgaat teatteccctetcagAGTRATACGCGGACAGAL

Fig. 25.

Sequence-derived evidence for splicing in the coding regions gene U66 (HHV-7 and HHV-6). Amino acid
sequences extending to the stop codon (hyphen) defining the 3' end of the upstream ORF and from the stop
codon defining the 5' start of the downstream ORF are shown. The dots indicate a sizeable region of the intron
that is not shown. For this Fig. and Figs. 26-34 relevant DNA sequences are shown with appropriate
conceptual transation products aligned from left to right. The DNA sequences begin and end at arbitrary points
within the exons, except where stated otherwise. Conserved amino acid residues are underlined. Proposed
intron sequences (flanked by splice donor and acceptor sites as listed in Table 12) are shown in lower case in
the DNA sequence. Amino acid residues excluded from the protein predicted to be expressed via splicing are
also shown in lower case. Consensus splice donor and acceptor sites are shown in italics, and previously

identified initiation codons which are now thought to map internally are doubly underiined.
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U7 - U7 was not previously suspected of being spliced. In HHV-6, U5 and U7 were regarded as
substantial ORFs in different reading frames. In HHV-7 JI, U5 and U7 are in the same frame and
are thus represented by a single, apparently fused ORF (U5/7). However, the data in Fig. 26
suggest that ORFs U7 and U5 form two exons of a single gene in both genomes (U7 in Table
12). Thus in this model, the spliced U7 gene is flanked at its 5’ end by U8 which, like exon 1,
contains US22 motifs, and at its 3’ end by U4, which is related to exon 2 (Fig. 23). There is also
a somewhat weaker indication that U7 may be spliced at its 5’ end, since amino acid sequence
similarity between HHV-7 and HHV-6 extends upstream from the proposed initiation codon.
However, an upstream coding exon but was not identified. U8 is a possibility, but this
arrangement would result in a protein with the unusual structure of two contiguous US22

domains.

U15 - U15 was not previously suspected of being spliced. Fig. 27 strongly supports the presence
of three exons. Amino acid sequence conservation between HHV-6 and HHV-7 is high, and
splice donor and acceptor sites are located identically in the two genomes. The ORFs previously
identified as U15 in HHV-6 and HHV-7 JI contain exon 1 only.

DR1 and DR6 - Despite the lack of direct experimental data, splicing events were previously
proposed for DR1, DR6, U12, U17 and U79. Nicholas (1996) reported that DR1 is related to
DR6 and DR2 to DR7, and that each ORF contains motifs characteristic of the US22 gene
family. He also noted that HHV-7 DR1 and DR2 lack initiation codons, in contrast to their HHV-6
counterparts, speculating that these might be supplied by splicing, and commented that splicing
of DR1 to DR2 and DR6 to DR7 would result in proteins containing the US22 motifs in their
usual order, Fig. 28 supports the view that DR1 and DR2 form exons in a spliced gene (Table
12). Similarly DR6 and DR7 are likely to be spliced (Table 12 and Fig. 29). Although DR1 can
supply its own initiation codon it also contains a splice acceptor site at its 5' end, and thus may
be spliced to an unidentified upstream non-coding region. In contrast DR6 does not have a

splice acceptor site at its 5' end and is unlikely to be spliced upstream.

U12 - In the analysis of the HHV-6 genome, U12 was referred to as a spliced gene but the

predicted donor and acceptor sites appear to be incorrect. Splicing in HHV-7 JI U12 was not
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U? internal splice

HHU-7

ENLANBRHIKNLNMNGESEEILRBKEKPRUHIYPRTCDRBUYwuvk ikuwv
GARARTTTGARCAGARTGTTAARTGGAGAGTCTCCGATTCTTCGGARGARARCCACGGCATATGTATCCRAGGTGTGA TAGgt at gtaaagat caaagttc

l 1 f g i ' yt i 1 I &I mvopwwnfffprLLEKHNMNPSILTETSBIU U

ttcttttcggtattctctacacaatactcttactgatggttccatggatgttctttttcagATTATTGRAGARCATGCCARGTATTCTGTTTGCAGTGCF

S S EI $S$NPLUYUQSUVUVUIKELUHEREI'I I I PNGDTETLIKU®YI UTFP
CTCATCTGARRTCAGTAATCCTCTTGTTCARAGTGTTACAAAGTTTCTACATCCAATCATCATTCCARACGGAGRCACGGARCTGARGTARCATTGTTCCE

uTESBRL I NGLOASAAGRETSGILIEKS GLARARLTZCSDGU I HN
GTGACAGAATCCARGACTARTCARCGGCCTTCARGCATCAGCTGCTGGACGCTTTGGRATARARGGGCTARGATTATGTTCAGATGGTGTTATTTGGAATF

R LI DYEYERMRFKXKYPSIFTRADIEKTFLLZOQLARDLIEKTE
GGTTGATAGACTATGAGTACGARARTGTTCAAGTATCCATCAACTTTCACARGGGCTGATRARTTTCTTTTGCAGTTGCGCGATTTAARATTT

HHU-6
- a s a y v r a k g gq g g ¢ v | «
ENLHNRDLANGETLZPRPUVULBSKEPRBRHIDLCURBRIKTD DA B®WwUuYduvIfe
GAGRRTCTCAATAGGATGTTGARTGGGGAGTTGCCCGTTCTCCGTAGTAAGCCTCGGCATATGTGCGTGCGARAGGA CAGgt gggtggatgtgttcectgte

V)

i r g wer I panf f f s yn r L UKIDWIRBRSIZ K LLE

1

r f p e r i
vv faqgrg -
tcgttttccagagaggataattattcgaggatggagactccecegetaacttttttttttcttacaacag6CTTGTGAARGACCGTAGCARAATTCTGTTI

A URLDETETDSZ®PTUKT FI I KELTZPUFUG6RLPATNIBRF
GCGGTGCGTCTGGATGAAGAGGATTCACCGACGGTTARATTTATCACARARATTTCTCACGCCGGTATTCGTCGGTCGRCTGCCCGCTACCAACAGGTTTE

uuyupepuvusRARLTHNSGLOCGTAAARETSGILKGLHPSSDTCL!
TTGTTCCCGTCTCCCGCGCCAGGTTGACGAARCGGTCTGCAGGGGACCGCAGCAGCTAGATTTGGCATTARAGGACTACATCCCTCTTCGGACTGCTTGGT

U N I LVDYEYETYKYPSIVYIBRADOGOCIADMNMNUKIDLIEKITE
GTGGAACATACTGGTGGATTATGAGTATGAARCTTACARGTATCCTTCCACCTACATCAGARGCCGATCAGATTGCGGACATGGTGARAGACTTRARATT

U7 upstream splice

HHU-7

- s quvn f ae ! UPUCHNDUVUC I EPTPDLZPSTFDEASBRBRUEIL
taatcacaagttaattttgcagARATTGTTCCTGTGTGCAARTGATGTTTGCATTGARCCGACTCCGGATTTACCGTCTTTTGATTTTGCCGTTGAGTTGC

LLSsYGEGEGNMEILUVRNGSGI KCCLAMWPEPRPNYULIFGEE./S

TGCTGTCTTCATATGGAGARGGCATGGAGATAGTTCGCAATGGTATARAGTGCTGTCTTGCTTGGCCGCCARACTATGTGCTTATTTTTGGCGARTTTTF

HHU-6

-1 i |l et e g ger v il ces i | | ys v fn f qt e 1l UPULC
tgactgatacttgaaacggagggcggagagcgagtcttgtgt gaaagtattttactttattetgtgt ttatgtttcaaacagAGATCGTACCGGTCTGCA

N DEFALSSTCUPTLIDETSDUYUDUL SAAYGEDGELEULSSPC(

ACGACGAGTTCGCCTTGTCATCATGTGTGCCTACTTTGGATTTTGATGTGGACGTTCTGTCTGCAGCTTACGGAGACGGGTTGGARARTCAGTTCTCCGGE

LR CCI AUNPRPPENMTYALTLGETED?Y
CTTGCGATGTTGTRTCGCCTGGCCTCCCATGTATGCATTAACCCTGGGTGAGTTTTA

Fig. 26.
Sequence-derived evidence for splicing U7. Details of the layout are the same as in Fig. 25.



UIS internal splices

HHU-7

neETtTHdHRBROBRLOEFRELCEPLOQILIDTLSHII SKUVUET
ATGGARACCTGGAGARGACARCGACTACAGGARTTTCGCGAGCTGTGTCCACTACAGATATTGATGACGTTATCTARTATTATATCTARAGTGGAGACAF

Yy L K YLEOQOMRDENTITYARFLFSGLILTTIUILEKSUU]
TCTATATARARRTATCTTTTTCAARTGGATTTTAATACARCATATAGATTTATTTTTTCTGGATTARCATTAACCACAACTGTGACARRGTCTGTAGTGAT

EALELI! KRUOELEKOQTIENLDUHEKTEDCY LURAGO QET
TGARGCTTTGTTTATTATTARGAGATGGCAAGRAARTCAAGCAGATTTTCAATCTAGATGTCCACAARARCTGAGGATTGTTATATCGTCGCTCARTTCACF

H L P UK B - - pr s f i fp K I
CACATACCTGTAARACGgt gagtccacctctattatttctacacaaacgagtttcaaaattttattgtctaacceccgetettttattttcagGRARATCA

TALLYIDRMITKHEZKO QLELASNDLYAvvr ki i f konnkoec s
CAGCATTATTGTATATGATGACARACAARGCATGARARGCAACTTTTCTTARACATGATTTAT GCGgt aagaaaaatcatttttaaaaataataaatgttc

- ELEESHLABRLGDIDEU HEHW NA AALDNEE
s v k d I | t f f f f s f -
ttctgtaaaagatcttttaacattttttttctttaglTTCTRGARGAARGTCATCTGAGGCTTGGAGACGATGAGCATGAARACGCGATAATGTTTTTTT

$ Y 1T ERLOLIBRDUVL IPEILOKLIKASNUVELHNQII!IALULES
CATACATAGARACGACTCCAACTGACCAGRGATGTTTTAARTTGAGATTATTCARARGCTAARRRARCGTGGARRTTRATCARACAATTGCCCTTGTGTTGTC

Y HNELARK-
ATRCAATGAATTAGCTAARTARA

HHU-6

novVvieyKBROBLOETCRELTCEL®PULDSLSHENFSKIIE
RTGGATGTGTGGARGCGTCAACGGCTTCARGAATGCCGTGARTTGTGTCCTTTGCCTGTATTAATGTCACTGTCGARTATGTTTTCARARATCGARATCE

U YUVUEKYLEKILDESTIOMYBRY LLPALILSHPIUIKSTLUI
TATACGTTARAATATCTATTTARARATGGACTTTTCTACTATGTATAGATATATTTTACCGGCTCTTARCGTTGAGTATGACGGTTACARRATCCCTAGTTAT

EmLELLKBUEDLDOFERLASNIREKUNDTCFLUAQEN
TGARATGTTATTTATTTTARAARRGATGGGARGATATTGATCAATTTTTTAGATTGARCATCCGGARAGTAARCGACTGTTTCATCGTAGCTCAGTTCARC

H 1 P I KR w v I i - - ¢ mn p i n v f f f y p K L I
CATATTCCTATAARAAGgtgggtactgatttaagtatacgt ggaagegagcgggctaatgtatgeccgattaatgtgtttttcttttacagGARGTTAATI

U L LYHNULISRBROQEZKZ OQLELU NHILYARUYs I i1l ysor {fqd
GTGTTGTTGTATATGTTARCCAGTAGACARGARAARCAGCTTTTCCTCARTATGATATATGCGgt gagtttgattttgtacagtagatttcaagatatat

I n ¢ n -
taaattgtaattaggtgcttggtccattaggttgctagactatacttttctggtggtaatttagtgtttaatgtaaagttatatt ggattggatggatac

- ELEKSHLBLGEGDDETETOMNAILREESZYUV
aattgatggtttgtgtttttttttttag/TTTTAGAGARGAGTCACCTTAGACTTGGTGATGATGARGARCAGAATGCTATTCGTTTTTTTTCTTACGTT

D DLHLIADI I LLEMRMILHKLIEKASNTEULASNOGQINMNETLTLLSIUYH-H
GATGATTTACACCTAACGCGGGATATTTTATTGGAGATGATCCACARGCTCAAGARTACGGARATCAATCARACAATGGAACTTTTATTATCGTACAATC

ELAR -
ARTTGGCTAGATAA

Fig. 27.

Sequence-derived evidence for splicing U15. The whole putative U15 gene is shown, the DNA
sequences extend from the proposed initiation codon (ATG) in exon 1 to the stop codon (TAA) in
3. Details of the layout are the same as in Fig. 25.



DR1 upstream and internal splices

HHU-7

- pt g s aak s v I ppr pcar gncoer ror aaa3gpep s r ap
tgacctactgggagcgccgccaaatctgttttgeccccgeccctgcgegegegggaact gtcggegecgeget gect gctagecegecttccagageteect

s I r I pph poech s p fh I fyhor I ¢ vt pp™n"TAATTTEH
ccctecegtectgectectcacccttgecactcacecttcecatctettctat cacagACTCTGTGTTACACCACCTATGACTGCTGCARCCACAGARCATTT

A L BRAALNBYUUWLLLGARHTIKTLS STLUCNYUTARHRDO QO QL
TGCTCTCCGCGCGGCACTCARTCGTTACTGGTGGCTGCTTCTGGGACGACACARGCTCAGTTTGGTATGCAACTACGTCACAGCTCATCGCCARCAGTTF

LPLEUPREOQEFLOQLDEPAPRYSNLRNRUARHUHLUHREGHUHU
CTGCCGCTGCCGTGGCCCGARCAGGRATTTCTCCARCTTGACCCGGCCCCCTACTCCAATCTCCGCAACCGTGTCGCTCACCATCTCCATCGCGGCTGGC

P AAHNTTCEK I pyis f t npor | t -
CAGCGGCACACAACA CATgtaagctaccgtacatctctttcacaaacccaaggctcacatagagacaageacaaget cgecgecaat gacattaaaacctec

- r | ¢ s i a g EDPRPVYFPNA ATZKUEKILL
catcattgtcctttcctgtcgetttgecgataacgtc ttigetetat cgeagGTTTCGACCCCCGTCCTTACTTCCCCAATGCTRARGTCAAGCTGCTTC

HHU-6

p s hnor it I f t t I t I i | a s apn aap | g h h h p | p I
cctagccataaccgcataactctgttcacaaccctaacactaatcctcgecatccgecacctaacgetgeccctectttcacaccatcacccectgecgettce

q I h | I p ps r pac f yt ecpp Ly s ysr it P LT VUIBRA AG H

aacttcaccttcttcecteccatctegeccegettgtttctacacttgtecgececet ctattcttactctagGATGCCGCTARCGGTGCGTGCCGGGCACGL

P Yy RLUPL SHNUYWUUWUULLLUGHBRHSLARHUHSYLRLHTIKTGTLR
GCCATATCGTCTTCCGCTCTCCAATTATTGGTGGCTACTCTTGGGTCGRCATTCCCTTCGTCATGTTCATTCCTACCTGCGTCTGCACARGGGTCTACGC

P L PHPEOQECLHLHPEPKRYKCLLRYPCI TROQPHL
ATTCCTTTACCTTGGCCCGAGCAGGARTGCCTACATTTACATCCTAAGCCTTACARGTGTCTCCTGCGTTACCCCTGTATAACARGACARCCGCATCTTC

- vs yt fp I f h miycecwv I s t t p g t f
L Q 6P T XK S S L c¢c e ch i h fhH f f t -

TTCAGGGCTGGCCTACGAAGTCTTCTC TATgtgagtgtcatatacatttccactttttcacatgatttattgecgttttgtctactacaccgggtacat ¢

w f ps g EDEKPERVYHEPSAEDSKLL
tggtttcectcagGGTTCGACCCTRARCCCTACCATCCTTCGGCCGACAGCAAGTTGCTAC

Fig. 28.

Sequence-derived evidence for splicing DR1. The 5° end of DR1 supplies its own initiation signal,
and also contains a splicing site to an upstream non-coding region. Details of the layout are the san
as in Fig. 25.



DR6 internal splice

HHU-7

H PP NHWHSLELUHUHDEYBRDABRBRAOQIUUHSHABRUMESGUHEPLATIH
TGGCCGCCTARCTGGAGCCTGGARCTTCACCACGATCCCTATCGAGARCGCCAGAGCACARACCGTTTGGAGTCACCGCTGGGGATGGCCTGCARCACACE

- I f i n v I s
UT~ARTURIDTZ EC geck qecdt I I s gl s ypinf | | my -

TGACAGCTCGCACGGTGCGGGACT 6CGgtgagtgtaagcagtgtgacacattgttatcgcaattgtettacccgattaactttttattaatgtattaage

t | s s r vt vuwv f f vwviwyipaALUDTHMMY UCTLCLGRGSESEEK
actctttcttcacgtgtgactgttgtgttttttgttgttatetacatcccggecagCCCTCGACACGCATATGTACGTGTGCTGCGGARCGCGGAGARARGT

HHU-6

4 PP CWUCLELUHHDEPY RBRDARSATIUYUMUWUGHDRUHUSGUHPATIHIH
TGGCCGCCGTGCTGGTGTCTAGRACTCCARCCACGATCCGTACAGAGACGCCAGARGTGCCACCGTGTGGGGCCACCGCTGGGGTTGGCCAGCGACGCACE

URPBTCUOQDC g e -
TGAGACCCAGATGCGTTCAAGACT GCGgtgagtaaacgt acgggecgagecgecggggagggat gt cggtcagacagt gagt gagtacaaggttegt. .. ..

- i verdor ir ipruyt
..... tttctgecgttatggcatcctcgecattagtcaccattcectgtecgegtgtgettttegetttgaattgtacgecgacaggatacgaatccgttatact

p q g h s dbh gocmnor h 1 pf h gmp Il r vgmfca f f i r s e
ccacaagggcatagcgaccacggetgt atgeggeatctecegttccacgggatgectttgegtgtgeagatgttectgtgetttttttatacggtcagage

t t d k n k at pt it fmwvs cc fvwwuvikoer | fyor vgoer ih:!t
ccacagacaaaaataaggcaacgcccaccataacgtttatggtttcttgttgttttgtttgggttaaacgectcttectatcgtgtcggecggatccatee

v gs | t yarp it A LD SCLYUCCLCGY G EIK
tgttcaatcgttgacgtacgcgegtcccatcacagCCCTAGRCTCCTGTCTGTACGTATGTTGCGGATACGGAGAGAAAC

Fig. 29.
Sequence-derived evidence for splicing DR6. Details of the layout are the same as in Fig. 25.
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mentioned. Evidence that U12 contains two exons (U12 is the second exon) is given in Fig. 30,

and the locations of the acceptor and donor sites are recorded in Table 12.

U17 - U17 was predicted previously to be a spliced gene with two exons (U16 and U17) in HHV-
6 and HHV-7 JI. The analysis of HHV-7 RK supports alignments made for splice sites in HHV-7
JI and for the acceptor, but not the donor in HHV-6. Evidence for splicing in U17 is shown in Fig.
31.

U79 - U79 comprises three exons in HHV-7 RK (Fig. 32). This spliced gene was previously
represented as U79 (exon 1), H6 (exon 2), and U8B0 (exon 3) in HHV-7 JI and as U79 (exons 1
and 2) and U80 (exon 3) in HHV-6. However, splice donor and acceptor site locations were not

established in these analyses.

U90 - Schiewe et al. (1994) reported from mRNA transcript mapping that U90 is spliced in HHV-
6. Although splicing was mentioned for these ORFs in the HHV-7 JI and HHV-6 sequence
analyses, no details were given. As can be seen from the analysis of HHV-7 RK in Fig. 33 and
Table 12, U90 comprises three exons: exon 1 was previously unidentified; and exons 2 and 3
correspond to U90 and U89 in the HHV-6 and HHV-7 JI sequences, respectively.

U91 - Schiewe et al. (1994) also reported that the U91 gene contains two exons. Exon 1 was
noted in the HHV-7 JI sequence and exon 2 in the HHV-6 sequence, each recorded as U91. In
both cases the other exon was not recognised. Evidence of splicing in U91 is given in Fig. 34.
The putative HHV-6 and HHV-7 proteins contain two pronounced hydrophobic regions (one near
the N terminus and the other about two-thirds through the protein), as illustrated in Fig. 35. This
indicates that the U91 protein is likely to be associated with membranes. In addition, both
proteins contain a single consensus site for N-linked glycosylation in the region between the
hydrophobic domains, and the HHV-7 protein has two additional sites near the C terminus.

Thus, U91 may encode a previously unrecognised membrane glycoprotein.
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Ul2 internal splice

HHU-7

nbIrtLl1DFOQIK I L v- -3 nwvmiocys f akn v t f a f | i
ATGGACACTCTAATTGATTTCCARAARATC CTGgtatgataatctaatgttatgatttgctacagetttgctaaaaatgttacctttgeatttttaatee

i 1l ¢ n f f s qHD EEVY KYHNVYTCI TPIURTZKI BT QRLETSUI
tcttgcaaaacttttittcacagCATGATGAAGAGTACAAGTACRATTATACGTGTRTTACGCCARCAGTACGGAARGCCCARAGACTTGAARGCGTAAT

HHU-6

n DI vl ELSKULULUWWVS Il gt s | I pn i | mn -
RTGGACACTGTCATTGAGCTGTCCAARCTTCTGgtaagtcttcagacatcattgtiaccgoatattttaatgtagegtaacatgaaaataacatt caate

- RNEEFKGHNASTCTSTPTIULIKTARINMNTETSA AWV
tctttaatagCGCARTGAAGAGTTCARRGGCARTGCTTCCTGTACCTCGACACCCACGCTAARGACAGCACGAARTCATGGAGRGCGCAGT

Fig. 30.
Sequence-derived evidence for splicing U12; DNA sequences extend from the proposed initiation
(ATG) in exon 1. Details of the layout are the same as in Fig. 25.



Ul? internal splice

HHU-7

1l S PLRDHNPERTTISETETLTU QDTLTECUZEKTI I gk gs k h fqgeguy
ATTTCGCCTTTGCGGGATATGCCTTTCAGAACTACTAGTGARACCGAGCTGCAAGACC TATgt aagtt gcaaaagcagt caaaacatttccaatgtgtce

mnmf - - v fuvwuwv figCVLLZ CUCNEIRBRLIU OUUI G FLSAIKINTIDI!
tgatgttctaataagttt ttgttgttttcatagGTTGCTATCTCCTATGTTGCARTGARAGGTTACARGTCATCGGTTTTCTGAGTGCTARARACGACGT

T TRAARIKTII I LLGETETERTEVYA ALTUDTETETKTEHN
ARCAACAGCAGCTGCTARARCCATCATTCTTCTCGGARGARGRAGAGCGTTTCTATGCTTTGGACTTCGAARARGARAATT

HHU-6
- v s v fr vs s v v c }t
l S T L CK I P EPIKSAAEILIUGQGEMHNTLCLkKU Yyge f vs v il wegewuy

ATTTCGACACTGTGTAARATTCCATTTCCCACAARGTCTGCCGCAGAGTTGCARGARARA TGTgtaagtatcagtgtttcgtgtcagttctgtggtgtgtec

s r f ¢c cen k v i fpf kqg SLLLUCCPEAUBLUGGLTLTGVYUVUS
i v f vwv k i k I f f I I nk veryy f aar kdecny | dmn f I
ttctcgtttttgttgtgaaaataaagttatttttccttttaaacaagGTTCGTTATTACTTTGCTGCCCGGAARGATTGCAARCTACTTGGATARTGTTTCT

UMWGEETR RTDUCLTI KTILUVUFAGETDETZ KEYSGLDEUNET

s e rr | v mc a -
GTCTGGGGAGAGGAGACTCGTGATGTGTGCCTARCTAAAACGTTGGTGTTTGCGGGAGAAGACGARARATTTTACGGTCTCGATTTTGTGAATGAGARCAC

Fig. 31.
Sequence-derived evidence for splicing U17. Details of the layout are the same as in Fig. 25.



UT9 internal splice

HHU-7

EDDRARNEZKU OQDLEgg - - c |
GARGATGACCGTCGARACGARAARCARGACCTCG AAGgt tagttgccttttttctaaatcactagtcctaaatatgacttgttgaatttttgtagtgtet

r f I h k h v f I DASKEIZKUBMHMEKUHUHET KU BAHAETETUGQGA ARNTEE
aaggtttttacataaacatgttttcttagATGCATCCARRGARRARAGGATGRARGTGCATCACGARARARCGTCATGCGGARAGARCARGCARACGARGAG

UARASSSOQLSSRIPEGALSEPTILS tDLOQEVY QETFTETDTF
GTTGCTTCTTCGAGTCAGTTATCARGTAGAARTACCAGARGGGTGCGTTATCGCCCACTATTTCTATTGATCTTCAGGARTATCAARGARATTTGAGGATTTTC

D KR I CG6 Q0 vvgguyul gl - - G I
ACAAGCGCATTTGTGGGLAGgt gggtggagttttgggtttatgatgcatttttattgcagttttttatgtggttaaagatgtttctttcttttagGGGAR

N QDAUCKIKUQSDESET CINIEKZPLETUGQQTFUZBRETKL
GAATCARGACGCTGTATGCARGARAGTCCARAGTGATGARARGTTTTTGTATARATAAARCCGTTAGAGCAGTTTAGAGAGARACTAA

HHU-6

E DK QP DK KEESDggk ykec i vwvuvun fy f s c vt v vdf
GAAGACARAGCAACCGGACAARRAGGAGGAATCGG ATGgt aaatataaat gt atagttgttgtaaatttttatttttcgtgtgtcacggtcgtggactttt

f I n s i ¢ f v a i s E L P KEI KU BRI QK Y HDOHNEKZBWNILIETEIU QS HE
ttttaaatagtatctgtt ttgttgcaatttcagAACTTCCTRAGGAGARGAGACAGAAGTACCATGACATGARACGTAATTTGGAAGRACAAAGTCACGF

b6 | TLTSTTLUNTGAUETGHALUPPTCI1SLDNUHET DU QNQQH
GGATGGCATAACACTARCTTCTACGACACTCGTARATGGAGCGGTTGAGGGTGCGTTACCGCCCTGTATTTCTATTGATAARTCACGARGATCAACAACAT

D ELDIKUBAVYARQvVvgZ gy s gs pkopr s s gs | |I ¢ v s k aio d
GATGAATTAGACAAGCGCGCTTATGCG CAGgt gggtggagtttcgggttcgecaaaacctaggtectteggggtetttgttigtgegtatctaaagetgate

- 6 T NREGL SN NUETDAW NY GNE BRILN NI K SULEUZ OLRBRA AIKL
I f i | g d e p r r s i g
tttttattttagGGGACGARCCGAGARGGTCTATCCAATGAARGATAATTATGGGAARTTTTCGGCTTRATARGTCTTTAGRACAGCTTAGGGCCAAACTTE

Fig. 32.
Sequence-derived evidence for splicing U79. Details of the layout are the same as in Fig. 25.



)

U98 upstream and internal splices

HHU-7

g va k htdk tnmnERSGATSUPHMHNL I UGG QP S ETHASNHNIDI
GTGTGGCTAARCATACAGATARARCTATGGAARGARGTGGAGCTACTTCACCTATGTTGATTGTTGGACAACCATCTGARACCATGGCATCGAATGACGF

R H I E - - f 1 ¢ n k i y k fyyor ¥ HEP
ARGACATAT TGAgtaggtaaacctaaatattttaatacaaaaaagacagatttaatttctctgtaataaaatttataaatttiattacagATATCACCCH

b TTUVUEETILRDI1ILODSLXCNPSEZDNTLTFQ QETLTDSTE
GATACCACCGTGGARGAGACCATCAGAGACATATTGCAAGRCAGTTTAAAATGCAACCCTTCCTTTGATAATACTCTCTTCCAAGARTTGGATTCTTTTC

D FLDS I S$SHNDIATANASY STHNUETETSGHASSDI KTLA
- T 6 5

ATTTCCTTGACTCARTATCATCTARTGATATTGCAACGGCARATGCTTCCTATTCCACAAATGTTGAAGARGGAGCTTCCTCGGATATTARACTGGCAGC
g i f f s f s y i - - i L AQ S I S

AGgtatttttttttcattttcttacatataaaatatgatatatgtgtacagatttcatatttagacttitt ttctitaaattctagCTCAGTCCATTAGTC

A C L QG L L KSUNSAAT!N

CCTGCATCCARGGTATTCTTARATCCGTGAATGCTGCCATG

HHU-6

a q - av s q f as -yt I EPA KPS G6GHNNDHEGS HNIDEIU BMHNZQ.e
CACAGTAGGCGGTGTCTCAATTTGCATCTTARTATACAATGGAGCCAGCARRACCCTCTGGARACARCATGGGATCCAATGATGRACGTATGCAAGAgt ¢

- s .l I 4t sy |l r | f gn f s k y |l kn i yt y s ¥ RPID
agtatgattagtcattattagatctatcttatttaagattatttgggaatttttctaagtacttaaaaaatatttatacttacagCTACCGTCCCGATCC

nmnmeEZESILKELLEESLB®MCDTSEDT DTLI1I I P GLETSETGHIL
AATGATGGARGRATCTATCARAGARATATTGGAAGAGAGTCTCATGTGTGATACATCCTTCGATGACCTGATTATTCCAGGCCTTGARAGCTTTGGTCTT

I 1 P ESSHNNIESHNMHNUEETSGSDSGETLZEKTLAGSLKUY NNy i
ATTATACCAGAGTCTTCCAACAACATAGAGTCCAARTAARTGTAGRAGAAGGATCAGATGGAGAGTTGAARACTTTAGLCTGgt aagtacatgaattatattc

- h t gn i f f y i 1 A 0 S A G
i ¢ p k i e n k k k h s f k h vt ygyni |l r i s s f t s -
tatgtcccaagatagaaaacaagaaaaaacatagttttaaacatgtgacatataacatactcagaatatct tettttacatcctagCTCAGTCCGCTGGE

NC 1 QS I 6A8 S UK AADN

ARTTGCATCCAARGTATTGGTGCATCAGTGARGGCTGCCATG

Fig. 33.
Sequence-derived evidence for splicing U90. Details of the layout are the same as in Fig. 25.



U91 internal splices

HHU-7

my T T™LZEY EKRUSRPIKLTY W LI LAI LFVYVETLTIIITGS
RTGTATACTCTGGRATATGARRRACGTGTATCARGGCCARRARCTTACTTATTGGATCATTTTGGCARTATTATTTGTTTTTTTAATARTAACTGGATCTC

v L It VI ETLS I QRBRTTLWHNAOQNIDI KT ISTUUPETLTSNS|
TATTRATTGTAATTGAARCTCTGTCAATTCARRGAACGACTTTGARATGCTCARARATGATAARACAAGTACTGTTGTTCCAGAATTAACATCTARTTCTC!

- i f f 1 v D Q T I UTNF
gt f s y k ms | f k k k v en s vinmni f s ¢ r s nnocdk f
AGgtttgttcagctataaaatgtcatigtttaaaaaaaaagtttgtaactctgttaatatgaatattttttcttgtagATCARACARCTGTGACARARTTI

S A S S K PTL S S K QPG UL QALT

f ¢ k f - - B
TTCTGCRAGTTCTARACCAACTCTTRGCAGTARACARCCCGGATGGATACAGGCACTAACTA

HHU-6

n 6 KK S ST GTG K TNLIKLLACLULLLIELRMATI I F L LI
RTGGGGAARARRTCATCTACTGGARCTGGRRARACTARTCTRARGATACTGGCATGTCTACTATTGATATTTCTAATGGCAACARTATTTTTGCTRATAC

L EI I $ 6 QRY SNDDSEGUVUIAALI KA HUSTPTTNTEGCTE

TGGRARTTATATCGGGCCARAGATATTCCAATGATGATTCCGARGGTGTGACTGCGGCGCTGARGCATGTAAGCACACCTACTACCARCTGCACTGARAC

T TP g - ~-r i c | fygfnwv Il i iyl ht f I k n ek k n i t d
CACTARCTCCTGgttagtgaaggatatgtcttttttattttaatgtattgattatatatttgcatacattccttaagaat gaaaaaaaaaatatcacggat

g I f I B S VUISQANBDENIEKTESHIKI KNETGE®PZ©PUJLQQALI
ggtttgtttttagATTCCGTARCGAGCCAAGCCATGGARARCARAGAATCARTGARRARARATGARGGGGARACCTCCAGTTTGGATTCAGGCTTTAACTF

Fig. 34.
Sequence-derived evidence for splicing U91. Details of the layout are the same as in Fig. 25.
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Hydrophobicity profiles generated using Pepplot from the U91proteins
potentially expressed by splicing.



Chapter 3: Results

U100 - Of the spliced genes recognised in HHV-6 and HHV-7, U100 is the most complex. The
region at the right end of U contains several .short ORFs which are expressed in HHV-6 as a
multiply spliced mRNA encoding the virion envelope glycoprotein gp105 (Pfeiffer ef al., 1995).
The mRNA contains ten coding exons (here termed exons 1-10) and two upstream non-coding
exons. The likelihood of splicing in this gene was pointed out in the HHV-7 JI sequence analysis,
but no splicing pattern was deduced. In the HHV-6 sequence, U100 is represented by U100
(exon 1), U99 (exon 2), U98 (exon 3), U97 (exon 7) and U96 (exon 10), and in this part of the
HHV-7 genome, three of the four ORFs were reported to be counterparts of those in HHV-6. A
scheme for U100 splicing in HHV-7 RK is given in Table 12. An amino acid alignment of the
putative U100 proteins from HHV-6 and HHV-7 is shown in Fig. 36.

The amino acid similarity for the most part is convincing, although less so in the regions
encoded by exons 1 and 10. In addition, it was necessary to propose that the exon 8 and exon
10 acceptor sites are not located similarly in HHV-7 and HHV-8, although they are in the same
register in each genome. Indeed, it is curious that use of an alternative acceptor site for HHV-6
exon 8 located upstream from the site mapped by Pfeiffer et al. (1995) could significantly extend
the similarity with the HHV-7 exon 8 polypeptide; details (see Fig.36) The site is an incorrect
reading frame, however, so this point remains unsolved. Of the 18 cysteine residues in the HHV-
7 U100 protein, 14 are conserved in HHV-6. Three of the remainder are encoded by ORF 8.
U100 in HHV-7 JI corresponds to exon 1, U99 to exon 2, U98 to exon 3 and H8 to exon 10. The

* status of upstream non-coding exons identified in HHV-6 by Pfeiffer et al. (1995) is unknown.

Other possible splice sites were noted during the analysis, including those consistent with
splicing of U12 exon 1 to U13 and the 3’ end of U19 to an unidentified downstream exon.
However, the evidence in these instances was weak, and they have not been included in Table
12. Moreover, in a few regions where splicing might reasonably be suspected, such as that

containing U24 and U24a, no supporting evidence was forthcoming.
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<1

HHV-7 MVQLHYIIFALLIKICTNTVPLEKARTAITLEDI IENLINENMHNASSTRYIGLSS . & v i ittt ittt teeeeanasoassacananasonnanns
HHV-6 MATARLSAMKPPRSCALIFLCAFSMATAPTNATAHRRAGTVKSTPPPEDKHSYTAKYYDKDIYFNIYEGRNSTPRRRTLSEI ISKFSTSEMLSLKRVKAF
con M- TA-T
1>< 2
HHV-7 ... oo EERQSLLEYTRCTSFSCECEWPDEAQVILLETTLCI PLKENSLGVRGLREKIMSKGLSEVLSVTTGLHY SLLNGGFGSKQNSLLYVKRM
HHV-6 VPVDENPTTTLEDIADILNYAVCDDNSCGCTIETQARIMFGDIIICVPLSADNKGVRNFKDRIMPKGLSQILSSSLGLHLSLLYGAFGSNYNSLAYMRRL
con = —-—-mm———-- E-——m- L-Y--C---8C-C A C-PL GVR IM-KGLS--LS---GLH-SLL~G-FGS--NSL-Y--R~
2 >< 3
HHV-7 NTANILTSLVLFPARHRWERREQYTQSSAQCELQIRADFKKMRSY SGIAFRTQISLAIVRKDNKGYEWETCMQFSQWKEEDENI PKVNMTSEKPLYDACC
HHV-6 KPLTAMTAIRFCPMTTKLELRQNYKVKETLCELIVSIEILKIRNNGGQTMKTLT SFAIVRKDNDGQDWETCTRFAPVNIEDILRYK. .. ... RVANDTCC
con T P E-R--Y CEL: K-R-—-G----T--S-AIVRKDN-G--WETC--F ED: K D~CC
3>< 4 4 >< 5
HHV-7 PDKNKSRENTTYAWRWSEHPWTET . TTIEPWRDIDI IRQI PTDERCLTNT . TVFQSTYGQIWCSPKNDTTARNYVTTVILFPIALLEIERLEDTIGQKTVQ
HHV-6 RHRDVQHGRRT . . LESSNS . WTQTQY FEPWQDIVDVYVPINDTHCPNDSYVVFETLQGFEWCSRLNKNETKNY LSSVLGFRNALFETEELMETIAMRLAS
con T S-—-WT-T---EPW-DI-------- D--C-----~ VF----G--WCS--N--—--] NY~---V--F--AL-E-E-L--TI---~-~
5> 6 6 >< 17
HHV-7 DMFPHPHRQSFSNREFDPAIVSAMWQDEPSKISTTDLQYDVLLTPSKDFGPCSIKIKTDSAKTEFDNGRLL. . TIDTLLLTFLKKDDRTTKKLISNKSLN
HHV~-6 QILSMVGQQGTTIRDIDPAIVSALWHSLPENLTTTNIKYDIASPTHMRPALCTIFVQTGT SKQRFRNAGLILMVNNIFTVQGRY TTONMFERKEYVYKHLG
con @ —m———e-—- Q----R--DPAIVSA-W---P----TT---YD--~-==-==~--C-I---T---K--F-N--LL K----K-L-
7>< 8 8 >< 9 9 >< 10
HHV-7 AQLCNTSELQLPKLESCCDEY . . . LRETDGDVIELTCDDGNIIYQAGGITYCTPIYTSTTIIHEIKPTPNNKPTKTQPMPPWIDLNKAFS. .. .0 vuwe
HHV-6 QALCQOplfstlpkitsccdsyvvinsstsvsslistclDGEILFQNEGQKFCRPLTDNRTI.. ... VYTMQDQVQKPLSVTWMDEFNLVISDYGRDVINNL
con --LC-——--- lpk--sccd-y-————- t-mm tc-DG-I--Q--G---C-P TI W-D-N---S
10 >
HHV-7 WEGIKAARINSNYGANEDPTPKLLEVEEFFDY IYEATCTTVEMRY PERKAQQVEFASSKDSKKFFKSSVKRONRDI
HHV-6 TKSAMLARKNGPRY LOMENGPRYLOMETFISDLFREECYQDNY YVLDKKLOMEFY PTTHSNELLFY PSEAT LPSPWQEPPFSSPWPE PTFPSRWYWLLLNYTNY
con N P--L--E-F ——= K-Q F--S
.
Fig. 36.

Sequence-derived evidence for the splicing of U100, in the form of alignments of putative
amino acid sequences in HHV-7 and HHV-6. Exons are numbered 1-10 and their junctions
are indicated by arrows. Dots indicate padding characters. Conserved amino acid residues
are shown in upper case. Lower case residues in HHV-6 are potentially encoded by the
HHV-6 DNA sequence upstream of exon 8, but lack a suitable splice acceptor site and are
not encoded by anmRNA analysed by Pfeiffer et al. (1995); see text for details.
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4.0. DISCUSSION

This chapter allows me the opportunity to comment on the implications of several aspects of the
results. These include: the relationship between HHV-7 strains RK and JI; the putative functions
of the telomeric elements; the coding potential and importance of splicing in the HHV-7 genome;
and the phenotypic differences between HHV-7 and HHV-6.

4.1. THE DNA SEQUENCES OF HHV-7 RK AND JI
4.1.1. Strain divergence

McGeoch and Cook (1994) estimated an overall rate of sequence change of 1 x 107
synonymous substitutions per synonymous site per year in the gB gene, based on cospeciation
of herpesviruses with their hosts over periods up to 60 Myears. Although this value was claimed
as an order of magnitude estimate only, it was considered compatible with estimates derived by
analysis of HSV-1 isolates from human populations established over a much shorter period (0.1
Myear). On this basis, the presence of 84 synonymous substitutions (Table 10) in the U regions
of HHV-7 RK and JI (which, unlike DR, is not potentially subject to intragenomic homologous
recombination) indicates that the lineages resulting in the two strains diverged from a common
ancestor of the order of 10,000 years ago. In contrast, based on comparisons between the
amino acid sequence of the HHV-7 gB gene and existing alignments derived from several other
gB genes (McGeoch et al., 1995), HHV-7 and HHV-6 are estimated to have diverged 50-60

million years ago (D.J. McGeoch, personal communication).

4.1.2. Nucleotide differences

This is the first occasion when complete sequences from two strains of one herpesvirus have
each been compared in their entirety. As anticipated, the majority of nucleotide differences
between HHV-7 RK and JI do not affect coding capacity (Table 9 and 10). Moreover, differences
that do affect coding potential are scattered throughout the genome and appear not to be
clustered in particular genes (Fig. 22). This indicates that no small subset of genes has been

demonstrably subject to unusual evolutionary pressures since divergence of the two strains.
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4.1.3. Genome ends

Sequences containing the genome termini were identified in the database since they share one
end. Most of the clones from the left genome terminus of HHV-7 RK had six C residues and
none had seven (Fig. 21), although the possibility of heterogeneity was suggested by the
presence of less than six C residues in a few terminal clones. As fragments were end repaired
(using T4 DNA polymerase) prior to ligation, no information was obtained on unpaired
nuclectides at the termini. The genome termini of another HHV-7 strain (R-2), also sequenced
from end-repaired DNA, are identical to those of RK (Secchiero et al., 1995). Sequences from
the termini of HHV-7 JI have not been determined directly. However, Secchiero ef al. (1995)
sequenced regions of HHV-7 JI concatameric DNA (consisting of head to tail copies of the
genome) which span the DR-DR junction and thus correspond to a fused version of the termini,
including any unpaired residues normally present at the termini. Sequences corresponding to the
left genome terminus contain between four and six C nucleotides, and in some instances one or
two additional residues at the DR-DR junction itself. This supports the length variability of the
stretch of C nucleotides present at the left terminus of RK. Similarly, sequence variation in
terminal base composition has previously been observed in HHV-6 (Thomson et al., 1994). The
right terminus of the published JI genome sequence is identical to that of RK (Fig. 22a), but the
left terminus is one base pair longer, containing seven rather than six C nucleotides (Fig. 22b).

The origin of this additional nucleotide is unclear.

4.1.4. Reiterations

Singer and Frenkel (1997) used Southern blot hybridisation of BamHi-cleaved HHV-7 RK
genomic DNA to determine the approximate length of the BamHI fragments from the left and
right ends of the genome. These fragments' contain the telomeric arrays T1 and T2. They
estimated the restriction fragment from the left end (containing T1) to be 4.5 kbp in length, and
that of the right end (containing T2) to be 3.8 kbp. From the RK DNA sequence, the BamHI
fragment at the right end is 3811 bp in length, correlating very closely with the experimentally
determined size. However the length of the fragment containing T1 in the DNA sequence is
about 1.7 kbp longer than that determined experimentally. Thus, it is likely that the solution for
T1 sequence is not a correct representation of the genome sequence. This may reflect either the

intractability of this region or sequence heterogeneity occurring in the genome or in M13
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recombinants. Variability in the genome itself is supported by the observation that the terminal
BamHI fragment identified by Singer and Frenkel (1997) is heterogeneous in size. Therefore, it
must be emphasised that although the size of the RK genome as derived from the sequence is

153080 bp, the actual size of the major species is likely to be a little less than 150 kbp.

The corresponding sequences in JI genomic DNA are likely to be different, however, since they
vary in size in different plasmid clones (Ruvolo ef al., 1996). In support of the view that HHV-7
does not have unique genome size, Frenkel and Roffman (1996) reported that the genomes of
different HHV-7 strains range in size from 140 to 150 kbp, and suggested that the main cause of

variation involves the telomeric reiterations.

4.1.5. Resolution of the T1 reiteration

If, as appears probable, the T1 array is heterogeneous in sequence even within a single HHV-7
strain, this would somewhat reduce the imperative to realise a single solution for T1. If further
investigation of the array were required, longer sequences could be generated from M13 clones
using an automatic sequencer. Such sequences would still be unable to span the T1 array, but
might prove less difficult to overlap. However, even longer sequences from a heterogeneous

target would not provide a single solution.

An alternative would be to sequence DNA from a viral clone. This would at least provide a
representative array from one variant in a heterogeneous population. Cloned purification of

HHV-7 is likely to be problematic, however, given the growth properties of the virus.

4.2. FUNCTIONS OF THE TELOMERIC REITERATIONS

The human telomere-like elements in HHV-7 (and HHV-6) comprise arrays of a tandem repeat
(TAACCC)n, and related sequences (Martin ef al., 1991a; Secchiero et al., 1995). In addition to
HHV-7 and HHV-6, human telomere-like repéats have been reported in the genomes of other
lymphotropic herpesviruses, including alphaherpesviruses (MDV) and gammaherpesviruses
(EHV-2) (Kishi et al., 1991, 1988; Telford et al., 1995).
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Whether these elements are functionally related to those at human telomeres is a matter of
speculation, and resemblance of the repeated elements to human telomeric repeats may be
coincidental. Nevertheless, it seems unlikely that different herpesviruses would independently
generate (or capture) tandem arrays of the same element unless functionally driven.
Furthermore, such small reiterated elements are relatively uncommon in herpesvirus genomes. It
is likely, then, that telomeric elements have been acquired and retained in order to perform a
function of benefit to the viruses. Consequently, several authors have suggested possible

functions in lytic phase replication or latency.

It is perhaps significant that in HHV-8, HHV-7 and MDV (but not EHV-2) the telomeric arrays are
located near the genome ends and adjacent to the conserved pac-1 and pac-2 sites, which
direct cleavage and packaging of replicated DNA to unit-length genomes. In view of this, several
authors (Secchiero et al., 1995; Frenkel and Roffman, 1996; Thomson et al., 1994; Gompels
and Macaulay, 1995; Gompels et al., 1995; Martin et al., 1991) have proposed that the telomeric
reiterations could play a role in the cleavage of concatemers (Liu and Gilbert, 1994) or DNA

packaging during lytic phase replication (Deiss et al., 1986).

In addition, it has been suggested that the telomeric reiterations may play a role in maintenance
of the latent state. Positioned at the herpesvirus genome termini, the telomeric elements may
enable the linear genome to survive as a distinct mini-chromosome in the dividing host cell and
also achieve segregation during cell division (Thomson et al, 1994; Gompels et al, 1995;
Gompels and Macaulay, 1995). Alternatively, Torelli et al. (1995) proposed that herpesviruses
containing telomeric elements may achieve latency via a different route. The arrays may enable
viral DNA to integrate into the telomeres of host cell chromosomes. However, the ability to
segregate during cell division, is likely to be advantageous to the viral genome only if it is
normally latent in dividing cells. The site(s) of persistent infection for HHV-7 and HHV-6 are not
known, although both display tropism for non-dividing T-cells. Additionally, evidence in support
of HHV-7 or HHV-6 integration into the host genome is scarce, nor is there any expectation of

integration from what is known of other herpesviruses.
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Secchiero et al. (1995) speculated that the telomeric arrays in HHV-6 and HHV-7 might be
involved in the regulation of viral gene expression. Additionally, Gompels and Macaulay (1995)
observed that monomers of the telomeric element are distributed around HHV-6 ori, suggesting
a possible role in lytic phase replication. In contrast, telomeric elements are not located near
HHV-7 RK ori. However, this does not completely rule out a role for the telomeric elements in

HHV-6 Iytic replication since the structure of its origin is different from that of HHV-7.

4.3. CODING POTENTIAL OF HHV-7

As a result of this study, HHV-7 RK is considered to contain 84 different genes (Table 11) and
HHV-6 is predicted to contain 85 different genes. Two genes (DR1 and DR8) are present twice
in each genome. The deduced layouts of HHV-7 and HHV-6 genes are shown in Figs. 23 and
24, respectively. In addition, HHV-7 genetic features and an alignment of predicted amino acid

sequences with the genome sequence are given in Appendix .

As expected, the HHV-7 RK contains approximately 40 core genes, and in addition
approximately 30 more genes have counterparts in HCMV. All but one of the remainder have
direct counterparts in HHV-6. Even the one exception gene, U55B, is related to U55A, and is
thus also homologous to HHV-6 U55. HHV-7 U55B and U55A are also homologous to HCMV
UL84, which may encode an essential replication function (Iskenderian et al., 1996). Whether
this is an example of the HHV-7 genome generating diversity by gene duplication or,
alternatively, expulsion of genetic material from HHV-6 and HCMV is unclear; the former seems

more likely.

HHV-6 contains only two genes that are absent from HHV-7: U22 which is a putative membrane
glycoprotein, and a homologue of the AAV-2 rep gene, U94 (Gompels et al., 1995). The function

of U94 is unknown.

Gene U91 was not previously recognised as encoding a putative membrane glycoprotein in
HHV-7 and HHV-6. The amino acid sequences of the two proteins contain two pronounced

hydrophobic regions (one near the N terminus and the other about two-thirds through the
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protein), as well as a single consensus N-linked glycosylation site of the form NXS or NXT
located between the two hydrophobic domains. In addition, U91 in HHV-7 has two further
potential N-linked glycosylation sites near the C terminus. Each hydrophobic domain is likely to
anchor in the host cell, and possibly the virion membrane. If the central region is situated outside
the cell, each protein could be N-glycosylated. Alternatively, if the the central region resides

within the cell, only HHV-7 U91 is likely to be N-glycosylated.

4.4. SPLICING

4.4.1. Splicing patterns in HHV-7 and HHV-6

Drawing largely on the correspondence between the HHV-6 and HHV-7 gene arrangements,
and in some cases or experimental data from HHV-6, it was possible to determine splicing
patterns in 11 out of the total of 84 HHV-7 genes. Sites in 9 of these genes represent new

predictions.

The comparative aspects of the analysis ensured that substantial confidence can be placed in
the predicted splicing patterns. Some reservations should be stated, however. Heavy reliance on
homology between HHV-7 and HHV-6 will have restricted recognition of spliced genes to those
which are conserved in both viruses. Splicing in genes that are unique to one virus, and splicing
involving non-coding exons are unlikely to have been identified from DNA sequences alone.
Also, examples of complex splicing (such as that in U100) or alternative splicing are likely to
have remained undetected. Thus, although splicing is likely to be common in HHV-7 and HHV-6,

it is expected that the full extent of splicing has not yet been appreciated.

Some of the genes potentially spliced in HHV-7 and HHV-6 also have counterparts in HCMV and
MCMV. Indeed, it was evidence for splicing in certain HCMV genes that led to initial suspicions
of splicing in their HHV-7 and HHV-6 counterparts (e.g. U17). However, the evolutionary
distances between HHV-7 or HHV-6 and HCMV or MCMV precluded the easy identification of
corresponding splicing patterns in HCMV or MCMV.
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4.4.2. Confirmation of splicing

Identifying spliced genes using sequence data only is a speculative occupation. it is notable that
experimental data relating to splicing are limited for HHV-6 and completely absent for HHV-7.
Consequently, further experimental investigation into splicing in both genomes would be useful.
Transcript mapping by Northern blotting, S1 nuclease analysis, primer extension and cDNA

cloning are the obvious routes.

4.4.3. Origins of splicing

HHV-7 U66 is the only core gene that is spliced in all of the sequenced herpesviruses. In
contrast, examples of splicing have been documented among a-, B- and y- non-core genes,
particularly within the genomes of HCMV and EBV. Several HCMV non-core genes, including
UL36/UL37, UL122/UL123 and UL112, are spliced, and some make use of alternative
temporally regulated splicing (Mocarski, 1996). in the EBV genome all of the EBNA genes, plus
LMP-2, which are latency associated and specific to EBV, express highly spliced transcripts. In
contrast, the lytic cycle genes of EBV, many of which are core genes, are either unspliced or

contain one or two short introns (Sample, 1994).

Thus, it is notable that non-core genes are more likely to exhibit splicing than core genes. Many
of these genes probably originated from the host genome by gene capture, or were generated
de novo in relatively recent evolutionary times (Davison and McGeoch, 1995; McGeoch, 1989).
It is unlikely that splicing in recently acquired genes reflects splicing in the host genome, since
gene capture seems to occur by reverse transcription processes. However, splicing (particularly
alternative splicing) may be introduced to modify the expression of genes that are recently
established in the viral genome. In addition, although gene duplication is a method of diversity
well established in the herpesviruses (e.g. the US22 family), splicing may also be employed as

an aid to divergence, particularly since it requires less DNA (Krainer and Maniatis, 1988).

4.5. PHENOTYPIC DIFFERENCES BETWEEN HHV-6 AND HHV-7

Although HHV-6 and HHV-7 have very similar genetic contents, their long evolutionary

divergence (50-60 Myears) is reflected in disparate DNA and encoded protein sequences.
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Indeed, the level of amino acid sequence similarity is significant but, for may genes, modest
(Table 11). Therefore, the hope of identifying the genetic causes of phenotypic differences by
sequence comparisons appears forlorn at present. These differences are, in any case, likely to

be multifactorial.

Phenotypically HHV-7 and HHV-6 are very similar, but the two viruses do differ in several ways.
Both replicate optimally in CD4+ T-cells, but whereas HHV-6 has a wider host range, that of
HHV-7 is more limited (Ablashi et al., 1991; Frenkel et al., 1990). The cellular receptor used by
HHV-6 is not known, but is believed not to be CD4. By contrast, CD4 appears to be a critical part
of the cell receptor used by HHV-7. Moreover, HHV-7 infection selectively down-modulates
surface expression of cellular CD4, but HHV-6 enhances CD4 presentation during infection
(Lusso et al., 1989, 1991, 1994). HHV-6 infection occurs early in childhood and 80% of children
develop an antibody response by 13 months. HHV-7 infection also occurs in childhood, but later
than HHV-6 infection, perhaps taking up to three years from birth to develop a similar level of
infection (Briggs et al., 1988; Brown ef al., 1988; Okuno ef al,, 1989; Wyatt ef al.,, 1991). The B
variant of HHV-6 is widely accepted to be a causative agent of ES (Yamanishi et al., 1988), but

the A variant and HHV-7 have no proven involvement in any disease.

The relationship between the two variants of HHV-6 (A and B) is much closer than that between
HHV-6 and HHV-7. The variants share approximately 95%-99.5% DNA sequence identity and
approximately 95%-100% amino acid sequence identity (Ablashi et al., 1993). Yet HHV-6 A and
B also differ phenotypically in several ways, including: differential tropism for different CD4+ T
cell lines; and the etiologic link of the B variant to ES. Therefore, it is perhaps surprising that the

phenotypes of HHV-6 and HHV-7 do not differ more significantly.

4.6. CONCLUSION

The determination of the complete sequence of HHV-7 RK has facilitated detailed genetic
comparisons between two strains of the virus and allowed re-evaluation of the genetic content of
HHV-7 and HHV-6. Thus, the study has achieved several goals: facilitated the study of
microevolution over the whole genome length; reinforced our appreciation of the variability of

reiterated sequences in the HHV-7 genome and its implications in genome size; improved our
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understanding of the genetic content of HHV-7 and HHV-6; led to detailed predictions of splicing
in HHV-7 and HHV-6; and categorised U91 as a spliced, putative membrane glycoprotein in
HHV-7 and HHV-6. This analysis thus lays the foundation for further experimental studies of

gene expression in HHV-7.
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Appendix 1



CCCCCCGTTTCGTATTTCARATCCTAAATAACCCCCGGGGGGTARRARAAGGGGGGGAGCTARCCCTAACCCTAGCTCTAARCCCTARCCCTAACCCTAGE 100
telomeric < ¢ < < >< >< <

reiteratopm T1

TCTAACCCTAACCCTARCCCTAAGTCTAARCCCTGACCCTAACCCTARGTCTARCCCTGACCCTARCCCTAACCCTARCCCTAGCTCTAACCCTAACCCTA 200
2K < >< >< >< >< >< < >< > < >< < < >< >< ><
GCTCTAACCCTAACCCTAACCCTAACCCTAGCCCTAACCCTAACCCTAACCCTAACCCTARCCCTAACCCTARCCCTAACCCTARCCCTAACCCTAGGTC 300
>} >< >< >} > >< > >< < >< >< >< > >< >< >< >
TRAACCCTAACCCTARCCCTAAGTCTAACCCTARCCCTARGTCTARCCCTARCCCTAACCCTARCCCTAACCCTAARCCCTGACCCTAACCCTAGCTCTAAC 400
< >< >< >< >< >< > >< < >< >< >< >< >< >< < >
CCTAACCCTAACCCTAACCCTARCCCTAACCCTAACCCTAACCCTAARCCCTARGTCTAACCCTAACCCTAAGTCTAACCCTAACTCTARGTCTAACCCTA 500
< >< >< >< >< ¢ ¢ >¢ >< > >< > > > > > >
ACCCTRACCCTARCCCTAACCCTAACCCTARCCCTARCCCTAACCCTARCCCTAAGTCTAACCCTARCCCTAACCCTARCCCTAACCCTAACCCTARGTC 600
>< >< > > >< >< > > > < >} > >< >< > > >
TAACCCTAACCCTAACCCTAACCCTAACCCTARCCCTAACCCTAACCCTAGGTCTAACCCTAACCCTAACCCTAAGTCTARCCCTAACCCTARGTCTAAC 700
< >< < >< >< < >< >< >< >< > >< > < ¢ < <
CCTARCCCTARCCCTAACCCTAACCCTARCCCTGACCCTARCCCTAGCTCTARCCCTAACCCTARCCCTARCCCTAACCCTAACCCTAACCCTAACCETA 800
< < >< < >< >< >< < >< >< >< >< > >< > > ><
ACCCTAACCCTAACCCTARCCCTARCCCTARCCCTRACCCTAACCCTARGTCTARCCCTARCCCTAACCCTAAGTCTARCCCTARCCCTARCCCTAACCE 900
< >< >< >< >< > < < < >< >< < >¢ >< >< < >
TAACCCTAACCCTARGTCTARCCCTARCCCTARGTCTAACCCTAACCCTARCCCTARCCCTARCCCTARCCCTARCCCTARCCCTARCCCTAACCCTARG 1000
< >< > > >< > > >< >< >< >< >< > > > > ><
TCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTARCCCTAACCCTAAGTCTARCCCTARCCCTARGTCTARCCCTAACCCTARGTCTAACCCTA 1100
< >< > >< >< >< > < >< >< >< >< > < > >< >
ACCCTAACCCTAACCCTAACCCTAACCCCAACCCTARCCCTARCCCTAGCTCTARGCCTAACCCCAACCCTAACCCTAACCCTAGCTCTAAGCCTAACCC 1200
< >< >< > < >< >< >< < < < >< > >< < < >
CAACCCTAACCCTAACCCTAGCTCTAAGTCTARCCCCAACCCTAACCCTARCCCTAGCTCTARGCCTAACCCCAACCCTARCCCTAACCCTAGCTCTARG 1300
< < >< >< >< > > < < > >< >< > > < < >
CCTRAACCCCARCCCTAACCCTAACCCTAGCTCTAAGTCTARCCCCAACCCTARCCCTARCCCTAGCTCTARGTTTCACCCCAACCCTAACCCTARCCCTA 1400
>< < >< >< > > > >< < >< >< >< >< > >< <
GCTCTAAGTTTCACCCCARCCCTAACCCTARCCCTAGCTCTAAGCCTARCCCCAACCCTAACCCTAACCCTAGCTCTAAGCCTARCCCCARCCCTAACCE 1500
>< >< > > >< >< < < >< > > > >< >< >< >
TAACCCTAGCTCTAAGCCTARCCCCAACCCTAACCCTAACCCTAGCTCTARGTCTAACCCCAACCCTARCCCTAACCCTAGCTCTARGTTTCACCCCAAC 1600
< >< < >< >< >< > < >< »< > > < b2 < <
CCTAACCCTAACCCTAGCTCTAAGTCTARCCCCAACCCTARCCCTAACCCTAGCTCTAAGTCTRACCCCARCCCTAACCCTAACCCTAGCTCTARGCCTA 1700
< >< < < > > ><¢ >¢ < > > > >< < > b4 <
ACCCCAACCCTARCCCTAACCCTAGCTCTARGCCTARCCCCAACCCTAACCCTARCCCTAGCTCTAAGCCTARCCCCAACCCTARCCCTARCCCTAGCTC 1800
>< > >< >< < >< >< »> >< >< >< > < >< > >< >
TAAGCCTAACCCCARCCCTAACCCTAACCCTAGCTCTARGTTCACCCCAACCCTARCCCTARCCCTAGCTCTAAGTCTRACCCCARCCCTAACCCTAACC 1900
< > >< < >< >< >< >< >< < >< > >< > < >
CTAGCTCTARGTCTARACCCCAARCCCTAACCCTAACCCTAGCTCTARGCCTAACCCCARCCCTAACCCTAACCCTAGCTCTARGTCTAACCCCARCCCTAR 2000
>< > > >< >< >< >} >< > >< ¢ >< ¢ >< > > ><
CCCTAACCCTAGCTCTARGCCTAACCCCAACCCTAACCCTAACCCTAGCTCTARGTCTAACCCCARCCCTARCCCTAACCCTAGCTCTARGTTTCACCCC 2100
< < >< >< >< > >< < >< >< > >< < >< >< >
AACCCTAACCCTARCCCTAGCTCTARGTTTCACCCCAACCCTAACCCTAACCCTAGCTCTAAGCCTARCCCCARCCCTAACCCTARCCCTAGCTCTAAGT 2200
> >< >< >< < < >< > > < > >< < < ><
TTCACCCCAACCCTAACCCTARCCCTAGCTCTAAGCCTARCCCCAACCCTARCCCTAACCCTAGCTCTARGCCTRACCCCAACCCTAACCCTAACCCTAG 2300
>< > > >< >< > >< > >< >< > > < >< >< >
CTCTAAGCCTAACCCCARCCCTAACCCTARCCCTAGCTCTAAGCCTARCCCCAACCCTARCCCTAACCCTAGCTCTAAGCCTAACCCCARCCCTRACCCT 2408
>< < >< >< < > >< > < < > < < < ¥ < >
AGCTCTAAGTTTCACCCCAACCCTARACCCTAACCCTAGCTCTAAGCCTAACCCCAACCCTARCCETARCCCTAGCTCTARGCCTAACCCCAACCCTARCEC  25@8
>} > >< >< > < >< >< > >< < > >< ¢ ><
CTAACCCTAGCTCTAARCCTAACCCCAGCCCTAACCCTAACCCTAACCCTAGCTCTAAGTCTAACCCCAACCCTAARCCCTARCCCTAGCTCTARGCCTAR 2600
>< < >< >< >< >< >< >< >< >< >} > >< ¢ >< > >
CCCCAACCCTAACCCTAACCCTAGCTCTAAGCCTAACCCCAACCCTAARCCCTARCCCTAGCTCTAAGTCTARCCCCAACCCTARCCCTAACCCTAGCTCT 2700
>< >< >< > >< >< < > >< ¢ >< >< < < >< >< <
ARGTCTAACCCCAACCCTARCCCTAACCCTAGCTCTAAGCCTAACCCCAACCCTAACCCTAACCCTAGCTCTARGCCTAACCCCARCCCTARCCCTAACC 2804
>< >< > < > > >< > < >< >< > >< < < ><
CTAGCTCTARGTCTAACCCCARCCCTARCCCTAACCCTAGCTCTARGCCTARCCCCARCCCTAACCCTARCCCTAGCTCTARGCCTAACCCCAACCCTAA 2900

> >< > >< >< > ¢ < >< >< < >< >< > >< >< ><




DRI
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DR1
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CCCTARCCCTAGCTCTARGCCTAACCCCAACCCTARCCCTAARCCCTAGCTCTARGTCTAACCCCAARCCCTAACCCTAACCCTAGCTCTAAGTCTAACCCC
>} >< >< > > >< > >< >< < >< >< >< >< >< > >

ARCCCTAACCCTARCCCTAGCTCTARGTCTARCCCCARCCCTAACCCTARACCCTAGCTCTARGCCTAACCCCARCCCTAACCCTAACCCTAGCTCTAAGE
>< >< >} < > >< >< >< >< < >< > >¢ > < <

CTRACCCCAGCCCTARCCCTAACCCTAGCTCTARGTCTAACCCCARCCCTARACCCTARCCCTAGCTCTARGTTTCACCCCARCCCTAACCCTARCCCTAG
>< < >< < >< < > >< < < >< >< >< 3¢ > <

CTCTAAGCCTAACCCCAACCCTARCCCTAACCCTAGCTCTAAGTCTAACCCCARCCCTAACCCTAACCCTAGCTCTARGCCTARCCCCARCCCTAACCCT
>< >< >< >< > >< < >< > >< >< > >< >< < > ><

AACCCTAGCTCTARGCCTAACCCCARCCCTAACCCTARCCCTAGCTCTAAGCCTRACCCCAACCCTARCCCTARCCCTAGCTCTAAGCCTARCCCCARCE
>< >< > < >< >< > >< >< < >< >< > > > ><

CTRAACCCTRACCCTAGCTCTAAGTTTCACCCCAACCCTAARCCCTAACCCTAGCTCTARGCCTARCCCCAARCCCTAACCCTAACCCTAGCTCTAAGTTTAA
>< < >< < >< > >< >} >< >< >< >< >< > >

CCCCAACCCTRACCCTAACCCTAGCTCTAAGTTTCACCCCAACCCTAACCCTAACCCTAGCTCTARGCCTARCCCCARCCCTAACCCTARCCCTAGCTCT
2< >< < < >< >< > < < < < < < >< >< ><

ARGTTTAACCCCAACCCTAACCCTAACCCTAGCTCTARACCTARCCCCAGCCCTAACCCTARCCCTARCCCTAGCTCTAAGTCTAACCCCAACCCTRACC
>< >< >< >< >< >< > > >< >< >< >< > > ><

CTAACCCTAGCTCTARGCCTAACCCCAACCCTAACCCTAACCCTAGCTCTARGTCTARCCCCAACCCTARCCCTAACCCTAGCTCTARGCCTRACCCCAR
>< >< >< > < > >< >< >< >< < > < >< < >< ><

CCCTAACCCTAACCCTAGCTCTRAGCCTAACCCCAGCCCTARCCCTAACCCTAGCTCTAAGCCTAACCCCAACCCTAACCCTRACCCTAGCTCTAAGTTT
> < >< < > >< >< < < >< >< < >< >< >< >

CACCCCAACCCTARCCCTAACCCTAGCTCTAAGTCTRACCCRARCCCTARCCCTARCCCTAGCTCTARGTTTCACCCCAACCCCARCCCTAACCCTAGET
>< >< >< < >< >< < >< > > >< >< >< >< 2<

CTARGTCTAACCCAARACCCTARCCCTAACCCTAGCTCTARGTCTARCCCCARCCCTAACCCTAGCTCTCAGTCTAACCCCAGCCCTAACCCTAACCCTAG
>< < > >< < >< >< >¢ >< >< >< > < >< < >< >

CTCTCACTGTCACCCTAACACTAGCTCCAGGTCATCTGTTCTAGATCCTATCCATATCTGCCCTGACTCCTGGTTCCATACCGCTCCGAGCCCCACCCTE
>< < > >< >

CGTCCCGCCCTCCTCCTGTTCTCCATGCCCTGCCTTCTCARCCCTTCCTCTTCCACGCCCACATTGCCTCTGCACTCCGCGCTCTCTTGGCTGTGLGCCC

TGCCTTTCCGTGACCTACTGGGAGCGCCGCCARRTCTGTTTTGCCCCGCCCCTGCGCGCGCGGGARCTGTCGGCGCCGCGCTGCTGCTAGCCCGLLTTCC

n TAAT
AGAGCTCCCTCCCTCCGTCTGCCTCCTCACCCTTGCCACTCACCCTTCCATCTCTTCTATCACAGACTCTGTGTTACACCACCTATGACTGCTGCAACCA
>start of DR1 exon 1

T EHFALRAALNRBYMUMULLLTGARHKTLSLUCNYUTAHR
CAGAACATTTTGCTCTCCGCGCGGCACTCARTCGTTACTGGTGGCTGETTCTGGGACGACACAAGCTCAGTTTGGTATGCAARCTACGTCACAGCTCATCG

L LPLPUWPEZ QETFTLOQLDZ®PAPY SNVLA BNIBRUAR BUHIHLH
CCAACAGTTACTGCCGCTGCCGTGGCCCGARCAGGARTTTCTCCAARCTTGACCCGGCCCCCTACTCCAATCTCCGCAACCGTGTCGCTCACCATCTCCAT

R G WP A A HNT
CGCGGCTGGCCAGCGGCACACAACACATGTAARGCTACCGTACATCTCTTTCACARACCCARGGCTCACATAGAGACAAGCACARGCTCGCGCAATGACAT
end of DRl exon 1 >

cC FDPRPVYFPNA AIKU
TARAACCTCCCATCATTGTCCTTTCCTGTCGCTTTGCCGATARCGTCTTTGCTCTATCGCAGGTTTCGACCCCCGTCCTTACTTCCCCAATGCTAAAGTC
start of DRl exon 2 >

K LLPLGS 1 TLTRSTFSSDEHPHPI GDDUMHUHSUHTDRBREG
AAGCTGCTTCCGCTCGGCTCCATCACCCTTACCAGATCATTCTCCAGTGACGAGCCTCATCCTATTGGTGATGATGTGCATCACAGTCATGACCGGGGTG

DYy HTULILCSUWLTGTSP I LVYULLQGPDGS I ¥ CHDUYR
ACTACCATACTGTTATCTGCAGCTGGCTCACAGGAACCTCCCCGATCCTAGTGCTGCTTCARAGGACCGGACGGCAGCATCTATTGCCACGACGTGTACCG

G RL Y LUYVUAMHSUYSLFARTLTGEGLARAHTCE®PLY AAPARARWUTIKTEHU
CGGCCGATTGTATCTCGTGGCCCACTCTGTATCGTTGTTCGCCAGGCTAGGCCTTCGCCACTGCGARACCTTTATATGCGGCACCCAGATGGAAGCACGTT

P LPSHWUASPPASATLTQTLAUSATHTGLIDALYS
CCTCTGCCCAGCATGTGGGTGGCGAGCCCGCCAGCGTCCGCCACCCTCACGCARACACTCGCCGTGAGTGCCACGCACGGTCTGGACGCGTTATACTCGE

L LK I HRGTPTCSLI HPUNGY ULODMNILTGARSTFTU QEAS AP
TGCTARARATCCACAGAGGAACTCCGTGTTCGCTARTCCACCCCGTGAACGGCTACGTCCTGGACATGATACTGARCGGGCCGCTCATTCCAAGARGCACE

C QNTHARTSUKTTPHUYUNDARUCGGRGS UL S I G6GVY LUK
CTGCCARRACACTCGCACGTCCGTTARARCAACGCCACATGTAATGGACGCAGTCTGCGGTGGCCGCGGGTCATGGCTGTCCATCGGCTACCTAGTAARG

nmPH I HLAUVTRTTCLUTAIDURIONTFLMWRUYUADIDIDALL
ATGCCGCACATTCACCTGGCGGTGARCCCGARACATGTCTGGTCACCGCCATAGATGTCCGACARARCTTTCTCTGGCGCGTGGCGGACGACGCGCTGCTAT

FLVUTGSLLLLSRPTADLTSWUSTCLOOEPUUARNTETLTD
TCCTGGTCACCGGTAGTCTTTTACTACTGTCGCGGCCGACCGCAGACTTGACGTCTTGGTCATGTTTACAGCARGRACCTGTGTGGAGGARACTGTCTAGA
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T RGEOQDETETDT QE™MNMEKD QSTS K KQHNENTZEKTEKTLNTSEKTKH
TACGCGCGGAGARCAGGATGAGACAGARGACCARGAGATGAAACARAGCACAAGCAARRRAGCARAATGAGARTARAAAACTCAACACCTCAAARARACAL

T RVUSSA I PTFZPLSLARBRET®PPEA ARSPAULAAALTDQ S
ACCCGCGTATCGTCGGCAATTCCGACCTTTCCCCTGAGTCTCCGAGAAACGCCGCCAGAAGCCAGGAGCCCAGCCGTCCTCGCCGCCGCCACCCAGTCTE

H KT THRA®ARAI STHHNATTT I R I PRLPSY LLEARBRTLTLSUTHA
ACAAAACTCGAGCGATCTCGACGCATARTGCCACGACAACAATAAGARTACCGCGCCTTCCCAGTTACCTGCTGGARGCGCGTCTGTTGTCCGTGACAGE

' L K DT K K KKTUOQPOQA -
TATCCTGARARGACACAAAGAAAAARARRACCCAGCCTCAGGCGTAGCAGCTGCGACGCTCAGCGCGGTGTCTGARAGCTCGCCAAGGTCTCGCGTARAAG

AACAGATGTGAACTTCAGATGTACCARACCAARTARTACGGGTTCCGCTATARRARGTGCACCTCTATTCCCGTTCTTATCCCCGTTCTAACTCTTCCTTG
TATCATACCTTGCATGTTAACCGGATCCCGTGGATCTTACACACATACACACACACACARACTTGGTGAGGTAAACACAGAARTCTCACTAACTCATAAT
CCCCTACACGCTTACCACCACCTARAARTGGTTATGACCARRACTGGCAATAGTCTATCTTCTTTTTCTTTCCATTCACAGCCAATGTGCAGTACTCGTG
GGTCCACARCAACGARAGAGACTGTAGAGACACTTCCTTTARGTAGACCTTAGAGACACARCCARATACARCCACARCCAARARARRARCAGARAACARCA

n s AEM®NLRAVUYV QL OQPRRRBRGHSSSPTS®PPLETGTEP
CARAGCCARTGAGTGCAGARATGCTCCGCGCTGTTCAGCTCCAGCCARGACGCCGGGGACATTCCTCATCTCCCACTTCCCCTCCACTCGARGGAGAGCC

s PX RLOQS SN SHOQGRRSGRPIKPRAIKTWUWUSEALSHARBS
CAGTCCCAAGAGACTCCAATCGAGCRACAGTCACCARGGGCGTAGAGGCAGACCTARACCCAGAGCTRAARCATGGAGCGARGCTTTATCCCACCGGTCC

F LN Il ¥YAWILSLSAKRGSPRKUY G YAFRHRGETLUALTP
TTCCTCARCATTTACGCGTGGCTGTCTTTGAGTCGAGGGTCTCCGCGARARGTGTACGGATATGCCTTCAGGCACAGAGGAGAACTCGTAGCATTGCCAT

WwepePNWSLELMHMHDPY RDARAIQTUUWSHARUGUPATHWU
GGCCGCCTAACTGGAGCCTGGAACTTCACCACGATCCCTATCGAGACGCCAGAGCACAARCCGTTTGGAGTCACCGCTGGGGATGGCCTGCAACACACGT

T AR TURIDTC

GACAGCTCGCACGGTGCGGGACTGCGGTGAGTGTARGCAGTGTGACACATTGTTATCGCAATTGTCTTACCCGATTAACTTTTTATTAARTGTATTAAGCA
end of DR6 exon 1 >

DT HMVY UCLCTCGA RTGTEK'L
CTCTTTCTTCACGTGTGACTGTTGTGTTTTTITGTTGTTATCTACATCCCGGCAGCCCTCGACACGCATATGTACGTGTGCTGCGGACGCGGAGAAAAGTT
start of DR6 exon 2 >

P UGY URNRAAPSDTLAW NS SILARULLI ARTIDSEGAM™HNY UHH
GCAGCCCGTCGGATACGTACGCAACAGAGCCGCGCCTTCAGRCCTGAACTCGTTACGCGTCCTCCTCATAGCCAGGGACGGAGCARTGTATGTGCATCAC

mRTAARLTCRLASSUTEFARARBTEGLUORESTEUY ED
ATGAGARCGGCGCGACTGTGCCGCCTAGCCAGCAGTGTGACCGARTTCGCGCGACGAGGGCTGCAGCGAGAATCCGRGGTTTATGARGATGATGTTTCCT

L PDRRUGSATAILHLFDUYVI TQAADUHDLLTUAGLTEC
TGCCAGACCGTCGAGTAGGTTCGGCARCGGCCATTCACCTGTTTGACGTARTTACCCAGGCAGCCGATGTCCACGACCTACTCACCGTGGCCGGACTLTG

Q THTGUSCOQL WY TDHODPHTUAGAARTFTILTURAHAR
TCAGACTCACACCGGCGTCAGCTGCCARCTGTGGTATACAGACCACGATCCCCACACCGTCGCTGGGGCGGCACGCTTCACACTGACGGTCGCACGGCAG

Yy RL WPNARARBRIKTLLIUOQHLHPDHPLGLWLLCAULTY
CAGTATCGATTGTGGCCAARCGCACGACGCAAACTGCTGCAGCACCTACATCCGGACCACCCACTTGGGCTGTGGCTGTTGTGTGCCGTGCTCACGTACG

DAKETWNRAUVUPPUTPGAETUUUVU I UT GRGAI L GF WP
ATGCAARAGAGACGAATCGCGCAGTGCCACCCGTRACGCCAGGGGCCGAARCCGTGTGGGTGATAGTTACTGGCAGGGGTGCCATTCTAGGATTCTGGCC

ESAKMNMNCARLASSHKGLUKNTGARALIKTGHWUTY AAPG
AGAGAGCGCCARRATGTGCAGATTGGCCTCGTCTATGARAGGACTCTGGAARARCGGAGCGCGGGCGCTARARAGGTCACTGGACATACGCAGCACCCGGE

RHRRAGEG® AUPLCAHYOQSPR - —commm —meeee
CGGCATAGAGCGGGAGAGGCCTGGCCTTTGTGTGCACACTACCARTCTCCTAGATAGARCARAATTARAARGAT TARARAAARRAAGARARAARGTACAA

GAGTGTTATCGCGAARCAGCGTGTCARARARARRARRCARTCCACATACTCTAGAACARACTGTACCCARAAATAARGTCCGTGTGCARARCTGGGARARAR
AAAATCACCTTCCTCGTTGCCACTAGAGGGAGTACCGAAAGTGTAGGCARGARGGCCACGCTGTAAATGACTGTCAGCGTTTGGCGCTGARARRCATTGCT
GTTCTTGCTGGCTCAAGCACAATCACGTGATTAAGATTCCTTTCGTTTTCARAGTGTGCCCGGGAGGCAGACATGCCCTTTCTCGTGAGACATTATGAGA
TTTGCCTGCCAGAGRACCACGTGACTTGGACTTACTTTCGTTTTICTARACGTGCCCTCTAGGCATGARTGCTCTTTAGCGTTAGCCATGAGGCTAGCGTG
ATCCTGTATAGTACATARGTTTCTARGAATATGTTTTTARCAATAATCATGTCCCAARRARGTCGCGAGTGACTARRATTCTCTGTARRTGAAGGCAAATT
ARACAGGATACAGACAGTTGTGGCAGTGGTCCGTTTCGTCTTTCTGTGTTTTCCTTACGCGGCTGACGRGGTAARGTGTCTCAGTCCATATTGTTGTCTG
TGCCACCGTAGTTAGCGGTGGCATACTARRARCTCCGATAGATGCAGAACARATAACACCGARARCCACGCTGTGGAACCAGACCACACTTTATAAACAAR
ACGGCCTTATCACCTGGARAAAAAARACTARAAATAAGGCAATGATACACCTGACTTTCCATTGGAARCCTGCCGTARCCCTGACCACAAATCCCATGCTA
ARTCCCCTGAARCACTGCCARACGTCGCTACAAGGTTTTTCCGGGATCGAGCCGCAGCARGCTTARACTGAGGTCACACACGACTTTARTTACGGCAACG
CACAGCTGTARGCTGCAGGARAGATACTATCGTARGCAAATGTAGTCCTACAATCAAGCGAGGTTGTAGACGTTACCTACAATGAACTACACCTCTAAGC

ATARCCTGTCGGGCACAGTGAGACACGCAGCCGTARAATTCARARCTCARCCCAARCCGARGTCTARGTCTCACCCTARTCGTARCAGTAACCCTACAACT
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CTAATCCTAGTCCGTARCCGTARCCCCAATCCTAGCCCTTAGCCCTARCCCTAGCCCTARCCCTAGCTCTAACCTTAGCTCTAACTCTGACCCTAGGCET

telomeric < >< >< >< >< >< >< < > > >< >< >< ><
reiteration T2

u2

u3

AACCCTAAGCCTARACCCTAACCGTAGCTCTARGTTTARCCCTAACCCTAACCCTRACCATGACCCTGACCCTAACCCTAGGGCTGCGGCCCTAACCCTAG
>< >< >< >< >< >< > < < >< < >< 3¢ >< <

CCCTAACCCTAATCCTARTCCTARTCCTAGCCCTAACCCTAGGGCTGCGGCCCTARCCCTAGCCCTAACCCTARCCCTAGCCCTAGGGCTGCGGCCCTAA
> < >< < >< >< >< > < >< >< >< >< < > <

ACCTARCCCTARCCCTAGAGCTGCGGCCCTRACCCTAACCCTAGGGCTGCGGCCCTARCCCTARCCCTAGGGCTGCGGCCCGAACCCTAGCCCTARCCET
< > >< >< >< > >< >< < > >< < > < > >

ARCCCTAGCCCTAGGGCTGCGGCCCGARCCCTAGCCCTAACCCTARCCCTAGCCCTAGGGCTGCGGCCCTAACCCTAACCCTAGCCCTAGGGCTGCGGCC
< >< >< >< >< < >< >< >< >< >< >< > >< >

CTAAACCTAACCCTAGCCCTAGGGCTGCGGCCCTAACCCTARCCCTAGGGCTGCGGCCCTAACCCTAARCCCTAGGGCTGCGGCCCTAACCCTARCCCTAG
> < >< >< X< >< >< >< < >< >< < >< > >} ><

GGCTGCGGCCCGRACCCTAARCCCTARCCCTAACCCTAACCCTRACCCARACCCTAACCCTAGGGCTGCGGCCCTAACCCTAARCCCTAGGGCTGCGGCCCG
>< >< >< > >< >< >< >< < >< >< >< > > > >

AACCCTAACCCTARCCCTAACCCTAGGGCTGCGGCCCTARCCCTARCCCTAGGGCTGCGGCCCTARCCCTAACCCTAARCTCTRGGGCTGCGGCCCTRACE
>< >< > < > >< > >< »< < < 3¢ > > <

CTAACCCTAACCCTARCCCTAGGGCTGCGGCCCGARACCCTAGCCCTAACCCTARCCCTGACCCTGACCCTAACCCTARCCCTAACCCTARCCCTAACCCET
>< >< >< >< >< >< > > < >< > >< < >< > >< >

AACCCTAACCCTAARCCCTARCCCTAACCCTAACCCTARCCCTARCCCTAACCCCGCCCCCACTGGCAGCCARTGTCTTGTARTGCCTTCARGGCACTTTT
>< 3¢ »< >< >< >< >< »< >

end of DR ---><--- start of UL
TCTGCGAGCCGCGCGCAGCACTCAGTGARRARCAAGTTTGTGCACGAGAAAGACGCTGCCAARCCGCAGCTGCAGCATGAAGGCTGAGTGCACARTTTTG

GCTTTHCTCCCHTHHRGGCGCGGCTTCCCGTHGHGTHGHHHHCTGCHGCGCGGCGCHCHGHGCGHHGGCHGCGGCTTTCHGHCTGTTTGCCHHGCGCHGT
CTGCATCTTACCARTGATGATCGCARGCAAGAARAAATGTTCTTTCTTAGCATATGCGTGGTTAATCCTGTTGTGGTCATCACTAAGTTTTCAAGCTTTTG
GCAAGGCATGAAARATAACATTACTATTGGACTGTTTATACTTATCTTCARATGTTCACTCACAGCAGCGAAGGGGACACTAGAAARACACTCCCAACTAG

ARCTACGAGGCGGAACAGCAATGGAAARCCCAGACGTGTTTTTACTTTTATTTTCTGARAARTCATTTARTAGCATACAAGTACGGCCTCTCCGAATCGARGE

TARTCTGAGAGCARAGARCAAAGAGCACTGTRAARACTGAAGGCAARAARACCCCCCGCTTARARAAGAATTTCATARTTCCGCAGCTCTTCCGARGCCCCC
- FL I EYNARLETESA ASGEG

CGAARACAACACAGATCGCTARGGGTGTCTGGACTGAGCTCAGTATCCCGGTARGCCTCCARRGCAGATGGACATARACTATATTCTCGTGGTAATTGAR
R F CCLDSLTODPSLETT DA ARYAELASZPTCLSYERTPLZQU

CTACCGGAACGTGGATGCAAGTGACGGGTAACTGCATGGCCCARGCGTTTCTATCAGGAAAGCGATAGTTTTTAARGAGTCTCCTGGCGCCCATGGCCAR
U PUWHIT CTUPLOQNTAUMWARARNRDPFRYNIKTFUL®RRBRAGHNA AL

ARAAACCCTARAACTACARGCCARGTTARCGACGGCTCCTCCGCGAARCATCCAGAGCGTAGACAGCACCCAAGCGATCCATAAGAACCCGTTGCTTTCGA
F URFSCHALANUUAGGRUDLAY UAGLARDMILURIEOQIKIR

AGAAGACCACGARCCGAGGCATCTTCCGACARACTTTCCGATARCCACGGCAACGCCACGCCTAGGARTGARCCTCCACCGCTCTCCATGGTCCTCCGGGA
L LGRGLT CRGUYUFIKGIUUAUGRRPI FRUWARETGHTDTETFPU

CGGAAAATTCGARCAGCACGCCTTTAGGCCACGGAAGAGGCACARGAGCCTTGTCGAAAGCARCAGCGAARTTCARARCATCCTCCACCCCGCACATAGG
S FEFLUGK®PWUPLPVUVULAKDTFAUAFNLUDEWUGCHNP

GCCGAAGARAAAACCCCCCGARACGATGGACTCGARARARRGCGTACACAGGGTCARARTCTGCGCAGACCACGCTTCCAGAGACCATAAGGGGTGTCCGCA
6 F F F G6GGSUVUI SEFFAY UPDFRRLGRIKIULGY PTDNA

ACTCTGTAARTGGCGTTGTCCACGGRACGGTTARATGCATARARTTCACCCCGATCTCCARTARGCATCAARGCAGATAAATCAGAATAGAGCACCAGAC
URY I ANDUSARBRNTFAY FEGHRDGTIHILMTLASTLDSYLULSGSE

CGATGACCCARACTTCCACAAARGGACAGCAGACAARATTTCTGGTTAACTTGCAGACTTCGTCTTCCGARRTGCCARGCATCTCCGAAGAGGCARACCT
Iy ¥ VEUVUFPTCTCUFNARBRTILSZKTCUETDTESIGL®MNMNESSA ATFR

CAACTCAGCGCCGGARAGGCCACACGAGARGGAAGTCGATGGTGAGCATATTGCARRACARARTGAGCAACGTCTCCGARAGATACGGTTTCCGCAGCGARG
LEARGSPUULPLRHMHAYQLUYVUFHAUDGF SUTEAR RHATF

CTCTGCARARRCGTGGTCCAGTAGACCTCCGGARCAGGTGATTCAACTGTATTCGATTCCAGATTAAACARACCGTTCGATGCATTCGACTCARCAGCCE
S QL FTTWVYUVEPUPSEUTNSETLNFILSGNSA ANSEURART

TTTCCACACCGGAARTCCARAAGCGGAGAATCTGACATACTAGCAACATGCARATGATCAGAGARAARAAAARCAAGTGARATGCACAGAGACAAATACAAT
E VUGS DLL P SDSHN

CARARCTCATACTCTAARARGCACGAACGCTGTTTATTARTTACCATGTCAATTTCAAARCCCACCAGCAAACARGGCARTARAGGGAGAGAGTCACAARCTT

AGCAACGAAARATCTGGGTTCCAACATCAGGAAACGCTGCCCGCTCATCTGCTCTTGCAGCCARGARAGAGARGGTCGCAGTCGCCCTGTCTGGCAGTTTT
c R F 1 QT GUVUDE®PFAAREDARAALTFLTLDTCDSGOQRATHK

91008

9200

9300

9400

9509

9600

9708

9800

9900

10000

18100
10200
18300
18400
18500
10600

346

19700
312

10800
279

19900
246

11000
212

11100
179

11200
146

11300
112

11400
79

11500
46

11600
12

11700
1

116800
385

11900
352



U4

ur
exon 2

CAGATAARAAGCGCGACGARRAATGACACAATGGTTTCTGGCACCATTTGGGCTGAGCCGCGTAARARGTGTGRTGTTTATAGAAGTTACGCACACCGACA
LY FRSSFHTCLPIKZ OQCUWI KPOQAAY FTHUHTI KUY FNRUGU

AACCTRAAAACCTGAAAACTCTCTGCGATGARAGTCARGTTCCCGTCGGGATCGTTATCATTARACCCATAAATTTTTCCCGAGCAGTCAGCGTARAGGG
FRFUQFSEAIFTLNGDTPIDNTIDNTFGVY Il KGSTCDA AVY LS

ARATTCTAGCTCCGTCTGARARACATTTCAGTCCGAAGCTCGCARAGARACACATATCAGCTAAARCACTTTTTATCTCCGGGTCAGARACARAATGARA
Il RAGDSFTCKILGTFSAFTFTC™MDALUS K I EPDSUVUTFHTF

RCTGTCTTTCCTGTGATGARRCAGGATATTCTCTCTCGCCGGCCATCGCAACTCAAATTTTTCACCARGATGCCTGTCCCGAARTGCCARRATTTCAGCG
S DK RHHFL I NERAPURILTETF KTETGLHARBTDAR RTFA ATLII ERA

CATGTTGTGATAGCTTCAATCTCTGGATCTGATACCTCAAATTGCAGACACTTACACARAACGTATGCGTACAGACATCTTTTGAGACCTTTCCTCARAA
cTT1T Il AE I EPDSUUETFTU QLT CIKTCLUWUYUVYAYLCARBRIKTLTGTZ KA BRLTF

AACTGTCAATAGTGTCACCCACGCGACATAGTTGATCAGGAAATAACGTTGTATGTGCATAARCGCGGCCARCTTTCCCARGTAAGATAACCACATCATC
s DI TDGUYVURCLQODODPFLTTHA AYURGUIKTGTLTLTIUUYUDD

AGTCTCATACTCAAGTTCGTARACAGTCGTCACAGTATGTTTTATGTARCCAAGAACAGTARGTTCTTCAGGACARCACACCAACGCGGCGTACTTTTTG
T EY ELEY UTTUTHIKI VY G6GLUTLETEPTCTCULAAY KK

AGCTTATCTTCCTCATATCCCTCCACACCATARGTCARAACARGTTCARACCCCTCTGGAARARCCARAGGCACCCTCAARTGCGGATTCAGAAACAAARA
L K DEEVY GEWVYVGY TLUYVULETFSGE®PFULPURLHPNLTEFTLF

RCATTTTTAGACTATTAAARTTTGTATARACACGTAGARARRTCCACGAGTTTAGCCTTAGCAGATTCARAGATTTTCTCTTTTCTTTTTTTATCAGATAA
m KL SNFWNTVY URLTFUDULKAIKA ASETF I KEJIKHRBIZKIKDSL

AAACGTTTTCTCAACGTTGGCAACCTTCARATCCTTTTTCCCGTCARCATGAGCAACATATTTTCGTATARACGAATTTTCCTTTTTTAAATCTTTTGLC
F TKEUNRSRUKTLUDI K KTGDUHAUY KR I FSNEZIKTZKTILTDTKSA

RCARCTCTCARARRCACGCTCTTCARARATTGAAGTCAGACCCCAAATCTGCCATACTTAARTCGTACCTAGCGTATTARTARTCTTTGTGCACCGGTTTCG
U umRULURETETFNTFIDSGLODAMN
- ¥ D K HUP KA

CAAARGGGCAGAAAGCCARCCGCGGARTGCGACGCGACTGGCGAATGGTARATCCGCGGTGCTGAGACTCTTTARARAGCCTTTTCCTCACCGAARCTCT
FPCFALA BRPI RRSOQRI'I TFOGRUHZQSEIKTFULRIKABUSUR

CCTTTGTCGCATCCTGTGTTCAARGATCCTARCCTCARAAGAACCTCCACCCCTARCCGCATGCGGCACTACGTTTGGAARCARACCACTCCARAGATGE
R QR MRHETFI RUETFSGGG6RUAMHPUVUNPTFTILGSUMWWLH

GTCCCATATARATTGCAATCTTGACACCGARRARAARCGCACTGGATTGTCCATGTAGTGCAGCTTTARAGGATTCGTAAARTCCTTCCAARATATCGTGCC
T GY LNTDU OQTCRFFRUYUPNDODHNY HLIKLPNTTFGETL I DHR

TTAACTCCCGAGCTAAGTGTARRAGAARGCACGARCARGTTARAGCTACCTTCTTTTGACACARGTGCTCTAGGAGAGCTCTCACTCTATGATTCTGTTT
L ERALHLLFCST CTLAUKTI KT QT CLHETLLARBRURIUHNDOQEK

ACTGTAGGAAGCTACTAGRATAGAAGCCACTTCAAGAAAAGCGGARCAGTGCCGAGGAATGGACATCACATTGTGACTGCTAAAGTGACTACCTAARACT
s ¥YysSAUVUL I SAUELTFASCHARPISHUNUHSSFHSGLU

GCTARCTTCCTACARACGTTTTCARCTCCTTCARARGGTAGTATCCTTATTTCTAARAAGACTARAGACTGCGCGAARRAACGCGCTATTTTGTCCARART
AL KRCUNTEUGEF®PLI BRI ELF UL SQAFTFARAIKDTLTD

CACGAGAGATGCGTTCTCTTACTCTGCGCGCCAGGARRAGACATARARTGATATTACAATARATCTTTARRATGTTTCTTTCTAGATGACTATTCCCTAA
R S 1 RERUWRBRARBRALT FLOCLI I NCVY I KL I NRETILWUHSNTGIL

AATTTCATCATGTAGAATTGGCARTGTTTTCGATTCCATTGCTTTCAGTATTARCTCCGCGCCGAGATCTTTGTCAATACTCTCTCTAARCGCGTAAAGET
} EDHL ! PLTKSEWMHNDARIKTILILEAGLDT KT DI SERURILA

TCATCATTAGTTAARTGTAATTGCTGGAGAATCARGTCCTGTGGACTAARRGTCCTGTATATCGGACARATGTAGGACGCCCCTTTCTCTCCGCTTCARAA
EDNTLWHLOOL I LDQPSTFDO QI DSLHLUGRERI BEIKILTF

AACGAGARAATAGCGCCTTGCGACATTCCCCGCAACTACARAGATTAGATACAACARRGTGATAATTCATCACGAATGARAARAARATTTTGTCGTCTAA
R S FLAIKA BTCETGT CSTCLNSUUFHVY NNTUFSFF 1 KDTDIL

GAARATTTTTTAATAGGAGATTGGARGGCGCTACGACTTCACCAGCTATTTCCTTCGGATTTGGAAGTARCTCARRCARRCTCAACARTATATTTGAATCA
FNKLLULNSPAUUETGAIEK®PNPLLETFULSTLLTILINSTD

CAGCGATTTCTARGCATARARARTTGTARAARCAATGAATCTARGAGCTCCATTAAACGATTARAGTGAGACGAARGAGTGTCGCGCTTTTCTCCAGCTA
cC RNRLMNMNFFOQLFLSDLTLEMMLARNTFMHSSLTDA BABRIKTETGHA AU

CARAATATTCCGCTATTGTARARTGAGCCAARGCTGTAGCTTTAGTCAGRACTCGATARARCGGAGAAGTGCACTCTTCAARCCTTAGACTTTGAAGAAR
F Y EAIT TFHALATATIKTTLURYFZPSTTCETETFH BRLSOQLF

CGCGAGAARRACCGTCTAAAGTCATTGTTGCCTTGTCCCTCCTTTTAARTGAARCGGAGTTTTTCTCCACTAARACAGCCCATAGTAGACTGTCATCGTAA
AL FGDLTMHTAIKDA ARRIKTFSUSNIKEULUYVAUWLLSDDY

AATTTTAAGCCTCGAGTTTGGARCARATCTTCTGRAGTGAGATGACCGCTATCCGCAATCATCTCCTCTGTCAGCTCATTCARGTTGACGTCTARCTCGE
F K LGRTU OQFLDESTILUHGSDAINETETTLTENTLAWNUDTLESTC

ATGAGTTARATGCCGTCCATGACAGATARGGATGATTCGGTATARCATACGTARTGCGATTCCTTAGCGGCCCTTTACARACATCATARTCGATTARATC
S NFATWMWSLYPHNPI VUY T I RNARBLZPGSGKTCUYUDY DI LD

CATTACGCAARTCCTTGTCARRARTGTTTATTCATTTCCATCACTAGCATCGACTCCARCACARGGCTAACGTTTCTACATTGGCARAGTARCACAAGTCA
n
- ENGDSADUGUCALTEUNAFUYCLD
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TTCTGHhTCTTGTCHHGHCCCCCCHGCTTHTHCCCTHCHGCTCTTHCHTCTTTTTCTGGHCTGGTCTGGHHHTTTCCHTTCCCHHHHTTTCCHRHHTHTT
N Q I KDLGGLIKY GUA®RUDIKEZPSTOQFNSGN NTGTFNGTFVYK

TGAGACCACTGAARAARRAGTGCCATTGCTCCATTARTGTTTTTTGTGTTACTTARATATTCAGCTTCGATGTTCACGATCGATCTCTCCAGCACATCTAT
L 6sSFFLANMAGNINIKTHNSLY EAREI NV I SRETLUYUD!

GARGCTCTTTTCCTTAGCATTCACTATGAAGARACCTGGTGCTAGATTATTTGCAGCAACCARAGTCCGTGTGCTTCGCAGGCTGCCTTTGGATGTARAGA
F S KEKANUI FFGPALNNARAULDTHIKA®A®PIQRIQI YL

TGATGCAAATARARGCTTTCCATGAAGTTTGTTTCATCATAGTTTTTGTARTACGGARTTTCARAGCTCATCTTTATCACTTCTARGCAGTTGAAAATAR
HHLYFSEMNMNFNTEDVYNIKYYP I EFSNITK I UELTCNTFIF

AGTTTGAGGATGTGCCAGGGTTTCTGACAATATCTTTARACCTGCTTCARCATATTGARATAARACGATATTGTTCATACARCCCTTACTGCCCAGTTTCAT
NS S TGPNRUI DKUVUQKLHMITNTFVYUI NNMTCGKSGLKMHN

TTCACATTCCATGCTAGACTCCARGTTCTTTAATTCATCTAAGTACACATCATARTACATTTTCAGTTCAGTARACAAARCACTGTTAARGAGTTTGAATT
ECEMNMNSSELNIKTLEDLY UDYVYHMNKLETTFLUSHNLTOQOQI

ATGAARAGCAARAACACAATGTTACTARGAATATTCAACAGATTTCTTTTGTCCTGACCCATATCCACAGTAACCGAGATAGGAARCCTGGARTGTTCAA
I FLLFUVYV I NSLI NLILWUN®BIKIDGOQGHMTDUVUTUSIT PFRSHEI

TCTGCCCCTCAATAAAACTTARARCACARATCTTTGGCTACAAACATAGARAGARTTAGAATATTTCTCAGATAARTGTGGARRAARTAGGTARARTCGATCTT
g 6 EIl FSsSLCLDIKO®AUFMSLNSYKESLHPTFI PLDI K

ACCCAARAGCTGGARAGRAATGTARTTTGACAGAGCCAGGATTCTTTITCATTGTGCCTACATTTTTAAACCTGAARAAARTTGTATCGACATTCTTCGCAA
G LAPFFHLIEKUSGPNI KT K™TTGUNZEKTFRBTFTFNVYBRTCETESTC

CCACAARRATAGTARAARGTGCTCARGTARGTACARCTGAARACGATCARRARAARTCGCGTCTGARAGAATGATTCTGTTTTGTTTTGCATTTCTGTCTTAA
6 ¢CF L LFHEULLYLOQFRDTFTFDARRTFTFSETI KNI OGMHNETKF

AAGATTCGCTCCARRRTGCACAGCTARAGCCCCCTAACTTCTGCTTAGATTCTTTACTCARTTCCTTCARTTTTCCATCTAGTTTARARRATARACATAGA
S ESWFACSTFOGGLIKQXKSEZIKSILEZKTILIZ KTEGHDTLZKTFFTLDBN®NES

AAGGTACTCACATAGGTAGCGACACCAGTATCCAATTCCAGGCTTAGCACCCARARTTARACAARTGATGCCCCAGARTAGAACCCTACAGCTGCAAGTTTA
Ly EeECLVYBRCUWVY G I GPKAGLNFLSAGSYFGUAALK

GTRATGCACTGCCATTTGGGGTCARAATCTTCCATARARTTTTAARTCGCGCAARCTGCARRAGAAATTTATCAGCCCTTGTGARAGTTGATGGATACTTGA
T + ¢ QMWKZPODTFODEMNFIKTLDA RLI QLTLTFZKDARTTFTSZPYKTF

ACATTTCGTACTCATAGTCTATCARCCTATTCCAARTARCACCATCTGAACATAATCTTAGCCCTTTTATTCCARARGCGTCCAGCAGCTGATGCTTGRAG
neyEevyoD il LRNWMWI VUGDSCLRARLSGI K11 GFARGAARSAIQL

GCCGTTGATTAGTCTGGATTCTGTCACCGGARCARTGTACTTCAGTTCCGTGTCTCCGTTTGGAATGATGATTGGATGTAGARAACTTTGTARCACTTTGA
G NI LRSETUPU I VY KLETDGHNT®PI I I PHRHRLFKTUSDQQ

< start of U7 exon 2
ACAAGAGGATTACTGRTTTCAGATGAGTGCACTGCARACAGAATACTTGGCATGTTCTTCARTAATCTGAAAAAGARCATCCATGGAACCATCAGTARGA
U L PNS I ESSHUATFTLI SPHNIKTILIL

< end of U7 exon 1
GTATTGTGTAGAGAATACCGARARGAAGAACTTTGATCTTTACATACCTATCACACCTTGGATACATATGCCGTGGTTTCTTCCGARGARTCGGAGACTC
R DCRPVYHMNHARPZKI KA BL I P SE

TCCATTTAACATTCTGTTCARATTTTCCGCCTCACTTTCACTCACATARATCARACTGTCATCATGCCAGTTCAGGGCATATCTTTCTTTGTATARGAGT
G NLMPRNLNEHRSRESESUVY I L SDDHUMUNLAYRETZKVYLIL

TCTTCARACCCTCGCCTGATARATTCTCTARTAGACCTTGCAACTTTGTTGATCTTGTTATCACAATACACATARATGTGAARATTGGGACCTAGTAGGA
EEF GRRI FERI SRAUIKANIKNDTCY UY I HFN®PGTLTLI

TGACAGCTCTACARTTTGGCTCTARCCTGACATCTCGCGCAAGTTCCTATGACARCATACTTTCTTCTTAGTATTTTTTCGAGAATACCAGAACCTGTGAT
UARTCNPEUVUVUQCRATCTGI UVUUVUVY KRRBRLI KELILI G6SG6TI

GTAATGGATGTCATTCGAAGAACAGAARGACAARTCARAATTTTGAARAGCATCGATACGARTTTTTTGACCACATTGGCGATTGACARARTTCTTTAAG
Y H1 DNSSCTFSLDTFNT OQFADIRI!I KOGTCOQRNUTFNIKIL

GCTGGAATATTTTTTTGTARGAGTACGAACTCCTCACCGCTGCATTTGGTTTCTCCGTACCACAGTCTGTCTAGCTCARTATCTAATTCARTCCTTGCAA
AP 1T N KQLLUVYVFEETGSTCI KTETGY ULRDLETI DLTET'L RATF

AAGGTGGGAAATTTCTCAGCCCGATACTGCAARARRATGTGCAGGAGATTCCGCTATGATGTACARTTCATCTGTGACCGTATCTAATGCAAGCATCTTATT
PPFNRLSGI SCFHAPSEATILI I ¥LEDTUTODLALMNKN

TGATGAGCAGTACATCACAAATGGATCAARGTCCGGGTCCGGTTCTCGGTARTTTGGATGTGCATAACCARCAGCGCAARGARATTCGTCTGCTCCTACE
s s CcvymnvuvFfFpPpDFODPUDPEARYNPHAYGUATCLFETDA ATGU

AAATTACTCCAATCATAAGTGATGACACTACGTCTACATTTGARATGATARRRTTCGCCARRRATARGCACATAGTTTGGCGGCCAAGCRAGACAGCACT
L NS UDVY T I VUSRRTCIKTFHY FEGF I L UVY NPPUALTCTCK

TTATACCATTGCGAACTATCTCCATGCCTTCTCCATATGAARGACAGCAGCARCTCAACGGCARAATCARARGACGGTARRTCCGGAGTCGGTTCAATGCA
I 6 N R U I EMN

AARCATCATTGCACACAGGARCAATTTCTGCAAAATTARCTTGTGATTAGTACTTCCGTCACTTTCAGAAARATTARRARCCATAARARGTACTGTTACTT
< start of U7 exon 1
- K
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ACTTAGATACCAGGAGTACTGTTGAACCGGTGCACTTCCARGAGTTGATAATCTTCCARATCTGGCAGTGACTTTTCCARTTTTATCATAACCARARTCT
S LY WUSY QOQUPARSGLTSLRGFARATUKTGI KDY G F D

CCACAATATCTCGCGARGCCGATCCTTGCAARAGTCAGTAARCAATCAGCARTCCGCGTCARCACTTTATCAATCCARTCATAATAARTARATTGCTCCTG
6 CYRATFSGI RAFTLLCDAIRTLUKDI WDVYYY I AGT

TTTCTCCARTGCATAGAATTGGTCTCARACCATAGTCTTCGGCTGAARATATTTARAAARCCTARAACAACTACTTTTTCARACAGTGCCTCTTGTTCTTC
E 6 I CL I PRLGYDEH® ARSI NLFGLUUUKETFTILARAET QEE

ARATCTTTTTTGGTCTGAGGTGCCACAGTGTATGTTTTTCCTGTCTTGCAGGATTARCGCTGTARAGATTGGAGTTTCCARACGARGTTTTARACCAGTG
FRKXKOQDSTGT CHI NKARDO OQOL I LATTFILPTETLAR BRLTEKTLTGEGT

TTTATAGAAACGAAGTGTTCARTCTCTGCTAACGTTTTACACCTTGCCARATTCATCTAATTCGGAGAGCATTGARATATARTTTCTCCTCARARGCTTTTA
N I S VUFHEI EALTI KTCHR®ALTETDTLESLDMNMTS I ¥ NRRBLABATZKIHIL

GTGCCARAGCTGTTTTCCTGTTARATCTTAGRCTAGAATTCAAATTAAGTGGTTCCTGTARTAATCCTARAGTCTTTARGAGTCTCCAATTTTTCARACTT
AL ATKARBRNTFRLSSNLNLPEZ QLLSGLDSZ KLTETLTEKTEFK

TGGACCATCATARTAARRGCGAGTATARACAGGTTCTGAGCAAGTGATTACATTTGTACCTAGARTACCARATCTARCAAATTTGTCARAGTCTTCAGCT
P 6 DY YFRTYUPESTCTI VUNTGTLI G6F RUTFI KT DTFTUDTER

ATGTAATACARRACATCATCCTCCARATCGTGACARARARTTCGACTCGATTTTCCCACAARRATTGGCACGTCTTTCCTTCCARTTTGARTCGCTCCAA
Iy vy L UDDETLUDHU HTCFI RSSKSGUF I PUDKABGI QI AG I

TCAAGCACAARTTTTCCTTAARTCCTTGGTAATGGTCATTCAGTTCTGCCAATTGTTGTTCTGAGTARCCAGCARCGTCARCTGGCTGTGCARGCCTTAR
L cLNEIKTFGOQVY HDNLEASAALOQOQESY GAUYVUDUPOQOALRIL

CCACRARTTCTTTGGCCARATCARARGACARGCATTCATTTCGATGTCGTTCAGTARGARGGCGARTTCCAGGGAAATCAGTARRACGACATAAATTCTTC
W LNK®PWUWI L SLCENARBRUHARETTLTLARIGPFDTTFARBRT CLNEK

AATTCCCTTAACAATCCATCATTTAGTTGTCCAARCACAAGGCAARGTTTTATATTGTTCTGCCATCGTCTCARRATTTTTCATTGAAGTGAATGTGGTAR
L ERLLGDNLO OQGUCPLTIKYOQEAAMTTETFNIKHM™N

GRAGTTTGTATTCTCATCCATTTCTCARARACTCAARCCAGATARATATAAGAGAARRRRAARTCACATGACAGGARRTARRTTTTARAGCTTTGCAGATTTT
TTATTTCCCATTACAGGARACATTAGAGTGATTAAARCCATAAGCCTGGTGTTATCGGATTARARRACCTCTTGTCGAARGTAGGARTCGGATTTTTACCT
TTTTTARAGATCGATTTTTAGARCATTCACGGTAACARTACAARACTAARCAGTGTCATTARTATTACARRCTCAGAATCTGCCACTGAARGGARARATCCC

" A I ARESGATFEI NUNLGIKS I AS I QK
TTTTCGCCCTRAGTARCTACACTTARARRTGGCTATAGCAGARAGCGGAGCGTTCGAARRTARATGTCAATCTTGGARAATCCATCGCTTCCATACARARA

NP I I ¥ RRHLSFYUELLZKTFI | HQVYEQQTCTFTLUPPIKSEG
AATCCTATARTCTARCATGCGTAGACATCTCTCTTTTTATGTGGAGTTATTARARTTTATCATTCATCAATATGAGCARTGTTTTTTACCACCGAAAGGAR

T 1 L YHNGL I ELNTLI I DLNQOQLITSKIOQO I VY S UWTS I
CGATACTTTACCACRATGGCTTARTCGAACTAARTACTTTARTTATCGATCTGARTCARCARARTTACATCGAAACAGCAGATCTATAGTTGGACGARGCAT

TLPX I FSTKELVYF I VUASPESENITLNPAUTIKTEGSEG
TACTTTGCCARAARTATTTTCGACTARAGARTTATATTTTATTGTCGCGTCACCAGAATCGGARRRCATAACTCTCAATCCAGCTGTTACTAAAGGAGGA

WwtLs=oesFSFPLSLSCAYALTGUSST I ¥Y¥HnLPF I P VY
TGGTTATCTGGGAGTTTTAGCTTTCCATTGAGTTTAAGTTGTGCATACGCCCTCACTGGCGTATCTTCAACRATCTATATGTTACCATTTATTCCATATA

K FPpPBRBTYUDFSTLARTVYEUTSEVYGS I Q@1 I K QRWNFLF
AATTCCCAATGACTTACGTAGACTTTTCGACACTTCGARCATACGAGGTAACARGTGAATATGGATCAATCCARATTATARRACAGCGGARTTTTTTATT

L G6G1I!I +tRDLSMWKSQRDNIKNFI LKAMTFUGNUELG I QI
TTTGGGAATTATACGGGATCTGTCATGGAAAAGTCAGAGGGATAACARGAATTTTATCCTGARAGCARTGTTCGTTGGARACTGGTTAGGGATACAAARTT

PEATFALARABLTFNNTARTFSI QDFEFS I NI NI NLTARD
CCAGRRGCTTTTGCATTGAGACTTTTTARTAACACACGGTTTTCTATTCAGGATTTTGAATTCTCCATTAACATACARARTATARACCTTACTAGGGACA

N K I L6 SLSTUSCDQEMTPPNLSPENLZ®PHNYLUI QFEIL
ATAARAATTTTGGGTTCTCTTTCCACGGTTTCTTGTGATCAGRTGCCACCARACTTGTCTCCAGAGAATCTCCCAARACTATCTAGTTATTCAGTTCGARTT

U s TLANPIDHLTLTFSTCNPIKTLTFFTGD I L NSAI NL
GGTTTCARCTCTCGCARATCCTGATCATCTACTGTTTTCTTGCAATCCCAARRTTGTTTTTCACAGGAGATATTCTGAACAGCGCTATAAATTTACAACAT

S PNHVY ELTUY APHNLUHFYPSCFHI UVUTLP I QFSS
AGTCCTARTCATTATGAGCTTACAGTGTACGCACCACATAATTTACATTTCTATCCCAGCTGTTTTCATATAGTARCATTACCAARTTCAGTTTTCATCCA

R NDROQMLUSSVYPNETSGYFEUQHNCPUWUQNSPLOQ I UI
GAARTGATAGRCAGATGTTGGTGTCAAGCTATCCTAATGARGGCTACTTTGAAGTACARATGTGCCCATGGGTACAGAATTCTCCTCTTCARRTTGTTAT

K S FSKNLUVLPQGT®P I AL+ LLY®NMNEIK™TTTGI KNS STLARBRTD
TAAATCTTTTTCARRARATCTAGTGCTACCGCARGGCACCCCTATTGCARTTCTCTTARTATATGGARRAAATGACARCAGGRARARATTCTTTACGGGAT

E.L K I NKODV1LTR I 6 NUNLWZPIKTENTFILHYNS -
CAAGAATTAAARRTTARTARARGACATTACCCGRATAGGARACGTARACCTTCCARRAGARRATTTCTTACATTATARTAGCTARTCTTTATTCAACTGTG

TTTTAGACGACGTCTTCTTCTGAGTGTGTTARATGCGATACTAGTTTATTAACTATATCATCATCTTTTTGAARCAGARTTTTCARGATCGATTAARTCTT
- UuUuDETESHTLHSUYULKNWUYUI DDDIKIQUSNETILDI L DK

TRTCGCCATCTTCTTGAGCCTTGCTAGCACCGAAARTGGTATTTTGCGTCTCTTTGCCTGTTAARAGTGAACCTGAATCARAATCCTGGATTTCAGCATT
D 6GDEQAK SAGF I TNQTEIKTEGTLLSGSDTFDU Q! EAN
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TGGTAARARAARATGGRGACCGCACAGGCTGCATCTTTTCAGTGAAGCTAAARTTTTGAAATARAGGATCTCTCTTTCTGGAGTTCAGTARATTCTTCAGG
P LFFPSRUPOHNKETFSFNIOQFLPUDA BRI KA BRSNILILNIKIL

TTGTTGTCATTGARAGTCGCAATGTTAGAAACATCTGTTTTTTTCGGGGGTTCGAGTACGTCTTTTARGCTTCGCTCTTCTRAACTARTTGTATCCGTAR
N NDNFT®AI NSUDTIKI K®P®PELUVUDKLSRETETLSIHITDTF

AATCCGTTAATAATTTCTTAACTTTTTCACCTAGTCCTGATTCAAARAGTTCTTTTTGAAGAAGATCGTTCCTTCTACTAAGATCCAGTAATGARGAACT
DT LLKIXWUVUXKESGLTGSETFTILETZ KT QLLUDNRRBRSTLUDLLSSS

CGGAGTCCACTTCACATCTTTGACTAATTGATTTTTTTTAGCTGAAGAARGCACTCTCTTTTTCCTTCATTGARAGCGTTTACGTCATTAGTACCTATCATA
P T WK UDIKULOQNZ K KA ASSASEZ KEIK™MNTSANUDNTG I N

TTTAAAGTCTTGGTGGARGARTTTGCTTTATTTCCATITTTTTGCTTAATGCTTTTTTGATCTTGTGGAGGCAATGACATTTCATTATGCTCGTCATCAR
N LTKTSSNAI KNG GNIKUZ QK11 SKOQDOQPPLSHTENHTETDTDTF

ARCTTTGTAAGTTCTCGTGGACARTTTCTTTTCTGCGTTTTTCTGARGGAAGTTTARARRATGTCTTCATTATTTTGTTTAATTGTTTTGATTCGTTCTCG
s QLNEWHU I EKXKRRKES®PLIKTF I DENNZ OQIKTI1TTIK I RER

TAGCTCCARAATTTTCTGCAAGTCATTGGTCGAGTTTTTAGACAGTTGATCGCGTGATTGCACTCCGTTTTGTCTGTTTACTTCGTTTTCTGGCRGRAAR
L EL I KQLDNTSNZI KIS SLZ OQDRSU OQUGNU Q®RNUENTETPTLF

ARGGTAGAGTGATARTCAATTTTATTTTTGGGTAGCTGAACTACGTTARCTTTTGGTGAGCTARCARTGTCTATTACTTTGTTTGAGTTGTGTAGATCTA
F TS HY DI KNKPLQUUNUKPSSUVU I DI UVUKNSNHLTIDIL

GTTTGCTCARAGGTATCTATARCTTGGTTARTACCGTCTGGTGCCACAGCARTTTCATTGAATTGGTTTACTTTGTCCTCTGGTCTGTGCATAGTTTGATC
K s LT1TDI UQNT1T G6GDPARUAI ENFOQNUKTDEWPRHAMTTOQD

AGTTAAATCAAGTATTTCAGTCTGTAGTATTCTGTGCATTTTTITAGAATTGTTTATAGACGTGGAATTTCTTGGCTCGTCCAATATCATGGAATCCTTT
T LDODLIJVET QLI BRHMNMNIKIKSNNISTSHNARBR®PETDTLI TS DK

TTTACCGAGGATAACAACCCATCTTCAGAGCCTACAAATAAATCTTTGGATAGCGTGTTGTTACTCCGTTGTTCAGTTITTTATRRATGGTTCTGGATTAA
K vssLLGDESGUFLDIKSLTNNSRGQETT KT FZPETPNTF

ATGATGAACCATACGARGTTTTTTTAGAACTACTCTCAARATTGATTGCTTAAAGACGATTTCGACAAATCTGTTARAACTTTGARTGTCTGAATCGGTTC
S $ 6 Y STIKIKSSSEFU QQNSLSSKSLDTLUKFTOQ Il PE

AGGAGTARATTTTACACGATCATCCCATGTACTCTTTACGGGAAGAGCATGTAACTCAAGACTTTTTGTTATAACATCAARGTCTTCGGTTRARAATTTTA
P TF K URDODWUWWTSKUPLAHLTELSKTI UDFDETTLIK

AAAARAGRAGTTACTCTATGACTAGTTARTGGCAAACTTAARRATTTGRTAAGAATATATCGARACARARATTTTTGTTGTTTTCAATCGCCTTTRARATTG
FFSTUVURMHSTLEPLSLI QVYSY I SUFNIKNNETLIAKILIA

CATTTTTCTTTTCATTARATGGTATTTARTGCGAGTTTCTCCATGTTCATCCAGGATCCATOGTAATGTAATTAATARATTCCCAAGATAAAGCARTCGATT
N K KENIT TNLALIKEM®NTUSGHLTI LLNGLUYLLRN

GATGTTAGTARCATAGTAGCCATTTTCATTCCACGGATCAACTATTTGGTARRTTGTGAARGRAAGCATATTGTTTTTTGCCTTTTGTAARTTCTCGCCA
I N T UY Y 6NEWNUWUPDU I QY I TFSLMTNNIKA AIKT QLNESTSEG

ATTTCCGCTCTTTCTTCTGTGGTARGATTGACGTARTCGGCTGCGTGTGTCACAGTGCCCCARCGARGARARCTGCCCAGTTTAAGCAAATCTTTTGCTA
I EARREETTLNUVY DAAHTUYUTGWUARLF SGLIKTLTLDZKA AU

CGTTTTTARATTCTGTTTCAARGCCAACTTTGTTARAAGATGTTAAACTAGARTARTCAGTAATCATCTGTCTTTGCTCTARGTAATCTTTCAGAARTTTT
N K F ETETFGUKNFSTLSSY DT I I QRQEULYDIKTLI K

TTGCACCTTTAGTATTTCTTGCCAAACTTCCTCATAGTCTGGTTTCTTTTTACACARGGTTTGATGARARTARRTCCARRGARTCARATTGTTGTARAGT
Q UK L I E 0O UWUETEVYTDPKXKI KI KT CLTOQHFY I UL I L NNYVYL

GTTTTTACATTGTTAATGGAATTTCCAGTTTTARCGATACATTGACTCARRRTCCATGGATTTTCGCGARTATCARCAACTGGTARRGACGATATGTTTT
T K UNNIT SNGTIKU I COQSL I WPNERIDUUUPLSS I NE

CARAARATCGAGATARARARCACTTTGCTTCATCCGAAATCCAAGCAARGGGTARARTGTGACATTTTCATGACTCGTTTTTTCTGTTGAGCATTATTGAR
F FRSLFTCKAEDSI U AFPLHSTKEKT®NM

T L I DF Q K I L
CACTTCTTARARAATTAGTTTARTAGTCTCTATTTTCTCTTTGATTAGATACATGCGCTGCCGACATGGARCACTCTARTTGATTTCCAARRARRTCCTGGT
end of Ul2 exon | >

H D E E
RTGATRATCTAATGTTATGATTTGCTACAGCTTTGCTARAAATGTTACCTTTGCATTTTTAATCATCTTGCAARAARCTTTTTTTCACAGCATGATGARGAG
start of Ui2 exon 2 >

Yy K Yy NY TCI TPTURIKAIQHRLESUI NGI M LTL I L PWU
TACARGTACAATTATACGTGTATTACGCCAACAGTACGGARAGCCCAARGACTTGRARGCGTARTTAARCGGARTTATGCTARCGCTGATACTTCCTGTTA

s TVV Il CTLLIVYYKXKU¥TEKOQT VT SPY L I TLF 1 SDSLH
GTRCTGTTGTCATATGCACTCTGCTARTCTACTACAAATGGACAARACAGARCAATTACTTCTCCATATCTTATCACACTCTTTATTAGTGATTCTTTACA

s L TwVyvLLLTLMNREA ALTNLNIQALTCOQCULFUYSASTC
TTCATTGACTGTGTTACTTCTCACATTGARCCGAGARGCTCTCARCARRCCTTAATCAGGCTTTGTGTCAATGTGTGCTTTTTGTATACAGTGCGTCCTGE

TystéLCBMTLAVYV I STI RYRTLORARBRTILNDIKNNANIBHIIKARS
ACATACAGTCTGTGCATGCTAGCAGTARTATCCACARTACGCTATCGAACCCTGCARAGRAGGACATTARACGACAAARACARTAATCATATTARRAGGA
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u13

ul4

NV G I L FLSSAMTCAILI PAUVLY UQUEI KT KI KT GNVY G KCNI
ACGTTGGAATTTTATTTCTGTCTTCTGCCATGTGTGCCATTCCAGCAGTATTATATGTTCAAGTGGARRAGAARAARGGCAATTATGGARARTGTAATAT

H 1 §S§ T QQKA&YDLTF1PG! K I UY CFLWGI FPTU I F S VYF
ACACATCTCAACGCARAARGCATATGACTTGTTTATAGGAATTARAARTTGTCTATTGTTTTCTCTGGGGAATTTTTCCAACTGTCATTTTCAGCTATTTT

vy U1 F 6 K TLARALTU QS KHNTIKTLSF I SLLILLSFLZC.I
TATGTGATTTTTGGTAARGACCTTGCGTGECTTGACCCARAGTARACATAACARRACTCTGTCATTCATTAGCTTACTGATACTATCCTTTTTATGTATTC

e I PNLLUNMNSUVUEI FFLY I ANTSTCLSGTI @RETI UVUQ I I
AAATACCARATCTCCTAGTAATGTCTGTGGARATTTTTTTTTITGTATATAGCARATACTTCCTGCTTAGGCACCATACARRGAGAARTTGTGCAAATART

S RLH®HPE I HCLSNPLUYAFTRTDFARLRTFUYDF I KTC
ATCTAGATTARTGCCAGARAATACACTGCTTGTCTARTCCGCTAGTATATGCATTCACTAGAACAGATTTCCGATTACGATTTTACGATTTCATTAAATGT

N L CHNSSLIKRBIKABNPLTIKN-
RATTTGTGTARTTCATCTTTAAARGAGAAAGAGARATCCTCTGACARTARRARATTGAACAGTGAAGCTTGCTTAARAACTTTGAARATTTTTTGTGATTTT

—————— nTLNOQOQPSNTCARLITANIDPUL
ARATARAATTTARAATCAATTTATCCTARGCTTTTCAGGCTATGACTTTGAATCAACAGCCATCTAATTGCAGACTAATTACAGCTAACGATCCAGTACT

A S NFTHNOQPTTFIK I} ADKIKUYUULRDHNY 1T A VKIDFULS
TGCATCGARTTTTACARTGCAGCCTACTTTTAAARRTAGCCGATARGARRGTTGTACTCAGAGATCATARTTACATTGCAGTCARAGATTTTGTTCTATCA

R S FnHCIlI RCOQEIKI EKIKTSUDS I RAY S I KPDFUMNFY
AGGTCTTTCATGCATTGCATTCGATGTCAGGARAARAATTGAAARAGAAGACATCCGATAGCATTAGAGCATATTCCATTARGCCAGATTTCATGTTTTATG

b s DDEURSSPF L -
ACTCAGACGACGARGTTCGTTCGTCACCATTTTTATAARCAATATTTARAGTAGCTGAATTGTACGTTCTGAAACAGTCTGAACGGATCCGCTGAACGCAG

neEQ~QXKGTFS I PFFUTDENTCWNTFUPETILPRBRI1I HTIKF
ACACAARTGGAACAGCARAAARGGATTTTCGATTCCATTTTTTGTCACTGACGARRACTGCARCTTTGTGCCTGAAATATTACCTCGTATACATACTAAATT

LKDUVUL I ADSYNSUYUSUANSF I PMTP I QTLEZQ QI NMUL
TCTTAAAGATGTCTTAATTGCCGATTCCTACAARCTCTGTTAGTTGGGCAARRCAGTTTTATTCCCATGCCTATTCARACGCTTGAACAARTTATGGTTCTT

| T K F X FSARSRDFLTF®PUI BRLAUHINRBRFWHTITGIKIKIQL
ATAACARAGTTCARGTTTTCTCGCTCGCGTGATTTTITATTCCCAGTAATTCGATTAGCTGTTCATATCARTAGGTTCCACACAGGGARGAAACAGCTGA

K T n 1 E I MK SLFNTETEASAMNMNRARBTFODODEALDMNI LFSNEZ QTN
AAACCATGATAGARATTATGARARGCTTGTTTAARCACCGAAGAGGCTATGCGACGRTTCGATGARGCATTGATGATTCTATTTTCTARTGAGCARACCAA

TY™Mn"TNIT ALSMTHENTGL®PDSKFMNMTNALI K™®TI Y RAGNS
TACTTACATGACARARCATAGCTTTATCGATGCATGAGAATGGTCTTCCAGATTCARAATTTATGAARTGCTCTARARATGATTTACAGAGCTGGARARTTCT

F DNQPODWNTGDIESVYNEIKTLZKI Y NY LI KPP KY TLIKHA ASGEG
TTTGATARTCAACCAGACAARTGATATAGARRGCTACAACGAGAAARTTAAARATCTACARCTACCTARTTARARTACCTAAGTACACACTARAAGCTGGAG

vuoDobLVYNENTIIKDLSIG6I QROQPTLLFTSRNIDGDTFSLKARA.I
TTGATTTATATARTGARRATATARRAGATCTTTCGATTGGAATCCARAGACAACCTACTTTATTATTCACATCTCGTAATGATTTTTCATTGAAAGCTAT

Y NDULFLUSHAUWUNNDIT I NY KKXKEQRRLFSWUWIT TFEIN
TTATARTGACGTGTTATTTCTAGTTTCTGCATGGARTATGATCATCARCTATARAARAGAACAARGARGACTCTTTAGTTGGATAARCATTTGARATAAAC

s LHENUULAARAFQLPDLIKEMNTLDTLSALI ANNTNLL
TCTTTAATGGAGAATGTTGTGCTTGCAGCCTTTCAGTTACCAGATTTARRAGARATGACACTTGATTTARGCGCTTTGATTGCCARCATGAATCTTTTAR

K PNDODVY SPHFIKLI I NKFFEIGIFUTKSY I C I L PS
AACCARATGATGATTACAGCCCCCATTTTARACTARTTATCARCARATTTTTTGAARRTCGGAATTTTTGTCACGAAATCATATATTTGTATTTTGCCTTC

F UK SOQL 1 SFENULSSNARBMHAETDUTF I LTSS KZESTD
TTTTGTCARAARGCCAACTCATTTCGTTTGARARCGTTTTAAGTTCARACAGACATGCGGARGATGTGACTTTCATACTAACATCTTCCAAGGRATCTGAT

bEvY DEDSK®PP®RQUDPDARUYVDNILMNESTDTFFNUUKPEN
GATGARTATGATGARGATARACCTCCACGACARGTAGATCCAGACAGAGTGGACAACATTTTRATGGAATCAGATTTTTTTARTGTGAAACCGGARRACG

A FSEITALMTP I SHDIKI I DUNNSHNIGULETTETLHARAHTN
CCTTTTCAGAARTCGCATTAATGCCAATTTCACATGACARAATTATAGATGTCAACAACTCAARRCATACAAGTTCTTGARACTGAATTGGCACATACAAR

L FUYSAI AQKVY DLZPLIKEVYUERTLNUYNPUDLSSGN
TTTATTTGTGTATAGCGCARTAGCTCARRARTATGATTTGCCTTTARAAGAATACGTARGAGCGCTTAARCGTCTACARTCCTGATCTATCATCTGGAAAL

s TPARNSWNSIRTTPULNISRPGSTTPSGNSA ARBRY
TCTACRCCCGCGCGGAATTCTARTTCTATTCGTACARCTCCAGTTCTAAATATATCCAGACCAGGARGCACTACACCCTCTGGGARCTCTGCARGATATG

G NNTPRSTI1TTPULEISRSRSAT®PSGGNSETIVYENA- RTS
GGAATAACACACCTAGAAGTATAACTCCGGTTTTAGAGATTTCAAGATCTAGAAGTGCTACCCCTTCTGGRAARTTCTGARRTCTATGAGAATAGAACATL

P TFRUYSARSAT®PI ERSSRSAS I I SGESUVUPGF F ND
CCCAACGTTCCGTGTTTCTRGGAGTGCARCTCCARTAGARAGAAGTTCGAGATCTGCTAGTATAATTTCTGGAGAATCTGTTCCTGGTTTTTTTAATGAC

0 ERLSTNSPI St NGNTPARIQOQSHGDNETILIOQTI DST
CARGAACGTTTGAGCACCARTTCGCCTATTTCCATARATGGTAATACTCCAAGACAGCAARRGCCATGGGGACAATGARATACAARCTATAGATTCCACGG

b EDSMNAPOOQSPOQS I VY¥YS 1T SSVYUSTODDOQLLHSPTNS
ATGAAGACTCAATGAATGCCCCACARTCACCCCARTCCATCTATTCAATTTCTAGCTATGTTTCAACAGACGATCAACTTCTACATTCACCGACAAATAG
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u1s
exon 1

u17

exon 2

u17
exon 1

P F NLFDSUVUSE™NMTQEDTE - =--me-
CCCATTTAATCTTTTTGACTCTGTCTCGGAARTGCARAGAARGARCACCGAATARTTARTTGTTTTTTATTTAGCTARTTCATTGTATGACAACACARGGGCA
- KA LENVY SLULRB

ATTGTTTGATTARTTTCCACGTTTTTTAGCTTTTGARTAATCTCAATTARAACATCTCTGGTCAGTTGGAGTCGTTCTATGTATGARARRAARACATTATCG
I T ¢Q N1 EUNIKLIKOQI I E Il LVUDRTLTZ QLR RETILIL Y SFFUMN 1A

. < start U15 exon 3
CGTTTTCATGCTCATCGTCTCCAAGCCTCAGATGACTTTCTTCTRGAAACTARAGAAAARARAATGTTARARGATCTTTTACAGAAGAACATTTATTATTT
N EHEDUDTGTULA RTLHSETETLTF

648
26100
181

26200
147

26300
131

< end U15 exon 2 < start U15

TTAARAATGATTTTTCTTACCGCATAARTCATGTTTARGAAAAGTTGCTTTTCATGCTTTGTTGTCATCATATACARTARTGCTGTGATTTTCCTGAARAA
AY I M N L FLQKEHIKTTHENTY LLAT I K

exon 2 < end of U15 exon 1
TRARRGAGCGGGGTTAGACAATAARATTTTGAAACTCGTTTGTGTAGAAATAATAGAGGTGGACTCACCGTTTTACAGGTATGTGTGTGARTTGAGCGAC
R K UP I HTF QAU

GATATAACAATCCTCAGTTTTGTGGACARTCTAGATTGAARATCTGCTTGATTTCTTGCCATCTCTTAATAATARRCARAGCTTCARTCACTACAGACTTT
Iy CDETIKHUDLNTFI QK I EQUWRK I I FLAETI VUUSK

GTCACAGTTGTGGTTAATGTTARTCCAGARRARARTARATCTATATGTTGTATTARAATCCATTTGAAARAGATATTTTATATAGATTGTCTCCACTTTAG
T VT T1TTLTLGSF I FRYTTNFODDMIQF LY K I ¥ 1 TEWUKS

ATATAATATTAGATARCGTCATCAATATCTGTAGTGGACACAGCTCGCGARARTTCCTGTAGTCGTTGTCTTCTCCAGGTTTCCATTTCTCACAAAGAAGR
I I NS L TH LI QL®PTCULERTFET QLR RIQRRBUTEHNM

GTCTACCCTCGTAGARGAACACTARCTARATGARTTTTTTTAGGCGARCGCTTAAAARACTCTTTTACTGGCACACCGCCTATAAARACCCCCARARGGAA
ATTTTTATGTAACCACACAGAACCARAAARARGATTARCCGTTATTAGARAGTGTTCGTTTTTARCGATTTTTATTGGCACATTTTGACCGGGTTARATTT

CGTCTTCATCAGATGTATCCACTTCTCTGAAATCCTCACTTARATATATAGCTARTCCGGCAGCGTGTGGGCAGGTCGGATARATTTCATGAGTAATTGT
DEDSTODUUERTFUDESTLVY I ALGAARHPCT®PY I EHTIT

TARATTCCTTGGAARARATTTGTATGTGCGATATGTTCTARCTATCCCCTGTCTTAATARACATTCARARTTTTCTGCAATTTTGACACAGGGACCGATC
L NRPFFKYTRY TRUI'I GOQRLLTCETFNEHA SAIIKUCPGI

CCGGTTCCAATTGCGTCAATACCATAAATARAACCTTTTAAATCCATCATTAAAARRTARACTTTTAGGARACATTARGTTTTTACCGACGCTGCCAATGA
G T G6GI ADI G6GVY I FG6GKLODMNMLFLSKPFMMTLNZEKTGUSG I

TATGTCCATAGTATGGCATATTGTCATAARCGTCAGCTAGAAARTTCCATTCTGTGCGATTAGGGRATTCTTCTTTTCTGGTTAGARACAARACTAGTTT
H G Y Y PMNDNUDVY UDALTFNMUETARNPFETEZ KA RTLFLULK

TTCATCCATCTTTTCCCTCTTCARACGAAGAGTGTACACTTTCCCACTGTTAGCCGCTATTATTTCAGCARACTTCACARGATTATACTGTGCATGAATG
E DMXKERTIKILARBRLTVYUKGSNA AAIIEAFKULNY QA HI

RGACTTTGCARAACGTGATCGATAGACGTTARGGARGGGARTGTCACTATCTTGATARATCGGATCARAACGGTGCAACCCGAAATARGCARAGEGCTCTG
LsQLVHDISTLF®PIDSODOQY ! PDFRHLTGFYATFHR RET

TTGATTCAGCARGCAARTATARATTTTCTTTTTCGAAGTCCARRGCATAGAAACGCTCTTCTTCTCCGAGARGAATGATGGTTTTAGCAGCTGCTGTTGT
S EALLYLNEZKTETFTDLAY FRETEEGLTLI I TKAAATT

< start of U17 exon 2
TACGTCGTTTTTAGCACTCAGAAAACCGATGACTTGTARCCTTTCATTGCAARCATAGGAGATAGCARCCTATGARAACAARCAARAACTTATTAGRACATC
UDNJIKA ASLTFGI VQLRENTCTCTLTULVYTCSTE C
< end of U17 exon 1

ATGACACATTGGAARTGTTTTGACTGCTTTTGCAACTTACATAGGTCTTGCAGCTCGGTTTCACTAGTAGTTCTGARAGGCATATCCCGCAAAGGCGRAR
L bDQLETESTTAREF®PMNDA BRLZPSI

TGATTATTTTCCTACTCTGAGGCCATCTTATGAAGATTTCACACCCACTATTTTGAGTAACGAAGTCACTARGAGAATCGCGATARAAGGCTTGTTTAAC
! 1 KR SQPUWURI'IT F LI ECGSHNO GQTUTFUDSLSDRBRYFAIQKWU

AAGGCTTAAATTTGCGAGTGCATGCCTAARTCGRACTTTTTGTTCACTTTCGGCCATGTTGARGCACACTCTAAGCTTATGARRACAGCAGTTGTGACTA
LS LNALA AUKRTFARUKIZOQESTERHN

GGTTTTTATATATTACTGAAGCATGACGTCGCTTTATGCTTAAGCTGGAAAGTTCTGARARTATACAGCTATCTTARACAAGTCTGTTTACARTAGGGAT
TTCCTTTTCCTGTRRATGCTGCCTGATACTAGARATCATGTCCGTGAATTCCAGTATGGAARRTCTGGGARATTCCARRATATATGATATATARATTCCTA
CTTTTCCATGCAGCATCATTARCGCCGRATCGAATATACACATTTTCAGAGCTGCAGTTGACATACTAARRTATGGCTATTARGATCACCGTATGTCTTC
GATACTTTARTCGAGATCGTAACGAACTTGGARACATTACTTTTAATATGGAATACARAGACAGGAGAGTCGCTGTGACATCGAGTTATATTCGGGTACA
TTTTGTTTTTAATCAGCGTTAACTGATCAAACTTAGARATGTTTCCTTTARTACARARATGCGGARGAARARGCTTACACTTACCTCTTCTTTATATTGAG

TARRAATGGACCGCGGGGGGAACAGATTTTARCAGTTCTAGATTACACTCGGTTTARATTTTTTGATGGCTCAGTGACCATTGCACACTCAARRAAARAT
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u1is

u19

u2e

TATTTTCTTTCAGGTTCTCTCAGATATARGARAGATGATTATGACGTTATTCARARRCARRARGGTAARGCGAATTACATGTRARCATTCAARATTTATTG

TTTGTTAARRCATGTAGAARRCTCARCARTGTTTTCTCTATGATCCAGCARAGACTTGCAAARGACAGAAATTGAAATGAGCCTGACAGTCACGTARRAGTGTT

CARARAAGATTCCGGATGATAATCGAGAATARATCAACCAACATTCTTGTCAACTTTGCGCCGATTTACTATCGACAARCAGARAAACAARAAARAGTACC
- 6 VUNIKDUKARBRRNUISLTCFTFLTFTLWU

ATTGCTGATCCGCCGACARGAARCACTACACCARTAGTTGTCGCTTGGGTTTGATCGAGGAAGCTTTCGTARTCATTCARGAAGATGACATTTTTACCTC
mASGGULFUYVUYUG I TTAOQQTOODLFSEYDNLF I UNEIKTGSEG

CATATGAAGCGCTGAGATCTTCCAATTCTTTGTACTTGTACCARTCARGCCACGATGACTTCCARGTTTTGCGCRARARTCTTTTATAARTAGTTTCATT
Yy S A SLDETLEIKY KY UDLWUSSKUWUTKRLFRKY | TEN

GCGTACTATTGTARAGTTTGGATTTAAGACTTTCCTTTGATATATTTCATCAGATARATGAGGACATATCATTGCTACGAARTAACARATCATAATTAART
RV I TFNPWHNLWUIKARIOQY I EDSLHPCI NAUVFY CDVYHNTF

TTTTGATTTAGAATTTCARGTGTTTTGTTTTTATCTITTCCGACGCTTCTCCACTTARCTGCAACTATGCCAGATCTTAGCTGCARRAGARACTTTTGAC
K ¢ N L I ELTJIKW NJZKDI KTGUYUSRU¥KUAUI GSRLOQLLTFKUZ QG

CCCCTGTCATAATAGTGATGGAACCACCCGRATTATGACCTTCTAACCAACATTCAAGTGTACTGTTAGCCCGAGARGCARAGTGCCATTTTTTGGCART
6 Tnl1 T1T1S 66 S NHGETLWMWT CETLTSNARSAFUHUMWNIKIKA®AI

TAGTGCTCTTAACATARCTCCTCTAARGTAATAATTGATCAGCACTCTCARATAGGTTARTTTATGAGATGTTGTAGTARGATTTACTAGRCTCATTTCG
L ARLMTUGRFY Y NITLURLYTLI KA HSTTTLHNULSHIHE

CGARATCCTTCAGTTTTTARAGACARARAGARRTCAGAARAGCTGTTCTTACAGATAARACARCTAGAATTCCCTATTAGCATTTCATTAARCATAACACGTGE
R F GETIKLSLSI{ILFATARUSLTCSSNGILMTENUYCTT

TGACACARARCAGCTTCTARTTTATTATCTAGARATATTATATTCTGGTGACATTTCARATTTGACATGAGTGTGAGAGATARGCAAATCARARAGACAARA
uctcuvuAaELIKNDLTFI I NQHTCKILNSHNMLTLSLTCIULFUF

RAACATCATCTCTTTTCCCATGGTCCTTTATAARGACTTCACARTTTCTTCARGARAGTCCACGGTACTTCTATARAACARARARAAACACAATTAACTAT
FnneEeEKXGN

TGATGARCATTGCAGCATTTTTCCARTGCATTGCCATACATACCCCGARGARRATTTTTCCTTTGAAARGATACTCTAGATGTGRARATTGTGTTGAAGAR
AGARGTTCCGTCTTAGTGGACATACATTCARACGCAGGCTCAGGGAGTTTTTGARTGGTTGATATTCTGCTATCTTGTTCTTTCCCCCTTTARATGGCCA

TARARARGARATTATCAGTTAARGACAGCGARAARTTTARARTAAGTARARARACAATARGGCACCTACTCGGTARATTGTTCGARATTCACCGGGAARCE
- ETF Q EFNUPF G

CGAAGTTGARGTGTGTTCCARGTTTTTCAGTGGCGAGTTTGCTATTTCTTCATAGGTTTCCAATGAGRAGTTTGRACTCTCTTCTAGCATATCTARAGGT
S TS THELWMNIKLPSNAIEEY TELSTFNSSETELDMNDTLTP

GCTGTCTCTGTCTCGTTAGCTGTGTTTACCTCTTTATAGGGATACATTTCCGCTGTGGTTTGCGGTTTGTRACACCGTTCTTTARARARRAATGTCATTTT
AT ETENA ATNUEKYPVYNEATTOQ®PIKYCARETKTFF I DNZQ

GTGATGTTTGAGTACTGCGAGTARAARTGTCCGAGTCCCGTTTGCGTAGATCTGGACACTAARRATTGTCACACCAGGTGTATGACACATTTTGTAAATCTT
s T@TSRTTFUHGLGTOOQTSASUL I TVUVUGPTHTCHNKYIK

GCAATTATTTGGARGATTGTCATTTTCTGAGTATCCTATGGACATATACATTTTTTCTGCCTGTGTCTCTCTATCATTCGAARGCTTGTGRCCAGGARGA
CNNPLWNIDNESYGI SNHVyYmnmnKEAQTEHRBRTIDNSTLIKUHTGTPL

ACTCTTTGARATCGCGCAGGTAGTTTTCCACTAATATTGATTGTTTTTTGTCGTATTCGATGATAGTAGTTGATAARTCTTTCATGGCATTCATCTCTCG
UROQFRAPLIKSGS I NI TKOQRI RHY Y NI FREUHTCTETDTR RS

ACATCTTCTTTGACATGCCATGTGTARTTGCATTTTGACAGCTARATTCCARTTTCGTGGTCCAGARATCTTCARATGTGGGCGATARATAGARCATCAC
m K K SMTGHT I ANIQTCSTFETLTZEKTTWMUWFDETFT®PSLYFHNMHU

ACCATCTTCATARGCAARCACATGCTGAGACAAGGACAGTAARRARACTATTTGTCTTCGCGGCGTCCCAGARGCTGACACCCATTCTTCGGCARCCCCA
G bDEVYAFUHOQSLSLLFUI QRRPTGSASUUWUETEASBUG

AACATCACCATCTTTCCCTCAARTGGATAAAARTCCGATGTTAACTARACGTTTARGTCTCCTTTCTGGARGAARTGTCAGTCATATCACARATTCGAATAT
FMTUMNKEGEFPVYFGI NVULRKILRRE®PL I DTHMDTCI R I N

TGATACACATTATGTGTTGAATGGACACGCCATCCTTCATTATTTCTTGAACTGTTTTTTCARAAARCTTTARRTCTTTCGARGCTGCAATTARTTTTTC
I ¢ n 1 HOQO! SVUGDK™MN®M I EQUTKEFTFIKILDIKSAAILKE

TTTGCAGCGCAGCATCGTCGTTARGCCACATTCCTTAGACATAATCGTCTCTTCATARARRRTACTGARTTTTARGCGTATATATTCAARCCCCCCGGATA
K ¢ R L NTTTLGCEKSH

TGGGCGTGGRAARTTAATARRAACACTTCAARARAGCARACTTTTTATTGARACTCATTARTGACACATGARATCTAAGGTCCCGTGARTTTGAAGATCTGG
—————— - CcmnFDLTGH T QL DTFP

AGAATCCTTAGACAGGCAGTCTGAATCTGAARTTTCCATTTTTTCAGTTGCACACAAARTTTTCCACAGATATATAATCACAGGGATCAATTTCCATGATT
s bDKsSsSLTCDSODSI E®NKETHATCLNEUWUYUVS I ¥YDCPODI ET®NI

ACTTTAACACTATCAGATCTATCAAGGTCCTTACGCTTATTAAGARCAGCCATAARCATGCAGCCARATTTCARAARACATTTTTTTARCAGTGATTATAG
U X UsoDsRBRDILDIKRBRKASNLUVUAMUHLWUWUI EFFMTKKUTI IS

ARRARATARAGGCARGTATAGGAATGATTARARAGTATCCARARAACTTCARAGTARTTCCCGTGTTTGTARAGTTTTGTGAAACARATTTTGARAATATTC
F I F AR L I P I ¢+ L L I WUFUETFUVY NGHIKY TKHTFILNI QTFVYE

RTCTGRATTRTTARATTCARGGACGTTARAAGAGTAATTACATTTTTGATGARTTACCACACATTGATARTTAGCGGACTCCGTGTTARTAGARTTTARAA
b s NNFELUNFSVY NTCKU OQHI UUCQVYNASETNISKF
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ARARAGTAGAATTTTTTCCCTTTTARGATGTCCGATGCCAARTATTCTTCTGTCARATCATCAGGARCCAGTTTATTTTCTAGCTTCCATTGARTACTCA
F FYFK K G6GKL ! DSALY EETLDDPULIKNETLZEKWUHOQI SL

ATCCCAGTGGRCTATARARAGCTGCGCCGAACACGTTATGTTAGATCCACGTTTTGTGATGGACACCACAGGTGGCCGATATCCATCTTGACCGARGGTCAC
G LPSYLOQASTCTINSGHREKTI1ISUUVUPPBRY G DQGF TWU

ATGTGCAGAAARRRTCTGCGAGTTGTTTAARCACARAACTGCTGCACATARARTTTGAGARTARGTAATARTTCARCATTAGCATACATGTTTTCGTCARRR
HASFDALUOGKUCFQOQOUY FKLI!ILLLEUNAYNTNETDTF

CCACTGCTAGRARAATCCAARCAGGTTGACATTCAGTGTCGTGTCATTATGARCTTTTARCARARTAATGACTTTTCARAARCGGTGTCAATTTCACAAATGA
6 $SSSFDLULWNUNLTTIDNMHUYUKLLYHSZKTLUYUTDI ETCIF

ATTCAGCGTTARAATTGTGGTGATARTGAACACTGCGATTCCTATGTGACCRGACAAARATAAGAGRAARTGCTGTTTAATGTAGATTCGTCCTTGTTGGT
EANTFNMHHY HUSRNARHSMUUF VY S F I SNLTSEUDIKNT

AGRARAGACGTARGACARAGCATTARATTTCGTTGGARARTCTGTGAGGAARRGACGRAATACTAGTATTGCCGARCAGACAGATTCTTATAATGTGCCAGT
S FUYSLANFIKT®PFODTLFSS I STNGUSLNIEKVYHAL

TCATAGTTATCCATCATCARTTCATATTTCTCAAGATGTTCTTTATTGATTATTGACATTGTCAACTTATGTGCCACATATTTGGTARARTGTACARTGA
EYNDMPMNMTLEVY KELHEI KNI I SHTTLIKUHAUY KTFUHU I F

AARCTARAAGACATGTTTTTTTCACAAACATTGCTGTTTGAGAGATTCTTTTTTAGGTARCGGTTCTTGTCCARACATCAAGTTTGTTAGATTGATTATT
UL LCTZKIKWUFH®N
- L CQ QXK LSEZKK®PL®PEZ OQGF™MNMTLNTTLNTII

TTCTCTGATACTGGTTCTTTTTGTATGTGCTGTARAGGCCACGTCAGAACTTTCTGAACACCGTCTARARCAGGAARCTCCTARTARARCTACCGCTGTAA
K E S UVUPEZKXKOQI HQLPWUWTLUYKOQUGDLTCSUVUGLLUUATU

CARATGCARGGAATARTATAGCAATCAATGTGTAGCARAGCATGTCTACGARAACATTACTAGACGTTTTTTCACTATCTAATAGATCCARATCCACATC
FALFLI A1l LTY CL®NMNDUVUFUNSSTIZXKTESTSDILILDLUDUWUD

AGGTARTGTTACCTGTATTTGTGTTCCTGTGTTCTTATTCGTACAGGTACARACATATGTGGTCATTTCTACTCTTAGARARATTAGACCCCAARRGCACA
PLTUVQ I 0QTGOGTNIKNTCTCUY TTHMHNEUVURTLTFII L GWLUV

TCACTACCATACARAGGAGTARARGCACCCGTAGRGTTGARACCAACTCTTTTCCACTCTTCTCCARRCGGRCTTTTTATCTTTTGCAGARCTTCTAAGG
bsG6GvYyYLPTFAGTSNTFGURIKIUWUETETGF®PSK I KQLVUVETLS

AGCCGRAACCGCTAACACCCCATCCTGTATATTTACARACTGCTACCTTTACACCATTCTGTCTAARTTTCGARAATGAARCARTCTATGTTATTAGTTCT
G FG6GS VUG W6 TY KCUAUKUGHNIOQARBRTFIKSFSCDINNTR

ATATCGTTGTTCATTTCTTTGTTCAATCATAGGATTARAGCCTTGCTTARATGTAGCTTCGAARTGTTTTCGCGAGTGATAGGTACTTTCTTTGCCAARAA
Y R Q ENARDOQE I B PNFGQKTFTAETFTI KA BALSTLY KA BRU QGUWNTF

ARARGTTGATTGARGTCATTTTCACAARGAATTGATCAGAAAGTTTTTAGCGTGTGTCARAGTGTGCCAARTTCGATARGTGAAGGGATCATCTTCACCTA
F LOQNFIDNETCSNILFNIKA AHTLTHUI RY TFPUDUDTETGIL

AATAGTTTTTAATCGCTACCCACGTGCTGTTTCTTTTATTTTGCAAGTAGAATGTGGTTTCARGARTTCTAGGAGARATTCCAGTTTCATTCATACGTCT
Yy ¥ K I AU WTSNRKNSOQLYFTTELIBPSI G6GTENU HRR

CAGACGGATARAACTTTTAARGGGTGRACAGATARTTTGARTATGAATGTAAGACTCGACATCARGACAGAGTTTATCATATCGCTTCATCAGTCCTTTT
LRI FSKFPSCI I QI HI VYSEUDTLT CLZEKUDVYRIKWMNLGK

GTTTTTTTAARRGTTCTTARACAARAAATGATTTAGTGTAGARAARTACTTGATARCAGTTGAARGCCARATATTTGCCARARTCGGTTTCARTTTGCGTTT
T KKFNIKTFLFHNLTSFUQVY CNTFALYXGEFDTEI QTE

CGCTGTTGCCARARARGAAAGCATTGTCTGTCATTGCCGCGACTGCAGAGTGTCTGATTTTATCGTCTGAACATTGTTTGCTCARAGATATGTCGAACAR
S NGFFFANDT®NMAAUASHARI KDDSTCUQKSLS I DFL

TAGCARATCATCCACTGTAGCATTCACATCARAATCCACARCTGCTAAGGGACAGARATCCGGATAGAGTTCTCCATAAATCACAGGAARCGCARAACAGE
L LDbDVTANUVUDFDUUVUAL®PCFDPYLETGY 1 UPUCLCFIL

ARGATAGTCCACATGTTGAARTTAGRARRGAGTGATGAGARAGAARGCTTTTATTTCTTARTATATATTTGACGACTGAACGTCACAGTTACGCCCATTTT
Lt 1T umn

ACGGTGATAARCGTTAGGGGTTCCGCARRARTGTGTGCATTGATCTTTCTGTGATGACACAGTGGTTAGCARAGCACATCTAACATAATAAGTCTGTTTT

TCTCAGTCATAGGATTCCACARCAGGATAAGRCATTTGTGCTGGTCTGATTCCTAATTACATGAGCTGTATTTACGCCAGARTTTTGTTTATTTCCTTTA

ATTACCCTCAARAAATGAARRACATTGATGARACATACTTCCCAGTGARACGCTTTCAACGGAGATCATGCGTTGATGGTAGATAARARCACAACAAGGAGA

ACTTTGCCCAAAAAAACATTTATTAATCCCAGACACCAATAARRGGCTTGGTTATTGTATGCATTTTTCGGTTTCTTAGARTGGTTGCGTTTGGGOTTTTT
- b uve !l FAOQNNYANTIKZPIKIKSHNIBTIKTPNK

AATTAGTARARCTARCARCGCTAACGCTACARTACCARTARRACTARCTGCTGCAARTTARARTCACAAGGAACARAACGAACTTTTTTARAGGGCTATTC
Il L LviLiLALARVUV I GI FSYAAITLIVLFLUFKIKTLZPSN

RAAAGTTGAGGTTTTGTCAGTTCTGGAGTTGARATTGTCAGTGTGARRAATTCAGATGCATTCCCACTGTTTTCATGATTAGTAGTACTGCCACTGGAGA
L LoPp K TLEPTS I TLTFTFESA ANGSNEWUHNTTSGSSF

ATGTCGAGGTCTTTGTARAATTTAAGGATGTAGATTCGACATTCTCTTTAGTTGTTGCGATAGTCGTAGGTATACTCATAGACACAGACATTARATCGET
T STKTFMNLSTSEUNESIKTTAILILTTPI1I SNHSUSNHLDS

CGTACTCTCTGTATCTGATGTGATTGACGTGGAACTARARATCTGAAGTTCTTGACATTTCCAGAGTGGGCGTACTAGAARACAGTACTCATGTTARCARAG
T sSETDOSTI!I STSSFDSTARSNMELT®PTSSUTSNHTNUF

31800
211

31900
178

32000
145

32100
111

32200
78

32300
45

32400
11

32500
1
406

32600
372

32700
339

32800
306

32900
272

33000
239

33100
206

33200
172

33300
139

33400
106

33500
72

33600
39

33700
6

33800
1

33900
34000

34100

34200
147

343080
114

34400
80

345e0
47

34600
14



u2¢

U24a

u2s5

uz26

u27

GTRACCATTTCTAAAAAARATAARATTCCARATAACATTTTARACACTGCGCARTTAGAAGARGCCTAGTTTARTATTGTACGTGTGCCGACTARATTAC
T uvnMELTFFL I 6 F LN

TGTTTTTAAGCAACGCAARAARGTGCTGGARTCGGTGTARARTTCAGGGCTTCGTACCCCCATATCGARCATTGAAGATGTGTAGARTARGARTCAGACA
- P K TG GVY R UNTF I HL I L I L C

TARGATRACCGATATTATGAGACATGCCAGTATTATARRAGTCCCTCTTCGGCGCACATTTTTGATTTCAGAACTAGARGTTGAATTTATTGTTCTIGET
L r-vs 11 LcaAaAL 1T I FTGRRRUNTIKIESSSTSHNITRTEP

GATAGATTTTCCTGATGCARAARAACGGARTGATCGTGGARCATTTGCARCATTACATCATTATARGAAGGTGGCGGTGTCTCATGAGTCATCTTCTAGG
S LNEGOQUHLTFUSHDEHTFMTOLMNUDNSYSPPPTETHTH
- P

GATATTTAGAGCACCTGATARATGATAACATATTCTCTGCTATTGARGGACTTATATAATCATGATATGCARTGCARGCCARAARTARACAGAACAAACAA
Yy Ksc¢cRI FSLMTNEAI SPS I YV DHY AL CALTILIFLUFL

ATAATARRTCCCTTTCCARCAATCTTCATAGGTCTCTGGGAARRARTGGTTGTACTTATARRACATTATGTGCAGAATTATTTTTTCTACCARCACTTTT
- L VUNHASNNIKIRBRGUSK
Yy ¥y I 6 K WCDEVYTEZPTFTFHNYKYFHN

CCATAGTAATGGTTGTTTARATATGTTCCTTTTTTTCCTTTTACAAGTATTTCCCCATGGACAGTTGATCTGCCGTGAARGCTCTTCTTCCACATTTCTA
WL L PQKF I NRKIKARBRIKT CTNGIMWPTCNIOQRBRSTILTETETEUNHR

ACATCGTTTGTTCTTTCARACCARTACCCATGTAGTCGACGATTTTCATTAARATCGTAAACAACCGATTTTCARARATTCAGTTATGTTATGTGCGAGAA
U DNTRETFUWUY GHLARARARNENFARLTCSGT!HIXLFETTILHI NUHALF

RAATGATTTGTTCATCATCTACACCARARRATTTTCCCATTCACATCGRATATTATCACAAGTTCAARACCACTTCCCARARACGTTGTGTTTTACACARAA
Il 1 Qg EDDUWUVGF Il KG6NUYVDF I I VLETFWMWIKTE GFUNUHTIKUTCTF

AAGAACATCTACARATGTTGCAACGARTGACCCTTTTCCARCGGTGAAGGTCTTGATCAGTATARGGTGTCATGGGARGTCTGCARARTCGTGTGTATGTT
L Vvouvile NCRI URKWUUURHHLEDOQDTYPTHPLARARTCTFARTYT

TTATAAGGARCTACTTTTCAATATARAACARACGTTTATATTTTCATCCCTATARATGATCATATCAGAGAARGATTTGCTATGCTCCACGRTTTTGCTAC
K vy PSS kKL I FCUNIJINETDARY I I BDSFSKSHEWUI K SG

CAGTTTCARAGTCCACGATAARATCACACAATTCGTAGATGGGGTAGAAARACTTCAATCCTACTAARRAAGAARATCTTGTAAGTTTGATGAAACATAGTA
T EFDUYVUI FDCLEVY I PYFFKULSGULFFDOQLNSSUYY

AAGACTTTTGTCARAARAARCCATTGTAGACATACAAATGCCCTCTGTCACCTTGTAARAGARTTGGTCCTCTGCARGTTGATTTTTTARCATGATGTAAC
L S KDFFGNVYUY LHGRDSG QLULTIUPGRTCTSIKTI KU UHHL

ACACCARCAACGATCAACGTTTTTTCACAACACARGTAAGTGTTTCGARTTTCTTCGATGTCTTCCTTTGARATTTCTGGGATTGTTTCTARTGAGTGAR
vue6uyvUwuv il LTKETCCLVYTHNRIEEI!I DEKSIE®PI TETZLSHF

ATGTAACTCGCCATTCTTCTGGGRARAGGCARTACGARAGATGTACCTTCCTTACTTAAGATGARTTCTTCGAGARGAGTARGTTTATTGACACAGCACAR
T VR UWETEZPF®PLUFSTGEKSL I FEETLLTILI KN NUTCTCIL

ATTCGCTAAGAAATCCATGCTTCAGTTTTAARATTACCCAAGARARAACARARGGCATARATATTTCARTTTTTTTTTATTTAGCACATTTAGARGCTGCA
N AL F DN s

AATTTTCTTTAGAAARAAATTACAAAGCARGCTGARCAARTAARAAAGGTTCAACAAATCGCCTGTARARATATCTTTTCTACCCACTGTTTTTGAAATTT
- FF 1 UFCASCY FLNLLODODGTT FI DKRBRGUTIKS I Q

GAGCAAATAGAGCGCTATAACCTARGCCAAGAAAGAACTCARACAACAATGAAARGAAACAATGTTCTGTTATTACCCCTGCTAARCARACACAGAATACT
AR FLASY GLGLFFETFULLSFFTCHETIUVUGALLTCLTI S

ACACAGARACARAGTTGATATAGTTTAGTGATAARCARATTACTATGTAAGACTGCCARGARARATARATGCTGGCARCTTTTTCTTGGTAAATACARTTTT
cLvVviéLQVYLKTI FLNSHLUYALFFTLHTZOGTCSI KR RPLYLK

CCARACCARACCAGCAGCGTTAAGGTTARARATTGCAGCAARTARACAATARCATCTTTTATAGCCATTTGGTACGGGCCATTCGGTTTATAGATCGGTT
G F W UVULLTLTLFOQLLY U I UDKLILAIMTOQY PGHNPKY I PK

TGTATCGCTGARGACACATGGCARACTGATGAGAGT TARCCAGARRCTTATARCTGGTTACATATGGCGTTATCAGAAACACTGTAACARGCARTCTGTA
Yy RQLCMHAFOQHSNULFKYSTUYPT I LFUTULLRY

ATGAACCAARTCTGATATTTTTARCACAATGGCAATTAGGGTGCCGAAATARGATGCCATTGAATGCGTTGGARRTATTAGCATGCATCTACAGACTATG
HUVv LODS I KLUV I AI LTGFY SANMSHTPF I LMNMTCRTECU.I

GCTCTCAAGCGGATTTCAGAARAAARTAARRACGAGCAGATTACCAAAAARARTTCATCGGTCATTTGCARCACGAGTAATGATARAAGTTATAATTTTGA
ARLRI ESTFFLFSCIUVULFFEDTH®TQLULLSLTI I KL

GATCGTTGAARAGGACAATAGT TAARCAAATTCACCCGACGGTARGTCARTAGCAAACCTCCGCTARAARGGARTATTAGCACTACTTGTTCAAACAGCGT
DNFPCVYNFLNURARARY TLLLGGSFLF I LUUVUQETFTLT

TTTCTTTATCATAAGATGGAAACAGCTTTCTCCCGGAATTACATTCCCTAARACARGGCCCATAGAARAACTTATCATTACATTCCACATCTTTGTCTTT
K K ¢t mtLtHFTCSETGPI UNGLULGEGMTS F S I HU
- 16 C R Q R K

TCGAATTTGGGGTATAGTCAAAATGTGCAGAATCGTCACTTTCGCTGTCCTCTTTCTCATTARRARARTTTGTTCCTGTGCCACCATTTTTAGTGGGCAC
S NPT VY DFHASDODSESDETKTENFTFNTGTOGGGNIKTPU

CATGTAACTTGTAATTTTGTGTTGCGTTTCCTGTTTACAAAAAAAATTATTTCCTTCCTCCACCTTGTGATTTTTCTCTCCTTTTTCCTCTGTTTTTGCT
my s T1TKHOQTEZ QKT CTFTFANNSGETEUKHNTZEKTETGTIKTETETTKSHS

TGACGTTCARATTTTGGGTCGTCTYTAACCTGCTCTTGACTTARATAAGCTTCTACGGTCAGAAARACATTTTTAGCGATTAARRARTAATTTGTATTCTT
Q REF K PDUDIKUYUQEOQSLUVYAEUTLTFUNIKA AILILTFLZKVYEHK
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TGCCAGCTATTGCTCTAAGACTACACGARGACTTTRARACTGCACARGTACTARATGCTTGCTGTAGATTTTTGGAAGATAGTACARGTCTCATGCATTT
G A I A RLSTCSSKLUACTSFAQOQLNIEKSSLUWULRMNTELCEK

TGCGTCGTGAAACACAACTTTCCCGCTATGAGCAARTTCTATTTCGTTTAAGTCGGTTAGAARTTTTATACTTGGCGGGTTARCTTGCACAACTATTTGT
A DHFUUKGSHATFEI!IENLZDTLFIKI SPPNUQUU I Q

GCCAACGTCATTTCATTTTTATTACTGCGTTTGTTCTTTGTGACCGGAGCARGCCATTTTAAAATCTCCGTTACAGTTGAATGGTCCAAGTCTATTCGAA
AL THMHEWNZIKNSAIKNIKTUYUPALIMWIEKTLIETUTSHDLTDIRIL

GTGCAGATTTTCCGCTTTCTCTTACAATTTCTTGACCATTGACACARGGAATAGATGCTTGTGCACARATATCTGATGCCGTGACTAAAAACCGCGTATA
A S K G S ERUVUI EQG6GNUVUCP I SAOQATCIDSATULFARTY

GAGATCGCTATCATGTTGAARTATACAGTTTAGTGACATCAGGATTTGATATAATGCCCATARAACTATCAARTAATGGAACAARGTTATTTATCGTTTTA
L DSDHZOQ I ¥YLKTUDPNSI I GHNMNFSDFLPUFWNNITEK

GTCGARRAATGATCTGTATCGGTTATATATAARCATTCTGCATGAATARTCAGCTTTAARACCAARTGGTTTTTTGCAGATTGAATTATGATTGCCGGTT
T S FHODTODTI VY LCEASBRHI I LKLULHNKAASTOQ I I I APQ

GHGGHG%HHHHGTHHCTGTHGTHTTTTCTCGCHHHHGCTTTGCHHHHGCTCTTHGHGGCTTHTTGHTTGTTTTCCHHGTTTTCHTGTGHHHHGCCHTGGT
P TFTUTTNERTLILIKABAFARLTPIKNILITKMUTIKMNHFANT

GGGAGGCTCTTTGGARTCTCGATGTTCGCGATGATCTCGGTGACTATGGTGTTCTCTGTTGCTACGATCCATGCTGCACCAARAATAGATATTAACAGGA
P P E K S DA BRUHER RU HIDABRUHSHUHEARBRNSIRBRIDM®M

AGAGTTGTATGARGARTACTARAARATCACAGAGATATTCARACCATTATATACTGTGTTITTTTGGCGCCARATTTTTATTACATCACTGAAATACATGC
- Q F U H

ATAGTACTCATCACCACARCCATCAGARARACCACTCAGCARATCAAATTTTTTTGATGGATTGACACCGTCACACTTTTGATTTTTATACACAGCTTGAT
nT1TsMAHMHUVUUGDSFGSLLDFI KIKSZPNUGDCKI QNIKYUATIQY

AARTTCCTGTTTTARACCCATTTTGATACARAARCATACTARARATGTCCCTCATATTTTCTGTCTTATTTATGARARRATACATTTGCTTGTCCATGATCTGT
I 6 T K FGNOQVYLTCUL I DRNNETIKNIFFUNRBAQQGHTDT

AARACGGCARCGCACCGACGTACATATTTAGCATTTCATTCACAGAATAGTCARRRGCATTGAGARARARTTGTCATTTCCTGCATTTCTTCTTCGGAARAT
FPLAGUY NTHNLDMNNENUSYDFANTLTFI TnNMEIQHMETETES

AARTTTTTGTTGACTTTGGACACATCATARTTTACAGAGCTTAARGTACTCTAAARTGGTTTTTARATCTGTTTAAGAACAGGCCATTGTACACTGGTATGT
L NK NUKSUDVY NUYSSLY ELUHNTIEKTFARBRNLFLGNYUP I VY

ATAATGTCTGTARTTCAGTAGAATAGACAGRCAGATCACTATGGAARACAGGATTAGGATGCAAAACTTTTATACTAGATCGCTTTARAATCTTATTTCC
L TQLETSUYUSLDSHFUYUPNZPUHLUIKTI SSRBRIKTILIKNSEG

CTCTATGGGACAARAAGATTGTGAGCARATTTAACARATCGAACTCTTTTGACATGGCCGAACCAGACACAARGGTTAGATTTCTARGCCCATATTTTTTT
E I PCFSQSCNLLTIDFEZKSNASGSUFTLNR RLTGEGYKHK

ATGTCGCTTCTTARATTCGTCCATARRACATTTGGTARTGTATATTCAACATTATCATACAAATCGCAGTGCARAATCCCTTGTGCATATTTGGATCTTT
I DS RLNTWMWULUYUNPLTVYEUNDVYLDTCHLI GOQ0AY K SARNZQQ

GARAAAAACTGCAAGGTTCCGCTCCTTTTTTGCAACAATTCATACTTGTTCTAARCACTAGAARTAGTAARRTGTTCTCGCATACTATTCGATATAATTGGCA
F FSCPEWRGKI KT CCNMDSTRUSSY Y I NECUU I RY LOTC

TCCARGTTGAGAATTAAATGGCAGATTCATTGRCATTAATGCTGRATGTARTCCAGTAACACAGATAGCCAAGCTTCTTGCATTGACTATTCCATCCATT
6 LQSNFPLMNMTSHLASHLGTUCI ALSRANUIGDH®N

RAARRAATCCCTATTTTCCARAGCATAATCTATARCAGCATTCCCARTCAARARCTAACTCAGTCACTGTTTTTCTCATTTTCTTITARATTGARARTTTTAT
L FDRNELAYDI UANGI LULETUTI KA BRBRMNMEKTIEKTILNTFI KD

CTCTATRATGAAACATATCTATGTTAGTATGGGACTTTTGTTCTTCTGARARCGTTTTCGACARAATAAGARAGATTTARGGCAATTCTGAARAGCTGTATT
RY HF N DI NTHSKOQETESUNEUFVY SLANLAIRTFATN

CAGGCCATATTCARARAGGAATTACATCCATAGAATTTCCARGACAGTAGGAAGCTATTTGAGGTAACATGGAGTACTTATGTATATTTTTCCTAAAGATG
L 6GY EFP I VUDHMNSNGLTCY SAI QPLNMNSY KHI NKRFI

ARTCCCATCTGTCCTCTGCGTAGGCAGCGACAARTATTATCCAGCAACGTTTCAGTTTTGATTCTGGCATGTTCAGCGGTGCGTTCACATTCARGATATT

F GM"TOQGARRARLTCRTCIENDLILTETI K I RAHEHASATARETCETULYK

TACTTGTRARATCAGATTCATCATATARCCCTARATTAATTGCCAGAGCTTTGTGGAARAACTGACCAATARGARTTTTCAGTTTTCAGCCGTTCCATAAR
s TFDSEDVYLGLNIALAIKMHFUSUY SNETZKTILAREHTNTF

AATTTCTGGCAGTATTAGACAARACTTGACTTGAACAGTTGTTGGCAAAATTTCACAGARGTCCAGCCACATTARTARTGACAGGTGCCRAATTTCAAGA
I EP Lt LCFXUVUQUTTPLIECFDLWMLLSLHUWIEIL

TAAATTGTTAGACCAGTTGTTTTATTTGTGTCCTTCTCTACARTTTGTAACTGAGACARTAGCARTTCCATAAGAGACTCTGCCTCGTAGTGATAACGAG
Yy I TLG6GTTKWNTODI KEUI 0LGSLLLE™MNMNLSEARMEVYHVYRT

TCAGATTTACACTAACATATGATCCATTTRACATCGCAGGCAAGAARAAACCACTGTTAATGTCCAARAAATCTTCCAGAGAAARGTTACTCACATTATG
L NUSVUY SGNL™MTAPLFFGSNIDLTFDETLSTFNSUNH

AAAGACAGTGTCAAARRACACTCTTTTTTTCAGACACTARACCCAAATTACTCATACAARGGAARARGGTAACATACARRACTCTCTTATACAATARARTCAAA
FUTDTFUSKIKESULGLNSNCPFPLMNMECURIKYLLTIL

ATTTCTTCCACTAGAGGGCATTTGTGACTAACAARACTTTTTTGTARATATTCGATTTTTTTTATTTGACTGGCCAATGTCACACTGATTCTTAGARAAR
| EE VU LPCKHSUFSKOQLVYEI KK 1 0QSALTUS I RLF

TCGTTGGGATGTTTTCTTCGATTCCGTTARRTGARTTTGARATCTCATCGAGAARTCTCGATGCAGCTAATACTCCTGGTGARAACTTCGCTCTCCAGAC
TP I NEE T GNFSNS I EDLFRSAALUGPSF KARIUWUU
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ATGGATAGCTGCTTGCAAGATTTTTTCARGTTCTACTTTGGAGTCACGTACAARTTCAATCARTTCTTTTTGTAAARTATTTTCACTTTCTAAAATAAGT
H 1 A A QL I KELEUKSDRUYUFEILETZ KU QLTI NESETULIL

GAGATGGAATCARRTTCCGARGCAGAGTTTGTTTTGAGATAGRACTGGCCTAACAAACGATCAACGTGCGGTGCATCATGCATTGCTCCCAGTGCTGAAA
s I §SDFESASNTIXKLY FQGLLRDUHPARDUHMNMNAGLAS.I

TTATGGCATCACGTARGCACCACATATCTARGCCCGAATTTARGCGCCGGAGARTTTTTGRARTTTCATATARCTGCTTATAAAGAAGAGTTTTGTGATG
/Il A DRLCUMDLGSNLBRLI KS I EVYLQKY LLTIKHH

GARGCGTGAATAGCAAAARCCGTTTTTTGTTATATTCATCATGACAARGACATTTCCTCAAGAGACCCATGTTTTTATTTATGGARACTTTATTGTTAGGA
FRSYCFRIKI KW NYEDA HTCLTCI KH®BRLLGHNTNI KA NISUKNNP

TCCATAATCACARGAARATTTTTCTTTCACACAATTCGACARAGACGTCTTTGAGTCTTATAATGGTTARTGAGATACCCTGTAAGTCTARAATTCCTGA
D N
- LF I KRETCLEUVUFUDKXK LA I TLS I GQLDL I GS

TTTTATGTTTTGGGTTTTACRATGACCAATTCGTTGARGGCTTCCARARTAGTTTAGATTTCCATCACCGTTGATCAAATAGTTCATARARCATAAATCGT
K I N QT K TCHG I ROQL SGFYNLNSGDSGNI LY NTNMFMTFR

TCTTTGGRAARCTTGTTTCTTAATAAATCTATCAATACTTCTTCATGTGTCAGCTCAGATRARACAATGTAGATCCCGTATTCTATTTTATTAAATGCTT
E K S F KN RLULDILUVUEEAHTLESLUVI VY I 6YE I KNFADQQ

GCCTATAGATATAACAGARGGTARATGTACTGAATTGCATTTTGTCTTGGTTCCCAGTCAGGTTCCARTAATARAARTCTTTCARTATGACCAATCCATATAT
R Y t vyvcLVY I v¥v¥0Q I ANOR®PEWUWEDPETLTLLDTI KTLI ULGVYI

ATTTTCCTTTCTTACGTCATATACATGACCTTGCATTACACAGGATATTAGACARTTAGTCCCTTGAGAGATATAATTAGTTACTCCAARRCAAAGACACC
N EKRUDVY UVUHGQIH®MTUVUCS I LCNTGOGEGS I ¥ NTUGFLSU

TTTTCTTCTAAGTARGARCARCTATCTAACATTGTGTTGATACTGTCAACTAARTGAAGTTTTATACAGATTAGCTARAGAAGTCCTCGTGCAGARAGACA
K EE LY SCSDLMTNISDULSTIKVYLNALSTAR RTTCTFSU

CATTGARGGCATTCATGGCTARARRACARTACACTAATCAACARAARATTTTGGACTCTCCGCGTCTGTTTCARGTCTGARCATAAGCATTCCTAAATGGTC
N FANMALTFLUUS I LLFZK®PSEADTETLRF®NLMMNGLHD

TCGTTCAGGTCCTAAAAGTTCGCARGGAGTAARACTTCGCGARAGCACACACTCTTTGGGAACACCAAAAGCTAGCARACTTCTGATCTTTTTTTTCTCA
R EPGLULETCPTTFSRSLUTCETIK®PUGFALLSARBIIKTEKTIKE

mocCT N L
TTTTCAATGAGATTATTTAAGGAARGTTTCATCARTTGTCTGATGTTTCCTTTTTTGAARGCATTTCCATTGTTCGCARGCGAAATGGATTGTACAAATTTA
N E I L NNLSTETDITOQQHI KR RIKOQLTMTEH®N

FES I LNLLZIKTODUYUSDNTEFLTI TAK 1 EII FSLAAE
CAATTTGAGTCARTATTGAATTTACTTARARCAGATGTGTCCGATAATACATTCTTRACTATARCAGCGAAARTTGAAATTTTTTCTCTTGCGGCTGAAR

S 1 T ADK I L SFAKLLZPI HNY HFHNFI KNHNMTUFY | LN
GTATCACAGCAGATAAGATATTGTCATTTGCGARATTATTACCARTACACAATTATCATTTCAACTTTATTARAAATCATATGGTGTTTTATATATTAAR

Yy S T LGFAKARTFS I AETLT CRETLZKIFHRTTFZ QSTSKL
TTATAGTACTCTAGGATTTGCCARARGATTTTCAATAGCTGARACACTATGTAGAGAATTARARATTTTCCACAGARCATTCCAATCAACGTCTAAATTA

QN LNNAEULVY QFEZ KTULTIESI QUFIKA AELA ASPI GKIL
CARAACTTARATAATGCAGARGTCCTTTATCAATTTGAAAAACTTATTGAATCCATTCAAGTATTCARGGCGGARTTGGCATCGCCTATTGGTARARCTTC

LRQETMH I ¥YDK®PTEIKSUKYU I I QOQNL I X I NNLI Q0D
TACGTCAAGARACAATGATCTATGACAAACCCACAGAAAAATCAGTTARATATGTCATTATTCAGCARARATTTGATARAARTTAATAACTTAATTCARGA

cES I KNTCRLI AELIDELVYOQKUYRUFNMNTQ I F T Y DD
CTGTGARTCGATARARARCTGTAGACTCATAGCGGAGCTGATAGATGAATTATATCAARARAGTTTATAGGTGGTTTATGCARATTTTCACATACGACGAT

Il I FPNDWNFLDARARLLIKMBDFCY TY Y TASNIOQMHKLLS.L
ATTATTTTCCCCARTGACAATTTCTTAGATAGACTTTTARAARTGGATTTCTGCTATACATATTACACGGCATCTAATCAGCATTTATTATCACTTTTTG

E Q T 1 DN ¢ | F 1 DPSPYFEINPUYSPELUG QFM®NSTFSL
AACAGACAATTGACAATCAAATTTTTATCGACCCTTCTCCATACTTCGAAATARATCCAGTATATTCTCCCGARTTACAATTTATGAGCACATTTAGCTT

K I F S KNI SAKNEDLVY I ¥YPLLKTNFSILTFLSILE
AAAGATATTTTCAAAAARATATTTCAGCGAARRARCGAAGATCTATATATTTATCCACTTTTAARARCARACTTTTCCATACTTACCTTTCTGAGTTTAGAR

N I F FHHGF I ¥H I LHRTNITPTETETZ KT KTILTGIK I NGFL
ARTATTTTTTTCCATCATGGATTTATATACCACATCTTGCATAGAACAAATATCACACCARCTGAAGARRAAARRATTAGGAARRARTAARTGGRTTCTTAA

N TUVU I QQUL I KKNNLOQITF©PETLTLUDIEKTU P VY HLHRIT G LN
ACACGGTTATTCAGCAAGTCCTAATTAAAAAGAATAACTTACAAATCACTTTCCCGGAGTTGCTTGATARAATCTATCATTTGCATAGARTAGGCTTGAA

| ETAQ I FLOQOAMLTTVYKPATTNNIKILIQTFFTNFS I I
TATCGAARCGGCACAAATTTTTTTACAARTGTTARCARCATACARACCAGCGACGACARATARTAAGTTGCAGACATTTTTCACGARTTTTTCAATARTA

I\ F s AY Il FFLCI ELFS®PTTFI FHNEKTZEKTZ KTILILTETZKT? QEKS
ATTTTTTCGGCATATATTTTTTTTCTATGTATTGAGTTATTCAGCCCARCTTTTATTTTCCATARTARARARARACTTATCCTCGAGAARACAAARATCCA

1L I LG EQF S F I WKEUNEIUDLLFSSTUTETUVYFK
TCATACTAATTCTCGGTGAACAGTTCTCTTTCATTTGGAAAGAGGTARATGAARTTGTAGATTTGTTATTTAGTAGCACAGTTACAGAAACCTATTTCAA

F Y SKGADUDVYEI KU DTFTILVY KDLMMWEIKMWNSGELTFF®PLTVY SH
ATTTTATTCTARARGGTGCCGATGACTACGARARAGATTTTCTTTATAAAGACTTAATGGARARATGGGGTGRATTGTTTTTCCCATTAACTTATTCARTG
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U3l

T TP QKUY TDKHUSSTULKNLTCDTAY QS KDHNETHA AYE
ACRACGCCACAGAARTATACCGACARGCATGTATCARGTACAGTTTTGAARARTTTATGTGATACAGCATATCAARAGTAAGATGGAARCAGCGTATGAAR

s L LePY I THPETFIKTFI F 1 THY URPSULSL I TNLTTFEE
GTCTATTACCATATATTACTCACCCAGAGTTCARATTCATTTTTATTACACATTACGTCAGACCTTCTTTGTCATTARTCACARACTTAACCTTTGAAGA

Il K D NRRLUL I L I FARCKTLL®MPSNVY LLSHYLULULLHHA
AATARARAGARTAATCGRAGATTACTAATACTARTATTCGCGTGTAARCTGCTARTGCCATCARATTATCTTTTATCACATTACTTATTATTGTTACACGCT

FTLQ I FXUDLGHTFS I I HA I TQKI FDNINSLTQT
TTCACACTACAARTTTTCARAGTAGATCTTGGCCATTTTTCARTTATACATGCAATTACTCARARRAATTTTTGACAATATTARTTCTCTGACCCARACTA

Il F I P K TNFLUSLLLTAYTUHTQTY UNPWWI QKT I S
TTTTTATTCCAARRACAARRTTTTTTAGTCAGCCTTTTATTAACAGCATACACTGTGCATATGCARACTTATGTGARTCCTTGGATACARAARACARTCAG

ENIT ALLIKTEY I DFTEKZEKTCSSTLATTTCVYLNLENTFA AU
TGARAATATAGCCCTTCTTARAGRATACATCGATTTCACARAGRAATGTTCAAGTACTTTGGCARCTACGTGCTATTTGAACTTAGARAARTTTTGCAGTA

NH Y FGKNIKUG6STSLSAFVYRTCSKLI EESIKTLTFZKI?D
RATATGTATTTTGGGAAARACAAGGTTGGARGTACTTCACTATCAGCTTTTTATAGRACTTGCTCTARGCTARTTGAGGAATCTAARACTGTTTAAAGATA

RLOQE I K VUVUSKTLFIENMLOQNUUVUKNITIKFIKDLUSNAQT
GGCTTCAAGAAATCAARGTTTCAARARRCATTGTTTATAGAGATGCTGCAAAATGTTGTGARRRACATCACARAATTTARGGATTTAGTCTCAAATCAARAC

L ¢QNF I I 1 VER I SSHANTTVY @DULNSILIDETCHTFSN
TTTGCARAATTTTATARTTATTGTTGAARGAATCTCCTCTCATGCARATACAACATATCARGATGTTCTCARTAGCATAGATGAATGCCATTTTTCAAAC

moQvLitQsSF KNI UY U I DULNTIKANIFNFSILASIOQLIE
ATGCARCTTATCCAATCTTTTAARARACATCGTGTATGTCATTGATGTTCTGARTACTAARAACATCTTTAACTTTTCTCTCGCATCACARTTAATTGARG

A K K LUK KOQDTVYNQLNUQDDTFUTULIKSHLNNLTFEK
CGAARARACTTGTARAAAAACAGGACACCTATARTCARTTAAATGTGCARGATGATTTTGTCACTGTATTARAGTCACATCTAAATARTCTGTTTGAAAA

K P T 1 NI ERRFMNLEGI PDI KQ 1+ PFLDUFDEHR RYRB
GCAGRAGCCTACARTTAATATTGARAGARGATTTATGTTAGAAGGARTACCCGACATAAARCAGATTCCATTCTTGGATGTTTTTGATGRARGATATAGA

L I+ PQ I EX Y LHWY I AY SEAAQADLUVETPTLTLILTEKILTGEG -
CTARTACCACARATTGARAAGTATCTGCATTGGTACATTGCATATAGTGAAGCTGCGCAGGCTGATTTGGTCGAGCCTTTACTCTTARARCTTGGTTAGA

mR I I AGSTNOQNDPIKY GPRAGI KO QC™HMNSNT CCFSFLHTU
TGAGAATCATAGCAGGARGTACAARTCAARACGATCCTARATACGGACCARGAGCCGGRARGCAATGTATGTCARRTTGTTTTTCTTTCTTGCATACAGT

Y L NG I NNULNKTES I DI ¢t NENGALILUDASNISTTTILK
TTATTTGAACGGAATARACAATGTGTTARATARAGAGTCTATTGACATARTCATGGARAATGGAGCATTATTGGATAARTATCAGTACARCGACATTGAAR

L ETGNIPEVYRTFFTETLJLPKIKI SSNFGETI HETLSAR BTEP
CTCGAARCTGGCARTATCCCAGRATATCGATTTTTCACAGAAATCCCARAAAAARTTAGTTCTARTTTTGGCGARACAATACATGARTTATCTAGACCCT

FNGTLESOH I DNEUY LGLLDFLLYGKNIKTKTZPATFIU
TTARTGGTACCTTAGAATCACAACATATAGATAATGARGTTTATCTTGGACTGTTAGACTTTCTATTGTATGGGARARARTAAGAAACCAGCTTTTATTGT

I T 1 66U N ARAIF I UDETLTFUVYLFDSHASTDTTEUNSA AR-AI
CATCACTATAGGGGTAATGGCACGAGCTATATTTATAGT TGATGAATTGTTTTACCTTTTTGATTCACATGCATCAGACACAGARAARCTCTGCAGCCATC

Yy I CEDI DELVYALLAIENUAMAETFY Y DAUFSVYF 1 ET
TATATCTGTGAGGATATTGACGAARTTATATGCTCTATTGGCCATAGAGAATGTTGCGGARTTTTACTATGATGCAGTTTTTTCATATTTCATTGAAACGA

T DL SLEDGODAT LI LXK TVYKXKDPDI ALSLNDFTLSINY
CTGATTTATCTCTTGARGACGGAGATGCAACAATTTTGATTTTARAGACTTACARAGATCCAGARTATAGCTCTTAGTTTGAATGARTTTTTTATCARTGTA

s S TSsSSTKTAETNTLISKI QSPSIKRBRIKU OQEZKTSTLNSN
TTCATCTACATCCTCARCAAAGACAGCGGARAACAARCACTTTAATTTCAARACAATCACCARGCAAACGCAARCARGARARAACCAGTCTARATTCARAT

S LEKXKKRIKUOQGSSLKVY VY NNEUDLUPSFVY ELARTZPIQFN
TCTCTAGAAARRARAAGGAAGCAGGGCTCATCACTCARATACTATAACAATGAAGTAGATTTAGTACCAARGTTTTTATGAGCTTAGACCTCAATTTAACA

N I LFELSNFPI UKENUNWT LY I QKFATIKSTOQPFT
ATRATTTTATTTGAGCTTTCTARTTTCCCAATTGTARAGGARAATGTARATTGGACCCTTTACATACAGARRTTTGCAACARAGTCTACACAGCCATTTAC

K P F tUWNRUFHLTFSQGUUDALI NI KNDUHUDTET
RAARRCCTTTTATATGGAATAGGGTATTCCATCTATTTTCTCARGTGGTTGACGCCTTARTTATGATTARARACGATCATTGGGATGAGACACAARCAGCAR

K Q F F THFLPTFI KTETFSETETFTENA ALTEA BATCREHNNLDLIL
ARACAATTCTTCACACATTTCTTGCCGTTCARAGAATTTTCTGAGGAATTTGAARACGCTCTAGAGGCTTGCCGAGARRATARTCTTGATCTAARTATTGC

LY KNVYLSKTTAFIKMNLERILLTIKTFSAI USPUHEKH
TTTATAARARACTATCTTTCGAAAACTACTGCATTCARRARCCTTGARAGARTTTTATTAACGAAGTTTAGCGCCATTGTCAGTCCGGTGCATGAAARACA

Yy T LUNTWUWULTHNLI QKLU KHPEDTNHNAFIT NDVY VULKN
CTACACGCTTGTAARCACATGGCTAACTAACTTAATACARAAACTAGTCAARCATCCCGAGGATACCARTGCTTTCATCAATGACTACGTGTTAARAARC

P LNHF I CLNIKJIKEZ KT QS I ALLULNEKIEKRBRBRMMTSMHNHTLI KT DUE.I
CCCTTRAATCATTTCATTTGTTTGAATRAGARGGARARGCAGAGCATCGCTCTACTACTGAATARRRAAAGAATGAGTATGCTAARAGATGTGGAARTCG

EKNGFUOQLOQAFI ENITGEAPANYLDZPENA ARBIKUNUE
ARAARGAATGGTTTTGTTCARCTCCARGCATTCATCGRGAACATAGGAGARGCTCCAGCAAATTATTTAGATCCGGARAATGCACGCAAAGTGAATGTTGA
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E VS EXKD I PTLSTODIKUS | PNESTHFTSHNIEKTIKIHS I EK
AGARGTCTCAGAAAAAGACATCCCAACATTATCCACAGATARRGTTTCCATACCCARTGARAGTATGTTCACATCARRTAAARAACACAGCATAGARAAG

L I HA KL KAILSTHTGOERLTRI I QENVYNNIAAGTFL
TTARTACATGCTAAGCTGARARGCCATTTTGAGTACARTGGGGCAAAGATTARCTAGAATTATTCARGAAARTTATAATARCATCGCTGCAGGTTTTCTGE

P UNDILNNLTFARY L UKLY FDUY S I T I NG GTFUUENTETLI
CGGTGRACGATCTTARTARTCTGTTTGCCTATTTGGTCARACTCTATTTTGATGTCTATAGCATCACCATTARCGGATTTGTGGTGGARRACGAATTGAT

K N1 EQ I ¥DNTOQGY LRFGLTRFNMOQQNLT®PTFTI S UR
AARARATATTGAACARATTTACGACARTRCGCAATATCTGAGATTTGGATTGACACGCTTCAATATGCARRATTTGACACCGTTTACTATATCTGTCCGL

K " FLDTFFLSOQEKTL 1 DRAETETI I ENLETFZKSUTPEG
AARATGTTCCTGGATTTTTTTCTATCACARARRRCTCTGATAGATAGAGCTGARGARATTATAGAGARCCTTGAGTTTARATCAGTTACACCAGAAGGAA

K Q KLATKNMTLRETG QLETZ QLNA®NDBDUDDDT I NLEKTDTITLT
ARCAAAAACTTGCCACARAGARTATGCTCAGAGAACARTTAGAARCAGTTGAATGCTATGGATGTGGATGATARCAARTARRTCTGAARARCAGACACATTAAC

HQULFSDQELARMMT I QODF I+ LOQLS I HNIPS I NFUKS
ACATCAAGTATTATTTTCAGACCAAGAARTTACGCATGATRCAAGACTTCATTTTACAACTCTCCATTCACARTATTCCARGCATTAACTTTGTGAAATCT

L K LH 1 I LEKRPDILLALIUGOQET KUOQNIT LY FVY F QDLW
TTGRARTTACATATTATTTTAGARAAAAGACCTGATATACTATTAGCTCTACARGAARAAGTCCAGARTATTCTATATTTTTATTTTCARGATCTAGTTA

N E I PR QENULSTH®TLFI I ELFPADSAR BRI HLLETGVYI
ACGAGATACCTGCTCAAGARAATGTTTTGTCAACAATGTTATTTATARTAGAGCTTTTTCCAGCCGACAGTAGAATACATCTACTAGAARACCGGATATAT

S RH I UKKMWLNITKSLOQODAETDTLTIBRBF I NI1T NKTETZ QLGHK
TTCCAGACATATTGTARRARARTGGCTARACATGARATCATTGCAAGATGCTGAGGATTTAATTCGATTTATAAATATTARTARAGARCAACTAGGAARA

FEHOQPF G K E 1T QKL I EK I HLFUVY KOQKUVU I EVY QEUDUVWMU
TTTGAACATCAGCCATTTGGARRRGAAATTCARARRCTARTTGAAAARRTACACTTGTTCTATARGCARARRGTAATCGAGTATCAGGARGATGTCTGGA

S EMTAKNIT T L TSPSELSUOQFLASAPTU OQRTI I Q KHKNN
GTGARATGGCTARRARTATAATTTTAACTTCACCCTCTGAATTATCTCAATTTTTAGCTTCAGCTCCCACTCARCGTATCATACARAAARCACAAAAATAA

L DOQKLL I HNENOQAIKIQAMNETDTIDI KT K BRUATCS K I NLER
TTTAGATCAGARACTTTTAATACATATGGARARCCAAGCCAAGCAAGCAATGGARGATGACARARARAGAGTTGCCTGTTCTARRATTAATCTGGAACGA

HLNDULTULTLILILTIKTDAROQFAST! QASUL I UCENIFKT.I
CACCTGARTGATTTACTGCTCTTATTGAAAGACAGACARTTTGCTTCCATACAGGCTTCTGTTTTGATTGTGTGCGARAATATATTTARARCGATACCAG

bDbbDbNL I I QF SHALLSUYULLDI EKDILIKSVY SSE I L EK
ATGATARRCCTRATTATTCAATTTTCACATGCTCTGCTTTCAGTTTTACTTGACATTGAAARAGGATTTAARARGCTATTCATCAGARATATTAGAGAAAAT

L I NRPL ETSRLILUFI KT DAY GNLJIKETFILNALZKTZ OQSLF
ACTAATARATAGGCCCCTCGARRACCAGTAGATTATTAGTGTTTARAGACGCTTATGGTARTCTGARAGAGTTTTTARACGCCTTARAACAATCACTTTTT

A T.ADUQNKADFILI Q I LDFTYKTFRHIKTNSIKTGTI KTLTLH
GCCACAGCGGATGTTCARAACAAGGCTGATTTTCTTATCCARATTTTAGATTTTACCTATAAATTTAGACATARGACAAATAAAGGTARACTTCTACATT

S 1 Y NEDTFI KLY EETLTTETLARIEKTIKA®SATDAIKTESLTZEKTILTFIKHA
CCATTTATARTGAGGATTTCARACTATACGAAGRARCATTAACAGAGTTARGAARARRAAAGCARCAGATGCARARGAGTCGTTARCTAARCTTTTTAAAGC

S EQ K I ' ELSART I PLIKETIVYLNIETUNTFIOQGY G NUUF
ATCCGARCARARAGATCGAGCTGTCGCGTACGATTCCGTTARAGGARATCTACCTGARCATAGAAACTGTTAATTTCCAAGGTTATGGCAACGTAGTTTTT

R ESAFKARAIEUEIT KNYVY ENDKLNDTILTIKHFNSUHLIEKT
CGAGARAGTGCTTTTARACGCGCAATAGAGGTAGARATARARRATTACGARRTGAAARTTARACGATCTAARTAAARACACTTTAATTCACACTTARAAACAA

K I b HHRQ I LNLSFDNIKUWMWUIKTDTFUSKSK I SFPPELTII S
ARATTGACCACATGCAGATTCTTAATCTATCTTTTGATARCARATGGARAGATTTTGTCTCCAAGTCARARATATCTTTCCCACCAGAACTGACAATAAG

s Q EL I KDPI KU I TETTLNIKA ABSNDLAY VYU I SEZK I LK
TTCACAAGAGTTGATCAAGGATCCCATTAAAGTTATARCTGAARACTCTAAACARAGCCTCARARCGATTTAGCGTATGTGATTAGTGRAARRATATTGAAG

WLt vr UK ELNTFFUATNTSETFGEU I PF DY KHTFRA
TGGTTAATAGTTTTTGTCAARGAACTGARTACCTTTTTTGTAGCTACAATGTCAGARTTTGGAGARGTTATCCCCTTTGACTATAARRCATTTCAGAGCTT

L EY EI NSK Y I EI ENK I I CNEI I ENTDWNIEZKTILST.L
TGGAATACGAAATTAATTCTAARGTACATAGAGATTGRAAATAARATAATCTGCARCGARARATTATCGARAATACTGACAATATAGAAARACTCTCAACCTT

Il K Q I DPNRI AGGK QK FQDVYLSKILTAETHNI QO QOQT
GATARAACAARTAGATCCAARATCGTATTGCTGGTGGTAAACAGAAATTTCAGGATTATCTGAGCARRRTTCTARCAGCTGAAARCGARCCAGCAACAAACA

R Y K EQ L KK QY FODLLUDA NIAMHTFARTFAFDFWNHIOQOQGNL.I
CGCTATARAGAACAGTTAARARAAACAGTACTTTGACCTTTTAGATARCATCGCCCATTTCCGGTTCGCATTCGATTTTARCCATCARCARRATTTAATTT

L KLX DI KFXKXKTLARTDTUFERTFZ®PNLUDIDTTFUSSHNMTNUEN
TARARCTGAAAGACAAATTCARRACTCTTAGAACAGACACTGTATTTGARAGATTTCCAARTTTAGATGATACTTTTGTCAGTTCAATGAATGTCGAGAA

F L QAL EALSHFUOQAAONTFLIOQNUULTESQQAHADLTF®PIQT
CTTTTTGCAGGCACTTGAGGCTTTARGCCATTTCGTGCAGGCAGCACARRATTTTCTACARAACGTTTTAACAGAGCAAGCGGATTTATTTCCACAGACG

NF I PVELSTUKTIIPKSDINLARBRMNMNMKI HTPOQTTFTFO QU
AATTTCATTCCTGTCGAACTTTCCACCGTCARARCAATTCCAARRATCAGATATARATTTACGTATGARRATACACACACCCCARACTTTTTTTCARGGTTG
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u32

u33

DS VUVUFNTO QLI UDEZKTGIPUQF VY NUFWHNMNIUFZIKTFTFA ATLN
ATTCAGTTTTTAATACACAGTTGATAGTTGATGAGARAGGAATTCCAGTCCARATTTTACAATGTTTTCCACARTATTGTTTTCARGTTTTTTGCTCTAAA

Y K K I 1 vpPDKULNLUYUSTIKY K I LTTLIKSILSUUZK:S
TTATRAGARRRTTATCGTACCTGATAARGTGCTGAARCTTAGTATCAACCARGTATARGATCTTAACCACATTAAAAAGCATTCTGAGTGTTGTAAAAAGC

FUKEI I NFOLTSY FQG6GKAETFTTFI QWNUFP I I NL K. I
TTTTGGAARRGAGATTATARATTTCGATTTAARCTTCTTATTTCCARGGGARAGCAGARTTTACTTTTCARARTGTTTTCCCAATARTTAATCTTARAATAT

F I Yy 1 1 7T QAWSUTSDETU OQHSTF FEL®PLETZKTFSLLI 1 AN
TTATTTACATTATTACTCAGGCCTGGTCAGTCACATCTGATGARACACAGCATTCGTTTGARCTGCCACTAGARRAATTTTCTCTTTTARTTATAGCAAA

NP EFULFGSLOQCPUDLAINSLI PLLETZKTKTKYFTATF
TARTCCAGAGTTTCTTITTTGGTTCTCTGCAGTGTCCAGTGGACCTAGCTATTAARTTCTCTAATACCCTTATTGGARRAGAARAAATATTTCACTGCATTT

T I S DNPPKLSH®TDETLTKTIIUCLDLWNTMUWUSETITLETKUV VT
ACCATCTCTGACAATCCACCCARGCTATCTATGGATGARTTARAARTTGTGTGTTTGGATTTGAACACCTGGAGTGAAATARCATTARGARARATACACTT

F XK NS LMQLCHNGEKET KT FTFI VY LLSALULPQNTFTLNY.
TTAAARRGARCAGTTTGATGCAGTTATGTATGGGCAARAGAGARARTTTTTTATTTACCTTTTATCAGCGTTGGTTCTTCCTCAARATTTTTTGAARTTACAT

w1 Q vy XK Ps CCAUODST FOQOQOLI QDLTCFEVYTHU QQNHI K P
TTGGATTCAATACARAACCTTCGTGCTGTGCTCAGGATTCATTCCAACAACTCATTCARGATTTATGTTTCGAGTATACACACCAGAATCACARTARAGCCC

I S'L NLQEPNA ALIKUHGERI LSKTFULEI KN NANTSLF S
ATTTCATTARATCTCCAARGAARCCAARTGCATTAARACATGGTGAARGARTCCTTTCGARATTCGTGCTGGARAARARTGCARACACTTCTCTTTTTAGTA

I F L G6GK Q¢QFLLODYLLFSY LTATENTTFSY Y UDS I KNTF
TCTTTTTAGGCAAGCAGTTTTTATTAGATTATCTATTATTTTCATACTTAACCGCAACTGARATGACTTTTTCATATTATGTGGATTCCATCAAAAATTT

L LT I1 RBRHLENUOQOQNUDFRTI LOQSRNTFIDLTIKVYLLT
TCTTCTTACGATCCGACATTTGGARAATGTCCAGCARRACGTAGACTTTAGRACGATATTGCAATCTCGARATTTCGATCTARARTATCTTTTAACACAA

S U T QNUVULEZQS I FHUVUOQLODI K I 1 ADI1KGQGEPIQLSL KK/ I
TCATGGACACAAARTGTTTTAGARCAGTCCATCTTTCACGTGCAACTTGATAARARTCATTGCTGACATCARRCAACCACAACTARGTCTGARGRAARTTC

PLVYVULFNGDNEUUYUSTVYUPPETGQAST OQTETQ QST FA® BRI KNIF
CACTGGTTTTGTTTAACGGTGACAACGARGTCGTGTCAACTTATGTGCCCCCTGARCARGCARGCCAGACAGAGCAGAGCTTTCGCATTRAGARATATTTT

P NP UQEVY SSKNUI LFTNVYPKNTIZ KT FLTFNSZPPPKT
CCCARATCCTGTGCAAGAGTATAGTAGCAAARATGTGATTCTTTTTACGAACTATCCARARAACACCAARTTTTTATTTAACTCTCCTCCACCTAAAACA

A ARKSY K LPDTTDDIJINTETLSS®PTI Q@RI P 1 K G LU
GCGGCAARRAGTTACARACTACCAGACACTACCGATGACATAARCACGGARACATTATCAAGTCCCACGATTCAARGAATCCCTATCAARGGACTTGTAC

P K ENZEI VUFLPEI KN NTAUHTIDSI KETI KTHLI DTFNILS
CCARAGAARACGARATTGTCTTTTTACCAGARARAAACACTGCACACACAGACTCTARAGAGACARAARRCGCATTTAATAGACACCTTCAATATATTGTC

TKG6E I KTFSTDFDO QT SKTLEKHLYF -
TCARACAAAGGGTGARATCAARACATTTTCTACAGATTTTGATCARACARTTTCCARATTAARACATTTGTACTTTTARGATGATTCGCTAACTTTGCTA
------ - S S E S UK S

TTTAATCTATGCARRGCARGCATGCGTARARRATCARGTCTGAAGGCTGCTTTTTCAATGTTTCCGGTATTTTGTTTTGCATATTTTGCTAGRRACGTCC
N LRHLALMNRLTFODLARTFARARIKTETINSGTNI QKA AY KALFTSG

CTGTGACAGGGTGTGARCCCATAGAAGAATGCARGCCTAGARTATTCGTAAACATTTGTTGCTTTTTCTTTTCTICTTICTTITTTTGARCTGTTGCCAGA
T VPHSGNTSSHLGLINTFMN®RIQOQKT KT KTETETETIKIKSSNGS

ARTCTGGTTGATTTGAGCAGTGATTTCATCACCACGTGTCGCAGCCATGTTGCGTGCACTTAGCTAATTGAGARATTTTACAGCCTGTACARRTTTCTCC
I ¢ N 1T QAT Lt EDGRTA AN
- WTDCGHU QTTCKALOQSI KTCGTTCI EG

ACAGTCCTCTAGATCARGACACGTTTCTCTGTAGATATTTTGACAATCTTGGCATTGRAATTCTGTGGAGTGAGAARTTAGTTTCAACAGTTTATTTATC
copELDLTCTERY I NOQCDOQTCOQTFETSHSI1ILKTLLIK KN/

GTTAGATTCTGCAGATGGATCATAGAGTAACAAGTTCTGCARGARCATGCARCAATGGCATCAARTTTAARCACTATCGTTTAAAATAGTGCAAGCGGAAT
T LNOQLWHI ®TSYCTRCSTCAUYU I ADFIKUSDNLITCASN

TAGTTCCARTTATAGCTTTCCATGATACACTTTTTACTTGRATGCCTGAARCACTATATTCATACAATTCATATACTTTTTCARGTGTCARACGTTGLCC
T 61 I AKWHSUSKUVUOQI 6GSVUVUSY EVY LEVYUKETLTLARBRTZDOQSGEG

GCCACATAARTGAACAATAARGCAARTCTGTGTGCATACTGTARATAATATTTTTTTCCTGTCTATCTCGATAATAARACATCGAGCTTRAAGARAAAGTT
6 cLSCVYLLODTHIMTSY I I NXEQRDRY Y FMNSSLSFT

TGTTTCCCTTTAAGCCTCTCTTTGCCGGARTTTAARCARTGTCCACATTTAGAACATATCACAGTGAGATARCTATCARTTTTAGCATATCTGARGACACT
Q0 K6 K LREI KT GSWHNLTCHSGTCIKSTCIUTLYSDI KAYRLTECK

TTGTTTTGCAARRACATAATACCGGTARAGAGATGATACTTGAAGTTARGCTTCTTTTCARGACTGTCGTCAAARGCARRAGTTAGARTTTTTGGAAGTTG
TKCcCFCLUUPLS I I'SSTLSRKLUYUTTLAFTL I KPLOQ

ATGTTTTTCTTGTTTGTTCAARRACAATCGGCACCARGTTATTATTTTCTAGCGGGATTAARRAACGATCGAAACTGTARCAARTAATTTTCTATCATGGCC
H K EQ@KWHNLUVI PULNANNETL®PI LFRDTFSYCYNEINRA

ATGGCCATAGCARRGATARAATTTCCACATGGAACTGTTARAGAACACCCATGARRTATATCTTGATATGTCAGGTTGCTTGCTCTATGAGCGTATCGCA
nmADAF I FNGCPUTLSCGHTFI DOQVYTLNSARUHAYRL
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GTGTGATGTCATTACATTGTTCARRGTTACGTAARRCARARGAGTTTCATACAAGGAATARTTACAATGAGTTGAARATTGGCAACATTAACTGTTGCTGAAA
T I DNCOQETFNRBRLTCFLIKM®MTCPI NTCHTS I PLMTLQQQF

TARARTAATARTAGAGATCATTAARRGACACARACGACGGTATTTCCARCAACTGARTTTAACTTATGTATTGGGTATTGTTTGAATCTCTCCACAATTTGT
L vyy9vyLDNFSUFSP I ELLQNIULI KU HIPY QKTFRAEWU I Q

TTCCAARGTAAGACGTTGAATTTTGTAAAGAGCCAGAATTTTTAGARCCTTGCATTGCCTGTACAAARAARTACARARTATGCCAAAAGCARRARGAAATTTT
K 4 T LR OQ I K Y LAL I KLUVUKTCOQRYLFVYLYALILTLTFTFNECK

TTGTCATCATCATTTTATTARRARTAGCTTTARTCTGATTTCTTGAATCCAGATCACACTTTAACCARACTTTTARRARCTTCCGGTAGARATTATCAGT
TnnnnKNF I AK 1T QNRSDLUDT CIKTLWUWUYUKLFIKRBY FNIDT

TARATCTTTACTCARAARACTTTTTATTCGTTACGRACATCGATAATACGCAATTTTCAGATTTGCTGACATCTCCARTAAGARATARCTGCAAATGACTG
L DK SLFIKKNTUFNMNSLUCNESIKSUDGI L FL QL HS

TACGAACCATGTTTACACAGCGGAGAARARTCAGCCGACAARRGCARATTCCTTARRGATGACATAGCATACAATTAGTAAGGCGGCAACCARARARACCACAA
- UASFDASLAFETZ KT F 1L UY CUI LLAAUVULTFTGHEC
Y S GH XK CLZPS 1T LBRCLTULNHA BRLSSH™H

AGARTATTATTTCTCCGTGCARARATAGGARCAGTARCTGGGARTACTGCTGCGTCTTTTGTGTTTCCCATGTARTTTATACTCCTGAATGATGTCATCT
L I NNRRSAF I PVUVUTUPFUAADI KTNGTY NITSRBRFSTHNE

CTCCTACTGACTTCAACTGTAACCTCAATGGTTTTTTTATGTGCCTTGCAGCTCTATGTTTCTCTARATCTTGGCGCTCTARARRARTTTTTTCTTTAAGAT
6 USKULOQLABLZPIKTIKI HRAARUHTIKTETILUDTU QRBRETLTFIKTEKTZKTLI

TRTCGCTTTARGRAGAGCGATATACTCAGATTCACTCTCGGGACCAARAGCCACAARTTCARCTATARRAGCCGCATCTCGGTTTCGTCTAATAATGCAC
Il A KL LA I YESESTEZPGFAUFEUI FAADRNIRRIIC

TTTGTCAGTACACCACTTGAAGARGGTTTARTAGCTTCRATGTCATTCAARCACACAGATAARRCACTCATTGACATTTAAGATGTTGCATTCTTTGACAA
K TLUVUGSSSPK I AE I DNLCUVUSLCENUNTLINTECEZKUI

TGTTCTGACTTTCTTGTTTTATGGGAGCGTGGAGATARCARGACATGGARACAGCACCTCCCGTATTTTTARAAARTARATCTCGCTTCTTGTTTTGTCAA
N QS EQ K I PAHLVYCSNMTSUAGEGTNI KT FI FRAEUZ QKTHL

ATCTTCCCAGAGACTCAGCARATATTCCAGGCTATATGCARRATCCAATTTTAARAGTATATCACATAARGGARATTTAGGATTTTTAGAAARTAARTTT
DEMWULSLLVY ELSYAFDLT KT LLIDTCL®PFIKUPNKSTFTLN

TTATCTGTGACACGARAGTCTGCGGGACCCARTTTTARAACGCGGCACGTGGRARGARTTAATTCATCGTACATCTTTTCTTTCARCATGTTTATTTTCT
K D TURFDAZPGLIXKLURTCTSLI LEDVYHNKETKTLH

CTTTAAARATTTCTGCAGTTGTATATTATGTATTTARATATTCCTGATGTTCTARAATTCCATTCACATTTAACAGTTTCGATARRATTGARGTGAGTAG
- T NLVY EOQHETLI GNUNLILIKSLI STLL

TTTGATTTTTTTTTTGATARTCTCCGAGTGACTGCATTGATTTGCTCTGTGATGTAARRTATTTTARRTAGGTTARGTGTCTGTATCCAACATTAARTAAAA
K I K Xx K t 1 ESHSTCOQNA ARMHHLY KLY TLHARYGUNIF

TGTAGTCGGGCATCTAATGARGGCAGCATTATATCGTACAGTTTTGGTAACATAGGGAGAARRAGCTATTTCAATTTCARCTCGGGAAGATAATTGTTCAT
HLARADLS®PL®MN I DYLEKZPLMTPLFAI EI EURSSLOQEY

nmAY K GMWNSDSFSHNSETLFNEI
AARGAATTTCTATATCTGTTTTGGCATTGTCGTTAGACATGGCTTATARGGGATGGARCTCCGATTCCTTTTCTATGAARCTCAGAACTTTTTAATGAAAT
L I Et DT XK ANDWNSHN

L LY AHLODODSSGG I DSDODTLNTWMNPNTITLTENETILINSUETKT
TCTTTTATATGCACACTTAGATTCAAGTGGARTAGATTCTGATGATCTTAACACARATCCCAATACACTTGAARATGAARTTAACTCCGTTGARAAAACT

L NI EELKI K1 TTALNIONRBRTECNITCS UL I NI CLARHE
TTARATATTGRAGAACTGAAARARATTACARCTGCTTTARATATTGACAACCGATGCARTATATGTTCAATTATARACATCTGTTTACGACATGAAACCG

DKM W I ¥vDVYALLTCY KCNAARMPART®PLAUVUI I ATETFMNQ
ATARARTGTGGATCTATGACTATGCTCTTTTGTGTTACARATGTARTGCTGCACCTAGAACTCCCTTGGCTGTCGTAATAATCGCCACCGARTTTATGCA

L1 Q KHFLWNIT NFDGLTFTLNNILS I LDFUHUHHFTFI NR
GTTGATTCARAAGCATTTCTTAARACATARATTTCGATGGGTTATTTTTARACARCATTTTGTCAATACTCGATTTTCATGTACACTTTTTCATARACAGG

C FSNTWNDU DLLMHNENITLVYHNAITLKSLLLTETDTES.I
TGTTTCTCAARCACCARCGATGATCTATTACATARTGARRACATAACCTTATATCACATGGCCATATTAAARTCACTTCTATTGGARGACGAATCTATAC

P NT1TRI1I KKF KLIKGK®PTIKI KU OQHGNAILETKZ OQTLZPLWHNTH
CAARATATARGAATAAAGAAATTTARATTARARGGRAARCCARACGAAAARACAGCATGGARAATGCTATCCTTGAAAARACARACTCTTCCACTTAACACGCA

FTHLI FYH"TUWAGTNITFDRIE SLTDLAIKIKR BRI QI L KA
TTTTACACATTTARTTTTTTATATGTGGGCTGGGACARACATATTCGATCGCATTTCACTAACTGATCTAGCCATCARGAARCGCCARATTTTARARGCC

Il Yy S TKMNELNCSAGP I LLSQ I P I S I TKNATSSU
ATTTACTCTACTAAAAATGAGCTCARTTGTTCTGCGGGACCARTCCTACTATCTCAARTACCGATCTCCATCACTARGAACGCCACCAGTAGCGTATGET

L LCcCEL®R®TSSOQKNTFIDLLOQEF I ¥TSU I NY COQONNLKDN.I
TATTATGTGAACTAATGACATCTTCTCAGAAARATTTCGACTTGCTACAGTTCATCTACACCAGTGTCATTARTTACTGTCARAATAATTTGAAGATGAT

bR VI QFULANLILDLARIYTNUKTTSDCSIX 1 ULA AN
TGACAGAATTCAATTCGTACTCGCARATCTTTTAGARTTTAGCTAGARTATATACTAACGTTAARACCACATCAGATTGCTCARARATTGTATTAGCCAAT

E Q EF S WNSDF U I DCHSFLI LKI QUG P UGL Y KHFTFC
GAACAAGARATTTTCAAACTCTGATTTTGTAATTGATTGTCATAGTTTTTTARTTCTAARGCAGGTTGGACCTGTGGGATTATACARACATTTCTTTTGTG
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pbPLCI ANIKXKTI KPHILFYTTES ST CILIQDTFTI KWUATITTCY
ATCCACTGTGCATAGCAAACATTARGACARTARAACCCCATATTTTATTCTATACARCAGRAAGCTGTATACTACAAGACTTCARRGTTGCAATTTGTTA

NE Y LNSUEIKUHUUWULALI HFFKAFIQUSKILNUHIKNIKIT
TCAGAATGAGTATTTARRCAGTGTTGAARAACATGTTTGGTTAGCCATTCATTTTTTTAARAGCATTTCAGGTTTCARRATTAAACCACAARAATARAACG

n
L1 s DFLKDTFTQ QLLADOOQNTFETI UDPTTFTI HY VYU -
CTTATATCTGATTTCTTAAAGGATTTCACACAGCTCTTAGCAGATCARAACTTTGARARTTGTCGATCCTACATTTACCATTCATTATTACGTTTAGCATG

Il 1°'0 S TRABRLARBRRASSLILI KIKSZK®PY NI KEZ KTNLSTLSLS
ATTRTTCARRGTACACGTAGACTGAGACGAGCATCTAGCTTGTTAARGARAAGCRAACCTTACAACARAGARARARCTAACTTATCTTTATCTTTGTCAC

L K ELHSUFKLFPEVYELZIKFLNINMTKLP I TG KETPI K I
TTARAGAACTCCATTCGGTTTTCARRTTATTTCCAGAGTATGARTTGARAATTTCTAARTATGATGARARCTTCCARTAARCCGGTARAGAACCTATCAAAAT

P F DL SLHHQHTTCLUDLSPYANETZ DQUSKSACUNTCECTGT
TCCATTCGATCTARGTCTACATCATCARCATACGTGCTTAGACTTATCACCATATGCCARTGARCARGTTTCARAARRGTGCATGTGTTAATTGTGGTACA

T NI PTASDAMNDUAYNLNOQI SNUMNOQNARBLY Y Y G F QKK
ACARACATTCCAACAGCTTCAGATGCTATGGTGGCATATATGARTCARATTTCARACGTAATGCAAARTAGATTATATTACTACGGTTTTCAGARAAAGG

u EL I ARRHSAXKXKQPTLFOQI FVY I LSS I ASNFLPI NMNFEN
TTGAACTGATTCGTATGTCAGCCARGCARCCAACGCTTTTTCAARRTTTTTTATATTCTTTCARGCATAGCARGTAATTTTTTACCAARTCATGTTTGAAAR

N E K LNHBHBY UVFQTRTLUHIPCET CTIHNOQI NTUSSG VYT
TRAACGAGAAATTARATATGTATGTTGTTTTCCAARCARGARCTCTTCATATCCCTTGCGAARTGTATCAATCAGATTATGACAGTCTCCTCCGGATACACT

uiL LD I LHDS I ULHUUVLCKTIETSNILIOQIDINULOQR
GTACTTTTAGRCATCTTACACGACAGCATTGTACTACATGTTCTTTGTARAACTATTGAGACTAGCARTATTCAAATTGATATTARTGTTCTTCAGCGAR

K1 EENGDUPDOETI GDEKTFETEKTLEKEHILPEFI -
ARATTGAGGARATGGACGTACCCGATGARATAGGTGACARGT TCGARARGCTGARACACATTCTACCGTTTATTTARRACAGATCACAGARCATCTGTCA
------ - LU TL

GGTCACARARGCTTTGATCTACATATACTTTTAAAGGTAGGATTGAARGTARARACTTTTCTTTCTTAARTGCCCGTTTTCGGARATATTGGAGAGATAGC
bcFSOQODUYUKLPL I SLLFZKEZ KT KIGTK®PFI1 PSS I A

ATTTGTTACAGCTTTCATTATTTGTTCAAARTATTTATCTGCATTGATTTTTARGTTGTTCTCARTAGCATATGCTGGATCTTCTGCTAACTCATAATTA
N T UAKDMNDI QEFVY KDANIKLNNETIAYAPDEA ALTEVYN

TGRARTGTTTTTTTTACGGTTTCTGTGGGTGCARTTAAARTGTACATARCTCTATCTCCTATGTTTGGCARCTCTTCCTTTCTTTGAGCTAACCTTTTAA
HfF TKKVUTETPA I LI ¥H1M1UVBRBDGI NPLETETI KA BRI QALIRBRIKWU

CARCAGCCAARTGTGGTARATTTGCTTGCTTGTAGGCAGAAATGTCTTTTGATAARGACTGARGACRARACCAARCTTTTAARTGTTAACCCTGTTTARGAA
U ALHPLNAZQIKVYAS I DKSLUSSLULS K I NURNTLF

ARGTGCGTCTCGTGCGTCACACAACTTTTTAATTATTTTTTGGATACCATCGGGAACTCCATTTTCATAGATTTCTTGTATTGTCATATTAGAGAGCTTT
L ADRADTCLTZEKIK?!'! { K QI 6DPVVGNEVY I EQ I THNSILK

TCAGCAGACTTTTGTACATCGACATCCCAAARGAGAAGATCGATGATGTCTTTAARCTACCACTTTAACAARATCGCAAGAAGTCTTGCGAARCTAACTCCA
EASKOQUDUDWUWUFLLDI I DKUUUUKUFDTCSTI XA RULTEWU

CACCTTTAAARACARGCGTTGCATCATCTAACTTTCCAATGTAACGTTTCTTGCATATTARRATTARTGGARATAGGATCTTTTCARATTCTARTTTGAT
6 K FuvLTADZDLSIKSGI!IYRKEKTCI!I LI LPFL I KETFTETLK

AGGATGTTTARATAACGTGTTTGTTATGTGGCTTGCAATAGAAGGAGCTATTCTTTTCARAGCTTTGGGRCARACATTTTTGARRGTAACAAARARGACTG
P HKFLTNTIHSAI SPAIARKLAKPTCUNEIKTEFTUFLS

TCAGTATCACCATARATCACCTCTATTCCAAATGTCCCTGAARAATCACCGCGTGTCAATCCARRTTTCTCAATGARRAARGTGTCCGAATACATGGCGE
b T 0DGY I VE I 6GFTGSTFDGRTULGFXETILIFFTODSY N AS

TGTCAACGTAATCARCAGTTTTACARAGCATTTCACGCCCARGACATGTGACAGARAGCTGCTATTGCCACACATGGARGTARGCTATGTGTTGCCCCGGT
bvVvyYyopDVvVUVTKTCLNMNEARSGLTCTUSAAILIAUCPLLSHTAGT

GACTCCGTAGACTGAATTACAAGTAGTTTTTARTGCAAGCTGCTTCTTATCTAARAGCATTTCCATCACGGGGTTGTTACACATTTTCATCTGCATTTTT
u g6 vyYyuUus N CTTIKTILARLIU OQI KT KDLL®®TE®®RUPNNTCHEIK®MTQHRK

ACTTCTTTTCTTTTATCCAGCCATTTTTTCARTARACTCGCTARARTTGATTCCCTGACTGTCTTTTTAACARACCTGTGCGTTACAGGTCCARCATGCA
U EKWRXKXDLWMWIEKI KTLLSALI SEARSRUTIKI KUFRUHTUPGUHU

CAGTGAGARTGTCATCTGCATGTARRCCAATTACTGCATTTTCATCAACARACCAGGGTRCTATARCACAGATTATGAGCCATCATAATACTTGGATACAR
T L1 DDAHLGI VUVANEDUUYVULTSY CLNHADMTI SP VYL

ACTTTGGARATCAARRACTACTGTTGGAGTAGCATAATAACCTATTTTCGGTTCTAAARRCTGTAGCACCTTTATAGCCCACATTTTCTTTGCCTTTATTA
S Q. FDFUVUWUTPTAY Y GI KPELUTAGKYSGEUNETKTGTK KN

AAGTTAGTGTTCATACTTGGTAARATCATATTTAAARTTTTTAGCTTCGTGTAARATGCATGGGAAAATTTTTTTTTGTTGTCCCTCARATACGGCGCAAC
FNTNBMBSPL I B NLWNIKA AEWHTLICPTFII KIKU OQOQOGETFUA8CR

GRATAGTAATATARGCGAGACTTGCARACCTCAGCCATTTCATAGTGATAATTARTCTTTGTAAARAGCTGAACARCCAATAGAGAATCTTGTATACARTA
'\ T I Yy AL SAUVEARNMEY HY NI XKTFLOQUVUULLSDOQ I CY

TCTGCCARCCACAGCTCTACCTTTGGAACCATCARTARATTTTTTAGGAATTTCCTTGTRAGAGAGATTTTTTTTTTCCTGATTTARACARAGTTTGGCT
R 6 U UARRG K S GD I FKK®PI1EZKUYSLNIKIZEKEZ QNTLT CLTIKHA
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ATRGTGTCTARTTTATAATTCTGAGCTGAGATTTTAGATGARTACACATTATACATGTCGARGCATAARATCCCAGACATGTTAARCTTTAGTTARAGAAT
I T DL KVYNOASI KSSVYUNYNDDFCLI GSHTNUKTLSN

TCAARAACTTCTTATGCTGTTCGTAGGGARCGATGRCAGAARACTTTCCACGTTTTAGTTTCGRARARACCCCCTATCTCARAATTATATATTTTTTCCAT
L FKKXKHQEVYPU I USFIKGRIKTILI KSTFSG GG GI EFNY I K EON

TCTCGTACATARATACTTTAARTCGARATTTATGATGTTGTATCCAGTARGGATTTCTGGTGATTTACATTTTARAARAAGGAARAARRGCATATAGAAGT
R T CL VY KLDFNI I NVYG6TL I EPSKTZ CKTLTFLFFAYLL

TCRAATTCTGATGCARRCTCATAGATGAATACCCCTTCGATTTGCTCGCARGTGCCCARAGTAAACARATGTTTACTTTGGTAATTTCCTTCAGAATCAA
EFESAFEY I FUGE'QETCTTZGLTFTLHIKSZ QY NGTESTDTF

ARTCGATGACCGARATTTGARTGATGATGTCACCCATTTGCTCAGCATCTGGARAGTTTCCATTTTGGCTTAGACATTCAATATCAARAARGARCAACAATC
b I vs 1ot 1 I DGMHOQEADPFNGNZ OQSTLTCET!IDTFSTCTCHD

ATATAATGGCCRAGAATCTTCCTTTARCARAARTARATCTGACACATGACAATTTAATTCARTTTCAACRTTACTGCTTTTTGCARATTCTTGARTAGAT
Yy L P W SDEZ KT LLTFLDSUHCNTLTETIEUNSSTI KA AFTET QIS

AGATAARTTAATTTGGTACCAACCARAGCTTTTTAAGTTGTTATCAARTGAAGARAACGATTGAGAATCTCARCTTCTGCTTCATAAACAGARACGCCCTCAT
L Yy N1 Q VY WG FS K LN NDIFFRWNTILIEUEATEVYUSUGEN

TTHGTHhHHTTTTTCCHHTTCGHTTﬂCTGHTﬂTHHHHGTTTGﬂHHHTGHTﬂHTTTHHHTﬁHHTTTTTGHTHGGTTCCGTGTTHTHHCCGTRGHHHTTGTR
L L1 KG6I RNS I ¥YFNSTFSLIKTFLHNEKIPETNYGY FNY

TTTAGTTACAGATTCAATAGARAATGRGCATGACATTTTTATTTCAGAACTATTCAGAAGTGARCAGATTCTAGRATTCAGCTCTTTTTTACATTGATAT
K T Vs EI S FSsSCsNMTK 1T ESSNLLST CIRSNLETZKTEKTCO QY

TCACAGTAGAARTARCTATTTTGTCCAAATACATTGATACARACTTTTTTACCACATTCTGTTTTTCCARRARGTTTTATGACATTACCAGATGGRATAR
ECVYF VY SNUOQGTFWUNITCUYUKI KT GECETIKSGTFTLIKI UNGSUPI WUV

CGAARTGTCTATATTGGAAAGGGATGTTTTCTATAGAATCAGTARATAATARARGATTCGGATGCATCATAGATATGAARTTTTAARGGCGCACGCAATTC
F HRYQF®P I HNE I SDTTFULLSESADY I HFIKTWLUPASARBRILE

TTTTTCGGCTACTTGAGAAAGCGATGGCCATGTCATATCATTTTTGAGAATGTATTGCTTATCTTGATAGAACATTCTCGGTTCCGAGTCACARAAGAGTC
K E AUV QSLSPUTHHTDNIKTLI Y QKDY FMTRPESTIDT CTLT

TTCATTARGCCGGGTGCTCCATCGTGCATTATACCGCGCGGRARAATCCGGAGAAAAGTAGATTTTGTTTTTYTCTTAGTTCGTACATTCTCTAGATACG
K M1"LGPAGDAHMTI!I GRPF I RLFTSKTZIKTZ KT KTRUNETLYTP

GATTARAGARGGACACCAGATCCATCACAGTTCTTCTGTTGRAAGTTTCTGATAGCCCCTGTATTGARTCCTTTCAAGTAGGCTTGGTCTCTGTGATTTT
N FF S UL DON
- L EETSLIKO OQVYGRY QI RELLSZPRZ QS SK

TTTGCCTCAGCGATTTCCGCTTTTTTATATGACTCATCTAATAARTTTAATAGCTTTCAACATTTTTARAGCTTCCACTTGTGAATATTCATTAGTGTGTG
K A EA I EAK KUY SETDLILZEKI AKL™MTKLAEWUIDQGSYENTHT

TTATGTCATCACCTTGCGGTTCTGTGTCTTTGTTAGTTTTTRAARTARGGCGGAGATGRATCTARAGGTTCTTTCACTTGCGCTTGAACTGARTTGCGTTGC
l DD GQPETDIKNTIKTLVYPPSSDLPEIKUQAQUS Q THA

TTGARGTACCGAATTTGTTGATTTTGATGTATAAGGARATAAARATATCAATCGGTGTTTGTGCTAATCGTTTATGTCTTAARAATARGARARTAACTAAG
Q LUSNTSKSTVYPFLI DI PTOQHALURIKMHARLTFTLTFI UL

CCAATCACTCCCAARGTTAGTARGATAGTTAGTGCTCCACCARATGGATTTTTARGARAARGAGAAARCTCCATTCACCACATCTCCCARAGCACCAGLCG
6 I V6L TLLI TLARGSGFPNIKILTFSFUG6HNUUDGLATGHA AT

TTACACCCAGCACAGCCCCCAARCCARAGACCAAGAGCGCCAAGACCTTTGARARATGTGTCAATCCCTCCTATATATGTTGGAGTARCAGTTGCAARTTTT
v 6LUYVAGLSGLSGLAGLSEGEKT FFTDIGGI Y TPTUTAIK

TGTTTCTATATGGTGTAGCGCACTTTTGTAAGAATTGTATTCTCTARGARTGGTTTCCARATCARAARCGTTCGCTTTGCTCAGTTCATCTTTTGTATAC
T E I HHLASIKY SNUVYERLI1ITELUDFUNAIKTSILTETDIKTY

ARTTCCARTAATGTARAATCTGCATTTTCTARRGGATCTATGTTTAARGTCAARCAAACGCATCTARAGCTTCTATTTCTGTTATCAARRCTRGAATTAACGT
L ELLTFODANETLU®PIDINLODUVFADLAEIETILSSNUY

ACGTATAGTCTTTAAARRATATGAGCGAATTTACCAGACAAAARAATTTTCGTGTTAGATTGTTCACATTCTTCTGTTCTGTGATTTCCCAGTARTATCTC
T ¥Y¥DKTF I HATFIKSGSLTFI KTNSO QET CETETRUHNSGSGTLTLIE

ATTGTCTARACCAAGTTGTCCTARATAAGTTTCCTTCGARGAATTTGCAAATGARTATGTTARCAATGGCCGAGAATARCATCTTAGAGCATCGTAACTT
N DLGLOQGLVYTEZKSSNATFSYTLLZPARSYCRLADVYS

GAATCTTTTGTCAATCTCATACTTTTATGTAGCTGAACAGAAGTCTGGTTGACTTCARTGCACTTTGAGACTGCTAATACATCACCARTTAATTTAGCGE
S DK TLRMNSIKHLOQUSTOQNUVUETI CXSUVUALUDGI L KAS

ACATGGGTTTACCGTACACTGCTGARATGATTCCAGARGGACTTATTTTACTAAGCTCGTGCARCACTGTGATAGTGCGTTTTTGATCTARACACCAGGC
mPKGY UASIT I G6GSP S I KSLEMHLUT I TARKOQDLTCWUWUN-A

TTCAGCAAGCTTACCTAGTGCTGTGTTARTGTARTCTTTCAGAGTGTCGTATAGGTATTGTAGTTGARCATATACGATGTCTTTGTTAGTCTCTAATTCC
ERARLKGLATNIYDKTLTODVY LY QLOQUVY U I DKA NTEILE

CTCTTCCTCCTTTTTCTAGAAGCATTAGARRARTTTTCCAARACCGTTAATTTCCGTTGTATTARCGGTTGCCARATCAGARTTARATCTCCCTCAGTTT
R K RRKRBRSANSTFNETLUUTLKROQ I LPOQW I LI LDGETEK

TAAARATTTCATAACTACCATTTTTGTCATGCGRATTGTTGTATTGCGTTTGGTARATCTCATCCARRATTGARGTATAATTGCTGTTAATACARTTATA
F + EY S GHNIKUDHSNNYQTOQY I EDOLI STYNSNITCHNY

TTTTGAATCAGARAGCGTATAATTACTTTTTCCTGTGACAARAGAAGCAGTTAGTTCCTGCGCARTARAGTGARRACTGTTAGCATTTTCTGCCCGTAAA
K s Db s LTVYNSKSGTUFSATLETG GQAI FHFSNANERSRHABIL
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GCGTGTGGGATTGTCATCCARTGCTTTAACARRCARATGGAAGACTCTTCATTCTGCACTTCCCATGAARARAATAGTATTTCCCTTTTCCAGAAARGCCA
A H P I T NHWHKLLTCI SSEENI OQUEWUWSTF I TNGKTETLTFAHN

TTTTAGTTAACGTCACARARTTTCCTTTTGATCCATCATCARACGTTTTCAGCATAGTATARTTATTTCTAAACARAARTTTTTTCCGTTGGTTCATTAAA
K T L TUFNGKSGDODFTIKLMTTVY NNRTFL I KET®PENSTF

TGTTTTAGARTTARTACCATTATARAACGGTGACCCTTCCACGGTTTCCCCTGTTGATRAAGCARARAAATCAARAGGATATTTAGTCTTTGCAATGCAG
T K SNV G6GNVYFPSGEUVUTEGTSLAFFDFPY KT KAITC

TCTGTAACTATGCARTTTATCGATGTAGATGTTGAATAGAACCAGAGGGGACCATTTCTTAARARTGGTTCTTTAGTAGTTATATATCTTCTGACAGTAT
b TVI!9l5 CNISTSTSYFUWULPGNRILTFPETZKTTI Y RRBRUTD

CAGATTTAAAATTTAACGGRATCARRTCCAACGTTTTATTCACATATTCATCTTTATGATATGCARCATACTCCTCTTCCTCCGAACGTTTTACAGAGAT
S K FNLZP 1 LDLTIKNUYUY EDI KU HYAUY EETETESR BRI KUS I

AGAGGACAARCARCGCGCCTCGGTGTTTACCATGTGCACTTCTTCAATTGGCATTGGCARAGTTGTAACAGTTCGATCTAAGAAATACACAGTGCCAACA
s SLCRAETNUNHUEETI PMTPLTTUTRDLFVYUTSG

TCGCGATATGTTGTTTGARATGTARGTTCTTTTTTARARGTTCTGACAGAARACGTGTGTGCTTCARTCTTTGTTTTGTAAATTATCARARTACCTTCGG
b RY TTOQFTLETZ KT KT FTRUSFTHAETLKTIKY I I LI G6ET

TAGTTTTAATGTTAGAGCCGTARGACGCGCAAGARRCCTCCCTGTCAARACGCACTAAATCTGTCCCGGTGGCARTTGAACAAATTCGARATGGTAAATG
T K I NSGVY SATCSUYVERTIDTFRULDTGTAISTCI RF®PLH

CTGATTGTGTCCAGTCATGACARAGTCAGCTTCTGTTTGTAGAGATAGCTGTAAGCTARARGTTATAARAARCACTCAGGAATAGARTTTTCATTTTGTCT
- FNY FCE®P1I1I S NENTZ OQHRB
Q NHGTHUFDARETOOQLSLOQLSFT I FUSLFLI KN

ACATAGATCTAACAGATTTGGAGCCGGTATATGGGARACTTGCTTAGTTTGTGARATTTGAACAGGATCGCATTGAGTCTTTARATCGAARTACAATAAA
cLDLLNPAPI HSUQXKXKTOQS I QUPDCOQTIKTULTUDTFUVYLL

GAGTACARRTCATTARRTTTTGTCGTGTTCGTTCCACGCTTGARTAGTARAGGAGAACCACTATCAARAGTTARAAGTATTTTTTCGACAGTTTCTGTCT
S YLDNTFIKTTNTGARI KT FLL®PSGSDFTLLI KEUTETE

CTTCGCCRAACTTGACGATTGATAATTGTTTTCCAAATACATCATTATATAGTGCAACAGACAARACTAATTCCCTGATARAARTTCCACATTTGTCTTTG
EGF XU I SLOQKGF UDNYLAUSLULERBRTIFNUMWUMNQRDQ

CATATCGTTGATATTATGCARACCATCARAATTGAARAATTTATTATATGTACACAGCATCCAATTTTCCGGGTAGATCGTGCCTTCARCACATTTAGEE
nDNI NHLGDODFNTFFIKNYTCL™MTUNETPY I TGEUTCKNA

AGATCTTCTTTCATATGTGGTARAARATCTGCARCATCGCAAGCATACGCCATGGATATGTTGCTGGACAATGGAARAGAAGCGGTGTGATAATTCGACA
L DEKRMHPLFDAUDTCAYANTS I NSSLPF SATHUVYNSIL

ATGGRCCRGTCARCAATCGATACATTTCTTGACTTARATTAGGTARRAGTTCCTGAGGCAATTTTTTTGARAGTAGATTGTTTTTAATGTATAAGTGATC
P G TLLRYHNETG QQSLWNPLILEZ OQPLIKZIKSLLNNIKI VYL HTD

ATCATAAGTARATGGATCAGCAGAGARATTTCCTAGTGACTGCAGTTGTCTATTTGCARATGCGTTCATCATTTTCGARAGACTTTCGAARARTGTGATTT
Dy TFPDASTFNSGLSI QQLOQRNAFANIMNMBRNIKSTILSTETF I HN

CCTAGGATATTAATATTCATTAACTTATTTATTARTGCTTCTTGCTCTTTGATACACAGCATTACTTTACTATARCCCGATTCGGAAATTTTTTGGTART
G L I NI NMmLKNILAEZ QETKTICLMNMNUKSYG6GSESI KIQVY

ARGCTTTTTTTCTARTGTGARTCTCTTGTTGTAARTTGTGATCTTGTGTCATTGRATGCGTTACGTATTTTTTTGGGACAGTTTCATGAGCTGAATTTTC
A K KR I HI1I EQQLNMHDQTMTSHTUY KKZPUTEUHA ASNE

ARGTTCATTTAARTAAAGTTTTTATTTTAGTTTGTATTTCATCTTCCTCTGCCAGCTTTGTARAARACCGGATCTTCTTCTARGTTTTTTATACTAACATTG
L ENLLTKLPKTQ I EDETEASALZEKTFUPDETETLWNIKI SUN

GTAATAARTATCAACGAGTCTGCARAGGGGARATAARTCTCGATCCGATGTATAATTTGTCATCATTTGTAACATTTTCTTCGTTARAATTGARARACATCTT
T +1DbpbVvV>LRCPS I FRSGI YL KDTIDNTUNETENFNTFUDDQ

GARTAGTTTCACCATATARARAACTTACTARTTTCATTTTGGAGATCAGCATARAGTGARTGACARARGATTTAGTTGATTTAGAGTTATTGAAGCTTTTTG
I T EGYLFXKXKS ! ENOQLDAYLSHT CLANLU ONLTISAIKIDQ

AATAACAGATTCTGARRTTTTAGACCARTAGGTGAATTCACTCAACGAATARATTGTATCTGGAATTTTGCTARAARAGGTCAAAGTTGATTARAGTGTTT
I vs ES I K SsSUd vy T FESLSY I TDPI KSFLDFNILTN

TCAGCTTCTTGTAAATGTGGAGGTTTTGARTATAGTTGCTGTTGARAAATATTTGTGATTTTCGCCATATACTCTTTTACAAGACCATATTGTTTTGTGG
EAEQLHPPKSY L QOQOQF I NT I KANY EKULGY Q KTS

ARAARTCCARATCTTTCTCAATGATGTCARCGTTTTTTTCTARATTGGATACCATATGTGTTTCAGTTAGATGATTACARAATTTGCCAGCTAGTCTTTT
FDLDIKTETI I DUNIKELNSUMTHTETILHNT CTFZKTGA ATLRBK

ACGARTAGACTTTCCTTGATTGGGCACTARAGATARTTCTTCATAACATTTTARACATGTAGTAGTTTCAGARAARACTTCTGGCTTCATCACTACGCAA
R I s KG6GQNPULSLEEYCKLTCTTTESTFUEZPKDTUUCL

ACGCCACACARARTTGTTAGARATTCAATARTTTGACTGCAAGCATTAATGCCATCCAGTGGTGARATTAAGCCAARAATACAATTCATCTTACATAARR
vecCcCL I TLFEIT I QSCANIGDLPSI L GF I CNNKTE CILL

GTTTTTCAARTATCATTGATCGTAGARATGTCTACAGAAAARGTCAAATAATTATTARGAGCCAAGTCCAATTTTARGTGTTGCTTGCATTCATTGAGTTG
K E I DN IT TS I1 DUVUSFTLVYNNLOALIDILTKXTLHOQIKTCENTLDQ

GAATATATTTTCAAAATATTTTTGTTTGTCATTATCTAARTAGAARTTGATGAATTGAAGCATCGAGTARTAAGACTTGRTTATACATAGCTTTTAATAAA
F I NEF Y KQKDNUDLTLTFOQH P SADLILLUVUQNYHNAKILIL

ATCTGTARATAARATGGTTACAGGAGATGCACAATTARRATTTTGATGRCAGAGTTCAGCAARTAATGTCTTAAARCAARATGARTTATTACAACACCGTTTT
Il ¢ LY I TVUPSACNTFWNI QHTCLEHSARFLTZ KT FLHI I UUGNEK
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TCCTGAARTTTGTCATATCTGGARTAAGTGTGACAGGGTCACAARAARTCGTAAGCACTCTARTTCTARAGCACATTCACTTAACCTTGAACACAAGACACA
R FNTMNDD®P 1 LTUPDCFA RLT CETLTELATCESTLARBRST CTLUTC

CAATGATTGCARARGARTTCATTTTTACAATCTAGCTTTTTTTAAGGAGGGTTCCTCATTTTCATGCTCAGTCTCTTCACATTTTAATATACCAAAACCTT
L S QL s NN
- LRAKIKLSPEENTEHETTEETCKTLI GFGQ

GCTCATTACCTTCTACCARRAGTTCTGARARATCATAGATGGCAGCACTATCTTCTACTTGTTCTTCARARACTGACAARTAAAGTTGRARGAGAARAATC
ENGEULLESFODVY I AASDEUYVUQEETFUSLLTSULSFTD

ATGTACATTTARRTCCGTTARRTGCTGARTCTTGTTCATTACGGATTTTGCTAGAGGCTCTCTACCATCCACGTAGARTAACATATCATCCATAGTAGGC
HUVUNLDTILMHIOQ I KNINUSKALZ®PEARBRTGDUWUYUY FLMTDODMNTEP

TTACTATCTCTATCTTTCATCRCTTCAGCTAATATGAGTAGTTCTGGATTTACAGARTTGGATARACTTTCARTARTGTTGAGCARCCTTTCCTCGAATTA
K s DRDKMUEAL I LLEPNUSNSTLSETI I NLUKTGHRI U

CTTCCACATCATARACAATGGCTTCTCTCTTARCTTTCTTCACAATARTGTCACACAGTTTTGTAGCARTCACARATTTCTGACGCATARARCGGAAATC
EUDY VI AERKUKKU Y I DCLIKTAIVUFKOQQRMNMNFARBRTFTD

TTGCAAGCCGGARGGAAGGAGGGTTTARRTTGCGATCTACACCACTTCCAGCTATCCAACCTARCTGACCARAGTGGARATAATCTCTACTAGCAACACTL
Q LG6GSSPPWNLNRDUGSG6AR 1T UG L OQG6FHF Y DRSAUS

ACAAATTTTTCGATCATTARACCARAGGTAATAARTAGATCTTCCTGTGARARTGCTCCCARAATTTGGTTCTTTTGTTARTGATGCAGTCATAGGTTCTT
U F KEI mLGFTI I $SRGTFI SGFNPETZKTLSATH™HNTPEK

TARGTCCATTCCCTACCAACTTTTTTACGTGCATGACGTATTCCTGCACAGARGAAAATGTTGGRTGTTCTTTAAGARAAARCTGGGAATAACATAGGGTT
L 6GNGULIKI KUHMNMTUYY EQUSSFTPHETZ KTLTFUPFLHBPN

TTGAGGAACTAGTTTAGAAGTTAATGCATGCARACTTGTTAGATAATCTCTATARCCARGARCTGATARTARTTTATTATGAARGTAATACTCGATAAAG
Qg PULKSTLAHLSTLVYYDARYG6GLUSLLIKNHFYYEIF

GATAGTARGCATTCTGGTTGAATATCTAACAARTCARATTTCATCATATGAATTGGTGACACGARAARGTAAACTTGATGARAGARCGCATGTCTTCAACAT
s L LCcE®POQ I DLLODI EDYSNTURTFTFTI KIFSARNDEUN

TACCTATATCTATGGTTTTTGGCATGTTATTAAGCARRATACGCTGCCARRATTCTAGGCAGGATATTTTTARARTTTGGAARGAGCCGTTCATGATATTT
6 I Dbl T KPMMNNILTLTI'I!ROQUTFELTCSI KLWNPTFILAREHYK

AAACAGCAARAATGATAAGCARCCAGAAAGTGGGTTCTTTTTCTGTTTGACCTTTTTGAAARARGGATTATTTTGTGTGTTTTTGTTTGGCTTATTGAAT
F LLFSLCGSILZPNIKI KT QZKWUKT KT FF®PNNI GGTNIKNZPIKNF

GGTCTATTTTTTACTCGARAATCTTTCAAACATTGCATGGARAGGCGACAGAGTTTAGCTTGGATAGAGGTTTTAGCATATTTACCCGATTTAAACAAAT
P RNKURTFDIKLTCOQHMTSLARCLZEKAQQI STIKA AY K GSKFLN

TGAARTCAARTGTATTGTTCCATGTCTACATTTGAAGCTATTTTTACAGTTTTCATATTCAARARRCCTTTTTTAARATGACTGTTGTARRATGCTCCGTA
FDIYQEMNDUNSAIKUYUTKHNLTFGKI KT FHSNYFAGY

GAGAGATTGGTATTGTTGCATTARCCATTTAGARATTAAGTTTCCAGTACAAGGCCTATCTACARCATAGCCCGTARCCGATTATTAARGCCRAGTTCTGT
L SQ VY QQ™mMLUWUIKS I LNGTCPRDUYVUY GGTG ! I L ALND

AARACAATTAGTATAACTTTGTAATACGTGARARCARAGARTGGAGARARAGCCARAGACAGAGGTGTCGTATCAATGTTGARAGATTGTAGACAGTTTT
LY Il LI UKVYYTFUFFPSFALSL®PTTODINFSIOQLTCNE

CGATTTGTTCTCTGGATGTCTGCGTTTTTCTCATTTCTGARATACATTTTGAAACTGCTTCCTCAATGCATTGAATTAARTCATTAATCATATTCACAAR
| Q ERSTOQQTIKARMMTESTIHICKSUVAETEITCOQILDNINMNUF

ATCATTTTGACTTTTARAATTTARATTGTCTTCCCCAGTTATTGCATCAATCAARTTATTTTTCTTACAATARTCGTGAATCATTCCTAAGARTTTGAAT
D NQS XK F NLNDETGTI I ADILANNIEKTIKTECYDHIHNGLFKF

CTATCTAAGGAAGGTGTGGTTTGAGCTTCTTTCATTGGATCTTTGCTTTCATTAACTCCCTTTTTCCCARAAGAACCTAGARCATCTACATCTGCATARAR
R DL SPTTOQAETIKM™MPDI K SENUSGK KTGFSGLUDUDAYF

AACGAGARAACATTGTCATARCAATAGGTTCTTTTTTAGTCGTTTTAGARATCTGAGGTARTCTGCTGTTGATTCTGATCARTGCTGTTCCGATACACGA
R SFMHMHTMHUI PEIKIKTTZKSI QPLRBRSNIARILATGTI'HICS

ATGGCAACACTTACCTTCACARAACTCACAGAGATTAGAGGAACAATTTACGATGTGGTTATATATTTCAGARTTTCCACAGTTCGTGTTATARATAGAC
HCE CIKTGETECFET CLNSSTCNUILFLHNY I ESNGCNTNY IS

ATTCTGTTCAARTTCCATATTATATGCGATARGATTTGTGGACATGTCGCACATGCGTARGCTAGATGAARAGCGGARARTTTATCTTCTTTACAAGGTG
Mm AR NLNUI I HSL I QPCTHACAVYALUHFASTFTIKTDETEKTECTPS

ARGAATTACACTTTATCAATTTTCTGGCATCGTTATARRAATCTTCGTTARGAGATGACARGGARTTACARAACTGGATTGAACGCAGTARTGTTTCTTG
S NCK I L KRADU NVYFDEWNLSSLSNTCTFO QI SARLTLTENQ

AGTGATCGCAGAGTTAARAGCTTGTTTTGTGTTAGATATATAGGCCAATTTGTTACTGTARAGTATCGARTTCGCAGCAAAGACTAARGCAGCTACATGG
T 1 ASNFAQKTNSIVYALKNSYLISNAAMAFULAAUMH

CTAGATAGATGGAGCCTCAATTTTTTCAGTTCCACGATTTTCTCTTCGTGGGTTTCAGCCGATTTGATGATGGGCCACTCTGAAARATTCATGATTTGAT
S SLHLRLI K KTILEWUI KEEHTE®SASTKI1I I PUWUESTFNTMNIOQN

TATTTTCATARATAGAATCARGATACTCTGCTGTGTARCTGARGGTTAGTTCCGTGATTACAGCGTCCACTARCATTARARTGATCTTTTTCAATCGGTGA
N EY I SDLVYERTYSFTLETI I UARADULMNMLHDIKTET'!!I PS

TAGTTTTTGACCAGGARTACCGTGATATGTTTTATTCGGTGCARGCTTGACAGTTTGTTCAGTATCTTGGATARATTGTTTCAGACCGGCTTTAATCAAT
L KO0 GP I GHVY T KW NPALTZKUTOQQETHDU GGI FQXKLGAHAK I L

TCCAGGGTATTATTARATCGCAAAGTCATTCCCCATGATGTARAGATTAAGTAGAACARTACTTCGCTGATCTGAGGCGCATARAAGCCGTTTTCTTGAA
ELTNNTFRLTMTGWSTF I LY FLUESI QPAYFGNEDQQI
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TGAATTCAGTGCAAGTATCGATGCACAARGTTTCTTCCGATTCARRCARGGTAGCCGARTATARCGGARTTTTTATTGCCARGCATTCACCARCCTGGAC 66108
FETTCTOD I CLTETESETFLTASYL®PI K I ALT CETGUTZ QU 174

TTGARTCTGCTCTTCTACACATGGGATTAATAATCCAGCARARTARARGTTCTTTGARRCCATTCCCARCAACTATATGACATAGAACGTCATCTGCATTT 66200
Q { 0 EEVUVUCP I LLGATFTILLEZ KT FGNTGUYUU I HCLUDTDA AN 141

CTTCCAACACTTTCACAGATCTTTCCTATATCCACAGGCTTTCGATTTCCGTTARCGACARAATTCTTGTAGATTGAATTTTTCTCTTGTTTGTTTGCACA 66308
R GUVUSETCTLI KGI DUPIKR RNGNUUFETZ QLNFIKEARTTZ GIKTECIL 107

ATTTATCAAGATTTCCATGGTCTTCTGCTTCTTTTARARARACATCTGTACCGTGGARAARGARGCATACAGGCATARACGATGTGATTTTGGTAATGAC 66480
K DL NGHDEARARAETKTLFUYDTOGHFFFCUPINFSTI KTI U 4

TGTTCCGCCGTAATTAATAATGGGTGTTTTAACGGTTGGGAAGAAGTCATTTTCAACCGTTAGATTARGTARCAAGGGTGAGATCACTACTGATTTTCTT 66500
T 6G6GYNT 1 PTKUTPFFDNEUTLNLTLILZPS I UUSKR 41

TTTTCCATTAACGATARTGTAGTCAGARTTTCTATTARTTTTTGTTCTTTCGGCAGARTGTACAGCCATGCTGCGGTACATATTGGGGCCGAARCAACAG 66680
K ERMHLSLTTLI E 1l LKOQEK®PLI!YLUWAATCIPASUUT 7

< start of fragment
TTTCATTATCATCAGCCATTCTTGARRCATGARGACCCCAGTTTCTGCARGGGGTGTTTCTGCTAARCCTTATATATTTTAGTTGACGTAACARAACTTA 66708
EN DDA AN 1

containing origin of DNA replication
GCGTCATCATACAACGGARRTTAAGTTTTCTCGTTCTACTGTTTTAGTGCGGRGAACTAAARACGATATACTGACTCGGATTTGATAGTTTATGCAAATT 668080

AGCGTCCACCTCACTCGTARTAGTATTTATTTTTCATGGTTTTTARRATAGARTTGCAGGCARAGGAGGATCAATGARCCCTCCCACTTCCGCARAGTARG 66900

CARCGACCAATCAGARGTTTGCATTGCARGTATTTARTTTGTTGCAGCARAGCATTAGC TAGAGGACAGGCACAGAGATGCTACATATTGGGARATTAAT 67000
------ - D 516

CCGAATCATCAGARTCAGTGTCATTAATGTCGGTCTCACARGTTTCTACATCTTCATARTCTARRTCCAGTTCCATTTCATTATCAGAGTTTTCCTCTCC 67100
s bDSDTODAU NIODTETCTEUDEVYDLUDLTEMNNENDSNETESTSEG 483

ATTGTTTTCTTTAATTTTCGCTGATTTCATAGARGTATCATTTTCAATAAATACARAGCGAGTTTCATCTTCCTGTAGAGTCGTGTTTGTTTCARARTCT 67200
N NEK I KASKDNMSTDNETIFUFRTETDET QLTTNTETFTD 450

end of fragment containing origin of DNA repliation >
ATAGAATCAACTTCTTTACTCCAGTCTTTTTTCAGTCTGTTTTCGCGTAGCTCATTTGTTTTCTGTCCTTTATTCGTTTTATCCGCAGTARGARGCTTTT 67300
| S 0 VUE K S WDIKZ KL RNER RTLTENTI KU QGIKNTI KT DA ATTLTLKK 416

TACATTTGGCTTGCTTTTTGGTTTGTAARTTCAATTGGACGGTTTGCTTAGATTGCTGTGARGCAAAGCTGCAAGACGGAGTTGTAGAACATGCAACATT 67400
C KA Q KK TQLNLOQUYUTOQKSOQQSAFSCSZPTTSTCAUN 383

ARAGCTGTTGTACTCTTCAGGCATGTTAGGATGCAGACCAARCTCCACAARTTCTTTGGGARGATAGGTACAGARATATARGCTTGGTTTCCARGGTGAC 67508
F S NVYEEPMNZPHLGTFEUFEK®PLYTCFUVYLSPKWMWUPS 358

ATCATGCGTTGGATTCTAGTTTGACARCCGATGTCATCACATTGATGATTGTTAAATTGGTCTCCGACTAATCTGGARATCATGCCACATTGATATTGTT 67600
mMmAROCIARTOQOCG I DDT COQHANNFIQDGUYLRS I B GCOQ VY QE 316

CACTTACACGATCTTGGTCARARTCGCGTATGARCTGAGGTTGTTTAGTTTGAAGAATACGTTCCTTTATTTGACGTARARTCCTTGCARARGTTACTAT 67700
S URDOQDTFODRI FQPQKTOQL I REZKIQRLIRAFTUI 283

ARATGATARAGCTTGCTGTGCTGGATATTGAARAGATCCAGGAGTCTGTTGCTGTACTTCATATTCCGTGTTAGGCATATCACGGTCATATACCGGTTTT 67800
F SLAQQAPVY QFSGPTOQOQOQUEVYETN®PMTDARIDYUPK 250

CCACAAAGTTGTCTGARAATACGGTATTCTATGTCACCATGTCCATTGTCATTARAAARCACAACAAAGTTTTGCCATATTCAARCTTGTTGAAGTATTCAA 67980
G CLQRF I BRYEIDGHSGNDNTFUCCLIKANNLIKNFVYETF 216

ACTTCATTATGGTAATAGTATACATARACAGATCTTGAGGGTCARTAGGTARGTTGTGCACRARATGATATTTATAGTARATGCARGCTTCCTCAATAAT 668000
K n i1 1T 1 TVYynFLDOQPDIOPLAHNHUFHYKVY Y I CAETEII 183

CGCAAGAGARARTGCTAACGATGGAGAATTCGTCAATGARAARACTCGGTCTCCGAGTATCTGTTGATGTTGTTCTCTATTGAGGGAGTTTARGCAGTTC 68100
A LSFALSPSNTLSFURDSEGLI1I Q@ OQHOQEARBRNTLSNLTECN 150

TTATATCGTAGTARCAAGTCTGTTGTCATTAGTTCTTCTTTTTCCAARATAGATTTTTTCATGATTCCGGGGAAATCGATCTCGAATCCTATGAGCTGGAT 68280
K ¥y RLLLDTTMNMNLETET KTETLVY I KEHNRPTFRDHR RIRBRUHATPD 116

CTCGTGCTTCACCGGAATACTTGCGTARACCARGGGCTTCCGCGGTGTAGCTAGAGCCARARGGTGCTGTTGGTARATTGGCGARAARAGTCAATGCATG 68300
R AEGSY KRLGLAEATYSSGFPATPLNAFFTLAH 83

CGTCTGTGCACGCTTTTCTTCCTGCTTTTCTTCARTGATGAGTTTCAGCTGTTCTAGTTCTCTGAGACTCAARRGCGTCTARTTTTGATTCATCARGCTGC 68400
T QARKETETU QKTETETIIWLSZKTLT QETLTERLSLADLIKSETDTLD 50

TTAATAGGARTGATGCGTCTGTGARRTTGTTTCGTARAGCGGCTGACATACTTGTTAGCAGGTTTATGAACARGAGTTCGTTTAATGGTTTTCAARACCAT 68580
K I P 1 I RRHFOQKTFRSUY KNARPKUHULTRIKITKLGY 16

ATCGTTGCCGCCCTRATACATTCTTTTTARCCCCGCGTGGATACATGTTTCTGTCGARARTGAGAACCTTGTTCATARACGGCCTTTTATATTATTTTTG 68608
R QR G6GLUNIKIKUGRPYHN 1

TCTCGTGTAGCGGTGACGCCTCTGTGGTTTTTAATATARGGAACATTTGACATATAAAGCTAGACACGAATTARGGTGCGTCTARARTTTTATTTACAAR 68700

ACACAAATAAATAACATAARAATGTCACATATTCARAGAATCTARAACGACAGATGAATGCACTTGCTTACTATTAGATTTACATTTCGTAGTAAAACAT 68800
- M NLSDLUYUUSSHUQKSNSIKTCTI KTTTFTC 838
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TTGCTCCATARTATTATCAARATGCGATTGTTATCTACCTTARATTCTAAGTACACTARGACATTTTCACGGTTTCCCTTATGATTCCTTGTTAAACAAC
K s 4L I I L 1T RNNDUWUVIKTFELUVYULUNEHR RN NGIKUHNRTLTCECS

TGAAATCACTTAGTTTTCCGTTTTGCAARTTTTTTTAGTTGTATATTTTTGTGATCARTTTTTAGAARRRGTTACATGTTGARATTGTGTAGCTGTTCGTGC
F DSLIKSGNZ QLI KIKTLZ QI NKHDI KLFTUHOQFOQQTATAR BRA

TTCACAGTGTTGGATGTTCTTTTTTARCATTTGTGGCCAGGCARTTGAACGAGTARAAGTCATTARCAAATCATCACGGGARRGACAACTTGTTTCCGAA
ECHOI NKKLMTQPUAI SRTFTHLLDIDA BRSTILTCSTES

ARACCATTGACATGTARATATTTCAARACATAAAGTCTCCAGTGARCTTTGTTTTCTGTGATACAGTTGCTTAGTCCTAGARTCTATARAAGAARACTCTG
F G NUVUHLY K LTCLTETLSST QK RHY LOQKTRSDI FSFET

TTGGACAGGCCTTATCARARARTGCTGTAGATTATCTCTGTARTGGTTTGGTCTTTAGTTCCATGATGTAARAARTATTATTGAGATCTAGTTGCATGCTAAC
P CAKODF I SVY I I ET I TQDKTGHHTLINNLIDLZGIH®SU

GAAATCTTGAARATTCTTTTTCATTTTTTCCGGGACAATARARATAGGCTTCAGACGACCATACAARRATCTGTTATTCTCTTCGTCAACTTTATACATG
FDQFNIKIKMMNEKEPUI F I PKLRBRGY LFRNNETETDUKUWYYN

AAACCTAACCGTARACAACGTCCCGTATTATAGATTCCTGTATCARARCATTCACCAGGARARATTACCGAGTTAAGAATCTGCATTAAATCGTGGTTTA
F 6 LRLCBRGTNYY I G6TDFTCEG®PF I USNLI QMLDHNL

GACACATTAAATGATTGARTATTTTAGARAGTTGTTTTAATGGCTCACTTCCAATTATTGCAGTACCTTGAGGGATTGGAATAGCAATTCGAAGACCAAT
cnLHNTF I KSLOQKLPESSGI I ATGQP I P 1 A I RLG I

TTTITTTTTTGCARACACAARARGCTGTTTCARCTTCATTGTARCATACATTGTGGTTCAGGGGATTCTCCGGATTACTACAGGTAGTTTTGARAAAAAAG
K K K ¢ UVUcCFRATEWUENYCUNUHNTLPNETPNST CTTIKTFTFTF

ATGGGGTAGGCGTCTTTGTCAATAAACGGAARTATTTTTTGCCATGCATTGATCAGCACATTCCGCATCARTTTACACATAGAGARAAATARCGATTCCG
I PYADKDI FPF I KOQWUANITLUNRTMTLIKTCHNSTFFILSTET

TTATTATAGCTGARTCCTGTAATGGCAGATCTAAATCACCAATATAARTTTGTRACCGGAARGGTATTCATTAARRGATTTCATGCCTGGTTACGTARRACTG
l 1 A SDOQLZPLODLDGI Y NTUYUPLVYENTFI EHRTUY FQ

TTTTTCTATTTCGTCGCTTARARAGGTCGTGTCCTGCAACCARARTGTACTTGTTAAAGATTCATCCGARATGTACTCATTGGGTARARRTTGCATAACC
K EIl EDSLFTTODOQLWUTFTSTLSEDS I ¥YENPLFOQMNMU

TGGTCGAAACCCATATTTTTGTACCAACTTTCTGCACTTCCAAAACAATAAAGATTTTTGTARGACATTTGAACTCTAAACATAGGAATGGGGTTGCTGA
Q 0O FGMNIKVYWUSEARASGFCYLNKYSHMNTOQURTFMRMP I P NSF

ATTGGTCATGTAGATATTGTCTCCTTGTARCAGGTTTACCATCTATCARAATAGATTTATTAGATGCCARAATTTTTAARAARTCCTTGTRAGCCTARTTT
Q DHLYOQRRBRTUPIKTGHDT ILI SKNSALI KLTFGTZ OQLGLEK

AATTGGTGTARRATACCCTTCACCGTGTTTATTGCATTTGTTARCCATCTTTGAARTTTGGTCTGAATTTATTACARGCATGATATTTCTATTACTGTTT
Il PTFVY GEGHI KNTCKNUNKS I QDSNT UVULT I NRNSN

ATGTCATARACGTACTGTTGCATTTGARATTTGTTGTTTARCATCCTTTTTATTTCTACATAATTTTGARARTARCTGTCTTCGTTAARGTACTGTTTCA
I DY VU 9Y QOQ™MNnOQFKNNLMRIKIEUYNOQFVYSDENTFVYQKM™N

TGATTGARATGAGATCCGAGTGTRAAGARTTTCCTAGGATGTACATATTTTCCTGACATTGAGAAGTATCAGATCTGGTAGGATCATAAGATGTCAGTTG
| §$ 1 LDSHLSNGL ! YYnHMTNETZ QTCOQSTHDSRTPDYSTTLQ

ACTATACTTGATGAATTTATTTTTTTCTARTGCTGTACTGTARGCAATGTAGATATAGTGGACTCGAARACTGTTTGTGAGATGCACGCTGTTTCTAAAA
S Y XK I FXNEKELATSY ALY I YHURFSNTLHUSNIABRTEF

ATATCTATTTGCTTATCAAGATAARGARATTCTTTTCGATCTCTTATGTTTTTTTGTTTTGCATATTCAGARARRCTAARCARATTTTTTCCGATAGTTAG
I D! Q KDLUVYLFETIKRDR® RINIKTZ OQEKAYESFSUFZKI KA BYHNS

ATTTCARAGTAATATTAATGARTTCAGACATGGAGGAARTARGTAAATACCATATCTCCTARTTTATCAGTGARACACTGAACATAATTCTTAGTTGTTGE
K L T 1 NI FESNMSSY TFUMNDGLI KD DTTF FTCOQUVYNZKTTHA

TATGGTGCTTTTCTGCTCTTCARATARATAATAATACATCGTTAATAGTAGCATTCCTTCTGTTTGACCGTATGTTGATARRAACCAARARCGGTGACGTG
I' T s KQEEFLVYYVYHTLLL®MG ETQGVY TSLFUWFPST

GGTARGAGATACTTATTTGTTAGATGTTTAATGATTATAGTCTTGCAAAARARAGACTAAGCTTTTARATTCTATATTTTCACTTCCTTCTGGAACATGAG
P L LY KN NTLHKI!I I I TKCFFULSKTFETLNESTEGEZPUHS

ARAGTAARAAATCTTTATACAGATTTTCTGTTTCTTCCGTATTTAAACAGTGARTAATATCCTCAGACTTAATGGGTARTGCATTTTTTACATARTAGCT
L LFDKUVYLNETTEETHNLTCHI I DESKIPLANEKUYVYS

GAARTTCAAAGATTCTGCGTCGCAARCARATACCGTCTCAATTCTTTTGGAARACTTGCATTTCTGTGTCTGCATACAARARATATACATTTTTTGATGGT
FNLSEARDTCUFUTETIREKSTFZEKTCK®OQTOQHNNTCFUYUNTKSTSTFP

TTATATTTAACGATTATTGGARAAATTARATGTTCACTAGGGTTCTTACATARGATATTTACTATCACGTGCGCGGGGTCATATTCCGTTGCAARCACAG
K ¥ KU Il I PF I LHESPNIKTCLTIHNUIVUHAPDY ETAFUT

TAATAGTCATTGTGAATGTCTTTCAGTTTATCTTCCAACAGCTTTTARTATARGACAATAGGAATCATGGGARATTGCTTTGTARAARARATCTCTTCTG
I 7

mLY SELSEQ QQE®DLLDFLETI KYTDFGIL
ACATCTTCAACTCTAACTACCAGATGCTCTATTCTGAGCTCTCAGAGCARGAGGATTTACTGGATTTTTTAGAGACARAATATACAGATTTTGGARTTTT

K T DI LNVYERDSETTFZEKTLLOQULP I ¥ KIKTZ KTLARVYNIL
ARARACCGATATTCTCAACTATGAARGAGACTCCGARACATTCAARACTTTGTTGCARGTGTTACCTATCTATARAAAAACAAAGCTGAGGTATARTTTG

I ERCLNNTCPPHUKDALI + E I M KAKIKILETLDUUY
ATTGARCGCTGTTTARATAATTGTCCCCCTCACGTTARAGATGCATTGATTATTGAARTCATGAAAGCTARGAAARTTTTAGAGACTCTGGATGTTGTGT
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FHM" X 1 nm1 6GEFT 1L CSDWHNUNTIOQLTLNIKFSI1ITDOQTTTLTCTDM®HNE
TCATGAARATTATGATTGGAGARTTTACARTTTGCAGTGACAATGTGARTCARTTGCTCAATARATTTTCARTAGACCARACARCATTATGTGACATGGA

K I NTL I DLDEENSIKRLLTETI'ID®PLILHOQETTGULY QR
AAARATARARTACTTTAATTGACTTAGACGAAGARRRTAGCARGCGTCTTTTGACAGAGATCGATCCTTTGTTACATCARGAARCAGGCCTGTATCAAGCG

LPNAUTIDPPSET OQRA ARATTEKTIKT ECVYEGFTEK - —com-
CTGCCTAATGCAGTTACGGATCCACCARGCGAACAGAGAGCCGCARCTARARAATGTTRCGARGGATTTACCARATARAATTTTATTCCGTGCTGTACTG
------ - ET S VY Q

AAACCAAAGCATCGATGTTTTATCTAACACTGCARGCTGATTCARCACTCGATTARGGTAATAGCTTTARARTARARTGACCGCATGTGAARATGATGGTT
F U LMTSTKDLUYUALIOQNLURNZPLILIKTLIFHRGCTF I I T

GCAATACARARTTCCTGCTTGCACAAAGATCCTCTGRGRAGTGGGATTAARARTCTTTACACTTGGAGTTGTGTTCTTTAACCAGATATTAGTTTCAACCA
A1 C I 6 AQUVUF I RQSTPNTFI KUVUSPTTHNIKILWUWNWINTEUU

CTRATCCATGACAGAGARTTTCTTTGTTTGCTATTATTARAGCTTTCAATTCATCAGGACAATCARACATGTARTCARRATTTTGGATTGTGTAATTATT
L 6GHCL I EXNAI I LAKLED®PCDFMTY DFNZ QI TYNN

GGATTCTACATAGARATCTTTATTGGTARTTAGTGARAACTTGATARARATTTGGAGARGGARRATTATAAGTTTCCCAGGGTTCCGGTATATAGCATGGA
S EVY FDKNTI LSFIKI FNPSPFNYTEWMWPET®PI VY CP

AGGATGTTARTCACTARTTCTATATCACCAGGTAACAACATTACTGATTCACTTGACAGGTTTATTARAGAARTGGAGATARCGTTTTCTGTTGTGATGA
L I N1 VL ET DGPLLMTUSESSLNIT LS I S 1T UNETTIIL

GTTCTGTTACACATTCGCAGAGAGTGTCGTTAACTGTTCCAGTCARARTCCCAARAAGTCCGTCGGGARTGTTTARTGACACGTTTARATTAARAARTGCE
ETVUYVUCETCLTODNUWUVTIGTITLIGFLGD®P I HNLSUNLNTFI R

TACTTGTTCACARGGCACCCATATARGTTCTCTATTTACGAGTRCARTTTTATTTGTATTTAGAATTACATCCATCCGACTTTTCTCAAAATGATTTATT
v QECPU W I LERNULUI]IKNTNLI UDMNRSI KTETFHNI

ARARATTGGAAGTTCGTTTACTCGAGGARCATTTTCARRACCARATCTGCTAGATCTGTTTCTTGGARAGGTGAGATATTTCTTTTCATTGTCCATATGTT
L I PLENUVUR®PUNETFTGFARSSRHNRBRPTFTLYKIKTEWNDMHN HE

CTGCAARGARCTCATCGTARATTTTTTCACAGGRTTTGAATARACCGTTTTGAGGARTTCCARGTARRGARAATGGTCGTTGATAARCCGTCARTTCAGT
A FFEDY | KECSIKTFLGNOQ®P I GLLSFPRIOQY UTLET

GTTCACATATTCATTTARTTGCTTTGCATCGATTTTAGGCCATGTARGAGAGCTCTCTTTTGTTTCGCTARAGTTCCAGATATCATCCACATCCGTTACA
N UVY ENLUGOQKADI KPUWUTLSSEIKTESFHNWIDDUDTU

GTAAACAGGARARAGTGCARGTATCTGGACATAGGCARTTTGTTAAGTGTARTTGTTTCAGAGATTTTTTCAGARATTATTTTCTTGTTTGTTTCAGATC
T FLFFHLYRSHTPLKNLTITESIKESI I KZKNTESHAH

T LY K I s KPP 1 I L L RF
TTCTGGAGGGTAGACTTTGCATTTTCGTTGARGCCTTCGGATGATTAGGAARAATGACTCTATACAAGATTGTTTCCARGCCARTTATATTGCTGGCATT
R s P L S QN

F F TRUUFTNEUWUDSGETELTFVY KPTCHSTDTVYE I I L KK
TTTTTTTACCCGAGTTGTTTTCACARATGRAGTCGACGGGGAGGAGCTGTTTTATARGCCTACTTGTCATTCAGATACATATGARATTATTTTAAARAAAA

F SS I U I LYNTFI LLCSFSLFLZEKYUWCFIKTLA®SKTET
TTTTCTTCTATTTGGATATTGGTCAACACATTTATTTTATTATGTTCATTTTCATTATTTTTARAGTATTGGTGTTTTAARGACTCTCGCCARAGARACTG

U K 6 Vv -
TAARRGGGTATTAAATCTATATGAAGARTGTATGAAARTGCCCTCAGAACTGTTTTAATGTATTTTTCTCCATGCATATTTGARCATAAATATTCTAAGE

CAAATATTTTTCTCGTGATTAGTCTGCGTTACTTCTGTCACCACACTCATATTTTTCATGGTATTTGTTAGARTATCTGTGGCTTTTGCTTTCCATCATC
ACGTCATGCTGTATGTTGAAGTTGAACARTGGTGTGTCTGTGGTTGAATTTGTTACGAACGCTTAATAGAAATTATTGTACATTTTTCTATTAGTATGAG

TGCTATGAAAATTTCCTACAARAGTTCTGTTTTGAGTGTTARTTARAGTTGCATTGAARRAGARTGGCGGTTGTACTGTARTTTCTCARATCARAGTTTTA

AAGTATGCTTTGTCACGGAGATACTCTACACTACGAAGTTATARGTCCGTGTTTTGCTGATTTATGTGCTTIGTGTTACTATGGTTTGTCGTGARAAAGGT
- T S TNSHNTTFFT

CGTAGGARATGATGARGTCTGTTGTGAAGCTTGCATGCTTGAGGTGCCTCGAGTAGATGGARAAARTTTTGTTGGTTCGGAAGTARCAGCGTTCGGARTT
T PFSSTOQOQOSAQMSSTGARTSPFFKTPESTUANPI

GCTGTAGGCTTAGTARCTTTGGTCTTATTTTCTARGAACATCAAGTTCCCCTTARRAACTTTGTATTGGTGACATGATTCCCCTTACCAAGGAGARGTTGG
A TP K TUKTIKNETLTFMLNGKTFSQ I PSHMT I GRULSTFNT

TRACACCARRTGGTGTTGACACATTCCGCGTGTTCACAGAATTATAGARAARTTTTGARATAGARTTCTTGCAATCTGTTCGATTGTAAACAAAGTAGTA
UG6GFPTSUNRTANUSNYFFKSISsNEKCDTRNYUVUFVYVY

AATARAATTCGTARARGARAARAGTTGCTCAGRATTTTCGCGTGARARTARTTGAGCTTCAGTATGGTTTTGGAGATCTTGGAARATGGTTTCARTCTTG
I FNTFSFLOQESNERSTFLOQRARETHNO OQLDOQFI TETIK

TTTTGGCTARAGTTAATTTTAARCARATGTGAAGCAAGTACTTCAAACGGTATTTTATTGACACAAGAGTCATCCATCGTTTTGARTGCTAGTGTAGCAR
N QS FNITKFLMHSALUEFPI KNUCSDDNMITTIKTFARLTATF

RARCTARATACAARAAGGRAATATTATCTARGTARAACGTGACGTTTTCTGTTTGTTTTAGTGGGAARTTCAARATGTAATGTCCATCGCGGRARATTATC
uiLVYLFS I NDLVYUHRBRTIKA ABNTTIKT®PTFETFHUHLTWUWUARPTFNID
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TAGATRGAGCATATTTATTTTAGARARGGCARATATTCTTTTTCTGGGATAGACGGARTGACCARARATAARATCTGTTTARRACAGTTCTTAGAGRTGGGT
L yLnmnHN I KSLTCINIKZKZ OQSLRBRFSUFL 1! @ KFTCHNIKIS I P

ATGTCGCAACTCTGAATATATGTTTTTTCRARAGACTCATARATGAAATTTTGCGAARTTTCGGCCACATGGAARRATTCGTTARATTTRCARACGAGATTT
I p¢csoQ I vTKUEFSEVYHFI KA AFIKPUWMTSFNTILNUTFS I K

TTTCAGAGCARACACTTAATACAGGAGTCCATATGATCAGATARCTATAARAAAGAARAAGAARTCARCGTGAACACTAGCATTGARTACATTTTGTTTTT
EscvsLvVvVePT WU I LY SYFLF S I L TFULDNMNS VY N KNK

CATAAATGTGARTTATTTAGGAACTGTARATATCCTAAARTAGTTATTCATTTTTTTAACCAGGATCATGATTGCARAATGTACCTTGTGTTGGACAGTA
N

TTTGTTCACGCGCTAATCATTTTAATGATACTTTTATTAATTCTTCGTTCTCTAARTTGGATTTARCARCGATCTTTGGTCGCRATCACAACTAGCTTTTA

CTTGTCTGAATARAAGTTTATCTCATGTTCCAGCATAATATCAARACAATCTARATACATGATAARTACCARACARAACTATAATTATGATARTTARATA
- FLRFUHY I GF LUV I 1 1 1 1 LY

CAGAAGARCTAACATGATTGARACTTGACTTGATTTTAGATCTARTGCGGTARTTTCGRARACAGAGCCATTTCTTAARRACAARTARATAATGTGTTCGT
L LviLmilsvUQss¥xLDLATIEFUSG6GNRLFTLTLVYUHTR

GGATTCACATCGATARRATTTGTGTCCGGATCTATTAATTTTAATAGTTGCTTGTCATCCATTATGTATACARATTGGATAATTCCGTCTATGTCGTCAT
P NUVUDI FNTOD®PODILIKTLLOQKODDMHMI VY VUFOQI I 6D1 D0 DY

ATTCCACARCCAAGCTTTCACAARACACACAATCGTGGGATGARATATTATAGATTGGTTTTATATTTTTCACCGARTATTTATARTTAGTAGGTGTGCA
E VUL SETCFUCDHSSITNY I PKXK I NKUSYKYNTPTC

GGTAGAGTTTAAGGGARCAACAGTGRTAATARTTGTAGTGCTTATGACAGTACTCGTGACACTGARRCTAGTACCGGCTARARTATATTTTGARGAGATG
TSNLPUUT I V) I TTS I VT STUSFSTGARAL I Y K S S |

GTGTARGTAATATTTGGTAARTGTGAGGARGGCAGCTTGTTCATTTGARACACAGGARATGCTTTTAARACATATCTARTCTCTTTTTTCTATATACAGAAR
T vy T 1 NPLTLFARAZOQENSUCS I SKFMNMDLARBRIKTI KA BRYUSL

GTGTGTTCATCACCTTGTTTGTGTATGCGTCTAGGTTTTTATAGGATARAATGTTGTTGACAACTCTTTGAGTTARATCTTTGCGCGTGGCTGTTGCACA
T NNMDUKNTVYADLNIKYSL I NNUYUUARZOQQTLDIKRTATATC

AGGAGARAAACATCGTTTCARTGTCCATGACATTATCARGCATATGTGTCCARARRTACATTTCCARAGGATTGCACAGACTTGCGAGCARARACATGAATC
P S FMNTE I DNBHUNDLMNMTHTWUFYNMNELPNTCLSALTLUHI

TTTCGCTTGATCTTTTCTTGGRAGACTAGACTGTTTCCARTTTCTGAGAGTARRAACAARRTTTGCACGTTCCGGTTGGGTTARRTTTGTAARARCARTTTAT
K R K I K EQ F UL SNGSGI ESLLTFLWNARBREZPO QTLNTTFTLIKH

GTTTTTCATATARTGTTTCAATATTGTTTTCTATTTCTITCCATTTGTTTTGTGGARCTGTAACGATTCTTCCATCTGCTARAGATARARATGCTAGCTT
K EYLTEI'INNETIEKUUKNQPUTUVUIRGDALSLTFR ALK

AGCAGAGATAGGAATTGTCAGATCAGATGTARTATARGAATARTCTACTAACTGGARATTCTGARAGTTTTTCCATCTCAGGATATAATARATGACTCTTA
AS I P I TLDST I YSVYDULQFNG GLIKTEHMNEZPVYLLUHSHK

GTCATTTTGAAGCACTTTTCTAARARCCTACCCATCGTAATGATGCTTTGGTGAGTATTARGGATTTCCARCAGAGGGAGGAGTCCATCTCCTCGAGTAC
THKFCKELTFRGNTT I I S$QHTNLI ELL®PLLTGDTEGHRTS

TATATAGAARATGAGTTAARGCCGAATARAAACATTAARTGGAATGTGTCTTTGTTAACTGGTTTTCCGCARAATCCCTCCATGATATARARCAGTTGCTAA
Yy L FHTLGFLFMNLHFTDIKNUYPKSGT CFGE™HM I Y UTAL

CTTATTGAATTTGGCTATTAARARCGAGATGTCATAATTTTGTTTCCARATATCATCCAGRARGTCTATTTTGAGAAACGGATAAAATCTTTCAATTGTT
K NF XA I LFS ! DY NJQIKWWWI!DDLFDI KLF®PYFREIIT

GTTTTTTTTGTAATTAARCAGGAGATCGTCTGAGACAGTCTGTCTATATATGAATGARCTTTTTCGARAAGGTGCTTTAARRARARATACGRCTARCATTTC
T X K T 1 LLLDDSUTOQRY I FSSKARBFU®PAKTFTFI RS UNSGE

CARAGATARAAACGACATCATCCATTCCTGTTTCCACTGARATTATAAAARACGATGGTGTCARAGCTAGCATGARCACAGTATTTARGTAATTATAATG
FI1 FUUVUDDMNGTEUS I I FFSPTLALMTFUTNLVYNVYVYH

TCTCATAACACATCTTTCTGTTATTGGGAATAGATAATCAGTCAAGCCATTTGARAGTGTGCAAATGTATTGGTTGTARTAGAGTTTGCGAATTTCCGAA
R ®H UVUCRETI PFLYDTLGNSLTTCI Y QNVY VY LKA RIES

ACATTTGCARAGTAGACATCCTTTTCATARAATARAGGTAATAAAGACACTGTARTCGTTTTTGTATGCGARARCAGGTTTGATATTTGTCTGAARTTTTT
UNARFVY UDIKEYFLPLULSUTI TKTHSUPKI NTUGQFIKZDQ

GTGCATAGATTTTCACAGCTTTCTCTGTTGATGGGTTARARAAACGTGTAATCCGATGTTTATATTGATCARATGATTCATCGARRTTCACAGAATCAAA
AY I XU A KETSPNFFRTIRHIKY QDFSEDFWHNUSTDTF

TARATTCGAGACAARRGTATATCCGAATARGCATTTGGGARTCTGATARACCCGAGTTTCGTTATAATCATGGARRTTARACGTTATTARACCAGGTTGA
LNSVUFTYGFLCK®PI1 QVYURTENYDHTFWNTFTILGZPQQ

ATAATAGTTTGATTTGTTTTTTCATTTACGCAAATTGAAGAATTGAGTATATTCCAGTGTTTCCATCCATTTATTGACACGATGAGAARGTAGACTATTTA
I 1 T QNTKENUCI SSNLINWHKYYG6NTS U I L L L SN

TGTAAARATACATTTTCTCCAATTTAGAGCCTGGAAGATAAACGGGAAGTTTGTTGTRGGCTACGCCTTARARCTTTACATATTARATACATAACGGGATAG
Yy F vy n

msLEVYLP®PUAARA BIGQYNUHLRILIYKK.!I
GAATCATAGAGATATTTTGGGTARTATGTCTTTAGRATACTTGCCCCCTGTTAGARGACGTATTGGTCAATATAATCATTTGAGAATCTACARARARATT

L LLKSWNTFEIKILWNTFFLGNTLTF®PEZELMHDSI KI HUYFEWU
CTGTTGTTAARATCCARTTTTGARARATTARATTTTTTTTTGGGCAATCTTTTTCCAGARGAACTGCATGATTCARARARTACATGTATATTTTGARGTTA
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R LGCHR I PDCI | VUFRHFSGETZ KILILZKTTFHCY FFETFZKTT
GATTAGGGTGCCGTATTCCGGATTGCATTATTGTTTTTAGGCATTTTGGTGAGARATTATTARRARARCTTTCCATTGTTATTTTTTTGARTTCAAAACTAC

FAKSNILTFSI Q0QKNRTO QK I QVYLQGLROQLARBOQATDVYL
TTTTGCCARATCAARTCTGTTTTCARTTCARARRARTAGGACACARRAAATTCAATATTTACAGGGACTARGGCAACTACGACAARGCAACAGATTATCTA

FUI KNESLTCKUNPU!I CFFROQHGLTIKTILDTFUKTTF
CAGCARTTTGTCATCAAAAATGARAGCTTATGTAAGGTARACCCTGTARTCTGCTTTTTTAGACAGCATGGTTTARAARTTGGACTTTGTGAARACTTTCA

mT1TQLSLFVY QFP I Q
I AR K EL QL SSTFLTCHNLFTIKYQNDTUYUKS I L SI SNPT
TAGCTARRGAATTGCAACTGTCTTCCACGTTTCTTTGCAACCTTTTTACGAARTATCAARRRTGACACAGTTAAGTCTATTTTATCAATTTCCAATCCAAC

P I FEGHUYVRNTLI CTEEDHNOQOQLQWNLTGI RIKTILHRBTEKTEKE
N FRRACGQGKY SHNLVYRGRY ATT®PIKTILTGNHNSTZEKTSI KR RIKRB
CARTTTTCGARGGGCATGTCAGAARTACTCTAATTTGTACCGAGGAAGATATGCARCARCTCCARAACTTGGGAARTTCGAARRCTTCGAAAAGAAAAAGA

El ¢ K NK I'L XNLLKTEL®DULOQAHUQQTETCT OIKTLNTN
R NS K K QDFIKIKTLUKN -
AGAARATTCAAARAARCAARGATTTTARARRRCTTGTTRAAAACTGARCTTGATGTTTTGCARGCACATGTACAGACAGARTGCCAGRAATTARATACARAT

L RDI ENALLLENSOQKI I PSSETRSULETESTLIQAIKT
TTAAGAGACATTGARAATGCATTGCTTTTAGARAATCAAAAARTARTTCCTTCTAGTGARACACGTTCTGTCTTGGAAGAGTCTCTCCAGGCTAAAACTG

u T QUT I TOQ I DPAI HFTENTFRBRPE®MNH®BILIKTFVYNNTOQHNMU
TCACGCARGTCACAATTACACARATTGATCCTGCTATTCATTTCACGGARARTTTCCGACCTGAGATGATAARARCTTTTTATAARTAATACTCAGATGTG

S Yy TFGAWFVY KLKARAFTFTDSIKILIKRBMNLI KILTVYYUVUDSL
GAGCTATACGTTTGGAGCTTGGTTTTACARATTARAGCGAGCTTTCTTTACCGATTCTAARTTAARAAAGARTGCTARAGTTAACATATGTTGATTCTCTC

s I T o ELLS I S I NALEOQI T I ¥YPMTHDNLUVUSDLEARS RSEG
TCTATTACACRGGAATTGCTGTCTATTTCAATTAATGCATTGGRACRARTTACTATTTATCCTATGCATGATARTTTAGTGTCCGATTTAGAAGCTGGTT

L cLLTARFFASYPGTFLTENIKFUDUI QNLSOQI FR
TGTGTCTACTGACTGCTTTTTTTGCATCGTATCCTGGAACTTTCTTAACCGARARARTATTARATTCGTGGATGTCATTCARRATTTGTCTCAAATTTTTAG

Yy LNTE Il LATIKNAS®PAQDFVYFGFNDPDIK™NKYF I P L
ATATCTAAACACCGAARTTTTAGCTACGAAARACGCGTCACCACAGGATTTTTATTTTGGATTCAATGATCCAGACARARTGRAATATTTTATTCCGTTG

cC K GRHVYA I NTFSNHI L I K I F I KKGU I KOQUPGD
TGTAAAGGGAGGCATTATGCAATAARTACATTCAGTAATCATATCTTAATTARARTTTTTATARAARRAGGTGTGATARARGCAAGTTCCCGGRGATCAAR

ms KGHWUYVU I ESKLTGTLTDDI KTLLY WHdTOQ I L L QP KIULSGEG
TGTCGARRGGACATGTTGTAATAGARTCGAAGTTGACAGGCACGTTRACAGATGATARATTATTATATTGGACTCAARTTTTATTGCARCCGARATTGGE

K E VP I FUHOQOQQY LRSS GI!I UAIl ESLVYLLWUWOI!I L NSE
AAAAGAGGTGCCGATATTTGTCCATCAGCAGCAGTATTTGCGTTCTGGAATTGTTGCCATAGARTCCTTATATTTACTTTGGCAAATTTTRAACTCAGAA

S 1 FG6KRTGKTFVYLTTIFPHUNAEHDUTETETFSSUN
AGCATTTTTGGARAGAGAACTGGGARATTTTATCTARCGACAATTTTCCCCCATGTARATGCAGAAGATGTTACAGRARCAGARTTTTCTTCTGTCAATA

| Q NFEFLMNMTKNYUUPTVYLANNETSTI STLFPGL !t S I
TCCAGARTTTTGAGTTTCTCATGAAAAACTATGTCGTCCCCACATATTTAGCCAATAATGARAGTACTATTTCCACTTTATTTCCGGGGTTAATCAGCAT

U UMNESURLGMUDHNIQQNTLTOQTNALMHSIQTI KT DAH NZPTFWU
TGTAGTTAACGARAGTGTTCGTTTAGGCTGGGATCATARTCARAATACTTTGACACARACTAATGCTTTGCATAGCCRARCAAAAGACAATCCGTTTGTT

E Y IR SQLEETA® AETLA® AULEZKUHDI K I LFHFENSGLWNUT
GRRATATATCCGTTCACAATTAGAAGARACGGCAGAACTTGCGGTACTCGAGARACATGATARAATTCTTTTTCATTTTGAARATGGCTTGARTGTGACAC

L SLALZPRUHARBRLTFAMNASSLFMNUARDLYDFLVY FLULTGF
TCTCTTTAGCACTTCCACGACATAGGTTGTTCGCTATGGCATCCTCATTATTTARTGTGGCTGATTTGTATGATTTCTTGTATTTTTTGGTATTAGGTTT

I P UATU | -
TATTCCAGTAGCARCTGTTATTTGAAGACCAGGTGACGTCTAGACATTTGTTTTGGATATARATACGCGTGGARGTGTTAAGGAGCTTCATTTTARRAARA

m KNI+ DLTNWMWUWIEKLLAETILWL Y EYLFFFSFF
GACACCTTTCTTAAGCTTTTGTARACATGAARRATATCGATTTAACAAATTGGARARTTACTGGCAGARATATATGARTATCTGTTTTTTTTCTCGTTTTT

FLCLLUYVIlI I UVKFNHNSTUG6REVYTFSTFSGHLUVY I
CTTTCTTTGTCTGCTGGTAATARTAGTGGTGAARTTTARTARCAGCACCGTTGGTCGAGARTACACATTTAGTACTTTTTCTGGAATGTTGGTTTATATT

L LtLPUKMTGEGNMLTKMNMNUDUYVSTDY CI I LNMFLSDFSFI
TTATTGTTACCGGTTARRATGGGAATGTTAACCARARTGTGGGATGTATCCACCGATTACTGTATARTCTTAATGTTTCTGAGTGATTTTTCATTTATCT

FSSsSuALTLLALERINNFSFSEIKUNETZK I LKA QHMNS
TTTCGTCCTGGGCGTTARCGCTGTTGGCACTGGAACGTATCARCARTTTTTCTTTTTCTGAGATTARGGTARACGARACTARARTTCTARRACAARATGTC

FP I I WVYTS I FQAUQ I SHKY KK S QHNLETDTIDYCLL
TTTCCCARTTATCTGGGTTACTTCCATCTTTCAAGCTGTACAARTTTCAATGAARTATARGARATCGCAAATGAATTTAGAAGATGATTACTGTTTATTG

Al ERSAEEA AU I LLRMLYTUVU I PTF I UFFUYULNEI KR RTF
GCTATTGARCGCTCTGCAGAAGAARGCCTGGATCTTATTAATGTATACCGTTGTCATCCCAACTTTCATTGTTTTTTTCTACGTGTTARATARGCGATTTC

L FLERDT LA NSIUTHLSLFLTFTFG GALT CTFTFZPASULNTEF
TCTTTTTAGARAGAGACCTGAACTCAATTGTTACACATTTRAGCTTGTTTTTATTTTTTGGTGCTTTATGCTTTTTCCCTGCTTCGGTGCTTAACGAATT
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N CHNRLFY GLHETLULI UUCLELKIFYVUPTHTVY L I SC
CAACTGCAATCGATTGTTTTACGGTCTGCATGARTTGCTCATTGTTTGTTTAGAGCTARAARTTTTTTATGTTCCCACTATGACATATATARTARGCTGT

ENYRLAAIKAFFTCKTCFZEK®PTCFLMBMIPSLABABRKTLZQ QOQ®PTTIKS
GAGARATTATAGGCTAGCTGCCARRGCTTTTTTTTGTAAARTGTTTTARACCTTGTTTCTTGATGCCTTCGTTAAGAAARTTGCAACAACCTACAAAATCTA

T Q0 F -
CACAGTTTTAARATTGTAGAGGTCCAATAGARAACARATCTGATAARATTACACTCTGTTACTTTTGCTTCTTTCTCCACTATGCCACARARAACTTTGAA
- FgLPGI SFLDSULWNT CETUKAETZKTEWUI GCTFUKF

ATCATTCTGAATAAAAGTARATARTCCATTCCTGTGTTCTGGTTTCTGTTGACTARAAGCACCGTGAGARATTTTGATCTTGTCAARARARARTTARATAA
Db NQ 1! FTFLGNA BUHEUPIKIQQSFAGHS 't K I KDFF I LY

CCARACCACAGATGCTTACAARTTTTTCGGATAARRGGTTCATATACTTCTTGCCCCCAGRACTTGTTGARATAGCGACATAATTTTARTARACGGTGAT
G FWLHKTCIKARI FPEVY UEZ QGWUFKNTFVYARCLIKTILTLRBRHN

TGTAGATGGCACCARTAGARAARCATTATATTCCCATCGTGARTAATTTCAGCTGGAATTGTARTTGARRGACCARATTCATCCARAAAGRARRCTTTCTAT
y A G I S FM"NI NGDHI'I +EARPTIT T I SLGFEDLFTF S E

GATTTGTTTAARCARATTCCAGTATGATGTAATTTTTTCGAGAGCTGAGCTGCATTTTCTTCACTGAAGATATGTTTAARGGATTTCTGATCCAGATCTTTGT
I 0 K Ut 6 THHLIKIKSLOQAANETESTFTILHKILIESGSRDQQ

TTAATCATGCAARAAGATCTTARRCCARRRTTCATCAGGTACCTTTCGATTCAGARCCACTARRTCACTCACTCCGATATTGTGCARAGTCTCTCTCARACA
K I nc¥F I KFWUFEDPUKRNLUULDSUG I NHLTEHSRTLIL

GTRAGATTTGGATGCCGTGAGARARCATTRGGGTACACACATTCTGGATGATCARAATCTCTTCTTGTTTTAGATTAARGTARAGATTCACCGCTTACCAA
LI Q1 GHSFMNMNLTCUNO QI I L1 EEZ QI KTLNLILSETGSUL

neTUVUL UA
TTTCTTAGTGATATGTARTATTARARTTGGAGGTTGAGTTGTTCGAGATTATGTATTGACCTACTTGTGTCATCGTAATARTGGARACTGTGCTAGTGGCA
K K T 1 L I LNSTSNNSIT I ¥ QG U Q TH

G FLCUYDODNIDIMNDNTFYLPRARBRTIQEZETINSTGNTGTLN
GGCTTCCTATGTGTGTATGATGATAATGATATAAATGATAACTTTTATCTGCCARGGAGGACGATACAAGAAGAAATCARTTCCGGAARTGGTTTGAATA

I P LN T NHNENRUIGTUSSLSDLTU QHGLFTURRUTIOQS
TTCCATTGAATATAARCCACAATGARAATGCCGTTARTAGGCACAGTCTCTTCTTTAAGTGATTTACAGCACGGTTTGTTCACGGTTGCCCGTGTTCAATC

K EF LT I I K XKt AUVUKSKLI TNTETEZKTL®PPD®PE I EC
RAAGGARTTCCTTACAATARTTAAGARAATAGCTGTARRATCTAAGCTGATARCCAACACGGAAGARRARACTCTGCCACCAGATCCCGARATAGAGTGT

L NSI1I FPGLSULSNRUGGNTEARDPFTFIKMHUYUS | CGUGR
TTAAATTCARTTTTCCCAGGTTTGTCATTATCGARCAGGGTTGGTGGCARTGAACGTGATCCGTTTTTTARACATGTCTCTATCTGTGGCGTTGGTCGTC

R PGT V' +AIFGRNLWMNWWILDRFSS I TERAEZKTET KT LSTD
GACCTGGAACARTAGCTATTTTTGGACGAAATTTARATTGGATTCTGGATAGATTTTCTTCTATTACAGARGCGGAARRAGARARGATTCTGAGCACAGA

Qg S cCUVUQFFAEET QFXKUDLY DLLADSLDTSY I KURTF
TCARAGCTGTGTTCAGTTTTTTGCCGAGGARCAATTTARAGTGGATTTATATGATCTGCTAGCGGATAGTTTAGACACTTCGTACATARRAGTACGTTTT

P X LQSDIKOQLSGI S K STVY I KASENLTANNUHTITINU
CCARAATTACAGTCTGATAAGCARCTTAGTGGAATTTCAAARTCTACTTATATTARAGCGAGTGAAARTTTAACGGCTAACAACCATACTATTAACGTGA

N $ K UTZ KETEATDSUSO0ODDCAUHAPDLI STI CSTT
ATTCAARAGTCACAAAGGAGACAGARGCAACAGACAGCGTTTCACAAGATGATTGCGCAGTCCATGCACCAGATTTGATARGTACGATTTGCTCGACARC

H T THHDLURMNGSATGNSHASLPAPIOQFSET CUTFLP
GCACACAACGCATCACGACCTAGTCAGAATGARTGGCTCAGCTACTGGCAACTCAGCTAGTCTTCCCGCTCCTCAGTTTTCCGARTGTGTTTTTTTACCG

K D T FCSLLNATAGHARI QNI KNUT®PAAP I FKTODEVYIT
ARAGATACATTTTGCTCCTTACTGAATGCTACAGCTGGGGCCCAARATAARRRCGTAACGCCAGCTGCTCCGATATTTARARCTGATGAATATATAACTC

PYPESLSRANMTDY GNRMNMNYHI PPPY UYPSHPGFNVYK
CGTACCCAGARTCTCTGAGCAGAATGGATTATGGARRTAGAATGARTTATCACATACCACCTCCATATTGGTATCCCTCTATGCCTGGATTTAATTATAA

S YRG6GSQKRCA®PTODSTODODEMNSTFPG6DPDY TTIKIKIKIKHR
ATCTTATCGTGGTTCCCARARACGGTGCGCTCCARCAGATTCGGATGATGAAATGAGCTTTCCAGGAGATCCTGACTATACGACARAGAAAARGAAGCGG

Yy R.EDDTDA RETLTI KU DI KNDI X ELUDAI GNHLARBHEI SAL
TATAGAGAAGATGACGATCGTGARCTCACTAAAGACARARATGATATTARAGARCTAGTTGATGCAATAGGGATGCTGCGTCATGARATTTCAGCGCTAR

Ky I RS QS PQRQHCTOAUDTHPT I EEKNUASZPKPSU
AGTATATTCGGTCTCAGTCTCCTCAGAGRCAGCATTGTACAGCGGTAGATACAATGCCARCGATTGARGARARAARACGTGGCATCACCTAAACCATCGGT

UNASLT®PGQD RNI OQNLMMTMQSDO OQSLULSLNZK KT KTLTFUTEHNRA
TGTAAARTGCCTCGCTARCTCCARGGTCAAGACAGGRATCAARATTTGATGCAAAGTGATCAATCTTTATTGAGTTTGARCAAARARATTGTTTGTAGARGCT

L NXK DN -
TTGAATARRATGGACARTTGARTACAAATTATGCGTTARTGTCTCTGTCTGTTCCCACTGGGACAAGGAACCGTTTGCAGCCCAATGTTGCCTTCTAAAA
------ - HRORNGSPCPUTOQCLG I NGETLU

CAGTTARTGTGTGTGGTARGGCAGTGATTGGTAGAAATGTGCGRAGGTTGTCTGTTCTCATGCGATATCTGRCTGGTACRAGGTGTTCCTTAGCTATGTT
T L THPLATIIPLFTRLANDTARARMRYRUPULMHETKA ATIN
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TARATGARGAGAATTTAGATTAATAGATACGTTAGTTGCAGCTGTGATATTTGGTACTGTAGATAGTACAGGACTATCAGCGACAGGTGTTGTTTCCGAT
L HLSHNTLWNISUNTAATI NPUTSLUPSDAUPTTES

CTARAGACACTTATTTGATTATTTTGATTGGAAATCARAATTCTGCTTGTCTCTGTCCAGCCARARTCTATATTTGATTGATCGTGTGTTACTATTTGAC
R FUS I ¢NNONSIT LI RSTETWMWNG6FD I NS OQDUHTU I QS

TGGGTAGGARARTAAGTTTTCCCAGTTCCTGAGAATAATCARTACGGCAGTTTTTTTTGTAGGCTCTCATGGTTACTTGARGATGAGTTCTCTCTTTCCA
P LF I LK GLEZ QSVYDIRCNTIKIKVYARMNMNTUIQLHTARETKH

AGTGAARGTGTTTAATGAAATCCCGTTTATTAATCTCGGARTARRAAGTCCTGCARATTTCTGTTTAGAATCAAARAATGTTGGARATGTACATGAGARG
T FTNLSIGNILRBRPIFLGARARTFE KT QEKSDFTFTPFTTCSEF

GGGTCAGTGGTATTCGAATTAATGTTTTTTGTAGRACCTACGGTTATGCATGTGCCATCGTACGTCATTACAGGTTCTTGATTTCTTTCCATCACAATGT
PDTTNSNINIKTSGUT I CTGDY THUPETGQQNAREHM®IWUIH

GAGGAATGGTTTGGATAARATTTACTTGGAARAAGATGTCGCTAGGAAAATTATCAGGATTTARAAGATARTTGTTTTCATAAGATGCTCTTATAACARG
P I T Q I FNUVUQFF I DSPFNDPNLTLYNNEWVYSARILIUL

GATTTTTTCATGCAGCATTATTTGCTTAAAATAAACATTTCTGCTGGATATAAATTCCACTTTTGCACTGTTARRARTTTGATCTGGTGGAGTTGTTTGT
Il X EH LM I QK F Y UNRSSI!I FEUKASNFI QDFPPTTQ

ARRTCTATCCARRATTCACACGCGTACATGTAATGCGTTGGTTCTTCGTGTTGTAATTCTGTCCAGCGTATTCTCTTARTATGGGCTCTTARTTTAGTTT
LDV UWUFECAYNYHT®PETEHOQLETURI!I RK I HARLIEKTNQ

GAGATCCATARRGARTARATTGAGCACGGCACTCTCCATGTGGARTGTAATTGTGCTCCATGCGCTCARCTATTTGGACAGGAAGTGATACCAAATTAAT
S 6 YL I FQARTCETGHPI VY NUHE™MREUI QUPLSULN'I

GCTAGGARGARAARAGGCARAARGATTARTAATTAARGGARATTGTTTTARATCTARRTCTACATCAGATATATTTTGAACAGCCAAGGTTACATTGCCA
S PLFFAFLNIITLPFOQKLDLDUDSI NOQUALTUNGSG

CAATCTCTTAGATCGATATACGTAARGTAGGCTGCTGTAAAGCTTCCTTCATCTCTGCACATACACACAARTGTTGATTGTTGCGAARGTATGCTTAGCC
cDRLODI Y TFVYAATFSGEDRCHCUFTSQQQSL I SLG

CTGTCCTTAAGCATCTTATTTCACGAGGTTTTARARGGATTGGTGCTGTCARTTTTAGTTGTAGARAATATGAAGACCAGACCACATAACAGGATTCCAT
TRLCRIER®PI KTLLIPATLIEKTLOQLTFYSSUUUVUVY CSEHR

TCTTACTTTARATCTTTTATTGTTGTARARTACTTARATAGTTGATATTACAATTGCATACGTTTGAAGCGGGGTGTTATGTTCATAGAGTTATGTCTAA
- L O0OMRKFRPTI NNTSNUHRB

TGTTTTCIGTCTCTTGTATTTGTTCGTAGGGAARGTCTGTCATGGGATGARCTGTCARARTTGGGRGAGAGTCTGARARARRATCGTTCCCTARAARAGTT
N ETEOQI QEYPFODODTHRPHUYUTLI PLSDSTFTFIDNSGLTFN

AATTCGARATGARTTGAARGCGGCTTCAACTTTTGATTTGCAARTCTGCGTGTGCTGTAGGATGGARRGARTGTGGARATTGTTCTCTACTGATAARGTAG
I R FSNFRAEUZKSIEKT CDAHAT®PHTFSHPFUQEHRSII FY

ACATGACCAATTATATCATGCTCCGTTACARATGTCTCATTTCGGCAGTACACGTARATTCTARARGTCTCACGCGGTTGCCAAATGAARGGARATGAGA
UHG 1 I DHETUVUFTENARTCYUY | RFTERTPTQMUWI FPF SL

GTACATTAGATTTCTTTGGAATGAATAGCCCTACAGCAGCAGGATTCTCAARAGGTTCCTCGTARATTGATTTGTGTGATGTGATTAGGTGTCAGTGTCAT
UNSKK®P I FLGUAAPNETFTSG GRLNIOQT I HNPTLTHN

TCTTTCAGGGAARTARATTTCCATTGTTTTGARTTCTTCAGAARATATTGAAATACGGCATGCARATGTTARGTGCARCTGATTGCATATTTGGTTTAGAA
R EPFY I ENTIKTFEESI NFVYPMTCI NLAUSQQHNZPIKS

ARTCTTAAGCGTARAGAARCACTCATCCACACAGRAACGTGAATTCATTACTTTARGATACCGTAGAARRGACAAARTARCACCGGTGATCGATATTCARTCT
F RLARLST CETDUWVYVCFRSNMUKLVYRLFUVUFLUPSRYEIIK

TGTACACCGAAACATTGTGTTCTGATATCATTTCCACGTTGCAGATTGGCGTTGCGCTCGCGARARRRACATTCCARTATTTGCAGTATGTTGTATTGAA
Yy U s UNHESI HMEUNTCIPTASAFTFUNIUWNYKCVYTTNTF

GGTGARGATGCAGTACATGGTTTCCAGTCTTTGATCATTGGAGTTTTTCAGTARAGGTTGARRTTCATTCTTTTCCCARGTAATTTTAGTTACTGTGGCA
T F 1 cynTEULWROQDNSNIKTLL®PQFENTIKEWUWTI KTUTA

TTTACGATCAGATCACCATTTTTCACAGARTATARAATTATAGGAGTTGTTCCTAAARCCCTTTTCAAGATAGGCARATTGATGAAATCTARGAGGATCCA
N VU I LDGNIKUSY LI I PTTGLGKELVYAFQHFRLZPTUDH®R

TATTTTCTTTARAGTAACAATTATCTTGTATCAGCAGGGATGACGTARTGTTARAAATTGGCAGGGCARAARTATTGACARAGTTTATCGATTGTATCAT
NEKFYCNDO QI LLSSTINFILPLAF I NUFNISOQ I N

AGGARARACATTAATTTTGATCACTTTTTTGTTTTTTAGAARCGTGACCCACCARARGTTACGCATTCTGCATTGTTTTCAGTTCCATCGGTAATTAGCAAC
P FUNIT XK I UKIKNIEKILUHGULTUCEANNETZGDT I L L

AGTACAGGTCTTTCGTGCGARRGTATGCAGGTARTCTCTGCGGGAGARRAATTGAGTTCTGGCTGCARATCATTARARTCCACAGTARACTGARTTAATT
L VYUPREUHSL I CTI EAPSFHNLEPQLDNTFIDUTFQ I L OQ

GCGATAATTCAGAGACTGGTGTTGARTTCATTTTTACARAGARAARARCTAGAATATACARRTGARTTCTTARARTTGTTTTCACACGTTTTATAGAATCTAGCAR
S LESUVUP TS NN

GCTTCTARGGCTTTTTAAAACCGCAATCTACTTTTTGARGGGGCGTGGTTATTTATATTTGATCCAGATTGCAATTTTTTTTTACGAGCGCTCCAARCLTT
- FRLRSKSPAHNNINSGS QLI KTIKI KA BASIUWNGK

TTCTTARGRTTARATCTGGCARRTCAGAGATAARRATTTTGTCTGCTARARAGTACAGTGCGTCAGATTCTGGATCTTCTGAGTTARGCTCAATTTCAGE
R L I LDPLDS I F I KDARLFVYLADSE®PDESNLTEI EA

AGCAAAACTATCCGTATAGTTGGGATCARATTTAGTTCGTAARATATGCGTTGGGATARRATARATGCTGCCTATTATGTCATTTGTAGTCACTCTCTGE
A FSDTYNPDTFIKTRLI HTP I FVY I SG I I DNTTURIDQQ
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GATCTATCACTAGTCACTTTTGTGGTARARCTTGTAGTGGGAGACCAGAARGAAGCARTAGACTGCACTTTGGARTTTGGGTCTGGARCGTAGAGAGCAT
S RDSTUKTTFSTTPSUWUFSAI SQUKSNZPDPUYVY L AN

TAGCATTAARATTATAAARAGTGCCTTTAARATGAAGTTTTTTAGTTTCGCCCTCATCGARARGCATCGTGTCTTGGARARARACGTCARTTTTTCTTTT
A NFNY FTGKFHLIKIKTETGETDFL™TTDOFFUDI KRK

ATCGCTACAGATTTTAARGTAATGCATATGCACAGTTAGAGARRTTTCGTTTGGGATTATTTCGTTGACARAACCARGTTTAAGCATGCAATCGTTTGGA
DS CI KFYHMTHUTLS I ENPIT I ENUFGLI KLMMTCDNP

ACCATATACGTGTTATTTTTAGTTACCTCTGTATAACATCGAAGATAGATTTCGAGTAGRGGARGGAGARARGATCATTTTAAGTACGGAAACTGTTGGGT
uny TNNIKTUETYCRLY I ELLPPSFI4+NKLUSUTPD

CTGARATAGARARCACTTTGCACGTTGGAARATCTGARCCACTCCGARCATCGTGAARCCAAARAGGTAAATTGTTTATGTTAARCAGAGCAGACTGTACA
S I S FUKTCT®PFDSGS®RUDU HTFUWFPLNNINUYUSTCUTTC

TAGAGTTGTTAATGGATGGCCAGGTGTTCTTTCARTCGARCGTTGATAAGTACTTAGTTTCCATTCARTGTTARACATCGTGACGGTTATTTCGTTTACT
L T TLPHG®P?PTRETISRDOY TSLKUWUEI NFNMITUT I ENU

TTATGTGGGGTTTGCGTCACTATGACCTTTTCGTTTTTGARTCTTATCAGACTAGGAAARACTCCCATCTGCTCTTGTTCTTTARCATCATGGTTTGGGA
K HPTQTUVU I UKENZEKFRILSZPFWUGHNOQETOQETZKUDHN~NTPI

TGATGACGATAGAGCTGTTAATTTTTARCARCGGARAATCCARAAARCAAGACTTTTGATGGATARATGTGTCTATTCAGATTTTTTARRTGTAGTTTTAG
Il .1 $ S NI K LLPFGFFLUKSPY I HRNLWNIKTILUHLIKIL

TTGTTGTTCTTCCATTAARGGACGAGCAGAAAAAAAGGAGTCAGARTTCCTTGARTTTATTTCAGCGCTCAAARGTAAAACTGGTTCAGTTTTTGATTGG
Q Q EEMLPRASTFTFSDSNARSNIEASTLILLUPETZKS SO

ACATACTCGTCAAATAATAATGTAACATTATCTTTACCCTGGARTTCTTCTTTGTATGGARTTTCAATCTGAACATATTTTARGATATCAGAAGTTGCGA
Uy vy EDFLLTUNDTIKTGO QTFETEZKVY®PI EIl QUY KLI DSTHAL

GAGACATGGAGCTGARATARAATCTGTTACARCAGACACTATTTCARAGARCTTTTTATTCACTCTTTAARTATACAAGTTGCCAGCCTATTGTCAGCAG
S N
- EXK F 1 CTALARNIDR RS

AAACATCAGCCACAATGAARAACGTTTTTTCTTGTGTAAGGGAATTGATTTGGTTAATCATGGTGAAAARCCGTTTTRATTTTCTGTARTTCTGTTTTAAT
ubDARUYUI FFTKTEQ QTLSNILGILQQNIMTTFUTK I KQ@LETK.I

TTCAGTGGCCTTGRAAGRACTAGGTTCTTGAGARAAATTTTTTTTTGCTAGGAGTTCTTGACATTTAATCAATAACATAGACTGATCTTCTARRGATAAT
ETAKFSSPEIOQSFNTIKIKALLES QTCTIKT'HILLLMNPMSOQDETLSIL

CTTTCTATATATGTTTGARCTATATCAGGAGCCATGGTGGCARTCATAGARAAAGARAATGCATGCTGTTTTCATGGARRACGTGGACTTACARTCATTGA
REI ¥vTQUIDPAMTTAI NSF S I CATIKWMHSFTSKTCDNI

TARCATCTGGTARCTTAATTGTTACATCTCTGTACTGCAARGTGCGCAGCTCATCTATARTTATTTGAACTTCTTCATATTTTCTATGTATGGARRGGAG
uDPLIK I TUDRY QLTRLEDTI I I QVUVUETEYKRHISILIL

GCTGATGCAARGCATTCGCACGTTTATTTCCGTTGCGACGTCTGTAGGGATCARGTARTGGCAGAATCAGCTCCCAGTTAGGTARGACAAGTARTTGTTGE
s I ¢cLMHARUNIETAUDTP I LLPLI LEWNPLULLZQOQ

GARRGGCTTCAGARATGGTGGCAGTARACTCAATTGATCTCCCTTTTCCAGAGGARATGGTCCGGTATTTTTGATTTCATACTGGTGTCCARTTTTTGGAC
S PKLFPPLLSLOQODGI KT EL®PFPGTNI KIEVYQHGI KPR

GTATTARTATTAATTGGTTTCCTTCTACTTTTTGTAAGATTGTTAACACCATTGTTTTTAAGATATCCCTTATTTGARTATAATCGGTGGTTGTAGATAA
i L I LQNGEWUYUEKOQL I TLUUMNLTKLLGEtEDRI QY DTTTSL

GACCGTGTARAGTCCTARATTTGTGTTGCCAATTARARTGACGGTGCGACGGTATTGGGATGACGGCATTAGTGAGTTTGCATAARGTTCCARTGTCAGAA
U TVvYLGLANTANGILHRMHSPI P I UVUANTLIKTCLTGI DS

AGAGTAAGCTTTTGATCARARAGTACAGTAGATTGAATCCATTTCTATAGCAGGGACTCARTARTATTTTGTAACGGAATACACTCCCCTATAGCGAARTT
L TLEKOQDFTCVY I S DHN
- L L SE1T 1 NOQLZP I CEG I AFN

TGCAARATGCGTTTCACTTAACTGTGTCATTCCGTTCTTAGATCGACTCTCTAATAGAGCTTGGTTAGAGGAGCARTGGATTGGAARCGCAATTTGTAAR
A FHTESLOQTMNMNGNIKSRSETLTLRAIOQNSSTCHI PFAI QL

AACTGACARGGACGATGAGTGACATCGTCTGTTCCTTCGGAACAAGAATACTGAATATCAGTGTCGCTGTCCAGGCATGTTTTAGTTTTTATGGAATAAT
F QCPRHTUDDTGESTCSY QI DTDSDLTCTIKTZKII SVYD

CACTGATAAGTTTAAACATAARCTTATTTGTCTTAAATATTTCAGTGTCTGTGAARARGACTGCGTTAGGACTGTARCTTTTTGGATTATATCCTAATTG
S 1 LK FMNFIKNTXKTF FI ETDTTFTFUANPSY SKZPNYGLQ

ATCTCTGTGATTTATATTATATAAGACATCAGATAAAGATCCTTCTTGAGATGCCCAAGGATTTGTTGTTGCCACARRAGCGTCGCTATCAACTCGAGAA
DRHNINVYLUDSLSGET QQSHAUWPNTTAUFADSDUVRS

TGATCATACAAAGATTTTCTAGCTTCTGACTCATTATGGGGATCGACACCCATCATACACGARGCCCTTCCTCTAGGATTTTTAGGTGTTTTATAGAAAT
HDVYLSZK RARAETSTENUHPDUGHMTTCSARTGRPNIEKZPTIKVYFN

TAATATCGGAAGTCACTGGAGTARTGACARCCTCGCAGATTGCTTGTTGGCCATGTARRAGTATTGATTGTGATTGCTTATTTATCTTACCGAARRGAAAG
| DS TVUVUPT I VUUETCI AQOQQGHLLI SO SQKNIKGFSL

GATGTTTARAGCATCGGTTTCGGAAGGATTGGGTTTTTCAATGCCARCGTGATGCCTAARCCCARCTATTTACAGTAGGGTTGGTGTATGCGTGCATTGGA
I NLADTETSPNPI KT EI'I GUHHRUWSNUYTPNTYAHMNP

AAGACCGAARATAGATCTTGCACTTTACTTCCCATATCAGTTTTTACCCTTTTCARATTTGCGATTGCAGTGCTGGAACTARATCCTAATCCCATATCAR
F USFLDU QUIKSG®HDTT KU URKTLAHNAIATSSSFOGLGHDL
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GARARCTTATATGCTGCGTAAGGTTATATGTGGTTGAGATGTCTTTTACTICTGTAGATACCGTTGGGTCATCARTCATTATGGATGTTGCAGATTTGGA
FS 1T HOQTLWNY TTS I DKWVETSUTPDDI NI STASIKS

GCTATARCAGTARGCARTTARTGTCGARACAATCTGTTCTTACTARAGTCGCAGCGARRCCAGGATGAATTTTTTGTCTGCTTTGAAGRATGATAGCTATT
s yLLcHNI1DFCDTARUULTAAFGPHI KOQRSOQL I I Al

GGAGACAATTTGCAATGCATAGTAGCTARAGTCATGATACTTAGCARTGRATTTGRACAACAAGARGCATAGACAAARGAACGGTGTTCTTTGCCAATTAT
P S LKCHMMNTALTHI!I SLLSHNSTCTCSAYUFFZPTRTZQUNH

GGARTTCATGAGATAATGCTTGTGGTAGAGGARARCCACCGTCATTTCTTTGATAGTGGGGARATATGTTTAGATAGGTTTGTACTTCAATATTCATTAA
FEHSLAQPLPF G G6GDN RO QY HPTFILINLYTQUETLININL

GCCACARRTARTAGGGTCTGAGRARARACGATTARAAGGAATTGGCTTGAARATACCGTTTCARCACATTAATTGGTGATACTAAACACAGTCCATTATAT
6 ¢! 1 PDSFFRNTFUPIPKTFVYRKILUNIPSUVULCLGNY

ARAACATGTTGTAGAGATTTGARGTTTGARGAACTACCATGTCTTTGAGRAGGATCTARAGARGATTCARTTTCCAAARTTTTTGTATTCTCCGTTAGGT
L UHOQLSKFNSSSGHARBRZOQS®PODLSSETLFIELI KTNETILY

ATRRTATAGATTTARAGAGTTGTTTACCAATGCARGATARARTCTGTGAGTGCATGTGAGGGACCAACAGCTTCAGTTATCARTTCARTCAARTACATTGTT
L I s K FLQKGI CSLDTLARARHSPGUAETI!I LE 1L L VUNN

CGTAATCGGTRATTCGCARARGTTGTCATCAGGTAATATARAGGGTTCTGTGTAGAAGRARTCTAGARTGARAGATTTCACATCAAAACCTGCACCACAC
T 1 pPLECFNDD®PLI FPETYFFDLIFSKUDTFTGATGSTC

ATCTTGTTATTTGTCAGTGCTGGTAGARAGCAGARATARARRATTTTGCTTARAACAATCGTTTCARRAGATGGTCTATCTACGTCTGTGAATATTTCTG
m K NNTLAPLFCFVYF Il KSLUVYVI TEFSPRDUUDTTF I ET

TTGAATCCARTARATTCATTCTATTCAGGTCAGATACTTCATAGTTTCTTAATTTCACTGTATTTTGGGTAAGGGGAGTGTTACCAGCTGTGATTATTGE
s DLLNMHMRNLIDSUEVYNARLIKUYUTNIOQQTLZPTNGH® ARTI I A

ATTTGCTTCATTTTTTGGAAGACTGTTTAGRRATGGAGGGAATAGACGATTATCAAACARAGCGTTCACAARTCCAACCARTGGTTCCCCACACAGTTGE
N AR ENZEKPLSNLFPPFLARNIDTFLANUFGULPEGTCTLOQ

TCATTARAGTTTGAAATAGARATTGTCCTTTTCACTAATTTTAAGATTGAARTTATATTTTTGTARTGTGTATAAGCARTTCCTGGAATTGACTCATCTC
ENFNS I S I TRKULKLI S I I NXKYHTVYAI GP I SEDSG

CARGATAGGTTGTAATTAACCARATCATTTCAAAATTATTGCAAARCAATARTATGTGCTTTATATTATACCAATACGTARTACATTGGCTGACARCGTC
Ly 1T T 1 LW I ®BEFNNTCFLLI'tHKI NY WY T I CQSUVUUD

TTTRAAGARTCTGAARCGCTGTCTTATTACCATGGATGAGAAGTTCTATGATATATGCTAGTTCGGGATARGCTGTGTTAGTTARACTTTCARCGACGAGT
K L I ¢ FATIKNGH I LLETI I YALE®PZYYATNTLSEUUL

TTCAGGGTGTAGTCATAATTTAAATTATTTGTCTTGGCTTGTTCGATCATTTGATTGGTCCTAGCTTCATGARARGATGARGGTGCTAACGGCAGAGGTA
KL TVYDVYNLNNTIKARQE I MQNTARSAEHFSSPALPLTP.I

TATTGCCTAACARARTTCTTGGTGAACACAARACATCAGTTGATCTGTTTTTTTGRATATAGGTGAARTCARAARAATGGATGTAGCTCTGTCTTTAAAGT
N G6GLLI RPSCLUUDTSRNEIKZ Q@I VYTFDFFPHLETZEKITLT

AAAATTTTCAGATTTATAGARATCTTCTGTGGTAAGTTCATTTTTARGCATATTCGTCGTCTTAGGTATTTCTTTTTTCATTTCATATARGTTGTATAAA
F NESKVY FDETTLENTIKTLMMTNTTIKT®PI EKIKMNEVYLNVYL

TTTGATARAAAGGTGCTTGGARGGTTCTCTAACARATTCAACCTGACACAGTTGGTTARAAGATTCCCCCGTAGGTTTTGCAGCATTTTTAAAAARTTCGLT
NS LFTSPPERUFEUQQCLUOQNTFSETGT®PIKA AANIKTEF I RE

CTGAGACACTACARTCAARARTARTTGGARTGGCACARTGATGGCAATAGATCACTATAGTCTATTCTCTGCARRAGCTTATCCTTATTATAGARATAGAT
s VvscobDFTI1T I PHCLS®PLLODSYYDIROQLLIXKUDI KN NYFY I

AGATGTGGGTAGATTGTTTTCCATTGTATCATTTAGTTTAAGCCTGCTATCCATAGTGCTARARCCACTATCCTTCGAAATGTATAAGCCCATTGGGARA
S TPLNNENMTDUSNILIKL®RBRSDTTSFGSDKS LI VY LGHNPTF

ARARACGTCAATTCCAATTTTTGTTCCARRGGATCCTCAATGTTAGTGTTTTTATACACTTTCTTTARRTGATCTARGACARACTGTTTTATCACTCAGTT
FFTLELIKU OQETL®PDEINTHNIKYUKKLHDLUYUUTIKIDSTLO

GARTAATGTTTGTCTTTAGATCAGCATGTTGAGTTTGGTTTTCARAGATTTCAGATTTTTTGTTTTGGTCTTGTGTTTCAGTCGCARCGTTTTTGGTATA
I I NTKLDAUHOQTOQQNETFI ESKKNOQDOQTETAUNTEKTY

ATTTGARAAATCCGCCATARTAGCCTGGTATGCTATTGCAGTAACAGCATTTTCTTTCCCCATARCARARTGTGCCATARGAAACAGGTACAGACATTGTC
NS FDAMTI AQYAI ATUYUANETKTGNUFTGY SUPUSHTT

ATTTGTGAARTGTGTTGCGATAGGGCATTGGACRAAATCTGARTCGTATTAGGAGTTCCGAGTARAACGCCGTTAATAGGTGTTCCATCTTTTARAACAT
nmQes I HQSLANSLI QI TNPTGLLUGNIPTGDIKILUY

AGCTATTGGTGTTATTTARARTGCTTTCAGTGGTTGARTCAACCATTTCACACAGATATCTGTATATARAGCTTACATTAGRAGTTCTGTTCAAARAARA
S NTHNNLI SETTSODUMNMNETCLYRY I FSUNSTA HARNILTFF

TAARGGRATTGATGAGTTTGTTTTTARAGTTTTGAARCATATTGCTTCGCTGTACTTTAGARAGARTCTGTTTACTGTTGACTTTGTTTTCTAACATGGTT
L SN I LKNKFHNOQFBRNSRQUIKSL I QKSNUKNETLHN

TTCAGGATAAACTGTGGCGGTGCCTTCTTAAGARTAGTTTTARTGARAGCATATATTAACCCTCGTTGTAACGAATCAGCAGAATTCTTCAGCGATCGTA
K LI FQPPAKI KLITKU'! FAaY I LGARQLSDASNTIKILSHR BRL

ACACCGTATGAATCGCATTGATGTTGAGCATTTGATCTARARATTGTGTTTTTARAGGTGTTTTCTARATGCGCTAAACAARGCAGCACTTARTTCARACGR
U TH I ANIT NLMNMNQDLI THNZ KT FTNETLUHALTCAASTILTETFS

TATATTGATAGGATGCTTTTCTGAATACTTGGTARACCAGTACGGTTGTTTCTTTAGGCGCAGTTACGTCGTTTCCTGTAGCGRCTCTAGGTARTTGTATA
I NI PHKXESVY KTULUTTEIK®PATUDNTGTAURTZPLDOQI
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TRARARCAGARTTTTTCCCAGTGACATTTTGTCTAGGTCGTTGAARCGGATARCATTTGCAGCAACCGCTATGGACGTATGAAAARARATCTATCCATTCAG
Yy FL I K 6L SHM"KDULDNTFRBRIUNAAUAI STHTFTFTDI WET

TCCGATTACAGTAARATCCCAAGTAATGCTTCGARACTTATGTTATAACGATCAGAGTCGTCACCGTAATACAATCTTARGTTTTCARARAGTTGTTCAGC
R NCVY I 6 LLAEFS I NVYRDSODDGY Y LRLNETFTLOQENA

" 1 D
AGTTTGTGTTCTGATATCATCAARCACGTTTGGAGARRCATCTAGTTTTGGGARAATTTCAGCTGTGCGCCARTTTTCCATGGTTAGTAATARTGATAGA
T QTR I DDFUNPSUVUDLIK®PF It EATARWUNTEHMHN

S 1 SEETLIUKSVYTUNHCARATEKHENUPUTFINSVYDLTARAE
CTCARTATCTGRAGAAACTTTARTAGTAAARGAGCTACACCGTTAATCACTGTGCTARARATGTTCCAGTGTTTATTARCTCCTATGATTTARCCGCAGAR

uAada KNEDUYVURLARTSOQUOQ I SLEZK I DEUYV I ES I FSASG?P
GTGGCCARARATGARGACGTGCGATTAGCGCGACAAGTTCAAATTTCATTAGAGARRATAGATGAAGTTATAGARTCAATTTTTTCTGCGTCTGGTCCTA

S UENUKDOQAI KT FALT CRLLLSGPUS I PCVYCETEIUMWNWDUNTF
GCGTTGAARATGTAAARGATCAGGCAAAGTTTGCTTTGTGTCGTTTACTGCTTGGTCCTGTGAGTATTCCGTGCTACTGCGAAGAARTGGGATGTCAATTT

Yy L TKCSVYNTCEG®PULY I ¥KHNASOQCTCESTVYRTFS I N
TTATCTGACARARTGTAGTTATAATTGCGAAGGCCCGGTTCTATATATCTATARAAATGCTTCTCARTGCTGTGARAGCACATATCGTTTTTCTATCATG

T NY HS TH I FRGLILSLOQEWUWUUNSHLSNILCTTCSNHNUT
ACTAATTATCATTCCACTCACATCTTTAGAGGATTATTATCATTACARGAATGGAATAGTCATCTATCAAARTATCTTATGTACTTGTTCGARCGTAACAG

6G bKVvYTAT I FPNNASIVYLEY Y PY FLCVYLTCIKWUHLSIII
GTGATAARTATACTGCAACARTCTTTCCARACAATGCTTCAATTTACTTGGAATATTATCCGTATTTTCTATGCTATCTATGCARGCATCTGTCTATCAT

bl EQCTWNELI AFLGPIKTSOOQRI I I HY KLLFGFRSS
TGATATTGAGCAATGTACTARTGAATTGATAGCTTTTCTTGGTCCARRGACTTCTCARAGGATTATAATTCACTATARRCTGTTATTCGGGTTTCGATCT

K PR NFTUSLLEZQUFTLETIOQI KLY Y SUSKHNSTTHA
AAACCRATGARTTTCACTGTTTCTTTGTTAGARCAGGTTTTCACCCTTGAAATCCARRAACTCTACTATTCCGTTAGTARGCACARCAGTACARCAGCAG

Db FFNUVUI THARKTFAEDIKVYFULRTFIKLSADQITPGI QSF
ATTTTTTCAATGTCATTACCGCTRARTTTGCAGRGGACARATATTTTGTTCTACGAACATTTARATTGTCTGCGCAARTCACTCCTGGTATTCAAAGTTT

c s LKFKLOQTULVYLWNLSI K I MTKNTIKTLSI SNSTFUYHGKT
TTGTTCATTGARRTTCAARCTCCAGACCTTATATCTARATTTGAARRATTATGARAARACACARARTTATCCATTTCTARTAGTTTTTATCATGGTAARACT

LYy TLODODEZKO OQLUYVUURNLTLTLI Y Y GVYNLIKUDNUYUKZGOQTOQEE
TTATATACACTGGATGAARAGCARCTTGTTTGGAGAAATTTATTGTTAATTTACTATGGTTACARTTTARARGACAATGTARRACAARCACAAGAAGAGA

s LLSM"HY | BRI LERLSLIKTSTFRETIWNU OQOQFARTFEIIPSY
GTTTGTTGTCGATGCATTACATACGAATATTGGAAAGATTGTCTCTARARAGTTTTCGCGAARTTAATCAACAATTTAGATTTGARATTCCGAGTTACCA

E K TLGQF 11 PGGNUDTFAETITSUTHGGGETTUNAFA-NTNR
AGAGARAACTTTGCAGTTTATTCCAGGTGGAAATGATTTCGCAGAAATCACATCGGTCACGCATGGAGAAACARCTGTGRATGCATTTARTACAAATAGG

UnmHNUKAALSGETI HCECULHRI PKSNMNTHSFUNY KART
GTCATGAATGTGAAARGCTGCTCTTTCAGGAGRARTACACTGTGTTTTACATCGTATTCCTAAAAGCATGACACATAGTTTTGTGATGTATARGCGCACTT

FKEPSLTUSTF I SNDDTFTTSSLNINIARBGPY CDFIL
TTARAGARCCCTCTTTAACAGTGAGTACCTTCATTTCARATGATGATTTCACCACAAGTTCATTGAACATTARCATTCGAGGTCCCTACTGTGARTTTTTY

YA LGUYUY RLUHUNIQODFTFLPAFUCNSNNSIMNDILWHTGIL
ATATGCATTGGGTGTGTATAGATTACATGTTAACATACAAGATTTTTTITTTACCTGCTTTTGTTTGTAARCAGTAATAARTTCGATGGATTTGCATGGGCTA

ENQG I URKRIKIKI KUY WU I TNFPCHI SNSETZ KUNUGU
GAAAATCARGGAATTGTGCGARAGCGTARRARGARGGTTTACTGGATARCTARTTTTCCTTGTATGATCTCCAATTCTGAAAARGTTARTGTTGGTTGGT

FKAGTG I I PXUSG6GTDOLIKNUYLLKETLISI GEI PNITT
TTARAGCGGGARCAGGCATAATACCCARGGTTTCTGGARCAGACTTAAAARATGTTCTTTTGAARAGAACTCATAAGCATCGGAGAARTTCCCAATATTAC

F DNMWNDULHALLTLULEZ K RNMTDHOQUPF L I K QFFMHNFLRIL
TTTTGATATGGATTTACATGCTTTGTTARCTCTTTTAGAGAAACGARATATGCATCAGGTTCCATTTCTTATTARACARTTTTTTATGTTTCTTCGTTTA

G LLWUYVGY GRZKOQERI KWUHH I NTLFLI1I QKGFTFUDTFSIKNHNS
GGTCTTTTAGTGGGATATGGACGTAARCAGGARAGRARGGTCCATCACATTATGCTATTCTTARTACARAAGGGTTTTTTCGATTTTTCGARGAATTCAG

UANSK I KHATCALUGSRLANNUYUPK I LS KIDQKIKIMMNKITLTD
TTGCCAACAGTARAATTARACATGCATGCGCTCTAGTTGGAAGTCGACTTGCCARCARTGTGCCARARATTCTGTCTARGCAGAARARRRTGAARACTGGA

HLGRNANALTULARTFILtUENTGSGYY KRKTI FRKILTILK'Y
TCATTTGGGTCGARACGCARACGCTTTARCCGTTTTACGTTTTATTGTAGAARATGGTTATTATARAAGGARGACARTTTTTCGCAARRCTTTTGAAGTAT

" T AKQQI F P UMUK
L AT TSFHNAHUYUQTESNRLLNLMB HNIDSIKTNFSSLE
TTAGCTACTACATCTTTTAATGCTCATGTTCAAACTGARAGTARTCGTTTACTCARCTTGATGCACARTGACAGCARAACARARTTTTTCCAGTTTGGAAA

D cTLVYUNNETATUMHETILNSDLSETLTLTZGOGLZEKTETFUS
R L Y T L R -
GACTGTACACTTTACGTTARCRATGAGACAGCAACTGTGCATGAAARTCTTGAATTCCGATTTARGTGAACTGTTACAGTTARAGACGGARTTTGTATCTA

mToLCUY I TGCI NOQNILISS I T I ¥ UHAY SEU I ¥YALT
TGACAGACCTATGTGTTTACATTACTGGATGTATARATCAGARTATTTCCAGCATCACGRTATATTGGCATGCTTACAGTGARGTAATTTATGCTTTAAC
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6 I I HCEZK I S I ECGI KSTDWHNNIILVYETZ KT PIKTLTFTLTLTARBRE
TGGAATTATACACTGTGRARAGATTTCTATTGAATGTGGAATTARATCCACGGACARTAACATTTTGTATGARAAGCCCARACTGTTTTTACTTCGAGAA

N L APTELARIMWEKSLI KTZKTI KSALSPNI QNETIFPK.I
RATTTAGCACCARCTGAATTARGGTGGARATCTTTAATAAARACAAAGACTATARARARGTGCTCTGTCTCCARATCAAAATGAGATTTTTCCCARAATAG

AH X P S I L LEI EEAPRFIKETMNUSTCI UKLUYUAEEARATIT
CACACAAGCCGTCARTCCTTTTAGAGATTGARAGAAGCACCCCGATTTARGGRAATGGTGTCATGTATTTGGAAGTTAGTTGCCGAAGAGGCGACCATARC

S K S ENDI UK TCKI KLAESU OQHRYTLTNGTULIQNTF I L
CTCARARAGCGAGARTGATATTGTCARAACATGCAARAAGCTTGCTGARTCACAAAGATATACTTTGACARATGGTACTGTGTTGCARRATTTTATATTA

UHACLEFKLGAUNTFWUEETMNNTGI KTILARBRIOQRPETLMNSIKSTFT
GTCCATGCCTGCTTATTTAAGCTTGGAGCTGTTARTTTTTGGGAGGARATGRATGGAARRRTTACGTCARCGGCCAGARCTARTGTCAAAATCATTCACTG

G HEETCFVYNTCY VY LCTLLWMNSIVYSY KTLL®PETIUDNTRB
GCCATGAGGAATGTTTCTATAATTGTTATTATTTATGCACTTTGTTARATTCCATTTATAGTTACARARCTTTATTGCCAGRARTTGTAGACAATACCAG

S I HUUUKAY VY S EH I DVUVUSY K I LSY STNTHTNTLTF S
ATCCATTCATGTAGTAGTGARAGCATATTATTCAGAGCACATAGATGTTTCTTACARARTTCTTTCGTACTCARCARACATGATGAACTTATTCTCTCAG

Y LNFTODLLPY I NKXKHI K I+ DUSASIKQDHMNI KFLNA ATEC
TATTTARATTTTACAGATTTATTGCCATATATARATAARGCACATTAAAATTGATGTTTCAGCATCTARGCAAGATATGATTARATTCTTAAATGCCTGTT

L 6 L -
TGGGACTTTAGATTTCTTTAARTGARGTTTGTTTACCTTCATGGCACATATAAATAGCCATTATARTAGARATTAAARGGTCATCTGARCAGGTTTGTTT
-1 EKF STQKGEHCHY I ANMT 1 1 S I L LDDSTCTOQK

TTTGGCATTATAGGTTACGTGTTCATTTATATTARTTTGGTGAAGATTCTTARTTTGTTCARTCACATACTCTATTGGGTCATACGTTATTTTTATTGTA
K A NY TUHENIFINITQHLNEKI QEII VY EI PDVY T I K I T

AAGGARATTAGTTCTTGTGACGCTTTARTGTAACCTGARTTARARTTCGAAATGARATATTCTACGGCTARTCTCTTTTCTCTCCCCAGTAAATAAARTG
F S 1 LEOQSAIK I Y GSNFNSIFVYEUALARIEKTEHRSGLTLVYFT®P

GTTGTGCAATTTGGCTCTGATCTAARGTATGGARRARTGTTATGTGCTTATATCTTATAACCGATATAGTTTGTTTCAATATGCATGCAATTTTCACCGE
QA I @S OQDLTHFFTIIHKYRI1I US| TQXKL I CHAI KUNA

CGATGATTGATTGGARTTACCCTCGATAATAATTTTGAGCTCAGTAARARAAGGGTGTAATTCTARARCAGCTAGTATCATATGTGAGGCACATTCAGCA
S S QNSNGEI I I KXKLETFF®PHLETLWUALI B HSACTENR

ATTGARGCATCGGAGTTTGATAGTARACTTTCTAGAAAATAGTGCTCCATTCCATATATTATATATTGATCACCATATGTTCCGATCGCTGCTACCCCTG
Il S ADSNSLLSELFY HENGY I 1 ¥YQDGY TG I AAUVUGT

TTCCAGARGCACGTCGATTGATTGTGTATGCTGGATCARTATATATGTAGAGCTCTTTGCCTAARGAATGGAATTATCTGTTTGCTAATTGTGCTATATCG
6G SARANITYARPDI VY I ¥YLEZKTGLF®PI 1 QKSI1ITSVYR

GARARGGTCGAARTTCARTGAGTCCTTGCTCTGTTATCAARGGTATCATTTACCACATTGCAGAGAGRACCACCCATTATTTCGTGTTTGAARGCACCTTCT
F LODFEI!LGQETI LTDNUYUUNT CLSSGG™HNMT ! EHIKTF®SA G E

AARAATAGGTCGGCGGTTTTTTTGACGTCAGCGTTGATGCTGATARATTTCGGTTTATGTAGTCGGTAACATGCACAGGTTGTTGCATTTCCTCTGTCAT
L FLDATIKI KUDANISI FXPKHLARY CATCTTA ANTGEGHR BRTEDN

TTAGTATGTGCACATGATCTTCACARRCATARGATACTACAGTTAACATTTCARAGGGGGARTTGCTTAGTTTTGTCAAGARGGAAGTAGAGTGATTTCC
L I HUYUHDETCUYSVUUTLMTEFZ®PSNSLI KTLFSTSHNSG

GGAATTTGTGGATGATATARAAATAATTTTAGTCGARGATTGTGGCAGARRTCCAAGRATTGTGCTARACGCGTCTTTTTTGATARAATGGCTTTCATCA
S NTSS I F I + KTSSQPLFGL I TS FADIKIKI FHSETD

m NGULNDI KTETFULTCNTIKT
ACGATGAGAARGATTAARGCTCTGACCACGTATACTCTGAGAAGAAAATGAARCGGAGT TTTAARCGATATARAGACTGAGTTTTTATGTAATACTARAACA
U I L LN F S Q G R | S<start of U66 exon 2

bLLTL I QK I CLNTC®DTF I LEPUUESTFZPKIKTETILWUVUAUDN
GATCTTTTARCGTTGATACAARRAARTTTGTCTGAACTGTGATTTCATTCTTGARCCGGTAGARTCTTTTCCTAARARAARCCGAGTTGGTTGCGGTGATGT

M NK KK nMTDLPIKTCOQS I TUARTC
Yy bt LAaVvVE L FNDLULIKVYNETZ QIKIKDSGLA -
ATGATACGCTCGCGGTGGAARTTTTTARCGATCTTTTAARATATARTGAACAAARAARAGATGGACTTGCCTRARTGTCAGTCAATCACAGTTGCTTGTG

EG6GECSQMNY NLHNPLTFEMNMNSGLSGNIF 1 CURTE CTFZIKII HF
ARGGAGARTGTTCGCRAATGTACAATTTGCATAATCCTCTGACATTTGAAATGGGTTTGGGARACATCTTTATATGTGTTCGGTGTTTTAAGATACATTT

cC NMHLEDTCNLIENTHESGTCUYVUCSKTGLFYNGMWUMNPAYS
TTGCRATATGCTAGAAGACTGCARCCTGATAAATACTCATGAAGGATGCGTGTGTTCAARAACCGGGCTTTTTTATAACGGATGGATGCCAGCCTATTCA

H 1T CMHREPTEE®PNMTETUNUUUULLSY UY S F LI QNK
CATACCTGTATGGAACCTACTGARGAGCCARATATGGAGACCGTTAATGTAGTTGTAGTGCTGTTATCATACGTTTACAGTTTTTTAATACAARAATARAG

A RY SNIT I RD I I KDGIKTF 1 EQUENAUFTCTFNIKUF KN
CCAGGTATTCARRCATTATTCGCGACATTATAARRGATGGARAGTTTATAGARCARGTAGAAARTGCTGTTTTTTGTACATTTAATAAGGTGTTTAAGAA

S TLNKLPLTTUSOQLFUVUOQL 1T 1G6GG6GHAEGT I ¥ DNHNUWU
CTCCACCTTGRATARGTTACCTCTTACTACTGTCAGTCARCTTTTTGTTCAGTTAATARTTGGAGGCCACGCGGARGGCACTATTTACGATAARTAATGTC
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I RUSARARKABREDN I L KKMTRI{ EY G6GHNALAL -
mEeE™MmTHLLTCET®NH®FTTCR
RTTCGTGTTAGTAGAAGAAARGAGGGAGGATAACATACTTAARARARTGAGGATTGAATATGGARATGCACTTGCTCTGTGARACAARTGTTTACTTGCAGA

K NN T L P UHLTCILLUDT DU UV I HKEZKUWUKAIEGI FFQCU
ARARARATAATATTTTACCGGTACATTTATGTATTTTACTGGATGATGTTATRCATARAGAGAARGTARARGCTATAGAAGGGATCTTTTTTCAGTGTGTAT

FF XK EX LVUYVUY TEWTIK I KFTY ULHDLUYU I S QI F KNATEC
TTTTTAARRGARRAGCTTGTATATACGGAATGGACAARRRATARAGTTTACTTATGTGTTACATGATCTTGTARTTTCTCAAATCTTTARGAATGCCTGTAT

K E VU I HG6GAL I LSUP I NI DNLHFDTDILIELKI I ¥YP
TARAGAAGTARTACATGGGGCATTARTTCTTTCAGTTCCCATAARTATTGATARCCTACATTTTGATACAGATATTTTAATTCTARRAATTATTTACCCA

HFLHDD I VU I X LSE1!'!?LSGAPR! QKTUETZ KT KTE QEUEK
CATTTTTTGCACGATGATATTGTCATARAATTATCGGAARTTTTGTCTGGAGCACCTCGCATACARARRACAGTGGARAAARARCAAGAGGTGGARAAAC

P FFHI PAKLSGDULTIKTEHDZPI SFNHHGPLETPPSTURBRSG
CTTTTTTCCATATTCCTGCRARACTTGGAGATCTCACARAGGARAGACCCTATTTCGTTCARCCATCATGGTCCGTTAGAACCTCCATCARCTGTTAGAGG

L K QS ANURUHSH®PI SRPEZ KA ANUTTFLSDSUWUY S QO NL
ATTARRACAATCTGCGARCGTTAGGCATAGTCATCCARTATCARGGCCTGARARAGCGAACGTARCCTTTCTAARGTGATTCGTGGTACAGCCAAAATCTA

K ¢0o0oF I S DI QOQRHULUYU I F WY ELSKTGTIHIQmNRMQ I K NI
AAGTGTGACTTCATATCTGACATTCAARCAARGACATGTGCTTGTCATTTTTTGGTATGAGTTATCGARAGGGATACARATGCAARTTAARARTATTCAAR

I PP ENLTFSS I TNVYLDARUNTYLDEI AERTTFRTECITT
TTCCTCCTGRARATTTGTTTTCATCARTAACGAATTATTTAGATAGAGTCAACACATATCTAGACGAGATTGCTGAARGARCTTTTCGATGTATTACTAC

NnmET QNARBRHLPOQKTFNSHFOQI EFNTCTHLI Y GHNETLNA
TAARCATGGRAATTCAGAATAGACATCTTCCACAARAATTTAATAGTCATTTTCARATAGAGTTTARTTGTACTCACTTAATTTATGGTRTGGAATTGGCG

R DF W I L SLDARNSTCULKXKAMTARSHTFILUHIKTI KT KT GRSSLS
AGGGATTTTTGGATTTTGTCTTTAGATAGAAATAGTTGTGTTTTARARGCTATGGCCAGTCATTTTCTTCATAARAAARARGGGAGAAGCTCACTTAGTT

S NEFMWADLI DCTTSGIXKTLY 6 EKURUOQLNSETSLYS
CGAARTGAATTTTGGGCTGACTTARTTGATTGCACTARCCGGARRARCCTTATATGGAGAGARAGTACGGTGGCARTTAAATTCTGAAACGAGCTTATACTC

T FRKNZOQNIT S UWEILTGQGPNTCYALVY™NMNSENLI KLY WULPG
CACATTCAGRARAARATCARAACATTTCATGGGAATTACAGCCTARATTGTTATGCACTATATATGTCTGAGARTTTAARGCTGTATTGGGTATTACCCGGG

mNFSS I G6NLGCLRSTFLIONES?TC
6 F CUSGTTF FIKILIKENDEFTFFDWUWUOQFGNS -
GGGTTCTGCGTGTCTGGARCTTTTARATTARARGAGARCGATGAATTTTTCTTCGATTGGCARTTTGGGATGTCTTAGGAGTTTTTTACARRATGARGTGT

N UF SUCKI KIKTLYHEVYRCUATSSPUFAUDIKTFTZKTDT CL
RATTGGTTTTCGGTGTGTARAARRARGTTGTACCACGAATATCGTTGTGTGGCARCATCTTCTCCTGTTTTCGCTGTTGATAAATTTARARGATTGCTTGE

H CWN 1 I + L KKWNLGDBDTFUFSLAI NGI HAGQFATNSI KL
RCTGTARTATARTTATTTTAAAARARGAATTTGGATTTTGTTTTTAGCTTGGCCATARACGGARTACATGCCGGACAGTTTGCARCAARTTCCATTAAACT

K K I 1 I T NDLUY Y ! LELGSLTUTODLHTF I P KUY NSE
AAAARAAATTATAATARCAAACGATTTGGTGTACTACATATTAGAATTGGGATCTTTAACGGTARCGGATTTACATTTCATTCCARRATACARTAGTGAR

HULWNUR®PITPNLIVYDTCS I USYDEA AZKILTLTUKTGHP
CATGTGCTGAATGTGCGACCTATTACGCCARRTCTARTTTATGATACTTGTTCARTTGTTAGTTATGACGAAGCTARACTTTTARACTGTTAARGGACCTG

G ENKLIPLGCGSUWUTCLNSNIGRY YUY TFULUVY DLYVYL
GAGAAAATARATTAATTCCTTTGGGTTGTGGTTCTTGGTGTCTCAACAARCATTGGACGTTATTATGTGTACACTTTTGTCCTGGTGTACGATTTATATCT

A CFEKNTL®PSLSKUUFDBMI SCHNNIKHTCUFTCKTUDHS
GGCTTGCTTTGAARRRAACACTTTGCCATCATTATCTARAGTAGTTTTTGATATGATTTCCTGCARTAATAARCATTGTGTTTTTTGTAAGGATCATAGT

K HVEQTGKTUGECTDNTE QETTCFTCVY TPCKTIKTIKMNMNTRIK I S
AAACACGTAGAACAAACTGGEAAARCCGTTGGATGCACTGATAATCARGARACATGTTTTTGTTACACCCCATGCARGARAAARATGGCTARGATTTCCA

NOQDLSSLLTCDOQELODLCULDL I ¥vYPEKZPTSLSTODINAY
ACCAAGATCTGTCTTCATTATTATGTGATCAAGAGCTCGATTTACTTGATCTARTTTACCCTGARAAGCCCACTAGTCTTTCARCTGATATARATGCTTA

UHGHIKNOQE®PUULRNTNMWEI L I RLDPAILI SRLILLS
CGTACATGGACATAAGAATCAAGARCCAGTCGTTTTAAGGAATACAAACTGGATATTAATTCGTCTTGACCCAGCARTTAGCAGATTARTACTCCTTTCC

c P UCKRI USR - < end of U66 exon 1
TGTCCAGTCTGTAARCGCATAGTAAGTAGGTAAGAAARATTTGTTACTTACGTGAGTGTTGTAACAACTAGCAARCAGTGCTGTACTTTTTATTGTTTCG
HTHNWVYCSATFLATSIK I TE

TGTTCGATAGTARTCACATTATCTTGACAGGTGATATTCTTTTGCGGGAARARACGTCTACATTTAAATTCAACATCTTTCATARCARAGTGCGARAACGT
HE 1 T 1 VUVNDZGGTCTINIKIO Q®PFFRBRRTCI KT FEFEUD KN UFHSUH

GTTTTTGATGTGCARCATAACCAATGCTGATTCCTTCTAAATTCTTTARTARAAAACRAATARCTGGTATCATGARCCATGTTTTACCGTGTCTTCTGGE
K Q HAUY 6 I S I 6ELNKLLFTCI VP I NTFW¥TIKTGHARBRARBTP

AACTAGAAAAACACTAGCTTTCTGTTTARGTATGTTTACGCTGCTTTCGTTTATARACTCTATGTCAARTTTATATTTTAAGTARTCARGGACATGATTG
Uy L FUSAKIOKLI NUSSENIFETIDFIKY KLY DLUHN
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U69

GCCAGTGTGGGTARTTTCGTARCAGAGATGARARARATTATGTGTATARGAATGCTCTTTTGAAATGGCTCTAGTTTARTTCTTTCCTTTTTATTGGTGT
AL TP LK TUS I FF I | HI1 LI S KU QFU®PETLTZKTIRET KT KN NTN-N

TCTCARARTCACCGCAGATCCATCTTTGAARATCTTGAATARARTTTTTCGATCTGTARAAACATGGGATTTCTGTARRAACTTGTTTGTAGCTCTAGATG
EFDGC I WROQFDOQI FKEI'I QOLF®NMTPNRBYFSTOQLTETLH

TTTTTGATATTGTACTTCTGTATTTTTCTCTATGATTGCAGTARRTTTGAGCTTTGACAAAGCGCAGTTCAARGGGGTCGCATATTGCARTTTTAGATTTT
K ¢ vy QU ETWNIKETIIATTFI KTILZKSLACHNTLTPDTCI AI K SK

ACGTGCCGTTGGCGATCACAARAGRGATATAAAGGTTTAACATGCCTGCAARTATGCATGTGTAARRGCCARGTTCTGGAGTTAATATAATAARTCGTTTTT
UHAROQRDTCFILVY LPKWUHRCY AHTTFGLETPTTLI I FRKIQQ

GGCARAATATCGCGCTGTTTGGARARGTTGARGAARTCTTTACGTCCTGTTCATGTTTCCARATTATAGACTGATACGCTTTCTGARTTGCATCTATATC
cF I ASNPFTSS I KUDOQEHKWUI I SQVYAKOQGIADID

m o T1TDIALAAIY KETTI KTLNMNETEKTUDH®SAIK I FSERUY
GCATGATCGCARCATGGACACAGATATTGCTCTAGCTGCARTTTATARAGAAACGARCTARATTARATGAARAGGATGCTARAATTTTCTCGGAGGCAGTG
c S R LN

TALTUCKATAPNTRLIKLUET?®PTNNFTILLUTWHNUU
CAGACCGCACTARCTGTGTGTARAGCARCCGCTCCTARTACACGTCTAARRRCTCGTTGAAACACCAACTARTARCTTCTTACTAGTARCAAATGTTGTTC

P SETSKATTEA ANLNIDAALTETKTLASSFNTAUPUKS
CATCAGARACTTCGAAARGCAACGACTGAAGCARARTCTTAATATTGATGCAGCGTTGGAAAAACTGGCGTCTTCCTTTAATACAGCGGTACCTGTAAAATE

S K K Y LLOQNUURIKM®MNTSENIALTSGSY I I ¥TIKIKUHI EWV
ATCCAAARAGTATTTGTTGCARRATGTGAGARRARATGACCAGTGAGAACATCGCTCTARCTGGATCATATATCATCTATACGARARARACACATCGAGGTG

A F L LDXSDFUQDILRBRYAETH®PSLLSGHTUDURIDTULESTEC
GCGTTTCTGTTAGATAAGTCTGATTTTGTTCAGGATATTTTACGTTATGCTGARACACCCAGTCTTCTAGGACATACCGATGTACGTGATTTAGAATGTT

L Lt uwtLAFrFCGPMNSY COQOADNTCFGLNI KA AGYNAPTFZPILTF
TGTTATGGTTAGCTTTTTGTGGTCCTATGAGTTATTGTCAGGCTGATAATTGTTTTGGACTAAATARGGCGGGGTATARCGCCCCTTTCCCARTATTGTT

pPCMNY ERNMIMNNLSUFFGLLOQ I ¥VUFSLVYRDFSUTEN
TCCACCATGCATGTATGAARRGARATATGARACCTTAGTGTATTTTTTGGGTTATTGCARRTTTATGTGTTCTCTTTGTATAGAGATTTTAGTGTCGARAAT

S NLQOQG I K KR I KLULSDULAARIKTEHARBRITCETETETIGNTF
TCARRTTTACAGCARGGTATTAAARRGCGTATTARGTTGGTTCTGTCAGATTTACGGGCCARAGARRGARTTTGTGAGGAAGAGATAGGAAATTTTCCAT

LAAQ I CLFCALVYARQNRLTCHMEVYAANNLSMNSUTFSPI
TGGCGGCTCARRTATGCCTGTTTTGTGCATTATATAGACARARATAGGCTCTGTATGGARTATGCCGCAARRCAATCTARGTATGAGTGTGTTCAGTCCAAT

I L kKpdpc¢cT FMTQTTUT I TQ I LPGSKEH® AAI I FPUY DI G
AATATTARAGGACTGTACATTTATGCAARCAACAGTTACCATARCTCAAATCTTGCCAGGTTCTARGGAAGCARTAATTTTCCCAGTTTACGATATAGGE

nms LHELI KQTHSKNTLE
K LLSsSALUFSENGUYULL KL -
ARRTTATTATCAGCTCTTGTTTTTTCAGRGAACGGTGTACTTTTGAAACTATAATGTCACTGCATGAATTARTAARAACARACTATGTCCAAARATTTAGA

K K HY ELLKULIKTULGEHDHZ®PLSURZOQOQI!I HALWNZ QNTLUSE
AARAARACATTATGAGTTGTTARARTTARAACTTGGTGARGATCATCCTCTTAGCGTTCGACAGCARATTCACGCTCTCAATCAAAATCTTGTATCAGAR

N LEOQS QI I'TSLTXKXMNLIKDZ QZKTLOQLIKA AIOQRIKNA AH-A
AATCTCGARCAGTCCCAGATARTTACTTCTTTGACRARAATGTTRARGGATCAARRGCTGCAGCTGARAGCGCAARRGGARAARTGCTGCTCAGCTAGAAT

cuVvbpLDD I LODTARAEUKSUYUTDNIKETLLAGLESTED -
GTGTAGATTTGGATGACATTTTGGATACGGCAGCGGARGTGARATCCGTCACCGACARTATARRRGARRCTTTACTGGCCGGATTAGAATCAGACTARAT

ne QLK T TPQNOQKTARPARNMNLPIKI KT KTEGZ KTETLIZKTI KR BPTECIKWV
ATGGAGCAGCTTAAGACACCCCAARATCARARAAACACGTCCAAGARATATGCTTCCTARAARARAAGGARAAGAACTTARAARAAGGCCTTGTARAGTAR

K R K LF GSEWNT'TRPNIKTZKI PLASDUDNETLTETEKTI KR BRGSDHN.I
ARCGTRARTTATTTGGTTCCGAAARCATCAGACCTARCARARAARTACCTCTGGCTTCAGACGTGGATARCGAATTGGARARARAAACGGGGCTCGATGAT

R KRS ETODLTCPD®PSUTODLLCMHESTLTUSUPIKTFTEHRTDSEG
ACGAARACGGTCTGARGACGGACTTATGTCCAGATCCATCTGTARCAGACCTCCTATGTCATGARTCTTTGACTGTATCTCCARAGTTTGAACGAGATGGA

L sATCTEFENFMTDTRIK I ULSRNEZIKSUTDLSAMHYP
TTGAGTGCATGCACGGARTTTGAGARRTTTTATGGATACARGGARARATCGTGTTAAGTCGRARTGAARAGTCTGTGACAGATTTAAGTGCACATTACCCCG

vt cNLGI FERIHSPFLFS I H It DTAQSFSUUY UPHEK
TTTTATGTARTCTTGGAATTTTTGAGCGTATTCATTCACCCTTTTTGTTTTCAATACACATTGATACTCAGTCATTTTCAGTTGTCTATGTTCCACATAR

ESSsSCSsSQFCEPETKNMMTARILGSGS Y 6GMHUVUY DLNNUA
GGARAGTTCCTGTTCTCAGTTTTGCGAGCCAGARAARAACATGGCACGGATTTTAGGAAGCGGATCATATGGAATGGTATATGATTTGAACAATGTTGCA

Il KA SDDLESTCI SSVY USGUURAKAGAIQLTSRETCU
ATTAAAGCTTCTGATGACTTAGAGAGCTGCATTTCTTCTTATGTGTCTGGAGTAGTTCGTGCRARAGCCGGAGCTCAATTARCCTCACGCGARATGCGTGT

F XK s L L I CHNSUVUCLNUHIKI SLSKTYDTODLY KFTDUTIK'IL
TTRRARGTCTTTTGATATGTAATTCTGTCTGCCTGARCCATARRATCTCCCTTTCCARARACTTATGATACAGATTTATATARATTTACAGACTGGAAATT

ENUENY Y S I|I FCHNLO®AEASAURTFLNNMUCKTI NUHTZCDI SL
GGARARCGTTGRARAARTTATTACTCTATTTTTTGCAACCTTGCAGAAGCTGTTCGTTTTTTARACATGGTGTGTARAATCARCCATTGTGATATTTCACTA
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AN I L I

HHKEGG I I L EAULADY SLATEUHP

Y NG K C

GCRARTATTTTGATACACCACAAGGAAGGTATTATTTTGGAGGCTGTGTTAGCTGATTACAGTTTAGCTGAARGTACACCCACAGTATARTGGARRATGTG

G I L R

K 1 |

FDHRI QI UPK

S

Yy NK L CDO®MFNZPGTFRTP
GARTACTARGRCAARTTTGATCATAGGATCCAGATTGTGCCTARAAGTTATAARTAARTTGTGTGACATGTTTAATCCAGGTTTCAGACCCATGARTAGCTCA

n

I A H

L UVEUYAEFUDGI KT GN®PURUHTCNTLTDLTECA AL AZ QUFL

CAARRTRATTTTGGTCGARGTTTATGCAGARATTTGATGGTAAGGGCARTCCAGTGAGACATTGTAARTCTAGATCTTTGTGCACTAGCGCARGTATTTTTA

L ¢V Il RNMTLDEHRTGTCA®RTER

K vy Y ENARBRLFTYVY SHNEA~ AT CTIL
TTATGTGTCATCAGARTGTTGGATGAACGCGGATGCCGTGAGGCGCARARATATTATGARAATCGATTGTTCACGTACTCAAATGAAGCTTGTACTTTGA

NP I K VY PLEVYKDA ATCT CIKULAEHLULFGI LFVYREUUD
ATCCARATCARATACCCTTTAGAATATAARGATGCTTGTTGCARAGTTTTAGCTGARGCACTTAGTTTTATTTGGCATTCTTTTTTATCGTGAGGTGGTGGA

m FENL Y DF L HA

S 6D0DLSVURDLULETETYUNDSR RDUR

TATGTTTGARARCTTGTATGACTTTCTGCACGCARGTGGTGATTTARGCGTAAGAGATTTACTCGAGGAARCATATGTAARTGRCAGTAGAGATGTTAGA

R Q P I RY RHAIOQOL 0 RHE
AGACAARCCAATCAGGTATAGGCACGCCCARTTACAAAGACACGARATTGGTCAAATACTTTTAARRTGATCTGCARCAATTGCTTTCCATTATAACTATTT

n

S DLEKD®PVYSUFRBRU -
CAGATTTAGAGARGGATCCATATTCTGTATTTCGGGTGTAACATGGCAATAGARTTACGCACAAATTTCTTGTARTTTGGCTTCTATTATAGAAGAGGACT

s U F L F

L

I DK L NNLDI

f

G

I L L ND

D vaAaAgQ Il S

S R R K

I X F NS R F KDTTFULARSTF
ARTARAGTTTARTTCTCGCTTCARAGATACCTTCTTAGCCAGATCGTTCATTGATTATATGCATCAARACATATCAGATTTTATCGATGAGAATGTTGAG

I S F N

DY n H QN

L QoL L S 1|

cC N LA S | |

E

T 1

E D

F I RL CVY T VY VY I L
CGGTCTTTTTATTTCTAATAGACAARTTARACAATCTGGACATTTCAAGAAGGARARATTTCATTTAARTTTTATCCGTCTGTGTTATACTTATTATATCTT

'S D F I DENWUE

L sDLY SNITVY URLODASZPIKUUKNTILTFTI KII L ERETARSG
CTRTCTGATTTATATAGCAATATTTATGTCCGCTTACAAGATGCGAGTCCARARGTTGTTARGARTCTATTTARAATATTAGARCGAGAGACAAGAGGAC

0 S TNPLWWHAMNRIKNTE C.I
AGTCAACAARTCCACTCTGGCACGCTATGCGARRRAATTGCATCACGGCARCTAARATTTATGACATCTATATCTCTAAATCTTTTTCGGGTATACAGGA

H S ¥ L G

T A

DA UL Y G I K HER
GCATTCTTATTTAGGAGATGCGGTTTTATATGGARTTARACATGAACGCATCATAGAACACCTGTTARAGACATTCTTTGTGAAARRAGCCCTGGATATCT

K T LG6 L L LDPSSGUFGAS L E
AAARCACTTGGTTTATTATTAGATCCTTCATCTGGAGTGTTTGGTGCATCCATAGATTCTTATTATGGARTCTCTTTTAATGACAACAACCTGATAGAAG

u 6 D KU

I A L AR K F

U
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Iy D |

EHLLKTTFFUKIKZPU

DS VY Y G

Y IS K S F S G

I §$ FNDNN

I Q E

IS

| F ELKFARY KVYLRETKNIDLTFUSELLZ QNTPSE
TAGGGGATAARGTTGTTATATTTGARTTGAAATTTAGATATAARTATCTGAGAGAARARARRCGATCTATTTGTTTCCGAGCTGTTACARARATCCGTCAGA

I LS HP I P A I

E Y RENG K N
AATTGCTTTAGCTARATTCATCTTATCACATCCARTACCAGCTATAGAGTATAGAGARARTGGARAGATGCCCTCGGCAAGAGAATATTTAATCACTAAC

N P-L VDSGIKI KA RRATCLT®PIKW NLTFID.I
AATCCTCTATACGATTCTGGTAAAAAACGTCGTGCTTGCTTGACTCCCARARATTTGACGTTCGACATTACACGACTARTTCCCATGAACGAAAAAAATG

U s T A |

FDUUVUKDTEC I

P S AR E VY L

TN

T RL I PN NEKN

L NTLVUARY QKA I FT I DAF

I N P

TGTCAACGGCARTTATTTTTGATGTCGTTARRGACTGTATATTAAACACATTGGTTGCATACCARRRRGCTATTTTTACTATTGATGCTTTTATARARATCC

R HR Y VY F

L PS U Y

E I P L I

0 0 T N L K

K ¥ | N L

S I L Yy un

T

F Yy I Q D H

DNP ENIT EKEN
TAGGCARTAGATATTATTTTCAGAGTATTTTACAGCARTATGTARTGACTCAATTTTATATACAGGATCACGATAARTCCAGRARATATTGARARRGAGAAT

usA Il FRKRETDUDET KN NTCARTLTLTIETDTTEVYLETE
TTACCCTCGGTTTATATTGTATCTGCCATATTTCGAARAAGAGAAGACGACGAAAARRACTGTCGCTTGCTAATTGAGGACACAGAATATTTAGAAGAAG

L L+ TP I T I DR

E

E

F T SR U I K

DI CC Il WEWNZKI R
ARATCCCTTTAATTTTATTGATTACTCCARTTACTATTGARCGCTGARATTTACTTCACGAGTAATCARAGATATATGCTGTATCTGGGAARATARRARTTGE

I WA QSAUVURQCYMTAASSAARPKT?P -
H 6 6 I FSKAETDTLUDVY KOG
ACARCAGACRARTTTAAAARTATGGGCTCARAGTGCTGTARGACAATACATGGCGGCATCTTCAGCAAGGCCGARGACACCTTAGTAGACTATAAAGGAA

me6 S K CCKTT

K EF S AL SDT

E

S

E

E

E L QL

E K P LLNK

D S S

ARTATATTAATCTTGARARRGAATTTTCTGCTTTAAGTGATACTGARTCTGARGRAGAGTTGCARCTAGAGAAGCCACTTCTARATARACAAGATTCTAG

U s L T

K K L ENZQS K -
CGTTTCGTTARCCCAGARGAARCTTGARARTCARTCCAARTARRCGTCCATTGATTAAAAACCCTTTATTCATTTGCTTCTTICTARTACATCTAGGTCTT
ENAREETLUDTLTUDE

CCACTGTTGTAGGTARTTTCTTATARTTATGATGTTTCCGCATARARAATCTARTTARTCTGCATATAATAARGGAAAGACARACTATGGTGATCACAGC
u T TPLIKI KUY HNHUHKRBMNFTFR

L RC I 1

FsLCU I T

U A

TAGATTGACTATGAATTTGACAGTCCATTCCGTTTTAARTAGTGAATCATATTTTAGTATTGGGTAGGTTARGCCTAGGATACCARACARRATTCCAAAA
LNV I FKUVUTUETIKTFLSODY KL I PVYT

L 6L I G F L

G F

TGTARACCAAATTGARCCTTARCATACTGATGTARAATTAATTCARTCACCARAGAGTATACAAARGACATAARCARARAAGGTGTTGATAGATGCGAARG
H L GF QUK UY Q HL I L E

uLSYVY UFSHNMTUFTFTNI

S

A F A

CCACTGTTGATGATTTRATATAGARATTGTTACCTAAACCTAGACARATCGTAATTGCARACACCATRCTGGAAAARCCCAACATTAGTTCTATCATATT

u T s s K

Y FNNGLGLC

T

|

A F U N S

S F 6L ML E

n N

333
182600

367
102700

400
182800

433
102900

467
103000

500
183100

533
183200

19
546
193300

53
183400

86
183500

119
103600

153
193700

186
183800

219
183900

253
104000

286
104100

319
194200

353
194308

386
104400

419
104500

453
104600

480
26
104700

60
104800

73
104900
336

185000
303

185100
279

185200
236

105300
203



GATTATGATAGTTTTATATTTTATTGTGCCTTTGAGTTTTGGGTGGATCCGTTTCARTACGAAGARAGATCTTTCAGAGGATTGATACTGTGTTATCATA
It T K'Y K I TG6GKLKPH I RKLUFFSRESSU QY QT I n

GTCARTGTGARRGCTGTGARGCAAATGAARRACAGGCAATACGTARARGCTGCGAGGGTGACTAGTCGAARRAGAARGACAGGTGACAARGARCTGATATG
T L TFATFCI FFLCY TFAALTUYULRFSLTCTUFTFOQUVYT

TATCCATAGTTAARACAAATTGGARACACGATARACTATCCCCCATCCAAGTTATATCCCTTGTAGATTGATTGATGTTGGGAGTTTTTTCGGAAGAGAA
bmTLUVVFQFCSLSDGHMHWUWUTI DARTSOQNIT NPTIKTESSF

TRACTTTTACGCRACARACTATATAGTATACTARGATGAAGARARAGCAGATATCCATGAARACRACATAGCAGATAAGTTGGATAGGATTTAGGTAGAGT
v kKuvccuv i yyvuvie 1> FFFCIDODNMNFUUY CITLOQI P NLVYL

TGTGGCGTTAGGCTGCGGATGTCATTCCGTATAGAGAGGTTGATGGCTTTCATATCATTGATTTCATRAATATGCGCATGGGAATCCCARATTGGGAAAGT
QP T L SR I DNRBRI SLNIT AKHBDNIEVY Y ACPFGLNUPTFH

GARCAGCCACTRARTGCACTGTGACGTTGACATACGTTAARCARGCACAGATTATACTTAARGACCCAARTTCTCATATTAATCACATCTACTCTGCTCAA
uAuULHUYVUTUNUDYTLCATCI I SLVUVUUWE I RMTNIT UDURBRSL

mEeETQLONDOLTFILEWuFGOQNTLTLDTCHTFADQQ
TGCCATTGTGGGGATCTGTCAARTGGARRCTCAGCTTCAAAARTGATCAATTATTTTTGGAATGGTTTGGACARAARTTTGTTGGATTGCCACTTTGCACAR
A n

NVUSVUY LQDASMHUHFKTFSETQQI K 1T I RAPMNRGS G KT
AACGTTTCAGTGTATTTGCARGATGCTTCAATGGTTCATTTTARARCCTTTTCTGARCARATARAAATTATARGAGCTCCAATGGGTTCTGGCAARACCT

s AL I EFLKTUSY I DSULUYUILI SCRIKTTFA AARAETLTLNRBRTFK
CTGCATTGATAGAATTCTTGARARACTGTTTCATATATTGATTCTGTCCTTIGTTATTTCCTGTCGTAAARACTTTTGCTGCAGARRCTTTTAARTAGATTCAR

K ND L NDF VY LY SEIl KEROQI NKNIKTILI I QUVUESLHRU
GAAGARTGATTTGAACGATTTCTATCTGTACAGCGAARTTAARGAGCGTCAARRTCARCARGARCARRCTGATAATTCAAGTAGARAGTTTACATCGTGTT

T R NY HUL I LDEI RS I I KQFVYSKTMHRTI KU UKEUDRBRK
ACCAGGARTTATCATGTTTTAATACTAGATGAAATAATGTCTATTATARARCAGTTCTATTCAAARRACCATGACTAAAGTCARGGAAGTAGATGCTARGC

L L TL I RNSTOQ I UAMDATUNRYUUDFFSLCHNPHTFK
TTTTAACGCTCATTAGARATTCAACACAGATCGTAGCTATGGATGCARCAGTCARTCGTTATGTGGTGGATTTTTTCTCTCTCTGTATGCCGCATTTTAA

s ALI +tNTFUSANTFSNARSAYFCPTTF 1 DOGNILABATFUVYG
GTCTGCATTGATCATARATACGTTTGTARGCGCGARTTTTTCTARTAGATCTGCTTATTTTTGTCCAACTTTTATAGATGGGARTCTTGCATTTTATGGA

I L K Q0 KLGLGKN1TCLFTCSTUYUTSADFNSETLTILTKTTODTF
ATTCTARARCAAAARTTAGGCTTAGGRRARAACATTTGCTTATTTTGTAGCACAGTTACATCTGCCGATTTCATGTCAGARTTGTTARRAACTGATTTCL

P DK K I LLLTSZKQ QGKTCHSUESUHI NY NI VLY TSI UT
CGGATAAARRARTTTTGCTTTTRACTTCTRAGCAGGGCARATGTCATTCTGTCGAGAGTTGGATARACTATARTATTGTTATTTATACATCTATTGTAAC

Uut6LSFDFLHFSAMNFUY | HLVYUKGGPDHNUSUF QSN
GGTCGGGCTCAGTTTTGACTTTCTACATTTTTCAGCTATGTTTGTTTACATTCATTTGGTARRAGGTGGCCCTGATATGGTTTCGGTTTTTCARTCAATG

G R URKUTDNETIF I ¥YLNPALI QUPLSUSP I S I PQ
GGTAGAGTTAGARAGGTCACAGACARCGARATTTTTATTTATTTGAATCCTGCATTARTTCAGGTGCCTCTTTCTGTATCCCCTATTTCGATTCCACAAT

c Yy ou#¥ TLFEKS I LOQCSC®HMTDFNIEKTKTCLSAQHNYLSNSHIH
GCTATGATTGGACACTTTTTGARAAGTCARTCCTACRATGCAGCTGTATGGATTTTARTARAARRRTGTCTCAGTGCACARARCTACTTGTCTARTTCCAT

Il K ¢ F FR I RHY I EKTTLLASNL®PDSTLUYLLTCLTLTLTUDS SN
GATARRACAATTTTTTAGAATTAGGCATTATATTGAAAARACTACGCTATTARATCTTCCTGATAGTCTCTATCTTTTATGTCTTTTATTGGATAGTAAT

S 1 KUH 1 DGDUYVFP I AKETZKTFVYAFTIK™NMNLUOQGCHFFE
TCAATTARAGTTCACATCGATGGAGACGTCTTTCCTATAGCTARAGAAARATTCTACGCATTTACAARAATGTTGGTTCARGGTTGCCATTTTTTTGAAA

K K K T 0O FUENTMNTLIKETLTLSNTWHNITUNGETFUVYY ELGNHNTF
AGAAGAAAACAGACTTTGTAGAAARTACTATGACACTGARAGAATTGCTTTCTARTACARRTATTACTGTTAACGGAGARTTCTATGRACTTGGARAATTT

Q UHKDVY I UNLNNTFAIQNLTFLIEKNDUUD I FU L EEI NnLT
CCAAGTTCATARAGATTACATTGTTAATTTAARRTAATTTCCAGAATTTATTTTTGAAAAATGATGTTGACATTTTTGTARTTGAAGAGATTATGCTTACT

L K SE I RRFUF I NALLGOGIKYUATGIDUETZKIKATFTFK
TTARARTCTGARRTTAGGAGGTTTGTTTTTATARATGCTTTGCTACARARAATATGTTGCCACCGGTATCGATGTGGARARGATTAAAGCGTTTTTTARAT

SR I KTFTLPENY I CSKFUVYLLSDI SGUHETCGHTLDMND
CCCGAATCARAACATTTACTCTACCTGARAACTATATATGTAGCAAGTTTTATTTATTAAGTGATATTTCAGGCGTACATGAATGTGGTATGTTGATGGA

uATFLAESI RADLNLO OQSTCTODTOQTDISEDAIULLTECHA
TGTAGCTTTTTTAGCAGAATCTATTAGRGCGGATTTARATTTACAGTCCTGTACAGATACGCARACTGACATCTCAGARGATGCTATCTTACTTTGCGCT

ARRSSE I LRI LOQtVFTTHUQLFEIKYNSVY TLVYLF
GCAAGAAGATCATCTGARATCCTTAGGATTTTACARATTGTTTTTACARACGCACGTGCARTTATTTGAAAAATACAACAGTTATACGTTATATTTGTTCA

N RLXG®HMOQLNTWMWUSLS I AKTFSUVSIT +RNFFKTCAFNIMNN
ATAGGTTARRGGGAATGCAATTARATACCTGGTCACTGTCGATTGCAAAATTCAGTGTTTCAATAATARGGATGTTTTTCAARTGTGCCTTTAATATGAR

L VUKSXKXKPRY I UG6KPFRSLTZXKRETIETTLLDMBRBIUHUSR
TCTGGTTARGAGTAARCCCAGATATATCGTTGGGAAGCCATTTAGAAGTCTARCGAARAGGGARARTAGAAACTTTACTTGRCATGTGGCACGTATCAAGA

T NLKTVY KELRIKALTEHA ASTI KT K BIOQRI KIK I ¥ KLLGHN.I
RCCAATCTGAAAACCTACARRGAGTTACGTAAGGCTCTGACAGAAGCTTCARARARARGACAAAGARARARARTTTATARATTACTAGGTCACARTATAR
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mQemnRGCUCHLTGUY CUHNIDUWNTKN
s SsY | s ETGCLFOQHADAGSGMNMNT LCLSSGGTCLLARS -
GTTCTTATATCAGTGAAARCTGGTTGTCTCTTCCAGCATGCAGATGCGGGGATGTGTTTGTCATCTGGGTGTCTATTGCGTTCATAACGATTGGAAAAATA

K Q Yy RUVUP I ¥ Q9 CLFFNABAETHSILHTFLUI GNEI SENL
AACAATATAGAGTACCARTTTATCAATGCCTGTTTTTTAATGCTGAGACTCACTCCTTGCATACTTTTTTGGTTATTGGRARTGAGATTTCTGAARATCT

L DK 1S 1 SKEK I FMuUDLNEZGOGI TSI TQKTESICEL
CCTTGATARGATTTCCATTTCRAARGAARAARTCTTTATGTGGGATTTGARTGARCAARTARTGAGTATAACTCAAAARGACAGAGTCAATCTGTGAARCTG

"mF GNKO OI I QKLSRTTFI FLTI1I I LNSHNMNY E I I DUTC
ATGTTTGGCARCAARCARATAARTTCARAAACTATCCAGARCATTTATTTTCTTARCARTTATTTTARRTTCTAATATGTATGAAATARTAGATGTCTGCA

Il bDbs NAUVULYMTPDLRPMI I RCUG6NY SK 1T SSETLTILSTDS
TAGACAGTAATGCGGTTTTGTACATGCCAGACTTARGRCCAATGATARTARGATGTGTTGGARACTATTCGARAATATCTTCTGARCTATTGTCAGATTC

b cTQATIKIKMNMRFDVYHUTNTFT CFSLNUNGTI KT KUVULFS S
AGACTGCACACARGGCGACAAAGARARTGCGATTTGATTATCACGTCACARACTTTTGTTTCTCATTAAATGTCARTGGTAARAAAGTACTGTTTTCTAGT

T ESSES I LEKLLEFFTI 0TY KLAETEQFLMNMTUTPK
ACAGAGTCTTCAGARRGTATTTTAGARARRTTGCTTGAGTTTTTCACAATACAAARCATATAARTTGGCAGARAGAACAATTCTTAATGGTGACACCTAAAA

NFFTULFDEDMTCLLTLLOQTUUYUSFLVYDNLTFRBRBNEIEKILUU
ACTTTTTTACCGTCTTATTTGATGAGGACATGTGTCTACTTTTGCTGCAAACAGTTGTTAGTTTTTTGTATGACARTCTATTTCGAAATAAGTTAGTTGT

K ¢ U HDVY I GPDULUWUPOQGHERA AUYFUGFPHNMMNMWWTFL S I
GAAACAAGTTCATGATTACATTGGTCCAGATTTGTGGCCGCARGGACATGAGAGGGCAGTTTATTTTGTAGGGTTTCCTAARTATGTGGTTTTTATCGATT

Yy 0oL DNK I PCIJI KNI1TCNRBRILLVYCGLU®PDSTULGPDTGEGSTEC
TACGATCTGGACRACAAGATACCTTGTATTARARARTATTTGCAATARGARTTTTACTTTACTGTGGCCTGCCAGATAGTCTAGGACCAGARTGGTTGCCAGA

s UuPSTOQCUDETFET DLUPNLSGALU OGYLIKVYNSLUYVUTNMNET
GTGTTCCAAGTACGCAGTGTGTGGATGAATTCGARGARCCTTCCCARTTTGGGAGCATTACAATATTTGARATATARTAGTTTGGTTGTTACAATGGAAAC

UENSENUVUYYFFG6EQDTLTFILlLVUKLWUUVDI I 0SLLELVYUV
AGTAGRARATTCTGAGARTGTGTATTATTTTTTTGGAGAGCAGGATCTGTTTATTGTCARRTTGGTAGACATTATTCARTCTTTGTTGGAACTATATGTT

P XK S FLPDFSDAY | KSEI LLIKTFI SRLHRBKI KT SNNIF
CCTAARAGTTTTCTCCCAGATTTTAGCGATGCTTATATAARARGTGARATCTTATTGARATTTATATCTCGACTTCACARARRATCTAACAACATTTTTT

c Kl vk KX I TEFILRBRTCFLNACRLMDNDLNMWEUNLF I RNMNIHI U
GTAAGATCGTARRARRARTCACAGAGTTTTTGAGATGTTTTTTARACGCGTGTCGATTARTGGATCTTAATTGGATGTTTATTAGAAARCATGCATATTGT

Yy F I 6P KKDPSUVULPLLEKTSUEST CUMWEKTEKI L NSSARBRT
GTATTTTATAGGTCCAARARAGGATCCTTCTGTAGTACTTCCTCTGTTARAAACGTCTGTGGARAGTTGTTGGARARARATTCTCAARTTCTTCAAGAACT

P UUNTITNY I PGY NFILHSSCSFLTSGD I NSETDSHUMU
CCAGTAGTGARCATARATTACATCCCTGGTTACAATTTCCTARCACAGCTCATGTAGCTTTTTGACARGCGGAGACATCARTAGTGARGATTCTCATTGGA

T+ TARSKCLYNTCTLGARSO QI TUVUDFIKNIYTNFOQQNTUVUSU
CTATCACAGCTAGCAAGTGTTTATATARTTGTTTAGGGGCARGTCAGATTACAGTAGATTTTARARRTATTTACACAAATTTCCAGCAGATGGTTAGCGT

F LSHRY ENIKY WU I EVYFEPNNYFILETHETGLTLUDTCNHRB
TTTTCTAAGTCACAGATACGAARARTAARTATTGGATCGAATATTTTGAGCCCARCAACTATTTTCTAGAGACACACGAAGGTTTACTAGACTGTAATAGA

Y TA VYV UWUTTENTIKTLI RQSUGY PLTODIK I DF I+ HY I QUU
TATACAGCTGTCTGGACAACAGAARACARACTAATAARGACARTCTGTTGGTTATCCATTARCGGATARRATAGATTTTATTCATTACATCCAGGTTGTGA

I E I F K KWL LTIKVY SQQEVYAETURLGSI K1 I SDHILHL
TAGRAATTTTCAARRAGTGGCTCTTAACAARATATAGTCAACARGAGTATGCAGAARCTGTTAGATTAGGARGTAARGRTCATCTCTGATCATTTACATTT

FNUN - e
GTTTAATGTAAACTAGTTTTTTCTATTTCTGTCATCTTATATTCCTTTGARARGGCATCGCATATAGCGCTTTTTARAAARTCTATTAARTATTTAGAGT

- HLSTKEI ETHNKVY EKSFADCIASKLFDI!I LY KSD

CGTCTTGCAAACGTCTCGTGTTTAGTGATAGAGTACATGTGTCGTCATTGTCGTGAGATTTGRARARRARGATTTAACATGTGTATATTTGCTGTTTTTGA
DQLRRTMNLSLTCTDODNTDHSIKTFFLNLM®THI NATIKS

CTCATARTAGAGCTGAATAATGGGTGGAACTTTATCCAGTACGTCTTGCTGTTTGTCATCGTARARAATGTATCTTARAATACTAARTCAARTTTTTGACAG
EY VYLOQI I PP UKDLUVUDOQOQKXKODODY F I ¥R LIS I LKTZ QHTC

GTGCAGGCTAGARGTTTAGAGARCTGGCAGAGTTACACTGATTTTTTTAATARTATCTCGTARTTTAAGTAGTGTCTGCCCTTTTATTGGTAGATTTTCTA
T ¢cALLKSUPLTUS I KKI ! DRLZXULLTZOG K I PLNE/L

GAGCATATACAATACCACAGRGTAARARCTCCGTGTCTTCCTTTARARTCARATAAATGATTCTTCGTTTACATTGAGTTTTACTCAGCCGAATCTCTTC
AY VI 6GCLLTFETDESZKTLTILVY i1 RRKTCQOQTTZXSLRI EE

TAGCGTATCTTCGGARTCARGAAGARTAATGCCAARTGAAGCCTAGAAACCCTARTGTTTTCTCACATATGCTTTTATAGGATTTGCCATTTACAATTGTG
L TDESDTLLTI 1G4V FGLFGLTZEKETCI SKYSKGNUIT

CCATCTTCCARATGARACCATACATCATCATTTCCAARCCGAARTATCAATTAARGGTARARTTTTTARTGGAAACGTGTTCGGCGTGTTTGTTTARGTTCAC
G D ELHFUWUDDNGUS I DI LPLNZIKTI SUHEASBHEKWMNILTESTC
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ure

AGATATTCCGGACGCTTGATATATTGAATATGTCTAGAGT TTCGARTCCTTTTARAGCTTGCTGGCARCGTCATCTTGCGGATATTGAARATCTTCTGGGT
I NR VU S S I NF I DLTETFSGKTLSAPLTHN
LYy EPRK 1Y QI HRSNAIRI®ARKLIKSAUDDOQ®PVY Q FDEPN

TTGTGGATCCTAARTCAGGTGTCARAGTCARRTCACTTTGTTTCTGAGTATGTATTAARRTGCGARAGCTCGTTAARTCTGCCGTATATAGATTAATCTTAA
T s 66LDPTLTLODSQQKOQQTHI L HSLEWNTIQQRI VY I L RTL

ATAATGCTTARTTTTACAGTTTGAGTACACAGCTARCATAATCTCTTTTAGAGAGAGGAACAGAARACTCTTCTGGGAGCAGTTCARARATGTCTTAARTTTT
Yy HK I K CNSVYUVUARL®NMNIEIKTLSLTFULTFETEH®PLILETFHHBRBLK

AGAACATGTTTCATGAAGGGTATARGAAGCARTTCTAGCGTGTARTTTGAATATGAGATGCTGTCTTCCTGTCCTTGATTGTTGACATTTTTTCGTAGAC
L UHKMTFP I LLLELTYNSVYS I SDET GGGQNU- NUNTI KA BTILR

GGRATGTCCTTGTGTATTCAGTTTCCCATARTTGATCARATTTTTTTGTCTGCGTATTCARTATCTGGAATATATTGTGARRARAARCTGTTTGCCACAGE
F TRTYETEWULOQDI KKDAVYE I DPIJI VY QS FFSNAURSR

TCTGGTGTCGTCTATTGATACACTAGTGARTGGGAGACTTTGAACTTTGTTCAGAGCTTTAGCGAGAGACAAGCTTTCARTATCTGARTCTARAGTAARG
R TDDI SVUSTF®PLSOQUKNLAKALSLSTETLDSDTLTTF

TCATGTTTAGAAGTTTCGGATARATTTATTARTGARTGCATGTCTTTAATCTTATTTTCARATAGCCGATTTGCAGTTTTCAGTGTTTCGATTTCGTCCA
DHK STESILNILSHMND K11 KNETFLARBRNATIKTLTETI ETDIL

GTTGTGATTGAATCTGTTCCTCCATGCATTTTATGATTTGTTTTTTGAAGATATCTCTARTATCGCGATCATTATTGTCCTGCCCACGACGTTGCAAATT
0 s Q1 QEEMNMNCIK I I QXK XK F I DR 1 DRBRUDNNDI QTG RRTZ QLN

TCCTTTGCTGATTAATARTTTATTTTGGTCARTTATAGACGGCGTGATGTCTTGTARRAARCCCTCARTACTATCTGTTATTCCARTTTTAGATTTACTA
G K S I LLKNOGDI I SPTI1IDOQULFGETILISDTIG 1 K S K S

TCGGACAAGTTTARTAGARARCTTTATARGACTTTTTTTCGCATCGCTGGTTTTTTCCTCTCTTTCTATARGTTCTAGARTTTTTTTGTTATCARCACTGT
DS LNLLFIKI LSKKAaAaDSTT KTEERTET'LLETLI KKXKNDUSN

TCTTTGATGTAGTTAARACTTTARTTGGARRAGTATTCAGCAATTGACACATTTTACGGTGCCTGTGTAGGTTTTCGTGTTTATTCAATTCTGAGTATAA
K s TT1TLUVUK I PFTWHNTLTULO QTCTMTI KR RUHARBU HLNEWHIKNTLETSYVYL

GTGAGCTAGGGGTGTTGTARRCAGCARTTGATTATTTATGAAATATGGTGCACTGTAARCAAAGTACTCTAGTTCCTTGTTATTGGAGAGACAGGTTATA
H A LPTTFLLONANIFYPASY UFYELEZ KN NNSLTCT.I

TTGCCGTTTGACTTGTTTCGATAARTGTTTATGTTGGTGAARTCGGCARTAGATGTTGAGGRGATCTGTGTTAARRATGTGCAGTAGARAGTTCTGTTTGT
NGNSKWMNRY I NI NTFODAISTSS I QTLI HLLFNZ GQTIKHN

TTCGTATGATTTCTTGARTCARTCTAGAGGARATACTTTTTGCTARGGGTGTCAGCGTAACCTTGTTTTTTGGTAATGTGACAATTGGTGTTATTCCAAT
R I I EQ I LRSS I S KALZPTLTUKNIK®PLTU I PT 1 6 I

CGTACARARTCCARTCARTGTATTTATTATARATGTCGTTATCGAGATTTTGARGGATGTAGTTTATCGTTTGCARAATGCCTTCCAGGATTACCTGTTTG
T¢I WD I ¥ KNY I DNDLNOQLI Y NI TQLI G6GELII VQK

ATTGCATAATACCAGATATTARAATATTCTTGARATGACATGCCTTTACTGCGGARCGGARATGCTTTCAGATGACGTTGCCATTCAGCATTGATCTGCT
I A Y YW I NF VY EOQTFSHGKSRFPFAKTLUHRBRTG GUWEASBRHNTITIQDQ

GGATGGATATACTATTCAAGAGAGTGTGTGACAGTGTGTAARRACATTTGCTTCTTARAGACAGCCGAGTCTCTARGAACACTGTGTATAGATTGTCCCTT
Il §$ 1 $ NLLTHSLTY FMNMNQ@K KT FUASDRLUSHISIQGK

ms LS SLFNGIK VYD
AAAGAATTCTTTTTTACCGTGTAGCATTTCTATARATTTTATAGTCTTAATAGAAGGARATAAAATGTCATTGTCTTCATTATTCARTGGTAAATATGAC
F FEKKGHTLMBMETI FK I TK 1 SPFL 1 DNDENNLPLUYS

T K FLLNNMSSAAKUELIUVUETIKUAALADATCLTETTPLP
ACARAATTCCTTTTARACATGTCATCTGCTGCTARGGTGGAGTTGATTGTTGAGARAAGTTGCAGCTTTAGCTGATGCCTGTTTAGAGACGCCGTTACCAA
UFNARKTFMNMNTDODAALTSNITSFTAAIKA ASAHAIQIKSUGNGUVY

T DWFRWNTI'ITLDPETLETFNSAHNTFETETIHS I G6GDETETFA AQQPLP
CTGACTGGTTTCGTAACATTCTTGATCCTGARTTAGARTTTARTAGCAATTTTGAAGARATTCATTCTATAGGTGATGARGAATTTGCTCARCCGTTGCC
S 0 NR LN

FLPFRULLITGTAGASGKTSS I QTLAANSUDTCILIT
ATTTTTACCTTTTAGAGTATTATTAATARCCGGTACTGCGGGTGCGGGCARARCAARGCAGCATTCARACCTTAGCAGCTAATAGTGATTGTCTTATARCT

AR T TSI AARQNLSGLTLASNARARTIKSAOQUXK T I F X TFGFNS
GCTACCACTTCCATTGCTGCTCAARATCTTAGTGGTTTATTGARCAGAACCARATCTGCGCAAGTGARRACAATTTTTARRACATTTGGTTTTARTAGTT

S HUYUSHMTHNERISCSUTTLDS I ADOQOQKHDLSTY UNUI
CACATGTATCTATGAATGAARGRATTAGTTGTTCAGTARCAACTTTAGATTCGATTGCGGATCAGCARARACATGATTTATCTACATATTGGARCGTCAT

A DI AERALNAANSGI KA AIKWUY I POLCESSUVU I U I DES ASGEG
CGCAGATATAGCGGARRGAGCTTTGRATGCAGCARATGGGAAAGCCAARGTGATACCTGATCTATGTGARRGCAGTGTGATTGTGATTGATGRRGCAGGA

U I LRH I LHTUYUUFFVY UFVYNGLHIKTO QLY KNRUIPC
GTGATCTTARGGCACATTTTGCATACAGTTGTCTTTTTTTATTGGTTTTATARCGGTCTTCATARARCACAGCTCTATARAARARTAGAGTTATTCCTTGTA

i vVecuvesPTO0SG6GALI SSFNPLTAOQNSIKDUKKGFD I LS
TTGTATGTGTTGGATCTCCTACACARAGTGGGGCTTTARTTTCATCGTTTAATCCGTTARCACAAAATAAAGACGTARAGARAGGATTTGATATCTTATC

AL I CDDILLSNY CK I SENUWUY I FUNNIKARBRTELCTDUETFG
CGCTTTAATATGTGACGACATTCTATCARATTACTGTARRRTATCAGAARATTGGGTGATTTTTGTTAATARTARRCGATGCACTGATGTGGARTTCGGC

EFLKHI EF GLPLK®PELIEY UDRTFUSBRPATY I RNHNTP
GARTTTTTARARCATATAGAATTTGGTTTGCCATTGARACCTGAATTGATTGAGTATGTTGATAGGTTTGTTAGACCGGCARCTTATATTAGARATCCTA

111000
1
6av

111100
574

111200
541

111300
507

111400
474

111500
441

111680
407

111700
374

111800
341

111900
3or

112000
274

112100
241

112200
207

112300
174

112400
141

1125@0
107

112600
74

12
112700
41

45
112800
7

79
112900
1

112
113000

145
113100

179
113200

212
113300

245
113400

279
113500

312
113600

345
113700



T NE I GNMHTARLFLSHY E UK SVY FKULHEQQUETLTNIEKTDN
CARACGAARTTGGAATGACGCGTTTATTTTTATCACATTACGAAGTTAAGTCATATTTTARAGTTTTACATGAGCAGGTCGAACTGACARATARAGATAR

L FTFPUVY F I I QNKAFETDY KNETI!ISNFTLETI EPUWTF
TCTTTTTACTTTTCCTGTTTATTTCATARTTCAGRATAARARGCATTTGAAGATTACAAARATGAAARTTTCAARTTTTACTTTAGAGATTGAACCATGGTTT

K T NLHARLNTVYSQFARDO QQODLSIKTI1 QI EE I ULDUDTGS
AARACTAATTTACACAGATTARATACTTATTCCCARTTCGCTGATCARAGATTTGTCTARGACCATACAARTCGAAGARATTGTATTAGATGATGGTTCGG

U EETLI1TCHLI KU HIKHSS I 6VUVUTSRTIKSSTUGF SGT
TAGAGGARACTTTGATAACGTGTCATTTGARACATATAARACATAGTTCTATTGGCGTTACTTCCAGAACAARATCTTCAACTGTTGGGTTTTCAGGGAC

Yy EX FUELLOGOQSDLTFT1TEIKTHATCEYSUHAY SF LT G LN
ATATGAAAAATTTGTGGAGCTTCTGCARAGTGATTTATTTATTGARARARCAGCATGCGARTATAGCGTGCACGCCTATTCCTTCTTGACAGGTTTAATG

y 6 60y s FCLSETFTTSEUNRTETIRIKTI X LPWHNITDFTLOQQ
TRTGGGGGTATGTATTCTTTCTGTTTATCCGARTTCACGACTTCTGARGTARTGACAGARRTAAGAARGATCAARATTGCCCAATATTGATTTTCTACAAA

TnmT1TAEUVSLOTFDESDEVYYDLHI AP TDETEHNTLASTDSTP
CAATGACAGCTGARGTTTCTTTGCARACCTTCGATGARTCAGACGARTACTATGATCTACACATTGCACCTACAGATGAAGRARTGTTAGCTTCGGATCC

cepD0PFFLKY KXKQL®P?PLTNULTFETEISYLVYTUFKEI
GTGCCCAGATCCTTTTTTTTTARAGTACARGCAACTTCCATTAACGARTGTTCTAARCATTTGARGARATCAGTTACCTTTATACAGTATTTARAGAGATT

F I S RARFAI LQRHSKEMNWFGKSNLITYHNRNNUSSKR
TTCATTTCTAGARTTTGCARTTCTACARAGGCACAGTARRGAAATGTTCGGCAAGAGTRATTTAATCACATATAATAGGAARTARTGTTTCGAGCAARRGAT

c 6 E 1 CSHUKSFY GGMLTVYAUPANNYTLETGVYTVY DNWU
GTGGGGAGATATGTTCACATGTTARARGCTTCTACGGCATGTTAARCATATGCTGTGCCTGCTARTAATTATACTTTGGARGGATATACTTATGATARTGT

| FLG6TDKMMLPPI I ' ¥KRGL®PKILI VU I KDEWMNGF I S I L
GATTTTCTTAGGGACGGATAAAATGCTTCCTCCGATARTTTACAARAAGAGGTTTACCCARARATTGTTATCAAGGATGAARATGGGCTTTATTTCGATCTTA

DNNVUVUSKLTDTUNGNSFHI CTTI DVYAIUSKUADNT
GACARCAATGTATCAARACTTACTGACACTGTCAATGGTAACAGTTTTCATATCTGTACAACCATAGATTACGCCATAGTTTCTAARGTTGCARTGACTG

U TKSOQGLS I QRUYVUALDTFTGNIDPI KNLIKILSSI!I VY UGHMHSA
TGACARRAAGTCAAGGCTTATCTATACAAAGGGTTGCCTTAGATTTTGGAAATGATCCTARAARTTTARAGTTGAGTTCTATATATGTTGGTATGTCAAG

v iuyupobPNNLI MTNLNPILARLWNYEWHNDNIIASHI UKALK
AGTTGTTGATCCARRTAATTTAATTATGAATCTGARCCCTTTACGGTTGAACTATGAARRATGATARTATTATTGCTTCACATATTGTARAGGCCTTARAA

N K DT ML I F -
AATARAGATACTATGCTTATTTTTTAARTGCCAGAGTTTGTGTTGATTGACGTATTTTTTTARACTAAGTTGARATTAAGTTTTTCATGTATCGATGTGE

TTTTTTCTGGTATGTTTTTAATGGTTGGCARTTGTAARAATAAAGACATGAATCARTGATTTGGTATACACTATTTTATTGCGARAATGATARATACTCT

GGGTCCGGARGTTGAGGCTTTTAGARATCTTTCATCTTCTGAATCTGCAAAGAARARARRATGCTTAGARTCTTTTGCACATCTAGATARAGTAGGTARAA

AATARRTATAAACARARATTTACCGTCTGCGTAGTTATTTGTTCCAGTTGARTGAGGACTGCAGTATTCTTATGCCAGGTTTTTCARARGACGCAGTCTAAR
AGTAAAGGGARRRACTTTTCCGGAGTATACARATGTACTCCGGATTGCGCAGGCGTGTTTATTCTACATTTAARATTGATGGCAGTTAGCGGTGTCAGET
GGTATGTATGGTGTCTATTTTARGTATGTCAGARATCARCTRARGTTCCTTTTCCACACACTACTGARGGTTGTATGAATATCACARTTCACAATTTTAT
AACAATCTAGAGTTGCTTTTTAAGGTATGGAAAAAGCCTATGAAATCATGCARRATGCTGARTARTTGTACATTCAGARAGCTARARCTACTTATTCTTAA
TATCTATGACTTARCCTTAAAAATCTATGACAAAACCTATTGATTATTCTTAACAGCTATTATTAAAATTARARGTGATTAACTATTCTTARRAACTATG
ATTTTACCCCATTCCCCACCCCCACCCCCACCCTTCTTGATTATATCCCGGACCCCACTAARATGGATTGTCTTTGTATTATGTTGGTGTGTTGCCCACTA
CACACTGAAACATAGTACAAGGGCTARCTCTTARTGGTTACARGTATGCAGCTCARRATCGTARTGGTTCTGATCTTTCTTGTACATGTTCARGTTTTCG
GCGGTTARGATGCTTTAGAGATAGTTCARGATTTTAGATTCARAACATCACTTATCTCCACAGATCATTTCCAAGCARTTGTACAGARAGATAGARTGTC
ARTGAGARCAGCCGTTCTCATTGTCTTCACAAAGTGAGGTTCAGATCATGACATAGTAGCCGTARATGGCTACTGTGGTTTACATTATAAATGAGAACAG
CCGTTCCCATAGTTTTARARTGAGGTTTAARACATACAGTAGCCATTACATGGTTACTGTGGTCCAARACGCGGTATCCGARTCGCAATCCACAATACAC
AGTCCCGTTGTTCARARAGTTATGCAGTTGGCGGTCTTAATCAGGTATGAGATGGTATGGCARTACACGTTGTARARATTCTGAGATTTGAAACAATGAT
GTCACTGTTGTAGGATATCCTGTAGTTTTTGATGGTTTTTTGGTTGATGACTTACACAAGATCARAAGTTACTGGTAATCCTTAGTGTTAGATCTTACAT
GATATGACARGAGAARAAAAGCTATATATGGGARGGGATARCCCATATCARACARGARARGTTARRGAGAAGAAACTATGAGATGGGAGAACCTATAACA
AATACACTTTTARGATTGGGGTGGGTGAACAGGGCATARCTGTAGCARTAARRACCAGTGACCGACAGTTACATTCCTTCATAARRARCTRACGTGATAGCA
AAAAAAATATACATAARTAAAGAAGATGGCTTTTCAAGTGATAATGGCAGTCTAGATACACTTATATTCGTGAGAGGTGTGTCAGTCCATATACAACTTT
TCCTATTACCTCGTCTARAARARGGCARCCTARAACTGGCTGTTTTACCTGGGATGATTTARATATAGAATAAACATTCACCTACCTTGTTTTCTTCTCTG
AAGAGTAGTAGTGTTGACTGCATTGTCTCCGTGTATCTTGATCCARTAGAGCTTTATCTAARTARATACARARAAGGARRARTCCGTATATTCCATAACTT

GTTAAGTACARTTTCCATAAAARTTGAARRRATATATCGTTTAGATGTTATACAAARGTTTATCGTTTTARCTARTCATTGTCTATTTTCAGRCATCGAT
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ACAGAGTTTGATATTTACGAGTTTTTCGARAGATTARARTTTCARTCTCACCTCTTTCGCTGTCTTAACAGTTCATGTAGATCGCGGGCTTTATAAACAAA
TGCTTTCCAGTTTTCCACGCCCTGGGGGATATGACGCARTTTCCTTCATCCGTGARCTTGTCGTGTTTGCGGTTAAACTCGCGGAAGTAARCCGTTATTT
TTTCTCGAACGGTAAAATACARARARCGGTTTATGCGARACARATTTCAGGCAAATATCATTGCGACTTTTTAAAAACGATTTAAGTTATGAGGGTTTTTGT
TGGCTACATTCCGGARARTCAATTTTCATGTCAGARAGCATAARAGGGARGATGCTTTTGTGTCAGGAAGCARCTTTATCAGTCAAGRACTGTGARAGTACAT

TCCTTGAGAARTCACTTAGRCTCGTAGTAAGARGTGAGTTTTTCAGTGAGTGGAAGCAGGTAAGTATARAATTTCCCTATTECTATTTCAACCTGTACTCG

m 1 R EDREVY OGTFESUTOQAY Q QI I §
ACTCTGAATACGTTATTTCTTTTATTGACAGRATGATTGCGGAGGATAGAGARTATGGAACGTTTGAATCTGTARCCCAGGCTTATCAGCAGATCATTAG

H TLQLRRYEFETGCMND I MFSANSGI KT CEMNMLSNGUMU.I
TCATACTTTACAGCTGAGRCGATATGAATTTGARACTGGGTGCATGATTATGTTTTCTGCTARTTCTGGARARTGTGAGATGCTCTCTAATGGTTGGATT

st 1 s WTSETDODTAGSLTLODICTETGS GTU QT CZKTVY SARSTE
TCARTGATTTCATGGACTTCAGARACCGATACGGCCGGCTCATTGACATTGGATATTTGTACTGAGGGAGGGCAGTGCAARACTTACAGTGCCAGAGGTC

H I L CSKNI TSI S QKWNESGIKTETZKWULT I CHDNGI KTILHLT
RTATATTATGTTCTARARACATCACTTCAATTTCTCAGARARRCGAGGGAAAGGAAARAGTTTTGACGATTTGTCATGACARATGGAAAATTGCATTTAAC

Yy I T UL K SGLDT CDI KDU QKU LETZ KTLTFEZKTEUHA AEI BRI KT KTDOQTD
TTATATCACAGTTCTARARRGCGGCCTTGATTGTGATATCARAGACCARARACTGGAGARACTGTTTGARARAGAACATGCAGAACGAAARAAAGCAAGAT

D DY KK KA LKOQKDI KA BABRRBRSET QIKII L EDTCTDTZEKT KT DTETKTE KR RH
GATGATTATARARRARAAGCTCTTARACAARRAGATARACGCCGTTCTGAGCARARAAATTTTGGARGACTGTGATARAAARRGATGAARAAAAAAGAATGG

Db DT EKRIKTILTOQETDA RRBRNTET KT QDLZI KT KA BRUYUDDTTET KT REKTLTET DS
ATGACACCGARARAAGARRACTACAAGAGGACCGTCGARACGRARAACAAGACCTAARARAAAGAGTAGATGACACCGARAAARGARAATTAGARGATGA

R R N E K Q DL E
CCGTCGARACGRAAAACAAGACCTCGARGGTTAGTTGCCTTTTTTCTARATCACTAGTCCTARATATGACTTGTTGAARTTTTTGTAGTGTCTARGGTTTT
end of U79 exon 1 »

DR S KE K RARMNMKUHHET KR RMHAETETG GANTETEUAS
TACATARRCATGTTTTCTTAGATGCATCCARAGAARAAAGGATGAARGTGCATCACGAARRARCGTCATGCGGAAGAACAAGCARRCGRAGAGGTTGCTTC
start of U79 exon 2 >

s s QLSsR I PEGALS®PTI S ) DLOQEVY QETFTETSDTFTDIKRB
TTCGAGTCAGTTATCAAGTAGAATACCAGAGGGTGCGTTATCGCCCACTATTTCTATTGATCTTCAGGARTATCAAGRATTTGAGGATTTTGACAAGCGC

I C G ¢
G K
ATTTGTGGGCAGGTGGGTGGAGTTTTGGGTTTATGATGCATTTTTATTGCAGTTTTTTATGTGGTTAARGATGTTTCTTTCTTTTAGGGGAAGARTCAAG
> end of U79 exon 2 start of U79 exon 3 >

DbAUCKIKUQSDESTFTCINEK®PLEZ OQFRETZKTLTIK 1 THER RV
ACGCTGTATGCARGARAGTCCAARAGTGATGARAGTTTTTGTATAARTARACCGTTAGAGCAGTTTAGAGAGAARCTARTAARARTTACTCATGAAGCTGT

Q 0 s L L Q SRGKNMNEDNEKT KTDUTOQ@GNUKFADENIMNNTFAG
ACARCAGTCACTGTTACAATCGCGGGGARRARATGAGGATARTARARARGATGTTACCCARRATGTRRAATTCGCTGATGARAATATGAATTTCGCAGGG

6 S KCTSIKTXKMHI EDOQOQI QF G A QNI RFUPI CEI K PF
GGTTCTARATGTACTTCTARAACTARGCATATTGAAGATCAACARATACAGTTTGGGGCACARARTAGATTTGTTCCTATATGTGAARTARARACCATTTA

I 0D VNLLIKSHNURGARRSTARGRRBRNSNSARTFSASTTFE
TTGATGTCAACCTTTTARRATCAAARTGTARGAGGTAGARGGAGTACTCGTGGARGAAGARACTCARACTCCGCTAGATTTTCGGCCTCTACTTTTGAACA

P I ETSEMNLTUSTAHRSRBRGHRSARSGR®PRGRBRGRSRNNSDH
ACCAATTGAARACTTCTGAGATGCTGACGGTTTCGACTCGATCCAGAGGACGTTCCAGGGGRAGGCCARGAGGCAGAGGCAGATCCAGAARACATGTCAATG

R Q TPREUVUEDMLP I VULDSDSDTETILRRNETDTLTLARAS
AGACAAACTCCARGAGARGTTGAAGACATGTTACCGATTGTTTTGGACAGTGACAGTGACACGGAGARCTTTAAGGCGTARTGAAGATTTATTGGCGTCTT

s L QT L -
CCATATTACAGACTTTATAARTCGTTTGTTATGTTCCRATCAATTGGACATTTGTTGTGGATTTGTAARTATTTATTTGCTTTTARARRATGACCACAAC
- LDNT I NWDI P CKNMHIOQLY KNAIKTILTFHSGCLCG

CGATARRAGGTGTTTTTGATCCTTTTGTTCTCGGAGATGGATGTGCACATTCCARRATCAAGTGTTTCTTTGAATCTATTAAARGACARCGAGTTTGCGAGE
| F P TKSGKTRPSPHATCETLTIILU HIKTIKSDIULSULKTR BRHA

CTGTGATCCCCACARCATAARARACTAARGTTTTGCATTTTTTCTGATAGTTGGTTARTARTTCGGTTGCTCARARCTTGCCATCCAATCGCTTCATGGGAC
Q S G6GWLMTFULNQMNKESTLO QNI I RNSILUOQUNWGG I AEHS

ATTGGTACTCCCCTTATAACTGTGARARCAGTGTTGAGTARCARARCGCCTTGGGCACACCARGATTTTARRGATCCGTGGGCTGGAGCTTTARAATTCT
mPuyvUeGmrR 1 UTFUTNILLLUUGOQARCMUNS KL SGHAPARIKTFNE

CTATTGTTCTTTCAAGTTCTGCARRRATGGTTTTTAAAGARATTCGGAGGGGARCATCCTCTCACAGTGCTGAARGCTAATCCGTGACCTCTARCCATCGGE
I T RELEATFI TKLSN®P®PSCGRUTSFA ALGHTGARTGTDT®P

ATAAGGATCTTGGCCCACTATTATCACCTTARTCTCTTCAGGCGRACATARATARCTCCAGCTGTGTACATTCTGAGGATCGGGGTAGATAATTAATCTT
Yy PDOQGUVU I I UK I EEPSTCLY SUWUSHUNOQPD®PVY I I LR
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TCTCTGTCACGCTGRACCAATTTGTATACATTTTGTARTTGTACAATGTCAGRATCTGATARAGTTTAARRARCTTARGCCACTTCACATTGATTTGAAACG
ERDROQUVULKVYUNTOQLOUIDSTDSULNILTFIKLIUWKUNIQFT

TTTCATGTTGTTCTTCARGAGACATTTTTATTGAGTTGTCATCTGARATGTTTTCCAGCATCCACTGTAGTARTGCCATTRTTGARTGGGAGAAGCAGTG
EHOQEETLSTHMTK I SNDDSI NELM®MUWUOQLLAMHN

TTCATGGGCTTTTTATTAATGTTGCCTGRACACGTGACACATARGTTGAGCGATCTATARAGCATGCGTCAGTAAGTTCTARTGAGCARATTCGAARAACT
- Y TR 1 LLNSTFE

CGCTTCGGAATGGARGCACTTCATTATATTTTTCCATTTCTTGARTTARCGGGAAACTARAGT TGTARTACCTAGARRRATATCTCARACARTTTAACAR
S RFPLUENYKXKEMEO QI LPFSFNVYVYRSFUYRLT CNILIL

AGCATCARARACATTAARTTCCATGGTGATCARTTCTCACARTTCTCTGTGTGCGAGTCTCTTCATTTTCARGGTARATCAARATTGACATGTTAARATTT
A DF UNT GHHD I RU I ROQT®RTETENETLY I LI ST NFN

ATCATATTTGATGGTATATTGAATTCARATCCGATTATATTTTCTACARAGATGTTGCCCGTGAATTTGAGTTTTTCATAAGAGTATGATTTACACACAT
I m NSP I NFEFGI I NEVF I NG6GTTFIKTLIKEVYSVY S KCUN

TATCTCTACAGGTTARARGTGTGTTATCTGARAGACATCT TTCAARGTTATTTARRAAGCCAAGCCAGTTGTGCCCTGATTCTGAATCTTTAATTAAGGA
bR CTLLTMNDSTLTCRETFWHNNLTFGLUNUHSGSESTDIKII LS

AAGTARGGTGTGTAGTTGATTAGGATTATTATACAGTAGGTARRATGTTTCTARARARATCTTCATCARTTARARCTTGATCTCTCCTTGRGATATAGGGA
L L THLOQONZPNNYLLVYFTELTFODEWDILUQDRRS I V¥YP

GTATGATATARTRAGCGAGARATTATATCCGAARTTTGGTATAGGTGCCTGATCARTAGGTTCCAGAAGCGACAGAGTTTTTGATTGGGTACAATTTAGAR
T HY LLARS 1 I DSNPI PAOQDI!IPELTLSTLTIKSZ QTTCNL

TGTTTTTGATACATTCTTGTTCTARATTAGAATAATARGAGTTATTARRTARARGCATATATTTGGTTTAGARATGGAGATARGARATATARRARAGATGTT
N K I CEQELNSY VYSNNFLAY I 0NLI S LtLF I FF I N

AGTTTTCATGTTCCATARRGTTGTATACARAARCACCAGGAACTTARAATATGGARGACACATTTARATGGAATCTAATAATTTACATACCGTTTTTGAAGT
T K n

GAGCTTTCTARTTATTTCGTGATTATAGAAATTATCATTCTGTTARATACTCTGARRACAGAAAATCTGGAATTCTTAACAGTAGGTTTTCCTTACCTGTA

TTAGTAGARGTTGTATTTTTAGAAGTCGAATCTGAGTCAAGATCTATAGARAATATARRCTTTATATCATTCCARARGTTRAGCARTARATATATAACGT

AATTCGAGTCARTCAGAGTACATARGTTTTAARATATACTATGTCTTTARATAGTTTACCATARTCGTCCCAGTAGATGTATCTATTGAARGTATTATAGA
- T K LLKGY DODWWVY I ¥YRNFTNYI

TGATTAARTGCTCTTTARGTARTARAGGTTGTGTTARCTTTGAGACATTTAGTARAATGTCAGCAGGGTARCGAATTGAARATTGGACACRGAGATGAGC
| L-HE K LLLPOQTLZEKSUNLTLIDAPVYARI SFQ@UTCLH®S

AGCACAARATAGATCTTTTTCAGTTGGGGCATTTATGTACAGAGAGTAGACACCACTATTTTTCCTGTGTTTGCTGTTGACATTCACAGGCATCATAGET
A CFLDZEKET®PANIVY LSY UGS NKA BHIKTSHNUNUPHIMNAR

TCTTTTCTAGTCAGTTCAGTATGTGGCACTGTTCCTCTGAGARATCTGTTARTTGCTATGGCAGTTTTCTGTTCATGGAAARAGATCTCAGARACGGTTT
E KR TLETH®PUYUTGRLFARNIAIARTIKTG QEHFFI ESUTAQ

GTTCGCCTTTGTTARCAATCAGATTAGCTATTTCCATCAATTTTTCGTGARGTGAGTTTACARGTAATCCGTTACGTGARTAAACTTGARTTTGAACTAC
E G KWNUI LNALI ENDLIEKEUHLSNULLGNRSUYUQI Q VUWUV

AGTCGAATTATARAATCGARGTAATTTATARARCTTCCGATAAGAAATTTTTCGGCGAACATARACCGCATGGATGCATAARRTCACAATTARRATCTGTA
T SNYFRLLIKYUESLTFNK®PSTCLTGCPHMNFDTCNFUDT

TARTTTTTTATTTCAGGAGAGTGGATAGGTTTGGARTCGTTARAATTGCTGTGAACAATACCCTTAGATTTTGTTGCARAAGTTTGTCGTTGAGAGARTTTT
Yy NK I EP S H I P K SDNTFWMNSHUI GKSKTAFNTTSLNE

CTTTTACAGCCTTARATATTTTTCTCAATTTAGARTGTTTATAGATGGCATTCGTATATTTGTCCGCCTTAAGTARCATTTCTGATTTTGARATGTTTAT
K UAKF I KRLIKSHIKVY | ANTVYKDAKILTL®MMNESTKS I NI

TTCAGAATTTATTTTTTCAGGARTTGTACATTTTATGGCTTTTTCATTARRCGGTARCGTTTTTGAARRACAGTTACATGTATATCGAGCATTGGCTTTA
ES NI KE®P 1 TCK1AKTENTF®PLTIKSFTCHNTCTYRANABSBEK

GTACACATGCAGCTTTTAGAAGTGAGTTTACCTTTGGCCTTACAAACAGTTTTACGTTTTTTGCCCCTCATATTCAARGTACTGARGETTTCARARTTTTC
T cnMcCcsSKSTLKGIKAKTECUTIKR REKTKTEG n

AATGTTGATGAGTTCCTAGTTTACACAGARGGGTTGAAGCTATTATAACGARARGCAGGACACTGGAGATTATTARARTTATCCACGCCAAATCGTTGTT
HQHTGLEKC CLLTSAI I UVFLLUYUSS T I L I I WALDNN

ARTTARCTCTGACTGTTTAAGAGRATCATCACTTAATATTGTATCATTATAGGGGTTTTCARATGGTTGARTARTCGAGGTARCATTCTCGTCTATCTCT
Il L ES QKL SDDSLI TDNYPNETF®POQ I 'S TUNET DI E

CCGCCGTAAGACAGACARGTGATCGGTTTGCCAAAGRACGTATTGCTGCCTTGTCTTTTARAARGARAGCTGAGTGTCGTTGTCTGCGAGCCGTTGTART
G 6YstLCTI1PIKGFTFTAHNSGOQRI KT FLTFSLTTTZ OQSGNUVYN

TTTCACGCACTGTTGGACTGTCCTGTCTATATATCTTATCTARARATARAATGGCTACTAATGGCTTTGGATACGACGTCACAGAACATGTTACATCCAA
ERUTPSDORY | KDLFULI!IAULPK®PYSTUSTCTUDL

AAARATTTTGCAGRTGGCGATAGTACARRGCAATTATTGGCTTCATTGARAGARTGCACACARCTCATAGTAGACARTCGAGTCTTGGCGAAGAATGCACAT
FNQLHRY Y LA IT I PKNMSLHUCS™MTTSLARBRTZKXKMSBATFTFARATC

GTTRAGCARCCAGCATCGTTAATTGTTCGAGATTTARATTTCAGCAATGCTGTGATATTGTTAGCATTGAARGTRARTAATGCTTTCTTTGTCACGATGTT
T LCGARODNI TRSKFIKLLATINNANTFY 1L I SEKUDHRHEK
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usse

TARATTCATGAACTATTTTTTCACTCATGTTTTTCAGGTTTTTGGTATTTATGGTATGATTTAATATCAGTTCGTAATGTTTAAACCATATTACAGAGCT
FEHUI KESHMTNKLNIKTAHNITHANLILEVYHKTFWUI1I USS

GAGATTTTTAGTTGTATCARCAGTACACTGARRTACARTTGTGTTTCCTAGTTCTACTCTATGATGCATTATTGGAGATARTGCATATATGATTACAGARRA
L NXK TTDUYVUTCOQOFU I TNGLEURUHHDNTI PSLAY I | US

ARTCCARTCATCTTTATGARRATTGCACCTARGAARGGCATTGTGTGARATTGTCTGATTTTGGATTTTTCTGCATCTATATTATCTGGACACACCCTAA
F G I nx + F I AGLF PH

ARARCCACTATTTTTTCTCTITTTACTTTGATTTTTGTGTTTTTTTTTTARARTGTGGACCCACCCATTCARAAATAAGGCGTTTGGGGTARAGCAAATGT

ARTCTTTATTTITTTTTTTAARATTTACAAAGTGCTGTGTATTTTGAAAGARAATCTCTACTTACAGGATTATAGATGGARATCGGATTATCCCCATCGGT
—————— - FX CLATY XK SLFDRSUPNZY I S I PNDSGTIDT

GATAGAGCTTAATCGCAGRACAATTTCTTTTGGTCTCTTTTTTGCATAATTGTTACAGATTTTAGCTGCCATGAAARARATCTATTGGTGTTGCAGCGTAT
Il s s LRLUVUU I EXPRKIKAYNNTCI KAANMTFFDI PTAAY

ATTATARTTGTTTTGAGATCTGARTGTCTTGTATACAGAGTATGTGCACTATTACTAATGTTCTCCCACARTTCATGCGGTCCTTTTTTTTGTAATTCGA
I 1t T KLDSHRTVY LTHARSNSI NTEWLTEWHZPGIKTIKIQLE

TGARATTCTTTATGGARTCTTTGTCATARTATCGCGGGGGGGCGTGGTTCATTTTARAGGGTTCAGACATGGTGATATTAGGTCTTACCATTAGCTCTTT
FNK T SDKDVYYRPPAHNMNKTFPESTNHINTI NPARUNLEK

TTGCATGGCTTTTATGTCTTCGGCAACAGTTTTTGACCTGGTARRATATATTATAAGCGCACCGGATTTAGAGCTTCCATTGCAGCACARAGCATAAACC
gnA«K 1 DEARUTKSRTFY I I LAGS K SSGNTCTCLAYU

GATTCTTTCAATTTGGCTTCCGGARARCGGTTTTTTTGGAATTTGTTTATATTCARARGCGCGGATTGTTTTTCGARACAGTTTTTCARARTCTTTAGTGG
S EXKLKAE®PF®PKI KT®PI QK VYEFARITI KA RFLIKTETFDTE KTFP?P

GAACACGACCACGTTGTACTTTARATTTAGCTGATTGCTTTTGCTCTTGTARTTTTACATACTCCCTGTAGGATAARTCATTATCAGATAGTTCTGAGTC
URGOGRIOQUKTFIKARSOOQKOQQEZ QLI KUY EARY SLIDNDSTLESTSD

AGATTTTTGGGTACCAGATATCCGCTTTTTGTAGARRRGCTGCATGCTTGAGTCCGARTCATCAGAAAAACGTTTCCTCGCATTTCTGCGTTTATTTTTA
S K QTGS I RKIKYFLQMBRSSDSODDSTFRI KA BRARANRBIABIEKNK

AARARTTTATTAGTACTTTTCTTTTGTTCARTACTCATTCGGARTACTTTTGGCCCCATGAGTARARTCTATATCTACACGCTTGCTTTTTTGTGTAGATC
F FKNTSIKI K~ QEYENPISKAGHTTFDIDURIKSIKTE QTSGEG

CAGAAGACCACGAATGATTARGAACAGCTTCTTTCCGATCTTTTTTTGCAATCTGATTCAGARGACCTGCTTCTACTTCTTAGRGTTTCTGAATTCTTATT
S S U S HHNSCSRESRIKT KTCDSESSRBRSRSABARLTESNIKN

TTTACAGGATTGATAAGTGCTTTCAGARATACTGTGTTCTGAATTTGATCTAGATATAGATATCARATGTTTGCATTGTGTTTCCGACTGAGAATETTGT
K ¢S QVY TS ES I SHESNSABS I S 1 L HKCOQTESTU QSTDOQ

TTATTGTTAGAACACACTTTACATGTTCTGGATTTAGATGCAGATCTAGATCTCGATGTATCAGAGCTGCTTCTAGATCTGTGTTTTTGGCGATGTCTTG
K NNSCUKTCTHRSIKSASRSRSTDSSSRSARHKU GGARHRBRT

TTTTAGTACTTTCTGARCATGATTCTGACTCAGTGTTTCTGTGTTCGTGCCGTCTCTTTTTAGARGRGGAARAGGATTGGGATTGTARATCTGARTTGGT
K T S ESCSESETAHNRUHEU HRARBIKIKSSSFSQSQLDSNT

ATCCGATTCTGACTCTGTGCTCGGTGGTCTCTTTTTCCTTATGTGAGGGCGARATCTTGGATTATACAAATGTTCATTGTTTTGATCTAATTGRAGTCTA
D S ESETSPPARI KT KARBTLILHPRFRPNYLHENNZI QDLO QLR

GATTCAACATGTTTATACAAATTTAGCTCTTTTCCACACCTGAATTCAARTTCTGACATATCAACTTTGCTAACAAARTCACACTGTCTATTGCCATTAG
S EUHKVYLWNTLTEZ KTGTCRBRTFEFESMHNDUKSUFDCOQRNTGNS

ARTTAGGAGRTTCTGTATATGARGGTTTTAACTCTGTAGAGGAACAACTATTTCTACTTARTACAGAATTTTTAGARRGATGCTGAGCTAGATGACTTACA
NP SETVY SPKLETSSCSHNARARSLUSHNIKSSASSSSKTC

ACTGCATTTACTGCTTGAACTGCTGCTTGARCTCGATGTRTCCGTATCAGAGTCACTGGATGARACTTCGTGTAGARTTTTGGACTCATAGATCTARTCACTT
s ¢ KSSSSSSSSSsSTDODTOSDSSSSARTS KPS NS RBRDS

ATAGGARRCTTTTTTGTTTCAGAGGAGTTCTGTGTGCATTGTAATTCATTATCAAARGARTTCRARTAGCCCATTCTCTGTGTCTGATTTAGCTAAARATT
! P F XK X TESSNOQTTCOQLEWNDTFTFEFTILSGNETTDSI KA ALTFE

CTTGCTCAGGACTTACARARATTTTGTGCTATTTCATCTGTGGTTTGAGARATGATCTGTTCCATGTGTTGATTTICTATGCTGTGTACATGTTCARCTTC
Q EPSUF NQA I EDTTOQS I I QEMNMHOQONEITISHUHEUE

TGACTGTGRATARTCATTTACTGGTGATTTATATTGTCCTTCCTCAGTACTACTTGAATCAGATCGTGTCCTTTGTGTARGATTGTCGTTACACATGGAR
S Q SYDNUPSKVY QG6GEETSSSDSRTROQTLANDNTCHNS

TCTGTTGTATTTGATTTTTCAGATTCTACAGGGGGATTATCGATAGAAGGTATATTACATGGTGCTGTGACTTTCCCCTCAAARTCGTTGTCCTTAGCAT
D T TNSKESEUPPNDISPINTCPATUKTEGETFTUDNDTEKAS AD

CTATTTTGGARTTARCAGTAGTTTTTGCTTGTCTAGGTCTACCTACACGATATGAATTTTTTCCTGTACATTTTGTATCAGAGARARCAGTACTAGAATT
Il K S NUTTIKAZ QRPRGURY SHNIKGTZCIKTUDSFUTSSN

ACAATTTAAGGCAGTACTTACTGTACAGCGTGARGATTGCTTAATGAATTCTATATCAGAAGCAGARRTGTCTTTGTCATTTTTTTCTAGGAGTCTTTTA
c NLATSUTCRSSOQK I FEI1T DSAS I DKIDNIKETLTLRBK

AARTTAATCAACTTAGTTGGAGCTCGTTGATTTGATTCCTGTACGTCTGGTTTAGGAGTTARTGGCAGTGGAGARAGCATTGGTTCTAGTTTTGATARTT
F N1 LKTPOARIOQONSEZ OQUDPK®PTL®PLZPSL™MTPETLTZKSILEK

TTCTGAGATTTTCTATAGCTTCATCTGGTGATTTGTCCTTTTTCTTTARGTTTGARGAACCTTTGTCCAAGTTGGGACARTGCTTAGAATCTGTAGTCGA
R L NEI AEDZPSI KU D KT KT KTILNSSGKDL®NPTCHTIKSTUDTTS
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TGTGATTTGTTTTTCTTTTGATGTACTAGGTCTTGTTCTAGCTTTCATARAAGTCTTTTCCTGTGAAGACTTGTTATATTTACATTTGTCTACATCTGAA
T 1 Q K EK STsSsPARTARHRAIK™MNMTFTIKET QQSSKNUY KTCKDUTDS

GTCGRAGATAGACTGTCTTTAGCCAGGGGRACTATATCAGCATTATAARTTCTTTTAATTAGATCCATCTTATGAGARCTTGGAATATATGACARGCTTA
T s sLSDK~AL®PUYUI DANY | RK I LDHMKHSS®PI ¥ S L SU

CAACATCCTCATTTTGTGGTGTTTTGTCTTTGTCTGTCTTTTTCCTGGCAGGTTTTTCCARATTGTTCACGTTTGAGATTARTTTGGTTTCCTTGTGATT
ubDENU OPTIKODIKTDTI KT K BAPIKTELNNUUNSILKTETKHN

TGTCTGAATTGGTGTATTTTGACTGTATTCACTTTTCTTTGATARTGTARGACCTGATGAAATACATTCTTTTTGAAGGTTTTGACTATCTGTGATCATA
T Q¢ I PTNZOQSVY ESKIKSLTLGSS I CEZKU OQLWHNIQSDT I nN

GAGCTGCTTGGARTTTGTGARARAGCCATGCTGTAATCTCTGCTTTGAAAGCCATAGTTAGGACAARGTTGTTGATARTTGTCTCTGTARGGATTATGTC
s sSSP 1 QSFAMTSYDRSQFGYHNZPCLUGQOQYNDA RYPNHIER

TARARTCTGAATTGTATGAGTCATATGACTGATCTCGTYGCATATATTCCGGARAGGTARRTTCATTTCTGTTGGAARAAGTCATGARATTTAGCATAGCC
FDSNVYSDVY SOQD®ROQNY EPFTFENA BRNSTFIDUHTFI KA AYG

ACGTCCACGTCTGTTGTAARGGTCTGTGRARATGTTTACCATARTGATTTTGGTATTTTGAGTTAGGGTTACRATARTTTCTACTGTCATATTTTCCTCTG
R 6GRRNVY P RHFUHIKTGY HNI QY K SNPWNTZCVYNA BRSUIDUVY KGR

TTGTTGCGACCCCTGTARTGATGTTGTCGATAGGTTGTATCGRACGARTTGTGACAAAGTTCTCTATTTTTATAGTCCARATTGTTARRAARTATCARCTG
N NRGRY HHQRY TTDFSNUHT CLTERWMNIKYDLNNTFI DUS

AAGATTGGGGTTGATATGGTAAAGAGATARARTTTTCTCCACTTGCTTGAGGATAATTATAARTACAATGATTGCAGTCCTTGATGTGGCAATTCTGATGE
s QPQVvYPLSI FNEGSAOQPY NY Y LS QLG OQHPLESSHNH

AARTCGARATTGTCCAGTTTCAGTTGTATTTGGAGARGATTCAGAAGTAAAAGTACTTCTTGATTTAAGAGGAATAGCACGTCGCGGATCTTGAAGAGTT
FR-FQGTETTWHNZPSSESTTFTSRSIKTIL®PI ARRBPIDO OQLT

TTTGATGTGACTATTTCTTGGTTGTTARAATTTGARTAAGTTATTTCATTTTCTGGTTITGTATGATCGTGARTTTCATTATATARACCCGARAGAGTCA
K § T Ul EQNNFWNSY T I ENEPIKTUHDUHI ENYLSGSTLTH®N

TGGCTTCACGAACCACGTCAGCTGTAGTGCTCATGGGTGCATGCARATGGTCTTTTTTCTGARRATGAARARTAAAARATTGTTTATTTTAARATGTTATTA
AER UV UDATTSHN

AATTAGCGATARTACTARGATGATATATACCTTTARATAGAGTGGAAATGTACTTTTAATTGTCTAGARRATATAACGCAATATGTTAGTTARAARTGTA
ACTTGTTAGATTGRTATTTCATGGGCCCTGAARCCTGCATATGAGCTARTGTGTGTACARATTTGTGACARTAAATATTARAGTGGARARCATTCCARATG
TAGCAATTTACATGTAAACGGATATGTARATGTAATARAGARTGTGTATGGTTATGTCAARRGAGCTARTTTGCARACATGCAGTTATTAATTGTARTGGA
TGTACAARTGTTGATACATGTTTGTGTCTGTTGCTGTGTATATGAGTTTATGTTARATGTTTATGTARARTATTATATGTTGGTACATATCAATGTATTTA
TGTTGATAAGCAGATGTTAGTATGTATTAGTATCAATGGATTGTAGTATGCTACTGCATGCTATTAARCAAGTAGAGTGTTTACTTGTATTAGATTATAT

TTACATGACATTGTCATGTARATATATAGTTGCATACATTTTTCATGTAACAACACATATGTGTTCATGTACATATTACATARTATATGCTAGTARATGA
<

reiteration Rl

TTACATGCACTAGTAARTATTTGCACATGCTAATGTGTTCATGTGGGTATATGTACATATTACATARTATATGCTAGTARRTGATTACATGCACTAGCAT
>

ATATTTGCACATACTAATGTGTTCATGTGGGTATATGTACATATTACATARTATATGCTAGTAARRTGATTACATGCACTAGCATATATTTGCACATACTA
><

ATGTGTTCATGTGGGTATATGTACATATTACATAATATATGCTAGTAARATGATTACATGCACTAGTARATATTTGCACATGCTAATACATAACAGTACAT
>< >

GTTAATARCTTTTGATCTATGCCGCTACATGTTAGTACATGCTATACTGATAATGCGTGGARGTTTATTATTTGGATTTCTGTAAGGTCATGTGTATTCT
ATGAATGAGTATATARATGGGTATGTTAATATATGTTAGTATGGTTGCARGTAAARGATATGTTARTGTGTATTAGTAAGTACGTAATGTATGTGAATGTA
TTCAATTTTCARAGAAATGATATAGAAATTTCTARACATGTTATTGTGGARAARTGTAGATCTTGTGATCTATTATAATAATATARACATAAATTAARATTT
TTARGTTATAGCTACCAATCTTTGCCTATTTTTCTTGGGGGGCATACTTTTTATATGATTTTATATGTACGGARATATATGTACGTAGAATARAGAATAA
AATACTTGARATCAAACCCTGTTATARGTARATTTACTTAGTATCATATATGTATAARTTTTGATAATTTATGARGATGGCATARATGTTGARARTATTC
ATGTGTTTGTTATAAGARTTTCAATGTTACTAAAATARARCCAATCACTAATTATCTTTTATATGCARARRRTGTGTCTTTGTATATATTCARATTAAAAT
TTAAAACTTATGTTTTAATCATGTGARATACAGATGTATGAATATGTAGCATGGAARACTTCARAAARTATARATCATATAGACCTATTGCTTTAACTATAT
TTARGATTTACATATTTAAATATTACATARTARAAATTTTAATATTTARRTARRRATATGTATTATARATATGTTATTTACTAGTACAGCTTTATARATT
AAAGAACATATGTATTTAAAGTTTAAAAACTAATGAAATGTGCTTCTATGAGTTAATTGTARATGTCARTTTTGTGATTTTARTATTTTTCTAAATAATG
AGATTCARTGTTGTTARTTAGATGTGTGCAGTTTGAGARCATGTTTATATTTACAARARTTTGTATATATTTARARATATGTTAATCAGCATAGCCTTAT
TTATARTGATTARTTTTAARTTCTATGTARTTAAATCTTATGGACAAARTARATTTCAAACCATTTATTTTGAARARRCATARATGCAGTTTAGAACTGAT
ACAATTTTTTTTTTCAAAAGGGGTACATACTTARRAGATTTTTTACAGTGGTTATARARGTATTAGAARAGGAATTAAGATATATATGARAARATTTCCA
TCCTGCTTATGGARCTATARTATATCARAGCAATTTATTTATGARAATTCCARGTCTATGARAGTAAARGATACCCATTCARGTGAARGGCTATTATAGTT
AGGAGGGCTAGCAATATAAGAARRCTTATATTCAATGTATTTTTTTTTARGCTATGARAGTAARGATACCTATTCAAGTGARAGGCTATTATAGTTAGGA

GGGCTAGCAATATARGAARACTTATATTCAATGTATTTTTTAAGCTATGAGATARATTTGATAGGTCTARRACATTTTATTTATAAGARARRAATGARAA
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exon 3

ATTTTATTTCATAGATACARTRACACAGATGAARAGTTACATTTATAATGTATCTATCCARATTCTTATAATGTGTAAACAGTAAGTTARACTARTATGTA
ARATATTTAAGTARRARAAGTATARRAAACTTAARGGTTTATTTARAAGTCCATATTTTATARAAGTTARTGAARAAGAAACTGAATAGAARTAGATTGAT

- Y I 0 ANELFPDVY G QP VY G E
CAAGAARGTCARCATARGTTTGATCAGARTCTGTGTTTTCTTTCCCATAATTTTGAGTGTCARCACTCTGTTCTAARATAARTGAGTTCATCTCACTTAC
L FDUYTODSODTNHNEIKTGYNOOQTODUSOQELTIFSNDNMNESU

ATTTTTATTTGCATATCTCTTTTTTAATTCTTCATAARTGTCTATTARTACCATTTTTARTCATTTCTGTGATTTCCATARAATTATCCATGATARTATTT
N K NA Y R K KLEEVYHRNIGNI K I MTETI1T EDMDFNODMT I I N

GTTACCATGGTTTTAGTCTCTGARRTGCTGTCARCCTCAATAARARTTTTCTTGGAGTTTTGGAARTATATATGAGACATTTTCCCGCCTATATTCTTCAT
TuyunT TKTES I S$SDUEI FNEQ QLI K®PF I Y SUNERA BRYETETD

CATTACTTCTTATTGGARTARAATGATTATTAAARCAARTAACTTGCTTGTTTGGTCAGTTCTTTATTTTCATCTTTTTTCATGCCTGTGTCTGGARATGTT
NSA I P I FHNNFTCY SAOQKTLET KN NEDTZ KT K™D GTOD®P I N

ARCTTTATGAGTCTTACGTARAARCCACAGGCAGTTTTTTTTAGGARCAATTTTARCTCTGACACCTCTTGTCACCCCCCGTATGGATCTGATAGGAARTT
U K HTIKA®BRLFWULCNTIKTIKPUI KURUYG6RTUGR I SR I P I

GTGARARCARCACTAGGGARTCCATTGTTTTCACAGTTATCAGAATTGTTARTTAGTTTTGATCTGTARGGAATAGARTCTGTAGACATCTCTGTATTAA
T FUUYUSPFGNNETLCNDSUNNILIKSARBY P11 SDTSHETNTF

AATTACTCATGTTTTCATTGTCTGTATCAGTGCARGAATTTARCTCCATATTATTGCAGCCCTCTTTAACAATTAGTTTTTTTTTTTTITGCTTTGCTAGT
N S M NENUDTDTTCSNILEMR®RNNTLECSGETZ KUV I L KKK KIKABAKST

TTTCARCTTGCTTTCACTTTTTCTCTTTAARTTGTTTTTTTTTARCAGCACTGARATCATGTGCTGTAGTCTGTGAGTCACTGARGGATGTTAGACTGACA
K L K S ESKRKILIOKZ KK KUASFOHATTZQSDSFSTLSUV

CTACTGAATGTAGAATTTGTATCAGTGCTGGAGCTCTCACTTTCATATATGGTTGATTTATCTGTATCATARCCATATGTTTCCATCTCAGAARRTCACCA
S S FTSNTDTSSSESEY I TSKDTODVY G6GY TEMNMNES I UL

GATTTGTATTATCTGTATCTCTACTGTTATTATTGGAATTCTGCTCCAATARARTCAATCCTTCAGCGGCCACTTTTTCCACATCACTTTCTGTGTCAAC
N T NDTODARSMNNNMNSNO GQETLTLILGEA AA®SAUKTEUDSETTDU

ATCAGCTGTTGATCTTTCTACAGCTCTATTAGTTGARATATCCTTTTTCTTATCTCTGATGTARAAGGTTTCATTAGGAARTTTATCTGGARATAATTAAR
DATSRAREUVUAARNTS I DKIKTIKOD®BI ¥Y¥FTENPFIKTDP LI I L

TCTTTTCCATCTTTATATTTGTTTTCATTTCTGTTAAGGTTATGARARTTTACATTGGAGGTTTTATTGCCCTGACTARCACTCTGTTTATTTTTAATCA
D K GD KUY KNENRNLNIHFNIUNSTIKNGI QSUSQKNEKIN

TTTCTTCTTGCCCTGATARAGACTTATCTGTTTTAATTTTARCATCTGTTTTGTCTTCAGACAGATTGTGACCTTTGTTCTGATTATCTARTGTATGATT
EEQGSLSKDTZ K I KUDTZKHDESTU LNUHGK KNI OQNDLTHN

TGTCATGGTARRAAGTTCARAGTACTGTTCTTTATCTTGGGTGTCCTTATTAAATATTGACCTTTCCATGAGTATTCCAGCTGGGCTATTTGTTTTTTTA
T M TFULETFVY QEKDO QTODI KN NTFI SREMLI1IGARPSNTIKHK

TCTGTTCTGGARARGGTAGGAGGRARTTCATTTGAARATGTCAAAGAGTTATTGACGCAARTTTCCTCAGTTACTGACCTTTCCATGAGTATTCCAGCTT
D TRSFTPPFENSTFTLSHNAHNUCI EETUSAEH®MLI GAQ

GGTTATCTGTTTTTTTATCTCTCCTGGARRRGGTTGTATGAGGAAATTCATTTGARAAGTTCAAAGAGTTCTTATCTTGATAAGTTTCCTCATTTICTTTT
N DTZKJI K DR RH®BRSTFTTHPFENSTFHNLSNIKIDO OQYTETENHRSRHK

ARGGTTATACAAACTCATGTTARAGGCTTCATTGTTCTTACTGACTTTCTGTTTGTTTTTAATAGTCTTTCTCTGTCCTGTTAGAATTTGATCTGCTTTA
L NY LSHNTFA AENNIKSUKO OQKNIKI1TTIKROQ@GTLI @¢DAEK

GTATCCCTGCAGCTTTTCATAGTAGCCTCTTTGARRAAATCCTGTGTGGCTGCTGCTTCGGARRAGCCCCGTCTCATTTTTTATAGCATTCACTTCAGART
T 0ODRCSXKMHTA AEZ KT FTFDOQTAAAESLSGTENTIKI ANUESN

TTTTCTCAACTGAGATTATAGGATTATCAGATARGARTCTGCARATAGTATTCCTGGAAAAATCCTGTGTGTCTGTTCCTTCAGARACATTTACCTCACT
K EVS I I PNDSLTFRTCITNRSTFDO QTDTSGESUNUES

TTCTTCAGTACTCATTCCAGGATTTGTTTCAGCTGGATACATGAGACAGTCAGGTGAGTCTTTTGARACAACCTTTTTGGCARGATTCTGTGTATCTATC
EETSHGPNTE®RPYMLCD®PSIDKSUUKIKALNIOQTDI

TCTTCAARGARARTCTAARTTTATATTCTCTGGTACAAACTTCAGGATTTTTTCCAGTTGTGTTTTTAGAGTGTGATTCATCTGATGCTTGTGRAACAGCCA
EEF FDLXKVYERTT CUEPNZ KTGTTHNZKSHSETDSA AQQSUARIL

GHGTTG%TTTHHTGGTTTGGCHTHTGTCTGHHHHHTTTGHTTGHHCHTTGTHCTGTTCHGHCTTTGHHHCRCHCTGTGTHGGHCTGHCHTTCTGHTGTHC
T TK 11 T0QC I DSFNSOQUNYOQESIKSUCOQT®PSUNQ QHWUV

ACTTTGGTAGGATTGTTCAGATGTTTCAGARCATTCCTCAGARTACTTTCCATAATCATTARRATCTTCARTTTCTGGTGGAGTCGAGTCAGAATTATAT
S QY SQESTEST CEESVYKGY DNFODET'ILWL EPPTSDSNY

AAGTGTGACTCAAGCARAGTGGARGAGTGATGTCCATTTCCTGTGACATATCCATTTCTAATGGATATTGARTTTAACACTGTAARCTTCTCCTGTGACAT
L HS ELLTSSHUHGNTGTUYUY GNRI S I SNLUTUETGTWUED

CATATAGCTTTTCTATTTGATCACRAGCATCATTAATCATATGCATARGTGTGATCTTARATTCTTTTCTATTTGCCCTGARTTTTTTGCATGAAAATTC
Yy L K E I @ DCcCAODNII N HMLT I KFEZ KR BRNARTEFIKTKTCSFE

TTTAGAGCATATTACARTACACTGCAGTACAGCAGCTCCTAGGTTTITTGCTGCCTCTATTARATTTATACARTTGAARRTGTATTTTAAGGARTGTTTCG
K s C I vl CcCQULUYUAAGLNIEKA ARAMETILLNICNFMHIKLTFTE
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exon 2

TCACACATTGACATGAACATCTGATTCATCTGTTTGATTGCARAGTCTTTCATAGTTTGAGCTATTCTGCTGTTTTTTTCAATTATTTCARATTTACATT
pcmmsnHFMQNMDQK I AFDXMNMNTQATILIRSNIKTETIL I ETFIKTCE

CCARCARATCTTTTTTARTCTTATTTGTTTTTATGTAGAATGCCTGATTGGAARTGTTTATATCTGTTATGTCTCTGTTTTTTCCCATCATTAATAACAT
Lt DK K I KNTXK I Y¥YFAOQQNSI NTDTI DRARWNIKTGHIHTIMTLTLH®H

TGTTGCACATCTGTTAAGTTTCTCATTACTGCTTATAARGTTGCCCATACTTATGATCTTITTTATACATTTGATARATTCTCTATCCATATTATTTCTC
T A CRNILIKENSS I FNGMS I I KK I+ CK 1T FERBRIDMMMNNR

ARATCTGATARATATTCTCTACARTCTGCAATCACTTTTTTAACAATTTCATCARRTTTATCACAGGCATATACAGTGTATCTTGATTCACACCAAAGARA
L DbDSLVYERTCDA AIUKIKUI EDTFIKDTCHARY UTVY RSET CWUTLTF

ARRATTCTAATTGTTCTCCAGATAAGATATCTTCATARARAGATATAAATCCAGAGGAAGCACCACTARTTARARTTAACATTTAGCATCTGAGATAATTG
FELOQEGSLIDEYFSI FGSSAGS I L NUNLWDOQSTLZQ

TTCTAAARGCAAGATCTGTAAGCATGTGTCTGTCATTCGTTARAATTCCAGCGTGGTTAATTARACAATCTTCAARTGTCTGCTTTTTCCTGATCCATGGCA
ELALDTLMMHARDNTLI GAHNI LT CDTE'I DAIKTETZ QHDTMNINHA

< start of U9@ exon 3
GCATTCACGGATTTARGARTACCTTGGATGCAGGCACTAATGGACTGAGCTAGARTTTARRGARRAAAGTCTAAATATGAARTCTGTACACATATATCAT
ANUSKLI GQ I CAS I S QA

< end of U90 exon 2
ATTTTATATGTAAGAARATGARAARAAARTACCTGCTGCCAGTTTAATATCCGAGGARGCTCCTTCTTCAACATTTGTGGAATAGGARGCATTTGCCGTT
AAL K I DSSAGGEEUNTSY SANA AT

GCAATATCATTAGATGATATTGAGTCAAGGARATCARAAGAATCCAATTCTTGGAARGAGAGTATTATCAARAGGAAGGGTTGCATTTTARACTGTCTTGCA
Al DNSS I SDLFDFSODLEZ QFLTNDTFS®PNT CIKTILSDTE L

< start of U980 exon 2
ATATGTCTCTGATGGTCTCTTCCACGGTGGTATCTGGGTGATATCTGTAARTARAATTTATAARTTTTATTACAGAGRARTTAAARTCTGTCTTTTTTGTAT
I DRI T EEUTTDPHY

< end of U980 exon 1
TAARATATTTAGGTTTACCTACTCAATATGTCTTTCGTCATTCGATGCCATGGTTTCAGATGGTTGTCCARCAARTCAACATAGGTGAAGTAGCTCCACTT
I HREDNSUDNTETS®PIQGU I L NP STAGS

CTTTCCATAGTTTTATCTGTATGTTTAGCCACARCCTACAATAACARAACCAATCAGARRTATTARCCCCATTCCAARCTCARTATAAGGCCAGCCTAAARA
R E N < start of U980 exon 1

Yy T L EVYEKARUSAPKLTY W I I L
TACTTTCARGCAGAGTTTTARARCTCTGCTTGAAARAARATGTATACTCTGGAATATGAAARACGTGTATCARGGCCAARACTTACTTATTGGATCATTTT

A1 L FUYVF LI I TG6GSUYUL I UVUVYLETLSIT OQRTTLHNA AI OQNTIDK
GGCAATATTATTTGTTTTTTTARTAATARCTGGATCTGTATTARTTGTAATTGRARCTCTGTCAATTCARRGARCGACTTTGAATGCTCAAAATGATAAA

T S TUVwuyupPETLTSNSTP
ACAAGTACTGTTGTTCCAGARTTAACATCTARTTCTCCAGGTTTGTTCAGCTATARAATGTCATTGTTTARARARARAGTTTGTARCTCTGTTARTATGA
end of U91 exon ! >

T TUTNFSASSKPTLSSDOQPGMUW I QALT
ATATTTTTTCTTGTAGATCARACAACTGTGACARATTTTTCTGCAAGTTCTARACCARCTCTTAGCAGTAARCARCCCGGATGGATACAGGCACTAACTA

start of U91 exon 2 >

T AFGI LTLFSUMTNILT T I TCNFWUWUWLTETZ KN NDTIKTANZPRBRE
CAGCTTTTGGAATTTTAACACTGTTTTCAGTTATGATGATTATTATARCTTGTARTTTTTGGCTARCTGAGAARRATGACARRAACTGCAARTCCAACAGA

Yy vy s EDI LDVY TNPSFTETIDEDSSIKU -
ATACTACTCAGARGACATATTAGATTATACARATCCAAGTTTTACAGAARTTGATGARGACAGCTCARAAGTATARCATTGCTTCAGAARTAACARAATT

GTARGTAAATTTACTTGATTTTCTTACACTATGAGATATTTAATGGTTTTARARTAGARAARTGTCAGAGTTTAAARGTAARATTARTGTAATTTATGATTT

TTTAAATGTGTCTTACAACTAGARRRTAACTTTAAATTATTATTAGTATTGTARTAATTTARRATTATTAATATTAGTATTGTARTARTTTAARARTTART

AATATTAGTATTATAAACAGTTTTTARRATATARARAARARTARATTTARAATTTATATTAAATGATTTTAARTTTACTTACCAGATGGCAGCGATATATT
GGARATTCTGTGTAGCAGAACTGTATCTTCARGCTCTTGAAGARAARGTGGCARRATAGTTGATCTGTCTTCTTATTATATACATTTTGAAGCGGATGTG

ATGCACAGGARARTGACGTTAATATATCARCCARTTARARAARGCCARAARARTTATAATACTARAARAATTAGGGTTTAARCCTTATTTGTACATGTATT

TTTTTAAAATATTATTTTTCCAATARARRCCACARTGGATTTATATTTTACGTARRCATGATTTTTGCGGTTATTTTATTTCGARTTGGTATTTARATCT

reiteration R2 <

TTGAAACARCAGGAATTGCGGTTGTCTTCTCAGCARGTTCTACACATTCCCACTCGCTTTAGGCAGGARAGACCCCARCCACATAACCCACTGACATTTA
>

AACCCGTGARARCARCAGGRACTGCGGTTGCCTTCTCAGCAGGTTTTACGGGTTCTCACCCGTTTAGGCAGGARAGACCCCARCCACATARCCCACTARC
>

ATTTTAATATGTGARARCAACAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTACGGGTTCTCACCCGTTTAGGCAGGARAGRCCCCAACCACATARCCCA
<
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u9s

CTGACATTTAARCCCGTGARRACAACAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGAGTTCTCACCCGTTTAGGCAGGARAGACCCCAACCACATA
<

ACCCACTGACATTTAARCCCGTGARARCAACAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCGTTTAGGCAGGAARGACCCCAACE
><

ACATAACCCACTGACATTTAAACCCGTGAARRCARCAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACCCGTTTAGGCAGGAAAGACCC
3¢

CARCCACATRACCCACTGACATTTARACCCGTGARARCARCAGGAACTGCGGTTGTCTTCTCAGCAGGTTTTATGAGTTCTCACCCGTTTAGGCAGGARA
><

GACCCCAACCACATAACCCACTGACATTTAARCCCGTGARARCARCARGGARCTGCGGTTGCCTTCTCAGCAGGTTTTACGGGTTCTCACCCGTTTAGGCA
><

GGAARGACCCCARCCACATAACCCACTGACATTTARACCCGTGARAACAACAGGARCTGCGGTTGTCTTCTCAGCAGGTTTTATGGGTTCTCACCCGTTT
><

AGGCAGGAARAGACCCCAACCACATARACCCACTGACATTTARACCCGTGARAACAACAGGAACTGCGGTTGCCTTCTCAGCAGGTTTTATGGGTTCTCACE
>

CGTTTAGGCAGGRAAGACCCCAACCACATAACCCACTGACATTTRARCCCGTGRARACARCARGGARCTGCGGTTGCCTTCTCAGCAGGTTTTATGGATTC
<

TCACCCGTTTAGGCAGGARRGRCCCCGACCACATARCCCACTGACATTTARACCCGTGARRACARACAGGARCTGCGGTTGCCTTCTCAGCAGGTTTTATG
>

GGTTCTCACCCGTTAGGCAGGRAAGACCCGRACCACATAACCCACTGACATTTAARCCCGTGARARCAACAGGAACTGCGGTTGCCTTCTCAGCAGGTTT
<

TATGGGTTCTCATCCGTTTAGGCAGGRARAGACCCCGACCACATARCCCACTGACATTTAARACCCGTGARAACAACAGGAARCTGCGGTTGCCTTCTCAGCA
><

GGTTTTATGGGTTCTCACCCGTTTAGGTAGGARAGACCCAGACCGCATAACCCACTAACATTTTAATATGTGARAATAARCAGGAACTGCGGTTATAGTT
><

TCAGTACATTCTAGAGATTACATCCTGCTARGGCGARAAACACTTTARCCGCARRAGCCACTGATTTTTARARCTTGTGARARTARACAGGAARCCACAGARA
>< >

ACGTCAGGARARARACGTTGTTTTATAATTATGTCCATARRACATGCARCATAATCCARACCGGCCAATGATTTTTCTGCTTARATGTAATTTAARTAAT
TTATTCATACGTAARGTTGTTATAGCCACGCCTACGCAGCAATGTATATARGCAGACACCGTCATTTCGCAGTTAGTCTGCTGGAAAGCTTGTGAAGACTA
CATARAGGTAARAATTTGACATTTGCARATGTATTTTATAATTACATTATTTTAGTTTARARAATCCARARTTCTTAATAGAARTTTATTGTGAARTTTA
AAAGATTTTGTAARTATGCATTARTATCTATTAAATAATTGTTATTTGACAGATTTACTAARTGTAGTGTARAATATCARRARARTTTAAAATTAATTTA
TTCTGAAGTTTAACATTTTTTARATATGTCTATTTTTAGTTTCATTTGATACATTGCGTAGGTTTGGAARTGTGTTTCGARAATTGCTGTARAAATTATT
GACTCTTTTTTARATTTATAGARCATTGGATGTARTTGCACATTCCTGGAAARRTTCAAAAARAGAAAATACAGTAAGTCAATTTATATGTATTGATTTTA
AATGGCCTCCAATARATATTTTTAGCCAGTTTAATGTARAACAARGCATAARGTTTATGTAGTTTTARRARTGATGCCATATTTTAACGAAATTCATTTAA
AGACAGTATCTATTARGAATTTARATGCAGTTCTATGGCTTTAAARARTTTGTACGTTTTATTTGARRRGTTTGCTCTATTTGARATCARATGTTTTAGAT
ATTTCTTTTCATAAATTCAGTTGAARTATGTTTCATTTATAATAGGTATTTTTCTGTTTCTARAARTAGATGATARARGTCACTAGATAGARARTATCTT
ATARATTGTTATTTAGTAGAATAAACATCTTTTTATATARCARAARCACARAGTACATGACTTTAGARAGCCARCTARATGCATTATTATTTAARARTTA

mESGDSF
CAGAATCAACGAGTAATGTCACTATAGTTTTTTARAGTAACTTTTARTTGTTCACTTCTAGTTGTAATCARARGAAGGATGGAGAGTGGGGATAGTTTCG

G NNHQUSSNSDATFTOQFROQY STTUDTFAY SSNHTDP SN
GARATAARTCACCAAGTCTCATCGAATTCAGATGCTTTTCAATTCCGGCAATATTCAACAACTGTAGATACTTTTGCATATTCATCARTGGATCCTTCAAA

cnHmLNEZ QTHLETULUYPUY NNTSSQOQTUERNLYAN
TTGCATGCTTARTGAACAAACTCATTTAGARACGGTACTAGTTTATCCTGTTTACARCATGTCTTCCCAGCARACAGTGGAGAGAAATCTCTATGCCAAT

N 1 GNGHNUYVLSY CROQDSLOQGNU OQGTVY FPTY QG FHSN
ARTATAGGAAATGGAARTGTGCTGAGTTATTGTAGACAAGATAGTTTGCAAGGARACCAAGGARCATATTTTCCAACATATCAGGGATTTCACTCAARACA

T PHNFS11TENTFNTFGTHNUI RP I PFRNETGUDASTSKT?D
CTCCTCATAACTTTTCTATAGAGARTTTTAATTTTGGCACCAATGTCATCAGGCCTATACCATTTAGARRTGAGGGAGTAGACGCATCAACATCCAAAGA

Yy DFKPCI TTMH®QI!1 QFSQPSAFIQTYSLMTNGNTFSEN
TTATGACTTTAAACCTTGCATTACARCGATGCARATACAGTTTAGTCAGCCATCTGCTTTTCAAACTTATTCTTTARTGAATGGARATTTTAGTGAAAAT

G Y6 YNTIKI GEWNTCAMSY UEQESUDSIKY PNKTEUSI
GGTTATGGATACAATACTAAGATTGGTGARAATTGTGCTATGTCTTATGTTGAGCAARGAGTCTGTAGACTCARAATATCCARACARAGARGTTAGTATCT

S Y QAR NEH Y ODENTLPTRETLNTDTF®PIQVYNIOQSSULUGOGHTTF
CTTATCAAAGARATGAACATTATGATGAGARTCTCCCGACGAGAGAGCTTAATACAGATTTTCCGCARTATARTCAARRGTTCTGTGTTACAGCACACCTT

ANUOQS I I S Q0 S P VY QLI GKENSTFNNYLETANUDS
TGCGAATGTCCARAGCATTATTTCACAGCARAGTCCATATCAGTTGATTGGARAAGARAACAGCTTTRACAACTATCTGGARACAGCTARCGTTGATAGT
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b ¢c-0 SNGGPIXK I 6LDTODOQSUF SDEUTGATCUENUHUHTF
GRTTGTCARTCTARCGGGGGGCCTRARATTGGCCTAGACACAGATCARTCTGTTTTTTCAGATGARGTGACTGGGGCGTGTGTAGARARTGTTCATTTTC

P M NPKWNEVY UNNISLDUYUGQTETF®PUTENPTLUGESTI QAT
CAATGAATCCTAAARRATGAGTATGTARATARACATATCACTTGATGTACARACTGARATTTCCTGTGACTGAGAATCCTCTTGTAGGAGARAGTCAGGCTAC

K N XK DUDSNAEUNNMHSIKYRLLIKRNITPTMNMNGNI KH
ARAGAACARGGATGTGGACAGTARCGCAGAGGTTAATAATCATTCTARATATCGTCTATTGARACGCARTATTACACCGACCATGGGTAATATTAAACAT

L NF SCK I STEEERIKTFFMNRBRLSELTLIKTLHIRDODI KNT
TTAARTTTTAGTTGCARGATATCTACCGARGRAGRARGGAAAACATTTTTTARCAGGTTGAGTGARGCTATTGARAATAARGGGATGATATARAAAACACTA

K 1 s s kxuyDbDF I 0 SEASTSLD I CKANTTFNNNSIDSSDUD
AAATTTCTTCAARAGTGGATTTTATTCAATCTGARGCTTCTACATCATTGGACATTTGTARARRTACATTCAATAACAATTCGGATTCATCGGATGTGGA

T 0O 1l LADNPLU I CENETLTILCDNNETENI KFPPNUEK
CACTGATATCCTTGCAGACARACCCATTAGTGATATGTGAARATGARCTGATTTGTGATARCARTGAGGARARCATCAAGTTTCCGCCTARCGTTGARAAA

EAUVPMNTOQTVUVUKRSFPETILTCPEWHTFI KT KR R®BFI NGDU I ¥V E
GAGGCTGTCCCCATGCAGACGGTTAARCGCAGCTTTCCAGRARTCTGTCCAGAGCATTTTAARAARAAGARGATTTATAARTGGTGATGTGATTTATGAAG

DLNSUY K UMNMTPASATYDODBURTFGEWUDVY QTS SAQGTKI
ATTTAAATTCTGTTTATAAAGTGATGCCAGCARGTGCGACATATGACGATGTGCGTTTCGGAGAAGTGGATTATCAAACCTCTTCGGCTCAGACARAART

S NHQLALLZPTNYOQHMNI G6GQETDI SSABRDVYHNZDSASADQQ
TTCCAACCACCAGTTAGCGTTGTTGCCAACARATTATCAGCACATGATAGGGCAGGAARCAGACATTTCATCGCGGGATTATCACAATGACAGTGCTCAR

Il Iy NCSF QROQGKARLULADTIPYRPWLKENUPTGEYVY
ATTATTTACARATTGCTCATTTCAACGACAGGGARRARAGGCTTCTTGCTGATATTCCATATAGARCCTTGGTTARAAGARAATGTTCCCACAGGGGARTATG

G K RFUKTUYUPARPASUF I FGRCA®RIKIKMDNNLRBESUKSFHMNH
GARARAGATTTGTCARAARCAGTCCCTAGACCAGCCAGTGTTTTTATTTTTGGAARGATGTCGARRARAAATGCTGAGGGAARGCGTTAAATCTTTTATGCA

L skxLQVYTEKESLEARAY ULRNTCNTIKT FTILDTLSUWP I RHEK.'I
TTTAAGCAAGTTACAGTATACTARARGAARGTCTAGAAGCATATGTACTTAGARATTGTAACARGTTTTTAGATTTGAGTTGGCCGATACGACACAAGATC

Yy I mPDUSRBRNYNITEEWVYVKNLTFPUPEGUHMNUTLGF UG
TATATTATGCCTGATGTGAGTAGARRTTATARCATTGARGAGGTTAAGARTTTATTTCCCGTACCGGARGGCTGGATGGTARCTCTAGGTTTTGTAGGAA

T EEPUT K I ¥N 1T A ULLTCENSGWUMUWUMNI HKNDIKUE®PETLY
CAGARGAACCGGTGACCAAAATTTATARCATTGCTGTATTGTTATGTGARARTGGGTGGGTCATGATTCACARGARTGATARRGTGGAACCTGAACTTTA

L AASNLNETLTIEDGLAARTCDTCI Y EKRSUPY G I UHNE
TTTAGCTGCTTCGAATCTCARTGAACTTATAGAGGATGGACTGGCACGCTGTGATTGTATTTACGAGAAAAGGTCTGTACCATATGGARTTGTCATGGAA

G K LRQFMNDNTFGSLOQSULAYRIKYLHGFULUAFNTGEGT
GGAARATTARGACAGTTTATGGACAATTTTGGCTCACTGCARAGTGTGCTAGCCTACAGRAAGTATTTACATGGTTTTCTGTGGGCTTTTARTGGCACAC

P 6GRLADA RUFHTCUPGUHNALZPLUDA AUYUI KHENWHNZPTLY
CTGGAAGATTGGCAGACAGAGTGTTCCATACTTGTGTACCTGGGGTTCATARTGCCCTTCCCTTAGATGCTGTGATTARACATGAARRATAATCCCTTGTA

F 1 6YVUVUTTTFIKUOQOOQNDTFNANUFI AUDGNLS I Y 6 VY HL
TTTCATTGGATATGTAACCACCTTTARACAGCARAATGATTTCAATGCTAATGTTTTCATCGCGGTAGATGGARARTTTARGCATTTATGGCTATCATCTT

I S Q K TWFLAKTFSTFLK™IMTGTRKTMTY Y DY EI P L K I
ATATCTCAARARACTTGGTTTCTAGCARAARCATTTTCAACTTTTCTGARAATGGGARCTAGAAARGATGTACTATGATTATGAGARTTCCACTTARARTTC

HLGDSADS ST FLSTCFIKNAPTCLILLZIKW®PEWUULARIKTZ OQFZ®PKZP -
ATTTAGGRGATAGTGCAGATTCATTTCTGTCTTGTTTTARAARTGCCCCTTGTCTGCTGCTTARGCCAGAARGTACTTAGARAGCAATTTCCTAAACCTTA

GATTGTTAAAACTTGGATAACCARARACTATATTGARATTATGTATATCTTTTTATTGAATGGGACATGTTTGTAAACATTTTTGARGCTTAARRTARAGAGTG

TTTTCARATATCTCTGTTTTGTCTCTTTACAGAGGACTTGARARATTTTTTACTGTCTTTAGARCTTGCGRATACTTGTTGAGCTTTTCTTTCCGGGTAR
- 1 DRNORKUSSKFFKIKSDKSSAFUQQAKA BRETPYVY

exon 10

uiea
exon 9

uiee
exon 8

CGCATCTCCACAGTGGTGCAGGTCGCTTCGTAARTATAATCARARAATTCTTCTACTTCTAGTAGTTTTGGTGTCGGATCTTCATTGGCGCCATAATTTG
RNEUVTTCTAEY | ¥DFFEEUELULZK®PT®PDENASAGYNS

< start of UlB@ exon 10 <
ARTTARTTCTAGCAGCTTTTATTCCTTCCCAACTAARAAGAGAAAATGTTTARATTACAGTAARTTGCARTTGGCATTCCTTGGARRAATGATGCTCACCT
N I R A A K I 6 E U
S

end of U10@ exon 9
GAAGGCTTTGTTTARATCAATCCACGGTGGCATTGGTTGAGTCTTTGTAGGTTTGTTGTTAGGCGTAGGTTTAATTTCATGTATGATTGTTGTACTCGTA
FADNLODI WPPMNPQTIXKTPIKNNZPT®PIKI EHI I T TS

TATATAGGAGTGCAGTATGTAATACCTCCGGCCTGATATATGCTGCGAACGRGAAATTARGAAATGAGTTTGTTTCTARGACGARRRGTATTGTCCCATA
Yy L P T CVY T 1 GG A Q Y | < start of UIBB exon 9

< end of U108 exon 8
CAGTAAARACTCACATGTTTCCGTCGTCACATGTCAGTTCTATCACATCACCGTCTGTARATCGCARGTATTCATCACAGCAGGATTCTAGTTTAGGTAA
I NGDDTCTLEIlI UDGDTTFARTILYEDTGECTCSETLTZKTU®PL

307
138308

341
138400

374
138500

407
138600

441
138720

474
138800

507
138900

541
139000

574
139100

607
139200

641
139300

674
139400

707
139500

741
139600

774
139700

807
139800

841
139900

874
140000

907
140100

940
140200

140300

140400
574

140500
540

140600
527
526

14@700
493

140800
479

140900
451



uieo
exon 7

ulee
exon 6

uloo
exon 5

ulea
exan 4

uiae
exon 3

uiee
exon 2

uiea
exon 1

< start of U100 exon 8
TTGARGTTCGCTAGCTAGRATTARARARARTTCTATACAATATATAGATTARTCTATATATGCACATCATGGACGCATTTTATGGCTTCGAGCTATACACT
Q L E S T

CTTTTGTTTTATTCATTTCTTTARTACTTTGTATTTTATAGARACTAARTARAGARGTTTTAATGAARATGCATTTATTAARCCACCCATARCATTTTGTAAC

< end of U10@ exon 7
TTTTCGGATACAGTATTGTTAAARGGCTTGAGTTATATTTCCACTGTTACACAGTTGAGCATTTAARGATTTGTTCGAGATGAGTTTTTTTGTTGTCCGGT
N CLQANLSIKNSII L KK KTTAR RTED

<
CATCTTTTTTTAAGARAGTCAATAACAGCGTATCARTAGTGAGTAGTCTTCCGTTGTCARACTCTGTTTTTGCACTGTCGGTTTTAATTTTARTTGAGCT
Db K KLFTLLLTDIFITLLRGHNDTFETI KA ASDTIKI KIS

start of U10@ exon 7 < end of U1@8 exon 6
GGTATGAARAAARRAACACATTARGTTTTCTTGTTAGATTCTTATCCCCCCCCCCCCCGACAGGAGAGTTTTCARATTACCAAGGTCCGAAATCTTTAGA
C PG FDK'S

< start
TGGTGTTAGTAGTACATCGTATTGGAGATCCGTTGTAGATATCTTAGATGGRARGTCTTGCCACATAGCACTTACGATGGCTGGATCGAATTCTCTAGGA
P T LLUVUVUDVY QLODTTSI KSPFDOQWUMMTASU I APDTFE

of U1@@ exon 6 < end of U1@@ exon S
TGARGAAGCGARAATTAGATTATATCTAGTTTTGCTTTCTAAGTTAATAATATTTACARTTTACCTGTTACTAAACGACTGTCGGTGCGGATGTGGAAAC
R NS F S Q R HUPHUPF

< start of U100 exon 5
ATGTCTTGTACAGTCTTTTGTCCAATAGTGTCGAATAAGCGTTCTATTTCTAGTAGTGCTATTGGAAAAAGACTGCGAARCACAATTTATTTGCTTATTC
noboQ 4y TZXKXKOQGI TDFLRETIELLA LI P F L

< end of U180 exon 4
TCTCCAGTTTTTAAATTTCGAGTARTAAARAGACACTTGCTTTTCTTACATTACGGTGGTGACGTAGTTTCGTGCAGTTGTATCGTTTTTAGGCGAGCACC
Il vy TTUVY NRATTUDNIK®PSTCLU

< start of U108 exon 4
AAATTTGTCCATATGTAGRCTGGARTCTARAARAARAAATATTGTCAACTCAACCTTTTTGTCATTTTGTTGATTGCATGTATGTGCGGTTTTCCTCTTT
I 0 6 Y T S Q F

< end of Ul100@ exon 3
TTTAGTGTGCTTGTTAATATGAGCAGTTTTGTGCGACAGTACTTACACTGTAGTGTTTGTTARGCACCTTTCGTCCGTGGGTATCTGTCTARTAATGTCT
U T TNTULCRETDT®PTIL QR I I D

ATGTCTCTCCAGGGTTCGATGGTTGTCTCTGTCCARGGGATGTTCTGACCATCGCCACGCGTATGTCGTGTTTTCTCGACTTTTGTTCTTATCCGGGCAAC
! DR UPE I TTETWUPHESURUUAY TTNERSZ KN NSIKIDTPTCHTEC

AAGCGTCATACAATGGTTTTTCTGAAGTCATGTTCACTTTAGGTATGTTARARTCTTCTTCTTTCCATTGTGARARTTGCATGCARGTTTCCCATTCGTA
A DY LPKESTMHNUK®PINTFIDETETIKWMUOQSFQMNMNCTEWUWUE'Y

GCCCTTGTTGTCTTTTCGGACGATTGCCAGTGATATTTGTGTCCGARAGGCTATTCCGCTGTAGCTACGCATCTTTTTAAAATCTGCGCGTATCTGTAAT
G K NDKRUYVU I ALSIQQTARTFAIGSY SARMNMNIKIKTFDA ARIOQL
< start of U108 exon 3 < end of U10@ exon 2

TCACTAATAAGCGGGTACTTTACATTCARATTCTTGGAGARAARAARTAACTATAGATAGTACCTTTTTTTGCTTACCATTGAGCAGACGACTGGGTGTAT
E
cQAS S QT VY

TGCTCACGTCTTTCCCARCGGTGGCGAGCAGGGRACARAARCCAGGCTCGTCARARTGTTTGCGGTGTTCATTCTTTTCACATACAACARACTGTTTTGTT
Q ERREMWWRHAAPFLULSTLINATHNMBRBRIKUY LLSNHND QHK

TACTTCCGAATCCTCCATTARGTAGAGARTAGTGTAAGCCTGTAGTTACTGACARGACTTCAGACAGCCCTTTACTCATAATTTTTTCTCTTAATCCGCG
S 6 F 66NLLSVYHLGTTUSLUESTILSGIKSH™HNMNIKEHSRTLTEGHRB

< start of U100 exon 2
CACTCCCAATGAGTTCTCTTTTAGTGGARTGCAGAGTGTTGTTTCTAATARTATARCCCTTAGARGAATTARARGTAAGGTGTGAGAAATTTACTTAAAR
U6 L SNEKUL®P I CLTTETLTLIU

< end of U108 exon 1
AGCTCTTCARAGTCGTCATATTGTAGARATCAGTGTAACCATTTTTACTTACTGTGCTTCGTCTGGCCATTCACATTCGCAGGAARAACGATGTACATCTT
0 AR EDPWUETLCETCSTFSTTCHR

GTGTATTCTAACAAGCTTTGTCTTTCCTCGGARCTTAGACCAATATATCTAGTAGAGCTTGCGTTGTGCATGTTTTCATTTATTARGTTTTCGRTTATAT
T Y ELLSOQRETESSLGI YATSSANHMBNBNEAWNILLNETLWID

CTTCTAGAGTTATTGCCGTGCGTGCTTTTTCAAGTGGGACCGTATTGGTACATATCTTTATGAGTARTGCGAARATTATATAATGCAGTTGCACCATTAT
E LTI ATARAKETLPUTNTCI K 1 LLAFI I'YHLQUNT <

end of DR ---»<--- start of UL
CTGCGAAGARGATTTTTTTTGCAGCGTCTTTATGTGCAGGCTTATTCCCCCCCGTTTCGTATTTCARATCCTARATAACCCCCGGGGGGTAARAAAAGGGG
start of U180 exon 1

141000
446

141100

141200
427

141300
395

141400
388

141500
357

141600
345

141700
321

141800
3a3

141900
295

142000
277

142100
243

142200
209

142300
177

142400
176
169

142500
135
142600
102

142700
83

142800
67

142900
33
143000
1

143100



GGGAGCTARCCCTARACCCTAGCTCTARCCCTAACCCTARCCCTAGCTCTRACCCTAACCCTAACCCTAAGTCTAARCCCTGACCCTAACCCTAAGTCTAAC

telomeric < »< >< »< >< < >< > < >< < >< >< > < ><
reiteration T1

CCTGACCCTARCCCTARCCCTAACCCTAGCTCTARCCCTARCCCTAGCTCTAACCCTAACCCTARCCCTAACCCTAGCCCTAACCCTAACCCTAACCCTA
>< > >< >< >4 >< < >< >< >< >< >< < >< >< >< <

ACCCTARCCCTAACCCTARCCCTARCCCTAACCCTAACCCTAGGTCTAACCCTARCCCTAACCCTAAGTCTARCCCTAACCCTARGTCTAACCCTAACCE
>< >< >< >< >< ¢ >< >< >< >< < >< > >< > > >

TAARCCCTAACCCTAACCCTARCCCTGACCCTAACCCTAGCTCTAACCCTRACCCTAACCCTAACCCTAACCCTARCCCTARCCCTAACCCTAACCCTAAG
< >< >< >< >< > >< > ¢ > >< < < > >< >< >

TCTAACCCTARCCCTARGTCTARCCCTAACTCTRAGTCTAACCCTAACCCTARCCCTAARCCCTARCCCTARCCCTAACCCTAACCCTAACCCTARCCCTA
>< >¢< >< >¢< >< >< >< >< < >< >< >} >< < >< >< 2<

AGTCTARCCCTARCCCTAACCCTAACCCTAACCCTAACCCTARGTCTAACCCTAACCCTARCCCTARCCCTAACCCTAACCCTAACCCTAACCCTAGGTC
>< < > >¢ >< < >< < 3¢ < >¢ >< > < P24 b >

TARCCCTAACCCTARCCCTAAGTCTARCCCTAACCCTAAGTCTAACCCTARCCCTARCCCTAACCCTARCCCTAACCCTGACCCTAACCCTAGCTCTAAC
< < > < < >< > < < < >< >< >< >< > >< >

CCTARCCCTAACCCTARCCCTAACCCTAACCCTARACCCTARCCCTAARCCCTARCCCTAACCCTAACCCTAACCCTARCCCTAACCCTARCCCTAAGTCTA
>< >< >< >< 2 < 2>< >< > >< >< >< > >} > >< >

ACCCTAACCCTARCCCTAAGTCTARCCCTARCCCTAACCCTAACCCTAACCCTAACCCTAAGTCTAARCCCTAACCCTARAGTCTARCCCTARCCCTAACCE
>< >< < »< < < > >< 3¢ >¢ >< >< > < > b4 >

TAACCCTAACCCTARCCCTARCCCTARCCCTAACCCTARCCCTARGTCTAACCCTARCCCTAACCCTAACCCTAARCCCTAACCCTAACCCTARCCCTARG
< >< >< >< >< >< > »< >< >< >< >< >< < >< < >

TCTAACCCTAACCCTAARGTCTAACCCTAACCCTAAGTCTAACCCTARACCCTAACCCTAACCCTARCCCTAACCCCARCCCTAACCCTAACCCTAGCTCTA
>< > >< >< >< > > >< < >< >< > < >< < >< >

RGCCTARCCCCARCCCTAACCCTARCCCTAGCTCTAARGCCTAACCCCARCCCTARCCCTARCCCTAGCTCTAAGTCTAACCCCARCCCTARCCCTAACCC
>¢< >< < >< >< >< >< >< >< >< < >¢< >< >< > > >

TAGCTCTAAGCCTARCCCCARCCCTARCCCTAACCCTAGCTCTARGCCTAACCCCARCCCTAACCCTARCCCTAGCTCTARGTCTARCCCCARCCCTAAC
< >< >< > < >< >¢ >< >< >< >< >< >< >< > >< ><

CCTAACCCTAGCTCTAAGTTTCACCCCARCCCTAACCCTARCCCTAGCTCTAAGTTTCACCCCAACCCTARCCCTAACCCTAGCTCTARGCCTAACCCCA
>} >< < >< >< >< >< < >< >< < < >< < <

ACCCTAACCCTAACCCTAGCTCTAAGCCTAACCCCARACCCTAACCCTAACCCTAGCTCTARGCCTAACCCCARCCCTARCCCTARCCCTAGCTCTARGTC
< >< >¢ >< < 3¢ > > >< >< >< < < >< < > >

TARCCCCAACCCTARCCCTARCCCTRGCTCTAAGTTTCACCCCARCCCTAACCCTARCCCTAGCTCTAARGTCTAARCCCCARCCCTAACCCTAACCCTAGE
< >< >< >< > >< < < > >< < >< >< < >< <

TCTAARGTCTARCCCCAACCCTARACCCTAARCCCTAGCTCTAAGCCTAACCCCAACCCTAACCCTARCCCTAGCTCTARGCCTAACCCCARACCCTAACCCTA
> >< < >< >< < > >< >} > >< >< >< < < >< ><

ACCCTAGCTCTAAGCCTAACCCCAACCCTAACCCTAACCCTAGCTCTAAGCCTARCCCCARCCCTAACCCTARCCCTRGCTCTARGTTCACCCCAACCET
>< >< > >< >< >< >< < >< >< >< >< >< >< >< >

AACCCTAACCCTAGCTCTAAGTCTARCCCCARCCCTAACCCTARCCCTAGCTCTAAGTCTARCCCCARCCCTAACCCTARCCCTAGCTCTARGCCTAACC
< »< < < >¢ < > >< >< 3¢ >< > >< < >< <

CCRACCCTAACCCTARCCCTAGCTCTRAGTCTARCCCCAACCCTAACCCTARCCCTAGCTCTAAGCCTAACCCCAACCCTARCCCTAACCCTAGCTCTAA
< ¥< >< >< > > < < > >< >< >< >< >< < »< <

GTCTAACCCCARCCCTAACCCTAACCCTAGCTCTARGTTTCACCCCARCCCTAACCCTARCCCTAGCTCTAAGTTTCACCCCARCCCTAACCCTAACCCT
>< >< >< >< >< < < < >< > 2< >< >< > <

RGCTCTARGCCTAACCCCAACCCTAACCCTAACCCTAGCTCTARGTTTCACCCCARCCCTAACCCTAACCCTAGCTCTAARGCCTARCCCCARCCCTAACE
< >< >< < > >< < > >< >< >< > > >< >

CTARCCCTAGCTCTARGCCTARCCCCAACCCTAACCCTARCCCTAGCTCTAAGCCTAACCCCARCCCTARCCCTAACCCTAGCTCTARGCCTARACCCCAA
> > > > >¢ < < >< >< >< >< >< < < >< >< <

CCCTAACCCTAACCCTAGCTCTARGCCTARCCCCAACCCTAACCCTAGCTCTARGTTTCACCCCAACCCTARCCCTAACCCTAGCTCTAAGCCTAACCCE
>< >< >< >< >< 3¢ >< < >< > >< > >< > bX4 >

AACCCTAACCCTAACCCTAGCTCTAAGCCTARCCCCARCCCTAACCCTARCCCTAGCTCTARRCCTARCCCCAGCCCTAACCCTAACCCTARACCCTAGET
> >< >< < > < >< < >< >< >< < >< < >< >

CTAAGTCTAACCCCARCCCTAACCCTAACCCTAGCTCTARGCCTAACCCCAACCCTAACCCTARCCCTAGCTCTARGCCTAACCCCAACCCTAACCCTAR
> < >< > >< > >< < > > > < >< >< > >< <

CCCTAGCTCTAAGTCTARCCCCARCCCTAACCCTARCCCTAGCTCTAAGTCTARCCCCAACCCTAACCCTAACCCTAGCTCTARGCCTAACCCCAACCCT
>< >< >< > >< > »< >< >< >< < >< >< >< >< > »<

ARCCCTAACCCTAGCTCTARGCCTARCCCCAACCCTARCCCTARCCCTAGCTCTAAGTCTARCCCCARCCCTAACCCTAACCCTAGCTCTARGCCTAACE
>< 3¢ < >< < >< >< >< < >< > > < >< ¢ <

143200

143300

143400

143500

143600

143700

143800

143900

144000

144100

144200

144300

144400

144500

144600

144700

144800

144900

145000

145100

145200

1453080

145400

145500

145600

145700

145800

145900



DR1
exon 1

DR1
exon 2

CCARCCCTAACCCTAARCCCTAGCTCTAAGCCTARCCCCARCCCTAACCCTAACCCTAGCTCTARGCCTAARCCCCARCCCTARCCCTAACCCTAGCTCTAA
< < >< ><¢ >< >< >< > >< >< >< >< >< < < >< ><

GTCTAACCCCAACCCTAACCCTAACCCTAGCTCTRAGTCTARCCCCAACCCTAACCCTARCCCTAGCTCTAAGTCTARCCCCAACCCTAACCCTAACCCT
>< >< >< >< >< >< >< < >< < »< >< < >¢ >< < <

AGCTCTARGCCTAACCCCAACCCTARACCCTAACCCTAGCTCTARAGCCTAACCCCAGCCCTRACCCTAACCCTAGCTCTARGTCTAACCCCAACCCTAARCE
»< >< > < >< < »< < >< >< < >< >< >< >< >

CTAACCCTAGCTCTAAGTTTCACCCCAACCCTAACCCTAACCCTAGCTCTARGCCTARCCCCARCCCTAACCCTARCCCTAGCTCTAAGTCTARCCCCAA
>< > >< > >€ >4 < > >} >< >< > > >< > ><

CCCTARCCCTAACCCTAGCTCTARGCCTARCCCCAACCCTARCCCTARCCCTAGCTCTARGCCTAACCCCARCCCTARCCCTARCCCTAGCTCTARGECT
>< >< >< >< > < >< ¥ >< >< >< >< < > >< P >

AACCCCAACCCTAACCCTARCCCTAGCTCTAAGCCTARCCCCAACCCTARCCCTAACCCTAGCTCTARGTTTCACCCCARCCCTAACCCTARCCCTAGET
> >< 2< < >< >< >< >< >< > > >< >< >< >

CTRAGCCTARCCCCAACCCTAACCCTARCCCTAGCTCTAAGTTTAACCCCARCCCTARCCCTARCCCTAGCTCTAAGTTTCACCCCAACCCTARCCCTAA
>< >< >< >< >< < >< > <€ >< >< >< > > <

CCCTAGCTCTARGCCTAACCCCARCCCTARCCCTAACCCTAGCTCTARGTTTARCCCCAACCCTAACCCTARCCCTAGCTCTARRCCTAACCCCAGCCET
> >< >< >< >< >< >< >< >< >< > > > > >< <

AACCCTARCCCTAACCCTAGCTCTARAGTCTAACCCCAARCCCTARCCCTAACCCTAGCTCTARGCCTARCCCCAACCCTAACCCTAACCCTAGCTCTARGT
< >< >< >< ¢ >< >< >< >< >< >< >< >< >< >< ><

CTRAACCCCAACCCTAACCCTARCCCTAGCTCTARGCCTAACCCCARCCCTARCCCTARCCCTAGCTCTARGCCTAACCCCAGCCCTAARCCCTAACCCTAG
>< > >< >< >< >¢ >< > > >¢ < > < >< >< > <

CTCTARGCCTAACCCCAACCCTARCCCTARACCCTAGCTCTAAGTTTCACCCCAACCCTARCCCTARACCCTAGCTCTARGTCTARCCCAAACCCTAACCET
X ¢ >< > > < >< >< >< 3¢ >< >< < >< > <

ARCCCTAGCTCTAAGTTTCACCCCAACCCCAACCCTARCCCTAGCTCTAAGTCTAACCCAARCCCTARCCCTARCCCTAGCTCTAAGTCTAACCCCARCE
>< > >< >< > >< >< > >< < < >< >< >< <

CTARCCCTAGCTCTCAGTCTARCCCCAGCCCTARCCCTARCCCTAGCTCTCACTGTCACCCTAACACTAGCTCCAGGTCATCTGTTCTAGATCCTATCCA
>< < < >< > >< >< > >< >< >< > >

TATCTGCCCTGACTCCTGGTTCCATACCGCTCCGAGCCCCACCCTCCGTCCCGCCCTCCTCCTGTTCTCCATGCCCTGCCTTCTCAACCCTTLCTCTTCC
ACGCCCACATTGCCTCTGCACTCCGCGCTCTCTTGGCTGTGCGCCCTGCCTTTCCGTGACCTACTGGGAGCGCCGCCARATCTGTTTTGCCCCGCCCCTG

CGCGCGCGGGARCTGTCGGCGCCGCGCTGCTGCTAGCCCGCCTTCCAGAGCTCCCTCCCTCCGTCTGCCTCCTCACCCTTGCCACTCACCCTTCCATCTC

m T AATTEMHT FALIRAALNABY W ULLL
TTCTATCACAGACTCTGTGTTACACCACCTATGACTGCTGCAACCACAGARCATTTTGCTCTCCGCGCGGCACTCAATCGTTACTGGTGGCTGCTTCTGG
> start of DR1 exon |

G RHXKXKLSLUCLCHNYUTAMHRARSOQOLL®PL®PUWUPETZ QETFLOQQLTEDSF®P
GACGACACAAGCTCAGTTTGGTATGCAACTACGTCACAGCTCATCGCCAACAGTTACTGCCGCTGCCGTGGCCCGARCAGGAATTTCTCCAACTTGACCC

AP Y SNLABWMNARBRUAR AUHUHTLIHRGUZPAAHNT
GGCCCCCTACTCCARTCTCCGCAACCGTGTCGCTCACCATCTCCATCGCGGCTGGCCAGCGGCACACAACACATGTAAGCTACCGTACATCTCTTTCACA
end of DRl exon 1 >

AACCCAAGGCTCACATAGAGACARGCACAAGCTCGCGCAATGACATTARAACCTCCCATCATTGTCCTTTCCTGTCGCTTTGCCGATAARCGTCTTTGCTC
start of DRI

C FDPRPVYFPWNATIKUYKLL®PLSGSI1TTLTRST FSSTIDE
TATCGCAGGTTTCGACCCCCGTCCTTACTTCCCCARTGCTAAAGTCAAGCTGCTTCCGCTCGGCTCCATCACCCTTACCAGATCATTCTCCAGTGACGAG
exon 2 >

P H'P I 6D 0 UHUHSHDA BRGEDVYYHTU I CSULTGTSP I LV
CCTCATCCTATTGGTGATGATGTGCATCACAGTCATGACCGGGGTGACTACCATACTGTTATCTGCAGCTGGCTCACAGGARCCTCCCCGATCCTAGTGE

L LQGPODGS 1T Y CHDUYUYRGRLYLUAHKSUSLFARTILTGEGIL
TGCTTCAAGGACCGGACGGCAGCATCTATTGCCACGACGTGTACCGCGGCCGATTGTATCTCGTGGCCCACTCTGTATCGTTGTTCGCCAGGCTAGGCCT

R HCE®PLVYARAPRUIKHUYUPLPSHMTUUASPPASATLT
TCGCCACTGCGARCCTTTATATGCGGCACCCAGATGGARGCACGTTCCTCTGCCCAGCATGTGGGTGGCGAGCCCGCCAGCGTCCGCCACCCTCACGCAR

T LAUYVUSATMHSGLDALUYSLLI K I HRGT®PTCSTL I HP
ACACTCGCCGTGAGTGCCACGCACGGTCTGGACGCGTTATACTCGCTGCTARARRTCCACAGAGGARCTCCGTGTTCGCTAATCCACCCCGTGAACGGET

Yy v LomltL T TGRSTFOQEAPCOQNTA RTSUKTTPHUNTDAU
ACGTCCTGGACATGATACTGACGGGCCGCTCATTCCARGARGCACCCTGCCARRACACTCGCACGTCCGTTAARRCARCGCCACATGTARTGGRCGCAGT

t 6 G6GRG S UL ST GVY LUKMTPHI HLAUYUTARTCLUTATITD
CTGCGGTGGCCGCGGGTCATGGCTGTCCATCGGCTACCTAGTAAAGATGCCGCACATTCACCTGGCGGTGACCCGARCATGTCTGGTCACCGCCATAGAT

UR QNFLUWLRUADDALTLFLUYUTGSLLLLSRPTADILT
GTCCGACAAAACTTTCTCTGGCGCGTGGCGGACGACGCGCTGCTATTCCTGGTCACCGGTAGTCTTTTACTACTGTCGCGGCCGACCGCAGACTTGACGT

146008

146100

146200

146300

146400

146500

146608
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146800

146900

147000

147100

147200

147300

147400

147500

23
147600

57
147700
85
147800

147900

116
148000

149
148100

183
148200

216
148300

249
148400

283
1485008

316
148600

349
148700



DR6

exon 1

DR6
exon 2

s 4 s cLQQEPUMUWUIRNTCLTIDTARSGETZ QDTETTETSDTE QEHW®HNIKTDQSTS
CTTGGTCATGTTTACAGCARGARCCTGTGTGGAGGARCTGTCTAGATACGCGCGGAGARCAGGATGAGACAGARGACCARGAGATGAARCAAAGCACAAG

K K Q NENIK X LNTSIK KHTARUSSA LI PTFZPLSLARBETS?®P
CAARARGCAAARRTGAGAATARARAACTCAACACCTCARRARARCACACCCGCGTATCGTCGGCAATTCCGACCTTTCCCCTGAGTCTCCGAGARACGLCG

P EARSPAUVULAAARTOESHKTRAI STHNATTTI R I P
CCAGAAGCCAGGAGCCCAGCCGTCCTCGCCGCCGCCACCCAGTCTCACARARCTCGAGCGATCTCGACGCATAATGCCACGACARCAARTARGAATACCGE

R LPSY LLEARLILSUYTAILIKIDTZ KT KT KT KTOQPI QA -
GCCTTCCCAGTTACCTGCTGGARGCGCGTCTGTTGTCCGTGACAGCTATCCTGARRGACACAARGAARRARRARAACCCAGCCTCAGGCGTAGCAGCTGEG

ACGCTCAGCGCGGTGTCTGARAGCTCGCCAAGGTCTCGCGTARRAGAACAGATGTGARCTTCAGATGTACCAARCCAAATAARTACGGGTTCCGCTATARAA
AGTGCACCTCTATTCCCGTTCTTATCCCCGTTCTAACTCTTCCTTGTATCATACCTTGCATGTTAACCGGATCCCGTGGATCTTACACACATACACACAC
ACACAAACTTGGTGAGGTAARCACAGAARTCTCACTARCTCATARTCCCCTACACGCTTACCACCACCTAAARARTGGTTATGACCARARCTGGCAATAGT
CTATCTTCTTTTTCTTTCCATTCACAGCCAATGTGCAGTACTCGTGGGTCCACAACAACGARAGAGACTGTAGAGACACTTCCTTTARGTAGACCTTAGA
m s AE™NLRAUYU QL QP RRBR
GACACACCARATACAACCACRACCAAARAAAARRACAGARAACARCACAAAGCCAATGAGTGCAGAAATGCTCCGCGCTGTTCAGCTCCAGCCAAGACGCC

R GHSSSPTSPPLETGE®PSPIKRLI OQSSNSUHIQGARARBRTGHR BP
GGGGACATTCCTCATCTCCCACTTCCCCTCCACTCGAAGGAGAGCCCAGTCCCARGAGACTCCARTCGAGCARCAGTCACCARGGGCGTAGAGGCAGACC

K P RAKTWMWSEALSHARSFLNIVYYAMULSLSRGSPRIKU
TARRCCCAGARGCTAARACATGGAGCGARGCTTTATCCCACCGGTCCTTCCTCAACATTTACGCGTGGCTGTCTTTGAGTCGAGGGTCTCCGCGAAAAGTG

Yy 6 vy A FARHRBRGETLUVUARLPWUWUPPNIMWUSLETLUHAHDPYRDA AR
TACGGATATGCCTTCAGGCACAGAGGAGARACTCGTAGCATTGCCATGGCCGCCTARCTGGAGCCTGGAACTTCACCACGATCCCTATCGRGACGCCAGAG

A Q T YU kW S HARUWUOGWUWPATHUTARTURTIDSTC
CACAARACCGTTTGGAGTCACCGCTGGGGATGGCCTGCARCACACGTGACAGCTCGCACGGTGCGGGACTGCGGTGAGTGTAAGCAGTGTGACACATTGTT
end of DR6 exon 1 >
ATCGCAATTGTCTTACCCGATTAACTTTTTATTAATGTATTAAGCACTCTTTCTTCACGTGTGACTGTTGTGTTTTTTGTTGTTATCTACATCCCGGCAG
start of DR6 exon 2

AL DTHMNY VUCCGAREGET KTLOQPUGY URNA BRAAPSTUDTILNSIL
CCCTCGACACGCATATGTACGTGTGCTGCGGACGCGGAGARRARGTTGCAGCCCGTCGGATACGTACGCARCAGAGCCGCGCCTTCAGACCTGRACTEGTT
>

R VL L ! ARDGA®MY UHUHMTRTAARLTECARLASSUTETFA AR
ACGCGTCCTCCTCATAGCCAGGGACGGAGCAATGTATGTGCATCACATGAGAACGGCGCGACTGTGCCGCCTAGCCAGCAGTGTGACCGARTTCGCGCGA

R G L QR ESEWUYUY EDDUSLZPDARABRUGSATAI HLFDUI
CGAGGGCTGCAGCGAGARATCCGAGGTTTATGARGATGATGTTTCCTTGCCAGACCGTCGAGTAGGTTCGGCAACGGCCATTCACCTGTTTGACGTAATTA

T QA ADVUVHDLLTUAGLTC®OQTHTSGUSCOQLUWUY TDHTUDTPH
CCCAGGCAGCCGATGTCCACGACCTACTCACCGTGGCCGGRCTGTGTCAGRCTCACACCGGCGTCAGCTGCCARCTGTGGTATACAGACCACGATCCCCA

T VA GAARARTFTLTUARIOQOY RLUWPNARABIEKILILGOQHTLIHTEP
CACCGTCGCTGGGGCGGCARCGCTTCACACTGACGGTCGCACGGCAGCAGTATCGATTGTGGCCARACGCACGACGCARARCTGCTGCAGCACCTACATCCG

DHPLGLWLLTCAULTVY DAIKTETNRBRAUPZPUTUPTGATET
GACCACCCACTTGGGCTGTGGCTGTTGTGTGCCGTGCTCACGTACGATGCARAAGAGACGARATCGCGCAGTGCCACCCGTAACGCCAGGGGCCGAAACCG

uuwv il VvVTGRGAILGF UWUPESAKNMCRLASSNKTGTLUWKN
TGTGGGTGATAGTTACTGGCAGGGGTGCCATTCTAGGATTCTGGCCAGAGAGCGCCAAARTGTGCAGATTGGCCTCGTCTATGARAGGACTCTGGAARAR

G ARAL K GHWUTVY AAPGARHRAGEA AIMWNPLTCAMHY QS PR
CGGAGCGCGGGCGCTARAAGGTCACTGGACATACGCAGCACCCGGCCGGCATAGAGCGGGAGAGGCCTGGCCTTTGTGTGCACACTACCAARTCTCCTAGA

TAGAACAAARATTAAAARAGATTARARAAARAAAGARAAAAAGTACAAGAGTGTTATCGCGARARCAGCGTGTCARARARRARAAARCAATCCACATACTCTAGA

RCAARCTGTACCCARAAATAAGTCCGTGTGCARRACTGGGARARARAAARARTCACCTTCCTCGTTGCCACTAGAGGGAGTACCGAAARGTGTAGGCARGAAG
GCCACGCTGTAAATGACTGTCAGCGTTTGGCGCTGRARACATTGCTGTTCTTGCTGGCTCARGCACARTCACGTGATTAAGATTCCTTTCGTTTTCAAAG
TGTGCCCGGGAGGCAGACATGCCCTTTCTCGTGAGACATTATGAGATTTGCCTGCCAGAGAACCACGTGACTTGGACTTACTTTCGTTTTCTARACGTGE
CCTCTAGGCATGAATGCTCTTTAGCGTTAGCCATGAGGCTAGCGTGATCCTGTATAGTACATARGTTTCTARGAATATGTTTTTARCARTARTCATGTCC
CARRRAGTCGCGAGTGACTARAARTTCTCTGTARATGAAGGCAARTTAARCAGGATACAGACAGTTGTGGCAGTGGTCCGTTTCGTCTTTCTGTGTTTTCC
TTACGCGGCTGACGAGGTAARGTGTCTCAGTCCATATTGTTGTCTGTGCCACCGTAGTTAGCGGTGGCATACTARARARCTCCGATAGATGCAGRACAATA
ACACCGARAACCACGCTGTGGAACCAGACCACACTTTATAARCARAACGGCCTTATCACCTGGARRARARRACTARRRATARGGCAATGATACACCTGAC
TTTCCATTGGARACCTGCCGTARCCCTGACCACAARTCCCATGCTAARTCCCCTGARACACTGCCARACGTCGCTACARGGTTTTTCCGGGATCGAGCCG

CAGCAAGCTTAAACTGAGGTCACACACGACTTTAATTACGGCAACGCACAGCTGTARGCTGCAGGARRGATACTATCGTAAGCARATGTAGTCCTACAAT
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CAAGCGAGGTTGTAGACGTTACCTACAATGAARCTACACCTCTAAGCATAACCTGTCGGGCACAGTGAGACACGCAGCCGTARATTCAAAACTCAACCCAA

ACCGAAGTCTAAGTCTCACCCTAATCGTAACAGTAACCCTACAACTCTAATCCTAGTCCGTRACCGTARCCCCAATCCTAGCCCTTAGCCCTAACCCTAG
telomeric < > < >< >< <
reiteration T2

CCCTAACCCTAGCTCTAACCTTAGCTCTAACTCTGACCCTAGGCCTAACCCTARGCCTAACCCTAACCGTAGCTCTARGTTTAACCCTAACCCTAACCCT
>< >< > >< >< < >< < < >< < > < ¢ >< ><

AACCATGACCCTGACCCTAACCCTAGGGCTGCGGCCCTARCCCTAGCCCTARCCCTARTCCTARTCCTAATCCTAGCCCTAACCCTAGGGCTGCGGLCCT
>< >< >< >< > >< >< >< >< >< >< >< >< < < ><

AACCCTRGCCCTAACCCTARCCCTAGCCCTAGGGCTGCGGCCCTARACCTAACCCTARCCCTAGAGCTGCGGCCCTARCCCTARCCCTAGGGCTGCGGCC
< >< >< >< >< >< >< >< < >< >< > >< > »

CTAACCCTARCCCTAGGGCTGCGGCCCGAACCCTAGCCCTAACCCTAACCCTAGCCCTAGGGCTGCGGCCCGRACCCTAGCCCTAACCCTARCCCTAGEE
>< >< >< >< > >< 3¢ < < >< >< >< < < < >

CTAGGGCTGCGGCCCTAACCCTRACCCTAGCCCTAGGGCTGCGGCCCTARACCTAACCCTAGCCCTAGGGCTGCGGCCCTARCCCTARCCCTAGGGCTGE
>< < >< >< < >< < >} < > >< >< >< < > ><

GGCCCTAACCCTAACCCTAGGGCTGCGGCCCTAARCCCTARCCCTAGGGCTGCGGCCCGARCCCTARCCCTAACCCTAACCCTAACCCTAACCCAAACCCT
>< >< < > > >< >< >< >< >< >< >< < >< > <

AACCCTAGGGCTGCGGCCCTAACCCTAACCCTAGGGCTGCGGCCCGAACCCTARCCCTARCCCTARCCCTAGGGCTGCGGCCCTARCCCTARCCCTAGGG
>< >< >< >< < >< >< < >< >< >< >} >< < >

CTGCGGCCCTARCCCTAACCCTAACTCTAGGGCTGCGGCCCTARCCCTARCCCTARCCCTAACCCTAGGGCTGEGGCCCGARCCCTAGCCCTAACCCTAA
>< > > > >< >< 2< > >< >< > >< >< < >

CCCTGACCCTGACCCTAACCCTAACCCTAACCCTAACCCTARCCCTAACCCTARCCCTARCCCTARCCCTAACCCTARCCCTAACCCTAACCCTRACCCE
>< >< > >< >< > >< > > > > ¥< > > < > >

GCCCCCACTGGCAGCCARTGTCTTGTARTGCCTTCARGGCACTTTTTCTGCGAGCCGCGCGCAGCACTCAGTGAARAACA
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