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MODIFIED RECOMBINANT VACCINIA VIRUSES AND OTHER MICROORGANISMS,
USES THEREOF

RELATED APPLICATIONS
Benefit of priority is claimed to each of EP 03 013 826.7, filed 18 June 2003,

. eptitled "Recombinant vaccinia viruses useful as tumor-specific delivery vehicle for

cancer gene therapy and vaccination; " EP 03 018 478.2, filed 14 August 2003, |
entitled "Method for tﬁe production of a polypeptide, RNA or other compound in ‘-
tumor tissue;” and EP 03-024 283.8, filed 22 October 2003, entitled "Use of a
Microorganism or Cell to Induce Autoimmunization of an Organism Against a
Tumor." Where permitted, the subject matter of each of these applications 1s
incorporated by reference in its entirety. '
This application also is related U.S. application Serial No. 10/872,156,
filed on the same day herewith. This application also 1s related to U.S. Application filed June 10,

2004 Serial No. 10/866,606, entitled "Light emitting microorganisms and cells for diagnosis and |

therapy of tumors,” which is a continuation of U.S. Application Serial No.

10/189,918, filed July 3, 2002; U.S. Application filed May 19, 2004 Serial No. 10/849,664 -
entitled, "Light emitting microorganisms and cells for diagnosi§ and therapy of diseases associated
with wounded or inflamed tissue” which is a contihﬁétion of U.S. Application
Serial No. 10/163,763, filed June 5, 2003; International PCT Application WO 03/014380,
filed July 31, 2002, entitled "Microoroganisms and Cells for Diagnosis and Therapy of Tumors;
"PCT Application WO 03/104485, filed June 5, 2003, entitled, "Light Emitting
Microorganisms and Cells for Diagnosis and Therapy of Diseases Associated with

Wounded or Inflamed tissue;" EP Application No. 01 118 417.3, filed July 31,

2001, entitled "Light-emitting microorganisms and cells for tumour

diagnosis/therapy;" EP Application No. 01 125 911.6, filed October 30, 2001,

entitled "Light emitting microorganisms and cells for diagnosis and therapy of

tumors;"” EP Application No. 02 0794 632.6, filed January 28, 2004, entitled

"Microorganisms and Cells for Diagnosis and Therapy of Tumors;" and EP

Application No. 02 012 552.2, filed June 5, 2002, entitled "Light Emitting
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Microorganisms and Cells for Diagnosis and Therapy of Diseases associated with
wounded or inflamed tissue.” Where permitted, the subject matter of each of these
applications is incorporated by reference in its entirety.
FIELD OF THE INVENTION

Vaccines that contain attenuated or modified micrdorganisms, including
microbes and cells, and methods for preparing the microorganisms and vaceines are
provided. In particular, modified bacteria, eukaryotic cells and viruses are provided
and methods of use thereof for treatment of proliferative and inflammatory disorders
and for production of products in tumors are provided.
BACKGROUND

In the late 19th century, a variety of attempts were made to treat cancer
patients with microorganisms. One surgeon, William Coley, administered live
Streptococcus pyogenes to patients with tumors with limited success. In the early
20th century, scientists documented vaccinia viral oncolysis in mice, which fed to
administration of several live viruses to patients with tumors from the 1940s through
the 1960s. These forays into this avenue of cancer treatment were not successful.

Since that time, a variety of genetically engineered viruses have been teste&
for treatment of cancers. In one study, for example, nude mice bearing
nonmetastatic colon adenocarcinoma cells were systemically injected with a WR
strain of vaccinia virus modified by having a vaccinia growth factor deletion and an
enhanced green fluorescence protein inserted into the thymidine kinase locus. The
virus was observed to have antitumor effect, including one complete response,
despite a lack of exogenous therapeutic genes in thé modified virus (McCart et al.
(2001) Cancer Res 1:3751-8757). In another study, vaccinia melanoma oncolysate
(VMO) was injected into sites near melanoma positive lymph nodes in a Phase III
clinical trial of melanoma patients. As a control, New York City Board of Health
strain vaccinia virus (VV) was administered to melanoma patients. The melanoma
patients treated with VMO had a survival rate better than that for untreated patients,
but similar to patients treated with the VV control (Kim et al. (2001) Surgical Oncol
10:53-59).



10

15

20

25

30

. .

Other studies have demonstrated limited success with this approach. This
therapy is not completely effective, particularly for systemically delivered viruses or
bacteria. Limitations on the control of microbial vehicle function in vivo result in
ineffective therapeutic resnlts as well as raising safety concerns. It would be
desirable to improve this type of therapy or to develop more effective approaches for
treatments of neoplastic disease. Therefore, among the objects herein, it is an object
to provide therapeutic methods and microorganisms for the treatment of neoplastic
and other diseases.

SUMMARY

Provided herein are therapeutic methods and microorganisms, including
viruses, bacteria and eukaryotic cells, for uses in the methods for the treatment of
neoplastic diseases and other diseases. Diseases for treatment are those in which the
targeted tissues and/or cells are immunoprivileged in that they, and often the local
environment thereof, somehow escape or are inaccessible to the immune system.
Such tissues include tumors and other tissues and cells involved in other
proliferative disorders, wounds and other tissues involved in inflammatory
responses. The microorganisms, which include bacterial cells, viruses and
mammalian cells, are selected or are designed to be non-pathogenic and to
preferentially accumulate in the immunoprivileged tissues. The microorgamisms,
once in the tissues or cells or vicinity thereof, affect the cell membranes of the cells
in such tissues so that they become leaky or lyse, but sufficiently slowly so that the
targeted cells and tumors leak enough antigen or other proteins for a time sufficient
to elicit an immune response.

The microorganisms are administered by any route, including systemic
administration, such as i.v. or using oral or nasal or other delivery systems that direct
agents to the lymphatics. In exemplary methoeds, the microorganisms are used to
treat tumors and to prevent recurrence and metastatic spread. Exemplary
microorganisms include highly attenuated viruses and bacteria, as well as
mammalian cells. The microorganisms are optionally modified to deliver other

products, including other therapeutic products to the targeted tissues.
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When the microorganisms are administered to a host that contains tumors,
the tumors in the host essentially become antigen and protein factories. This can be
exploited so that the tumors can be used to produce proteins or other celiular
products encoded by dr produced by the microorganisms. In addition, the host sera
can be harvested to isolate antibodies to products produced by the microorganisms
as well as the tumor cells. Hence also provided are methods for producing gene
praducts by administering the microorganisms to an animal, generally a non-human
animal, and harvesting the tumors to isolate the product. Also provided are methods
for producing antibodies to selected proteins or cell products, such as metabolites or
intermediates, by administering a microorganism that expresses or produces the
protein or other product to a host, typically a non-human host; and harvesting serum
from the host and isolating antibodies that specificaily bind to the protein or other
product,

Thus provided are methods and microorganisms for elimination of
immunoprivileged cells or tissues, particularly tumors. The methods include
administration, typically systemic administration, with a microorganism that
preferentially accumulates in immunoprivileged cells, such as tumor cells, resulting
in leakage proteins and other compounds, such as tumor antigens, resulting in
vaccination of the host against non-host proteins and, such as the tumor antigens,
providing for elimination of the immunoprivileged cells, such as tumor cells, by the
host’s immune system. The microorganisms are selected not for their ability to
rapidly 1ysé cells, but rather for the ability to accumulate in immunoprivileged cells,
such as tumors, resulting in a leakage of antigens in a sufficient amount and fora
sufficient time to elicit an immune response.

Hence provided are uses of microorganisms or cells containing heterologous
DNA, polypeptides or RNA to induce autoimmunization of an organism agaijnst a
tumor. In particular, the microorganisms are selected or designed to accumulate in

tumore and to accumulate very little, if at all (to be non-toxic to the host) in non-

. tumorous cells, tissues or organs, and to in some manner result in the tumor cell

lyses or cell membrane disruption such that tumor antigens eak. Exemplary of such
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microorganisms are the LIVP-derived vaccinia virus and the bacteria described
herein and also mammalian cells modified to target the tumors and to disrupt the
cells membrane. The microorganisms can be modified to express heterologous
products that mediate or increase the leakage of the tumor cell antigens and/or that
are therapeutic, such as anti-tumor compounds.

Also provided are methods for production of antibodies against a tumor by
(a) injecting a2 microorganism or cell containing a DNA sequence encoding a desired
polypeptide or RNA into an organism bearing a tumor and (b) isolating antibodies
against the tumor.

Provided are attenuated microorganisms that accumulate in
immunoprivileged tissues and cells, such as tumor cells, but do not accumulate to
toxic levels in non-targeted organs and tigsues, and that upon administration to an
animal bearing the immunoprivileged tissues and cells, result in autormmunity, such
as by production of anti-tumor (or anti-tumor antigen) antibodies against the
immunoprivileged cells or products thereof. The microorganisms are selected or
produced to render the immunoprivileged cells leaky, such as by a slow lysis or
a';poptotic process. The goal is to achieve such leakiness, but to not lyse the cells so
rapidly that the host cannot mount an immune response.

Uses of and methods of use of the microorganisms for eliminating
immunoprivileged are provided. The microorganisms optionally include reporter
genes and/or other heterologous nucleic acids that disrupt genes in the
microorganism and can also encode and provide therapeutic products or products,
such as RNA, including RNAI, that alter gene and/or protein expression in the cells
or tissues where the microorganism accumulates. Among the viruses provided are
attenuated pox viruses that contain a modified TK and HA gene and a modified F3
gene or locus that corresponds to the F3 gene in vaccinia. In particular, provided érc
recombinant vaccina viruses that contain a modified TK and HA gene and optionally
a modified F3 gene or locus, wherein the resulting virus does not accumulate to
toxic levels in non-targeted organs. Vaccinia viruses where the TK gene and F3

gene are modified and vaccinia viruses where the HA and F3 gene are modified, and
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viruses where all three genes are modified are provided. Modification includes
inactivaﬁon by insertion, deletion or replacement of one or more nucleotide bases
whereby an activity or product of the virus is altered. Included among the
alterations is insertion of heterologous nucleic acid, such as therapeutic protein-
encoding nucleic acids.

In exemplary embodiments, the vaccinia viruses are Lister strain viruses,
particularly LIVP strain viruses (LIVP refers to the Lister virus from the Institute of
Viral Preparations, Moscow, Russia, the original source for this now widely
disseminated virus strain). Modifications include modification of the virus at the
unique Notl site in the locus designed F3. In particular, the modification is at
position 35 of the F3 gene or at position 1475 inside of the HindIII-F fragment of
vaccinia virus DNA strain LIVP.

The heterologous nucleic acid can include regulatory sequence operatively
linked to the nucleic acid encoding the protein. Regulatory sequences include
promoters, such as the vaccinia virus early/late promoter p7.5 and an early/late
vaccinia pE/L promoter.. The heterologous nucleic acid in the microorganism can
encode a detectable protein or a product capable of inducing a detectable signai.
Inclusion of detectable protein or a product that can generate a detectable signal

permits monitoring of the distribution of the administered microorganism as well as

monitoring therapeutic efficacy, since the microorganism will be eliminated when

the immunoprivﬂeged cells are elimina"ted.

Host cells containing the recombinant viruses, such as the triple mutant
vaccinia virus exemplified herein are provided. Also contemplated are tumor cells
that contain any of the microorganisms provided herein or used m the methods.

Pharmaceutical composition containing the microorganisms in a
pharmaceutically acceptable vehicle for use in the methods herein are provided.
The pharmaceutical compositions can be formulated for any mode of
administration, including, but not limited to systemic administration such as for

intravenous administration or is formulated. The compositions can contain a delivery
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vehicle, such as a lipid-based carrier, including liposomes and micelles associated
with the microorganism.

Also provided are methods (and uses of the microorganisms) for eliminating
immunoprivileged cells, such as tumor cells in an animal, by administering the
pharmaceutical compositions ic an animal, whereby the virus accumulates in the
immunoprivileged cells, thereby mediating autoimmunization resulting in
elimination of the cells or a reduction in their number.

Therapeutic methods for eliminating immunoprivileged cells or tissues, inan
animal, by administering a microorganism to an animal, where the microorganism
accumulates in the immunoprivileged cells; the microorganism does not accumulate
in unaffected organs and tissues and has low toxicity in the animal; and the
microorganism results in leakage of the cell membranes in the immunoprivileged
cells, whereby the animal produces autoantibodies against the cells or products of
the cells are provided. These methods include tumor treatment, treatment for
inflammatory conditions, including wounds, and proliferative disorders, including
psoriasié, cancers, diabetic retinapathies, restenosis and other such disorders. Itis
desirable for the microorganisms to not accumulate in unaffected organs,
particularly the ovaries or testes.

The microorganisms attenuated bacteria, an attenuated viruses and
mammalian cells, such as pox viruses and other cytof;iasrr“xic viruses, bacteria such
as vibrio, E. coli, salmonella, streptococcus and listeria and mammalian cells, such
as immune cells, including B cells and lymphocytes, such as T cells, and stem
cells.

Methods for a recombinant vaccinia virus by : (2) generating (i) a vaccinia
shuttle plasmid containing the modified F3 gene inserted at restriction site x and (i)
a dephosphorylated wt VV (VGL} DNA digested at a restriction site; transfecting
host cells infected with psoralen -UV (PUV)-inactivated helper VV (VGL) with a
mixture of cbnstmcts (i) and (ii) of step a; and (c) isolating the recombinant vaccinia

viruses from the transfectants. Host cells include CV-1 cells.
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Also pfovided are methods for production of a polypeptide or RNA or
compound, such as a cellular product and uses of the microorganism therefore are
provided. Such methods can include the steps of : (a) administering a
microorganism containing nucleic acid encoding the polypeptide or RNA or
producing the product compound to tumor-bearing animal, where the
microorganism accumulates in the immunoprivileged cells; and the
microorganism does not accumulate to toxic levels in organs and tissues that do not
comprise immunoprivileged cells or tissues; (b) harvesting the tumor tissue from
the animal; and (c) isolating the polypeptide or RNA or compound from the tumor.

As noted, the microorganisms include eukaryotic cells, prokaryotic cells and
viruses,such as a cytoplasmic virus or an attenuated bacterium or a stem cell or an
immune cell. The bacterium can be selected from among attenuated vibrio, E.
coli, listeria, salmonella and streptococcus strains. The microorganism can express
or produce detectable products, such as a fluorescent protein (i.e., green, red and
blue fluorescent proteins and modified variants thereof), and/or luciferase which,
when contacted with a Lucifer produces light, and also can encode additional
products, such as therapeutic products. In ﬁhe methods and uses proﬁded herein,
the animals can be non-human animals or can include humans.

Also p}avided are methods for simultaneously producing a polypeptide.

RNA molecule or cellular compound and an antibody that specifically reacts

with the polypeptide, RNA molecule or compound, by: a) administering a

microorganism to a tumor-bearing animal, wherein the MIiCroorganism expresses or

produces the compound, polypeptide or RNA molecule; and b) isolating the

antibody from serum in the animal. The method optionally includes, after step a)
harvesting the tumor tissue from the animal; and isolating the polypeptide,

RNA molecule or cellular compound from the tumor tissue.

Also provided are methods for eliminating immunoprivileged cells or tissues
in an animal, such as tumor cells, and uses of the microorganisms therefore by
administering at least two microorganisms, wherein the microorganisms are

administered simultaneously, sequentially or intermittently, wherein the
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microorganisms accumulate in the immunoprivileged cells, whereby the animal is
autoimmunized against the immunoprivileged cells or tissues.

Uses of at least two microorganism for formulation of a medicament for
elimination of immunoprivileged cells or tissues, wherein théy écéu{nulate in the
immunoprivileged cells, whereby the animal is autoimmumzed against the
immunoprivileged cells or tissues are provided. Combinations containing at least
two microorganisms formulated for administration to an animal for elimination of
immunoprivileged cells or tissues are provided. Kits containing packaged
combination optionally with instrucﬁons for administration and other reagents are
provided.

Uses of a microorganism encoding heterologous nucleic acid for inducing
autoimmunization against products produced in immunoprivileged cells, wherein,
when administered, the microorganism accumnulates in immunoprivileged tissues
and does not accumulate or accumulates at a sufficiently low level in other tissues or
organs to be non-toxic to an animal containing the immunoprivileged tissues are
provided.

Methods for the production of antibodies against products produced in
irnmunoprivilegéd tissues or cells by: (a) administering a microorganism containing
nucleic acid encoding a selected protein or RNA into an animal containing the
immunoprivi}eggd tissues or cells ; and (b) isolating antibodies against the protein or
RNA from the blood or serum of the animal are provided.

 Also provided are methods for inhibiting gréwth of immunoprivileged cells
or tissue in a subject by: (a) administering to a subject a modified
microorganism, wherein the modified microorganism encodes a detectable gene
product; (b) monitoring the presence of the detectable gene product in the subject
until the detectable gene product is substantially present only in immunoprivileged
tissue or cells of 2 subject; and (¢) administering to a subject a therapeutic
compound that works in conjunction with the microorganism to inhibit growth of
immunoprivileged cells or tissue or by: (a) administering to a subject a modified

microorganism that encodes a detectable gene product; (b) administering to a subject
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a therapeutic substance that reduces the pathogenicity of the microorganism; (c)
monitoring the presence of the detectable gene product in the subject until the
detectable gene product is substantially present only in immunoprivileged tissue or
cells of a subject; and (d) terminating or suspending administration of the
therapeutic compound, whereby the microorganism increases in pathogenicity and
the growth of th'e imrnunoprivileged cells or tissue is inhibited.

DESCRIPTION OF THE FIGURES

Figure 1A: Schematic representation of the recombinant vaccinia virus RVGLS
used. The recombinant vaccinia virus RVGLS was constructed by using the in vivo
recombination method described in Example 1. The complex of wild-type vaccinia
virus DNA digested with Notl and non-digested plasmid DNA pNZ2 was
transfected for in vivo recombination into PUV-VV-infected cells. VGL, wild type
vaccinia virus {strain Lister ATCC VR-1549); RVGLS, recombinant vaccinia virus
encoding the lacZ gene in the Not site; Not;, and Notg, left and right segments of
unigque Notl restriction site in vaccinia virus genome.; pE/L, synthetic early/late
vaccinia virus promoter; p7.5, early/late vaccinia virus promoter; lacZ, lacZ gene of
E. coli.

Figure 1B: Schematic of the various vaccinia strains described in the Examples.
Results achieved the viruses are described in the Examples.

Figure 2 sets forth a flow chart for 2 method for producing products, such as nucleic

acid molecules, proteins and metabolic compounds or other cellular products in

fumors.
DETAILED DESCRIPTION
A, Definitions
B. Microorganisms for Tumor-Specific Therapy
B. Microorganisms for Tumor-Specific Therapy
1. Characteristics
a. Attenuated
i Reduced toxicity
if. Accumulate in tumor, not substantially in other
organs
jit. Ability to Elicit or Enhance Immaune Response to
Tumor Cell
iv, Balance of Pathogenicity and Release of Tumor

Antigens
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b. Immunogenicity
¢ Replication Competent
d. Genetic Variants
i. Modfied Characteristics
ii. Exegenous Gene Expression
iii. Detectable gene product
iv. Therapeutic gene product
v. Expressing a superantigen
vi. Expressing a gene product to be harvested
2. Viruses
a, Cytoplasmic viruses
i. Poxviruses
4. VYaccinia Virns
b. Moedified Vaecinia Viruses
c. The ¥3 Gene
d. Multiple Medifications
€. The Lister Strain
if. Other cytoplasmic viruses
b. Adenovirus, Herpes, Retroviruses
3. Bacteria
a, Aerobic bacteria
b. Anaerobic bacteria
4, Eukaryotic cells
C. Methods for Making an Attenuated Microorganism
1. Genetic Modifications
2. Secreening for above characteristics
3. Methods for developing such a2 microorganism in humans
b. Therapeutic Methods
i. Administration
a, Steps prior to administering the microorganism
b. Mode of administration
¢ Dosage
d. Number of administrations
e Co-administrations
i Administering a plurality of microorganisms
ii. Therapeutic compounds
f. State of subject
2. Monitoring
a. Monitoring microorganismal gene expression
b. Menitoring tumor size
c. Monitoring antibody titer
d. Monitoring general health diagnostics
e. Monitoring coordinated with treatment
E, Methods of Producing Gene Products and Antibodies
1. Production of Recombinant Preteins and RNA melecules
2. Production of Antibodies
F. Pharmacentical Compositions, combinations and Kits
1. Pharmaceutical Compositions
2, Host Cells
3. Combinations
4. Kits

G. Examples
A. Definitions
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Unless déﬁned otherwise, all technical and scientific termms used herein have
the same meaning as is commonly understood by one of skill in the art to which the
invention(s) belong. All patents, patent applications, published applications and
publications, websites and other published materials referred to throughout the entire
disclosure herein, unless noted otherwise, are incorporated by reference in their
entirety. In the event that there are a plurality of definitions for terms herein, those
in this section prevail. Where reference is made to a URL or other such identifier or
address, it is understood that such identifiers can change and particular information
on the internet can come and go, but equivalent information is known and can be

readily accessed, such as by searching the internet and/or appropriate databases.

- Reference thereto evidences the availability and public dissemination of such

information.

As used herein, microorganisms refers to isolated cells or viruses, including
eukaryotic cells, such as mammalian cells, viruses and bacteria. The.
microorganisms are modified or selected for their ability to accumulate in tumors
and other immunoprivileged cells and tissues, and to minimize accumulation
other tissues or organs. Accumulation occurs by virtue of selection or modification
of the microorganisms for particular traits or by proper selection of cells. The
microorganism can be further modified to alter a trait thereof and/or to deliver a
gene product. The microorganisms provided herein are typically modified relative
to wild type to exhibit one or more characteristics such as reduced pathogenicity,
reduced toxicity, preferential accumulation in tumor relative to normal organs or
tissues, increased immunogenicity, increased ability to elicit or enhance an immune
response to tumor cells, increased lytic or tumor cell killing capacity, decreased lytic
or tumor cell killing capacity. -

As used herein, immunoprivileged cells and tissues refer to cells and tissues,
such as solid tumors and wounded tissues, which are sequestered from the immune
system. Generally administration of a microorganism elicits an immune response
that clears the microorganism; immunoprivileged sites, however, are shielded or

sequestered from the immune response, permitting the microorganisms to survive
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and generally to replicate. Immunoprivileged tissues include inflamed tissues, such
as wounded tissues, and proliferating tissues, such as tumor tissues.

As used herein, “modified” with reference to a gene refers to a deleted gene,
or a gene encoding a gene product having one or more truncations, mutations,
insertions or deletions, typically accompanied by at least a change, generally a
partial loss of function.

As used herein F3 gene refers to a gene or locus in a virus, such as a vaccinia
virus, that corresponds to the F3 gene of vaccinia virus strain LIVP. This includes
the F3 gene of any vaccinia virus strain or poxvirus encoding a gene product having
substantially the same or at least a related biological function or locus in the
genome. F3 genes encompassed herein typically have at least about 40%, at least
about 50%, at least about 60%, at least about 70%, at least about 80%, at least about
85%, at least about 90%, at least about 93%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99% identity along the full
length of the sequence of nucleotides set forth in SEQ ID No:1. The proteins
encoded by F3 genes encompassed herein typically have at least about 50%, at least
about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
85%, at least about 90%, at least about 93%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99% identity to the sequence
of amino acids set forth SEQ ID No. 2 along the full length thereof. Also included
are corresponding loci in other viruses that when modified or eliminated result in
reduced toxicity and/or enhanced accumulation in tumors (compared to non-
tumorous cells, tissues and organs). The corresponding loci in other viruses
equivalent to the F3 gene in LIVP can be determined by the structural location of the
gene in the viral genome: the LIVP F3 gene is located on the HindIII-F fragment of
vaccinia virus between open reading frames F14L and F15L as defined by Goebel et
al., Virology (1990) 179:247-266, and in the opposite orientation of ORFs F14L and
F15L; thus corresponding loci in other viruses such as poxviruses including

orthopoxviruses are included.
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As used herein, attenuate toxicity of a microorganism means to reduce or
climinate deleterious or toxic effects to a host upon administration of the
microorganism compared to the unattenuated microorganisim.

As use herein, a microorganism with low toxicity means that upon
administration a microorganism does ot accumulate in organs and tissues in the
host to an extent that results in damage or harm to organs or that impact on survival
of the host to a greater extent than the disease being treated does.

As used herein, subject (or organism) refers to an animal, including a human
being.

As used herein, animal includes any animal, such as, but are not limited to
primates including humans, gorillas and monkeys; rodents, such as mice and rats;
fowl, such as chickens; ruminants, such as goats, cows, deer, sheep; ovine, and other
animals including pigs, horses, cats, dogs, and rabbits. Non-human animals exclude
humans as the conternplated animal.

As used herein, accumulation of a microorganism in a targeted tissue refers
to the distribution of the microorganism throughout the organism after a time period
long enough for the microbes to infect the host’s organs or tissnes. As one skilled in
the art will recognize, the time period for infection of a microbe will vary depending
on the microbe, the targetied organ(s) or tissue(s), the immunocompetence of the
host, and dosage. Generally, accumulation can be determined at time point from
about 1 day to about 1 week after infection with the microbes. For purposes herein,
the microorganisms preferentially accumulate in the target tissue, such as a tumor,
but are cleared from other tissues and organs in the host to the extent that toxicity of
the microorganism is mild or tolerable and at most not fatal.

As used herein, preferential accumulation refers to accumulation of a

microorganism at a first location at 2 higher level than accumulation at a second

Jlocation. Thus, a microorganism that preferentially accumulates in

immunoprivileged tissue such as tumor relative to normal tissues or organs refers

to a microorganism that accumulates in immunoprivileged tissue such as tumor at

a higher level than the microorganism accumulates in normal tissues or organs.
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As used herein, a “compound” produced in a tumor or other
immunoprivileged site refers to any compound that is produced in the tumor by
virtue of the presence of an introduced microorganism, generally a recombinant
microorganism, expressing one or more genes. For example, a compound produced
in a tumor can be, for cxample, a metabolite, an encoded polypeptide or RNA, or
compound that is generated by a recombinant polypeptide (e.g., enzyme) and the
cellujar machinery of the tumor or immunoprivileged tissue or cells.

As used herein, a delivery vehicle for administration refers to a lipid-based or
other polymer based composition, such as liposome, miceﬂé or reverse micelle, that
associates with an agent, such as a microorganism provided herein, for delivery into
a host animal.

As used herein, the term "viral vector” is used according to its art-recognized
meaning. It refers to a nucleic acid vector construct that includes at least one
element of viral origin and can be packaged into a viral vector particle. The viral
vector particles can be used for the purpose of transferring DNA, RNA or other
nucleic acids into cells either in vitro or in vive. Viral vectors include, but are not
limited fo, retroviral vectors, vaccinia vectors, lentiviral vectors, herpes virus vectors
(e.g., HSV), baculoviral vectors, cytomegalovirus (CMV}) vectors, papillomavirus
vectors, simian virus (SV40) vectors, semliki forest virus vectors, phage |
vectors, adenoviral vectors, and adeno-associated viral (AAV) vectors.

As used herein, oncolytic viruses refer to viruses that replicate selectively in
tumor cells. |

As used herein, "discase or disorder™ refers to a pathological condition in an

~ organism resulting from, e.g., infection or genetic defect, and characterized by

identifiable symptoms.

As used herein, neopiasm {neoplasia) refers to abnormal new growth, and
thus means the same as tumor, which can be benign or malignant, Unlike
hyperplasia, neoplastic proliferation persists even in the absence of the original

stirnulus.
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As used hérein, neoplastic disease refers to any disorder involving cancer,
including tumor development, growth, metastasis and progression.

As used herein, cancer is a general term for diseases caused by or
characterized by any type of malignant tumor.

As used herein, malignant, as applies to tumors, refers to primary tumors that
have the capacity of metastasis with loss of growth control and positional control.

As used herein, metastasis refers to a growth of abnormal or neoplastic cells
distant from the site primarily involved by the morbid process.

As used herein, an anti-cancer agent or compound {(used interchangeably
with "anti-tumor or anti-neoplastic agent") refers to any agents or compounds used
in anti-cancer treatment. These include any agents, when used alone or in
combination with other compounds, that can alleviate, reduce, ameliorate, prevent,
or place or maintain in a state of remission of clinical symptoms or diagnostic
markers associated with neoplastic disease, tumors and cancer, and can be used in
methods, combinations and compositions provided herein. Exemplary anti-
neoplastic agents include the microorganism provided herein used singly or in
combination and/or in combination with other agents, such as alkylating agents,
antimetabolite, certain natural products, platinum coordination complexes,
anthrécenediones, substituted ureas, methylhydrazine derivatives, adrenocortical
suppressants, certain hormones, antagonists and anti-cancer polysaccharides.

In general, for pfactice of the methods herein and when using the
microorganisms provided herein, the original tumor is not excised, but is employed
to accumulate the administered microorganism and as the cells become leaky or lyse
to become an antigen or other product factor. The antigens can serve to elicitan
immune response in the host. The antigens and products can be isolated from the
fumor,

As used herein, angiogenesis is intended to encompass the totality of
processes directly or indirectly involved in the establishment and maintenance of

new vasculature (neovascularization), including, but not limited to,
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neovascularization associated with tumors and neovascularization associated with
wounds. |

As used herein, by homologous means about greater than 25% nucleic acid
sequence 1dentity, such as 25%, 40%, 60%, 70%, 80%, 90% or 95%. If necessary
the percentage homology will be specified. The terms "homology" and "identity"
are often used interchangeably but homology for proteins can include conservative
amino acid changes. In general, sequences (protein or nucleic acid) are aligned so
that the highest order match is obtained (see, e.g.: Computational Molecular
Biology, Lesk, A M., ed., Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York,
1993; Computer Analysis of Sequence Data, Part I, Griffin, AM., and Griffin, H.G.,
eds., Humana Press, New Jersey, 1994; Sequence Analysis in Molecular Biology,
von Heinje, G., Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M.
and Devereux, 1., eds., M Stockton Press, New York, 1991; Carillo et al. (1988)
SIAM J Applied Math 48:1073). By sequence identity, the number of identical
amino acids is determined by standard alignment algorithm programs, and used with
default gap penalties established by each supplier. Substantially homologous
nucleic acid molecules would hybridize typically at moderate stringency or at high
stringency all along the length of the nucleic acid or along at least about 70%, 80%
or 90% of the full length nucleic acid molecule of interest. Also provided are
nucleic acid molecules that contain degenerate codons in place of codons in the
hybridizing nucleic acid molecule. (For proteins, for determination of homology
conservative amino acids can be aligned as well as identical amino acids; in this case
percentage of identity and percentage homology vary). Whether any two nucleic
acid molecules have nucleotide sequences that are at least 80%, 85%, 90%, 95%,
96%, 97%, 98% or 99% "identical" can be determined using known computer
algorithms such as the "FASTA" program, using for example, the default parameters
as in Pearson ef al. (1988) Proc. Natl. Acad. Sci. USA 85:2444 (other programs
include the GCG program package (Devereux, J., ef al., Nucleic Acids Research
12(1):387 (1984)), BLASTP, BLASTN, FASTA Atschul, S.F,, ef al., ] Molec Biol
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215:403 (1990); Guide to Huge Computers, Mrtin J. Bishop, ed., Academic Press,
San Diego, 1994, and Carillo ez al. (1988) SIAM J Applied Math 48:1073). For
example, the BLAST function of the National Center for Biotechnology Information
database can be used to determine identity. Other commercially or publicly
available programs include, DNAStar "MegAlign" program (Madison, WI) and the
University of Wisconsin Genetics Computer Group (UWG) "Gap” program
(Madison W1)). Percent homology or identity of proteins and/or nucleic acid
molecules can be determined, for example, by comparing sequence information
using a GAP computer program (e.g., Needleman et al. (1970) J. Mol. Biol. 48:443,
as revised by Smith and Waterman ((1981) Adv. Appl. Math. 2:482).

Briefly, a GAP program defines similarity as the number of aligned symbols
(i.e., nucleotides or amino acids) that are similar, divided by the total number of
symbols in the shorter of the two sequences. Default parameters for the GAP
program can include: (1) a unary comparison matrix (containing a value of 1 for
identities and 0 for non-identities) and the weighted comparison matrix of Gribskov
et al. (1986) Nucl. Acids Res. 14:6745, as described by Schwartz and Dayhoff, eds.,
ATLAS OF PROTEIN SEQUENCE AND STRUCTURE, National Biomedical
Research Foundation, pp. 353-358 (1979); (2) a penalty of 3.0 for each gap and an
additional 0.10 penalty for each symbol in each gap; and (3) no penalty for end gaps.
Therefore, as used herein, the term "identity” represents a comparison between a test
and a reference polypeptide or polynucleotide.

As used herein, recitation that amino acids of a polypeptide correspond to
amino acids in a disclosed sequence, such as amino acids set forth in the Sequence
listing, refers to amino acids identified upon alignment of the polypeptide with the
disclosed sequence to maximize identity or homology (where conserved amino acids
are aligned) using a standard alignment algorithm, such as the GAP algortthm.

As used herein, the term "at least 90% identical to" refers to percent
identities from 90 to 100% relative to the reference polypeptides. Identity at a level
of 90% or more is indicative of the fact that, assuming for exemplification purposes

a test and reference polynucleotide length of 100 amino acids are compared, no
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more than 10% (i.e., 10 out of 100) of amino acids in the test polypeptide differs
from that of the reference polypeptides. Similar comparisons can be made between
a test and reference polynucleotides. Such differences can be represented as point
mutations randomly distributed over the entire length of an amino acid sequence or
they can be clustered in one or more locations of varying length up to the maximum
allowable, e.g., 10/100 amino acid difference (approximately 90% identity).
Differences are defined as nucleic acid or amino acid substitutions, insertions or
deletions. At the level of homologies or identities above about 85-50%, the result
should be independent of the program and gap parameters set; such high levels of
identity can be assessed readily, often without relying on software.

As used herein, primer refers to an oligonucleotide containing two or more

~ deoxyribonucleotides or ribonucleotides, typically more than three, from which

synthesis of a primer extension product can be initiated. Experimental conditions
conducive to synthesis include the presence of nucleoside triphosphates and an agent
for plolymerization and extension, such as DNA polymerase, and a suitable buffer,
temperature and pH.

As used herein, chemiluminescence refers to a chemical reaction in which
energy is specifically channeled to a molecule causing it to become electronically
excited and subsequently to release a photon thereby emitting visible light.
Temperature does not contribute to this channeled energy. Thus,
chemiluminescence involves the direct conversion of chemical energy to light
energy. |

As used herein, luminescence refers to the detectable EM radiation,
generally, UV, IR or visible EM radiation that is produced when the excited product
of an exergic chemical process reverts to its ground state with the emission of light.
Chemiluminescence is luminescence that results from a chemical reaction.
Bioluminescence is chemiluminescence that results from a chemical reaction using
biological molecules (or synthetic versions or analogs thereof) as substrates and/or

enzymes.
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As used herein, bioluminescence, which is a type of chemiluminescence,
refers to the emission of light by biological molecules, particularly proteins. The
essential condition for bioluminescence is molecular oxygen, either bound or free in
the presence of an oxygenase, a luciferase, which acts on a substrate, a luciferin.
Bioluminescence is generated by an enzyme or other protein (luciferase) that is an
oxygenase that acts on a substrate luciferin {a bioluminescence substrate) in the
presence of molecular oxygen, and transforms the substrate to an excited state,
which, upon return to a lower energy level releases the energy in the form of light.

As used herein, the substrates and enzymes for producing bioluminescence
are generically referred to as luciferin and luciferase, respectively. When reference
is made to a particular species thereof, for clarity, each generic term is used with the
name of the organism from which it derives, for example, bacterial luciferin or
firefly luciferase.

As used herein, luciferase refers to oxygenases that catalyze a light emitting
reaction. For instance, bacterial luciferases catalyze the oxidation of flavin
mononucleotide (FMN) and aliphatic aldehydes, which reaction produces light.
Another class of luciferases, found among marine arthropods, catalyzes the
oxidation of Cypridina (Vargula) luciferin, and another class of luciferases catalyzes
the oxidation of Coleoptera luciferin.

Thus, luciferase refers to an enzyme or photoprotein that catalyzes a
bioluminescent reaction (a reaction that produces bioluminescence). The
tuciferases, such as firefly and Gaussia and Renilla luciferases, are enzymes which
act catalytically and are unchanged during the bioluminescence generating reaction.
The luciferase photoproteins, such as the aequorin photoprotein to which luciferin is
non-covalently bound, are changed, such as by release of the luciferin, during
bioluminescence generating reaction. The luciferase is a protein that occurs
naturally in an organism or a variant or mutant thereof, such as a variant produced
by mutagenesis that has one or more properties, such as thermal stability, that differ

from the naturally-occurring protein. Luciferases and modified mutant or vanant
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forms thereof are well known. For purposes herein, reference to luciferase refers to
either the photoproteins or luciferases.

Thus, reference, for example, to "Renilla luciferase” means an enzyme
isolated from member of the genus Renilla or an equivalent molecule obtained from
any other source, such as from another related copepod, or that has been prepared
synthetically. It is intended to encompass Renilla luciferases with conservative
amino acid substitutions that do not substantially alter activity. Suitable
conservative substitutions of amino acids are known to those of skill in this art and
can be made generally without altering the biological activity of the resulting
molecule. Those of skill in this art recognize that, in general, single amino acid
substitutions in non-essential regions of a polypeptide do not substantially alter
biological activity (see, e.g., Watson et al. Molecular Biology of the Gene, 4th -
Edition, 1987, The Benjamin/Cummings Pub. co., p.224).

As used herein, "Aequora GFP" refers to GFPs from the genus Aequora and
to mutants or variants thereof. Such variants and GFPs from other species are well
known and are available and known to those of skill in the art. This nomenclature
encompass GFPs with conservative amino acid substitutions that do not substantiaily
alter activity and physical properties, such as the emission spectra and ability to shift
the spectral output of bioluminescence generating systems. The luciferases and
luciferin and activators thereof are referred to as bioluminescence generating
reagents or components. Typically, a subset of these reagents will be provided or
combined with an article of manufacture. Bioluminescence will be produced upon
contacting the combination with the remaining reagents. Thus, as used herein, the
component luciferases, uciferins, and other factors, such as O, Mg”, Ca®" are also
referred to as bioluminescence generating reagents (or agents or components),

As used herein, bicluminescence substrate refers to the compound that is
oxidized in the presence of a luciferase, and any necessary activators, and generates
light. These substrates are referred to as luciferins herein, are substrates that
undergo oxidation in a bioluminescence reaction. These biocluminescence substrates

include any luciferin or analog thereof or any synthetic compound with which a
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luciferase interacts to generate light. Typical substrates include those that are
oxidized in the presence of a luciferase or protein in a light-generating reaction.
Bioluminescence substrates, thus, include those compounds that those of skill in the
art recognize as luciferins. Luciferins, for example, include firefly luciferin,
Cypridina (also known as Vargula) luciferin (coelenterazine), bacterial luciferin, as
well as synthetic analogs of these substrates or other compounds that are oxidized in
the presence of a luciferase in a reaction the produces bioluminescence.

As used herein, capable of conversion into a bicluminescence substrate
means susceptible to chemical reaction, such as oxidation or reduction, that yields a
bioluminescence substrate. For example, the luminescence producing reaction of
bioluminescent bacteria involves the reduction of a flavin mononucleotide group
(FMN) to reduced flavin mononucleotide (FMNH2) by a flavin reductase enzyme.
The reduced flavin mononucleotide (substrate) then reacts with oxygen (an
activator) and bacterial luciferase to form an intermediate peroxy flavin that
undergoes further reaction, in the presence of a long-chain aldehyde, to generate
light. With respect to this reaction, the reduced flavin and the long chain aldehyde
are substrates.

As used herein, a bioluminescence generating system refers to the set of
reagents required to conduct a bioluminescent reaction. Thus, the specific
luciferase, luciferin and other substrates, solvents and other reagents that can be
required to complete a bicluminescent reaction form a bioluminescence system.
Thus a bicluminescence generating system refers to any set of reagents that, under
appropriate reaction conditions, yield bioluminescence. Ap;ﬁropn'ate reaction
conditions refers to the conditions necessary for a bioluminescence reaction to
occur, such as pH, salt concentrations and temperature. In general, bioluminescence
systems include a bioluminescence substrate, luciferin, a luciferase, which includes
enzymes luciferases and photoproteins, and one or more activators. A specific
bioluminescence system may be identified by reference to the specific organism
from which the luciferase derives; for example, the Reniila bioluminescence system

includes a Renilla luciferase, such as a huciferase isolated from the Renilla or
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produced using recombinant means or modifications of these luciferases. This
system also includes the particular activators necessary to complete the
bioluminescence reaction, such as oxygen and a substrate with which the luciferase
reacts in the presence of the oxygen to produce light.

As used herein, a fluorescent protein refers to a protein that possesses the
ability to fluoresce (i.e., to absorb energy at one wavelength and emit it at another
wavelength). For example, a green fluorescent protein refers to a polypeptide that
has a peak in the emission spectrum at about 510 nm.,

As used herein, genetic therapy or gene therapy involves the transfer of
heterologous nucleic acid, such as DNA, into certain cells, target cells, of a
marnmal, particularly a haman, with a disorder or conditions for which such therapy
is sought. The nucleic acid, such as DNA, is introduced into the selected target
cells, such as directly or in a vector or other delivery vehicle, in a manner such that
the heterologous nucleic acid, such as DNA, is expressed and a therapeutic product
encoded thereby is produced. Alternatively, the heterologous nucleie acid, such as
DNA, can in some manner mediate expression of DNA that encodes the therapeutic
product, or it can encode a product, such as a peptide or RNA that in some manner
mediates, directly or indirectly, expression of a therapeutic product. Genetic therapy
also can be used to deliver nucleic acid encoding a gene product that replaces a
defective gene or supplements a gene product produced by the mammal or the cell in
which it is introduced. The introduced nucleic acid can encode a therapeutic
compound, such as a growth factor inhibitor thereof, or a tumor necrosis factor or
inhibitor thereof, such as a receptor therefor, that is not normally produced in the
mammalian host or that is not produced in therapeutically effective amounts or at a
therapeutically useful time. The heterologous nucleic acid, such as DNA, encoding
the therapeutic product can be modified prior to introduction into the cells of the
afflicted host in order to enhance or otherwise alter the product or expression
thereof. Genetic therapy also can involve delivery of an inhibitor or repressor or

other modulator of gene expression.
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As used herein, heterologous nucleic acid is nucleic acid that is not normally
produced in vivo by the microorganism from which it is expressed or that is
produced by a microorganism but is at a different locus or expressed differently or
that mediates or encodes mediators that alter expression of endogenous nucleic acid,
such as DNA, by affecting transcription, translation, or other regulatable
biochemical processes. Heterologous nucleic acid is often not endogenous to the
cell into which it is introduced, but has been obtained from another cell or prepared
synthetically. Heterologous nucleic acid, however, can be endogenous, but 1s
nucleic acid that is expressed from a different locus or altered in its expression or
sequence. Generally, although not necessarily, such nucleic acid encodes RNA and
proteins that are not normally produced by the cell or in the same way in the cell in
which it is expressed. Heterologous nucleic acid, such as DNA, also can be referred
to as foreign nucleic acid, such as DNA. Thus, heterologous nucleic acid or foreign
nucleic acid includes a nucleic acid molecule not present in the exact orientation or
position as the counterpart nucleic acid molecule, such as DNA, is found in a
genome. It also can refer to a nucleic acid molecule from another organism or

species (i.., exogenous). Any nucleic acid, such as DNA, that one of skill in the art

‘would recognize or consider as heterologous or foreign to the cell in which the

nucleic acid is expressed is herein encompassed by heterologous nucleic acid;
heterologous nucleic acid includes exogenously added nucleic acid that also is
expressed endogenously. Examples of heterologous nucleic acid include, but are not
limited to, nucleic acid that encodes traceable marker proteins, such as a protein that
confers drug resistance, nucleic acid that encodes therapeutically effective
substances, such as anti-cancer agents, enzymes and hormones, and nucleic acid,
such as DNA, that encodes other types of proteins, such as antibodies. Antibodies
that are encoded by heterologous nucleic acid can be secreted or expressed on the
surface of the cell in which the heterologous nucleic acid has been introduced.

As used herein, a therapeutically effective product for gene therapy is a
product that is encoded by heterologous nucleic acid, typically DNA, (or an RNA
product such as dsRNA, RNAI, including siRNA, that, upon introduction of the
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nucleic acid into a host, a product is expressed that ameliorates or eliminates the
symptoms, manifestations of an inherited or acquired disease or that cures the
disease. Also included are biologically active nucleic acid molecules, such as RNAI
and antisense.

As used herein, cancer or tumor treatment or agent refers to any therapeutic
regimen and/or compound that, when used alone or in combination with other
treatments or compounds, can alleviate, reduce, ameliorate, prevent, or place or
maintain in a state of remission of clinical symptoms or diagnostic markers
associated with deficient angiogenesis.

As used herein, nucleic acids include DNA, RNA and analogs thereof,
including peptide nucleic acids (PNA) and mixtures thereof. Nucleic acids can be
single or double-stranded. When referring to probes or primers, which are optionally
labeled, such as with a detectable label, such as a fluorescent or radiolabel, single-
stranded molecules are provided. Such molecules are typically of a length such that
their target is statistically unique 61‘ of low copy number {typically less than 5,
generally less than 3) for probing or priming a library. Generally a probe or primer
contains at least 14, 16 or 30 contiguous nucleotides of sequence complementary to
or identical to a gene of interest. Probes and primers can be 10, 20, 30, 50, 100 or
more nucleic acids long,

As used herein, operative linkage of heterologous nucleic to regulatory and
effector sequences of nucleotides, such as promoters, enhancers, transcriptional and
translational stop sites, and other signal sequences refers to the relationship between
such nucleic acid, such as DNA, and such sequences of nucleotides. For example,
operative linkage of heterologous DNA to a promoter refers to the physical
relationship between the DNA and the promoter such that the transcription of such
DNA is initiated from the promoter by an RNA polymerase that specifically
recognizes, binds to and transcribes the DNA. Thus, operatively linked or
operationally associated refers to the functional relationship of nucleic acid, such as
DNA, with regulatory and effector sequences of nucleotides, such as promoters,

enhancers, transcriptional and translational stop sites, and other signal sequences.
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For example, operative linkage of DNA. to a promoter refers to the physical and
functional relationship between the DNA and the promoter such that the
transcription of such DNA is initiated from the promoter by an RNA polymerase
that specifically recognizes, binds to and transcribes the DNA. In order to optimize
expression and/or in vitro transcription, it can be necessary to remove, add or alter '
untranslated portions of the clones to eliminate extra, potentially inappropriate
alternative translation initiation (i.e., start) codons or other sequences that can
interfere with or reduce expression, either at the level of transcription or translation.
Alternatively, consensus ribosome binding sites (see, e.g., Kozak J. Biol. Chem.
266:19867-19870 (1991)) can be inserted immediately 5' of the start codon and can
enhance expression. The desirability of (or need for) such modification can be
empirically determined.

As used herein, a sequence complementary to at least 2 portion of an RNA,
with reference to antisense oligonucleotides, means a sequence of nucleotides
having sufficient complementarity to be able to hybridize with the RNA, generaily
under moderate or high stringency conditions, forming a stable duplex; in the case of
double-stranded antisense nucleic acids, a single strand of the duplex DNA (or
dsRINA) can thus be tested, or triplex formation can be assayed. The ability to
hybridize depends on the degree of cdﬁlpierhentarity and the length of the antisense
nucleic acid, Generally, the longer the hybridizing nucleic acid, the more base
mismatches with an encoding RNA it can contain and still form a stable duplex (or
triplex, as the case can be). One skilled in the art can ascertain a tolerable degree of
mismatch by use of standard procedures to determine the melting point of the
hybridized complex.

As used herein, amelioration of the symptoms of a paﬂicu!ar disorder such as
by administration of a particular pharmaceutical composition, refers to any
lessening, whether permanent or temporary, lasting or transient that can be attributed
to or associated with administration of the composition.

As used herein, antisense polynucleotides refer to synthetic sequences of

nucleotide bases complementary to mRNA or the sense strand of double-stranded
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DNA. Admixture of sense and antisense polynucleotides under appropriate
conditions leads to the binding of the two molecules, or hybridization. When these
polynucleotides bind to (hybridize with) mRNA, inhibition of protein synthesis
(translation) occurs. When these polynucleotides bind to double-stranded DNA,
inhibition of RNA synthesis (transcription) occurs. The resulting inhibition of
translation and/or transcription leads to an inhibition of the synthesis of the protein
encoded by the sense strand. Antisense nucleic acid molecules typically contain a
sufficient number of nucleotides to specifically bind to a target nucleic acid,
generally at least 5 contiguous nucleotides, often at least 14 or 16 or 30 contiguous
nucleotides or modified nucleotides complementary to the coding portion of a
nucteic acid molecule that encodes a gene of interest.

As used herein, antibody refers to an immunoglobulin, whether natural or
partially or wholly synthetically produced, including any derivative thereof that
retains the specific binding ability of the antibody. Hence antibody includes any
protein having a binding domain that is homologous or substantially homologous to
an immunoglobulin binding domain. Antibodies include members of any
immunoglobulin class, including IgG, 1gM, IgA, IgD and IgE.

As used herein, antibody fragment refers to any derivative of an antibody
that is less then full length, retaining at least a portion of the full-length antibody's
specific binding ability. Examples of antibody fragments include, but are not
limited to, Fab, Fab', F(ab)2, single-chain Fvs (scFV), FV, dsFV diabody and ¥d
fragments. The fragment can include multiple chains linked together, such as by
disulfide bridges. An antibody fragment generally contains at least about 50 amino
acids and typically at least 200 amino acids.

As used herein, a Fv antibody fragment is composed of one variable heavy
chain domain (VH) and one variable light chain domain linked by noncovalent
interactions.

As used herein, a dsFV refers to an Fv with an engineered intermolecular
disulfide bond, which stabilizes the VH-VL pair.
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As used herein, a F(ab)2 fragment is an antibody fragment that results from
digestion of an immunoglobulin with pepsin at pH 4.0-4.5; it can be recombinantly
produced to produce the equivalent fragment. _

As used herein, Fab fragments are antibody fragments that result from
digestion of an immunoglobulin with papain; it can be recombinantly produced to
produce the equivalent fragment.

As used herein, scFVs refer to antibody fragments that contain a variable
light chain (VL) and variable heavy chain (VH) covalently connected by a
polypeptide linker in any order. The linker is of a length such that the two variable
domains are bridged without substantial interference. Included linkers are (Gly-
Ser)n residues with some Glu or Lys residues dispersed throughout to increase
solubility.

As used herein, humanized antibodies refer to antibodies that are modified to
include human sequences of amino acids so that administration to a human does not
provoke an immune response. Methods for preparation of such antibodies are
known. For example, to produce such antibodies, the encoding nucleic acid in the
hybridoma or other prokaryotic or eukaryotic cell, such as an E. coli or a CHO cell,
that expresses the monoclonal antibody is altered by recombinant nucleic acid
techniques to express an antibody in which the amino acid composition of the non-
variable region is based on human antibodies. Computer programs have been
designed to identify such non-variable regions.

As used herein, diabodies are dimeric scFV; diabodies typically have shorter
peptide linkers than scFvs, and they generally dimerize.

As used herein, production by recombinant means by using recombinant
DNA methods means the use of the well known methods of molecular biology for
expressing proteins encoded by cloned DNA.

As used herein the term assessing or determining is intended to include
quantitative and qualitative determination in the sense of obtaining an absolute value

for the activity of a product, and also of obtaining an index, ratio, percentage, visual
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or other value indicative of the level of the activity. Assessment can be direct or
indirect.

As used herein, biological activity refers to the in vivo activities of a
compound or microorganisms or physiological responses that result upon in vivo
administration thereof or of composition or other mixture. Biological activity, | _
thus, encompasses therapeutic effects and pharmaceutical activity of such
compounds, compositions and mixtures. Biological activities can be observed in in
vitro systems designed to test or use such activities.

As used herein, an effective amount of a microorganism or compound for
treating a particular disease is an amount that is sufficient to ameliorate, or in some
manner reduce the symptoms associated with the disease. Such an amount can be
administered as a single dosage or can be administered according to a regimen,
whereby it is effective. The arnount can cure the disease but, typically, is
administered in order to ameliorate the symptoms of the disease. Repeated
administration can be required to achieve the desired amelioration of symptoms.

As used herein equivalent, when referring to two sequences of nucleic acids,
means that the two sequences in question encode the same sequence of amino acids
or equivalent proteins. When equivalent is used in referring to two proteins or
peptides or other molecules , it means that the two proteins or peptides have
substantially the same amino acid sequence with only amino acid substitutions (such
as,but not limited to, conservative changes) or structure and the cﬁanges do not
substantially alter the activity or function of the protein or peptide. When equivalent
refers to a property, the property does not need to be present to the same extent
(e.g., two peptides can exhibit different rates of the same type of enzymatic activity),
but the activities are usually substantially the same. Complementary, when referring
to two nucleotide sequences, means that the two sequences of nucleotides are
capable of hybridizing, typically with less than 25%, 15% or 5% mismatches
between opposed nucleotides. If necessary, the percentage of complementarity will
be specified. Typically the two molecules are selected such that they will hybndize
under conditions of high stringency.
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As used herein, an agent or compound that modulates the activity of a
protein or expression of a gene or nucleic acid either decreases or increases or
otherwise alters the activity of the protein or, in some manner, up- or down-regulates
or otherwise alters expression of the nucleic acid in a cell.

As used herein, a method for treating or preventing neoplastic disease means
that any of the symptoms, such as the tumor, metastasis thereof, the vascularization
of the tumors or other parameters by which the disease is characterized are reduced,
ameliorated, prevented, placed in a state of remission, or maintained in a state of
remission. It also means that the hallmarks of neoplastic disease and metastasis can
be eliminated, reduced or prevented by the treatment. Non-limiting examples of the
hallmarks include uncontrolled degradation of the basement membrane and proximal
extracellular matrix, migration, division, and organization of the endothelial cells
into new functioning capillaries, and the persistence of such functioning capiliaries.

As used herein, a prodrug is a compound that, upon in vivo administration, is
metabolized or otherwise converted to the biologically, pharmaceutically or
therapeutically active form of the compound. To produce a prodrug, the
pharmaceutically active compound is modified such that the active compound is
regenerated by metabolic processes. The prodrug can be designed to alter the
metabolic stability or the transport characteristics of a drug, to mask side effects or
toxicity, to improve the flavor of a drug or to alter other characteristics br properties
of a drug. By virtue of knowledge of pharmacodynamic processes and drug
metabolism in vivo, those of skill in this art, once a pharmaceutically active
compound is known, can design prodrugs of the compound (see, e.g., Nogrady
(1985) Medicinal Chemistry A Biochemical Approach, Oxford University Press,
New York, pages 388-392).

As used herein, a promoter region or promoter element or regulatory region
refers to a segment of DNA or RNA that controls transcription of the DNA or RNA
to which it is operatively linked. The promoter region includes specific sequences
that are sufficient for RNA polymerase recognition, binding and transcription

initiation. This portion of the promoter region is referred to as the promoter. In
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addition, the promoter region includes sequences that modulate this recognition,
binding and transcription initiation activity of RNA polymerase. These sequences
can be cis acting or can be responsive to trans acting factors. Promoters, depending
upon the nature of the regulation, can be constitutive or regulated. Exemplary
promoters contemplated for use in prokaryotes include the bacteriophage T7 and T3
promoters. ‘

As used herein, a receptor refers to a molecule that has an affinity for a
ligand. Receptors can be naturally-occurring or synthetic molecules. Receptors also
can be referred to in the art as anti-ligands. As used herein, the receptor and anti-
ligand are interchangeable. Receptors can be used in their unaltered state or bound
to other polypeptides, including as homodimers. Receptors can be attached to,
covalently or noncovalently, or in physical contact with, a binding member, either
directly or indirectly via a specific binding substance or linker. Examples of
receptors, include, but are not limited to: antibodies, cell membrane receptors
surface receptors and internalizing receptors, monoclonal antibodies and antisera
reactive with specific antigenic determinants (such as on viruses, cells, or other
materials), drugs, polynucleotides, nucleic acids, peptides, cofactors, lectins, sugars,
polysaccharides, cells, cellular membranes, and organelles.

As used herein, sample refers to anything that can contain an analyte for
which an analyte assay is desired. The sample can be a biological sample, such as a
biological fluid or a biological tissue. Examples of biological fluids include urine,
blood, plasma, serum, saliva, semen, stool, sputum, cerebral spinal fluid, tears,
mucus, ammiotic fluid or the like. Biological tissues are aggregates of cells, usually
of a particular kind together with their intercellular substance that form one of the
structural materials of a human, animal, plant, bacterial, fungal or viral structure,
including connective, epithelium, muscle and nerve tissues. Examples of biological
tissues also include organs, tumors, lymph nodes, arteries and individual cell(s).

As used herein: stringency of hybridization in determining percentage
mismatch is as follows:

1) high stringency: 0.1 x SSPE, 0.1% SDS, 65°C
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2) medium stringency: 0.2 x SSPE, 0.1% SDS, 50°C

3) low stringency: 1.0 x SSPE, 0.1% SDS, 50°C

Those of skill in this art know that the washing step selects for stable
hybrids and also know the ingredients of SSPE (see, e.g., Sambrook, E.F. Fritsch, T.
Maniatis, in: Molecular Cloning, A Laboratory Manual, Cold Spring Harbor
Laboratory Press (1989), vol. 3, p. B.13, see, also, numerous catalogs that describe
comrnonly used laboratory solutions). SSPE is pH 7.4 phosphate-buffered 0.18 M
NaCl. Further, those of skill in the art recognize that the stability of hybrids is
determined by Tm, which is a function of the sodium ion concentration and
temperature : (Tm = 81.50 C-16.6(log1 O[Na+]) + 0.41(%6G+C)-600/1)), so that the
only parameters in the wash conditions critical to hybrid stability are sodium ion
concentration in the SSPE (or SSC) and temperature. Any nucleic acid molecules
provided herein can also include those that hybridize under conditions of at jeast low
stringency, generally moderate or high stringency, along at least 70, 80, 90% of the
full length of the disclosed molecule. It is understood that equivalent stningencies
can be achieved using alternative buffers, salts and temperatures. By way of
example and not limitation, procedures using conditions of low stringency are as

follows (see also Shilo and Weinberg, Proc. Natl. Acad. Sci. USA 78:6789-6792

(198D

_ Filters containing DNA are pretreated for 6 hours at 40°C in a solution
containing 35% formamide, 5X 8SC, 50 mM Tris-HCl (pH 7.5}, 5 mM EDTA,
0.1% PVP, 0.1% Ficoll, 1% BSA, and 500ug/ml denatured salmon sperm DNA

’ (10X SSCis 1.5 M sodium chloride, and 0.15 M sodium citrate, adjusted to a pH of

7). Hybridizations are carried out in the same solution with the following
modifications: 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 pg/ml salmon sperm
DNA, 10% (wt/vol) dextran sulfate, and 5-20 X 10° cpm *’P-labeled probe is used.
Filters are incubated in hybridization mixture for 18-20 hours at 40°C, and then
washed for 1.5 hours at 55°C in a solution containing 2X 8SC, 25 mM Tris-HCI (pH
7.4), 5 mM EDTA, and 0.1% SDS. The wash solution is replaced with fresh

solution and incubated an additional 1.5 hours at 60°C. Filters are blotted dry and
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exposed for autoradiography. If necessary, filters are washed for a third time at 65-
68aC and reexposed to film. Other conditions of low stringency which can be used
are well known in the art (e.g., as employed for cross-species hybridizations).

By way of example and not way of limitation, procedures using conditions of
moderate stringency include, for example, but are not limited to, procedures using
such conditions of moderate stringency are as follows: Filters containing DNA are
pretreated for 6 hours at 55°C in a solution containing 6X SSC, 5X Denhart's
solution, 0.5% SDS and IOGpg/ﬁl denatured salmon sperm DNA. Hybridizations
are carried out in the same solution and 5-20 X 10° cpm P-labeled probe is used.
Filters are incubated in hybridization mixture for 18- 20 hours at 55°C, and then
washed twice for 30 minutes at 60°C in a solution containing 1X 8SC and 0.1%
SDS. Filters are blotted dry and exposed for autoradiography. Other conditions of
moderate stringency which can be used are well-kmown in the art. Washing of filters
is done at 37°C for 1 hour in a solution containing 2X SSC, 0.1% SDS. By way of
example and not way of limitation, procedures using conditions of high stringency
are as follows: Prehybridization of filters containing DNA is carried out for 8 hours
to overnight at 65°C in buffer composed of 6X SSC, 50 mM Tris-HCl (pH 7.5), 1
mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 pg/m! denatured
salmon sperm DNA. Filters are hybridized for 48 hours at 65°C in prehybridization

" mixture containing 100pg/m1 denatured salmon sperm DNA and 5-20 X 10° cpm

of **P-labeled pEobe_ Washing of filters is done at 37°C for 1 hour in a solution
containing 2X SSC, 0.01% PVP, 0.01% F icoll, and 0.01% BSA. This is followed
by a wash in 0.1X SSC at 50°C for 45 minutes before autoradiography. Other
conditions of high stringency which can be used are well known in the art.

The term substantially identical or homologous or similar varies with the
context as understood by those skilled in the relevant art and generally means at
least 60% or 70%, preferably means at least 80%, more preferably at least 90%, and
most preferably at least 95% , 96%, 97%, 8%, 99% or greater identity.
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As used herein, substantially identical to a product means sufficiently similar
so that the property of interest is sufficiently unchanged so that the substantially
identical product can be used in place of the product.

As used herein, substantially pure means sufficiently homogeneous to appear
free of readily detectable impurities as determined by standard methods of analysis,
such as thin layer chromatography (TLC), gel electrophoresis and high performance
liquid chromatography (HPLC), used by those of skill in the art to assess such
purity, or sufficiently pure such that further purification would not detectably alter
the physical and chemical properties, such as enzymatic and biological activities, of
the substance. Methods for purification of the compounds to produce substantially
chemically pure compounds are known to those of skill in the art. A substantially
chemically pure compound can, however, be a mixture of stereoisomers or isomers.
In such instances, further purification might increase the specific activity of the
compound.

As used herein, a molecule, such as an antibody, that specifically binds to a
polypeptide typically has a binding affinity (Ka) of at least about 10° Vmol, 10’
Vmol, 10% Vmol, 10° /mol, 10" /mol or greater and binds to a protein of interest
generally with at least 2-fold, 5-fold, generally 10-fold or evén 100-fold or greater,
affinity than to other proteins. For example, an antibody that specifically binds to
the protease domain compared to the full-length molecule, such as the zymogen
form, binds with at least about 2-fold, typically 5-fold or 10-fold higher affinity, to a
polypeptide that contains only the protease domain than to the zymogen form of the
full-length. Such specific binding also is referred to as selective binding. Thus,
specific or selective binding refers to greater binding affinity (generally at least 2-
fold, 5-fold, 10-fold or more) to a targeted site or locus compared to a non-targeted
site or locus.

As used herein, the terms a therapeutic agent, therapeutic compound,
therapeutic regimen, or chemotherapeutic include conventional drugs and drug

therapies, including vaccines, which are known to those skilled in the art.
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As used herein, treatiment means any manner in which the symptoms of a
condition, disorder or disease are ameliorated or otherwise beneficially altered.
Treatment also encompasses any pharmaceutical use of the microorganisms
described and provided herein.

As used herein, proliferative disorders include any disorders involving
abnormal proliferation of cells. Such disorders include, but are not limited to,
neoplastic diseases, psoriasis, restenosis, macular degeneration, diabetic
retinopathies, inflammatory responses and disorders, including wound healing
Tesponses.

As used herein, vector (or plasmid) refers to discrete elements that are used
to introduce heterologous nucleic acid into cells for either expression or replication
thereof. The vectors typically remain episomal, but can be designed to effect
integration of a gene or portion thereof into a chromosome of the genome. Also
contemplated are vectors that are artificial chromosomes, such as yeast artificial
chromosomes and mammalian artificial chromosomes. Selection and use of such
vectors are well known to those of skill in the art. An expression vector includes
vectors capable of expressing DNA that is operatively linked with regulatory
sequences, such as promoter regions, that are capable of cffecting_expression of such
DNA fragments. Thus, an expression vector refers to a recombinant DNA or RNA
construct, such as a plasmid, a phage, recombinant virus or other vector that, upon
introduction into an appropriate host cell, results in expression of the cloned DNA.
Appropriate expression vectors are well known to those of skill in the art and
include those that are replicable in eukaryotic cells and/or prokaryotic cells and
those that remain episomal or those which integrate into the host cell genome.

As used herein, a combination refers to any association between two or
among more items.

As used herein, a composition refers to any mixture. It can be a solution, a
suspension, an emulsion, liguid, powder, a paste, aqueous, noON-aquUeous or any

combination thereof.
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As used herein, fluid refers to any composition that can flow. Fluids thus
encompass compositions that are in the form of semi-solids, pastes, solutions,
aqueous mixtures, gels, lotions, creams and other such compositions.

As used herein, a kit is a packaged combination optionally including
instructions for use of the combination and/or other reactions and components for
such use.

For clarity of disclosuré, and not by way of limitation, the detailed
description is divided into the subsections that follow.

B. Microerganisms for Tumor-Specific Therapy

Provided herein are microorganisms, and methods for making and using such
microorganisms for therapy of neoplastic disease and other proliferative disorders
and inflammatory disorders. The microbe (or microorganism)-mediated treatment
methods provided herein involve administration of midi’odrgahisms to'}’msts,
accumulation of the microorganism in the targeted cell or tissue, such as in a tumor,
resulting in leaking or lysing of the cells, whereby an immune response against
feaked or released antigens is mounted, thereby resulting in an inhibition of the
tissues or cells in which the microorganism accumulates.

In addition to the gene therapeutic methods of cancer treatment, live
attenuated microorganisms can be used for vaccination, such as in cancer
vaccination or antitumor immunity. Immunization, for example, against a tumor can
inchide a tumor-specific T-cell-mediated response through microbe-delivered
antigens or cytokines. To do so, the microbes can be specifically targeted to the
tumor tissues, with minimal infection to any other key organs and also can be
modified or provided to produce the antigens and/or cytokines.

‘The microorganisms provided herein and the use of such miéroqrganisms
herein can accumulate in innm_moprivﬂeged cells or immunbpfi{;ileged tissues,
including tumors and/or metastases, and also including wounded tissues and cells.

While the microorganisms provided herein can typically be cleared from the subject

" to whom the microorganisms are administered by activity of the subject’s immune

system, microorganisms can nevertheless accumulate, survive and proliferate in
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immunoprivileged cells and tissues such as tumors because such immunoprivileged
areas are sequcstc'red from the host’s immune system. Accordingly, the methods
provided herein, as applied to tumors and/or metastases, and therapeutic methods
relating thereto, can readily be applied to other immunoprivileged cells and tissues,
including wounded cells and tissues.

1. Characteristics _

The microorganisms provided herein and used in the methods herein are
attenuated, immunogenic, and replication competent.

a. Attenuated

The micrabes used in the methods provided herein are typically attenuated.
Attenuated microbes have a decreased capacity to cause disease in a host. The
decreased capacity can result from any of a variety of different modifications to the
ability of a microbe to be pathogenic. For example, a microbe can have reduced
toxicity, reduced ability to accumulate in non-tumorous organs or tissue, reduced
ability to cause cell lysis or cell death, or reduced ability to replicate compared to the
non-attenuated form thereof. The attenuated microbes provided herein, however,
retain at least some capacity to replicate and to cause immunoprivileged cells and
tissues, such as tumor cells to leak or lyse, undergo cell death, or otherwise cause or
enhance an immune response to immunoprivileged cells and tissues, such as tumor
cells.

i. Reduced toxicity

Microbes can be toxic to their hosts by manufacturing one or more
compounds that worsen the health condition of the host. Toxicity to the host can be
manifested in any of a variety of manners, including septic shock, neuroclogical
effects, or muscular effects. The microbes provided herein can have a reduced
toxicity to the host. The reduced toxicity of a microbe of the present methods and
compositions can range from a toxicity in which the host experiences no toxic
effects, to a toxicity in which the host does not typically die from the toxic effects of
the microbes. In some embodiments, the microbes are of a reduced toxicity such

that a host typically has no significant long-term effect from the presence of the
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microbes in the host, beyond any affect on tumorous, metastatic or necrotic organs
or tissues. For example, the reduced toxicity can be a minor fever or minor
infection, which lasts for less than about a month, and following the fever or
infection, the host experiences no adverse effects resultant from the fever or
infection. In another example, the reduced toxicity can be measured as an
unintentional decline in body weight of about 5% or less for the host after
admini.stration of the microbes. In other examples, the microbs has no toxicity to
the host.

Exemplary vaccinia viruses of the LIVP strain (a widely available attenuated)
Lister strain) that have reduced toxicity compared to other vaccinia viruses
employed and are further modified. Modified LIVP were prepared. These LIVP
include insertions in the TK and HA genes and optionally in the locus designed F3.
As an example of reduced toxicity, these recombinant vaccinia viruses were tested
for their toxicity to mice with impaired immune systems (nude mice) relative to the
corresponding wild type vaccinia virus. Intravenous (i.v.) injection of wild type
vaccinia virus VGL (strain LIVP) at 1x10’ PFU/mouse causes toxicity in nude mice:
three mice out of seven lost the weight and died (one mouse died in one week after
virus injection; one mouse died ten days after viras injection). Recombinant
vaccinia virus designated RVGLS (LacZ inserted into F3 locus) did not show toxic
effects in nude mice after Lv. injection of 1x107 PFU/mouse. There were no readily
detectable signs of RVGLS virus-related toxicity. Therefore, insertion into Notl
site (located in F3 gene) of vaccinia virus genome strain LIVP reduces toxicity of
the vaccinia virus to the host. Similar modifications can be made to other pox
viruses and other viruses to reduce toxicity thereof. Such modifications can be
empirically identified, if necessary.‘

il Accumulate in immunoprivileged cells and tissues,
such as tumor, not substantially in other organs
Microbes can accumulate in any of a variety of tissues and organs of the

host. Accumulation can be evenly distributed over the entire host organism, or can
be concentrated in one or a few organs or tissues, The microbes provided herein can

accumulate in targeted tissues, such as immunoprivileged cells and tissues, such as

wuE
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tumors and also metastases. In some embodiments, the microbes provided herein
exhibit accumulation in immunoprivileged cells and tissues, such as tumor cells
relative to normal organs or tissues that is equal to or greater than the accumulation
that occurs with wild type microbes. In other embodiments the microbes provided
herein exhibit accumulation in immunoprivileged cells and tissues, such as tumor
cells that is equal to or greater than the accumulation in any other particular organ or
tissue. For example, the microbes provided herein‘can demonstrate an accumulation
in immunoprivileged cells and tissues, such as tumor cells that is at least about 2-
fold greater, at least about 5-fold greater, at least about 10-fold greater, at least about
100-fold greater, at least about 1,000-fold greater, at least about 10,000-fold greater,
at least about 100,000-fold greater, or at least about 1,000,000-fold greater, than the
accumulation in any other particular organ or tissue.

In some embodiments, a microbe can accumulate in targeted tissues and
cells, such as immunoprivileged cells and tissues, such as tumor cells, without
accumulating in one or more selected tissues or organs. For example, a microbe can
accumulate in tumor cells without accumulating in the brain. In another example, a
microbe can accurnulate in tumor cells without accumulating in neural cells. In
another example, a microbe can accurnulate in tumor cells without accumulating in
ovaries. In another example, a microbe can accumulate in tumor cells without
accumulating in the blood. In another example, a microbe can accumulate in tumor
cells without accumulating in the heart. In another example, a microbe can
accumnulate in tumor cells without accumulating in the bladder. In another example,
a microbe can accumulate in tumor cells without accumulating in testes. In another
example, a microbe can accumulate in tumor cells without accumulating in the
spleen. In another example, a microbe can accumulate in tumor cells without
accumulating in the lungs.

One skilled in the art can determine the desired capability for the microbes to
selectively accumulate in targeted tissue or cells, such as in a immunoprivileged
cells and tissues, such as tumor rather than non-target organs or tissues, according to

a variety of factors known in the art, including, but not limited to, toxicity of the
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microbes, dosage, fumor {o be treated, immunocompetence of host, and disease
state of the host.

Provided herein as an example of selective accumulation in
immunoprivileged cells and tissues, such as tumors relative to normal organs or
tissues, presence of various vaccinia viruses was assayed in tumor samples and
different organs, Wild type VGL virus was recovered from tumor, testes, bladder,
and liver and as well as from brain. Recombinant virus RVGLE was found mostly
in tumors (in mouse #24, virus was found in testes, bladder and liver; in mouse #22
in testes), and no virus was recovered from brain tissue in six tested animals.
Therefore, this finding demonstrates the tumor accumulation properties of a
recombinant vaccinia virus of the LIVP strain with an insertion in the F3 gene for
tumor therapy purposes.

ifi. Ability to Elicit or Enkance Immune Response to
Tumor Cells

The microorganisms herein cause or enhance an immune response o
antigens in the targeted tissues or cells, such as immunoprivileged cells and tissues,
such as tumor cells. The immune response can be triggered by any of a variety of
mechanisms, including the presence of immunostimﬁlatory cytokines and the release
antigenic compounds that can cause an immune response.

Cells, in response to an infection such as a microorganismal infection, can
send out signals to stimulate an immune response against the cells. Exemplary
signals sent from such cells include antigens, cytokines and chemokines such as
interferon-gamma and interleukin-15. The microorganism provided herein can cause
targeted cells to send out such signals in response to infection by the microbes,
resulting in a stimulation of the host’s immune system against the targeted cells or
tissues, such as tumor cells.

In another embodiment, targeted cells or tissues, such as tumor cells, can
contain one or more compounds that can be recognized by the host’s immune system
in mounting an immune response against 2 tumor. Such antigeriic compounds can
be compounds on the cell surface or the tumor cell, and can be protein,

carbohydrate, lipid, nucleic acid, or combinations thereof. Microbe-mediated
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release of antigenic compounds can result in triggering the host’s immune system to
mount an immune response against the tumor. The amount of antigenic compound
released by the tumor cells is any amount sufficient to trigger an immune response
in a subject ; for example, the antigenic compounds released from one or more
tumor cells can trigger a host immune response in the organisim that is
known to be accessible to leukocytes.

The time duration of antigen release is an amount of time sufficient for the
host to establish an immune response to one or more tumor antigens. In some
embodiments, the duration is an amount of time sufficient for the host to establish a

sustained immune response to one or more tumor antigens. One skilled in the art

can determine such a time duration based on a variety of factors affecting the time
duration for a subject to develop an immune response, including the level of the
rumor antigen in the subject, the number of different tumor antigens, the anﬁgenicity
of the antigen, the immunocompetence of the host, and the access of the antigenic
material to the vasculature of the host, Typically, the duration of antigen relcase can
be at least about a week, at least about 10 days, at least about two weeks, or at least
about a month.

The microorganism provided herein can have any of a variety of properties
that can cause target cells and tissues, such as tumor cells, fo rejease antigenic
compounds. Exemplary properties are the ability to lyse cells and the ability to elicit
apoptosis in tumor ceils. Microbes that are unable to lyse tumor cells or cause tumor
cell death can neveriheless be used in the methods provided herein when such
microbes can cause some release or display of antigenic compounds from tumor
cells. A variety of mechanisms for antigen release or display without lysis or cell
death are known in the art, and any such mechanism can be used by the microbes
provided herein, including, but not limited to, secretion of antigenic compounds,
enhanced cell membrane permeability, or altered cell surface expression or altered
MHC presentation in tumor cells when the tumor cells can be accessed by the host’s
immune system. Regardless of the mechanism by which the host’s imrune system

is activated, the net result of the presence of the microbes in the tumor 1$a
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stimulation of the host’s immune systern, at least in part, against the tumor cells. In
one example, the microbes can cause an immune response against ftumor cells not
infected by the microbes.

In one embodiment, the microbes provided herein can cause tumor cells to
release an antigen that is not present on the twmor cell surface. Turnor cells can
produce compounds such as proteins that can cause an immune response; however,
in circumstances in which the antigenic compound is not on the tumor cell surface,
the tumor can proliferate, and even metastasize, without the antigenic compound
causing an immune Tespomnse, Within the scope of the present methods, the microbes

provided herein can cause antigenic compounds within the cell to release away from

" the cell and away from the tumor, which can result in triggering an immune response

to such an antigen. Even if not all cells of a tumor are releasing antigens, the
immune response can initially be targeted toward the “leaky” tumor cells, and the
bystander effect of the immune response can result in further tumor cell death
around the “leaky”™ tumor cells.

iv. Balance of Pathogenicity and Release of Tumor
Antigens '

Typical metheds of involving treatment of targeted cells and tissues, such as
immunoprivileged cells and tissues, such as tumors, are designed to cause rapid and
complete removal thereof. For example, many viruses, bacterial or eukaryotic cells
can cause lysis and/or apoptosis in a variety of cells, including tur}nor cells.
Microorganisms that can vigorously lyse or cause cell death can be highly
pathogenic, and can even kill the host. Furthermore, therapeutic methods based
upon such rapid and complete lysis are typically therapeutically ineffective.

In contrast, the microorganisms provided herein are not aggressive in causing
cell death or lysis. They can have only a limited or no ability to cause cell death as
long as they accomulate in the target cells or tissues and result in alteration of cell
membranes to cause leakage of antigens against which an immune response is
mounted. It is desirable that their apoptotic or lytic effect is sufficiently slow or
ineffective to permit sufficient antigenic leakage for a sufficient time for the host to

mount an effective immune response against the target tissues. Such immune
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response alone or in combination with the lytic/apoptotic effect of the
microorganism results in elimination of the target tissue and also elimination of
future development, such as metastases and reoccurrence, of such tissues or cells.
While the microbes provided herein can have a limited ability to cause cell death,
the microbes provided herein can nevertheless stifnula’éé. the host’s immune system
to attack tumor cells. As aresult, such microorganisms also are typically uniikely
to have substantial toxicity to the host.

In one embodiment, the microbes have a limited, or no, ability to cause
tumnor cell death, while still causmg or enhancmg an immune response against tumor
cells. In one example, the rate of mlcroorgamsm -mediated tumor cell death is less
than the rate of tumor cell growth or replication. In another example, the rate of
microorganism-mediated tumor cell death is slow enough for the host to gstablish a
sustained immune response to one or more tumor antigens. Typically, the time for
of cell death is sufficient to establish an anti-tumor immune response and can be at
least about a week, at least about 10 days, at least about two weeks, or at least about
a month, depending upon the host and the targeted cells or tissues.

In another embodiment, the microbes provided herein can cause cell death in
tumor cells, without causing substantial cell death in non-tumor tissues. In such an
embodiment, the microbes can aggressively kill tumor cells, 2s long as no
substantial cell death occurs in non-tumer cells, and optionally, so long as the host
has sufficient capability to mount an immune response against the tumor celis.

In one embodiment, the ability of the microbes to cause cell death s slower
than the host’s immune response against the microbes. The ability for the host to
control infection by the microbes can be determined by the immune response (e.g.,
antibody titer) against microorganismal antigens. Typically, after the host has
mounted immune response against the microbes, the microbes can have reduced
pathogenicity in the host. Thus, when the ability of the microbes to cause cell death
is slower than the host’s immune response against the microbes, microbe-mediated

cell death can occur without risk of serious disease or death to the host. In one
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example, the ability of the microbes to cause tumor cell death is slower than the
host’s immune response against the microbes.
b. Immunogenicity

The microorganisms provided herein also can be immunogenic. An
immunogenic microorganism can create a host immune response against the
microorganism. In one embodimént, the microorganisms can be sufficiently
immunogenic to result in a large anti-(microorganism) antibody titer. The
microorganisms provided herein can have the ability to elicit an immune response.
The immune response can be activated in response to viral antigens or can be
activated as a result of microorganismal-infection induced cytokine or chemokine
production. Immune response against the microorganism can decrease the
likelihood of pathogenicity toward the host organism.

Immune response against the microorganism also can result in target tissue
or cell, such as tumor cell, killing. In one embodiment, the immune response
against microorganismal infection can result in an immune response against tumor
cells, including developing antibodies against tumor antigens. In one example, an
immune response mounted against the microorganism can result in tumor cell killing
by the “bystander effect,” where uninfected tumor cells nearby infected tumor cells
are killed at the same time as infected cells, or alternatively, where uninfected tumor
cells nearby extracellular microorganisms are killed at the same time as the
microorganisms. As a result of bystander effect tumor cell death, tumor cell
antigens can be released from cells, and the host organism’s immune system can
mount an immune response against tumor cell antigens, resulting in an immune
response against the tumor itself,

In one embodiment, the microorganism can be selected or modified to
express one or more antigenic compounds, including superantigenic compounds.
The antigenic compounds such as superantigens can be endogenous gene products or
can be exogenous gene products. Superantigens, including toxoids, are known in the

art and described elsewhere herein.
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c. Replication Competent

The microorganisms provided herein can be replication competent. In a
variety of viral or bacterial systems, the administered microorganism is rendered
replication incompetent to limit pathogenicity risk to the host. While replication
incompetence can protect the host from the microorganism, it also limits the
ability of the microorganism to infect and kill tumor cells, and typically results in
only a short-lived effect. In contrast, the microorganisms provided herein can be
attenuated but replication competent, resulting in low toxicity to the host and
accumulation mainly or solely in tumors. Thus, the microorganisms provided herein
can be replication competent without creating a pathogenicity risk to the host.

Attenuation of the microorganisms provided herein can include, but is not
limited to, reducing the replication competence of the microorganism. For example,
a microorganism can be modified to decrease or eliminate an activity related to
replication, such as a franscriptional activator that regulates replication in the
microorganism. In an example, a microorganism, such as a virus, can have the viral
thymidine kinase gene modified.

d. Genetic Variants

The microorganisms provided herein can be modified from their wild type
form. Modifications can include any of a variety of changes, and typically inciude
changes to the genome or nucleic acid molecules of the microorganisms. Exemplary
nucleic acid molecular modifications include truncations, insertions, deletions and
mutations. In an exemplary modification, a microorganismal gene can be modified
by truncation, insertion, deletion or mutation. In an exemplary insertion, an
exogenous gene can be inserted into the genome of the microorganism.

i. Modified Characteristics

Modifications of the microorganisms provided herein can resultin a
modification of microorganismal characteristics, including those provided herein
such as pathogenicity, toxicity, ability to preferentially accumulate in tumor, ability
to lyse cells or cause cell death, ability to elicit an immune response against tumor

cells, immunogenicity, replication competence. Variants can be obtained by general
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methods such as mutagenesis and passage in cell or tissue culture and selection of
desired properties, as is known in the art, as exemplified for respiratory syncytial
virus in Murphy et al., Virus Res. 1994, 32:13-26.

Variants also can be obtained by mutagenic methods in which nucleic acid
residues of the microorganism are added, removed or modified relative to the wild
type. Any of a variety of known mutagenic methods can be used, including
recombination-based methods, restriction endonuclease-based methods, and PCR-
based methods. Mutagenic methods can be directed against particular nucleotide
sequences such as genes, or can be random, where selection methods based on
desired characteristics can be used to select mutated microorganisms. Any ofa
variety of microorganismal modifications can be made, according to the selected
microorganism and the particular known modifications of the selected
microorganisim.

ii. Exogenous Gene Expression

The microorganisms provided herein also can have the ability to express one
or more exogenous genes. Gene expression can include expression of a protein
encoded by a gene and/or expression of an RNA molecule encoded by a gene. In
some embodiments, the microorganisms can express exogenous genes at levels high
enough that permit harvesting products of the exogenous genes from the tumor.
Expression of endogenous genes can be controlled by a constitutive promoter, or by
an inducible prmﬁb‘ier. Expression can also be influenced by one or more proteins
or RNA molecules expressed by the microorganism. An exemplary inducible
pfombter system can include a chimeric transcription factor containing a
progesterone receptor fused to the yeast GALA4 DNA-binding domain and to the
activation domain of the herpes simplex virus protein VP16, and a synthetic
promoter containing a series of GALA recognition sequences upstream of the
adenovirus major late EIB TATA bex, linked to one or more exogenous genes; in
this exemplary system, administration of RU486 to a subiject can result in induction
of the exogenous genes. Exogenous genes expressed can include genes encoding a

therapeutic gene product, genes encoding a detectable gene product such as a gene
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product that can be used for imaging, genes encoding a gene product to be
harvested, genes encoding an antigen of an antibody to be harvested. The
microorganisms provided herein can be used for expressing genes in vivo and in
vitro. Exemplary proteins include reporter proteins (E. coli -galactosidase,
g-glucuronidase, xanthineguanine phosphoribosyltransferase), proteins facilitating
detection, 7.e., a detectable protein or a protein capable of inducing a detectable
signal, (e.g., luciferase, green and red fluorescent proteins, transferrin receptor),
proteins useful for tumor therapy (pseudomonas A endotoxin, diphtheria toxin, p53,
Arf, Bax, tumor necrosis factor-alpha, HSV TK, E. coli purine nucleoside
phosphorylase, angiostatin, endostatin, different cytokines) and many other proteins.
iii. Detectable gene product

The microorganisms provided herein can express one or more genes whose
products are detectable or whose products can provide a detectable signal. A variety
of detectable gene products, such as detectable proteins are known in the art, and can
be used with the microorganisms provided herein. Detectable proteins include
receptors or other proteins that can specifically bind a detectable compound, proteins
that can emit a detectable signal such as a fluorescence sigﬁal, enzymes that can
catalyze 2 detectable reaction or catalyze formation of a detectable product.

In some embodiments, the microorganism expresses a gene encoding a
protein that can emit a detectable signal or th_ét can catalyze a detectable reaction. A
variety of DNA sequences encoding proteins that can emit a detectable signal or that
can catalyze a detectable reaction, such as luminescent or fluorescent proteins, are
known and can be used in the microorganisms and methods provided herein.
Exemplary genes encoding light-emitting proteins include genes from bactenal
luciferase from Vibrio harveyi (Beles etal., Science 218 (1982), 791-793), bacterial
luciferase from Vibrio fischerii (Foran and Brown, Nucleic acids Res. 16 (1988),
177), firefly luciferase (de Wet et al. , Mol. Cell. Biol. 7(1987), 725-737), aequorin
from Aequorea victoria (Prasher ef al. , Biochem. 26 (1987), 1326-1332), Renilla
luciferase from Renilla renformis (Lorenz et al. , PNAS USA 88 (1991), 4438-4442)

and green fluorescent protein from Aequorea victoria {(Prasher ef al. , Gene 111
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(1987), 229-233). Transformation and expression of these genes in microorganisms
can permit detection of microorganismal colonies, for example, using a low light
imaging camera. Fusion of the lux Aand lux B genes can result in a fully functional
luciferase protein (Escher et al., PNAS 86 (1989), 6528-6532). This fusion gene
(Fab2) has introduced into a variety of microqrganisms followed by
microorganismal infection and imaging based on luciferase expression. In some
embodiments, luciferases expressed in bacteria can require exogenously added
substrates such as decanal or coelenterazine for light emission. In other
embodiments, microorganisms can express a complete lux operon, which can
include proteins that can provide luciferase substrates such as decanal. For example,
bacteria containing the complete lux operon sequence, when injected
intraperitoneally, intramuscularly, or intravenousty, allowed the visualization and
localization of bacteria in live mice indicating that the luciferase light emission can
penetrate the tissues and can be detected externally (Contag et al., Mol. Microbiol.
18 (1995), 593-603).

In other embodiments, the microorganism can express a gene that can bind a
detectable compound or that can form a product that can bind a detectable
compound. A variety of gene products, such as proteins, that can specifically bind a
detectable compound are known in the art, including receptors, metal binding
proteins, ligand binding proteins, and antibodies. Any of a variety of detectable
compounds can be used, and can be imaged by any of a variety of known imaging
methods. Exemplary compounds include receptor ligands and antigens for
antibodies. The ligand can be labeled according to the imaging method to be used.
Exemplary imaging methods include any of a variety magnetic resonance methods
such as magnetic resonance imaging (MRI) and magnetic resonance spectroscopy
(MRS), and also include any of a variety of tomographic methods including
computed tomography (CT), computed axial tomography (CAT), electron beam
computed tomography (EBCT), high resolution computed tomography (HRCT?),
hypocycloidal tomography, positron emission tomography (PET), single-photon
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emission computed tomography (SPECT), spiral computed tomography and
ultrasonic tomography.

Labels appropriate for magnetic resonance imaging are known in the art, and
include, for example, gadolinium chelates and iron oxides. Use of chelates in
contrast agents is known in the art. Labels appropriate for tomographic imaging
methods are known in the art, and include, for example, B-emitters such as ”C, 13N,
130 or %Cu or (b) y-emitters such as'*’I. Other exemplary radionuclides that can, be
used, for example, as tracers for PET include *Co, ¥’Ga, ®Ga, “Cu(1D), ¥ Cu(ID),
INi, **Fe and "*F. Examples of useful radionuclide-labeled agents are **Cu-labeled
engineered antibody fragment (Wu er al., PNAS USA 97 (2002), 8495-8500), **Cu-
labeled somatostatin (Lewis ef al., J. Med. Chem. 42(1999), 1341-1347), -
pyruvaldehyde-bis (N4methylthiosemicarbazone)(64Cu-PTSM) (Adonai et al.,
PNAS USA 99 (2002), 3030-3035), **Fe-citrate (Leenders et al., J.

Neural. Transm.Suppl. 43 (1994), 123-132), **Fe/**™Mn-citrate (Calonder et al., J.
Neurochem. 73 (1999), 2047-2055) and S2Fe-labeled iron (I11) hydroxide-sucrose
complex (Beshara ez al., Br. J. Haematol. 104 (1999), 288-295,296-302).

iv. Therapeutic gene product

The microorganisms provided herein can express one or more genes whose
products cause cell death or whose products cause an anti-tumor immune response,
such genes can be considered therapeutic genes. A variety of therapeutic gene
products, such as toxic or apoptotic proteins, or siRNA, are known in the art, and
can be used with the microorganisms provided herem. The therapeutic genes can act
by directly killing the host cell, for example, as a channel-forming or other Iytic
protein, or by triggering apoptosis, or by inhibiting essential cellular processes, or by
triggering an immune response against the cell, or by interacting with a compound
that has a similar effect, for example, by converting an less active compound to a
cytotoxic compound.

In some embodiments, the microorganism can express a therapeutic protein.
A large number of therapeutic proteins that can be expressed for fumor treatment are

known in the art, including, but not limited to tumor suppressors, toxins, cytostatic
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proteins, and cytokines. An exemplary, non-limiting list of such proteins includes
WT1, p53, p16, Rb, BRCAL, cystic fibrosis transmembrane regulator (CFTR),
Factor VIII, low density lipoprotein receptor, beta-galactosidase, alpha-

galactosidase, beta-glucocerebrosidase, nsulin, parathyroid hormone, alpha-1-

anntrypsm rsCDdOL Fas- hgand TRAIL, TNF antxbodles microcin E492,

diphtheria toxin, Pseudomonas gxotoxin, Esohenclna coli Shig toxin, Escherichia coli
Verotoxin 1, and hyperforin.

In other embodiments, the microorganism can express a protein that converts
a less active compound into a compound that causes tumor cell death. Exemplary
methods of conversion of such a prodrug compound include enzymatic conversion
and photolytic conversion. A large variety of protein/compound pairs are known in
the art, and include, but are niot limited to Herpes simplex virus thymidine
kinase/gancyclovir, varicella zoster thymidine kinase/gancyclovir, cytosine
deaminase/5-finorouracil, purine nucleoside phosphorylase/6-methylpurine
deoxyriboside, beta lactamase/cephalosporin-doxorubicin, carboxypeptidase G2/4-
[(Z—Ghloroethyl)(Z—mesuioxyethyl)amino]benzoyl-L—glutamic acid, cytochrome
P450/acetominophen, horseradish peroxidasefindole-3-acetic acid,
nitroreductase/CB1954, rabbit carboxylesterase/7-ethyl-10-[4-(1-piperidino)-1-
piperidino]carbonyloxycamptothecin, mushroom tyrosinase/bis-(2-
chloroethyi)amino-4-hydroxyphenylaminomethanone 28, beta galactosidase/1-
chloromethyl-5-hydroxy-1,2-dihyro-3H-benz[elindole, beta
glucuromdase/epirubiqin-giﬁcufonide, thymidine phosphorylase/5°-deoxy5-
fluorouridine, deoxycytidine kinase/cytosine arabinoside, and linamerase/linamarin.

In another embodiment, the therapeutic gene product can be an siRNA
molecule. The siRNA molecule can be directed against expression of a tumor-
promoting gene, such as, but not limited to, an oncogene, growth factor,
angiogenesis promoting gene, or a receptor. The siRNA molecule also can be
directed against expression of any gene essential for cell growth, cell replication or
cell survival. The siRNA molecule also can be directed against expression of any

gene that stabilizes the cell membrane or otherwise {imits the number of tumor cell
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antigens released from the tumor cell. Design of an siRNA can be readily
determined according to the selected target of the sIRNA; methods of siRNA design
and downregulation of genes are known in the art, as exemplified in U.S, Pat. Pub.
No. 20030198627.

In one embodiment, the therapeutic compound can be controlled by a
regulatory sequence. Suitable regulatory sequences which, for example, are
functional in a mammalian host cell are well known in the art. In one example, the
regulatory sequence can contain a natural or synthetic vaccinia virus promoter. In
another embodiment, the regulatory sequence contains a poxvirus promoter. ‘When
viral microorganisms are used, strong late promoters can be used to achieve high
levels of expression of the foreign genes. Early and intermediate-stage promoters,
however, can also be used. In one embodiment, the promoters contain early and late
promoter elements, for example, the vaccinia virus early/late promoter p7.5,
vaccinia late promoter p11, a synthetic early/late vaccinia pE/L promoter (Patel et
al., (1988), Proc. Natl. Acad. Sci. USA 85, 9431-9435; Davison and Moss, (1989),]
Mol Biol 210, 749-769; Davison et al., (1990), 'Nuc}aic Acids Res. 18, 4285-4286;

Chakrabarti ef al., (1997), BioTechniques 23, 1094-1097).
v. Expressing a superantigen

The microorganisms provided herein can be modified to express one or more
superantigens. Superantigens are antigens that can activate a large immune
response, often brought about by a large response of T cells. A variety of
superantigens are known in the art including, but not limited to, diéhtheﬁa tokin,
staphylococcal enterotoxins (SEA, SEB, SEC1, SECZ, SED, SEE and SEH), Toxic
Shock Syndrome Toxin 1, Exfoliating Toxins (EXft), Streptococcal Pyrogenic
Exotoxin A, B and C (SPE A, B and C), Mouse Mammary Tumor Virus proteins
(MMTV), Streptococeal M proteins, Clostridial Perfringens Enterotoxin (CPET),
mycoplasma arthritis superantigens.

Since many superantigens also are toxins, if expression of a microorganism
of reduced toxicity is desired, the superantigen can be modified to retain at least

some of its superantigenicity while reducing its toxicity, resulting in a compound
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such as 2 toxoid. A variety of recombinant superantigens and toxoids of
superantigens are known in the art, and can readily be expressed in the
microorganisms provided herein. Exemplary toxoids include toxoids of diphtheria
toxin, as exemplified in U.S. Pat. No. 6,455,673 and toxoids of Staphylococcal
enterotoxins, as ekempliﬁed in U.S. Pat. Pub. No. 20030009015.
vi. Expressing 2 gene product to be harvested

Exemplary genes expressible by a microorganism for the purpose of
harvesting include human genes. An exemplary list of genes includes the list of
human genes and genetic disorders authored and edited by Dr. Victor A. McKusick
and his colleagues at Johns Hopkins University and elsewhere, and developed for
the World Wide Web by NCBI, the National Center for Biotechnology Information.
Online Mendelian Inheritance in Man, OMIM™. Center for Medical Genetics,
Johns Hopkins University (Baltimore, Md.) and Nationa! Center for Biotechnology
Information, National Library of Medicine (Bethesda, Md.), 1999. and those
available in public databases, such as pubmed and genbank (see, e.g.,
(ncbi.nlm.nih.gov/entrezjqucry.fcgi?db——"—()MM) These genes include, but are not
limited to: 239£2h9, 3pk, 4ebpl, 4ebp2, all, al2ml, al2Zm?2, al2m3, al2m4, al$, alb,
albg, alst, a2m, aZmr, aZmrap, a2, aaa, aas, aabt, aacl, aacZ, aact, aadac, aanat, aars,
aas, aat, aavsl, abcl, abe2, abc3, abe7, abeB, aber, abil, abll, abl2, abll, abo, abp,
abpl, abpa, abpx, abr, acaa, acac, acaca, acach, acadl, acadm, acads, acadsb,
acadvl, acat, acat}, acat2, acc, aceh, acenl, acen2, accpn, acel, ach, ache, achml,
achm?, achrb, achrd, achrg, acls, acly, acol, aco2, acox, acoxl, acox2, acox3, acpl,
acp2, acp5, acpp, acr, acrvl, acs3, acs3, acs4, act2, act35, actal, acta2, acta3, actb,
acte, actgl, actg?2, actll, actnl, actn2, actn3, actsa, acug, acvrl, acviZb, acvrli,
acvrikl, acvrik2, acvﬂkB, acyl, adl, ad2, ad3, ad4, ad$, ada, adam10, adam11,
adam12, adam3, adam3a, adam3b, adam3, adar, adarb1, adarb2, adepl, adep2,
adcyl, adcy?, adcy3, adcy3, adeyd, adcy5, adey6, adey7, adcy8, adey9, adcyapl,
adcyaplri, addl, add?, add3, addl, adfn, adhl, adh2, adh3, adh4, adh5, adh7,
adhaps, adhc1@, adhr, adhr, adk, adi, adm, admlx, adoral, adora2a, adora2b,
adora2l, adora21, adora3, adprt, adrala, adralb, adralc, adrald, adra2a, adra2b,
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adraZc, adra211, adra212, adra2r, adrbl, adrblr, adrb2, adrb2rl], adrb3, adrbkl,
adrb_k2, adsl, adss, adtb1, adx, adxr, ael, ae2, ae3, acgll, aemk, aes, af10, af17, af4,
aft, af8t, af9, afdl, afdn, afg3, afg311, afm, afp, afx1, aga, agcl, ager, agl, agmxl1,
agmx?2, agpl, agp7, agps, agmn, agrp, agrt, ags, agt, agtil, agtrl, agtrla, agtr2, agtrll,
agxt, ahc, ahcy, ahd, ahds, ahnak, aho2, ahr, ahsg, ahx, aibl, aic, aicl, aied, aihl,
aih2, aith3, aiml, air, airc, aire, akl, ak2, ak3, akap149, aktl, akt2, aku, alad, alasl,
alas?, alb, alb2, aiba, alcam, ald, aldhl, aldh10, aldh2, aldh3, aldh4, aldh5, aldh6,
aldh9, ald11, aldoa, aldob, aldoc, aldrl, alds, alk, alkl, alk2, alk3, alk6, almsl1,
alox12, alox15, alox$5, alp, alpi, alpl, alpp, alpp12, alr, alr, als1, als2, als4, als5, alss,
ambn, ambp, amcd1, amed2b, amen, amenl, amex1, amdl, amdm, amelx, afnely,
amfr, amg, amgl, amgx, amh, amhr, amhr2, am!1, aml1tl, aml2, ami3, amog,
ampdi, ampd2, ampd3, amph, amphl, ampk, amt, amyla, amylb, amylc, amy2a,
amy2b, an2, anc, ancr, ang, angl, anhl, ankl, ank2, ank3, anopl, anova, anp, anpep,
anpra, anprb, anprc, ans, antl, ant2, ant3, ant3y, anx1, anx11, anx13, anx2, anx214,
anx3, anx4, anx5, anx6, anx7, anx8, aoah, aoc2, aox1, ap2tf, apahl, apbal, apba2,
apbb1, apbb2, apc, apcs, ape, apeced, apeh, apex, apil, api2, api3, apj, aplp, aplpl,
aplp2, apnh, apo31, apoal, apoa2, apoad, apob, apobecl, apocl, apoc2, apoc3,
apocd, apod, apoe, apoer2, apoh, apolmt, apolp1@, apolp2@, app, appbpl, applI,
aprf, aprt, aps, aptl, aptligl, apx1, apy, aqdq, aqp0, aqpl, aqp2, aqp21, aqp3, aqp4,
agp3, aqp6, aqp7, ar, arl, ara, arafl, araf2, arcnl, ardl, ardl, areg, arfl, arf2, arf3,
arf4l, arfS, arg, argl, args, arh12, arh6, arh9, arha, arhb, arhc, arhg, arhgap?2,
arhgap3, arhgap6, arhgdia, arhgdib, arhh, arix, arl2, armdl, arnt, arnt}, aro, arp,
arpl, arpkd, arr3, arrbl, arrb2, arsa, arsacs, arsb, arscl, arsc2, arsd, arse, arsf, art,
artl, art3, art4, arts, arvdl, arvd2, arvd3, arvd4, as, asat, asb, ascll, asci2, asctl,
asdl, ast, asgrl, asgr?, ashl, asip, asl, asln, asml, asma, asmd, asmt, asmtlx,
asmty, asnrs, asns, aspa, ass, astml, astn, asv, at, atl, at_2rl, at3, ata, atbfl, atcay,
atfl, ath1, aths, atm, atohl, atox1, atplal, atpla2, atpla3, atplall, a_tplbl, atplb2,
atp1b3, atplbll, atplgl, atp2al, atp2a2, atp2a3, atp2b, atp2bl, atp2b2, atp2b2,
atp2b3, atp2b4, atp4a, atp4db, atp$, atpSa, atpSb, atp5gl, atp5g2, atp5g3, atpSo,
atpba, atp6bl, atpbe, atpbe, atpbnl, atp7a, atp7b, atpm, atpsb, atpsk]l, atpsk2, atql,
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atr, atr, atrl, atrl, atr2, atrcl, atrc2, atrx, ats, atsv, atx1, atx2, au, aufl, aufla, aut,
aved, aved, avp, avprla, avprlb, avpr2, avpr3, avrp, avsd, awal, ax|1, axllg, axsf,
azfl, azf2, azgpl, azul, b120, b144, blgl, b29, b2m, b2mr, b3galt4, bdgaltl, balr,
babl, bagl, bail, bai2, bai3, bakl, bam22, bapl, bap135, bapx1, bard1, bark2, bas,
batl, bat2, bat3, bat4, bat5, bax, bbl, bbbgl, bbbg2, bbsl, bbs2, bbs3, bbs4, bbs5,
beasl, beatl, beat2, beate2, bedl, bee, behe, bekdha, bekdhb, bell, bell0, bel2,
bel2al, bel212, bel3, bels, bels, bel?, bel7a, beld, bel9, belw, bem, beml1, bema,
bens, bens, bep, bepm, bepr, ber, berl2, berl3, berld, besgl, betl, bet2, bdb, bdbl,
bdc, bde, bdkrb1, bdkrb2, bdmf, bdmr, bdnf, bed, bedp, bek, bene, bevi, bf, bfl, bf2,
bfhd, bfic, bfls, bfnc2, bfp, bfspl, bfi, bglap, bgmr, bgn, bgp, bhd, bhpedh, bhrl,
bicdl, bid, bigh3, binl, bir, bjs, bkmal, blastl, blau, bik, blm, blmh, bltr, blvra,
blvrb, blym, bmall, bmd, bmh, bmil, bmpl, bmp2, bmp2a, bmp2bl, bmp3, bmp4,
bmp5, bmp6, bmp7, bmp8, bmprla, bmprlb, bmx, bmyb, bn51t, bne, bnel, bop,
bor, bpad, bpagl, bpag2, bpes, bpesl, bpes2, bpgm, bphl, bpi, br, br140, braf, brcal,
brca2, brea3, breacox, bredl, bred2, brdt, brfl, brhe, bric, brks, bm3a, bm3b, brm3c,
brrnl, brwlc, bs, bsap, bsep, bsf2, bsg, bsnd, bssi, bstl, bst2, btak, btc, btd, bteb,
btebl, btgl, btg2, bths, btk, btkl, btn, bts, bublb, bubrl, bwrla, bwrlb, bws,
bwscrla, bwscrlb, bzip, bzx, cllorfl3, ¢clnh, clga, clgb, clgbp, clqg, clr, cls, ¢2,
c2lorfl, c2lorf2, c2lorf3, c2ta, ¢3, ¢3br, c3dr, c3g, c4a, c4b, cdbpa, c4bpb, c4f, cds,
c5, cSar, ¢5rl, ¢6, c7, c8a, c8b, c8g, ¢9, cal, cal2, cal25, ca2, ca2lh, ca3, cad, caJ,
ca6, ca7, ca8, ca9, caafl, cabp9k, cac, cac@, caca, cacd, cacnala, cacnalb, cacnalc,
cacnald, cacnale, cacnalf, cacnals, cacna2, cacnbl, cacnb2, cacnb3, cacnb4, cacng,
cacnllal, cacnlla2, cacnila3, cacnlla4d, cacnlla$, cacnlla6, cacni2a, cacnibl,
cacnlg, cacp, cact, cacy, cad, cadll, cadasil, cael, cae3, caf, cafla, caga, cagb, cain,
cak, cakl, calll, calbl, calb2, calb3, calcl, calc2, calca, calchb, calcr, caldl, calla,
calml, calm2, calm3, calmll, calmi3, calna, calna3, calnb, calnbl, calr, cals, calt,
calu,'cam, camk4, camkg, camll, camlg, camp, can, canp3, canx, cap2, cap3, cap37,
capb, capg, capl, capnl, capn2, clapn3, capnd, cappa?2, cappb, capr, caps, capzal,
capzb, car, carp, cars, cartl, cas, cas2, casil, caspl, casplQ, casp2, casp3, casp3,

casp4, casp5, caspb, casp7, casp8, casql, casq2, casr cast, cat, catl, cat4, catfl,
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catm, cavl, cav2, cav3, cbbm, cbd, cbfal, cbfa2, chfa2tl, cbfa3, cbib, cbg, cbl,
cbl2, cbin2, cbp, cbp, cbp2, cbp68, cbrl, cbs, cbt, cbtl, ccl10, cca, ceal, ccall,
ccal2, ccbll, ceckrs, cegl, ccg?, cchllal, cchila2, cchlla3, echibl, cck, cckar,
cckbr, ccl, ceml, cem?2, cem3, cenl, cena, cenbl, cene, cendl, cend2, cend3, cene,
cenf, cengl, cenh, cent, centl, cco, cerl0, cer2, ccr3, cer9, cesp, cct, cov, cczs, cd,
cd10, cdlla, cdlib, cdllc, cdl3, ed137, cdl4, cdls, cd151, cd156, cdl6, cd164,
cdl8, cdl9, cdla, cdlb, cdlc, cdld, cdle, cd2, ¢d20, cd22, cd23, cd24, ¢d26, cd27,
cd271, ¢d28, cd281g, cd281g2, ¢d30, cd32, c¢d33, cd34, cd36, cd3611, cd3612,
cd37, c¢d38, cd39, cd3911, cd3d, cd3e, cd3g, cd3z, cdd, cd40, cd401g, cd41b, cd43,
cd44, cd45, cd46, cdd7, cd48, cd49b, cd49d, cd5, cd53, cd57, cd58, ¢d59, cd51, cdb,
cd63, cd64, cd68, cd69, cd7, ¢d70, cd71, ¢d72, ¢cd74, cd79a, cd79b, cd80, cd81,
cd82, cd82, cd86, cdBa, cd8b, cdBbl, cd9, cd94, cd95, ¢d97, cd99, cda, cdal, cda3,
cdanl, cdan2, cdan3, cdb2, cde2, cde20, ede25a, cde25b, ede25c¢, cde27, cde2ll,
cdc212, cdc?214, cde34, eded2, cde51, cde, cdc71l, cdedl, cded2, cded3, cdell,
ederel, cdgl, cdgdl, cdggl, cdgs2, cdhl, edhll, cdhl2, cdhl3, cdhld, cdhls,
cdh16, cdhl6, cdhl7, cd2, cdh3, cdh3, cdh5, cdh?, cdh8, cdhb, cdhh, edhp, cdhs,
cdk?, cdk3, cdk4, cdks, cdk7, cdk8, cdk9, cdknl, cdknla, cdknlb, cdknlc, cdkn2a,
cdkn2b, cdkn2d, cdkn3, cdknd, cdll, cdm, cdmpl, cdmt, cdpx1, cdpx2, edpxr, cdrl,
cdr2, cdr3, cdr62a, cdsn, cdsp, cdtb, cdw50, cdxl, cdx2, cdx3, cdx4, cea, cebp,
cebpa, cebpb, cebpd, cebpe, cecr, cel, cell, cenl, cenpa, cenpb, cenpc, cenpcl,
cenpe, cenpf, cerd4, ces, cesl, cetnl, cetp, cf, cf2r, cfag, cfag, cfc, cfdl, cfeoml,
cfeom2, cfh, cfll, cfl2, cfnd, cfins, cfir, cgl, cga, cgat, cgb, cgd, cgfl, cgh, cgrp,
cgs23, cgt, cgthba, chac, chat, chel, chdl, chd2, chd3, chd4, chdS, chdr, chel, che2,
ched, chekl, chga, chgb, chge, chh, chi311, chip28, chit, chkl, chlrl, chlr2, chm,
chm1, chn, chnl, chn2, chop10, chr, chr39a, chr39b, chr39¢, chrml, chrm2, chrm3,
chrm4, chim$, chmal, chrna2, chrna3, chrna4, chrna$, chrna7, chmb1, chrnb2,
chrnb3, chrnb4, chrnd, chrne, chrag, chrs, chsl, chx 10, ciipx, cip!l, cirbp, cish,
ck2at, ckapl, ckb, ckbb, ckbe, ckm, ckmm, ckmtl, ckmt2, cknl, ckn2, ckr3, ckril,
ckrl3, cl, ¢l100, clal, clal, clac, clapbl, clapml, claps3, cle, cle7, clek2, clenl,
clen2, clen3, clend, clen3, clené, clen?, clenka, clenkb, cld, ¢ldn3, cldnS, clg, clgl,
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clg3, clgda, clgdb, cli, climl, chim?2, cik2, clk3, clnl, cln2, cln3, cin3, cin6, cinBO,
cinsla, clnslb, clp, clpp, clps, clta, cltb, cltc, cltcll, cltd, clth, clu, cmal, cmah,
emar, cmdl, cmdla, cmd1lb, cmdlc, cmdld, cmdle, ecmdlf, cmd3a, cmdj, cmhl,
cmh?, emh3, cmhd, cmh6, cmkbrl, cmkbr2, emkbr3, cmkbrS, emkbr, cmkbr7,
cmkbr8, cmkbr9, emkbrl 2, emklrl, emkrll, cmkrl2, eml, emm, cmm?2, cmoat, cmp,
cmpdl, empd2, cmpd2, cmpd3, cmpx1, cmtla, cmtlb, cmt2a, cmt2b, emt2d, cmt2d,
cmtda, cmtdb, cmtnd, cmtx1, cmtx2, cnal, cna2, cnbpl, ene, cnegl, encg2, cnegll,
cnd, eng3, cngal, cnga3, engbl, cnnl, enn2, ¢nn3, cnp, cnrl, cnsn, cntf, cntfr, cntnl,
co, cocal, coca2, coch, codl, cod2, cohl, coil, col10al, colilal, collla2, coll2all,
coll3al, col15al, coll6al, coll7al, coll8al, coll9al, collal, colla2, collar,
col2al, col3al, coldal, colda2, colda3, coldad, coldas, coldab, colSal, colsa2,
col6al, col6a2, col6a3, col7al, colal, col8a2, col9al, col9al, col9a2, col9a3, colg,
comp, comt, copeb, coptl, copt2, cordl, cord2, cord$, cord6, cort, cot, cox10, cox4,
cox5h, cox6al, cox6b, cox7al, cox7a2, cox7a3, cox7am, cox8, ¢p, cplQ7, cpll5,
cp20, cp4d7, cp49, cpal, cpa3, cpb2, cpb2, cpd, cpe, cpetr2, cpm, cpn, cpnl, cpn2,
cpo, cpp, cpp32, cpp32, cppi, cpsl, cpsb, cpsd, cptla, cptlb, cpt2, ¢pu, cpx, cpx,
cpxd, crl, cr2, cr3a, crabpl, crabp2, crapb, crarf, crat, crbpl, crbp2, crd, crdl, crebi,
creb2, crebbp, crebl1, crem, crfbd, crfr2, crh, crhbp, crhr, erhrl, erhe2, crip, crk,
erkl, crml, crmpl, crmp?2, cip, crpl, crs, crsle, ers2, crs3, crsa, crt, crtll, crtm, crx,
cryl, cry2, cryal, crya2, cryaa, cryab, crybl, cryb2, cryb3, crybal, cryba2, cryba4,
crybbl, crybb2, crybb3, crygl, cryg2, cryg3, crygd, cryg8, cryg@, cryga, crygb,
cryge, crygd, crygs, crym, cryz, cs, csa, csb, csbpl, csci, csd, csd2, csda, cse, csell,
¢csfl, esflr, csf2, csf2ra, csf2rb, csf2ry, csf3, csf3r, cshl, csh2, csk, csmf, csnl,
csnlQ, csn2, csn3, csnbl, csnb2, csnb3, csnklal, csnkld, csnkle, csnklg2, csnk2al,
esnk2a2, csnk2b, csnu3, cso, cspb, cspgl, cspg2, cspg3, csr, csrb, csip, csrpl, csp2,
cstl, cstl, est2, cst3, cstd, cstd, csts, cst6, csta, cstb, csx, ct2, ctaal, ctaa2, ctag, ctb,
cthpl, ctbp2, ctgf, cth, cthm, ctk, ctlal, ctla3, ctla4, ctla8, ctm, ctnnal, ctnna2,
ctnnbl, ctnnd, ctnnd1, ctnr, ctns, ctp, ctpcet, ctps, ctrl, ctr, ctrbl, ctrl, ctsa, ctsb,
ctsc, ctsd, cise, ctsg, ctsgl2, cish, ctsk, ctsl, ctss, ctsw, ctsz, ctx, cubn, cul3, culdb,

culs, cutll, cvap, cvdl, cvl, cx26, cx31, ¢x32, cx37, ¢x40, cx43, cx46, cx50, cxb3s,
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cxcrd, cxorfd, cybS, cyb561, cyba, cybb, cycl, cyk4, cyldl, cymp, cypl, cyplla,
cyplibl, cypllb2, cypl7, cypl9, cyplal, cypla2, cyplbl, cyp21, cyp24, cyp27,
cyp27al, cyp27bl, cyp2a, cyp2a3, cyp2ab, cyp2b, cyp2c, cyp2cl9, cyp2c9, cyp2d,
cyp2d@, cyp2e, cyp2el, cyp2fl, cyp2j2, cyp3ad, cypdall, cypdbl, cyp5i, cyp7,
cyp7al, cyr6l, cyml, cyrn2, czp3, d10s105e, d10s170, d10s170, d11s302¢,
d11s636, d11s813e, d11s833e, d125248%¢, d12553¢, d1351056e, d13s25, d14s46e,
d15s12, d15s226e, d15s227¢, d1682531¢, d16s469¢, d17s136¢, d17s811e, d185892e,
d19s204, d19s381e, d1sl11, dlsl55e, dlsl66e, d1s1733e, d152223e, d1s61, d2h,
d2s201e, d2s448, d25488e, d2s69¢, d3s1231e, d3s131%e, d3s48e, d4, d4s90,
d551708, d5s346, d6, d6s1101, d6s207e, d652245¢, d6s228e, d65229¢, d63230e,
d6s231e, d6s51e, d6s52e, d6s54e, d6s8le, d6s82e, d7s437, d8s2298e, d9s46e, dal,
da2b, dab2, dac, dadl, daf, dag, dagl, dag2, dagkl, dagk4, dam10, damé, damox,
dan, dao, dap, dap3, dap$, dapk], dar, datl, dax1, daxx, daz, dazh, dazl, dba,
dbeerl, dben, dbh, dbi, dbi, dbl, dbm, dbnl, dbp, dbp, dbp1, dbp2, dbpa, dbt, dbx,
dby, dcce, dce, dci, dck, den, deoh, depl, der, der3, det, detnl, dex, ddbl, ddb2, dde,
ddhl, ddh2, dditl, ddit3, ddost, ddp, ddpac, ddr, ddx1, ddx10, ddx11, ddx12, ddx15,
ddx16, ddx2a, ddx3, ddx5, ddx6, ddx9, dec, decr, defl, defd, def5, def6, defal,
defad, defa5, defa6, defbl, defb2, dek, denn, dents, depl, derl2, des, dff1, dffa,
dffrx, dffry, dfnl, din2, dfn3, dfnd, dfn6, dfnal, dfnalQ, dfnall, dfnal2, dfnal3,
dfna2, dfna2, dfnad, dfnas, dfna6, dfna7, dfna8, dfna9, dfnbl, dfnb12, dfnb13,
dfnb14, dinb16, dfnb17, dfnb18, dfhb2, dfnb3, dfnb4, dfnob5, dfab6, dfnb7, dfnb§,
dfnb9, dgcr, dger2, dger2, dger6, dgil, dgka, dgkq, dgpt, dgpt, dgs, dgs2, dgsi, dgu,
dhc2, dher?7, dhfr, dhlag, dhp, dhpr, dhps, dhrd, dhtr, di, dil, dia, dial, dia2, dia4,
diaphl, diaph2, dif2, diff6, dipi, dir, dke, dkel, dlel, did, digl, dlg2, dlg3, dlig4, dlst,
dix1, dix2, dIx2, di3, dlx4, dix35, dix6, dix7, d1x8, dm, dm2, dmahp, dmbti, dmd,
dmdal, dmdl, dmh, dmk, dmpl, dmpk, dmsth, dmt, dmtl, dmtn, dna21, dnah,
dnahl, dnahl1, dnahl2, dnah2, dnahcl, dnahcl1, dnahc2, dnahc3, dnasel,
dnaselll, dnasell3, dnase2, dnch2, dncl, dnem, dnecl, dnell, dni, dnll, dnlll,
dnml, dnmtl, dnmi2, dnpkl, dns, dntt, do, docl, doc2, dockl, dock180, dod, dokl,
dom, dpl, dpl, dp2, dp3, dpagt2, dped, dpd, dpdel, dpde2, dpde3, dpded, dpepl,
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dph212, dpp, dpp4, dpp6, dpt, dpyd, dpys, dpysil, dpysl2, drl, dr3, dr3lg, dr5, dra,
drad, drada, dral, drdi, drd1b, drdlb, drd112, drd2, drd3, drd4, drd5, drill, drpl,
drpl, drp2, drp2, drp3, drpla, drt, dscl, dsc2, dse3, dsc3, dsc4, dscam, dscr, dsgl,
dsg2, dsg3, dsp, dspg3, dspp, dss, dssl, dtd, dtdp2, didst, dtna, dtr, dts, dus, duspl,
duspl1, dusp2, dusp3, dusp4, dusp$, dusp6, dusp?, dusp8, dut, dvl, dvil, dvll,
dv13, dxf68sle, dxsl1272¢, dxs128, dxs1283e, dxs423e, dxs435e, dxs522e, dxs648,
dxs707, dxs8237e, dxys155e¢, dylx2, dyrk, dys, dysf, dytl, dyt3, dyi5, dyt6, dyt7,
dyt8, dyt9, dyx1, dyx2, ells, el4, elb, e2a, c2f1, €212, €213, €2f4, €3, c4f, edfl,
e4tfla, e4tflb, eal, eaacl, eaatl, eaat?, cac, ead, eag, eap, earl, ear2, ecar3, ebaf, ebf,
ebil, ebm, ebnl, ebnl, ebn2, ebr2a, ebsl, ebvml, ebvsl, ecl, ecal, ech2, ecel,
ecgfl, echl, echsl, eck, ecml, ecp, ecsl, ect2, edl, ed2, ed3, ed4, eda, eda3, eddrl,
edg3, edgb, edh, edh17b2, edh17b2, edh17b3, edml, edm2, edm3, edmd, edmd?2,
edn, ednl, edn2, edn3, ednra, ednrd, eecl, eec2, eeflal, eefla2, eefibl, eeflb2,
eeflb3, eeflbd, eef2, eegl, eegvl, eek, een, efla, ef?, efe2, efempl, fl6, efmr,
efnal, efna3, efhad, efnbl, efnb2, efnb3, efp, eftu, egf, egfr, egi; egrl, egr2, egr3,
egrd, ehhadh, ehocl, ei, eifla, eif2g A, eif2s3 A, eif3s10, €if3s6, cifdal, eif4a2,
eifde, eifde, eifdebpl, eifde2, eifdel 1, eifdel 2, eifdg, eifdgl, eifdg2, eif5a, ejml,
ell, elal, ela2, elaml, elanh2, elavll, elavl2, elavld, elc, elel, elf3, elkl, elk2, elk3,
elk4, ell, eln, em9, emap, emapl, emd, emd2, emk 1, empl, emp55, emrl, emsl,
emt, emtb, emx1, emx2, enl, en2, ena78§, end, endog, enfl2, eng, enl, enol, eno2,
eno3, enpep, entl, entk? enurl, enur2, enx2, eos, ep3, ep300, epa, epb3, epb311,
epb41, epb4112, epb42, epb49, epb72, ephal, epha2, epha3, epha8, ephbl, ephb2,
ephb3, ephb4, ephb6, ephtl, epht2, epht3, ephx1, ephx2, epim, eplgl, eplg2, eplg3,
eplgd, eplg5, eplg8, epml, epm2, epm?2a, epmr, epo, epor, eppk, eprs, epslS, eps8,
ept, erbal, erba2, erbal2, erbal3, erbb2, erbb3, erbb4, erc55, erccl, ercc2, ercc3,
erccd, erccs, erced, ercml, erdal, erfl, erg, erg3, ergic53, erh, erk, erkl, erk2, erk3,
erm, erpll, ervl, ervl, erv3, ervr, ervilervi2, ervt3, ervtd, ervt5, eryfl, esl, es130,
esa, esal, esad, esat, esb3, esd, esg, esr, esrl, esr2, esrll, esrl2, esrra, esirb, esrrg,
essl, est, est, est2, est25263, esx, etfa, etfh, etfdh, etkl, etk2, etml, etm2, eto, etsl,

ets2, etvl, etv3, etvd, etvs, etvh, eve, evel, evda, evdb, evil, evi2, evila, eviZb,
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evpl, evrl, evxl, evx2, ews, ewsrl, exlm1, extl, ext2, ext3, extl], extl2, eyal,
eya2, eya3, eycll, eycl3, ezhl, ezhl, ezh2, £10, f11, f12, f13a, f13al, f13b, 2, f2r,
f2r12, £2r13, 13, 5, 5184, {7, f7e, {Tr, f8a, {8b, f8c, f8vwf, 19, fa, fal, faa, fabpl,
fabp2fabp3, fabp4, fabp6, facl, faca, facc, facd, face, facll, facl2, facl3, fac14,
facv11, fad, fadd, fadk, fah, fak2, faldh, fal139, falz, fanca, fancc, fancd, fance,
fancg, fap, fapa, farr, fas, fasl, fasn, fastl, fat, fau, fbinl, fbin2, fbnl, fbn2, fbni,
fopl, fear, feel, fee, foe2, feerla, feerlb, feerlg, feer2, fogrla, fegrlb, fegrle,
fegr2a, fogr3a, fogrt, fomd, fenl, fon2, fep, fopl, fepx, fet3a, fde, fdfil, fdh, fdpsii,
fdps12, fdps13, fdps14, fdpsls, fdx1, fdxr, fe65, fe6511, fea, febl, feb2, fech, fech,
fenl, feo, feom, feom1, feom2, fer, fes, fetl, fevr, ffm, fga, fgarat, fgb, fgc@, fgdl,
fedy, fgfl, fefl0, fgfl1, fgf12, fafl3, fgfl4, fgf2, fgf2, fgf3, fofd, fgfs, fgf6, fgf7,
fgfB, faf9, fofa, fofb, fefrl, fefr2, fgfr3, fefrd, fog, for, fsl, fh, th, th3, fhe, fnfl,
th3, thf4, thh2, thit, fhll, 12, M2, Acl, figf, fih, fim, fim1, fim3, fimg, fkbp12,
fkbpla, fkbp2, fkh2, fkhil, fkh110, fkh112, fkh115, fkh116, fkh117, fkhi2, fkhl5,
fkh16, fkh17, fkhl8, fkh19, fkhr, fkhrli, flg, flil, flii, finl, fin2, fina, flnb, finms,
flot2, flt1, f1t2, fit3, fit4, fmf, fmn, fimol, fmo2, fmo3, fmod, fiarl, fmr2, fms, fl1,
fn12, fra, farb, farb1, fata, ftb, folh, folhl, folrl, folr2, folt, fos, fosb, fosl1,
fos12, fpah, fpc, fpd1, fpdmm, fpf, fpgs, fpl, pp, forl, fprhl, fprh2, fprll, fpriz2,
fprp, fpsl2, fpsl3, fpsld, fpsis, fr, frapl, fraxa, fraxe, fraxf, frda, freac2, freac6,
freac9, frgl, fipl, frvl, fiv2, frv3, 5gl, fsgs, fshb, fshdla, fshmdla, fshprhi, fshr,
fssv, fthl, fihle, fil, fizl, fizfl, fucal, fuca2, fur, fus, fuse, futl, fut2, fut3, fut4,
futs, fut6, fut?, fut8, fvtl, fxrl, fxy, £y, fyn, fzd1, f2d2, fzd3, £245, fzd6, fzd7, far,
g0s8, gl0pl, gl0p2, g17, gl 7pl, g19pl, gipl, glp2, glp3, g22pl, gbpc, gopd,
g6pdl, gbpdl, gbpt, gbptl, gbs, g7pl, ga2, gaa, gabatr, gabpa, gabpbl, gabral,
gabra2, gabra3, gabra4, gabra5, gabra6, gabrb1, gabrb2, gabrb3, gabrd, gabre,
gabrgl, gabrg2, gabrg3, gabrrl, gabrr2, gadl, gad2, gad3, gadd153, gadd4s, gak,
gal, galbp, galc, gale, galgt, galkl, galk2, galn, galnact, galnr, galnrl, galns, galnt1,
galnt2, galnt3, galrl, galt, gan, ganl, ganab, ganc, gap, gaplm, gap43, gapd, gar22,
garp, gars, gart, gas, gasl, gas2, gas41, gas6, gas7, gasr, gast, gatal, gata2, gatal,
gatad, gata6, gayl, gba, gbas, gbbbl, gbbb2, gbel, gbpl, gbx2, gc, gecap, geap?2,
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gedh, gefl, gef2, gefx, gog, gegr, gehl, gek, gekr, genS11, gen512, genf, gentl,
gent2, gep, gep2, ges, gesl, gesf, gesfr, gesp, getg, gey, gda, gde, gdfS5, gdfs, gdh,
gdil, gdi2, gdid4, gdld, gdnf, gdnft, gdnfra, gdnfrb, gdx, gdxy, ge, gem, geney, gey,
gfl, gfl, gfap, gfer, gfer, gfil, gipt, gfral, gfra2, ggex, gatl, gat2, getal, ggibl,
ggth2, ghl, gh2, ghc RTM., ghdx, ghn, ghr, ghrf, ghrh, ghrhr, ghs, ghv, gif, gifb,
gip, gip, gipr, girk1, girk2, girk3, girkd, gjal, gja3, gjad, gjas, gjas, gjbl, gib2, gib3,
gk, gk2, gla, glat, gibl, glb2, glcla, glelb, glelc, gleld, glelf, gle3a, gle3b, glelc,
glelr, glet2, glet3, glde, gleppl, glgl, gli, gli2, gli3, gli4, glnn, gins, glol, glo2,
giplr, glral, glra2, glra3, glrb, girx, gls, gludl, glud2, glul, glurl, glur2, glur3,
glurd, glur$, glur6, glur?, glutl, glut2, ghut3, glutd, glut5, glvrl, ghvi2, gly96, glya,
glyb, glysi, glytl, giytl, glyt2, gm2a, gma, gmesf, gmds, gm1, gmpr, gmps, gnall,
gnal5, gnal6, gnail, gnai2, gnai2a, gnai2b, gnai2l, gnai3, gnal, gnaol, gnaq, gnas,
gnasl, gnatl, gnat2, gnaz, gnbl, gnb2, gnb3, gng5, gnll, gnpta, gnrhl, gnrh2, gorhr,
gns, gntl, golgad, gotl, got2, gp130, gplba, gplbb, gp2, gp2b, gp39, gp3a, gp75,
gp78, gp9, gpa, gpam, gpat, gpb, gpc, gpel, gpe3, gped, gpd, gpdl, gpd2, gpdsl,
gpe, gpi, gpi2, gpm6a, gpm6b, gpoa, gprl, gpri0, gpril, gprl2, gpri3, gpris,
gprl7, gprl8, gprl9, gpr2, gpr20, gpr21, gpr22, gpr23, gpr25, gpr29, gpr3, gpr3v,
gpr3l, gpr32, gpr35, gpr37, gpr39, gprd, gpr5, gpro6, gpr7, gpr8, gpr9, gprey4,
gprk21, gprk4, gprks, gprk6, gprv28, gpsa, gpsc, gpt, gpx1, gpx2, gpx3, gpx4, gr2,
erbl, grb10, grb2, grf2, grial, gria2, gria3, griad, grid2, grikl, grik2, grik3, grik4,
grik5, grinl, grin2a, grin2b, grin2¢, grin2d, grina, grkl, grk5, grké, grl, grill,
grm3, grm8, grmp, gm, grol, gro2, gro3, grp, gtp38, grp78, grpr, grx, gs, gsl, gsas,
gsc, gscl, gse, gshs, gs1, gsml, gsn, gsp, gsptl, gsr, gss, gst12, gstll, gst2, gst2,
gst3, gstd, gst5, gstal, gsta2, gstm1, gstmll, gstm2, gstm3, gstm4, gstm3, gstpl,
gstt2, gtl, gt335, gta, gtb, gtbp, gtd, gtf2e2, gtf2fl, gtf2hl, gtf2h?2, gtf2h4, gtf2i,
gtf2s, gtf3a, gtg, gucla, gucla3, guclb3, guc2e, guc2d, guc2f, gucala, gucalb,
guca2, guca2, gucala, guca2b, gucsa3, guesh3, gucyla2, gucyla3, gucylb3, gucy2e,
gucy2d, gucy2f, gukl, guk2, gulo, gulop, gusb, gusm, gust, gxpl, gypa, gypb, gype,
gype, gys, gysl, gys2, gzma, gzmb, gzmh, gzmm, h, h142t, h19, h1{0, hifl, hif2,
hif3, hif4, h1f5, hifv, h2a, h2ax, h2az, h2b, h2b, h3f2, h3f3b, h3ft, h3t, h4, haf2,
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h4f5, hdfa, h4fb, hife, hdfg, hdih, hd4fi, h4fj, hdfk, h4fl, hdfm, hdm, h6, ha2, habpl,
hadha, hadhb, hadhsc, haf, hagh, hahl, haipl, hal, hap, hap1, hap2, hars, has2, hatl,
hausp, hbl, hbl, hb6, hbal, hba2, hbac@, hbb, hbbe@, hbd, hbel, hbegf, hbfZ,
hbgl, hbg2, hbgr, hbhr, hbm, hbp, hbql, hbz, hc2, he3, hea, heat2, hees, hedh, hef2,
hefel, heg, hek, hlt, hel2, hel3, helsl, hep, hepl, hes, hevs, hd, hdacl, hdc, hdgf,
hdhe7, hdlbp, hdld, hdldtl, hdr, hed, hed, hegfl, hek, hek3, helnl, hem1, hema,
hemb, hemc, hempas, henl, hen2, hep, hep10, her2, herd, herg, hervl, hesl, hesxl,
het, hexa, hexb, hfl, hfl0, hfcl, hfe, hfeﬁ, hthl1, hfsp, hgd, hgf, hgf, hgfl, hgt, hh,
hh72, hhel, hhe2, hhd, hhh, hhmjg, hhr23a, hhtl, hht2, hiap2, higm]1, hilda, hint,
hiomt, hip, hipl, hip116, hip2, hir, hira, hisl, his2, hivel, hivep1, hivep2, hjcd, hk1,
hk2, hk3, hk33, hke4, hke6, hkrl, hkr2, hkr3, hkr4, hl 11, hi19, hla-a, hla-b, hla-c,
hla-cdal2, hla-dma, hla-dmb, hla-dna, hla-dob, hla-dpalhla-dpbl, hla-dqal, hla-
drlb, hla-dra, hla-e, hla-f, hla-g, hla-ha2, hiadp, hlaf, hlals, hlcs, hIm2, hip, hip3,
hirl, hir2, hit, hix1, hixb9, hmaa, hmab, hmat1, hmbs, hmes, hmgl, hmgi4, hmgi?,
hmg?2, hmgcl, hmger, hmges1, hmges2, hmgic, hmgiy, hmgx, hmmr, hmn2, hmox1,
hmox2, hmr, hms], hmsnl, hmx1, hmx2, hnd, hnfla, hnf2, hnf3a, hnf3b, hnf4a,
hnp36, hapec6, hnrpal, hnrpa2bl, hnrpd, hnrpf, hnrpg, hnrphl, hnrph2, hnrph3,
hnrpk, homg, hops, hox10, hox11, hox12, hox1@, hoxla, hox1b, hox1c, hoxld,
hox1e, hox1f, hox1g, hox1h, hox1i, hox1j, hox2@, hox2a, hox2b, hox2c, hox2d,
hoxZ2e, hox2f, hox2g, hox2h, hox2i, hox3@, hox3a, hox3b, hox3c, hox3d, hox3e,
hox3f, hox3g, hox4@, hox4a, hox4b, hox4c, hox4d, hox4de, hox4f, hox4g, hox4h,
hox4i, hox7, hox8, hoxal, hoxal0, hoxall, hoxal3, hoxa3, hoxa4, hoxa5, hoxa,
hoxa7, hoxa9, hoxa@, hoxbl, hoxb2, hoxb3, hoxb4, hoxb5, hoxbb, hoxb7, hoxbg,
hoxb9, hoxb@, hoxc12, hoxcl3, hoxcd, hoxce5, hoxc6, hoxc8, hoxc?, hoxe@,
hoxd1, hoxd10, hoxd11, hoxd12, hoxdl3, hoxd3, hoxd4, hoxd8, hoxd9, hoxd@,
hoxhb9, hp, hp4, hpafp, hpcl, hpe2, hpea, hpeall, hpex, hpd, hpdrl, hpdr2, hpel,
hpe2, hpe3, hped, hpe5, hpectl, hpth, hpth2, hpgd, hplhl, hplh2, hpn, hpr, hprt,
hprt1, hps, hpt, hptl, hptp, hptx, hpv18il, hpv18i2, hpx, hr, hras, hrb, hre, hrel,
hrecal, hrd, hresl, hrf, hrg, hrga, hrhl, hrh2, hrmti11, hept2, hrx, hex, bry, hsall,
hsal2, hsanl, hsasl, hscr2, hsdll, hsd11b1, hsd11b2, hsd11k, hsd1!], hsd17bl,
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hsd17b2, hsd17b3, hsd17b4, hsd3bl, hsd3b2, hsh, hsnl, hsorcl, hsp27, hsp73,
hspala, hspalb, hspall, hspa2, hspa3, hspad, hspa5, hspa6, hspa7, hspa8, hspa9,
hspbl, hspb2, hspe2, hspcall, hspeal2, hspcal3, hspcald, hspeb, hspgl, hspg2,
hsrl, hsst, hstd, hstfl, hte2, htf4, htk, htk1, ht1, htlf, htlvr, htnl, htn2, htn3, hinb,
htor, htrla, hirlb, htrid, htrle, htriel, hirlf, htr2a, htr2b, htr2c, hir3, htr4, htr5a,
htr6, htr7, hirx1, htsl, htt, htx, htx 1, hub, hud, hup2, hur, hus, hvls, hvbs1, hvbs6,
hvbs7, hvem, hvh2, hvh3, hvh8, hxb, hxbl, hy, hya, hyall, hyd2, hygnl, hyl, hyp,
hyplipl, hypp, hypx, hyr, hyrel, hys, ial, 1a2, iap, iapp, iar, 1ars, ibd1, ibd2, ibm2,
ibsp, ical, icaml, icam?2, icam3, icca, ichl, ic12, ier2b, icsl, idl, id2, id3, id4, ida,
idd, iddm], iddm10, iddm11, iddm12, iddm13, iddm15, iddm17, iddm2, iddm3,
iddm4, iddmS5, iddm6, iddm7, iddm8, iddmx, ide, idg2, idhl, idh2, idh3a, idh3g, ido,
ids, idua, ierl, ier3, iex1, if, ifcr, ifgr2, ifi16, 1fi27, 1135, ifi4, 15111, ifi54, ifi56,
ifi616, ifi78, ifnal, ifnal0, ifnal3, ifnald, ifnal6, ifhal7, ifna2l, ifnab, ifha7?, ifna8,
ifna@, ifnail, ifnarl, ifnar2, ifnb1, 1fnb2, ifnb3, ifng, ifngrl, ifngr2, ifngtl, ifor,
ifnwl, ifrd2, iga, igat, igh, ighpl, igdl, igdal, igdc1, igds2, iger, iges, igfl, 1gflr,
igf2, igf2r, igfbp1, igfbp10, igtbp2, igfbp3, igfbp4, igfbp6, igfbp7, igfrl, ight2, igfi3,
igh@, ighal, igha2, ighd, ighdy?2, ighe, ighgl, ighg?, ighg3, ighg4, ighj, ighm,

igly, iglpl, iglp2, iglv, igm, igol, igsfl, ihh, ik1, ikba, 1110, i110r, 1111, il11ra, il12a,
il12b, i112rb1, il12rb2, 113, i113ral, il13ra2, i115, il15ra, 1117, illa, il1b, illbc, illrl,
il1r2, illra, illrap, illrb, i11rm, i12, il2r, i12ra, i121b, i12rg, i3, i13ra, il3ray, il4, il4r,
ildra, 115, il5ra, 16, il6r, il6st, 117, 1171, i18, il8ra, i18rb, 119, il9r, ila, iifl, illbp, imd]1,
imd2, imd4, imd$, imd6, impal, impdh1, impdh2, impdh11, impgl, imptl, indx,
infa2, infa4, infa5, ingl, inha, inhba, inhbb, inhbc, inil, ink4b, inly, inp10, inppl,
inpp5a, inpp5b, inpp5d, inppil, ins, insi gl, insl, ins13, insl4, insr, insr, intl,
int111, int2, int3, intd, int6, iosca, ip2, ipfl, ipl, ipm150, ipox, ipp, ipp2, ipw,
iqgapl, ir10, ir20, irebl, ireb2, irfl, irf2, irfd, irfd, irr, irsl, isa, iscw, is11, islr, isot,
issx, it15, itbal, itba2, itf, itf2, itgal, itga2, itgaZb, itgad, itga$s, itgat, itga7, itgad,
itgal, itgam, itgav, itgax, itgbl, itgb2, itgh3, itgb4, itgb6, itgh7, iti, itihl, itih2, itih3,
itih4, itih11, itil, itk, itml, itpa, itpka, itpkb, itpri, itpr2, itpr3, itsn, ivd, ivi, jagl,
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jak1, jak2, jak3, jbs, jcap, jh8, jip, jk, jme, jmj, joag, jpd, jrk, jrki, jtk14, jivl, jun,
junb, jund, jup, jv18, jws, k12t, kail, kall, kar, kars, katp1, kcnal, kenal0, kenalb,
kcnaZb, kena3, kenad, kena$, kena6, kena7, kena8, kena9, kenabl, kenab2, kenbl,
kencel, kene2, kene3, kened, kenel, kenhl, kenh2, kenjl, kenjl0, kenjll, kenjl2,
kenj13, kenj3, kenjd, kenj$, kenj6, kenj6, kenj7, kenj8, kenjnl, kenkl, kenk2,
kenk3, kenmal, kengl, keng2, keng3, kengd, kens2, kd, kdr, kel, kera, kfl, kfs,
kfsd, kfsl, khk, kiaa0122, kid, kid1, kif2, kifc, kif5b, kip1, kip2, kiss1, kit, klc2,
kik1, k1k2, kik3, kik3, kikb1, klkr, kirb1, kircl, klrc2, klre3, kircd, kirdl, klst, kms,
kms, kng, kno, knsl, kns2, knsl11, knsl4, kox1, kox11, kox12, kox13, kox15, kox16,
kox18, kox19, kox2, kox2, kox22, kox25, kox30, kox32, kox4, koxS$, kox6, kox7,
kox9, kpna3, kppsl, kpps2, krag, kraslp, kras2, krevl, krg2, krnl, k11, krox20,
krtl, krt10, krt12, krt13, krt14, krt13, krt16, krt17, kit18, krt19, kit2a, krt2e, krt3,
krtd, krt5, krt6a, krt6b, krt7, krt8, krt9, krtha2, krtha5, krthb1, krthb6, ks, kin1, ku70,
kup, kvigtl, kwe, 11.2, 11 cam, 123mrp, 1ab7, 1ab72, lac, laci, lacs, lad, lad, ladl,
laf4, lag3, lag$, lairl, lakl, lalba, lall, laml, lamal, lama2, lama3, lama3, lama4,

lamas, lamb!, lamb2, lamb2, lamb2t, lamb3, lambr, lamc], lamc2, lamm, lamnb2,

* lamp, lamp1, lamp2, lamrl1, lams, lap, lap18, laptm3, lar, larl, lard, large, lars, lbp,

lbr, lca, lcal, Icad, Icamb, lcat, lces, lefs2, Ich, Ick, lenl, fen2, Ico, fepl, lep2, let, 1d,
1478, 1dbl, Idb2, 1dc, 1dhl, 1dh3, 1dha, Idhb, ldhe, 1dlr, le, lect2, lefl, leftyl, lefiy2,
lep, lepr, lerkS, lerk8, leul, leu7, leut, lfala, 1fa3, 1fhil, lfp, 1galsl, lgals3,
lgals3bp, lgals7, lger, Igmdl, lgmdla, igmdlb, lgmdlc, Igmd1d, lgmd2b, Igmd2c,
lgmd2d, lgmd2e, lgmd2f, lgmd2g, lgmd2h, lgs, Igtn, lhb, thegr, lhs, Thx1, hx3, 1,
112, lif, lifr, ligl, lig3, ligd, lim1, lim2, limab1, limk1, limpii, lip2, lipa, lipb, lipc,
lipd, lipe, lipo, lis1, 1is2, lisx, litaf, kb1, lknl, lig11, Imanl, Imn1, lmn2, Imna,
Imnbi, Imnb2, Imol, Imo2, Imo3, Imo4, Imo5, lmpl0, lmp2, Imp7, Impx, Ims, Imx1,
Imx1a, Imx1b, Imyc, Inhr, Inrh, locr, lohllcr2a, lor, lotl, lox, lox1, lox11, Ipa, lpaab,
Ipaata, Ipap Ipcl, Ipc2d, lpd1, Iph, Ipi, Ip1, Ipna3, Ipp, Ips, Ipsa, Iqtl, igt2, 1gt3, lqt4,
1r3, Irel, Ire2, lrp, lrpl, Erp2, lrp5, rp7, Irp8, Irpapl, Irprl, Irsl, Isamp, Isird, Isl, lsn,
Ispl, iss, Istl, lta, ltadh, Htb, Ithdr, ltbp1, ltbp2, 1tbp2, ltbp3, tbp3, ltbr, ltcds, Itf, ltk,
Itn, lu, lum, luxs, luzp, lw, 1y64, Iy6e, 1y9, lyam1, lyb2, 1yfl, Iyl 1, lyn, lyp, lyst,
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Iyt10, lyz, Iztrl, m11sl, m130, m17s1, m17s2, m195, misl, m3sl, mdsl, méa, méb,
m6p2, mopr, mbsl, m7vl, m7vsi, mab211, macla, mac2, mac25, macaml, macs,
mad, mad211, madd, madhl, madh2, madh3, madh4, madh5, madh6, madh6,
madh7, madh9, madm, madrl, maf, mafdl, mafd2, mag, magel, mageb3, mageb4, '
magell, magoh, magp, magpl, magp2, mak, mal, mall, man2a2, manal, mana2,
mana2x, manb, manbl, manba, maoa, maob, mapla, maplalc3, maplb, maplblc3,
map2, map4, map80, map97, mapk1, mapkap3, mapkkk4, mapt, mar, mark3, mars,
masl, maspl, matla, mat2a, matal, mata2, matk, matnl, matn3, max, maz, mb,
mbdl, mbl, mb12, mbp, mbp1, mbs, mbs2, melr, mec2r, me3r, medr, meSr, mead,
mce, medel, medrl, mef2, mef3, mefdl, meh2, mch3, meh4, mehS, mckd, mcl,
mcll, mem, mem2, mem?2, mem3, mem6, mem7, memt, meop, meor, mep, mepl,
mep3, mephi, mer, mes, mesf, mesp, metl, mdl, mdb, mde, mder, mdde, mdeg,
mdfl, mdg, mdgl, mdhl, mdh2, mdk, mdk, mdm?2, mdm4, mdrl, mdr3, mdrsi,
mdrv, mds, mdsl, mdul, mdu2, mdu3, mdx, mel, me2, mea, mea6, mecll, mecp2,
med, mef, mef2a, mef2b, mef2e, mef2d, mefv, mehmo, meisl, meis2, mekk, mekkl,
mekk4, mel, mell8, melf, memol, menl, men2a, meox1, meox2, mepla, meplb,
mer2, mer6, mest, met, metrs, mfapl, mfap2, mfap3, mfap4, mfdl, mfi2, mfsl,
mfs2, mft, mfts, mg50, mga, mgal, mga3, mgatl, mgat2, mgat5, mgcl, mgen, mger,
mget, mgdf, mgea, mgf, mgi, mgmt, mgp, mgsa, mgstl, mgst2, mhe, mhe2ta, mhp2,
mhs, mhs2, mhs3, mhs4, mhs6, mia, mic10, micll, micl2, micl7, micl8, mic2,
mic2x, mic2y, mic3, mic4, mic7, mica, micb, mid1l, midas, mif, mif, mig, mip,
mip2a, mip2b, mip3b, mipep, mitf, miwc, mjd, mk, mki67, mkks, mkp2, mkp3,
mkpx, mks, mks, mksl, mks2, mlal, mick, mlfl, mif2, mlhl, mlk1, mlk3, mll,
mil2, mlitl, milt2, ml1t3, milt4, miit6, mlit7, mim, mim, min, mip, mir, mirg,
mirw, mls, mltn, mlvar, mlvi2, mlvt, mmacl, mme, mmp1, mmp10, mmpl1,
mmpl2, mmpl3, mmpl4, mmpl5, mmpl6, mmpl7, mmpl9, mmp2, mmp21,
mmp22, mmp3, mmp7, mmp8, mmp9, mn, mn, mnb, mnbh, mnda, mngl, mnk,
mns, mnt, mocod, mocsl, mocs2, modyl, mody3, mog, mok2, mom1, mos, mot2,
mov34, mox1, mox2, mox44, moz, mp19, mpbl, mpdl, mpdz, mpe, mpel6, mpg,

mpi, mpif2, mpl, mp11g, mpo, mppl, mpp2, mpp3, mppb, mpri, mprn, mps2,
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mps3a, mps3c, mpsda, mpsh, mpts, mpvl7, mpz, mrl, mr77, mrbe, mrel, mrell,
mrel la, mrgl, mrgh, mros, mrp, mrp, mrpl, mrp123, mrs, mrsd, mrsr, mrst, mrx1,
mrx14, mrx2, mrx20, mrx21, mrx23, mrx29, mrx41, mrx48, mrx49, mrx9, mrxa,
mrxsl, mxs2, mrxs3, mrxs4, mrxss, mrxs6, mrxs8, ms3315, ms336, msgl, msh2,
msh3, msh4, msh6, msil, msk16, msk39, msk41, msirl, msmb, msn, msrl, mssl,
mssd, mss4, msse, mst, msil, mstly, mstd, mstn, msudi, msx 1, msx2, mtla, mtib,
mtle, mtlf, mtlg, mtlh, mtli, mtlj, mtlk, mtll, mtlx, mt2, mt2a, mt3, mtacrl,
mtap, mtbtl, mtepl, mterf, mtfl, mthl, mthfc, mthfd, mthfr, mtk1, mtm!, mtmri,

mtmx, minrla, mtnrib, mtp, mtpa, mir, mtrns, mtrr, mts, mts, mtsl, mtsl, mts2,

.mttfl, mtx, mtxn, my, mucl, muc2, muc3, mucd, much, mucsac, mucsh, muc6,

muc8, mul, muml, muppl, musk, mut, mvk, mvlk, mvwf{, mwfe, mx, mx1, mx2,
mxil, mxsl, myb, mybll, myb12, mybpel, mybpc2, mybpc3, mybpef, mybph,
mye, mycl], mycl12, myclkl, mycn, myd88, myf3, myf4, myfS, myf6, myhl,
myh10, myhll, myhl2, myh2, myh3, myh4, myh6, myh7, myh8, myh9, mykl,
myl, myll, my12, my13, myl4, myl5, mylk, mymy, myol0, myol$, myola,
myolc, myold, myole, myoSa, myo6, myo7a, myoSb, myoc, myodl, myog, mypl,
myp2, myp3, myr5, mzfl, n33, nabl, nab2, nabcl, nacla, naca, nacae, nacp, nadmr,
naga, nage(@, naglu, nagrl, naip, namsd, nanta3, nap114, nap2, nap21, napb, naptb,
nars, natl, natl, nat2, nb, nbds, nbat, nbc3, nbees, nbecs, nbial, nbs, nbs, nbsl, nca,
ncad, ncaml, nean, ncbp, neel, nec2, nee3, nced, neet, nefl, nef2, nef4, nek, nel,
nest2, nex1, nex2, nd, ndhii, ndn, ndp, ndstl, ndufal, ndufa2, ndufa5, ndufab,
ndufa7, ndufb8, ndufb9, ndufsl, ndufs2, ndufs4, ndufs7, ndufs8, ndufvl, ndufv2,
ndufv3, neb, necl, nec2, neddl, nedd2, nedd4, nefh, nefl, negfl, negf2, neill,
neb112, neml, neol, nep, net, netl, neu, new, neud4, neurod, neurod2, neurod3, nfl,
nfla, nf2, nfatcl, nfatc2, nfatp, nfel, nfe2, nfe211, nfe212, nfe2u, nfia, nfib, nfic,
nfix, nfkbl, nfkb2, nfkb3, nfkbia, nfkbil 1, nfrkb, nfya, nfyb, ngal, ngbe, ngfb, ngfg,
ngfic, ngfr, ngl, ngn, nhbp, nhcpl, nhep2, nhel, nhe3, nhed, nhes, nhlhl, nhih2,
nhp211, nhs, nid, niddm1, ninj1, nippl, nipsnap1, nipsnap2, nis, nklr, nkecl, nkec2,
nkg2, nkg2a, nkg2c, nkg2e, nkg2f, nkhe, nkna, nknar, nknb, nkrpla, nksl, nksf2,
nktr, nkx2a, nkx3.2, nkx3a, nkx6a, nli, nm, nm1, nm23, nmb, nmbr, nmdarl,
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nmdar2a, nmdar2b, nmdar2¢, nmdar2d, nmdaral, nmel, nme2, nmed, nmori,
nmor2, nmsi, nmyc, nnat, nmnt, nnol, nog, noll, nost, nos2a, nos2b, nos2c, nos3,
not, notchl, notch2, notch3, notchd, nov, nov, nov2, noval, nova3, novp, np, np10,
npat, npc, npcl, npd, nphl, nph2, nphi2, nphn, nphp1, nphp2, nphsi, npm1, nppa,
nppb, nppc, npps, nprl, npr2, npr3, npsl, nptl, npt2, nptx2, npy, npylr, npy2r,
npy3r, npy5r, npy6r, nqo2, nramp, nrampl, nramp2, nrap, nras, nrb54, nrcam, nrdl1,
nrfl, nrfl, nrf2, nrgn, nripl, k2, nrl, nrin, nru, nsl, nsf, nsp, nspl1, nsrd9, nt4, nt5,
nt5, ntepl, ntep2, ntf3, ntf4, ntf5, nthil, ntn, ntn, ntn21, ntrkl, ntrk2, ntrk3, ntrk4,
nirkrl, ntrkr3, nts, ntt, ntt, nucl, nucbl, numal, nup214, nup98, nurrl, nvl, nysl,
nys2, nysa, oal, oa2, oa3, oar, oasd, oat, oatll, oat22, oat23, oatp, oaz, ob, obl0,
obfl, obp, obr, oca2, ocm, ocp2, ocrl, ocrll, oct, octl, octl, oct2, oct2, oct3, oct7,
octn2, octs3, odel, oddd, odfl, odgl, odod, ofcl, ofc2, ofc3, ofdl, ofe 0g22, ogdh,
oggl, ogrl, ogsl, ogs2, ohds, ohs, oias, oipl, ok, olfl, olfmf, olfrl, olfi2, omg,
omgp, omp, on, op2, opal, opa2, opa3, opca3, opeml, opdl, opgl, ophnl, opll,
opn, oppg, oprd1, oprkl, oprml, oprt, opta2, optbl, oqtl, orld2, orlﬁ, orcll, orc2l,
orc41, ore51, orfx, orml, orm2, orw, osbp, osm, osp, ost, ost48, osx, otc, otfl, otf2,
otf3, otm, otof, ots, otx1, otx2, ovc, oves, ovoll, 0x40, oxall, oxct, oxt, oxtr, ozf, p,
p. pl, pl5, pl6, pl67, p28, p2rx3, p2rx4, p2ryl, p2ry2, p2ry4, p2ry7, p2u, p2x3,
p2x4, p2yl, p2y2, p2y2, p2y4, p3p40phox, p450cll, pd450cl7, p450c2a, p450c2d,
p450c2e, p450sce, pdha, pdhal, pdhal, pshb, pScdh, p79r, pa2gd, pabl, pab2,
pabp2, pabpll, pacl, pacl, pacapr, pace, paced, paep, pafl, paf2, pafah, pafahlbl,
pafah1b2, pafah1b3, paga, pah, pahx, pail, pai2, paics, pakl, pak3, palb, pals, pam,
pang, pap, papa, papa2, pappa, parl, parl, par2, par3, pard, par4, parj, parkl, park2,
park3, pawr, pax1, pax2, pax3, pax4, pax5, pax6, pax7, pax8, pax9, pbca, pbera,
pbfe, pbg pbt, pbx 1, pbx2, pbx3, pc, pcl, pc2, pe3, pe3, peal, pead, peap, peart,
pcbe, pebd, pebpl, pebp2, peca, pecb, pedh7, pedx, pehe, pehel, pey, pekl, pel,
pclp, pcml, peml, pemtl, pena, pent, peolee, pep, pep4, pes, peskl, pesk2, pesk3,
pesk4, peskS, pesk6, petkl, petk3, peytl, pdb, pdb2, pde, pde, pdedl, pdcd2, pddr,
pdela, pdelb, pdelbl, pde3b, pdeda, pdedb, pdedc, pdedd, pdeSa, pdebda, pdebb,
pdebc, pde6d, pdebg, pdebh, pde7a, pdea, pdea2, pdeb pdeb, pdeg, pdeslb, pdgb,
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pdgfa, pdgfb, pdgfr, pdgfra, pdgfib, pdhal, pdha2, pdhb, pdj, pdk4, pdopl, pdnp2,
pdnp3, pdr, pds, pds1, pdx1, pdyn, pel, peal5, pebp2al, pebp2a3, pecaml, ped, ped,
pedf, pee, pegl, peg3, pemp, penk, pent, peo, peol, peo2, pepa, pepb, pepc, pepd,
pepe, pepn, peps, per, per2, petal, petsl, pex1, pex5, pex6, pex7, pf4, pfavl, pfas,
pibi, pfc, pfd, pfhbl, pficl, pfic2, pfkibl, pfkfb2, pfki, pfk-mn, ptkp, pfkx, pfl,
pfim, pfnl, pfn2, pfix, pga3, pgad, pgas, pgaml, pgam2, pgamm, pge, pgd, pef, peft,
pgkl, pgk2, pgka, pgl, pgll, pgl2, pgml, pgm2, pgm3, pgmS, pgn, pgp, pepl, per,
pgs, pet, peyl, pgy3, phal, pha2, pha2a, pha2b, phap1, phb, phc, phela, phe3, phex,
phfl, phhi, phhi, phk, phkal, phka2, phkb, phkd, phkgl, phkg2, phi, phll1, phog,
phox1, phox2a, php, phplb, phpx, phyh, pi, pi10, pi3, pi4, pi5, pi6, pi7, pi8, pi9,
piga, pige, pigf, pigh, pigr, pik3c2b, pik3ca, pik3rl, pikdcb, pil, piml, pin, pinl,
pinll, pip, pipSk1b, pirl, pir51, pit, pitl, pitpn, pitx1, pitx2, pitx3, pjs, pkl, pk120,
pk3, pk428, pkea, pkeb, pkee, pkeg, pkesl, pkdl, pkd2, pkd4, pkdts, pkhdl, pklr,
pkm2, pkp1, pksi, pksl, pks2, pkul, pl, pla2, pla2a, pla2b, pla2glb, pla2g2a,
pla2gd, pla2gda, pla2g5, pla2l, pla21, plagl, plagll, planhl, planh2, planh3, plat,
play, plaur, plb, plc, plcl, pleb3, plcb4, pledl, plee, plegl, pleg2, picl, pldl, plecl,
plg, plgf, plgl, ph, pln, plod, plod2, plosl, plp, pls, pisl, pltl, plin, pltp, plzf, pmeal,
pmca2, pmea3, pmead, pmeh, pmchll, pmchl2, pmd, pmell7, pmil, pml, pmml,
pmm2, pmp2, pmp22, pmp35, pmp69, pmp70, pmsl, pms2, pmsl1i, pmsl2, pmx1,
pnl, pnd, pnem, pnkd, pnlip, pnmt, pnoc, pedl, podxl, pof, pofl, pol2rb, pola,
polb, poldl, pold2, pole, polg, polr2a, polr2e, polr2e, polr2g, polr2i, polrmt, polz,
pomgc, pon, ponl, pon2, pon3, por, porc, potx, poulfl, pou2afl, pou3fl, poudf2,
pou3f3, poulfd, poudfl, poudf3, pousfl, pp, ppl4, pp2, pp4, pp35, ppac, ppard,
pparg, ppargl, pparg2, ppat, ppbp, pped, ppd, ppefl, ppef2, ppfia3, ppgb, pph, pphl,
ppia, ppid, ppill, ppkb, ppksl, ppks2, ppl, ppla2, ppmx, ppnd, ppnoc, ppol, ppox,
pppla, ppplca, pppleb, ppplec, ppplr2, ppplrS, ppplr7, pppd1r8, ppplb, ppplea,
ppp2ch, ppp2rlb, ppp2rd, ppp2rsa, ppp2rsb, ppp2rsc, ppp2rid, ppp2rie, ppp3ca,
ppp3ch, ppp3ce, pp3rl, pppdc, pppSc, ppt, ppt2, ppX, PPY, ppyrl, pr@, pradl, prbl,
prb2, prb3, prb4, preal, prea2, pree, prep, prelp, prep, prfl, prg, prgl, prgl, pres,
prhl, prh2, prim1, prim2a, prim2b, prip, prk1, prkaal, prkaa2, prkabl, prkaca,
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prkach, prkacg, prkagl, prkag2, prkarla, prkarlb, prkar2b, prkeca, prkcbl, prked,
prkecg, prkei, prkell, prkenhl, prkeq, prkesh, prkde, prkgl, prkgib, prkg2, prkgrlb,
prkgr2, prkm1, prkm3, prkmd4, prkm9, prkn, prkr, prkx, prky, prl, prir, prm1, prm2,
prmt2, prap, proa, proc, prodh, prohb, propl, prosl, pros30, prox!, prp8, prph,
prpsl, prps2, pipsapl, prrl, prr2, prs, prscl, prssi, prssll, prss2, prss7, prss8, prssil,.
prin3, pris, psa, psa, psach, psap, psbgl, psbg2, psc2, psc5, psca, psd, psenl, psen2,
psfl, psf2, psgl, psgll, psgl2, psgl3, psg2, psg3, psgd, psgs, psgb, psg7, psg8,
psgll, pskhl, psm, psmal, psma2, psma3, psma5, psmbl, psmb10, psmb2, psmb3,
psmb4, psmb3, psmb8, psmb9, psmel, psme2, psme3, psmc5, psmd7, psmd9,
psmel, psme2, psorsl, psors2, psors3, psp, pspsl, psps2, pssl, psst, pst, pst, pstl,
psti, ptaft, ptc, pte, ptc, ptch, ptd, pten, ptgds, ptgerl, ptger2, ptger3, ptgfr, ptgfm,
ptgir, ptgsl, ptgs2, pth, pthih, pthr, pthrl, pthr2, ptk1, ptk2, ptk2b, ptk3, ptk7, ptlah,
ptma, ptms, ptn, ptosi, ptp18, ptplb, ptpdal, ptpda2, ptpa, ptpa, ptpd, ptpg, pipgl,
ptpgmel, ptpnl, ptpnl0, ptpnll, ptpnl2, ptpnl3, ptpnl4, ptpn2, ptpns, ptpné,
pipn7, ptpra, ptprb, ptpre, ptpreap, ptprd, ptpre, ptprf, ptprg, ptprh, ptprj, ptprk,
ptprll, ptprl2, ptprm, ptprn, ptpro, ptprs, ptprzl, ptpt, pts, ptslr, ptx1, ptx3, pujo,
pum, purl, purl, pura, pvalb, pvr, pvrll, pvrl2, pvirl, pvrr2, pvs, pvtl, pwer, pwp2,
pwp2h, pws, pxaaal, pxe, pxel, pxf, pxmpl, pxmpl1, pxmp3, pxrl, pycrl, pycs,
pygb, pygl, pygm, pyk2, pystl, pyst2, pzp, qars, qdpr, qin, gm, gpc, qprs, rab, rabl,
rab13, rabla, rab21, rab3a, rab3b, rab4, rab3, rab5a, rab6, rab7, rabgdla, rabgdib,
rabggta, rabggtb, rabif, rac2, rac3, radl, radl7, rad23a, rad23b, rad51a, rad5lc,
rad51d, rad5311, rad52, rad54, rad6a, rad6b, rafl, rafal, ragl, rag2, rage, rala, ralb,
ralgds, ramp, ranbp211, ranbp3, rao, rapla, raplb, raplgal, raplgdsi, rap2a, rap74,
rapsn, rara, rarb, rarg, rars, rasal, rasa2, rasgfr3, rask2, rb1, rbbp2, rbbp3, rbbp6,
rb1 1, tb12, rbml, rbm2, rbm3, rbmylal, rbpl, rbp2, tbp3, rbp4, rbp5, rbp56, rbp6,
1bq3, rbtnl, tbtnl1, rbtnl2, real, reac@, reel, reepl, reep2, redl, red2, redpl, renl,
ren2, rep, revl, rd, rdbp, rdce7, rdp, rdpa, rdre, rds, rdt, rdx, reca; reccl, recql, redl,
red2, reg, regla, regl, rel, rela, reln, ren, renbp, rensl, rentl, rep8, req, ret, rev3,
rev3l, ricl, rfc2, rfe3, rfcd, rfcs, rfp, rix1, vfx2, rfx 5, rixank, rfxap, rgel, rgr, rgs,
rgsl, rgsld, rgsl6, rgs2, rgs2, rgs3, rgs5, th50a, rhag, rhbdl, rhe, rhee, rhd, rheb2,
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rho, tho7, rhogap2, rhogap3, rhoh12, rhoh6, rhoh9, rhok, rhoml, rhom2, rthom3,
riegl, rieg?, rige, rigui, ringl, ringl0, ringl 1, ring12, ring3, ring31, ring4, ring5,
ring6, ring7, rip, rip140, riz, rk, r1, rlbpl, rlf, rinl, rIn2, rmchl, rmdl, rmrp, rmrpr,
ran5s1@, rmasel, rnase2, rmase3, mased, mase5, rmasc6, rasel, maseli, mel, rnfi,
rnf3, mf4, mfS, mh, mpep, mpulz, mrl, 12, mr3, mr4d, mrs5, msi, ms2, ms3, ms4,
rns4, msdi, mtmi, mul, raul5a, rnul7a, rnul7b, rmula, rnu2, rnu3, ro52, roml,
romk]1, ron, rorl, rora, rorb, rorc, rorg, rosl, rospl, rox, mpl, rpl0, rp105, rpil, mpl2,
rp13, rpl4, mpl5, rpl7, p18, 1pl9, p2, rp22, rp24, 25, rp3, rp4, 1p6, rp7, p9,
rpal, rpa2, rpa3, rpd311, rpe, rpe63, rpel 191p122, rpl23a, rpl1231, 1p129, 1p130,
rpl135a, rpl136a, rpl7a, rpmsi2, rpnl, rpn2, rpol2, rpsil, rpsid, rpsl7, rpsl7a,
rpsl7h, tps1711, rps1712, rpsl8, rps20a, rps20b, rps24, rps25, rps3, rps4x, rpsdy,
ps6, rpstkal, rpsbka2, rpsoka3l, rps8, rpsm12, rptpm, rpul, rpx, rrad, rras, ribpl,
rrebl, rrml, rrm2, rp, rrp22, 151, rsi, rsclal, rskl, rsk2, rsk3, rsn, rss, rsts, rsul, 6,
rtefl, rtkn, rtnl, rtn2, rts, s, rtt, rws, rxra, rxrb, rxrg, ryrl, ryr2, ryr3, rzrb, rzrg,
5100al, s100a10, s100al1, s100al12, s100al3, s100a2, s100a3, s100a4, s100a5,
$100a6, s100a7, $100a8, $s100a9, s100b, s100d, s100e, s100, s100p, s152, s4, s7,
saal, saa2, saad, sacs, safb, sag, sah, sahh, sail, sakap84, sall1, sall2, samsl,
sams2, sap, sapl, sapl, sap2, sap62, sar, sari, sar2, sard, sas, sat, satbl, satt, sbma,
sc, scl, se5d1, scal, scalQ, sca2, sca2, sca3, scad, sca$5, scab, sca7, sca8, sca§, scar,
scecal, scea2, sced, scd, sceh, scgl, scg2, scg3, schad, scida, scidx, scidx1, scl, sclel,
scll, scn, scnla, scnlb, scn2a, scn2al, scn2a2, sen2b, sen3a, scnda, scnda, scnba,
scn8a, scrinla, scnnlb, scnnld, scnnlg, scot, scp, sopl, scp2, scpn, scral, scral, scs,
sctr, scyal, scyall, scyal3, scyald, scyal$, scyal6, scyal9, scya2, scya2l, scyal2,
scya24, scya25, scya3, scya3ll, scyad, scya$, scya7, scya8, scyb5, scyb6, scydl,
sczd], sczd?, sczd3, sczd4, sczd5, sczdo, sczd7, sczd8, sdel, sde2, sded, sdfl, sdf2,
sdhl, sdh2, sdha, sdhb, sdhe, sdhd, sdhf, sds22, sdty3, sdys, se, sea, sec1311, secl3r,
secl14l, sec7, sedl, sedt, sef2, selll, sele, sell, selp, selplg, sema3f, semad, sema3,
semg, semgl, semg2, senl, sep, seppl, sercal, serca3, serkl, sesl, set, sex, sf, sfl,
sfal, sfd, sfmd, sfrsl, sfrs2, sfrs7, sftb3, sfipl, sfip2, sftp4, sfipal, sfipa2, sfipb,
sfipe, sfipd, sgb, sgca, sgeb, sged, sgeg, sgd, sgk, sgltl, sglt2, sgml, sgnel, sgp2,
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sgpa, sgsh, sh2dla, sh3bp2, sh3dla, sh3gbr, sh3p17, shb, shbg, shcl, shell, shfdl,
shfd2, shfinl, shfm2, shfin3, shh, ship, shmtl, shmt2, shoc2, shot, shox, shox2,
shpsl, shs, shsfl, si, siahl, siah2, siasd, siatl, siat4, siatdc, siat8, sids, sil, silv, sim1,
sim2, sipal, sis, siv, six1, six5, sja, sjs, ski, ski2, ski2w, skiv21, skpla, skp1b, skp2,
sla, slap, slbp, slc, slc10al, slc10a2, slci2al, sic12a2, slc12a3, sicldal, slc14a2,
sicl5al, slel6al, slel6a2, sicl7al, slc17a2, slc18al, slc18a2, sic18a3, slcifal,
slclal, slcla2, slela3, siclad, slcla$, sle20al, slc20a2, slc20a3, slc21a2, slc21a3,
slc22al, slc22a2, slc22a8, slc2al, slc2a2, slc2a3, slc2ad, sle2al, slcc, sle3al,
slcdal, slcda2, slcdab, sleSal, slesa2, sle5a3, ske5as, slebal, sic6al0, sic6al2,
slcba2, sle6a3, slebad, slcbab, slcbal, slc6a9, slc7al, sle7a2, slc7a4, slc7as, slc7a7,
slc8al, slc8a2, slc9al, slc9a2, slc9a3, slc9ad, sle9as, sld, slel, slebl, slim1, sln, slo,
slos, slp76, sls, slug, sml, sm22, smad, smadl, smadl, smad2, smad3, smad4,
smad5, smad6, smad7, smad9, smal, smaml, smarcal, smarca2, smarca3, smarcas,
smarcbl, smax2, smcl, smcce, smcr, smex, smey, smll, smn, smnl, smn2, smnt,
smo, smoh, smpd1, sms, smt3, smt3h1, smtn, smubp2, sn, snap25, snat, snca, sncb,
sncg, snf2h, snf211, snf212, snf213, snfs, snl, snn, snrp70, snrpa, snrpe, snrpn, sntl,
snt2b1l, snt2b2, sntbl, sntl, snx, soat, sod1, sod2, sod3, solh, son, sord, sorll, sosl,
s0s2, sox1, sox10, sox11, sox2, sox20, sox22, sox3, sox4, sox9, spl, spl, sp3, sp3,
sp4, spal, spagl, spagd, spaml, sparc, spat, spbp, spchl, spd, spf30, spg3a, spgd,
spg3a, spgb, spg7, spg8, spg9, spep, spgyla, sph2, spil, spinkl, spk, spmd, spn,
sppl, spp2, sppm, spr, sprk, sprrla, sprrib, sprr2a, sprr2b, sprr2c, sprt3, spsl,
spsma, sptal, sptanl, sptb, spthnl, sral, sra2, src, srcl, srcl, src2, srd5al, srd5a2,
srebfl, srebf2, sri, srk, srm, sril, srpl4, srpl9, srpd6, srpr, srpx, Sts, SrvX, sTy, S, S5,
ssa, ssal, ssa2, ssadh, ssavl, ssbp, ssdd, ssr2, ssrc, sst, sstrl, sstr2, sstr3, sstrd, sstr5,
ssx1, ssxt, st2, st3, st4, st5, st6, st8, sta, stac, stam, star, stat, statl, stat3, statd, stat5,
ssx 1, stel, stch, std, std, ste, step, stfl, stfa, stfb, stgdl, stgd2, stgd3, stgd4, sthe,
stkl, stkil, stk15, stk2, stko6, st1, stm, stm2, stm7, stmyl, stmy2, stmy3, stp, stpl,
stp2, sts, stsl, stx, stxlb, stx7, stxbbl, stxbp2, sultlcl, suptoh, sur, surl, surfl, surf2,
surf3, surfd, surfs, surf6, svet2, svmt, sw, sxi2, sybl, syb2, syb11, sycpl, syk, syml,
synl, syn2, syn3, syngap, synsl, syp, syt, sytl, syt2, syt3, syt4, syts, t, t3d, taal6,
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taclr, tac2, tac2r, tac3, tacrl, tacr2, taf2, taf2a, taf2a, taf2d, taf2h, taf2n, tafiil 00,
tagln, takl, tall, tal2, taldol, tam, tanl, tapl, tap2, tapal, tapbp, tapvrl, tars, tas,
task, tat, taut, tax, tax1, taz, thg, tbp, thpl, tbs, tbx1, tbx2, tbx3, tbx5, tbxaZr, tbxasl,
tcl, tc2, tcbp, ted, tceal, teebll, teeb3, tefl, tefl2, tef13, tef1311, tefl4, tefl5, tcfl?,
tcf19, tef2, tcf20, tcf21, tef3, tefd, tefS, tef611, tef612, tef7, tof8, tof?, tefeb, tefll,
tef14, tcll, tella, tcl2, tcl3, tcl4, tel5, tenl, ten2, teo, tcofl, tepl, tepll, tepll,
tcp228, tept, tera, terb, terd, terg, torz, tesl, teta, tetel, tete3, tetel 1, tdf, tdfa, tdfx,
tdg, tdgfl, tdn, tdo, tdo2, tdt, teadd, tec, tec, teck, tecta, tef, tegt, tek, tel, tem, tepl,
terc, terfl, tert, tesl, tesk1, tex28, tf, tf2s, tf6, tfa, tfam, tfap2a, tfap2b, tfap2c, tfap4,
tfcoupl, tfcoup2, tfcp2, tidpl, tfdp2, tfe3, tff], tif2, tff3, tfiia, th, tpi, thpi2, th,
tfrc, tfsl, th, tg, tg737, tgbl, tgb2, ted, tgfa, tgfbl, tgfb2, tgfb3, tgfb4, tgibi, tgfbrl,
tgfbr2, tgfbr3, tgfbre, tgfr, tgm1, tgm2, tgm3, tgm4, tgn38, tgndb, th, thas, thbd,
thbp1, thbsl, thbs2, thbs3, the, thh, thl, thopl, thpo, thrl, thra, thral, thral, thrb,
thrm, thrsp, thy1, tiall, tiam1, tiar, tic, tie, tiel, tie2, tigr, til, til3, til4, tim, timp,
timp1, timp2, timp3, tinur, titf1, titf2, tipl, tk1, tk2, tke, tker, tkr, tkt, tkt2, tktll,
t1a519, tlen, tlel, tle2, tle3, tihl, tin, tirl, tir2, tir3, tird, tir5, tmdsfl, tmdsf2, tm7sf2,
tme, tmd, tmdci, tmem1, tmfl, tmip, tmod, tmp, tmpo, tmprss2, tms, tmsa, tmsb,
tmvef, tna, tndm, tof, tnfa, tnfaip1, tnfaip2, tnfaip4, tnfaip6, tnfar, tnfb, tnfbr, tnfc,
tnfer, tnfrl, tafr2, tafrsf10b, tafisf12, tnfrsfl4, tnfrsf16, tfrsfl7, tnfrsfla, tnfrsflb,
tnfrsfd, tnfrsfs, tnfrsf6, tnfrsféb, tnfrsf7, tnfrsf8, tnfrsf9, tnfsfl1, tnfsfl2, misfs,
tnfsf6, tnfsf7, tnnel, tnne2, tnnil, tnni2, thni3, tnotl, tnnt2, mnt3, tpl, tnp2, tor,
tns, tnx, tnxa, toc, topl, top2, top2a, top2b, top3, tpl, tp120, tp250, tp53, tp53bp2,
tp63, 1p73, tpa, tpbg, tpe, tpe, tph, tph2, tpil, tpl12, tpmi, tpm2, tpm3, tpm4, tpmt,
tpo, tpo, tpp2, tpr, tprl, tprd, tpsl, tps2, tpsn, tpstl, tpst2, tpt, tptl, tptps, tpx, tpxl,
tr, tr2, trd, tral, trafl, traf5, trailr2, tran, trance, trap170, trc3, tre8, tre, treb36, trek,
trfl, trgl, trh, trhr, tric5, trio, tripl, tripl4, trip6, trk, trk1, trka, trkb, trke, trke, trll,
tr12, trml, trm1, trm2, trma, trmil, trmi2, tr, trnl, tro, trpl, trpl, trp2, trp3, trpel,
trpm?2, trpo, trpsl, trps2, trql, trr, tr3, trrap, trsp, trtl, trt2, trvl, trv2, trv3, trvd, trvs,
tryl, try2, ts, ts13, {5546, tsbn51, tsc tscl, tsc2, tsd, tsel, tsg101, tsg7, tshb, tshr, tsix,
tsp3, tspy, tssc3, tstl, tstl, tsta3, tsy, ttel, tte3, tf, ttfl, ttf2, ttg2, ttiml, tin, ttp, ttpl,
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ttpa, ttr, tuba3, tuball, tubb, tufm, tuftl, tulpl, tuplel, tw, tweak, twik1, twist,
txgp1l, txk, txn, txnr, txnrd]1, tyh, tykl, tyk2, tyk3, tyms, tyr, tyrl, tyro3, tyrpl,
tyrp2, tys, ul7hg, ulmp, u22hg, u2afl, u2afirsl, u2aflrs2, u2aflrs3, ubad2, ubb, ubc,
ubcd, ubc7, ubel, ubch2, ubcl, ubel, ube2, ube2a, ube2b, ube2e2, ube2g, ube2g?,
ube2h, ube2i, ube211, ube2vl, ube3a, ubhl, ubid4, ubl1l, uchll, ucn, ucpl, ucp2,
ucp3, udpgdh, uevl, ufdll, ufs, ugalt, ugb, ugeg, ugdh, ugn, ugpl, ugp2, ugpp?2,
ugtl, ugtlal, ugt2bl1, ugt2bl5, ugt2bl7, ugt2b4, ugt2b7, ugt2b8, ugt2b9, ugtl, uhg,
uhx 1, ukhc, umod, umph2, umpk, umps, uncl8, uncl8b, und, ung, unr, unr, uox, up,
upk1b, ups, ugbp, uqerb, ugerel, ugere?, ugerfsl, ugorl, uqorl 3, uqor22, urk, urkr,
uroc, urod, uros, usfl, usf2, ushl, ushla, ushib, ushic, ushld, ushle, ushif, ush2a,
ush3, uspl1i, usp$, usp7, usp9x, usp9y, utl, ut2, ute, utr, utm, utx, uty, uv20, uv24,
uvo, vacht, vacml, vampl, vamp2, varsl, vasp, vatl, vat2, vav, vavl, vav2, vbeh,
vbpl, veam1, vef, vcl, vep, vdacl, vdac2, vddl, vdi, vdr, vegf, vegfb, vegfd, vegfi3,
vgf, vgl, vgrl, vhl, vhr, vill, vil2, vim, vip, viprl, vipr2, visl, vlal, viaSa, vlacs,
vicad, vidlr, vmatl, vmem, vind1, vmd?2, vnra, vnt, vp, vppl, vpp3, vprebl, vpreb2,
vif, vikl, vik2, vinf, vini, vsnll, vin, vwf, vws, wafl, wars, was, wbs, wdl, wdr2,
weel, wirs, wis, wisl, wgnl, wher, wi, wispl, wisp2, wisp3, wnd, wntl, wnt10b,
wntl3, wntl4, wntl3, wnt2, wnt3, wnt5a, wnt7a, wnt7b, wnt8b, wrb, win, wsl,
ws2a, ws2b, wsd, wsn, wss, wss, wtl, wi2, w3, wtd, wt5, wis, wtsl, wws, x11,
xbpl, xbp2, xce, xdh, xe169, xe7, xe7y, xg, xgr, xh2, xiap, xic, xist, xk, xla, xla2,
xip, xlpd, xIrs1, xm, xpa, xpb, xpc, xpcc, xpét, xpf, xpf, xpg, xpmc2h, xpnpep2,
xpol, xrcel, xree2, xree3, xrecd, xreeS, xree9, xrs, xs, xwnt2, ybl, yesl, yk140, yl11,
yrrml, yt, ywhal, ywhab, ywhah, ywhaz, yyl, zac, zag, zan, zap70, z{87, zfm1,
zfp3, zfp36, zip37, zfx, zfy, zicl, zic2, zic3, zipk, znfl, znf10, znf117, znflla,
znfllb, znfl12, znfl121, znfl123, znf124, znfl25, znfl126, znfl3, znfl4, znfl4l,
znfl144, znf146, znf147, znf157, znfl6, znf160, znfl162, znf163, znf1635, znf169,
znfl73, znf179, znf189, znfl19, znfl192, znf193, znfl195, znf198, znf2, znf20, znf200,
znf204, znf217, znf22, znf23, znf24, znf25, znf26, znf27, znf29, znf3, znf32, znfl4,
znfl5, znf36, znfl8, znfd, znf40, znfal, znfd2, znfd4, znf45, znfa6, znfs, znfb,
znf69, znf7, znf70, znf71, znf72, znf73, 2nf74, 2nf75, znf75a, znf75¢c, znf76, wnfl7,



10

15

20

25

30

=13

znif79, znf8, zn80, znf81, znf83, znf9, znfcl50, znfc2 5, znfxy, znt3, znt4, zp3a,
zp3b, zpk, zwsl, and zyx.

Furthermore, genes from bacteria, plants, yeast, and mammals (e.g., mice)
can be used with the microorganisms provided herein, Non-limiting examples of E.
coli genes include: aarF, aas, aat, abpS, abs, accA, accB, accC, aceD, acd, aceA,
aceB, aceE, aceF, aceK, ackA, ackB, acnA, acnB, acpD, acpP, acpS, acpX, acrA,
acrB, acrC, acrD, acrE, acrF, acrR, acs, ada, add, adhB, adhC, adhE, adhR, adiA,
adiY, adk, aegA, aer, aes, agaA, agaB, agaC, agaD, agal, agaR, agaS, agaV, agaW,
agaZ, agp, ahpC, ahpF, aidB, ais, ala$, alaT, alaU, alaV, alaW, alaX, aldA, aldB,
aldH, alkA, alkB, alpA, alr, alsA, alsB, alsC, alsE, alsk, alx, amiA, amiB, amn,
ampC, ampD, ampE, ampG, ampH, amiB, amyA, ansA, ansB, apaG, apaH, aphA,
appA, appB, appC, appY, apt, aqpZ, araA, araB, araC, araD, arak, araF, araG, araH,
aral, arcA, arcB, argA, argB, argC, argD, argE, argF, argG, argH, argl, argM, argP,
argQ, argR, argS, argT, argl, argV, argW, argX, argY, argZ, aroA, aroB, aroC,
aroD, aroE, aroF, aroG, aroH, arol, aroK, arol., aroM, aroP, aroT, arsB, arsC, arsR,
artl, art], artM, artP, artQ, ascB, ascF, ascG, asd, aslA, asiB, asmA, asnA, asnB,
asnC, asnS, asnT, asnU, asnV, asnW, aspA, aspC, aspS, aspT, aspU, aspV, asr, asu,
atoA, atoB, atoC, atoD, atoS, atpA, atpB, atpC, atpD, atpE, atpF, atpG, atpH, atpl,
avtA, azaA, azaB, azl, bacA, baeR, baeS, barA, basR, basS, bax, bep, ber, betA,
betB, betl, betT, bfd, bfm, bff, bglA, bglB, bglF, bglG, bglJ, bglT, bglX, bioA, bioB,
bioC, bioD), bioF, bioH, bioP, bipA, birA, bisC, bisZ, ble, bolA, bRNQ, brnR, bmS
brnT, btuB, btuc, btuD, btuE, btuR, bymA, cadA, cadB, cadC, cafA, caiA, caiB,
caiC, caiD, caiE, caiF, caiT, calA, caiC, calD, can, carA, carB, cbl, cbpA, cbt, cca,
ccmA, cemB, cemC, cemD, cemE, cemF, com(G, cemH, c¢dd, cde, cdh, cdsA, cdsS,
cedA, celA, celB, celC, celD, celF, cfa, cfcA, chaA, chaB, chaC, cheA, cheB, cheR,
cheW, cheY, cheZ, chpA, chpB, chpR, chpS, cirA, citA, citB, cld, cipA, clpB, clpP,
clpX, cls, cmk, emlA, cmr, cmtA, cmtB, coaA, cobS, cobT, cobU, codA, codB, cof,
cog?, corA, cpdA, cpdB, cpsA, cpsB, cpsC, cpsD, cpsE, cpsF, cpsG, cpxA, cpxB,
cpxP, cpxR, crcA, creB, creA, creB, creC, creD, crg, crl, cip, o, csdA, csgA, csgB,
csgD, csgE, csgF, csg(, csiA, csiB, csiC, csiD, csiE, csiF, cspA, cspB, ¢spC, cspD,
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- ¢cspE, csp@, csrA, csrB, cstA, cstC, cup, cutA, cutC, cutE, cutF, cvaA(ColV),

cvaB(ColV), cvaC(Co-1V), cvi(ColV), cvpA, cxm, cyaA, cybB, cybC, cycA, cydA,
cydB, cydC, cydD, cynR, cynS, cynT, cynX, cyoA, cyoB, cyoC, cyoD, cyoE, cysA,
cysB, cysC, cysD, cysE, cysG, cysH, cysk, cysl, cysK, cysM, cysN, cysP, cysQ),
cysS, éysT, cysU, cysW, cysX?, cysZ?, cytR, dacA, dacB, dacC, dacD, dadA, dadB,
dadQ, dadX, dam, dapA, dapB, dapD, dapE, dapF, dbpA, dcd, dem, dep, derB, dctA,
detB, deuA, deuB, deuC, ddIA, ddiB, ddpA, ddpB, ddpC, ddpD, ddpF, ddpX, deaD,
dedA, dedD, def, degP, degQ, degS, del, deoA, deoB, deoC, deoD, deoR, dfp, dgd,
dgkA, dgkR, dgoA, dgoD, dgoK, dgoR, dgoT, dgsA, dgt, dicA, dicB, dicC, dicF,
dinB, dinD, dinF, dinG, dinl, dinY, dipZ, djlA, dksA, dld, dmsA, dmsB, dmsC,
dnaA, dnaB, dnaC, dnaE, dnaG, dnal, dnal, dnaK, dnaL, dnaN, dnaQ), dnaT, dnaX,
dppA, dppB, dppC, dppD, dppF, dppG, dps, dsbA, dsbB, dsbC, dsbG, dsdA, dsdC,
dsdX, dsrA, dsrB, dut, dvl, dxs, ebgA, ebgB, ebgC, ebgR, ecfa, eco, ecpD, eda, edd,
efp, enirA, emrB, emrD, emrE, endA, eno, entA, entB, entC, entD, entE, entF, envN
envP, envQ, envR, envT, envY, envZ, epd, EppA, minigene, EppB, minigene,
EppC, minigene, EppD, minigene, EppE, minigene, EppG, minigene, EppH,
minigene, era, esp, evgA, evgS, exbB, exbC, exbD, expA, exuR, exuT, fabA, fabB,
fabD, fabF, fabG, fabH, fabl, fabZ, fadA, fadB, fadD, fadE, fadH, fadl, fadR, farR,
fatA, fbaA, fbaB, fbp, fcl, fcsA, fdhD, fdhE, fdhF, fdnG, fdnH, fdnl, fdoG, fdoH,
fdol, fdrA, fdx, feaB, feaR, fecA, fecB, fecC, fecD, fecE, fecl, fecR, feoA, feoB,
fepA, fepB, fepC, fepD, fepE, fepG, fes, fexB, fih, ffs, fhlA, thiB, fhuA , fhuB,
fhuD), fhuk, fhuF, fic, fimA, fimB, fimC, fimD, fimE, fimF, fimG, fimH, fiml, fipB,
fipC, fis, fiu, fixA, fixB, fixC, fixX, kiB, fkpA, fldA, figA, flgB, figC, figD, flgE,
flgF, f1gG, figH, flgl, fig], flgk, figl, figM, figN, flhA, flhB, flhe, fihD, fliA, fliC,
fliD, fliE, fliF, fliG, fliH, ﬁi?{, flil, flik, fiil,, fiM, fliN, f1i0, flip, fliQ, fliR, 1S,
fliT, fity, fiZ, flk, flu, fmt, far, focA, focB, folA, folC, folD, folE, folK, folP, folX,
fpr, frdA, frdB, fidC, frdD, fir, fruA, fruB, fruk, fruR, fsr, fin, fisA, fisE, fis], fis],
fisK, fisL, AsN, fisQ, fisW, fisX, fisY, fisZ, fucA, fucl, fucK, fucQ, fucP, fucR,
fumA, fumB, fumC, fur, fusA, fusB, gabC gabD, gabP, gabT, gadA, gadB, gadR,
galE, galF, galK, galM, galP, gaiR, galS, galT, galU, gapA, gapC, garA, garB, gatA,
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gatB, gatC, gatD, gatR, gatY, gatZ, ged, gel, gepE, gevA, gevH, gevP, gevR, gevT,
gdhA, gef, get, gidA, gidB, gip, gleB, glcC, gleD, glcE, gleG, gldA, gif, glgA, glgB,
gleC, glgP, glgsS, glgX, glk, gimM, glmS, glmU, gimX, glnA, ginB, ginD, glnE,
ginG, gInH, ginK, gthL, glnP, ginQ, ginR, gnS, gInT, glnU, glnV, glnW, glnX,
gloA, glpA, gipB, glpC, glpD, gipE, gipF, gipG, glpK, glpQ, gipR, glpT, glpX,
gltA, gitB, ghtD, gltE, ghtF, gltH, git], ghtK, gltl,, ghtM, ghtP, gliR, gltS, ghtT, gltl,
gltv, ghtW, gltX, glyA, glyQ, elyS, glyT, glyU, glyv, glyW, glyX, glyY, gmd, gmk,
gmm, gnd, gntK, gntP, gntR, gntS, gntT, gntU, gntV, goaG, gor, gph, gpmA, gpp,
gprA, gprB, gpsA, gpt, greA, greB, grol, groS, gipE, grxA, grxB, grxC, gshA,
gshB, gsk, gsp, gsp*, gst, guaA, guaB, guaC, gurB, gurC, gutM, gutQ, gyrA, gyrB,
hcaB, heaC, heaD, heaE, heaF, heaR, heaT, hdeA, hdeB, hdeD, hdhA, helD, hemA,
hemB, hemC, hemD, hemE, hemF, hemG, hemH, hemK, hemL, hemM, hemX,
hemY, hepA, het, hflB, hflC, hflK, hflX, hfq, hha, hipA, hipB, hisA, hisB, hisC,
hisD, hisF, hisG, hisH, hisl, hisJ, hisM, hisP, hisQ, hisR, hisS, hipA, hlyE, hmp, hns,
holA, holB, holC, holD, holE, hopB, hopC, hopD), hpt, hrpA, hrpB, hrsA, hscA,
hscB, hsdM, hsdR, hsdS, hsIC, hslD?, hslE-H, hsl], hslK, hsIL-N, hslO-R, hsiU,
hs1V, hslW, htgA, htpG, htpX, htrB, htrC, htrE, htrL, hupA, hupB, hyaA, hyaB,
hyaC, hyaD, hyaE, hyaF, hybA, hybB, hybC, hybD, hybE, hybE, hybG, hycA,
hyeB, hycC, hycD, hycE, hycF, hycG, hycH, hycl, hydA, hydG, hydH, hydN, hyfA,
hyfB, hyfC, hyfD, hyfE, hyfF, hyfG, hyfH, hyfl, hyfl, hyfR, hypA, hypB, hypC,
hypD, hypE, hypF, iadA, iap, ibpA, ibpB, icd, icIR, ihfA, ihiB, ileR, ileS, ileT, ilelJ,
ileV, ileX, ileY, ilvA, ilvB, ilvC, ilvD, IIvE, ilvF, ilvG, ilvH, ilv], ilv] ilvM, ilvN,
ilvR, ilvU, ilvY, imp, inaA, inaR?, infA, infB, infC, inm, insA(IS1), intA, isb(IS1),
isfA, ispA, ispB, KanR, katE, kat(G, kba, kbl, kch, kdgK, kdgR, kdgT, kdpA, kdpB,
kdpC, kdpD, kdpE, kdpF, kdsA, kdsB, kdtA, kdtB, kefB, kefC, kgtp, ksgA, ksgB,
ksgC, ksgD, lacA, lacl, lacY, lacZ, lamB, lar, IdcC, IdhA, lepA, lepB, leuA, leuB,
leuC, leuD, leul, lenQ, leuP, leuQ, leuR, leus, leuT, leulJ, leuV, leuW, leuX, leuy,
leuZ, lev, lexA, lgt, thr, ligA, ligT, linB, lipA, lipB, lit, livF, livG, livH, liv], livK,
livM, HdD, 11dP, lidR, lolA, lon, IpcA, IpcB, lpd, IplA, lpp, IpxA, IpxB, IpxC, lpxD,
IpxK, Irb, IrhA, Irp, Irs IspA, lysA, 1ysC, lysP, lysQ, lysR, lysS, lysT, lysU, lysV,
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lysW, lysX, lysY, lysZ, lytA, lytB, lyx, maa, mac, mae, mafA, mafB, malE, malF,
malG, mall, malK, malM, malP, malQ, malS, malT, malX, malY, malZ, manA,
manC, manX, manY, manZ, map, marA, marB, marR, mbrB, mcrA, mch; merC,
merD, mdaB, mdh, mdoB, mdoG, mdoH, meb, melA, melB, melR, menA, menB,
menC, menD, menE, menF, mepA, mes], metA, metB, metC, metD, metE, metF,
metG, metH, met], metK, metL, metR, metT, metU, metV, metW, metY, metZ, mfd,
mglA, mglB, mgiC, mglR, mgsA, mgtA, mhpA, mhpB, mhpC, mhpD, mhpE, mhpF,
mhpR, miaA, miaD, micF, minC, minD, minE, mioC, mltA, mltB, mitC, mltD,
mmrA(rh1B?), mng, mntA, moaA, moaB, moaC, moaD, moakl, mobA, mobB, moc,
modA, modB, modC, modE, modF, moeA, moeB, mog, molR, motA, motB, mpl,
mppA, mprA, mraA--7, mraY, mrcA, mrcB, mrdA, mrdB, mreB, mreC, mreD, mrp,
mir, msbA, msbB, mscL, msrA, msyB, mtg, mtgA, mtlA, mtiD, mtIR, mtr, mttA,
mttB, mitC, mukB, mukE, mukF, mul, murA, murB, murC, murD, murE, murF,
murG, murH, murl, mutG{putative), mutH, mutL, mutM, mutS, mutT, mutY, nac,
nadA, nadB, nadC, nadE, nagA, nagB, nagC, nagD, nagE, nalB, nalD, nanA, nanE,
nanK, nanR, nanT, napA, napB, napC, napD, napF, napG, napH, narG, narH, narl,
nar], narK, narL, narP, narQ, narlJ, narV, narW,'narX, narY, narZ, ndh, ndk, neaB,
nei, nemA, nfi, nfnA, nfnB, nfo, nfrA, nfrB, nfrD, nfsA, nhaA, nhaB, nhaR, nikA,
nikB, nikC, nikD, nikE, nirB, nirC, nirD, nlpA, nlpB, nlpC, nlpD, nmpC{gsr’), non,
npr, nrdA, nrdB, nrdD, nrdE, nrdF, nrdG, nrfA, nrfB, nrfC, nrfD, nrfE, nrfF, nriG,
nth, ntpA, nuoA, nuoB, nuoC, nuoE, nuoF, nuoG, nuoH, nuol, nuoJ, nuok, nuoL,
nuoM, nuoN, nupC, nupG, nusA, nusB, nusG, nuvA, nuvC, ogrK, ogt, ompA,
ompC, ompF, ompG, ompR, ompT, ompX, oppA, oppB, oppC, oppD, oppE, oppF,
opr, ops, oraA, ordL, orf-23(purB, reg)orfl95(nikA-reg), om, osmB, osmC, osmE,
osmY, otsA, otsB, oxyR, oxyS, pabA, pabB, pabC, pac, pal, panB, panC, panD,
panF, parC, parE, pat, pbpG, pck, pem, penB, pdhR, pdxA, pdxB, pdxH, pdxJ,
pdxK, pdxL, pdxY, pepA, pepD, pepE, pepN, pepF, pepQ, pepT, ptkA, pfkB, pflA,
pflB, pfIC, pfID, pfs, pgi, pgk, pgl, pgm, pgpA, pgpB, pgsA, pheA, pheP, pheS,
pheT, pheU, pheV, phnC, phnD, phnE, phnF, phnG, phnH, phnl, phnJ, phnk, phnL,
phnM, phnN, phnQ, phnP, phoA, phoB, phoE, phoH, phoP, phoQ, phoR, pholJ,
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phrB, phxB, pin, pioQ, pit, pldA, pldB, pisB, pIsC, plsX, pmbA, pncA, pncB, pnp,
pntA, pntB, pnuC, poaR, polA, polB, popD, potA, potB, potC,-potD, potE, potF,
potG, potH, potl, poxA, poxB, ppa, ppc, pphA, pphB, ppiA, ppiB, ppiC, ppk, pppA,
PDS, PPX, PqiA, pqiB, pagl, pagM, pre, prfA, prfB, prfC, priA, priB, priC, priC,
priZ, prmA, prmB, proA, proB, proC, proK, prol., proM, proP, proQ, proS, proT,
proV, proW, proX, prpA, prpC, prpR, prr, prs, psd, psiF, pspA, pspB, pspC, pspE,
pspF, pssA, pssR, pstA, pstB, pstC, pstS, psu, pta, pth, ptrA, ptrB, ptsG, ptsH, ptsl,
ptsN"-", ptsP, purA, purB, purC, purD, purE, purF, purH, purk, purl, purM, purN,
purP, purR, purT, purl, pus, putA, putP, pykA, pykF, pyrB, pyrC, pyrD, pyrE,
pyrF, pyrG, pyrH, pyrl, gmeC, qmeD, qmeE, qor, queA, racC, racR, radA, radC,
ranA, rarD), ras, rbfA, rbn, rbsA, rbsB, rbsC, rbsD, rbskK, rbsR, rcsA, resB, resC,
resF, rdgA, rdgB, recA, recB, recC, recD, recE, recF, recG, recl, recN, recO, recQ,
recR, recT, relA, relB, relE, relF, relX, rep, rer, rfaB, rfaC, rfaD, rfaF, rfaG, rfaH,
rfal, rfal, rfakK, rfal, rfaP, rfaQ, rfaS, rfaY, rfaZ, rfbA, rfbB, rfbC, rfbD, ribX, rfc,
rfe, rffA, offC, offD, ffE, rffG, rffH, rffM, rffT, thaA, rhaB, rhaD, rhaR, rhaS, rhaT,
thiB, rhiE, rho, ribA, ribB, ribC, ribD, ribE, ribF, ridA, ridB, rimB, rimC, rimD,
rimE, rimG, rimH, rim1, rimJ, rimK, rimL, rimM, rit, rlpA, rlpB, rluA, rluC, rluD,
mmaf, ma, mb, mc, md, me, mhA, mhB, mk, mpA, mpB, rnr, mt, rob, rorB, rpe, rph,
piA, 1piB, 1piR, 1plA, 1piB, 1plC, rpID, rplE, rplF, mpll, rpld, rplK, rplL, rpIM, rpIN,
plO, rplP, rplQ, rpIR, S, plT, 1plU, 1plV, rplW, rplX, mplY, pmA, rpmB, rpmC,
pmD, rpmE, rpmF, rpmG, rpmH, rpml, rpm], rpoA, rpoB, rpoC, rpoD, rpok, rpoH,
rpoN, 1po$, rpoZ, ipsA, rpsB, msC, mpsD, tpsE, rpsF, mpsG, rpsH, 1psl, rpsl, rpskK,
psL, rpsM, rpsN, rpsO, rpsP, rpsQ, rpsR, 1psS, psT, rpsU, rrfA, rrfB, rrfC, i,
rrfE, refF, rf G, refH, 1l A, 1r1B, 1rlC, rriD, rrlE, rrlG, rriH, rrmA, s A, 11sB, rrsC,
rrsD, n‘sE, 115G, rrsH, rsd, rseA, rseB, rseC, rspA, rspB, rssA, rssB, rsuA, rtcA, ricB,
rtcR, rtn, rus(qgsr’), ruvA, ruvB, ruvC, sad, sanA, sapA, sapB, sapC, sapD, sapF,
sbaA, shcB, sbeC, sbeD, sbmA, sbmC(gyrl), sbp, sdaA, sdaB, sdaC, sdhA, sdhB,
sdhC, sdhD, sdiA, sds, secA, secB, secD, secE, secF, secG, secY, selA, selB, selC,
selD), semA, seqA, serA, serB, serC, serR serS, serT, serU, serV, serW, serX, sfa,

sfcA, sfiC, sfsA, sfsB, shiA, sipC, sipD, sir, sixA, sloB, slp, slr, slt, slyD, slyX, smp,
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smtA, sodA, sodB, sodC, sohA, sohB, solA, soxR, soxS, speA, speB, speC, speD,
speE, spéF, spe@, spf, spoT, sppA, spr, srlA, sriB, srlD, srlE, sriR, stmB, smA,
ssal, ssaG, ssaH, ssb, sseA, sseB, sspA, sspB, sstA, sstS, ssyA, ssyD stfZ, stkA,
stkB, stkC, stkD, stpA, strC, strM, stsA, sucA, sucB, sucC, sucD, sufl, sugE, suhA,
suhB, sulA, supQ, surA, surE, syd, tabC, tag, talA, talB, tanA, tanB, tap, tar, tas,'
tauA, tauB, tauC, tauD, thpA, tdcA, tdeB, tdcC, tdeD, tdcE, tdcF, tdeG, tdeR, tdh,
tdi tdk, tehA, tehB, tesA, tesB, tgt, thdA, thdC, thdD, thiB?, thiC, thiD, thiE, thiF,
thiG, thiH, thil, thiJ, thiK, thil,, thiM, thrA, theB, thrC, theS, theT, thrl, thrV, theW,
thyA, tig, tktA, tktB, tldD, tInA, tmk, tnaA, tnaB, tnaC, tnm, tol-orfl, tol-orf2, tolA,
tolB, tolC, tolD, tolE, toll, tol], tolM, tolQ, tolIR, tonB, topA, topB, torA, torC, torD),
torR, torS, torT, tpiA, tpr, tpx, treA, treB, treC, treF, treR, trg, trkA, ukD, kG,
trkH, trmA, trmB, trmC, trmD, trmE, trmF, trmH, trmU, tmA, trpA, trpB, trpC,
trpD, trpE, trpR, trpS, trpT, truA, truB, trxA, trxB, trxC, tsaA, tsf, tsmA, tsr, tsx,
ttdA, ttdB, tik, tufA, tuffB, tus, tynA, tyrA, tyrB, tyrP, tyrR, tyrS, tyr'T, tyrU, tyrV,
ubiA, ubiB, ubiC, ubiD), ubiE, ubiF, ubiG, ubiH, ubiX, ucpAl}], udk, udp, ugpA,
ugpB, ugpC, ugpE, ugpQ, uhpA, uhpB, uhpC, uhpT, uidA, uidB, uidR, umuC,
umuD, ung, upp, uppS, ups, uraA, usg-1, usbA, uspA, uup, uvh, uvrA, uvrB, uvrC,
uvrD, uvs, uxaA, uxaB, uxaC, uxuA, uwxuB, uxuR, val§, valT, vall, valV, valW,
valX, valY, valZ, vsr, wrbA, xapA, xapB, xapR, xasA, xerC, xerD, xni, xseA, xse¢B,
xthA, xylA, xyIB, xylE, xylF, xylG, xylH, xyiR, yccA, yhhP, yihG, yjaB, {147, yjaD,
yohF, yqiE, yriE, zipA, zntA, znuA, znuB, znuC, zur, and zwf.

Non-limiting examples of mouse genes include: Ilr1, IIr2, Gas10, Thpi,
Inhbb, Inha, Crebl, Mpmv34, Acrd , Acrg , 11110, Otfl, Rabl1b-r, Abll, ald, Amh-
151, Bc12B , Cchila3, Cenbl-rs2, Gperl6, HirSb, 1ddS5, Igfbp?2, Igfbp5, 118rb, Kras2-
151, Mov7, Mpmv6, Mpmv16, Mpmv22, Mpmv25, Mpmv29, Mpmv42, Mtv7,
Mtv27, Mtv39, Oprkl, Otf3-rs1, Otf8, Otfl1-rsl, Ptgs2, Renl, Ren2 , Ril3, Sxv,
Taz4-rs], Tgfh2, Wnt6, Xmmv6 , Xmmv9, Xmmv36, Xmmv6!, Xmmv74, Xmv2],
Xmv32, Xmv4l, I12ra, Abl, Mpmv3, Rapla-ps2, anx, Mpmv43, Ryr3, Ras12-4,
Adra2b, Avp, Glvrl, llia, [11b, Mpmv28, Oxt, Pcsk2, a, Xmv10, Tcfd , Acra, Acrad,
Akl, Bdnf, bs, Cyct, Cyp24, Dbh, Fshb, Geg, Gdf5 , Gnas, Gper8, Grinl, Hesd,
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Hior2, Hsp84-2, 1dd12, Iirn, Jund2, Kras3, Mc3r, Mpmv14, Mtv40, Mxil-rsi, Otf3-
rs2, Pigs], Ptpra, Rapsn, Stc, Svpl, Svp3, Tef3b, Wtl, Xmmv71, Xmv48, Cena,
Fgf2, Fth-rs1, Csfm , Mov10, Egf, Acrb2, Capl, Crh, Fim3, Fps11, Glut2, Gper2,
Gria2, Hsd3b-1, Hsd3b-2, Hsd3b-3, Hsd3b-4, Hsp86-ps2, 1dd3, 112, 117, Mpvmv9,
Mpmv20, Mtv4.8, Ngfb, Npra, Nras, Nras, Ntrk, Otf3-rs3, Otf3-rs4, Rapla, Tshb,
Xmmv22, Xmmv65, Mos, Ras12-7, Lyr, Ifa, Ifb, Jun, azh, db, Ipp , Mpl, Dol,
Ak2, Cenbl-rs4 , Cdc211, Cga, Fgr, Focl, Fps12 , Gabrrl, Gabrr2, Gdfo, Glutl,
Gnbl, Gperld, Grb2-ps, Grik3, GrikSs, Hsp86-1psd, Htrlda, Htrldb, Idd9, Ifal, 1fa2,
Ifa3, Ifad, Ifas5, Ifa6, Ifa7, Ifa8, Ifa9, Ifal0, Lap18, Lmycl, Mpmv19, Mpmv44,
Mtv13, Mtvi4, Mtv17, Nppb, Otf6, Otf7, Ril2, Ski, Tnfr2, Wnt4, XmmvS,
Xmmv23, Xmmv62, Xmvl, Xmv2, Xmv8, Xmv9, Xmv14, Xmv44, Xpa, Tec, Fgfs,
Nosl, Tcfl, Epo, Gnb2, Fitl, Flt3, Ache, Adra2c, Adrbk2, Afp, Albl, Cenbl-rsl,
Clock, Cyp3, Cyp3all, Cyp3al3, Drd1b, Drd5, Fgfr3, Fik1, Ge, Garhr, Gperl,
HcsS, Hnfl, HtrSa, 11 5r, 116, Kit, Ltrm3, Mgsa, Mpmv7, Mpmv13, Mpmv23,
Mtv32, Mtvd1, Pdgfa, Pdgfra, Por, Txk, Xmmv3, XmmvS, Xmmv52, Xmvl7,
Xmv28, Xmv34, Xmv38, Xmv45, Zp3, Trh, Rafl, Fth-rs2, Ntf3, Kras2, Pthlh,
Movl, Alox5, Braf2, Cfir, Egr4, Fpsi10, Fgf6, Gdf3, Ghrfr, Glut3, GrinZa, Hior3,
Hoxal0, hop, Ical, I15r, Int41, Itprl, Krag, Mad, Met, Mi, Mtv8, Mtv23, Mtv29,
Mtv33, Mtv34, Nkna, Npy, ob, Otf3-rs5, Tgfa, Tnfrl, Wnt2 , Wnt3B, Wnt7A,
Xmmv27, Xmv24, Xmv61, Fosb, Ryr1, Ngfa, Ufo, Xrccl, Abpa, Abpga, Gabrad,
Gas2, Acra7, Cenbl-rs7, Egfbp3, Xmv30, Zp2, Fes, Pcsk3, Cale, Cenbl-1s10, Pth,
Ad, Bcl3, Cea, Cea2, Cea3, Cead, VCeaS,.Ceaﬁ, Cebp, Dm9, Dm15, Drd4, Egfbpl,
Egfbp2, Ercc2, Fgf3, Fgfr2, Gabra5, Gabrb3, Gtx, Hesl, Igflr, Igf2, I14r, Ins2,
Int40, Lhb, Mpmv1, Mtvi, Mtv35, Ngfg, Ntf5, Otf2, 2, Pkce, Rasl4, Rras, Ryr,
Svp2, Tefdg, Tgfbl, tub, Xmmv31, Xmmv35, Xmmv73, Xmv33, Xmv53, Taz83,
Adrb3, Junb, Jundl, Mel, Gpcer19-1s2, Agt, Cadp, Cenbl-rs9, E, Fgfrl, Gas6, Gnb-
rsl, Hes2, Insr, Maf, Mov34, Mpmv21, Mpmv41, Mtv21, Mtarla, Plat, Ras15-2,
Rasl6, Sntb2, Xmmv29, Xmv12, Xmv26, Xmv62, Epor, Gper13, Otfl1, Pthr,
Acra3, Acra5, Acrb4, Camk1, Cdc25Mm, Crbp, Crbp2, Csk, Cyplla, Cypl9, Drd2,
Etsl1, Flil, Gnai2, Gnatl, Gper6, Griad, Hgfl, Hiorl, Hpx, Hsp86-1ps3, Hst2, 1dd2,
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I11bc, Lag-rsl, Lap18-rsl, M11, Mpmv27, Penk, Pgr, Ras12-2, Tpl1, Trf, Xmmv2,
Xmmv67, Xmv1s, Xmv16, Xmv25, Xmv60, Mgf, Amh, Braf, Cdc2a, Dmdl, Estr,
Fpsl13, Fpsl4, Fpsl5, Gh, Gperl 7, Grik2 , Ifgr, Igfl, Mpmv5, Mpmv12, Mpmv40,
Myb, Oprm, Pg, Pmch, Rosl, Xmv31, Xmv51, Xmv54, Camk2b, Egft, Int6, Lif,
Mtvd4, Ews, Csfgm, Flit4, 113, 114, 115, Irf1, Grial, Glut4, Crhr, Csfg, Mov9,
Xmv20, Acrb, Mpmv4, Mpmv1$5, Ngfr, Nos2, Rara, Taz4, Tcf2, Xmv42, Mtv3,
Adral, Crko, df, Erbb2, Gabral, Gabra6, Gabrg2, Gh, Glral, Grb2, Hnflb, Hsp86-
psl, Idd4, Igfbpl, Igfbp3, 1113, Intd, Mpmv2, Mpmv8, Mpmv18, Mtv45, nu, Pkea,
Rabl, Rel, Shbg, Tcf7, Thra, Tnzl, Trp33, Wnt3, Wnt3A, Xmv4, XmvS5, Xmv47,
Xmv49, Xmv63, Akt, Amh-rs4, Ccsl, Fps16, Fos, Gdf7, Hes3, Hsp70-2, HspB4-3,
Hsp86-1, hyt, Ltrm1, Max, Mpmv11, Mpmv24, Mtv9, Mtv30, Pomcl, Tcf3a, Tda2,
Tgfb3, Tpo, Tshr, Xmmv21, Xmmv25, Xmmv34, Xmmv50, Gli3, Xmv55, Ryr2,
Inhba, Gasl, Peskl, Amh-1s2, Cenbl-rs6, Cenbl-rsl3, Crhpb, Datl, Drdla, Fgfr4,
Fps17, Fim1, GperlS, Gperl8, Hbvi, Hilda, Htrla, 1dd11, 119, Ltrmd, Mak, mes,
P11, P12; Pri, Ral, Rasa, SrdSal, Tpbp, Xmv13, Xmv27, Rarb, Rbp3, Htr2, Rbi,
Acra2, Camkg, Cchlla2, Cenbl-rs5, Cenbl-rsl12, Gnrh, Mtvl1, Nras-ps, Otf3-156,
Plau, Ptprg, Trp53-ps, WntSA, Xmv19, Ghr, I17r, Lifr, Mlvi2, Prir, Myc , Rill,
cog, Amh-1s7, [12rb, Pdgfh, Acr, CP2, Rarg, Spl-1, Wntl, Afrl, Atf4, Bzrp, Cenbl-
rsil, Cypllb, I13rbl, I13rb2, Ins3, Itga, Mlvil, Mlvi3, Mtv36, Pdgfec, Svp5, Tef,
Trhr, Wnt7B, Xmmv55, Xmmv72, Xmv37, Tnp2, Ets2, Casr, Chuck-rsl, din, Drd3,
Erg, G22p1, Gap43, Gas4, Grik1, Htrlf, Ifgt, Int53, Ltrm2, Mpmv17, Mtv6, Mtvrl,
Pitl, Xmv3, Xmv35, Xmv50, Igf2r, Mas, Tcd3, Glplr, Idd1, Tla, Aegl, Cenbl-rs3,
Cdc2b, Csi, Cyp21, Cyp21-psl, Fpsl8, Gna-rsl, Gperl9-rsi, Grrl, Grr2, Homl,
Hsc70t, Hsp70, Hsp70-1, Hsp70-3, Hsp84-1, Hstl, Hst4, Hst5, Hst6, Hye, Int3,
Itpr3, Lap18-rs2, Otf3, Ptprs, Rabl1b, Rasi2-1, Ras12-3, Ras13, Rrs, Rxsb, Tas,
Tedl, Ted2, Teral, Tla-rs, Tnfa, Tnfb, Tpx1, Tpx2, Xmmvl5, Xmv36, Xmv57,
Csfinr, Pdgfrb, Adrb2, Apc, Camk2a, Camkd4, Dce, Fgfl, Gnal, Gper7, Grll, G,
Hsp74, Mcc, Mtv2, Mtv38, Ptpn2, Tpl12, Xmv22, Xmv23, Xmv29, Fth, Csfgmra,
Mxil, Adra2a, Adrbl, Adrbki, Chuck, Cypl7, Gnald, Gnb-psl, Hes6, Htr7, Ide,
Insl, Lpcl, Pome2, Seao, Tix1, Xmmv42, Xmv18, Tcfe3, Araf, Avpr2, mdx, Ar,
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Zfx, Otf9, Cegl, Cenbl-rs8, Fps19, Gabra3, Glra2, Glrad, Gria3, Grpr, Hsp74-psl,
Hst3, Htrle, 112rg, Mov14, Mov15, Mtv28, Otf3-rs§, Sts, Sxa, Sxr, Xta, Tdy, Hya,
ZEyl, Zfy2, Mov15, Mov24, Mtv31, Mtv42, Sdma, Spy, Sts, Sxa, Sxr, XmmvY,
Xmv7, Xmvll, and Xmv40.

Non-limiting examples of Phaseolus vulgaris genes include: Ace, ace, Adk,
Am, Amv-1, Amv-2, Ane, aph, Arc, Are, arg, Arl (Arc), asp, B, be-u, be-1.sup.],
be-1.sup.2, be-2.sup.1, be-2.sup.2, be-3 , Bem, Beg, Bip, blu, Bpm, Bsm, By—l, By-
2, C, C/c, c.sup.cr, C.sup.cir, C.sup.ma (M, R.sup.ma), C.sup.r, C.sup.res, C.sup.rho,
C.sup.st, [C.sup.st R Acc] (Aeq), c.sup.u (inh, i.sub.e), [c.sup.u Prp.sup.i] (Prp,
c.sup.ui, Nud), [c.sup.uprp.sup.st] (prp.sup.st), [C Prp] (Prp), c.sup.v, [CR] (R), [C
r] (r), Ca, Cam, Cav, cc, chl, c1, ecml, Co-1 (A), Co-2 (Are), Co-3 (Mexique 1), Co-
3.sup.2, Co-4 (Mexique 2), Co-5 (Mexique 3), Co-6, Co-7, cr-1 cr-2, cry, cs, Ct, ctv-
1 ¢ctv-2, cyv (by-3), D (Can, Ins), Da, Db, def, dgs (g1, le), dia, Diap-1, Diap-2, diff,
dis, D1-1 D1-2 (DL.sub.1 DL.sub.2), do, ds (te), dt-1.sup.a dt-2.sup.a, dt-1.sup.b dt-
2.sup.b, dw-1 dw-2, Ea Eb, ers (restr), ers-2, Est-1, Est-2, exp, F, Fa, fast, Fb Fc, fa
fb fc, Fer, Fer-2, fd, Fe-1 Fe-2, Fin (in), Fop-1, Fop-2, Fr, Fr-2, G (Flav, Ca, Och),
Ga, gas, glb, Gpi-cl, Gr, Hbl (L.sub.HB-1), Hbne (SC.sub.HB-1), Hbp
(PD.sub.HB-1), hmb, Hss, Hsw, Ht-1 Ht-2 (L-1 L-2), 1, Ia Ib, ian-1 ian-2 (ia), Ibd,
ico, Igr (Th), ilo, ip, iter, iv, iw, J (Sh), Ke, L, 1a, Lan, Ld, Lds (Ds), Lec, Li (L), lo,
Ir-1 1r-2, mar, Me, Mel (Me), Mel-2 (Me-2), mel-3 (me-3), Mf, mi, mia, Mic (Mip),
miv, Mrf, Mrf.sup.2, mrf, ms-1, Mue, mu muatator, Nag, Nd-1 Nd-2 (D-1 D-2), nie,
nnd (sym-1), nnd-2, No, nts (nod), Nudus, ol, P, p.sup.gri (Gri, v.sup.Pal), pa, pc, pg
(pa.sub.1), Pha, Pmv, ppd (neu), Pr, pre (pc), Prx, punc, ram, Rbes (rbe8), rf-1, rf-2,
rf-3, rfi (i), Rfs (m), Rk, rk, rk.sup.d (lin), m-1 m-2 (r r), md, Ro, Sal, sb, sb.sup.ms,
sb-2, sb-3, sil, Skdh, s1, Smv, St, Sur, sw-1 sw-2, T, t (z-1), Th-1 Th-2, Tm, To, Tor
(1), T, i, trv, Ts, tw, uni, Uni-2, uni.sup.nde, uni.sup.nie, Ur-1, Ur-2, Ur-2.sup.2,
Ur-3 (Ur-3, Ur-4), Ur-3.5up.2, Ur-4, (Up-2, Ur-C), Ur-5, (B-190), Ur-6 (Ur.sub.a,
Ur-G), Ur-7 (R.sub.B11), Ur-8 (Up-1), Ur-9 (Ur.sub.p}, us, V (B1), v.sup.lae (Cor),

v, var, vi (vir.sub.f), wb, Wmv, X sup.su, y, and Z.
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Non-limiting examples of Saccharomyces cerevisiae genes include: PRE3,
PUP1, PUP3, PRE2, PRE10, PRE], PRES, SCL1, PUP2, PRES, PRE7, PRE4,
RPT2, RPT3, RPN3, RPN11, RPN12, RPT6, RPN1, RPN2, RPT1, RPTS5, RPT4,
SKI6, RRP4, DIS3, TSC10, RATI, GND1, EXO70, ERG10, ACC1, RPPO, ACTI,
ARP100, ARP3, PAN1, ARP2, ARP4, ARPY, SPE2, CYR1, ALAI, TPS1, TUBI,
ABF1, DEDS81, NIP1, YHCI1, SNU71, ATM1, MAKS, ROK1, DED1, SPB4,

- AURI, PSEl, ALG1, TUB2, BPL1, MSL35, ERG24, ERG26, ERG25, CMD1,

HCAA4, SHES, SHE10, CAK1, PIS1, CHOl, CDS1, ESR1, NUD1, CDC47, CDC13,
CDC37, CDC1, CDC4, CDC20, CDCeo, CDC46, CDC3, KARI1, BBP1, HRP1,
CCT2, CCT3, HSP10, SMC1, SMC2, CHC1, CFT2, CLP1, COP1, SEC26, SEC27,
RET2, SEC21, COF1, CCT4, CCT1, CCT6, SEC24, SEC7, PCF11, RNAI1S,
RNA14, FIP1, YSHI, TFB4, TSM1, APC2, APCS5, SEC31, TAF47, TAP42,
MPP10, CDC53, CKS1, CDC28, KIN28, CNS1, ERGI11, DBP10, DBPS, PRO3,
DYSI1, ALR1, TID3, DNA2, SS1.2, RAD3, RFA3, RFAZ, RFAL, RFC4, RFCS,
RFC3, RFC2, RFC1, TOP2, RAP1, RPC25, PRi2, PRI1, POLI, POL.12, HUS2,
CDC2, POL2, DPB2, RPB10, RPA135, RPA190, RPA43, RPBE, RPO26, RPBS,
RPC40, RPC19, SRB7, SRB4, RGR1, RPB11, SRB6, RPB2, RPB7, RPO21, RET],
RPO31, RPC31, RPC34, RPCS3, RPC82, RPB12, RPB3, DPMI, DIP2, RNT],
CDCs, CDC14, DUTI, UBA2, UBAL, UBC9, CDC34, ENP1, ERD2, S§S1,
SEC61, SEC63, SEC62, GNA1, GPI8, DAMI1, DUOI, IRR1, PRP3, TIM9, HSHA49,
SUP35, EXM2, MEX67, ERGY, ERG20, FAS2, FAS1, NOP1, FADI, AOS],
FBAI1, NCB2, BRN1, TUB4, GDI1, GOGS, SRM1, CDC25, SPT16, YIF2, BET4,
CDC43, MRS6, BET2, PRO1, GLNI1, GLN4, GRS1, YIP1, FOL2, GPAIl, CDC42,
SARI1, YPTI, SEC4, GSP1, TEM1, RHOI, CDC24, RNA1, GUKI1, VMA16,
PMAL, HKR1, SIS1, MGEI1, HSP60, HSF1, HASI, MOT3, HTS1, ESAIL, HSL7,
HOMS®, R1B7, SLY1, CSL4, PURS, CSEI, IPP1, MDM1, USO1, SOF1, MAKI1,
LASI; TEL2, DPB11, SGD1, FAL1, MTR3, MTR4, SPP2, SIK1, RRP7, POP4,
RRP1, POP3, BFR2, CDC5, NRD1, MET30, MCM6, RRP46, SAS10, SCC2,
ECO1, PRP43, BET3, BETS, STN1, NFS1, IDI1, SRP1, KAP9S, CBF2, SKP1,
CEP3, CTF13, ERG7, KRS1, PSA1, PMI40, ALG2, SSF1, MED7, RSC4, CDC54,
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MCM2, AFG2, ERG12, MVD1, CDC48, MHP1, ERV1, SSC1, TIM44, TIM17,
TIM23, TOM22, TOM40, MAS1, MCD1, MMC1, STU1, JAC1, ABD1, CEGI,
PAB1, MTR2, SEC16, ROT1, INO1, MLCI1, MYO2, GPI2, SPT14, NAT2, NMT1,
TRMI1, NCP1, NBP1, ACF2, SPP41, NUT2, LCPS5, PRP19, NMD3, RFT1, NNF1,
NDC1, CRM1, KAR2, NIP29, NAB2, NIC%6, NUP145, NUP49, NUP57, NUP159,
NSP1, NUP82, CDC39, NPL4, POP7, NTF2, MAK 16, NPL3, NOP2, NOP4, NHPZ,
NOP10, GARI, NBP35, WBP1, STT3, SWP1, OST2, OST1, ORC1, ORC6, ORCS,
ORC4, ORC3, RRR1, SAT2, PWP2, PEX3, TOR2, PIK1, SEC14, STT4, MSS4,
PCM1, GPM1, SECS3, ERGS, YPDI1, PAP1, NAB3, RRN7, SEN1, CFT1, PRP1I,
PRP21, PRP39, PRP24, PRP9, SLU7, PRP28, PRP31, IFHI, PTAI1, SUB2, FMII,
MAS2, ESSL, PFY1, POL30, POP1, PDIl, RAM?2, CDC7, SMP3, CDC15, YTHI,
QRI2, YAEL, SFI1, SEC1, BETI1, SEC6, SEC13, SEC2, SEC8, CBF5, CDC19,
YRBI1, RHC18, DBF4, SDS22, MCM3, CEF1, ALGl1, GAAI MOB1, NIP7,
TIP20, SECS, SEC10, GPI10, RRP3, CDC45, DIB1, MIF2, HOP2, PBNI, NOPS,
RPP1, POPS, POPS, POP6, ERO1, MPT1, DNA43, ESP1, SMC3, LSTS, STS1,
RPM2, RNR1, RNR2, RNR4, RPS20, RPL25, RPL3, RP1.30, RPL32, RPL37A,
RPLA43A, RPL5, RPL10, RPS3, CETI, YRAIL, SNM1, GLE1, DBPS, DRS1, DBP6,
BRR2, RRN3, RRN6, RRN11, MED6, PRP16, RPR2, DIM1, RRP43, RRP42,
RRP45, SEC20, BOS1, CDC12, GLC7, PKC1, IPL1, SGV1, NRK1, RADS53,
LCB2, LCB1, MPS1, SESI, SPC3, SEC11, R101, ARP7, NEO1, YJU2, POB3,
ARHI, IQGT, HRT1, HYMI1, MAK21, FUN20, FUN9, NBN1, STBS, YIF1,
SMX4, YKT6, SFT1, SMDI1, PRP6, LSM2, NUF1, SPC97, SPC42, SPC98,
CDC31, SPC19, SPC25, SPC34, SPC24, NUF2, PRP40, MCD4, ERG1, SMC4,
CSE4, KRR, SME1, TRAIL, RLP7, SCHY, SMD3, SNP2, SSF2, SPC72, CDC27,
CDC23, CDC16, APCI, APC11, APC4, ARC19, RPN6, RPNS, RSC6, RSCS,
STH1, SFH1, TIM12, TIM22, TIM10, SQT1, SLS1, JSNI, STU2, SCD5, SSU72,
ASM4, SEDS, UFEL, SYF1, SYF2, CCTS, TBF1, TOA2, TOAI1, SUA7, TAF90,
TAF61, TAF25, TAF60, TAF17, TAF145, TAF19, TAF40, TAF67, TFA2, TFAL,
FCP1, TFG1, TFG2, TFB1, CCL1, SSL1, TFB3, TFB2, PZF1, BRF1, TFCS, TFC4,
TFC3, TFC7, TFC6, TFC1, SPT15, THI80, THS1, SPT6, SPTS, ROX3, REBI,
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MCM1, MED4, MOTI1, MEDS, EFB1, YEF3, SUIL, CDCS5, TIF11, SUI3, GCD11,
SUI2, GCD6, GCD7, GCD2, GCD1, RPG1, GCDI10, PRTI, TIF34, CDC33, TIFS,
SUP45, GCD14, TIM54, SEC17, TPTI1, TRL1, CCAl, SEN54, SEN2, SENIS,
SEN34, WRSI, SLNI, TYSI, SNUS56, PRP42, CUSL, PRP4, PRP&, SNU114,
USS1, UFDI, SMT3, RSPS, QRI1, ALG7, UGP1, VTI1, VASI, SEC18, CTRS6,
and ZPR1.

2. Viruses

The microorganisms provided herein include viruses. Such viruses typically
have one or more of the microorganism characteristics provided herein. For
example, viruses provided herein can have attenuated pathogenicity, reduced
toxicity, preferential accumulation in immunoprivileged cells and tissues, such as
tumor, ability to activate an immune response against tumor cells, immunogenic,
replication competent, and are able to express exogenous proteins, and combinations
thereof. In some embodiments, the viruses have an ability to activate an immune
response against tumor cells without aggressively killing the tamor cells.

The viruses provided herein can be cytoplasmic viruses, such as poxviruses,
or can be nuclear viruses such as adenoviruses. The viruses provided herein can
have as part of their life cycle lysis of the host cell’s plasma membrane.
Alternatively, the viruses provided herein can have as part of their life cycle exit of
the host cell by non-lytic pathways such as budding or exocytosis. The viruses
provided herein can cause a host organism to develop an immune response to virus-
infected tumor cells as a result of lysis or apoptosis induced as part of the viral life
cycle. The viruses provided herein also can be genetically engineered to cause a
host organism to develop an immune response to virus-infected tumor cells as a
result of lysis or apoptosis, regardless of whether or not lysis or apoptosis is induced
as part of the viral life cycle. In some embodiments, the viruses provided herein can
cause the host organism to mount an immune response against tumor cells without
lysing or causing cell death of the tumor cells.

One skilled in the art can select from any of a variety of viruses, according to

a variety of factors, including, but not limited to, the intended use of the virus (e.g.,
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exogenous protein production, antibody production or tumor therapy), the host
organism, and the type of tumor.
a Cytoplasmic virzses

The viruses provided herein can be cytoplasmic viruses, where the life cycle
of the virus does not require entry of viral nucleic acid molecules in to the nucleus of
the host cell. A variety of cytoplasmic viruses are known, including, but not limited
to, pox viruses, African swine flu family viruses, and various RNA viruses such as
picorna viruses, calici viruses, toga viruses, corona viruses and rhabdo viruses. In
some embodiments, viral nucleic acid molecules do not enter the host cell nucleus
throughout the viral life cycle. In other embodiments, the viral life cycle can be
performed without use of host cell nuclear proteins. In other embodiments, the
virulence or pathogenicity of the virus can be modulated by modulating the activity
of one or more viral proteins involved in viral replication.

i Poxviruses

In one embodiment, the virus provided herein is selected from the pox virus
family. Pox viruses include Chordopoxvirinae such as orthopoxvirus, parapoxvirus,
avipoxvirus, capripoxvirus, leporipoxvirus, suipoxvirus, molluscipoxvirus and
yatapoxvirus, as well as Entomopoxvirinae such as entomopoxvirus A,
entomopoxvirus B, and entomopoxvirus A. Chordopoxvirinae are vertebrate
poxviruses and have similar antigenicities, morphologies and host ranges; thus, any
of a variety of such poxviruses can be used herein. One skilled in the art can select 2
particular genera or individual chordopoxvirinae according to the known properties
of the genera or individual virus, and according to the selected characteristics of the
virus (e.g., pathogenicity, ability to elicit and immune response, preferential tumor
localization), the intended use of the virus, the tumor type and the host organism.
Exemplary chbrdoﬁoxvirinae genera are orthopoxvirus and avipoxvirus.

Avipoxviruses are known to infect a variety of different birds and have been
administered to humans. Exemplary avipoxviruses include canarypox, fowlpox,
juncopox, mynahpox, pigeonpox, psittacinepox, quailpox, peacockpox, penguinpox,

sparrowpox, starlingpox, and turkeypox viruses.
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Orthopoxviruses are known to infect a variety of different mammals
including rodents, domesticated animals, primates and humans. Several
orthopoxviruses have a broad host range, while others have narrower host range.
Exemplary orthopoxviruses include buffalopox, camelpox, COV;prX, ectromelia
monkeypox, raccoon pox, skunk pox, tatera pox, vasin gishu, vaccinia, variola and
volepox viruses. In some embodiments, the orthopoxvirus selected can be an
orthopoxvirus known to infect humans, such as cowpox, monkeypox, vaccinia or
variola virus. Optionally, the orthopoxvirus known to infect humans can be selected
from the group of orthopoxviruses with a broad host range, such as cowpox,
monkeypox, or vaccinia virus.

a. Vaccinia Virus

One exemplary orthopoxvirus is vaccinia virus. A variety of vaccinia virus
strains are available, including Western Reserve (WR), Copenhagen, Tashkent, Tian
Tan, Lister, Wyeth, THD-J, and IHD-W, Brighton, Ankara, MVA, Dairen I, L-IPV,
LC16M8, LC16MO, LIVP,WR 65-16, Connaught, New York City Board of Health.
Exemplary vaccinia viruses are Lister or LIVP vaccinia viruses. Any known
vaccinia virus, or modifications thereof that correspond to those provided herein or
known to those of skill in the art to reduce toxicity of a vaccinia viros. Generally,
however, the mutation will be a multipie mutant and the virus will be further
selected to reduce toxicity.

The linear dsDNA viral genome of vaccinia virus is approximately 200 kb in
size, encoding a total of approximately 200 potential genes. Viral gene expression
can be divided into three stages. In the early stage, gene expression is mainly for
viral replication, and for defense against the host’s immune system. In the
intermediate stage, genes not available for expression in the early stagc can be
expressed, including late stage transactivators. In the late stage, active transcription
is mainly for viral structural components for building mature viruses.

Vaccinia virus possesses a variety of features for use in cancer gene therapy
and vaccination. It has a broad host and cell type range. Vaccinia is a cytoplasmic

virus, thus, it does not insert its genome into the host genome during its life cycle.
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Unlike many other viruses that require the host’s transcription machinery, vaccinia
virus can support its own gene expression in the host cell cytoplasm using enzymes
encoded in the viral genome. The vaccinia virus genome has a large carrying
capacity for foreign genes, where up to 25 kb of exogenous DNA {ragments
(approximately 12% of the vaccinia genome size) can be inserted. The genomes of
several of the vaccinia strains have been completely sequenced, and many essential
and nonessential genes identified. Due to high sequence homology among different
strains, genomic information from one vaccinia strain can be used for designing and
generating modified viruses in other strains. Finally, the techniques for production
of modified vaccinla strains by genetic engineering are well established (Moss, Curr.
Opin. Genet. Dev. 3 (1993), 86-90; Broder and Earl, Mol. Biotechnol. 13 (1999),
223-245; Timiryasova et al., Biotechniques 31 (2001), 534-540).

Historically, vaccinia virus was used to immunize against smallpox infection.
More recently, modified vaccinia viruses are being developed as vaccines to combat
a variety of diseases. Attenuated vaccinia virus can trigger a cell-mediated immune
response. Strategies such as prime/boost vaccination, vaccination with
nonreplicating vaccinia virus or a combination of these strategies, have shown
promising results for the development of safe and effective vaccination protocols.
Mutant vaccinia viruses from previous studies exhibit a variety of shortcomings,
including a lack of efficient delivery of the viral vehicle to the desired tissue only
(e.g., specific accumulation in a ttimors), a lack of safety because of possible serious
complications (e.g., in young children, eczema vaccinatum and encephalitis, and in
aduits disseminated or progressive vaccinia may result if the individual is severely
immunodeficient).

b. Modified Vaccinia Viruses

Provided herein are vaccinia viruses with insertions, mutations or deletions,
as described more generally elsewhere herein. The vaccinia viruses are modified or
selected to have low toxicity and to accumulate in the target tissue. Exemplary of

such viruses are those from the LIVP strain.
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Exemplary insertions, mutations or deletions are those that result in an
attenuated vaccinia virus relative to-the wild type strain. For example, vaccinia virus
insertions, mutations or deletions can decrease pathogenicity of the vaccinia virus,
for example, by reducing the toxicity, reducing the infectivity, reducing the ability to
replicate, or reducing the number of non-tumor organs or tissues to which the
vaccinia virus can accumulate. Other exemplary insertions, mutations or deletions
include, but are not limited to, those that increase antigenicity of the microorganism,
those that permit detection or imaging, those that increase toxicity of the
microorganism (optionally, controlled by an inducible p%orﬁéter). For example,
modifications can be made in genes that are involved in nucleotide metabolism, host
interactions and virus formation. Any of a variety of insertions, mutations or
deletions of the vaccinia virus known in the art can be used herein, including
insertions, mutations or deletions of: the thymidine kinase (TK) gene, the
hemagglutinin (HA) gene, the VGF gene (as taught in U.S. Pat. Pub. No.
20030031681); a hemorrhagic region or an A type inclusion body region (as taught
in U.S. Pat. No. 6,596,279); Hind Il F, F13L, or Hind III M (as taught inU.S. Pat.
No. 6,548,068); A33R, A34R, A36R or BSR genes (see, e.g., Katz et al., J. Virology
77:12266-12275 (2003)); SalF7L (see, e.g., Moore et al.,, EMBO J. 1992 11:1973-
1980); N1L (see, e.g., Kotwal et al., Virology 1989 171:579-587); M1 lambda (see,
e.g., Child ez al., Virology. 1990 174:625-629); HR, HindIII-MK, Hind[II-MKF,
HindITI-CNM, RR, or BamF (see, e.g., Lee et al., J Virol. 1992 66:2617—2630); or
C21L (see, e.g., Isaacs et al., Proc Natl Acad Sci U S A. 1992 89:628-632).

c. The F3 Gene

In addition to the mutations known in the art, the vaccinia viruses provided
herein can have an insertion, mutation or deletion of the F3 gene (SEQ D No: 1;
an exemplary F3 gene is provided in GenBank Accession No. M57977, which
contains the nucleotide and predicted amino acid sequences for LIVP strain F3; see
also Mikryukov ef al., Biotekhnologiya 4:442-449 (1988)). For example, the F3
gene has been modified at the unique single Notl restriction site located within the

F3 gene at position 35 or at position 1475 inside of the HindIll-F fragment of
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vaccinia virus DNA strain LIVP Mikryukov et al., Biotekhnologiy 4 (1988), 442-
449) by insertion of a foreign DNA sequence into the Notl digested virus DNA. As
provided herein, an insertion of a nucleic acid molecule containing lacZ or
luci-féfaéefGFi” into the Notl site of the F3 gene of the LIVP strain (nucleotides
1473-1480 in M57977, or nucleotides 33-40 of SEQ ID NO: 1} can resuit in
decreased accumulation of vaccinia viruses in non-tumorous organs of nude mice,
including brain and heart, relative to wild type vaccinia virus. Thus for use in the
methods provided herein, vaccinia viruses can contain an insertion, mutation or
deletion of the F3 gene or a mutation of a corresponding locus.. For example, as
provided herein, F3-interrupted modified LIVP vaccinia virus can selectively
replicate in tumor cells in vivo. Therefore, modified vaccinia viruses (e.g., modified
strain LIVP) with the interrupted F3 gene can be used in the methods provided
herein, such as methods of tumor-directed gene therapy and for detection of tumors
and metastases.

Thus, provided herein are vaccinia viruses having a modification of the F3
gene. For example, the vaccinia viruses provided herein can contain an insertion of
foréign DNA into the F3 gene. An exemplary insertion of foreign DNA is an
insertion at a site equivalent to the NotI site of the F3 gene in vaccinia strain LIVP,
or at position 35 of SEQ ID No:1. An F3-modified vaccima virus provided herein
can colonize in tumors specifically, and therefore, can be used for tumor-specific
therapeutic gene delivery. A GenBank data analysis with BLAST (Basic Local
Alignment Search Tool) on nucleotide sequences of different strains of vaccinia
virus was performed. Based on this analysis, it was found that in vaccinia virus
strain Copenhagen (Goebel et al., Virology 179 (1990), 247-266) the Not! restriction
site is located between two open reading frames (ORF) encoding F14L and F15L
genes. Therefore, insertion of foreign genes into Notl site of the VV genome strain
Copenhagen will not interrupt any vital genes. In VV strain LIVP, the NotI
restriction site is located in the ORF encoding the F3 gene with unknown function
(Mikryukov et al., Biotekhnologiya 4 (1988), 442-449). Thus, the insertion of
foreign genes into the Notl site of the F3 gene interrupted the F3 gene. The ability



10

15

20

25

30

-90-

to modify the F3 gene suggests that it may have a nonessential role for virus
replication. Although the F3 gene is likely nonessential for virus replication, the
results of the animal experiments suggest that interruption of the F3 gene is
correlated with decreased viral virulence, the inability to replicate in brain or ovary,
and the ability to replicate preferentially in tumor tissue.

The F3 gene is conserved in a variety of different vaccinia virus strains,
including WR (nucleotides 42238-42387 of GenBank Accession No. AY243312.1,
Ankara (nucleotides 37155-37304 of GenBank Accession No. U94848.1), Tian Tan
(nucleotides 41808-41954 of GenBank Accession No. AF095689), Acambis 3000
{nucleotides 31365-31514 of GenBank Accession No. AY603355.1) and
Copenhagen (nucleotides 45368-45517 of GenBank Accession No. M35027.1)
strains. The F3 gene also is conserved in the larger family of poxviruses,
particularly among orthopoxviruses such as cowpox (nucleotides 58498-58647 of
GenBank Accession No. X94355.2), rabbitpox (nucleotides 46969-47118 of
GenBank Accession No. AY484669.1), camelpox (nucleotides 43331-43480 of
GenBank Accession No. AY009089.1), ectromelia (nucleotides 51008-51157 of
GenBank Accession No. AF012825.2), monkeypox {(nucleotides 42515-42660 of
GenBank Accession No. AF380138.1), and variola viruses (nucleotides 33100~
33249 of GenBank Accession No. X69198.1). Accordingly, also provided are
modifications of the equivalent of the F3 gene in poxviruses, such as
orthopoxviruses including a variety of vaccinia virus strains. One skilled in the art
can identify the location of the equivalent F3 gene in a variety of poxviruses,
orthopoxviruses and vaccinia viruses. For example, an equivalent of the F3 gene in
poxviruses, orthopoxviruses and vaccinia viruses can include a gene that contains at
least 80%, at least 85%, at least 90%, at least 92%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identity with the nucleotide
sequence of the F3 gene in SEQ ID No:1. In another example, an equivalent of the
F3 gene in poxviruses, orthopoxviruses and vaccinia viruses can include a gene that
contains at least 80%, at least 85%, at least 90%, at least 92%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity with the amino
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acid sequence of F3 in SEQ ID No:2. In another example, the equivalent to the F3
gene in LIVP can be determined by its structural location in the viral genome: the F3
gene is located on the HindUI-F fragment of vaccinia virus between open reading
frames F14L and F15L as defined by Goebel et al., Virology (1990} 179:247-266,
and in the opposite orientation of ORFs F14L and F15L; one skilled in the art can
readily identify the gene located in the structurally equivalent region in a large
variety of related viruses, such as a large variety of pox viruses.

Comparative protein sequence analysis revealed some insight into protein
function. The closest match with the protein encoded by the F3 gene (strain LIVP)
is a prolyl 4-hydroxylase alpha subunit precursor (4-PH alpha) from the nematode
Caenorhabditis elegans (Veijola ef al., J. Biol. Chem. 269 (1994), 26746-26753).
This alpha subunit forms an active alpha-beta dimer with the human protein
disulfide isomerase beta subunit. Prolyl 4-hydroxylase (EC 1.14.11.2) catalyzes the
formation of 4-hydroxyproline in collagen. The vertebrate enzyme is an alpha 2-
beta 2 tetramer, the beta subunit of which is identical to the protein disulfide-
isomerase (PDI). The importance of this protein for vaccinia viral replication is
unknown, but a deficiency of this protein can result in retargeting vaccinia virus to
tumor tissue.

d. Muitiple Modifications

The vaccinia viruses provided herein also can contain two or more insertions,
mutations or deletions, Thus, included are vaccinia viruses containing two or more
insertions, mutations or deletions of the loci provided herein or other loci known in
the art. In one embodiment, a vaccinia virus contains an insertion, mutation or
deletion in the F3 gene, and one or more additional insertions, mutations or
deletions. In one embodiment of the modified vaccinia virus, at least the F3 gene
has been modified by insertion of a foreign nucleotide sequence. Modifications such
as modification of the F3 gene will typically result in at least partial inactivation of
the gene or gene product. In one example, the F3 gene and the TK gene have been
modified by insertion of a foreign nucleotide sequence. In another example, the F3

gene and the HA gene have been modified by insertion of a foreign nucleotide
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sequence. In another example, the F3 gene and both the TK and HA genes have
been modified by insertion of a foreign nucleotide sequence. In another example,
the HA gene and the TK gene have been modified by insertion of a foreign
nucleotide sequence. Accordingly, the present compositions and methods include a
modified vaccinia virus wherein two or more of (a) the F3 gene, (b) the TK gene,
and (c) the HA gene have been modified. In one embodiment, at least two of the F3
gene, TK gene and HA gene have been inactivated, for example by insertion,
deletion and/or replacement of nucleotide(s) within the coding region, or regulatory
sequences of two or more of these genes have been inactivated by insertion, deletion
or mutation. |

e. The Lister Strain

In another embodiment, the viruses and methods provided herein can be
based on modifications to the Lister strain of vaccinia virus. Lister (also referred to
as Elstree) vaccinia virus is available from any of a variety of sources. For example,
the Elstree vaccinia virus is available at the ATCC under Accession Number VR-
1549. The Lister vaccinia strain has high transduction efficiency in tumor cells with
high levels of gene expression.

In one embodiment, the Lister strain can be an attenuated Lister strain, such
as the LIVP (Lister virus from the Institute of Viral Preparations, Moscow, Russia)
strain, which was produced by further attenuation of the Lister strain. The LIVP
strain was used for vaccination throughout the world, particularly in India and
Russia, and is widely available,

The LIVP strain has a reduced pathogenicity while maintaining a high
transduction efficiency. For example, as provided herein, F3-interrupted modified
LIVP vaceinia virus can selectively replicate in tumor cells in vivo. In one
embodiment, provided herein are modified LIVP viruses, including viruses having a
modified TK gene, viruses having a modified HA gene, viruses having a modified
F3 gene, and viruses having two or more of: modified HA gene, modified TK gene,

and modified F3 gene,
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il. Other cytoplasmic viruses

Also provided herein are cytoplasmic viruses that are not pexviruses.
Cytoplasmic viruses can reﬁlicate without introducing viral nucleic acid molecules
into the nucleus of the host cell. A variety of such cytoplasmic viruses are known in
the art, and include African swine flu family viruses and various RNA viruses such
as arenaviruses, picornaviruses, caliciviruses, togaviruses, coronaviruses,
paramyxoviruses, flaviviruses, reoviruses, and rhaboviruses. Exemplary togaviruses
include Sindbis viruses. Exemplary arenaviruses include lymphocytic
choriomeningitis virus. Exemplary rhaboviruses include vesicular stomatitis
viruses. Exemplary paramyxo viruses include Newcastle Disease viruses and
measles viruses. Exemplary picornaviruses include polio viruses, bovine
enteroviruses and rhinoviruses. Ex.emplary flaviviruses include Yellow fever virus;
attenuated Yellow fever viruses are known in the art, as exemplified in Barrett et al.,
Biologicals 25:17-25 (1997), and McAlister et al., J. Virol. 74:9197-9205 (2000).

Also provided herein are modifications of the viruses provided above to
enhance one or more characteristics relative to the wild type virus. Such
characteristics can include, but are not limited to, attenuated pathogenicity, reduced
toxicity, preferential accumulation in fumor, increased ability to activate an immune
response against tumor cells, increased immunogenicity, increased or decreased
replication competence, and are able to express exogenous proteins, and
combinations thereof. In some embodiments, the modified viruses have an ability to
activate an immune resporise against tumor cells without aggressively killing the
tumor cells. In other embodiments, the viruses can be modified to express one or
more detectable genes, including genes that can be used for imaging. Inother
embodiments, the viruses can be modified to express one or more genes for
harvesting the gene products and/or for harvesting antibodies against the gene
products. |

b, Adenovirus, Herpes, Retroviruses
Further provided herein are viruses that include in their life cycle entry of a

nucleic acid molecule into the nucleus of the host cell. A vanety of such viruses are
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known in the art, and include herpesviruses, papovaviruses, retroviruses,
adenoviruses, parvoviruses and orthomyxoviruses. Exemplary herpesviruses include
herpes simplex type | viruses, cytomegaloviruses, and. Epstein-Barr viruses.
Exemplary papoviruses include human papillomaﬁruseé and SV40 viruses.
Exemplary retroviruses include lentiviruses. Exemplary orthomyxoviruses include
influenza viruses. Exemplary parvoviruses include adeno associated viruses.

Also provided herein are modifications of the viruses provided above to
enhance one or more characteristics relative to the wild type virus. Such
characteristics can include, but are not limited to, attenuated pathogenicity, reduced
toxicity, preferential accumulation in tumor, increased ability to activate an immune
response against tumor cells, increased immunogenicity, increased or decreased
replication competence, and are able to express exogenous proteins, and
combinations thereof. In some embodiments, the modified viruses have an ability to
activate an immune response against tumor cells without aggressively killing the
tumor cells. In other embodiments, the viruses can be modified to express one or
more detectable genes, including genes that can be used for imaging. In other
embodiments, the viruses can be modified to express one or more genes for
harvesting the gene products and/or for harvesting antibodies against the gene
products.

kX Bacteria

Racteria can also be used in the methods provided herein. Any of a variety
of bacteria possessing the desired characteristics can be used. In one embodiment,
aerobic bacteria can be used. In another embodiment, anaerobic bacteria can be
used. In another embodiment, extracellular bacteria can be used. In another
embodiment, intracellular bacteria can be used.

In some embodiments, the bacteria provided herein can be extracellular
bacteria. A variety of extracellular bacteria are known in the art and include vibrio,
Jactobacillus, streptococcus, escherichia. Exemplary bacteria include Vibrio
cholerae, Streptococcus pyogenes, and Escherichia coli. In other embodiments, the

bacteria provided herein can be intracellular bacteria. A variety of intracellular
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bacteria are known in the art and include listeria, salmonella, clostridium, and
bifodobacterium. Exemplary intraceilular bacteria include Listeria monocytogenes,
Salmonella typhimurium, Clostridium histolyticus, Clostridium butyricum,
Bifodobacterium longum, and Bifodobacterium adolescentis. Additional bacteria
include plant bacteria such as Clavibacter michiganensis subsp. michiganensis,
Agrobacterium tumefaciens, Erwinia herbicola, A-zofhizobium cauiinodans,
Xanthomonas campestris pv. vesicatoria, and Xanthomonas campestris pv.
campestris.

A further example of a bacteria provided herein are magnetic bacteria. Such
bacteria allow tumor detection through the accumulation of iron-based contrast
agents. Magnetic bacteria can be isolated from fresh and marine sediments.
Magnetic bacteria can produce magnetic particles (F €304) (Blakemore, Annu. Rev,
Microbiol. 36 (1982), 217-238). To do so, the magnetic bacteria have efficient iron
uptake systems, which allow them to utilize both insoluble and soluble forms of
iron. Magnetospirillum magnetic AMB-1 is an example of such magnetic bactena
that has been isolated and cultured for magnetic particle production (Yang et al.,
Enzyme Microb. Technol. 29 (2001), 13-19). Asprovided herein, these magnetic
bacteria (naturally occurring or genetically modified), when injected intravenously,
can selectively accurnulate in tumor. Accordingly, these bacteria can be used for
accumulating iron-based conirast agents in the tumoers, which in turn allows tumor
detection by MRI. Similarly, other naturally isolated metal accumulating strains of
bacteria can be used for tumor targeting, ab-sorption of metals from confrast agents,
and tumor imaging.

Also provided herein are modifications of bacteria to enhance one or more
characteristics relative to the wild type bacteria. Such characteristics can include,
but are not limited to, attennated pathogenicity, reduced toxicity, preferential
accumulation in tumor, increased ability to activate an immune response against
tumor cells, increased immunogenicity, increased or decreased replication
competence, and are able to express exogenous proteins, and combinations thereof.

In some embodiments, the modified bacteria have an ability to activate an immune
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response against tumor cells without aggressively killing the tumor cells. In other
embodiments, the bacteria can be modified to express one or more detectable genes,
including genes that can be used for imaging. In other embodiments, the bactena
can be modified to express one or more genes for harvesting the gene products
and/or for harvesting antibodies against the gene products.
a. Aerobic bacteria

Previous studies have postulated that anaerobic bacteria are preferred for
administration to tumors (Lemmon ef al., 1997 Gene Therapy 4:791-796). As
provided herein, it has been determined that aerobic bacteria can survive and grow
in tumors. Accordingly, a bacteria used in the methods provided herein can include
a bacteria that can survive and grow in an oxygenated environment. In some
embodiments, the bacteria must be in an oxygenated environment in order to survive
and grow. A variety of aerobic bécteria are known in the art, including lactobacilli,
salmonella, streptococci, staphylococct, vibrio, listerié énd escherichia. Exemplary
bacteria include Vibrio cholerae, Listeria monocﬁoéencs, Salmonella typhimurium,
Streptococcus pyogenes, Escherichia coli, Lactobacillus bulgaricus, Lactobacillus
casei, Lacto bacillus acidophilus, Lactobacillus brevis, Lactobacillus paracasei,
Lactobacillus plantarum, I_actobacillus rhamnosus, Lactobacillus salivarius,
Lactobacillus sporogenes, Lactobacillus lactis, Lactobacillus fermentum,
Streptococcus thermophilus, Bacillus subtilis, Bacillus megaterium, Bacillus
polymyxa, Myobacterium smegmatis, Mycobacterium vaccae, Mycoﬁacterium
microti, Mycobacterium habana, Enterococcus faecalis, Pseudomonas fluorescens,
and Psendomonas putida.

b. Anaerobic bacteria

A bacteria used in the methods provided herein .can include a bacteria that
does not require oxygen to survive and grow. In some embodiments, the bacteria
must be in an oxygen-free environment in order to survive and grow. A variety of
aerobic bacteria are known in the art, including clostridium, bifodobacterium.
Exemplary bacteria include Clostridium histolyticus, Clostridium butyricum,

Clostridium novyi, Clostndium sordellii, Clostridium absonum, Clostridium
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bifermentans, Clostridium difficile, Clostridium histolyticum, Clostridium
perfringens, Clostridium betjerinckii, Clostridium sporogenes, Staphylococcus
aureus, Staphylococcus epidermidis, Bifidobacterium longum, Bifidobacterium
adolescentis, Bifidobacterium bifidum, Bifidobacterium infantis, Bifidobacterium
laterosporus, Bifidobacterium animalis, Actinomyces israelii, Eubacterium lentum,
Peptostreptococcus anaerobis, Peptococeus prevotti, and Acidaminococcus
fermentans. |

4. Eukaryotic celis

Also encompassed within the microorganisms provided herein and the
methods of making and using such microorganisms are eukaryotic cells, inciuding
cells from multicellular eukaryotes, including mamimals such as primates, where
exemplary cells are human cells. Typically the cells are isolated cells. For example,
eukaryotic cells can be tumor cells, including mammalian tumor cells such as
primate tumor cells, where exemplary primate tumor cells are human tumor cells
such as human breast cancer cells. In another example, eukaryotic cells can include
fbrosarcoma cells such as human fibrosarcoma cells. Exemplary human
fibrosarcoma cells include HT1080 (ATCC Accession Nos. CCL~121, CRL-12011
or CRL-12012). In another example, eukaryotic cells can include stem cells,
including mammalian stem cells such as primate stem cells, where exemplary
primate stem cells are human stem cells.

Also provided herein are modifications of eukaryotic cells to enhance one or
meore characteristics relative to the wild type cells. Such characteristics can include,
but are not limited to, attenuated pathogenicity, reduced toxicity, preferential
aceumulation in tumor, increased ability to activate an immune response against
tumor cells, increased immunogenicity, increased or decreased replication
competence, and are able to express exogencus proteins, and combinations thereof.
In some embodiments, the modified eukaryotic cells have an ability to activate an
immurie response against tumor cells without aggressively killing the tumor cells.
In other embodiments, the eukaryotic cells can be modified to express one or more

detectable genes, including genes that can be used for imaging. In other
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embodiments, the eukaryotic cells can be modified to express one Or more genes for
harvesting the gene products and/or for harvesting antibodies against the gene
products.
C. Methods for Making a Medified Microorganisrm

The microorganisms provided herein can be formed by standard
methodologies well known in the art for modifying microorganisms such as viruses,
bacteria and eukaryotic cells. Briefly, the methods include introducing into
microorganisms one or more genetic modification, followed by screening the
microorganisms for properties reflective of the modification or for other desired
properties,

1. Genetic Modifications

Standard techniques in molecular biology can be used to gencrate the
modified microorganisms provided herein. Such teéhniques include various nucleic
acid manipulation techniques, nucleic acid transfer protocols, nucleic acid
amplification protocols, and other molecular biology techniques known in the art.
For example, point mutations can be introduced into a gene of interest through the
use of oligonucleotide mediated site-directed mutagenesié. Alternatively,
homologous recombination can be used to introduce a mutation or exogenous
sequence into a target sequence of interest. Nucleic acid transfer protocols include |
calcium chloride tranformation/transfection, electroporation, liposome mediated
nucleic acid transfer, N-[1-(2,3-Dioloyloxy)propyl]—N,N,N-trimethyimmnonium
methylsulfate meditated transformation, and others. In an alternative mutagenesis
protocol, point mutations in 2 particular gene can also be selected for using a
positive selection pressure. See, e.g., Current Techniques in Molecular Biology,
(Ed. Ausubel, et al.). Nucleic acid amplification protocols include but are not limited
to the polymerase chain reaction (PCR). Use of nucleic acid tools such as plasmids,
vectors, promoters and other regulating sequences, are well known in the art for a
large variety of viruses and cellular organisms, Further a large variety of nucleic
acid tools are available from many different sources including ATCC, and various

commercial sources. One skilled in the art will be readily able to select the
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appropriate tools and methods for genetic modifications of any particular virus or
cellular organism according to the knowledge in the art and design choice.

Any of a variety of modifications can be readily accomplished using standard
molecular biological methods known in the art. The modifications will typically be
one or more truncations, deletions, mutations or insertions of the microorganismal
genome. In one embodiment, the modification can be specifically directed to a
particular sequence. The modifications can be directed to any of a variety of regions
of the microorganismal genome, including, but not limited to, a regulatory sequenc,
toa gene»encodiﬁg sequence, or to a sequence without a known role. Anyofa
variety of regions of microorganismal genomes that are available for mbdiﬁcation are
readily known in the art for many microorganisms, including the microorganisms
specifically listed herein. As a non-limiting example, the loci of a variety of
vaccinia genes provided hereinelsewhere exemplify the number of different regions
that can be targeted for modification in the microorganisms provided herein. In
another embodiment, the modification can be fully or partially random, whereupon
selection of any particular modified microorganism can be determined according to
the desired properties of the modified the microorganism.

In some embodiments, the microorganism can be modified to express an
exogenous gene. Exemplary exogenous gene products include proteins and RNA
molecules. The modified microorganisms can express a detectable gene product, a
therapeutic gene product, a gene product for manufacturing or harvesting, or an
antigenic gene product for antibody harvesting. The characteristics of such gene
products are described hereinelsewhere. In some embodiments of modifying an
organism to express an exogenous gene, the modification can also contain one or
more regulatory sequences to regulate expression of the exogenous gene. As s
known in the art, regulatory sequences can permit constitutive expression of the
gxogenous gene or can permit inducibie expression of the exogenous gene. Further,
the regulatory sequence can permit control of the level of expression of the
exogenous gene. In some examples, inducible expression can be under the control

of cellular or other factors present in a tumor cell or present in a microorganism-
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infected tumor cell. In other examples, inducible expression can be under the
control of an administerable substance, including IPTG, RU486 or other known
induction compounds. Any of a variety of regulatory sequences are available tc one
skilled in the art according to known factors and design preferences. In some
embodiments, such as gene product manufacture and harvesting, the regulatory
sequence can result in constitutive, high levels of gene expression. In some
embodiments, such as anti-(gene product) antibody harvesting, the regulatory
sequence can result in constitutive, lower levels of gene expression. In tumor
therapy embodiments, a therapeutic protein can be under the control of an internally
inducible promoter or an externally inducible promoter. |

In other embodiments, organ or tissue-specific expression can be controlled
by regulatory sequences. In order to achieve expression only in the target organ, for
example, a tumor to be treated, the foreign nucleotide sequence can be linked to a
tissue specific promoter and used for gene therapy. Such promoters are well known
to those skilled in the art (see e.g., Zimmermann et al., (1994) Neuron 12, 11-24;
Vidal et al.; (1990) EMBO J. 9, 833-840; Mayford et al., (1995), Cell 81, 851-904;
Pinkert et al., (1987) Genes & Dev. 1, 268-76).

In some embodiments, the microorganisms can be modified to express two
or more proteins, where any combination of the two or more proteins can be one ot~
more detectable gene products, therapeutic gene products, gene products for
manufacturing or harvesting, or antigenic gene products for antibody harvesting. In
one embodiment, a microorganism can be modified to express a detectable protein
and a therapeutic protein. In another embodiment, 2 microorganism can be modified
to express two or more gene products for detection or two or more therapeutic gene
products. For example, one or more proteins involved in biosynthesis of a luciferase
substrate can be expressed along with luciferase. When two or more exogenous
genes are introduced, the genes can be regulated under the same or different
regulatory sequences, and the genes can be inserted in the same or different regions
of the microorganismal genome, in 2 single or a plurality of genetic manipulation

steps. In some embodiments, one gene, such as a gene encoding a detectable gene
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product, can be under the control of a constitutive pfbmoter, while a second gene,
suchasa gene encodmg a therapeutic gene product can be under the control of an
inducible promoter. Methods for inserting two or more genes in to a microorganism are
known in the art and can be readily performed for a wide variety of microorganisms
using a wide variety of exogenous genes, regulatory sequences, and/or other nucleic
acid sequences.

In an example of performing microorganismal modification methods,
vaccinia virus strain LIVP was modified to contain insertions of exogenous DNA in
three different Jocations of the viral genome. Using general methods known in the
art, known molecular biology tools, and sequences known in the art or disclosed
herein cart be used to create modified vaccinia virus strains, including viruses
containing insertions in the F3 gene, TK gene and/or HA gene. See, e.g.,
Mikryukov, et al., Biotekhnologya 4 (1998), 442-449; Goebel et al., Virology 179
(1990), 247-266; Antoine et al., Virology 244 (1998), 365-396; Mayr et al., Zentbl.
Bakteriol. Hyg. Abt 1 Orig. B 167 (1978), 375-390; Ando and Matumoto, Jpn. J.
Microbial. 14 (1979), 181-186; Sugimoto et al., Microbial. Immueol. 28 (1985),
421-428; Takahashi-Nishimaki ef al, J. Gen. Virol. 68 (1987}, 2705-2710). These
methods include, for example, in vitro recombination techniques, synthetic methods
and in vivo recombination methods as described, for example, in Sambrook et al,
Molecular Cloning: A Laboratory Ma.riuai, 2nd edition, Cold Spring Harbor
Laboratory Press, cold Spring Harbor NY (1 989), and in the Examples disclosed

herein. The person skilled in the art can isolate the gene encoding the gene product

of F3 (or arelated gene product) from any vaccinia strain using, for example, the
nucleotide sequence of the F3 gene of SEQ 1D No:1 or SEQ ID NOs:10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30 or 32, or a fragment thereof as a probe for screeningé
library.

Methods of producing recombinant microorganisms are known n the art.
Provided herein for exemplary purposés are methods of producing a recombinant
vaccinia virus. A recombinant vaccinia virus with an insertion in the F3 gene can be

prepared by the following steps: (a) generating (i) a vaccinia shuttle plasmid
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containing the modified F3 gene inserted at restriction site X and (ii) a
dephosphorylated wt VV (VGL) DNA digested at restriction site X; (b) transfecting
host cells infected with PUV-inactivated helper VV (VGL) with a mixture of the
constructs of (i) and (ii) of step a; and (c) isolating the recombinant vaccinia viruses
from the transfectants. One skilled in the art knows how to perform such methods,
for example by following the instructions given in Example 1 and the legend to
Figure 1; see also Timiryasova ef al., Biotechniques 31 (2001), 534-540. In one
embodiment, restriction site X is a unique restriction site. A variety of suitable host
cells also are known to the person skilled in the art and include many mammalian,
avian and insect cells and tissues which are susceptible for vaccinia virus infection,
including chicken embryo, rabbit, hamster and monkey kidney cells, for example,
HelLa cells, RK 3, CV-1, Vero, BSC40 and BSC-1 monkey kidney cells.

2. Screening for above characteristics

Modified microorganisms can be screened for any desired characteristics,
including the characteristics described herein such as attenuated pathogenicity,
reduced toxicity, preferential accumulation in tumor, increased ability to activate an
immune response against tumor cells, increased irmmunogenicity, increased or
decreased replication competence, and are able to express exogenous proteins, and
combinations thereof. For example, the modified microorganisms can be screened
for the ability to activate an immune response against tumor cells without
aggressively killing the tumor cells. In another example, the microorganisms can be
screened for expression of one or more detectable genes, including genes that can be
used for imaging, or for expression of one or more genes for manufacture or harvest
of the gene products and/or for harvest of antibodies against the gene products.

Any of a variety of known methods for screening for such characteristics can
be performed, as demonstrated in the Examples provided herein. One Exemplary
method for screening for desired characteristics includes, but is not limited to,
monitoring growth, replication and/or gene expression (including expression of an
exogenous gene) in cell culture or other invitro medium. The cell culture can be

from any organism, and from any tissue source, and can include tumorous tissues.
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Other exemplary methods for screening for desired characteristics include, but are
not limited to, administering a microorganism to animal, including non-human
animals such as a mouse, monkey or ape, and optionally also including humans, and
monitoring the microorganism, the tumor, and or the animal; monitoring can be
performed by in vivo imaging of the microorganism and/or the tumor {e.g., low light
imaging of microorganismal gene expression or ultrasonic tumor imaging), external
monitoring of the tumor (e.g., external measurement of tumor size), monitoring the
animal (e.g., monitoring animal weight, blood panel, antibody titer, spleen size, or
liver size). Other exemplary methods for screening for desired characteristics
include, but are not limited to, harvesting a non-human animal for the effects and
location of the microorganism and expression by the microorganism, including
methods such as harvesting a variety of organs including a tumor to determine
presence of the microorganism and/or gene expression by the microorganism in the
organs or tumor, harvesting of organs associated with an immune response or
microorganismal clearance such as the spleen or liver, harvesting the tumor to
determine tumor size and viability of tumor cells, harvesting antibodies or antibody
producing cells. Such screening and monitoring methods can be used in any of a
variety of combinations, as is known in art. In one embodiment, 2 microorganism
can be screened by administering the microorganism to an animal such as a non-
human animal or a human, followed by monitoring by in vivo imaging. In another
embodiment, a microorganism can be screened by administering the microorganism
to an animal such as a non-human animal, monitoring by in vivo imaging, and then
harvesting the animal. Thus, provided herein are methods for screening a
microorganism for desired characteristics by administering the microorganism to an
animal such as an animal with a tumor, and monitoring the animal, tumor (if
present), and/or microorganism in the animal for one or more characteristics. Also
provided herein are methods for screening a microorganism for desired
characteristics by administering the microorganism to a non-human animal such as a
non-human animal with a tumor, harvesting the animal, and assaying the animal’s

organs, antibody titer, and/or tumor (if present) for one or more characteristics.
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Provided herein are methods for screening a microorganism for attenuated
pathogenicity or reduced toxicity, where the pathogenicity or toxicity can be
determined by a variety of techniques, including, but not limited to, assessing the
health state of the subject, measuring the body weight of a subject, blood or urine
analysis of a subject, and monitoring tissue distribution of the microorganism within
the subject; such techniques can be performed on a living subject in vivo, or can be
performed post mortem. Methods also can include the ability of the microorganisms
to lyse cells or cause cell death, which can be determined in vivo or in vitro.

When a subject drops below a threshold body weight, the microorganism can
be considered pathogenic to the subject. Exemplary thresholds can be a drop of
about 5% or more, a drop of about 10% or more, or a drop of about 15% or more in
body weight relative to a reference. A body weight reference can be selected from
any of a variety of references used in the art; for example, a body weight reference
can be the weight of the subject prior to administration of the microorganism, the
body weight reference can be a control subject having the same condition as the test
subject (e.g., normal or tumor-injected), where the change in weight of the control is
compared to the change in weight of the test subject for the time period after
administration of the microorganism.

Blood or urine analysis of the subject can indicate level of immune response,
level of toxins in the subject, or other levels of stress to cells, tissues or organs of the
subject such as kidneys, pancreas, liver and spleen. Levels increased above
established threshold levels can indicate pathogenicity of the microorganism to the
subject. Threshold levels of components of blood or urine for indicating
microorganismal pathogenicity are well known in the art, and any such thresholds
can be selected herein according to the desired tolerance of pathogenicity or toxicity
of the microorganism.

Tissue distribution of a microorganism in a subject can indicate
pathogenicity or toxicity of the microorganism. In one embodiment, tissue
distribution of a microorganism that is not pathogenic or toxic can be mostly in

tumor relative to other tissues or organs. Microorganisms located mostly in tumor
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can accumulate, for example, at least about 2-fold greater, at least about 5-fold
greater, at least about 10-fold greater, at least about 100-fold greater, at least about
1,000-fold greater, at least about 10,000-fold greater, at least about 100,000-fold
greater, or at least about 1,000,000-fold greater, than the microorganism accurnulate
in any other particular organ or tissue.

Provided herein are methods for screening a microorganism for tissue
distribution or accumulation, where the tissue distribution can be determined by a
variety of techniques, including, but not limited to, harvesting a non-human subject,
in vivo imaging a detectable gene product in subject. Harvesting can be
accomplished by euthanizing the non-human subject, and determining the
accumulation of microorganisms in tumor and, optionally, the accumulation in one
or more additional tissues or organs. The accumulation can be determined by any of
a variety of methods, including, but not limited to, detecting gene products such as
detectable gene products (e.g., gfp or beta galactosidase), histological or
microscopic evaluation of tissue, organ or tumor samples, or measuring the number
of plaque or colony forming units present in a tissue, organ or tumor sample. In one
embodiment, the desired amount of tissue distribution of a microorganism can be
mostly in tumor relative to other tissues or organs. Microorganisms located mostly
in tumor can accumulate, for example, at least about 2-fold greater, at least about 5-
fold greater, at least about 10-fold greater, at least about 100-fold greater, at least
about 1,000-fold greater, at least about 10,000-fold greater, at least about 100,000-
fold greater, or at least about 1,000,000-fold greater, than the microorganism
accumulate in any other particular organ or tissue,

Also provided herein are methods of screening for microorganisms that can
elicit an immune response, where the immune response can be against the tumor
cells or against the microorganisms. A variety of methods for measuring the ability
to elicit an immune response are known in the art, and include measuring an overall
increase in immune activity in a subject, measuring an increase in anti-
microorganism or anti-tumor antibodies in a subject, testing the ability of 2

microorganism-treated (typically a non-human) subject to prevent later
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infection/tumor formation or to rapidly eliminate microorganisms or tumor cells.
Methods also can include the ability of the microorganisms to lyse cells or cause cell
death, which can be determined in vivo or in vitro.

Also provided herein are methods for determining increased or decreased
replication competence, by monitoring the speed of replication of the
microorganisms. Such measurements can be performed in vivo or in vitro. For
example, the speed of replication in a cell culture can be used to determine
replication competence of a microorganism. In another example, the speed of
replication in a tissue, organ or tumor in a subject can be used to measure replication
competence. In some embodiments, decreased replication competence in non-tumor
tissues and organs can be the characteristic to be selected in a screen. In other
embodiments, increased replication competence in tumors can be the characteristic
to be selected in a screen.

Also provided herein are methods for determining the ability of a
microorganism to express genes, such as exogenous gene. Such methods can be
performed in vivo or in vitro. For example, the microorganisms can be screened on
selective plates for the ability to express a gene that permits survival of the
microorganism or permits the microorganism to provide a detectable signal, such as
turning X-gal blue. Such methods also can be performed in vivo, where expression
can be determined, for example, by harvesting tissues, organs or tumors a non-
human subject or by in vivo imaging of a subject.

Also provided herein are methods for determining the ability of a
microorganism to express genes toward which the subject can develop antibodies,
including exogenous genes toward which the subject can develop antibodies. Such
methods can be performed in vivo using any of a variety of non-human subjects.

For example, gene expression can be determined, for example, by bleeding a non-
human subject to which a microorganism has been administered, and assaying the
blood (or serum) for the presence of antibodies against the microorganism-expressed
gene, or by any other method generally used for polyclonal antibody harvesting,

such as production bleeds and terminal bleeds.
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Also provided herein are methods for screening a microorganism that has
two or more characteristics provided herein, including screening for attenuated
pathogenicity, reduced toxicity, preferential accumulation in tumor, increased ability
to activate an immune response against tumor cells, increased immunogenicity,
increased or decreased replication competence, ability to express exogenous
proteins, and ability to elicit antibody production against a microorganismally
expressed gene product. A single monitering technique, such as in vivo imaging,
can be used to verify two or more characteristics, or a variety of different monitoring
techniques can be used, as can be determined by one skilled in the art according to
the selected characteristics and according to the monitoring techniques used.

D. Therapentic Methods

Provided herein a:re___therapeutic methods, including methods of treating or
preventing .immunoprivileged cells or tissue, including cancerous cells, tumor and
metastasis. The methods provided herein include administering a microorganism to
a subject containing a tumor and/or metastases. The methods provided herein do not
require the microorganism to kill tumor cells or decrease the tumor size. Instead, the
methods provided herein include administering to a subject a microorganism that |
can cause or enhance an anti-tumor imrmune response in the subject. In some
embodiments, the microorganisms provided herein can be administered to a subject
without causing microorganism-induced disease in the subject. In some
embodiments, the microorganisms can accumulate in ftumors or metastases. In some
embodiments, the microorganisms can elicit an anti-tumor immune response in the
subject, where typically the microorganism-mediated anti-tumor immune response
can develop over several days, such as a week or more, 10 days or more, two weeks or
more, or a2 month or more, as a result of little or no microorganism-cause fumor cell
death. In some exemplary methods, the microorganism can be present in the tumor,
and can cause an anti-turnor immune response without the microorganism itself
causing enough fumor cell death to prevent tumor growth.

In some embodiments, provided herein are methods for eliciting or

enhancing antibody production against a selected antigen or a selected antigen type
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in a subject, where the methods include administering to a subject a microorganism
that can accumulate in a tumor and/or metastasis, and can cause release of a selected
antigen or selected antigen type from the tumor, resulting in antibody production
against the selected antigen or selected antigen type. The administered
microorganisms can posses one or more characteristics including attenuated
pathogenicity, low toxicity, preferential accumulation in tumor, ability to activate an
immune response against tumor cells, immunogenicity, replication competence,
ability to express exogenous genes, and ability to elicit antibody production against a
microorganismally expressed gene product.

Any of a variety of antigens can be targeted in the methods provided herein,
including a selected antigen such as an exogenous gene product expressed by the
microorganism, or a selected antigen type such as one or more tumor antigens
release from the tumor as a result of microorganism infection of the tumor (e.g., by
lysis, apoptosis, secretion or other mechanism 6f causing antigen release from the
tumor). In at least some embodiments, it can be desirable to maintain release of the
selected antigen or selected antigen type over a series of days, for example, at least a
week, at least ten days, at least two weeks or at least a month.

Also provided herein are methods for providing a sustained antigen release
within a subject, where the methods include administering to a subject a
microorganism that can accumulate in a tumor and/or metastasis, and can cause
sustained release of an antigen, resulting in antibody production against the antigen.
The sustained release of antigen can last for several days, for example, at least a
week, at least ten days, at least two weeks or at least a month. The administered
microorganisms can posses one or more characteristics including attenuated
pathogenicity, low toxicity, preferential accumulation in tumor, ability to activate an
immune response against tumor cells, immunogenicity, replication competence,
ability to express exogenous genes, and ability to elicit antibody production against a

microorganismally expressed gene product. The sustained release of antigen can

~result in an immune response by the microorganism-infected host, in which the host

can develop antibodies against the antigen, and/or the host can mount an immune
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response against cells expressing the antigen, including an immune response against
tumor cells. Thus, the sustained release of antigen can result in immunization
against tumor cells. In some embodiments, the microorganism-mediated sustained
antigen release-induced immune response against tumor cells can result in complete
removal or killing of all tumor cells.

Also provided herein are methods for inhibiting tumor growth in a subject,
where the methods include administering to a subject a microorganism that can
accumulate in a tumor and/or metastasis, and can cause or enhance an anti-tumor
immune response. The anti-tumor immune response induced as a result of tumor or
metastases-accumulated microorganisms can result in inhibition of tumor growth.
The administered microorganisms can posses one or more characteristics including
attenuated pathogenicity, low toxicity, preferential accumulation in tumor, ability to
activate an immune response against tumor cells, immunogenicity, replication
competence, ability to express exogenous genes, and ability to elicit antibody
production against a microorganismally expressed gene product.

Also provided herein are methods for inhibiting growth or formation of a
metastasis in a subject, where the methods include administering to a subject a
microorganism that can accumulate in a tumor and/or metastasis, and can cause or
enhance an anti-tumor immune response. The anti-tumor immune response induced
as a result of tumor or metastasis-accumulated microorganisms can result in
inhibition of metstasis growth or formation. The administered microorganisms can
posses one or more characteristics including attenuated pathogenicity, low toxicity,
preferential accumulation in tumor, ability to activate an immune response against
tumor cells, immunogenicity, replication competence, ability to express exogenous
genes, and ability to elicit antibody production against a microorganismally
expressed gene product.

Also provided herein are methods for decreasing the size of a tumor and/or
metastasis in a subject, where the methods include administering to a subject a
microorganism that can accumulate in a tumor and/or metastasis, and can cause or

enhance an anti-tumor immune response. The anti-tumor immune response induced
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as a result of tumor or metastasis-accumulated microorganisms can result in a
decrease in the size of the tumor and/or metastasis. The administered
microorganisms can posses one or more characteristics including attenuated
pathogenicity, low toxicity, preferential accumulation in tumor, ability 1o activate an
immune response against tumor cells, immunogenicity, replication competence,
ability to express exogenous genes, and ability to elicit antibody production against a
microorganismally expressed gene product.

Also provided herein are methods for eliminating a tumor and/or metastasis
from a subject, where the methods include administering to a subject a
microorganism that can accumulate in a tumor and/or metastasis, and can cause or
enhance an anti-tumor immune response. The anti-tumor immune response induced
as a result of tumor or metastasis-accumulated microorganisms can result in
elimination of the tumor and/or metastasis from the subject. The administered
microorganisms can posses one or more characteristics including attenuated
pathogenicity, low toxicity, preferential accumulation in tumor, ability to activate an
immune response against tumor cells, immunogenicity, replication competence,
ability to express exogenous genes, and ability to elicit antibody production against a
microorganismally expressed gene product.

Methods of reducing inhibiting tumor growth, inhibiting metastatis growth
and/or formation, decreasing the size of a tumor or metastasis, eliminating a tumor
or metastasis, or other tumor therapeutic methods provided herein include causing or
enhancing an anti-tumor immune response in the host. The immune response of the
host, being anti-tumor in nature, can be mounted against tumors and/or metastases in
which microorganisms have accumulated, and can also be mounted against tumors
and/or metastases in which microorganisms have not accumulated, including tumors
and/or metastases that form after administration of the microorganisms to the
subject. Accordingly, a tumor and/or metastasis whose growth or formation is
inhibited, or whose size is decreased, or that is eliminated, can be a tumor and/or
metastasis in which the microorganisms have accumulated, or also can be a tumor

and/or metastasis in which the microorganisms have not accumulated. Accordingly,
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provided herein are methods of reducing inhibiting tumor growth, inhibiting
metastatis growth and/or formation, decreasing the size of a tumor or metastasis,
eliminating a turnor or metastasis, or other tumor therapeutic methods, where the
method includes administering to a subject a microorganism, where the
microorganism accumulates in at least one tumor or metastasis and causes or
enhances an anti-tumor immune response in the subject, and the immune response
also is mounted against a tumor and/or metastasis in which the microorgantsm cell
did not accumulate. In another embodiment, methods are provided for inhibiting or
preventing recurrence of a neoplastic disease or inhibiting or preventing new tumor
growth, where the methods include administering to a subject a microorganism that
can accumulate in a tumor and/or metastasis, and can cause or enhance an anti-

tumor immune response, and the anti-tumor immune response can inhibit or prevent

recurrence of a neoplastic disease or inhibit or prevent new tumor growth.

The tumor or neoplastic disease therapeutic methods provided herein, such as
methods of reducing inhibiting tumor growth, inhibiting metastatis growth and/or
formation, decreasing the size of a tumor or metastasis, eliminating a tumor or
metastasis, or other tumor therapeutic methods, also can include administering to a
subject a microorganism that can cause tumor cell lysis or tumor cell death. Sucha
microorganism can be the same microorganism as the microorganism that can cause
or enhance an anti-tumor immune response in the subject. Microorganisms, such as
the microorganisms provided herein, can cause cell lysis or tumor cell death as a
result of expression of an endogenous gene or as a result of an exogenous gene.
Endogenous or exogenous genes can cause tumor cell lysis or inhibit cell growth as
a result of direct or indirect actions, as is known in the art, including lytic channel
formation or activation of an apoptotic pathway. Gene products, such as exogenous
gene products can function to activate a prodrug to an active, cytotoxic form,
resulting in cell death where such genes are expressed.

Such methods of antigen production or tumor and/or metastasis treatment
can include administration of a modified microorganism described herein or a

microorganism having modifications with a functional equivalence to the vaccinia
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virus provided herein containing a modification of the F3 gene and the TK gene
and/or the HA gene, for therapy, such as for gene therapy, for cancer gene therapy,
or for vaccine therapy. Such a microorganism can be used to stimulate humoral
and/or cellular immune response, induce strong cytotoxic T lymphocytes responses
in subjects who may benefit from such responses. For example, the microorganism
can provide prophylactic and therapeutic effects against a tumor infected by the
microorganism or other infectious diseases, by rejection of cells from tumors or
lesions using microorganisms that express immunoreactive antigens (Earl ef al.
(1986), Science 234, 728-831; Lathe et al. (1987), Nature (London) 326, 878-880),
cellular tumor-associated antigens (Bernards et al., (1987), Proc. Natl. Acad. Sci.
USA 84, 6854-6858; Estin et al. (1988), Proc. Natl. Acad. Sci. USA 85, 1052-1056;
Kantor ef al. (1992), J. Natl. Cancer Inst. 84, 1084-1091; Roth et al. (1996), Proc.
Natl, Acad, Sci. USA 93, 4781-4786) and/or cytokines (e.g., I1.-2, IL-12),
costimulatory molecules (B7-1, B7-2) (Rao ef al. (1996), J. Immunol. 156,
3357-3365; Chamberlain et al. (1996), Cancer Res. 56, 2832-2836; Oertli et al.
(1996), J. Gen. Virol. 77, 3121-3125; Qin‘ and Chatterjee (1996}, Human Gene Ther.
7, 1853-1860; McAnény et al. (1996), Ann. Surg. Oncol.3, 495-500), or other
therapeutic proteins.

Provided herein, solid tumors can be treated with microorganisms, such as
vaccinia viruses, resulting in an enormous tumor-specific microorganism replication,
which can lead to tumor protein antigen and viral protein production in the tumors.
As provided herein, vaccinia virns administration to mice resulted in lysis of the
infected tumor cells and a resultant release of tumor-cell-specific antigens.
Continuous leakage of these antigens into the body led to a very high level of
antibody titer (in approximately 7-14 days) against tumor proteins, viral proteins,
and the virus encoded engineered proteins in the mice. The newly synthesized
antitumor antibodies and the enhanced macrophage, neutrophils count were
continuously delivered via the vasculature to the tumor and thereby provided for the
recruitment of an activated immune system against the tumor. The activated

immune system then eliminated the foreign compounds of the tumor including the
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viral particles. This interconnected release of foreign antigens boosted antibody
production and continuous response of the antibodies against the tumor proteins to
function like an autoimmunizing vaccination system initiated by vaccinia viral
infection and replication, followed by cell lysis, protein leakage and enhanced
antibody production. Thus, the present methods can provide a complete process that
can be applied to all tumor systems with immunoprivileged tumor sites as site of
privileged viral, bacterial, and mammalian cell growth, which can lead to tumor
elimination by the host’s own immune system.

In other embodiments, methods are provided for immunizing a subject,
where the methods include administering to the subject a microorganism that
expresses one or more antigens against which antigens the subject will develop an
immune response. The immunizing antigens can be endogenous to the
microorganism, such as vaccinia antigens on a vaccinia virus used to immunize
against smallpox. Or the immunizing antigens can be exogenous antigens expressed
by the microorganism, such as influenza or HIV antigens expressed on a viral capsid
or bacterial cell surface. Thus, the microorganisms provided herein, including the
modified vaccinia viruses can be used as vaccines.

1. Administration

In performing the methods provided herein, a microorganism can be
administered to a subject, including a subject having a tumor or having neoplastic
cells, or a subject to be immunized. An administered microorganism can be a
microorganism provided herein or any other microorganism known for
administration to a subject, for example, any known microorganism known for
therapeutic administration to a subject, including antigenic microorganisms such as
any microorganism known to be used for vaccination. In some embodiments, the
microorganism administered is a microorganism containing a characteristic such as
attenuated pathogenicity, low toxicity, preferential accumulation in tumor, ability to
activate an immune response against tumor cells, high immunogenicity, replication

competence, and ability to express exogenous proteins, and combinations thereof,
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a. Steps prior to administering the microsrganism

In some embodiments, one or more steps can be performed prior to
administration of the microorganism to the subject. Any of a variety of preceding
steps can be performed, including, but not limited to diagnosing the subject with a
condition appropriate for microorganismal adminisﬁati6n, determining the
immunocompetence of the subject, immunizing the subject, treating the subject with
a chemotherapeutic agent, treating the subject with radiation, or surgically treating
the subject.

For embodiments that include administering a microorganism to a tumor-bearing
subject for therapeutic purposes, the subject has typically been previously diagnosed
with a neoplastic condition. Diagnostic methods also can include determining the
type of neoplastic condition, determining the stage of the neoplastic conditions,
determining the size of one or more tumors in the subject, determining the presence
or absence of metastatic or neoplastic cells in the lymph nodes of the subject, or
determining the presence of metastases of the subject. Some embodiments of
therapeutic methods for administering a microorganism to a subject can include a
step of determination of the size of the primary tumor or the stage of the neoplastic
disease, and if the size of the primary tumor is equal to or above a threshold volume,
or if the stage of the neoplastic disease is at or above a threshold stage, a
microorganism is administered to the subject. In a similar embodiment, if the size of
the primary tumor is below a threshold volume, or if the stage of the neoplastic
disease is at or below a threshold stage, the microorganism is not yet administered to
the subject; such methods can include monitoring the subject until the tumor size or
neoplastic disease stage reaches a threshold amount, and then administering the
microorganism to the subject. Threshold sizes can vary according to several factors,
including rate of growth of the tumor, ability of the microorganism to infect a tumor,
and immunocompetence of the subject. Generally the threshold size will be a size
sufficient for a microorganism to accumulate and replicate in or near the tumor
without being completely removed by the host’s immune system, ang will typically

also be a size sufficient to sustain a microerganismal infection for a time long
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enough for the host to mount an immune response against the tumor cells, typically
about one week or more, about ten days or more, or about two weeks or more.
Exemplary threshold tumor sizes for viruses such as vaccinia viruses are at least
about 100 mm?>, at least about 200 mm®, at least about 300 mm”, at least about 400
mm®, at least about 500 mrn3, at least about 750 mm3, at least about 1000 mm3, or at
least about 1500 mm’. Threshold neoplastic disease stages also can vary according
to several factors, including specific requirement for staging a particular neoplastic
disease, aggressiveness of growth of the neoplastic disease, ability of the
microorganism to infect a tumor or metastasis, and immunocompetence of the
subject. Generally the threshold stage will be a stage sufficient for a microorganism
to accumulate and replicate in a tumor or metastasis without being completely
removed by the host’s immune system, and will typically also be a size sufficient to
sustain a microorganismal infection for a time long enough for the host to mount an
immune response against the neoplastic cells, typically about one week or more,
about ten days or more, or about two weeks or more. Exemplary threshold stages
are any stage beyond the lowest stage (e.g., Stage I or equivalent), or any stage
where the primary tumor is larger than a threshold size, or any stage where
metastatic cells are detected.

In other embodiments, prior to administering to the subject a microorganism,
the immunocompetence of the subject can be determined. The methods of
administering a microorganism to a subject provided herein can include causing or
enhancing an immune response in a subject. Accordingly, prior to administering a
microorganism to a subject, the ability of a subject to mount an immune response
can be determined. Any of a variety of tests of immunocompetence known in the art
can be performed in the methods provided herein. Exemplary immunccompetence
tests can examine ABO hemagglutination titers (IgM), leukocyte adhesion
deficiency (LAD), granulocyte function (NBT), T and B cell quantitation, tetanus
antibody titers, salivary IgA, skin test, tonsil test, complement C3 levels, and factor
B levels, and lymphocyte count. One skilled in the art can determine the desirability

to administer a microorganism to a subject according to the level of
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immunocompetence of the subject, according to the immunogenicity of the
microorganism, and, optionally, according to the imniunoéenicity of the neoplastic
disease to be treated. Typically, a subject can be considered immunocompetent if
the skilled artisan can determine that the subject is sufficiently competent to mount
an immune response against the microorganism.

In some embodiments, the subject can be immunized prior to administering
to the subject a microorganism according to the methods provided herein.
Immunization can serve to increase the ability of a subject to mount an immune
response against the microorganism, or increase the speed at which the subject can
mount an jpumune response against a microorganism. Immunization also cén serve
to decrease the risk to the subject of pathogenicity of the microorganism. In some
embodiments, the immunization can be performed with an immunization
microorganism that is similar to the therapeutic microorganism to be administered.
For example, the immunization microorganism can be a replication-incompetent
variant of the therapeutic microorganism. In other embodiments, the immunization
material can be digests of the therapeutic microorganism to be administered. Any of
a variety of methods for immunizing a subject against a known microorganism are
known in the art and can be used herein. In one example, vaccinia viruses freated
with, for example, 1 microgram of psoralen and ultraviolet light at 365 nm for 4
minutes, can be rendered replication incompetent. In another embodiment, the
microorganism can be selected as the same or similar to a microorganism against
which the subject has been previously immunized, e.g., in a childhood vaccination.

In another embodiment, the subject can have administered thereto a
microorganism without any previous steps of cancer treatment such as
chemotherapy, radiation therapy or surgical removal of a tumor and/or metastases.
The methods provided herein take advantage of the ability of the microorganisms to
enter or localize near a tumor, where the tumor cells can be protected from the

"subject’s immune system; the microorganisms can then proliferate in such an
immunoprotected region and can also cause the release, typically a sustained release,

of tumor antigens from the tumor to a location in which the subject’s immune
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system can recognize the tumor antigens and mount an immune response, In such
methods, existence of a tumor of sufficient size or sufficiently developed
immunoprotected state can be advantageous for successful administration of the
microorganism to the tumor, and for sufficient tumor antigen production. If a tumor
is surgically removed, the microorganisms may not be able to localize to other
neoplastic cells (e.g., small metastases) because such cells may not yet have matured
sufficiently to create an immunoprotective environment in which the
microorganisms can survive and proliferate, or even if the microorganisms can
localize to neoplastic cells, the number of cells or size of the mass may be too small
for the microorganisms to cause a sustained release of tumor antigens in order for
the host to mount an anti-tumor immune response. Thus, for example, provided
herein are methods of treating a tumor or neoplastic disease in which
microorganisms are administered to a subject with a tumor or neoplastic disease
without removing the primary tumor, or to a subject with a tumor or neoplastic
disease in which at least some tumors or neoplastic cells are intentionally permitted
to remain in the subject. In other typical cancer treatment methods such as
chemotherapy or radiation therapy, such methods typically have a side effect of
weakening the subject’s immune system. This treatment of a subject by
chemotherapy or radiation therapy can reduce the subject’s ability to mount an anti-
tumor immune response. Thus, for example, provided herein are methods of treating
a tumor or neoplastic disease in which microorganisms are administered to a subject
with a tumor or neoplastic disease without treating the subject with an immune
system-weakening therapy, such as chemotherapy or radiation therapy.

In an alternative embodiment, prior to administration of a microorganism to
the subject, the subject can be treated in one or more cancer treatment steps that do
not remove the primary tumor or that do not weaken the immune system of the
subject. A variety of more sophisticated cancer treatment methods are being
developed in which the tumor can be treated without surgical removal or immune-
system weakening therapy. Exemplary methods include administering a compound

that decreases the rate of proliferation of the tumor or neoplastic cells without
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weakening the immune system (e.g,. by administering tumor suppressor compounds ‘
or by administering tumor cell-specific compounds) or administering an
angiogenesis-inhibiting compound. Thus, combined methods that include
administering a microorganism to a subject can further improve cancer therapy.
Thus, provided herein are methods of administering a microorganism to 2 subject,
along with prior to or subsequent to, for example, administering a compound that
slows tumor growth without weakening the subject’s immune system or a compound
that inhibits vascularization of the tumor.
b. Mode of administration

Any mode of administration of a microorganism to a subject can be used,
provided the mode of administration permits the microorganism to enter a tumnor or
metastasis. Modes of administration can include, but are not limited to, infravenous,
intraperitoneal, subcutaneous, intramuscular, topical, intratumor, multipuncture
{e.z., as used with smallpox vaccines), inhalation, intranasal, oral, intracavity (e.g.,
administering to the bladder via a catheter, administering to the gut by suppository
or enema), aural, or ocular administration. One skilled in the art can select any
mode of administration compatible with the subject and the microorganism, and that
also is likely to result in the microorganism reaching tumeors and/or metastases. The
route of administration can be selected by one skilled in the art according to any of a
variety of factors, including the nature of the disease, the kind of tumor, and the
particular microorganiém contained in the pharmaceutical composition.
Administration to the target site can be performed, for example, by ballistic delivery,
as a colloidal dispersion system, or systemic administration can be performed by
injection into an artery.

c. Dosage

The dosage regimen can be any of a variety of methods and amounts, and
can be determined by one skilled in the art according to known clinical factors. As
is known in the medical arts, dosages for any one patient can depend on many
factors, including the subject’s species, size, body surface area, age, sex,

immunocompetence, and general health, the particular microorganism to be
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administered, duration and route of administration, the kind and stage of the disease,
for example, tumor size, and other compounds such as drugs being administered
concurrently. In addition to the above factors, such levels can be affected by the
infectivity of the microorganism, and the nature of the microorganism, as can be
determined by one skilled in the art. At least some of the viruses used the in the
methods provided herein can be more infectious than the bacteria used herein. Thus,
in some embodiments of the present methods, virus can be administered at lower
levels than bacteria, In the present methods, appropriate minimum dosage levels of
microorganisms can be levels sufficient for the microorganism to survive, grow and
replicate in a tumor or metastasis. Exemplary minimum levels for administering a |
virus to a 65 kg human can include at least about 5 x 10° plaque forming units (pfu),
at least about 1 x 10° pfu, at least about 5 x 10° pfu, at least about 1 x 107 pfu, or at
least about 1 x 10° pfu. Exemplary minimum levels for administering a bacterium to
a 65 kg human can include at least about 5 x 10° colony forming units (cfu), at least
about 1 x 107 cfu, at least about 5 x 107 cfu, at least about 1 x 10° cfu, or at least
about 1 x 10° ¢fu. In the present methods, appropriate maximum dosage levels of
microorganisms can be levels that are not toxic to the host, levels that do not cause
splenomegaly of 3x or more, levels that do not result in colonies or plaques in
normal tissues or organs after about 1 day or after about 3 days or after about 7 days.
Exemplary maximum levels for administering a virus to a 65 kg human can include
no more than about 5 x 10!° pfu, no more than about 1 x 10 pfu, no more than
about 5 x 10° pfu, no more than about 1 x 10° pfu, or no more than about 1 x 10*
pfu. Exemplary maximum levels for administering a bacterium to a 65 kg human
can include no more than about 5 x 10" pfu, no more than about 1 x 10" pfis, no
more than about 5 x 10'? pfu, no more than about 1 x 10'® pfu, or no more than
about 1 x 10° pfu.
d. Number of administrations

The methods provided herein can include a single administration of a

microorganism to a subject or multiple administrations of a microorganism to a

subject. In some embodiments, a single administration is sufficient to establish a
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microorganism in a tumor, where the microorganism can proliferate and can cause
or enhance an anti-tumor response in the subject; such methods do not require
additional administrations of a microorganism in order to cause or enhance an anti-
tumor response in a subject, which can resuit, for example in inhibition of tumor
growth, inhibition of mefastaléis growth or formation, reduction in tumor or metastasis
size, elimination of a tumor or metastasis, inhibition or prevention of recurrence of a
neoplastic disease or new tumor formation, or other cancer therapeutic effects. In
other embodiments, a microorganism can be administered on different occasions,
separated in time typically by at least one day. Separate administrations can
increase the likelihood of delivering a microorganism to a tumor or metastasis,
where a previous administration may have been ineffective in delivering a
microorganism to a tumor or metastasis. Separate administrations can increase the
locations on a tumor or metastasis where microorganism proliferation can occur or
can otherwise increase the titer of microorganism accumulated in the tumor, which
can increase the scale of release of antigens or other compounds from the tumor in
eliciting or enhancing a host’s anti-tumor immune response, and also can,
optionally, increase the level of microorganism-based tumor lysis or tumor cell
death. Separate administrations of a microorganism can further extend a subject’s
immune response against microorganismal antigens, which can extend the host’s
immune response to turnors or metastases in which microorganisms have
accumulated, and can increase the likelihood of a host mounting an anti-tumor immune
response.

When separate administrations are performed, each administration can be a
dosage amount that is the same or different relative to other administration dosage
amounts. In one embodiment, all administration dosage amounts are the same. In
other embodiments, a first dosage amount can be a larger dosage amount than one
or more subsequent dosage amounts, for example, at least 10x larger, at least 100x
larger, or at least 1000x larger than subsequent dosage amounts. In one example of

a method of separate administrations in which the first dosage amount is greater than
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one or more subsequent dosage amounts, all subsequent dosage amounts can be the
same, smaller amount relative to the first administration.

Separate administrations can include any number of two or more
administrations, including two, three, four, five or six administrations. One skilled
in the art can readily determine the number of adminstrations to perform or the
desirability of performing one or more additional administrations according to
methods known in the art for monitoring therapeutic methods and other monitoring
methods provided herein. Accordingly, the methods provided herein include
methods of providing to the subject one or more administrations of a
microorganism, where the number of administrations can be determined by
monitoring the subject, and, based on the results of the monitoring, determining
whether or not to provide one or more additional administrations. Deciding of
whether or not to provide one or more additional administrations can be based on a
variety of monitoring results, including, but not limited to, indication of tumor
growth or inhibition of tumor growth, appearance of new metastases or inlbrtion of
metastasis, the subject’s anti-microorganism antibody titer, the subject’s anti-tumor
antibody titer, the overall health of the subject, the weight of the subject, the
presence of microorganism solely in tumor and/or metastases, the presence of
microorganism in normal tissues or organs.

The time period between administrations can be any of a variety of time
periods. The time period between administrations can be a function of any of a
variety of factors, including monitoring steps, as described in relation to the number
of administrations, the time period for a subject to mount an immune response, the
time period for a subject to clear microorganism from normal tissue, or the time
period for microorganismal proliferation in the tumor or metastasis. In one example,
the time period can be a function of the time period for a subject to mount an
immune response; for example, the time period can be more than the time period for
a subject to mount an immune response, such as more than about one week, more
than about ten days, more than about two weeks, or more than about a month; in

another example, the time period can be less than the time period for a subject to
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mount an immune response, such as less than about one week, less than about ten
days, less than about two weeks, or less than about a month. In ancther example, the
time period can be a function of the time period for a subject to clear microorganism
from normal tissue; for example, the time period can be more than the time period
for a subject to clear microorganism from normal tissue, such as more than about a
day, more than about two days, more than about three days, more than about five
days, or more than about a week. In another example, the time period can be &
function of the time period for microorganismal proliferation in the tumor or
metastasis; for example, the time period can be more than the amount of time for a
detectable signal to arise in a tumor or metastasis after administration of a
microorganism expressing a detectable marker, such as about 3 days, about 5 days,
about a week, about ten days, about two weeks, or about a month.
e. Co-administrations

Also provided are methods in which an additional therapeutic substance,
such as a different therapeutic microorganism or a therapeutic compound is
administered. These can be administered simultaneously, sequentially or
intermittently with the first microorganism. The additional therapeutic substance
can interact with the microorganism or a gene product thereof, or the additional
therapeutic substance can act independently of the microorganism.
i Administration of a plurality of microorganisms

Methods are provided for administering to a subject two or more
microorganisms.' Administration can be effected simultaneously, sequentially or
intemittentiy‘. The plurality of microorganisms can be administered as a single
composition or as two or more compositions. The two or more microorganisms can
include at least two bacteria, at least two viruses, at least two eukaryotic cells, or two
or more selected from among bacteria, viruses and eukaryotic cells. The plurality
of microorganisms can be provided as combinations of compositions containing

and/or as kits that include the microorganisms packaged for administration and

optionally including instructions therefore. The compositions can contain the
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microorganisms formulated for single dosage administration (i.e., for direct
administration) can require dilution or other additions.

In one embodiment, at least one of the microorganisms is a modified
microorganism such as those provided herein, having a characteristic such as low
pathogenicity, low toxicity, preferential accumulation in tumor, ability to activate an
immune response against tumor cells, immunogenic, replication competent, ability
to express exogenous proteins, and combinations thereof. The microorganisms can
be administered at approximately the same time, or can be administered at different
times, The microorganisms can be administered in the same composition or in the
same administration method, or can be administered in separate composition or by
different administration methods.

_ In one example, a bacteria and a virus can be administered to a subject. The
bacteria and virus can be administered at the same time, or at different times. For
example, the virus can be administered prior to administering the bacteria, or the
bacteria can be administered prior to administering the virus; typically the virus is
administered prior to administering the bacteria. As provided herein, administering
to a subject a virus prior to administering to the subject a bacterium can increase the
amount of bacteria that can accumulate and/or proliferate in a tumor, relative to
methods in which bacteria alone are administered.

Accordingly, the methods provided herein that include administration of
virus prior to administration of bacteria permit the administration of a lower dosage
amount of bacteria than would otherwise be administered in a method in which
bacteria alone are administered or a method in which bacteria are administered at the
same time as or prior to administration of a virus. For example, in some
embodiments, a bacterium to be administered can have one or more properties that
limit the ability of the bacterium to be used, such properties can include, but are not
limited to toxicity, low tumor specificity of accumulation, and limited proliferation
capacity. A bacterium to be administered that has one or more limiting properties
can require administration in lower dosage amounts, or can require assistance in

tumor-specific accumulation and/or proliferation. Provided herein are methods of
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administering such a bacterium with limiting properties, where prior to
administering the bacterium, a virus is administered such that the limited bacterium
can be administered in smaller quantities, can accumulate in tumor with increased
specificity, and/or can have an increased ability to proliferate in a tumor.

The time period between administrations can be any time period that

achieves the desired effects, as can be determined by one skilled in the art. Selection

"of a time period between administrations of different microorganisms can be

determined according to parameters similar to those for selecting the time period
between administrations of the same microorganism, including results from
monitoring steps, the time period for a subject to mount an immune response, the
time period for a subject to clear microorganism from normal tissue, or the time
period for microorganismal proliferation in the tumor or metastasis. In one example,
the time period can be a function of the time period for a subject to mount an
immune response; for example, the time period can be more than the time period for
a subject to mount an immune response, such as more than about one week, more
than about ten days, more than about two weeks, or more than about a month; in
another example, the time period can be less than the time period for a subject to
mount an immune response, such as less than about one week, less than about ten
days, less than about two weeks, or less than about a month. In another example, the
time period can be a function of the time period for a subject to clear microorganism
from normal tissue; for exampie, the time period can be more than the time period
for a subject to clear microorganism from normal tissue, such as more than about a
day, more than about two days, more than about three days, more than about five
days, or more than about 2 week. In another example, the time period can be a
function of the time period for microorganismal proliferation in the tumor or
metastasis; for example, the time period can be more than the amount of time for a
detectable signal to arise in a tumor or metastasis after administration of a
microorganism expressing a detectable marker, such as about 3 days, about 5 days,
about a week, about ten days, about two weeks, or about a month. In one example a

virus can first be administered, and a bacteria can be administered about 5 days after
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administration of the virus. In another example, a virus can be first administered,
and a bacterium can be administered upon detection of a virally-encoded detectable
gene product in the tumor of the subject, optionally when the virally-encoded
detectable gene product is detected only in the tumor of the subject.

il Therapeutic compounds

The methods can include administering one or more therapeutic compounds
to the subject in addition to administering a microorganism or plurality thereof to a
microorganism, for tumor therapeutic effects. Therapeutic compounds that can act
independently include any of a variety of known chemotherapeutic compounds that
can inhibit tumor growth, inhibit metastasis growth and/or formation, decrease the
size of a tumor or metastasis, eliminate a tumor or metastasis, without reducing the
ability of a microorganism to accumulate in a tumor, replicate in the tumor, and
cause or enhance an anti-tumor immune response in the subject.

Therapeutic compounds that act in conjunction with the microorganisms
include, for example, compounds that alter the expression of the microorganism or
compounds that can interact with a microorganism-expressed gene, or compounds
that can inhibit microorganismal proliferation, including compounds toxic to the
microorganism. Therapeutic compounds that can act in conjunction with the
microorganism include, for example, therapeutic compounds that increase the
proliferation, toxicity, tumor cell killing, or immune response eliciting properties of
a microorganism, and also can include, for example, therapeutic compounds that
decrease the proliferation, toxicity, or cell killing properties of a microorganism.
Thus, provided herein are methods of administering to a subject one or more
therapeutic compounds that can act in conjunction with the microorganism to
increase the proliferation, toxicity, tumor cell killing, or immune response eliciting
properties of a microorganism. Also provided herein are methods of administering
to a subject one or more therapeutic compounds that can act in conjunction with the
microorganism o decrease the proliferation, toxicity, or cell killing properties of a

microorganism.
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In one embodiment, therapeutic compounds that can act in conjunction with
the microorganism to increase the proliferation, toxicity, turnor cell killing, or
immune response eliciting properties of a microorganism are compounds that can
alter gene expression, where the altered gene expression can result in an increased
killing of tumor cells or an increased anti-tumor immune response in the subject. A
gene expression-altering compound can, for example, cause an increase or decrease
in expression of one or more microorganismal genes, including endogenous
microorganismal genes and/or exogenous microorganismal genes. For example, a
gene expression-altering compound can induce or increase transcription of a gene in
a microorganism such as an exogenous gene that can cause cell lysis or cell death,
that can provoke an immune response, that can catalyze conversion of a prodrug-like
compound, or that can inhibit expression of a tumor cell gene. Any of a wide
variety of compounds that can alter gene expression are known in the art, including
IPTG and RU486. Exemplary genes whose expression can be up-regulated include
proteins and RNA molecules, including toxins, enzymes that can convert a prodrug
to an anti-tumor drug, cytokines, transcription regulating proteins, siRNA, and
ribozymes. In another example, a gene expression-altering compound can inhibit or
decrease transcription of a gene in a microorganism such as an exogenous gene that
can reduce microorganismal toxicity or reduces microorganismal proliferation. Any
of a variety of compounds that can reduce or inhibit gene expression can be used in
the methods provided herein, including siRNA compounds, transcriptional inhibitors
or inhibitors of transcriptional activators. Exemplary genes whose expression can be
down-regulated include proteins and RNA molecules, including microorganismatl
proteins or RNA that suppress lysis, nucleotide synthesis or proliferation, and
cellular proteins or RNA molecules that suppress cell death, immunoreactivity, lysis,
or microorganismal replication.

In another embodiment, therapeutic compounds that can act in conjunction
with the microorganism to increase the proliferation, toxicity, tumor cell killing, or
immune response eliciting properties of a microorganism are compounds that can

interact with a microorganism-expressed gene product, and such interaction can
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result in an increased killing of tumor celils or an increased anti-tumor immune
response in the subject. A therapeutic compound that can interact with a
microorganism-expressed gene product can include, for example a prodrug or other
compound that has little or no toxicity or other biological activity in its subject-
administered form, but after interaction with a microorganism-expressed gene
product, the compound can develop a property that results in tumor cell death,
including but not limited to, cytotoxicity, ability to induce apoptosis, or ability to
trigger an immune response. A variety of prodrug-like substances are known in the
art and an exemplary set of such compounds are disclosed elsewhere herein, where
such compounds can include gancyclovir, 5-fluorouracil, 6-methylpurine
deoxyriboside, cephalosporin-doxorubicin, 4-[(2-chloroethyl)(2-
mesuloxyethyl)amino]benzoyl-L—glutarnic acid, acetominophen, indole-3-acetic.
acid, CB1954, 7-ethyl-10-[4-(1 ~piperidin0)-1~piperidin0]carb0nyloxycamptothecin,
bis-(2-chloroethyl)amino-4-hydroxyphenylaminomethanone 28, 1-chloromethyl-5-
hydroxyl-1,2-dihyro-3H-benz[e]indole, epirubicinwgiucuronide, 5’ -deoxy5-
flucrouridine, cytosine arabinoside, and linamarin.

In another embodiment, therapeutic compounds that can act in conjunction
with the microorganism to decrease the proliferation, toxicity, or cell killing
properties of a microorganism are compounds that can inhibit microorganismal
replication, inhibit microorganismal _toxins, or cause microorganismal death. A
therapeutic compound that can inhibit microorganismal replication, inhibit
microorganismal toxins, or cause microorganismal death can generally include a
compound that can block one or more steps in the microorganismal life cycle,
including, but not limited to, compounds that can inhibit microorganismal DNA
replication, microorganismal RNA. transcription, viral coat protein assembly, outer
membrane or polysaccharide assembly. Any of a variety of compounds that can
block one or more steps in a microorganismal life cycle are known in the art,
including any known antibiotic, microorganismal DNA polymerase inhibitors,
microorganismal RNA polymerase inhibitors, inhibitors of proteins that regulate

microorganismal DNA replication or RNA transcription. In one example, when a
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microorganism is a bacteria, a compound can be an antibiotic. In another example, a
microorganism can contain a gene encoding a microorganismal life cycle protein,
such as DNA polymerase or RNA polymerase that can be inhibited by a compound
that is, optionally, non-toxic to the host organism.
f. State of subject

In another embodiment, the methods provided herein for administering a
microorganism to a subject can be performed on a subject in any of a variety of
states, including an anesthetized subject, an alert subject, a subject with elevated
body temperature, a subject with reduced body temperature, or other state of the
subject that is known to affect the accumulation of microorganism in the tumor. As
provided herein, it has been determined that a subject that is anesthetized can have a
decreased rate of accurnulation of a microorganism in a tumor relative to a subject
that is not anesthetized. Further provided herein, it has been determined that a
subject with decreased body temperature can have a decreased rate o accumulation
of a microorganism in a tumor relative to a subject with a normal body temperature.
Accordingly, provided herein are methods of administering a microorganism to a
subject, where the methods can include administering a microorganism to a subject
where the subject is not under anesthesia, such as general anesthesia; for example,
the subject can be under local anesthesia, or can be unanesthetized. Also provided
herein are methods of administering a microorganism to a subject, where the
methods can include administering a microorganism to a subject with altered body
temperature, where the alteration of the body temperature can influence the ability of
the microorganism to accurnulate in a tumnor; typically, a decrease in body
temperature can decrease the ability of a microorganism to accumulate in a tumor,
Thus, in one exemplary embodiment, a méthod is provided for administering a
microorganism to a subject, where the method includes elevating the body
temperature of the subject to a temperature above normal, and administering a
microorganism to the subject, where the microorganism can accumulate in the tumor

more readily in the subject with higher body temperature relative to the ability of the
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microorganism to accumulate in a tumor of a subject with a normal body
temperature.

2. Monitoring

The methods provided herein can further include one or more steps of
monitoring the subject, monitoring the tumor, and/or monitoring the microorganism
administered to the subject. Any of a variety of monitoring steps can be included in
the methods provided herein, including, but not limited to, monitoring tumor size,
monitoring anti-(tumor antigen) antibody titer, monitoring the presence and/or size
of metastases, monitoring the subject’s lymph nodes, monitoring the subject’s
weight or other health indicators including blood or urine markers, monitoring anti-
(microorganismal antigen) antibody titer, monitoring microorganismal expression of
a detectable gene product, and directly monitoring microorganismal titer in a tumor,
tissue or organ of a subject.

The purpose of the monitoring can be simply for assessing the health state of
the subject or the progress of therapeutic treatment of the subject, or can be for
determining whether or not further administration of the same or a different
microorganism is warranted, or for determining when or whether or not to
administer a compound to the subject where the compound can act to increase the
efficacy of the therapeutic method, or the compound can act to decrease the
pathogenicity of the microorganism administered to the subject.

a. Monitoring microorganismal gene expression

In some embodiments, the methods provided herein can include monitoring
one or more microorganismally expressed genes. Microorganisms, such as those
provided herein or otherwise known in the art, can express one or more detectable
gene products, including but not limited to, detectable proteins.

As provided herein, measurement of a detectable gene product expressed in a
microorganism can provide an accurate determination of the level of microorganism
present in the subject. As further provided herein, measurement of the location of
the detectable gene product, for example, by imaging methods including

tomographic methods, can determine the localization of the microorganism in the
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subject. Accordingly, the methods provided herein that include monitoring a
detectable microorganismal gene product can be used to determine the presence or
absence of the microorganism in one or more organs or tissues of a subject, and/or
the presence or absence of the microorganism in a tumor or metastases of a subject.
Further, the methods provided herein that include monitoring a detectable
microorganismal gene product can be used to determine the titer of microorganism
present in one or more organs, tissues, tumors or metastases. Methods that include
monitoring the localization and/or titer of microorganisms in a subject can be used
for determining the pathogenicity of a microorganism; since microorganismal
infection, and particularly the level of infection, of normal tissues and organs can
indicate the pathogenicity of the probe, methods of monitoring the localization
and/or amount of microorganisms in a subject can be used to determine the
pathogenicity of a microorganism. Since methods provided herein can be used to
monitor the amount of microorganisms at any particular location in a subject, the
methods that include monitoring the localization and/or titer of microorganisms in a
subject can be performed at multiple time points, and, accordingly can determine the
rate of microorganismal replication in a subject, including the rate of
microorganismal replication in one or more organs or tissues of a subject;
accordingly, the methods of monitoring a microorganismal gene product can be used
for determining the replication competence of a microorganism. The methods
provided herein also can be used to quantitate the amount of microcrganism present
in a variety of organs or tissues, and tumors or metastases, and can thereby indicate
the degree of preferential accumulation of the microorganism in a subject;
accordingly, the microorganismal gene product monitoring methods provided herein
can be used in methods of determining the ability of a microorganism to accumulate
in tumor or metastases in preference to normal tissues or organs. Since the
microorganisms used in the methods provided herein can accumulate in an entire
tumor or can accumnulate at multiple sites in a tumor, and can also accumulate in
metastases, the methods provided herein for monitoring a microorganismal gene

product can be used to determine the size of a tumor or the number of metastases are
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present in a subject. Monitoring such presence of microorganismal gene product in
tumor or metastasis over a range of time can be used to assess changes in the tumor

or metastasis, including growth or shrinking of a tumor, or development of new

“metastases or disappearance of metastases, and also can be used to determine the

rate of growth or shrinking of a tumor, or development of new metastases or
disappearance of metastases, or the change in the rate of growth or shrinking of a
tumor, or development of new metastases or disappearance of metastases.
Accordingly, the methods of monitoring a microorganismal gene product can be
used for monitoring a neoplastic disease in a subject, or for determining the efficacy
of treatment of a neoplastic disease, by determining rate of growth or shrinking of a
tumor, or development of new metastases or disappearance of metastases, or the
change in the rate of growth or shrinking of a tumor, or development of new
metastases or disappearance of metastases.

Any of a variety of detectable proteins can be detected in the monitoring
methods provided herein; an exemplary, non-limiting list of such detectable proteins
includes any of a variety of fluorescence proteins (e.g., green fluorescence proteins),
any of a variety of luciferases, transferring or other iron binding proteins; or
receptors, binding proteins, and antibodies, where a compound that specifically
binds the receptor, binding protein or antibody can be a detectable agent or can be
labeled with a detectable substance {e.g., a radionuclide or imaging agent).

b. Monitoring tumor size
~ Also provided herein are methods of monitoring tumor and/or metastasis size
and location. Tumor and or metastasis size can be monitored by any of a variety of
methods known in the art, including external assessment methods or tomographic or
magnetic imaging methods. In addition to the methods known in the art, methods
provided herein, for example, monitoring microorganismal gene expression, can be
used for monitoring tumor and/or metastasis size.

Monitoring size over several time points can provide information regarding

the increase or decrease in size of a tumor or metastasis, and can also provide

information regarding the presence of additional tumors and/or metastases in the
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subject. Monitoring tumor size over several time points can provide information
regarding the development of a neoplastic disease in a subject, including the efficacy
of treatment of a neoplastic disease in a subject.

¢, Monitoring antibedy titer

The methods provided herein also can include monitoring the antibody titer
in a subject, including antibodies produced in response to administration of a
microorganism to a subject. The microorganisms administered in the methods
provided herein can elicit an immune response to endogenous microorganismal
antigens. The microorganisms administered in the methods provided herein also can
elicit an immune response to exogenous genes expressed by a microorganism. The
microorganisms administered in the methods provided herein also can elicit an
immune response to tumor antigens. Monitoring antibody titer against
microorganismal antigens, microorganismally expressed exogenous gene products,
or tumor antigens can be used in methods of monitoring the toxicity of a _
microorganism, monitoring the efficacy of treatment methods, or monitoring the
level of gene product or antibodies for production and/or harvesting,.

In one embodiment, monitoring antibody titer can be used to monitor the
toxicity of a microorganism. Antibody titer against a microorganism can vary over
the time period after administration of the microorganism to the subject, where at
some particular time points, a low anti-(microorganismal antigen) antibody titer can
indicate a higher toxicity, while at other time points a high anti-(microorganismal
antigen) anti‘oédy titer can indicate a higher toxicity. The microorganisms used in
the methods provided herein can be immunogenic, and can, therefore, elicit an
immune response soon after administering the microorganism to the subject.
Generally, a microorganism against which a subject’s immune system can quickly
mount a strong immune response can be a microorganism that has low toxicity when
the subject’s immune system can remove the microorganism from all normal organs
or tissues, Thus, in some embodiments, a high antibody titer against
microorganismal antigens soon after administering the microorganism to a subject

can indicate low toxicity of a microorganism. In contrast, a microorganism that is
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not highly immunogenic may infect a host organism without eliciting a strong
immune response, which can result in a higher toxicity of the microorganism to the
host. Accordingly, in some embodiments, a high antibody titer against
microorganismal antigens soon after administering the microorganism to a subject
can indicate low toxicity of a microorganism.

In other embodiments, monitoring antibody titer can be used to monitor the
efficacy of treatment methods. In the methods provided l;erein, antibody titer, such
as anti-(tumor antigen) antibody titer, can indicate the efficacy of a fherapeutic
method such as a therapeutic method to treat neoplastic disease. Therapeutic
methods provided heréin can include causing or enhancing an immune response
against a tumor and/or metastasis. Thus, by monitoring the anti-(tumor antigen)
aniibody titer, it is possible to monitor the efficacy of a therapeutic method in
causing or enhancing an immune response against a tumor and/or metastasis. The
therapeutic methods provided herein also can include administering to a subject a
microorganism that can accumulate in a tumor and can cause or enhance an anti-
tumor immune response. Accordingly, it is possible to monitor the ability of a host
to mount an immune response against microorganisms accumulated in a tumor or
metastasis, which can indicate that a subject has also mounted an anti-tumor immune
response, or can indicate that a subject is likely to mount an anti-tumor immune
response, or can indicate that a subject is capable of mounting an anti-tumor immune
response.

In other embodiments, monitoring antibody titer can be used for monitoring
the level of gene product or antibodies for production and/or harvesting. As
provided herein, methods can be used for producing proteins, RNA molecules or
other compounds by expressing an exogenous gene in a microorganism that has
accumulated in a tumor. Further provided herein are methods for producing
antibodies against a protein, RNA molecule or other compound produced by
exogenous gene expression of a microorganism that has accumulated in a tumor.
Monitoring antibody titer against the protein, RNA molecule or other compound can

indicate the level of production of the protein, RNA molecule or other compound by
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the tumor-accumulated microorganism, and also can directly indicate the level of
antibodies specific for such a protein, RNA molecule or other compound.
d. Meonitoring general health diagnostics

The methods provided herein also can include methods of monitoring the
health of a subject. Some of the methods provided herein are therapeutic methods,
including neoplastic disease therapeutic methods. Monitoring the health of a subject
can be used to determine the efficacy of the therapeutic method, as is known in the
art. The methods provided herein also can include a step of administering to a
subject a microorganism. Monitoring the health of a subject can be used to
determine the pathogenicity of 2 microorganism administered to a subject. Any ofa
variety of health diagnostic methods for monitoring disease such as neoplastic
disease, infectious disease, or immune-related disease can be monitered, as is known
in the art. For example, the weight, blood pressure, pulse, breathing, color,
temperature or other observable state of a subject can indicate the health of a subject.
In addition, the presence or absence or level of one or more components in a sample
from a subject can indicate the health of a subject. Typical samples can include
blood and urine samples, where the presence or absence or level of one or more
components can be determined by performing, for example, a blood panel or a urine
panel diagnostic test. Exemplary components indicative of a subject’s health
include, but are not limited to, white blood cell count, hematocrit, c-reactive protein
concentration.

€. Monitoring coordinated with treatment

Also provided herein are methods of monitoring a therapy, where therapeutic
decisions can be based on the results of the monitoring. Therapeutic methods
provided herein can include administering to a subject a microorganism, where the
microorganism can preferentially accumulate in a tumor and/or metastasis, and
where the microorganism can cause or enhance an anti-fumor immune response.
Such therapeutic methods can include a variety of steps including muitiple
administrations of a particular microorganism, administration of a second

microorganism, or administration of a therapeutic compound. Determination of the
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amount, timing or type of microorganism or compound to administer to the subject
can be based on one or more results from monitoring the subject. For example, the
antibody titer in a subject can be used to determine whether or not it is desirable to
administer a microorganism or compound, the quantity of microorganism or
compound to administer, and the type of microorganism or compound to administer,
where, for example, a low antibody titer can indicate the desirability of
administering additional microorganism, a different microorganism, or a therapeutic
compound such as a compound that induces microorganismal gene expression. In
another example, the overall health state of a subject can be used to determine
whether or not.it is desirable to administer a microorganism or compound, the
quantity of microorganism or compound to administer, and the type of
microorganism or compound to administer, where, for example, determining that the
subject is healthy can indicate the desirability of administering additional
microorganism, a different microorganism, or a therapeutic compound such as a
compound that induces microorganismal gene expression. In another example,
monitoring a detectable microorganismally expressed gene product can be used to
determine whether or not it is desirable to administer a microorganism or compound,
the quantity of microorganism or compound to administer, and the type of
microorganism or compound to administer. Such monitoring methods can be used
to determine whether or not the therapeutic method is effective, whether or not the
therapeutic method is pathogenic to the subject, whether or not the microorganism
has accumulated in a tumor or metastasis, and whether or not the microorganism has
accumulated in normal tissues or organs. Based on such determinations, the
desirability and form of further therapeutic methods can be derived.

In one embodiment, determination of whether or not a therapeutic method is
effective can be used to derive further therapeutic methods. Any of a variety of
methods of monitoring can be used to determine whether or not a therapeutic
method is effective, as provided herein or otherwise known in: the art. If monitoring
methods indicate that the therapeutic method is effective, a decision can be made to

maintain the current course of therapy, which can include further administrations of
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a microorganism or compound, or a decision can be made that no further
administrations are required. If monitoring methods indicate that the therapeutic
method is ineffective, the monitoring results can indicate whether or not a course of
treatment should be discontinued (e.g., when a microorganism is pathogenic to the
subject), or changed (e.g., when a microorganism accumulates in a tumor without
harming the host organism, but without eliciting an anti-tumor immune response), ot
increased in frequency or amount (e.g., when little or no microorganism accumulates
m tumor).

In one example, monitoring can indicate that a microorganism is pathogenic
to a subject. In such instances, a decision can be made to terminate administration
of the microorganism to the subject, to administer lower levels of the microorganism
to the subject, to administer a different microorganism to a subject, or to administer
to a subject a compound that reduces the pathogenicity of the microorganism. In
one example, administration of a microorganism that is determined to be pathogenic
can be terminated. In another example, the dosage amount of a microorganism that’
is determined to be pathogenic can be decreased for subsequent administration; in
one version of such an example, the subject can be pre-treated with another
microorganism that can increase the ability of the pathogenic microorganism to
accurnulate in tumor, prior to re-administering the pathogenic microorganism to the
subject. In another example, a subject can have administered thereto a bacteria or
virus that is pathogenic to the subject; administration of such a pathogenic
microorganism can be accompanied by administration of, for example an antibiotic,
anti-microorganismal compound, pathogenicity attenuating compound (e.g., a
compound that down-regulates the expression of a lytic or apoptotic gene product),
or other compound that can decrease the proliferation, toxicity, or cell killing
properties of a microorganism, as described herein elsewhere. In one variation of
such an example, the localization of the microorganism can be monitored, and, upon
determination that the microorganism is accumulated in tumor and/or metastases but
not in normal tissues or organs, administration of the antibiotic, anti-

microorganismal compound or pathogenicity attenuating compound can be
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terminated, and the pathogenic activity of the microorganism can be activated or
increased, but limited to the tumor and/or metastasis. In another variation of such an
example, after terminating administration of an antibiotic, anti-microorganismal
compound or pathogenicity attenuating compound, the presence of the
microorganism and/or pathogenicity of the microorganism can be further monitored,
and administration of such a compound can be reinitiated if the microorganism is
determined to pose a threat to the host by, for example, spreading to normal organs
or tissues, releasing a toxin into the vasculature, or otherwise having pathogenic
effects reaching beyond the tumor or metastasis.

In another example, monitoring can determine whether or not a
microorganism has accumulated in a tumor or metastasis of a subject. Upon such a
determination, a decision can be made to further administer additional
microorganism, a different microorganism or a compound to the subject. Inone
example, monitoring the presence of a virus in a tumor or metastasis can be used in
deciding to administer to the subject a bacterium, where, for example, the quantity
of bacteria administered can be reduced according to the presence and/or quantity of
virus in a fumor or metastasis. In a similar example, monitoring the presence of a
virus in a tumor or metastasis can be used in deciding when to administer to the
subject a bacterium, where, for example, the bacteria can be administered upon
detecting to the presence and/or a selected quantity of virus in a tumor or metastasis,
In another example, monitoring the presence of a microorganism in a tumor can be
used in deciding to administer to the subject a compound, where the compound can
increase the pathogenicity, proliferation, or immunogenicity of a microorganism or
the compound can otherwise act in conjunction with the microorganism to increase
the proliferation, toxicity, tumor cell killing, or immune response eliciting properties
of a microorganism; in one variation of such an example, the microorganism can, for
example have little or no lytic or cell killing capability in the absence of such a
compound; in a further variation of such an example, monitoring of the presence of
the microorganism in a tumor or metastasis can be coupled with monitoring the

absence of the microorganism in normal tissues or organs, where the compound is
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administered if the microorganism is present in tumor or metastasis and not at all
present or substantially not present in normal organs or tissues; in a further variation '
of such an exaraple, the amount of microorganism in a tumor or metastasis can be
monitored, where the compound is administered if the microorganism is present in
tumor or metastasis at sufficient levels.
E. Methods of Producing Gene Products and Antibodies

Provided herein are microorganisms, and methods for making and using such
microorganisms for production products of exogenous genes and/or for production
of antibodies specific for exogenous gene products. The methods provided herein
result in efficient recombinant production of biologically active proteins. In EP All
281 772, it is disclosed that when vaccinia virus (LIVP strain) carrying the light
emitting fusion gene construct rVV-ruc-gfp was injected intravenously into nude
mice, the virus particles were found to be cleared from all internal organs within 4
days, as determined by extinction of light emission. In contrast, when the fate of the
injected vaccinia virus was similarly followed in nude mice bearing tumors grown
from subcutaneously implanted C6 rat glionié cells, virus particles were found to
be retained over time in the tumor tissues, resulting in lasting light emission. The

presence and amplification of the virus-encoded fusion proteins in the same tumor

'were monitored in live animals by observing GFP fluorescence under a

stereomicroscope and by detecting luciferase-catalyzed li ght emission under a low-
light video-imaging camera. Tumor-specific light emission was detected 4 days
after viral injection in nude mice carrying subcutaneous C6 glioma 1rnp1ants Tumor
accumulation of rVV-ruc-gfp virus particles was also seen in nude mice carrying
subcutaneous tumors developed from implanted PC-3 human prostate cells, and in
mice with orthotopically implanted MCF-7 human breast tumors. Further,
intracranial C6 rat glioma cell implants in immunocompetent rats and MB-49 human
bladder tumor cell implants in C57 mice were also targeted by the vaccinié virus. In
addition to primary breast tumors, small metastatic tumors were also detected
externally in the contralateral breast region, as well as in nodules on the exposed

lung surface, suggesting metastasis to the contralateral breast and lung. In summary
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it was shown that light-emitting cells or microorganisms, for example, vaccinia virus
can be used to detect and treat metastatic tumors. ‘

Similar results were obtained with light-emitting bacteria (Salmonella,
Vibrio, Listeria, E. coli) which were injected intravenously into mice and which
could be visualized in whole animals under a low light imager immediately. No
light emission was detected twenty four hours after bacterial injection in both
athymic (nuw/nu) mice and immunocompetent C57 mice as a result of clearing by the
immune system. In nude mice bearing tumors developed from implanted C6 glioma
cells, light emission was abolished from the animal entirely twenty four hours after
delivery of bacteria, similar to mice without tumors. However, forty eight hours
post-injection, a strong, rapidly increasing light emission originated only from the
tumor regions was observed. This observation indicated a continuous bacterial
replication in the tumor tissue. The extent of light emission was dependent on the
bacterial strain used. The homing-in process together with the sustained light
emission was also demonstrated in nude mice carrying prostate, bladder, and breast
tumors. In addition to primary tumors, metastatic tumors could also be visualized as
exemplified in the breast tumor model. Tumor-specific light emission was also
observed in immunocompetent C57 mice, with bladder tumors as well as in Lewis
rats with brain glioma implants. Once in the tumor, the light-emitting bacteria were
not observed to be released into the circulation and to re-colonize subsequently
implanted tumors in the same animal. Further, mammalian cells expressing the Ruc-
GFP fusion protein, upon injection into the bloodstream, were also found to home in
to, and propagate in, glioma tumors. These findings opened the way for designing
multifunctional viral vectors useful for the detection of tumors based on signals such
as light emission, for suppression of tumor development and angiogenesis signaled
by, for example, light extinction and the development of bacterial and mammalian
cell-based tumor targeting systems in combination with therapeutic gene constructs
for the treatment of cancer. These systems have the following advantages: (a) They
target the tumor specifically without affecting normal tissue; (b) the expression and

secretion of the therapeutic gene constructs can be, optionally, under the control of
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an inducible promoter enabling secretion to be switched on or off; and (c) the
location of the delivery system inside the tumor can be verified by direct
visualization before activating gene expression and protein delivery.

As provided herein, the system described above based on the accumulation
of bacteria, viruses and eukaryotic cells in tumors can be used for simple, quick, and
inexpensive production of proteins and other biological compounds originating from
cloned nucleotide sequences. This system also is useful for the concomitant
overproduction of polypeptides, RNA or other biological compounds (in tumor
tissue) and antibodies agéinst those compounds (in the serum) in the same animal.
As provided herein, after intravenous injection, a microorganism such as vaccinia
virus can enter the tumor of an animal and, due to the immunoprivileged state of the
tumor, can replicate preferentially in the tumor tissues and thereby can overproduce
the inserted gene encoded protein in the tumors. After harvesting the tumor tissues,
the localized and overexpressed protein can be isolated by a simple procedure from
tumor homogenates. In addition, based on the findings that only 0.2 to 0.3% of the
desired proteins produced in the tumor were found in the blood stream of the same
animal, a simultaneous vaccination of the mouse and efficient antibody production
against the overproduced protein was achieved. ‘Thus, serum from the same mouse
(or any other animal) can be harvested and used as mouse-derived antibodies against
the proteins or other products-overproduced in the tumor.

Thus, provided herein are methods of producing gene products and or
antibodies in a non-human subject, by administering to a subject containing a tumor,
a microorganism, where the microorganism expresses a selected protein or RNA to

be produced, a protein or RNA whose expression can result in the formation of a

‘compound to be produced, or a selected protein or RNA against which an antibody

is to be produced. The methods provided herein can further include administering to
a subject containing a tumor, a MIcroorganism expressing an eXogenous gene
encoding a selected protein or RNA to be produced, a protein or RNA whose
expression can result in the formation of a compound to be produced, or a selected

protein or RNA against which an antibody is to be produced. The methods provided
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herein can further include administering to a subject containing a tumor, a
microorganism expressing an gene encoding a selected protein or RNA to be
produced, a protein or RNA whose expression can result in the formation of a
compound to be produced, or a selected protein or RNA against which an antibody
is to be produced, where such gene expression can be regulated, for example, by a
transcriptional activator or inducer, or a transcriptional suppressor. The methods
provided herein for producing a protein, RNA, compound or antibody can further
include monitoring the localization and/or level of the microorganism in the subject
by detecting a detectable protein, where the detectable protein can indicate the
expression of the selected gene, or can indicate the readiness of the microorganism
to be induced to express the selected gene or for suppression of expression to be
terminated or suspended. Also provided herein are methods of producing gene
products and or antibodies in a non-human subject, by administering to a subject

containing a tumor, a microorganism, where the microorganism expresses a selected

protein or RNA fo be produced, a protein or RNA whose expression can resultinthe . ... ... .

formation of a compound to be produced, or a selected protein or RNA against

which an antibody is to be produced, where the subject to which the microorganism

is administered is not a transgenic animal. Also provided herein are methods of

producing gene products and or antibodies in a non-human subject, by administering

to a subject containing a tumor, a microorganism, where the microorganism

expresses a selected protein to be produced, where the tumor within the subject is

selected according to its ability to post-translationally process the selected protein.
The advantages of the system, include:

(a) No production of a transgenic animal carrying the novel polypeptide-

encoding cassette is required;

(b) the tumor system is more efficient than tissue culture;

(c) proteins interfering with animal development and other toxic proteins can be

overproduced in tumors without negative effects to the host animal;

(d) the system is fast: within 4 to 6 weeks from cDNA cloning to protein and

antisera purification;
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(e) the system is relatively inexpensive and can be scaled up easily;

(f) correct protein folding and modifications can be achieved;

(g)  high antigenicity can be achieved, which is beneficial for better antibody
production; and

(h) species-specific-cell-based production of proteins in animals such as mice,
with tumors as fermentors can be achieved.

Depiction of an exemplary method for production of gene products and/or
antibodies against gene products is provided in Figure 2,

In one embodiment, methods are provided for producing a desired
polypeptide, RNA or compound, the method including the following steps: (a)
injecting a microorganism containing a nucleotide sequence encoding the desired
polypeptide or RNA into an animal bearing a tumor; (b) harvesting the tumor tissue
from the animal; and (c) isolating the desired polypeptide, RNA or compound from
the tumor tissue. _

Steps of an exemplary method can be summarized as follows (shown for a
particular embodiment, i.e. vaccinia virus additionally containing a gene encoding a
light-emitting protein):

(1 Insertion of the desired DNA or ¢cDNA into the vaccinia virus genome;

(2) modification of the vaccinia virus genome with light-emitting protein
construct as expression marker;

(3)  recombination and virus assembly in cell culture;

4 screening of individual viral particles carrying inserts followed by large scale
virus production and concentration;

{5}  administration of the viral particles into mice or other animals bearing
tumors of human, non-human primate or other mammalian origins;

{6y  verification of viral replication and protein overproduction in animals based
on light emission;

(7}  harvest of tumor tissues and, optionally, the blood (separately); and

(8) purification of overexpressed proteins from tumors and, optionally, antisera

from blood using conventional methods.
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Any microorganism can be used in the methods provided herein, provided
that they replicate in the animal, are not pathogenic for the animal, for example, are
attenuated, and are recognized by the immune system of the animal, In some

embodiments, such microorganisms also can express exogenous genes. Suitable

" microorganisms and cells are, for example, disclosed in EP Al 1 281 772 and EP Al

1 281 767. The person skilled in the art also knows how to generate animals
carrying the desired tumor (see, e.g., EP A1 1 281 767 or EP Al 1 281 777).

Also provide is a method for simultaneously producing a desired
polypeptide, RNA or compound and an antibody directed to the polypeptide, RNA
or compound, the method having the following steps: (a) administering a
microorganism containing a nucleotide sequence encoding the desired polypeptide
or RNA into an animal bearing a tumor; (b) harvesting the tumor tissue from the
animal; (c) isolating the desired polypeptide, RNA or compound from the tumor
tissue; and (d) isolating the antibody directed to the polypeptide, RNA or compound
from the serum obtained from the animal. This approach can be used for generating
polypeptides and/or antibodies against the polypeptides which are toxic or unstable,
or which require species specific cellular environment for correct folding or
modifications.

In another embodiment, the microorganism can further contain a nucleotide
sequence encoding a detectable protein, such as a luminescent or fluorescent protein,
or a protein capable of inducing a detectable signal.

Typically in methods for transfecting the microorganisms or cells with
nucleotide sequences encoding the desired polypeptide or RNA and, optionally, a
nucleotide sequence encoding a detectable protein such as a luminescent or
fluorescent protein, or a protein capable of inducing a detectable signal, the
nucleotide sequences are present in a vector or an expression vector. A person
skilled in the art is familiar with a variety of expression vectors, which can be
selected according to the microorganism used to infect the tumor, the cell type of the
tumor, the organism to be infected, and other factors known in the art. In some

embodiments, the microorganism can be a virus, including the viruses disclosed
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herein. Thus, the nucleotide sequences can be contained in a recombinant virus
containing appropriate expression cassettes. Suitable viruses for use herein, include,
but are not Iiinited to, baculovirus, vaccinia, Sindbis virus, Sendai virus, adenovirus,
an AAV virus or a parvovirus, such as MVM or H-l. The vector can also be a
retrovirus, such as MoMULYV, MoMuLV, HaMuSV, MuMTV, RSV or GalV. For
expression in mammalian cells, a suitable promoter is, for example, human
cytomegalovirus immediate early promoter (pCMV). Furthermore, tissue and/or
organ specific promoters can be used. For example, the nucleotide sequences can be
operatively linked with a promoter allowing high expression. Such promoters can
include, for example, inducible promoters; a variety of such promoters are known 10
persons skilled in the art.

For generatmg protein of RNA-encoding nuclieotide sequences and for
constructing expression vectors or viruses that contain the nucleotide sequences, it is
possible to use general methods known in the art. These methods include, for
example, in vitro recombination techniques, synthetic methods and in vivo
recombination methods as known in the art, and exemplified in Sambrook ef al.,
Molecular Cloning, A Laboratory Marnual, 2nd edition (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY. Methods of transfecting cells, of
phenotypically selecting transfectants cells, of phenotypically selecting transfectants
and of expressing the nucleotide sequences by using vectors containing protein or
RNA-encoding DNA are known in the art.

In some embodiments, the protein or RNA to be produced in the tumor can
be linked to an inducible promoter, such as a promoter that can be induced bya
substance endogenous to the subject, or by a substance that can be administered to 2
subject. Accordingly, provided berein are methods of producing a protein or RNA
in a turnor, where the production can be induced by administration of a substance 0

a subject, and, optionally, harvesting the tumor and isolating the protein or RNA
from the tumor. Such induction methods can be coupled with methods of
monitoring a microorganism in a subject. For example, a microorganism can be

monitored by detecting & detectable protein. In methods that include monitoring,
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detection of a desired localization and/or level of microorganism in the subject can
be coordinated with induction of microorganismal gene expression. For example,
when a microorganismally expressed detectable protein is detected in tumor, but not
appreciably in normal organs or tissues, an inducer can be administered to the
subject. In another example, when a microorganismally expressed detectable
protein is detected in tumor, and also in normal organs or tissues, administration of
an inducer can be suspended or postponed until the detectable protein is no longer
detected in normal organs or tissues. In another example, when a microorganismally
expressed detectable protein is detected at sufficient levels in tumor, an inducer can
be administered to the subject. In another example, when a microorganismally
expressed detectable protein is not detected at sufficient levels in tumor
administration of an inducer can be suspended or postponed until the detectable
protein is detected at sufficient levels in the tumor. /

Also provided herein are methods of producing a protein or RNA in a tumor,
by administering a microorganism encoding the protein or RNA, and a suppressor of
gene expression, The suppressor of gene expression can be administered for a pre-
defined period of time, or until the microorganism accumulated in tumor but not in
normal organs or lissues, or until sufficient levels of the microorganism have
accumulated in the tumor, at which point administration of the suppressor can be
terminated or suspended, which can result in expression of the protein or RNA. As
will be recognized by one skilled in the art, methods similar to those provided herein
in regard to monitoring a detectable protein and administering an inducer, can also
apply for terminating or suspending administration of a suppressor.

In one embodiment, the microorganism is a bacterium, for example, an
attenuated bacterium, such as those provided herein. Exemplary bacteria include
attenuated Salmonella thyphimurium, attenuated Vibrio cholerae, attenuated Listeria
monocytogenes or E. coli. Alternatively, viruses such as vaccinia virus, AAV, a
retrovirus can be used in the methods provided herein. In exemplary methods, the

virus is vaccinia virus. Other cells that can be used in the present methods include
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marmmalian cells, such as fibroma cells, including human cells such as human
fibroma cells.

Any of a variety of animals, including laboratory or livestock animals can be
used, including for example, mice, rats and other rodents, rabbits, guinea pigs, pigs,
sheep, goats, cows and horses. Exemplary animals are mice. The tumor can be
generated by implanting tumor cells into the animal. Generally, for the production
of a desired polypeptide, RNA, or compound, any solid tumor type can be used,
such as a fast growing tumor type. Exemplary fast growing tumor types include C6
rat glioma and HCT116 human colon carcinoma. Generally, for the production of a
desired antibody, a relatively slow growing tumor type can be used. Exemplary
slow growing tumor types include HT1080 human fibrosarcoma and GI-101A
human breast carcinoma. For T-independent antibody production, nu-/nu- mice
bearing allogenic tumor or xenografts can be used; while for T-dependent antibody
production, immunocompetent mice with syngenic tumors can be used. In some
embodiments, such as where the compound to be produced is a protein, the
microorganism selected can be a microorganism that uses the translational
components (e.g., proteins, vesicles, substrates) of the tumor cells, such as, for
example, a virus that uses the translational components of a tumor cell. In such
instances, the tumor cell type can be selected according to the desired post-
translational processing to be performed on the protein, including proteolysis,
glycosylation, lipidylation, disulfide formation, and any refolding or multimer
assembly that can require cellular components for completing. In some examples,
the tumor cell type selected can be the same species as the protein to be expressed,
thus resulting in species-specific post-translational processing of the protein; an
exemplary tumor cell type-expressed protein species is human.

1. Production of Recombinant Proteins and RNA molecules

The tumor tissue can be surgically removed from the animal. After
homogenization of the tumor tissue, the desired polypeptide, RNA or other
biological compound can be purified according to established methods. For

example, in the case of a recombinant polypeptide, the polypeptide might contain a
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bindable tag such as 2 his-tag, and can be purified, for example, via column
chromatography. The time necessary for accumulation of sufficient amounts of the
—iaolypepti.de or RNA in ’d}e tumor of the animal depends on many factors, for
example, the kind of animal or the kind of tumor, and can be determined by the
skilled person by routine experimentation. In general, expression of the desired
polypeptide can be detected two days after virus injection. The expression peaks
approximately two weeks after injection, and lasts up to two months. In some
embodiments, the amount of desired polypeptide or RNA in the tumor can be
determined by monitoring a microorganismally expressed detectable substance,

where the concentration of the detectable substance can reflect the amount of desired

. polypeptide ot RNA in the tumor.

'I_n aﬁothci'_ embodiment, the desired polypeptide, RNA or other compound
can be maﬁuféctured in the subject, and provide a beneficial effect to the subject. In
one cxampie, a microorganism can encode a protein or RNA, or a protein that
manufachires a compound that is not manufactured by the subject. In one example,
a microorganism can encode a peptide hormone or cytokine, such as insulin, which
can be released into the vasculature of a subject lacking the ability to produce insulin
or requiring increased insulin concentrations in the vasculature. In another example,
blood clotting factors can be manufactured in a subject with blood clotting
deficiency, such as a hemophiliac. In some embodiments, the protein or RNA tobe
produced in the tumor can be linked to an inducible promoter, such as a prbmoter '
that can be induced by increased glucose concentrations. In such instances, the
manufacture of the protein or RNA can be controlled in response to one or more
substances in the subject or by one or more substances that can be administered to a
subject, such as a compound that can induce transcription, for example, RU486.
Thus, in some embodiments, the methods provided herein can include administering
to a subject having a tumor, a microorganism that can express one or more genes
encoding a beneficial gene product or a gene product that can manufacture a

beneficial compound.
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2. Production of Antibodies

Also provided are methods for producing a desired antibody, the method
comprising the following steps: (a) administering a microorganism containing a
nucleotide sequence encoding an antigen into an animal bearing a fumor; and (b)
isolating the antibody directed to the antigen from the serum obtained from the
animal. The antibodies directed to the antigen can be isolated and punified
according to well known methods. Antibodies that are directed against specific
contaminating antigens (e.g., bacteria antigens) can be removed by adsorption, and
the antibodies directed against the target antigen can be separated from
contaminating antibodies by affinity purification, for example, by immuno affinity
chromatography using the recombinant antigen as the ligand of the column, by
methods known in the art. Antibodies can be collected from the animal in a single
harvest, or can be collected over time by collection bleeds, as is known in the art.

F. Pharmaceutical Compositions, combinations and kits

Provided herein are pharmaceutical compositions, combinations and kits‘
containing a microorganism provided herein and one or more components. |
Pharmaceutical compositions can include a microorganism and a pharmaceutical
carrier. Combinations can include two or more microorganisms, a microorganism
and a detectable compound, a microorganism and a microorganism expression
modulating compound, a microorganism and a therapeutic compound. Kits can
include the pharmaceutical compositions and/or combinations provided herein, and
one or more components such as instructions for use, a device for detecting a
microorganism in a subject, a device for administering a compound to a subject, and
a device for administering a compound to a subject.

1. Pharmaceutical Compesitions

Also provided herein are pharmaceutical compositions containing a modified
microorganism and a suitable pharmaceutical carrier. Examples of suitable
pharmaceutical carriers are known in the art and include phosphate buffered saline
solutions, water, emulsions, such as oil/water emulsions, various types of wetting

agents, sterile solutions, etc. Such carriers can be formulated by conventional
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methods and can be administered to the subject at a suitable dose. Colloidal
dispersion systems that can be used for delivery of microorganisms include \
macromolecule complexes, nanocapsules, microspheres, beads and lipid-based
systems including oil-in~water emulsions (mixed), micelles, liposomes and
lipoplexes. An exemplary colloidal system is a liposome. Organ-specific or cell-
specific liposomes can be used in order to achieve delivery only to the desired tissue.
The targeting of liposomes can be carried out by the person skilled in the art by
applying commonly known methods. This targeting includes passive targeting
(utilizing the natural tendency of the liposomes to distribute to cells of the RES in
organs which contain sinusoidal capillaries) or active targeting (for example by
coupling the liposome to a specific ligand, for example, an antibody, a receptor,
sugar, glycolipid, protein etc., by well known methods). In the present methods,
monoclonal antibodies can be used to target liposomes to specific tissues, for
example, tumor tissue, via specific cell-surface ligands.

2. Host Celis

Also provided herein are host cells that contain a microorganism provided
herein such as a modified vaccinia virus. These host cells can include any of a
varicty of mammalian, avian and insect cells and tissues that are susceptible to
microorganism, such as vaccinia virus, infection, including chicken embryo, rabbit,
hamster and monkey kidney cells, for example, CV-1, BSC40, Vero, BSC40 and
BSC-1, and human HeLa cells. Methods of transforming these host cells, of
phenotypically selecting transformaants etc., are known in the art.

3. Combinations

Combinations can include a microorganism and one or more components.
Any combination herein also can, in place of a microorganism, contain a
pharmaceutical composition and/or a host cell containing a microorganism and one
Or more components.,

Exemplary combinations can contain two or more microorganisms, a
microorganism and a detectable compound, a microorganism and a microorganism

expression modulating compound, or a microorganism and a therapeutic compound.
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Combinations that contain two or more microorganisms can contain, for example,
two or more microorganisms that can both be administered to a subject in
performing the methods provided herein, including sequentially administering the
tow microorganisms. In one example, a combination can contain a virus and a
bacterium, where, for example, the virus can first be administered to the subject, and
the bacterium can be subsequently administered to the subject.

Combinations provided herein can contain a microorganism and a detectable
compound. A detectable compound can include a ligand or substrate or other
compound that can interact with and/or bind specifically to a microorganismally
expressed protein or RNA molecule, and can provide a detectable signal, such as a
signal detectable by tdmograp‘nic, spectroscopic or magnetic resonance techniques.
Exemplary detectable compounds can be, or can contain, an imaging agent such as a
magnetic resonance, ultrasound or tomographic imaging agent, including a
radionuclide. The detectable compound can include any of a variety of compounds
as provided elsewhere herein or are otherwise known in the art. Typically, the
detectable compound included with a microorganism in the combinations provided
herein will be a compound that is a substrate, a ligand, or can otherwise specifically
interact with, a protein or RNA encoded by the microorganism; in some examples,
the protein or RNA is an exogenous protein or RNA. Exemplary
microorganisms/detectable compounds include a microorganism encoding
luciferase/luciferin, B-galactosidase/{4,7,10-tri(acetic acid)-1-(2-p-
galactopyranosylethoxy)-1,4,7,10-tetraazacyclododecane) gadolinium (Egad), and
other combinations known in the art.

Combinations provided herein can contain a microorganism and a
MICroorganism gene expression modulating compound. Compounds that modulate
gene expression are known in the art, and include, but are not limited to,
transcriptional activators, inducers, franscriptional suppressors, RNA polymerase
inhibitors, and RNA binding compounds such as siRNA or ribozymes. Any ofa
variety of gene expression modulating compounds known in the art can be included

in the combinations provided herein. Typically, the gene expression modulating
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compound included with a microorganism in the combinations provided herein will
be a compound that is a can bind, inhibit, or react with one or more compounds
active in gene expression such as a transcription factor or RNA, of the
microorganism of the combination. An exemplary microorganism/expression
modnlator can be a microorganism encoding a chimeric transcription factor complex
having 2 mutant human progesterone receptor fused to a yeast GALA DNA-binding
domain an activation domain of the herpes simplex virus protein VP16 and also
containing a synthetic promoter containing a series of GALA recognition sequences
upstream of the adenovirus major late E1B TATA box, where the compound can be
RUA486 (see, e.g., Yu et al., Mol Genet Genomics 2002 268:169-178). A variety of
other microorganism/expression modulator combinations known in the art also can
be included in the combinations provided herein.

Combinations provided herein can contain a microorganism and a
therapeutic compound. Therapuetic compounds can include compeounds that are
substrates for microorganismally expressed enzymes, compound that can kill or
inhibit microorganism growth or toxicity, or other therapeutic compounds provided
herein or known in the art to act in concert with a microorganism. Typically, the
therapeutic compound included with a microorganism in the combinations provided
herein will be a compound that can act in concert with a microorganism, such as 2
substrate of an enzyme encoded by the microorganism, or an antimicroorganismal
agent known to be effective against the microorganism of the combination.
Exemplary microorganism/therapeutic compound combinations can include a
microorganism encoding Herpes simplex virus thymidine kinase/ gancyclovir, and
streptococcus pyd geﬁes/penicillin. Any of a variety of known combinations
provided herein or otherwise known in the art can be included in the combinations
provided herein.

' 4. Kits
Kits are packaged in combinations that optionally include other reagents or

devices, or instructions for use. Any kit provided herein also can, in place of a
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microorganism, contain a pharmacentical composition, a host cell containing a
microorganism, and/or a combination, and one or more components.

Elxefnpﬁary kits can include the microorganisms provided herein, and can
optionally include one or more components such as instructions for use, a device for
detecting a microorganism in a subject, a device for administering a compound fo a
subject, and a device for administering a compound to a subject.

In one example, a kit can contain instructions. Instructions typically include
a tangible expression describing the microorganism and, optionally, other
components included in the kit, and methods for administration, including methods
for determining the proper state of the subject, the proper dosage amount, and the
proper administration method, for administering the microorganism. Instructions
can also include guidance for monitoring the subject over the duration of the
treatrment tirne.

In another example, a kit can contain a device for detecting a microorganism
in a subject. Devices for detecting a microorganism in a subject can include a low
light imaging device for detecting light, for example emitted from luciferase, or
fluoresced from green flucrescence protein, a magnetic resonance measuring device
such as an MRI or NMR device, a tomographic scanner, such as a PET, CT, CAT,
SPECT or other related scanner, an ultrasound device, or other device that can be
used to detect a protein expressed by the microorganism within the subject.
Typically, the device of the kit will be able to detect one or more proteins expressed
by the microorganism of the kit. Any of a varety of kits containiﬁg MICTOOrganisms
and detection devices can be included in the kits provided herein, for example, a
microorganism expressing luciferase and a low light imager, or a microorganism
expressing green fluorescence protein and a low light imager.

Kits provided herein also can include a device for administering a
microorganism to a subject. Any of a variety of devices known.in the art for
administering medications or vaccines can be included in the kits provided herein.
Exemplary devices include a hypodermic needle, an intravenous needle, a catheter, a

needle-less injection device, an inhaler, and a liquid dispenser such as an
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eyedropper. Typically, the device for administering a microorganism of the kit will
be compatible with the microorganism of the kit; for example, a needle-less injection
device such as a high pressure injection device can be included in kits with
microorganisms not damaged by high pressure injection, but is typically not
included in kits with microorganisms damaged by high pressure injection.

Kits provided herein also can include a device for administering a compound
to a subject. Any of a variety of devices known in the art for administering
medications 10 a subject can be included in the kits provided herein. Exemplary
devices include a hypodermic needle, an iniravenous needle, a catheter, a needle-less
injection an inhaler, and a liquid dispenser. Typically the device for administering
the compound of the kit will be compatible with the desired method of
administration of the compound. For example, a compound to be delivered
subcutaneously can be included in a kit with a hypodermic needle and syringe.

F. Examples

The following examples are included for illustrative purposes only and are

not intended to limit the scope of the invention.
Example 1
Generation of recombinant viruses

A Wild type vaccinia virus (VV) strain LIVP (the well known viral strain,
originally derived by attenﬁat'idaﬂ:amof the strain Lister from the ATCC under
Accession Number VR-1549, from the Lister Institute of Viral Preparations,
Moscow, Russia; see, Al’tshtein ef al., (1983) Dokl. Akad. Nauk USSR 285 :696-
699) designed as VGL was used as a parental virus for the construction of
recombinant viruses designated RVGLX herein. All vaccinia viruses were purified
using sucrose gradient (Yoklik). VVs were propagated and titers were determined
by plaque assays using CV-1 cells (ATCC No. CCL-70). Methods for constructing
recombinant vaccinia viruses are known to those of skill in the art (see, e.g.,
Chakrabarti et al., (1985 Mol. Cell Biol. 5:3403 and U.S. Patent No.4,722,848.
Table 1 summarizes the recombinant VYV strains described in this Example.

Inactivation of VV by PUV treatment
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LIVP VV (3 x 108 pfu/ml) was incubated with 1 pg/ml psoralen
(Calbiochem, La Jolla, CA), suspended in Hank’s buffer at room temperature for 10
min, and then irradiated for 5 min in Stratalinker 1800 UV crosslinking unit
(Stratagent, La Jolla CA) eaquipped with five 365 nm long wave UV bulb to
produce PUV-VV,

RVGLS: LacZ insertion inte F3 of LIVP

Construction of recombinant vaccinia virus RVGLS containing a lacZ gene
inserted the Notl site was prepared as described in Timiryasova ef al. (2001),
BioTechniques 31, 534-540. Briefly it was prepared as follows, The BamHI/Smal
fragment {3293 bp) of pSC65 (see, Chakrabarti et al. (1997), BioTechniques 23,
1094-1097; see, also Current Protocols in Molecular Biology, Green Publishing and
Wiley-Interscience Supplement 15:16.17.2 (1992); see also SEQ ID No. 5 herein
and SEQ ID No. 57 in PCT International application No. WO 99/32646) containing
the lacZ gene under the control of the vaccinia p7.5 promoter and strong synthetic
vaccinia pE/L promoter was isolated by digestion with restriction enzymes, blunted |
with Klenow enzyme, and cloned into Smal site of pNTS8 plasmid (Timiryasova et
al. (2001), BioTechniques 3/: 534-540) to produce pNZ2 a shuttle plasmid.

To construct pNTS, the Nofl region of the wild type VV strain LIVP was
afnpliﬁed using the following primers:

Forward: 5°-GGGAATTCTTATACATCCTGTTCTATC - 3’ (SEQ ID No. 3);
Reverse: 5-CCAAGCTTATGAGGAGTATTGCGGGGCTAC-3” (SED ID No. 4)
with the VV as a template. The resulting 972 bp fragment contained flanking
EcoRI and HindIII sites at the 5’ and 3’ ends, respectively. The PCR product was
cleaved with EcoRI and HindIll and inserted in pUC28 (Benes et al., (1993) Gene
130: 151. Plasmid pUC28 is prepared from pUC18 (available from the ATCC under
Accession Number 37253 by introducing a synthetic oligo adaptor using primers:
pUC28 L1 SAATTCAGATCTCCATGGATCGATGAGCT 3' (SEQ 1D NO.6);
pUC28 II: 3'GTCTAGAGGTACCTAGCTAC 5' (SEQ ID No. 7) into the EcoRI
and Sstl sites of pUC18. This introduces Bglll, Clal, and Ncol sites into the
polylinker of pUC18.
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Plasmid pNZ2 contains cDNA encoding the E. coli lacZ gene under the
control of the vaccinia virus early/late promoter p7.5 and a synthetic carly/late
vaccinia pE/L promoter derived from the plasmid pSC65 (see, Chakrabarti et al.
(1997), BioTechniques 23, 1094 1097; see, also Current Protocols in Molecular
Biology, Green Publishing and Wiley-Interscience Supplement 15:16.17.2 (1992);
see also SEQ ID No. 5 herein and SEQ ID No. 57 in PCT International application
No. WO 99/32646). Plasmid pNZ2 provides for homologous recombination of lacZ
into the Notl site of the VGL virus (ATCC VR-1549), to produce in the
recombinant vaccinia virus designated RVGL8. The complex of wild type vaccinia
virus DNA digested with Notl and not digested plasmid DNA pNZ2 was transfected
for in vivo recombination into PUV VV infected cells to produce RVGLS (see
Figure 1A and Figure 1B). RVGLS and the other recombinant vaccinia viruses
described herein are listed in Table 1, below,

Mutant Virus Formation/Transfection

CV-1 African green monkey kidney fibroblasts (ATCC No. CCL-70) grown
on 60 mm dishes (Corning, Corning, NY, USA) were infected with PUV-VV (strain
LIVP treated with psoralen and UV, see, e.g., Tsung et al.. (1996), J. Virol. 70,
165-171; Timiryasova et al. (2001), BioTechniques 31, 534-540; Timiryasova ef al.
(2001}, J. Gene 3 Med. 3, 468-477) at multiplicity of infection (MOI) of 1.

Two hours post-infection, the cells were transfected with a mixture of
Notl-digested viral DNA (4 j.g) and intact plasmid DNA (4 ug). Lipid-mediated
transfection of cells was carried out using 5 pl of GenePORTER reagent (Gene
Therapy Systems, San Diego, CA, USA) per pg of the DNA according to
manufacturers’ instructions. Cells were incubated in transfection mixture for 4 h
and then supplemented with a medium containing 20% of fetal bovine serum.
Cytopathic effects were monitored daily by light microscopy. - Cells were incubated
for 5-7 days until formation of the virus plaques and complete cytopathic effect.
Then, infected cells were harvested, resuspended in 0.5 ml of medium, and frozen

and thawed three times to release the virus. Single virus plaques were selected for
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the preparation of small and large recombinant virus stocks and analyzed for the
insertion and expression of the genes.
Confirm Mutant

Viral DNA was analyzed by Southern blots. Briefly, to isolate viral DNA,
confluent monolayers of CV-1 cells, grown on 10 cm plates, were infected with the
wild type VV (strain LIVP) or VV of the virus stock obtained from a single
recombinant plaque. When the cytopathic effect was complete, cells were harvested
and the pellet was resuspended in 3 ml of 10 mM Tris-HC1, pH 9.0. Viral particles
were lysed, treated with proteinase K, and the virus DNA was isolated by
phenol/chloroform extraction, followed by ethanol precipitation. The DNA was
resuspended in 100 p1 of sterile water. The viral DNA samples were digested by
Notl overnight at 37°C, followed by phenol-chloroform treatment, precipitated and
10 ng of DNA samples were separated through a 0.8% agarose gel. The DNA was
transferred to a positively charged nylon membrane (Roche Diagnostics
Corporation, Indianapolis, IN, USA) and fixed to the membrane using a GS Gene
Linker (Bio-Rad Laboratories, Hercules, CA, USA). The DIG-labeling of DNA was
performed using a nonradioactive DNA labeling and detection kit (Roche
Diagnostics Corporation) and incubating for 60 min at 37°C. The membrane was
hybridized with a denatured DIG-labeled 3357 bp NotI-Notl DNA fragment of the
plasmid pNZ2 encoding the lacZ gene. Hybridization conditions and blot
development were performed as suggested by the manufacturer,

The predicted size of the band is 3357 bp. The hybridization of Notl
digested viral DNAs with a 3357 bp DNA probe confirmed the integration of the
lacZ gene into Notl site of virus genome.

Construction of RVGL2 and RVGL23 viruses with a single TK gene mutation

Vaccinia virus LIVP was used for the construction of recombinant virus
RVGL2. Vaccinia virus Western Reserve (WR) was used for the construction of
recombinant virus RVGL23. The cDNA of Renilla tuciferase and dequorea GFP
fusion (ruc-gfp; 1788 bp; see, Wang et al., (1996) Bioluminescence
Chemiluminescence 9:419-422; Wang ef al., (2002) Mol. Genet. Genomics 268:160-
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168; Wang et al. (1997) pp 419-422 in Bioluminescence and Chemiluminescence:
molecular reporting with photons, Hastings ez al,, eds., Wiley, Chicheser UK ; see,
also U.S. Patent No. 5,976,796; see also SEQ ID No. 8 herein, which sets forth a
sequence for a ruc-gfp construct) was excised from plasmid pcDNA-ruc-gfp (RG),
which is described in Wang et al., (1996) Bioluminescence Chemiluminescence
9:419-422 and Wang et al., (2002) Mol. Genet. Genomics 268:160-168 and briefly
below, by restriction endonuclease Pmel and inserted into the Smal site of pSC65
plasmid (see SEQ ID No. 5; see, also herein and SEQ ID No. 57 in PCT
International application No. WO 99/32646), resulting in pSC65-RG-1 plasmid
DNA.

Briefly to prepare pcDNA-ruc-gfp, the EcoRI-Notl fragment encoding the
modified Renilla lnciferase-ending DNA (see, Wang et al. (1997) pp 419-422in
Bioluminescence and Chemiluminescence: molecular reporting with photons,
Hastings et al.,, eds., Wiley, Chicheser UK) was cloned into the pcDNA3.1 vector
(Invitrogen, Carlsbad, CA), placing expression of the Renilla uciferase under
control of the CMV promoter. The stop codon at the end of the Renilla luciferase
ORF was removed, and the resulting plasmid digested with Notl. The Noil
fragment containing the ORF encodﬁglg humanized dequorea GFP (Zolotukhin ef
al., (1996) 1. Virol. 70:4646-4654) was excised from the pTR-B-actin plasmid and
inserted into the Notl site of the plasmid encoding the Renilla Iucifer-as.c. The
resulting plasmid was designated pcDNA-ruc- the ruc-gfp.

New plasmid pSC65-RG-1 containing ruc-gfp fusion under the control of the
vaccinia PE/L promoter and E. coli B-galactosidase under control of p7.5 promoter
of VV was used for the construction of a single 7K gene interrupted virus RVGL2 of
strain LIVP and RVGL23 of strain WR. CV-1 cells were infected with wt LIVP or
wit WR virus at MOI of 0.1, and two hours later, pSC65-RG-1 plasmid DNA was
transfected using FuGene6 transfection reagent (Roche). Afler 24 h of incubation,
cells were three times frozen and thawed to release the virus. Recombinant viruses
were screened on CV-cells in the presence of substrate 5-bromo-4-chloro-3-indolyl-

B-D-galactopyranoside (X-gal, Stratagene, Cedar Creek, TX, USA). After four
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cycles of virus purification, all virus plaques were positive for B-galactosidase
expression. The expression of the ruc-gfp fusion protein was confirmed by
Juminescence assay and fluorescence microscopy, respectively. Schematic maps of
the viruses are set forth in Figure 1B
Construction of RVGLS and RVGLSY viruses with single gene mutations
Recombinant vaceinia viras RVGLS contains the lacZ gene under the control
of the vaccinia late p11 promoter inserted int the HA gene of vaccinia genome
(Timiryasova et al. (1993) Mol Biol 27:392-402; see, also, Timiryasova et al.,
(1992) Oncol. Res 11:133-144.). Recornbinant vaccinia virus RVGLY contains a
fusion of the Renilla luciferase gene (ruc) and cDNA of green fluorescence protein
(gfp) under the control of a synthetic early/late vaccinia promoter (PE/L) inserted
into the F3 gene of the VV genome (Timifyasova et al., (2000) ) pp. 457-459 in
Proceedings of the 11th International Symposium on Bicluminescence and
Chemiluminescence, Case et al., eds}). RVGPS5 and RVGLPY were construcied as
described for RVGLP2 and RVGLP23, ‘
Construction of RVGL20 virus with double 7K and F3 gene mutations
The ¢cDNA of humén trasferrin receptor (hTR) (2800 bp) with polyA
sequence was isolated from pCDTRI plasmid (ATCC Accession No. 59324 and
59325) by BamHI, treated with Klenow and inserted into Sall site of pSC65 plasmid
(SEQ ID No. 5 herein and SEQ ID No. 57 in PCT International application No. WO
99/32646), resulting in pSC-TIR and pSCTIR. Plasmid pSC-rTR contains cDNA
WTR in an orientation opposite to the vaccinia PE/L promoter and E.coli B-
galactosidase under control of the eaﬂy/‘aate vaccinia p7.5 promoter flanked by
vaccinia sequences for insertion into vaccinia 7K gene. pSC-TiR was used for the
construction of RVGL20 virus. RVGLY, a recombinant virus with single deletion
carrying ruc-gfp fusion in the F3 gene locus, which contains a unique Notl site in
the LIVP strain (see above, see, also, Timiryasova ef a!.,,'(ZOOO) pp. 457-459 in
Proceedings of the 1] “ International Symposium on Bioluminescence and

Chemiluminescence, Case et al., eds) , was used as a parental virus for the creation
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of RVGL20 virus by homologous recombination as described above. A schematic
of RVGL20 virus is set forth in Figure 1B

Construction of RVGL21 virus with triple TK, F3 and HA4 gene
mutations

The cDNA of the B-glucuronidase (gus)of E. coli (1879 bp) was released
from pLacGus plasmid (Invitrogen; see SEQ ID No. 9 herein) with Xbal (blunt
ended with Klenow fragment) and HindIIl, and cloned into pSCI1 plasmid pSC65
(Chakrabarti ef al.(1985) Mol. Cell Biol. 5:3403-3409; SEQ ID 5 herein and SEQ 1D
No. 57 in PCT International application No. WO 99/32646) digested with Xhol
(treated with Klenow) and HindIII under the control of a vaccinia p11 late promoter,
resulting in a plasmid pSC-GUS. The Smal-HindIIl fragment from pSC-GUS
plasmid was inserted into pVY6 plasmid , a vector for inserting antigen genes into
the hemagglutinin gene of vaccinia (see, e.g., Flexner et al., (1988) Nature 355:259-
262; Flexner et al., (1988) Virology 166: 339-349; see also U.S. Patent No.
5,718,902) digested with Smal and BamHI, resulting in pVY-GUS plasmid. The
resulting plasmid, designated pVY-GUS plasmid, contains the cDNA encoding gus
under the control of the vaccinia late promoter p11 flanked by vaccinia sequences
for insertion into the hemagglutinin (HA4) gene. Recombinant virus RVGL20 with
double deletions was used as the parental virus for the construction of RVGL21
virus. CV-1 cells were infected with RVGL20 virus at MOT of 0.1. Two hours after
infection, cells were transected with pVY-GUS plasmid DNA using FuGene6
transfection reagent (Roche). Recombinant virus plagues were selected in CV-1
cells by color screening upon addition of B-gluctironidase substrate 5-bromo-4-
chloro-3-indoly!-B-D-glucuronicacid (X-GlcA) (Research Products Int. Co., Mt.
Prospect, I1., USA) into agar medium. After eight cycles of purification in agar
medium in the presence of X-GlcA pure recombinant virus RVGL21 was selected.
RVGL21 virus has interruptions of 7K, 3 and HA genes and is presented
schematically in Figure 1B.

In vifro virus growth
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CV-1, C6 (ATCC No. CCL-107), B1‘6-F10 (ATCC No. CRL-6475), and GI-
101 A (Rumbaugh-Goodwin Institute for Cancer Research Inc, Plantation, FL; U.S.
Pat. No. 5,693,533} cells were seeded in 24-well plates at the density of 1 x 10,2 x
10°, 4 x 10°, and 2 x 10° cells/well, respectively. The next day, the cells were
simultaneously infected with 0.001 or 0.01 PFU/cell of a wild type LIVP and its
mutants. The virus suspension was added to cell monolayer (0.15 ml/well) and
incubated at 37°C for 1 h with brief agitation every 10 min. Then, the virus was
removed, appropriate complete growth medium was added (1 ml/well), and the cells
were then incubated at 37°C for 24, 48, 72 and 96 h after virus infection. To
establish resting cell culture, a confluent monolayer of CV-1 cells was incubated for
6 days in DMEM with 5 % FBS at 37°C. These resting cells were infected and
harvested at the same time points after infection as described above. Virus from the
infected cells was released by one cycle of freezing and thawing. Viral titers were

determined in duplicates by plague assay on CV-1 cells and expressed as PFU/ml.
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Designation Prior Description InsertionLo | Reference
Designation cus/loci
VGL witVV strain LIVP No Publicly available
WA insertions
RVGL1 recVva {p7.5) Luc- HindlII-N. Timiryasova TM,
(pli}LacZ of | Interrupted | Kopylova-Sviridova TN,
LIVPVV Fodor . Mol. Biol
(Russian} 27:392-401
{1993);
Timiryasova TM, LiJ,
Chen B. Chong D.
Langridge WHR, Gridley
DS, Fodor 1. Oncol. Res.
11:133-144 (1999)
RVGLS recVvs {p11) LacZ of | HA- Timiryasova TM,
LIVP VV Interrupted | Kopylova-Sviridova TN,
Fodor . Mol. Biol.
(Russian) 27:392-401
(1993)
RVGL7 rVV-EGFP (PE/L) EGFP- | TK-~ Umphress S, Timiryasova
or (p7.5) LacZ of | Interrupted T., Arakawa T, Hilliker S,
VV.-GFP LIVEPVV Fodor |, Langridge W.
Transgenics 4:19-33
: (2003)
RVGLS rVV-Not-LacZ (p7.5) LacZ of | Notl (F3)- Timiryasova TM,
or LIVPVV Interrupted Chen B, Fodor N,
tVV-Not-LZ Fodor I
BioTechniques
31:534-540 (2001)
RVGLY rVV-RG (PE/L) Notl (F3)- Timiryasova TM, Yu Ya,
or Rue-GFP of Interrupted | Shabahang S,
VV-ruc-gfp LIVPVV Fodor I, Szalay AA.
Proceedings of the
11™ International
Sympostom on
Bioluminescence &
Chemiluminescence
pp.457-460 (2000)
RVGLI12 Same as
RVGL7,
except that
HSVTK is
inserted in
place of gip
RVGL19 {(PE/L) TK- and
Tri-(p7.5) Notl (F3)- Herein
LacZin Tk Interrupted
locus (PE/L)

Ruc-GFP in
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F3 locus of
LIVE VYV
RVGL20 (PE/L) Tk- and
rTrf-(p7.5) Not] (F3)- Herein
LacZ in TK Interrupted
locus {PE/L)
Ruc-GFP in
F3 locus of
LIVE V
RVGL2] (PE/L) Tk-, HA-
rTef{(p7.5) miterrupted Herein
LacZin TK and Notl
focus, (p1 1) (F3}-
LacZin HA Interrupted
locus, (PE/L)
Ruc-GFP in
F3 locus of
LIVP VV
RVGL23 {(PE/L) Tk-
1Tri(p7.5} Interrupted Herein
LacZ in TK
locus of WR.
g -
Example 2

In vitro analysis of virus leveis

LacZ

Analysis of lacZ expression induced by recombinant vaccinia virus was
performed as described previously {Timiryasova et al. (2001), BioT echniques 31,
534-540). Briefly, CV-1 cells grown 6-well plates (Corning, Corning, NY, USA)
were infected with ten-fold dilutions of the virus stock. The virus was allowed to
absorb for 1 h at 37°C with occasional rocking. Then, the virus inoculum was
replaced with a complete medium containing 1% of agar, and the incubation was
carried out for 48 h. To visualize the virus plaques, 300 pg of X-Gal (Molecular
Probes, Eugene, Oregon, USA) per ml and 0.1% of neutral red (Sigma, St. Louis,
MO, USA) were added to the second agar overlay, and plaques were counted and
isolated after 12 h incubation at 37°C. Levels of vaccinia virus in gells in vitre could
also be determined by measuring the plaque forming units (PFU) in the cells.

In vitro infectivity of VV's measured by Plaque Forming Units
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The ability of wt LIVP virus and its mutants to infect and replicate was
analyzed in dividing and resting CV-1 cells as well as in three tumor cell lines (C6,
GI-101A, B16-F10). The results demonstrate that vaccinia mutants can efficiently
infect and replicate in dividing CV-1 cells at an MOI of 0.001. A significant yield
of vaccinia virus was obtained from dividing CV-1 cells. The yield of wt VV and its
mutants in dividing CV-1 cells was about 10 times higher than in resting CV-1 cells.
There was no significant difference in viral recovery between vaccinia mutants and
wt virus in vitro studies. The interruption of 7K, F3 and HA genes made no
difference to VV mutants replication in the dividing CV-1 cells. Three tumor cells
were tested. The relative sensitivities to cytopathic effects at MOI of 0.001 were
follows: CV-1 (dividing, highest), CV-1 (resting), C6, GI-101A, B16-F10 (lowest).
Mouse B16-F10 melanoma cells were not sensitive to virus infection at MOI of
0.001. Very low viral titer was recovered from melanoma cells infected at MOI of
0.01. Also observed was that wt WR strain was able to infect melanoma cells in
vitro more efficiently compared to LIVP strain and virus recovery was higher
compared to LIVP strain.

Example 3
Animal models and assays
Animal Models

Athymic nude mice (nu/nu) and C57BL/6 mice (Harlan Animal Res., Inc.,
Wilmington, MA) at 6-8 weeks of age were used for animal studies. Mice in groups
of five or four were infected i.v. with 10’ PFU of VV in a volume of 0.1 ml i.v. Mice
were imaged by low-light imager and fluorescence imager for ruc and for gfp
expression, respectively. The study was approved prior to initiation by the Animal
Research Committee of LAB Research International Inc. (San Diego, CA, USA).
All animal care was performed under the direction of a licensed veterinarian of LAB
Research International Inc. (San Diego, CA, USA).

Glioma Model

To establish subcutaneous glioma tumor, rat glioma C6 cells (ATCC No.

CCL-107) were collected by trypsinization, and 5 x 10° cells/0.]1 ml/mouse were
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injected subcutaneously (s.c.) into right hind leg of 6-8 week old male athymic mice.
On day 7 after C6 cell impiantatidn when median tumor size was about 150 mm?®,
viruses at the dose of 107 PFU/0.1ml/mouse were injected intravenously (i.v.). Mice
were sacrificed 14 days after virus injection. In the kinetic studies using of RVGLS
virus, mice were sacrificed at 20 min, 1 h,4 h, 18 h,36 h,3 d, 5 d, 7d and 14 days
after virus injection.

Breast Tumor Meodel

To develop sub cutaneous (s.c). breast tumor, human breast cancer GI-101 A
cells (Rumbaugh-Goodwin Institute for Cancer Research Inc. Plantation, FL; U.S.
Pat. No. 5,693,533) at the dose of 5 x 10° cells/0.1 ml/mouse were injected s.c. into
the right hind leg of 6-8 week old female athymic mice. On day 30 after GI-101A
cell implantation, when median tumor size was about 500 mm3, viruses at the dose
of 10’ PFU/mouse were injected i.v. Mice were sacrificed on day 14 after virus
injection. Mice for survival experiments and breast tumor therapy studies were kept
for long time periods (more than 100 days after virus injection). Mice that

developed tumor with the size about 4000 mm?, and/or lost 50% of body weight

. were sacrificed.

Melanomal Model

For a melanoma model, mouse melanoma B16-F10 cells (ATCC No. CRL-
6475) at the dose of 2 x 10° cells/0.04 ml/mouse were injected into the foot pad of 6-
8 week old male C57BL/6 mice. When the tumor was established (median size of
tumor about 100 mm?®), on day 18 after cell implantation, viruses at the dose of
10"/mouse were injected i.v. Mice were sacrificed 10 days after virus injection.
Vaccinia Virus in Animal Models

Vaccinia virus recovery from tumor and organs of nude mice

From sacrificed animals blood was collected, and organs (lung, liver, spleen,
kidneys, testes, ovaries, bladder, brain, heart) and tumors were harvested and |

homogenized in PBS containing a mixture of protease inhibitors. Scissors and

" forceps were changed after each organ dissection or incision to avoid cross-

contamination of the tissues. Samples were frozen and thawed, centrifuged at 1,000
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g for 5 min. Viral titer was determined in the supernatant diluted in serum-free
medium on CV-1 cells by plaque assay and staining them with 1% (wt/vol} crystal
violet solution after 48 h incubation. Each sample was assayed in duplicate and viral
titer was expressed as mean PFU/g of tissue.
Assay Measurements

Survival studies were performed on 6-week old nude mice bearing s.c..
human breast ftumor. Mice were injected i.v. with 10" of vaccinia viruses and
followed for survival. Individual body weight was measured twice a week.
Gain/loss of body weight after virus infection was calculated as the percentage: body
weight (g) - tumor weight (g) on day of virus injection / body weight (g) - tumor
weight (g) on day of monitoring x 100%. Spleens were excised from euthanized
animals and weighed. The RSW was calculated as follows: RSW =weight of spleen
{g) x 10%/animal body weight (g)- tumor weight (g). Mice were euthanized when the
raean tumor volume reached 3000 mm® or developed the signs of disease. Rapid
CO, euthanasia was humanely performed in compliance with the NIH Guide for the
Care and Use of Laboratory Animals.
Reporter genes assays

LacZ

E. coli B-galactosidase activity in tissue samples and in the serum of the mice
was determined using chemiluminescent Galacto-Light Plus™ Assay system
(Applied Biosystems, Bedford, MA, USA) according to the instructions of the kit
manufacturer. Briefly, 1-20 pl of the sample was transferred into the tube with 200
pl of 1:100 diluted Reaction Buffer Diluent and incubated at RT for 30 min. A
30011 aliquot of accelerator (-II) was added into the tube with the sample, mixed
quickly and the signal was read using luminometer. B-galactosidase activity was
expressed as relative light units (RLU) per g of tissue. Purified E. coli B-
galactosidase (Sigma) was used as a positive control and to generate a standard

curve,
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Luciferase

Renilla luciferase activity was measured in the supernatant of the tissue
samples after they had been homogenized using a Turner TD 20e luminometer
(Turner Designs, Sunnyvale, CA, USA) as described previously (Yu and Szalay,
2002) with some modifications. In brief, 20 ul of the samples was added into 500 u
of luciferase assay buffer (0.5 M NaCl, 1 mM EDTA, 0.1 M potassium phosphate
pH 7.4) containing a s;béﬁét; coelentrazine, Luciferase activity was measured:
during 10-s interval and expressed as RLU per g of tissue.

Assay Results

Tumor-selective replication of vaccinia virus RVGLS.

Recovery of wt LIVP (VGL) and RVGLS from tumor samples and different
organs from six mice and from normal organs. VGL was recovered from tumor,
testes, bladder, and liver and as well as from brain. Recombinant virus RVGLS,
however, was found mostly in tumor only (in mouse #24 virus was found in testes,
bladder and liver; in mouse #22 in testes) and no virus was recovered from brain
tissue in six tested animals. This finding demonstrates the safety of RVGLE with
the interruption of the Notl site,

Presence of RVGLY over time

A vaccinia virus RVGLY with a single F3 gene mutation and carrying ruc-
gfp was used to assess the pattern of vector tissue distribution following i.v.
administration into immunocompromised athymic mice bearing s.c. glioma tumors.
The tissue distribution data using this recombinant virus showed viras
distribution and tumor targeting by this VV strain. Kinetics studies were performed
by noninvasive imaging of virus replication in the mice based on ruc and gip
expression. Four to five animals per group bearing s.c. rat glioma C6 tumor were
injected with 107 of RVGLSY virus via the tail vein. The animals were sacrificed at
20 min, 1,4, 18 and 36 hours, 3, 5, and 14 days after virus injection. No viable viral
particles were recovered from brain, bladder or testes at any time point after i.v.
injection of virus. Some viral particles were recovered from spleen, heart and lung

at early time points after virus injection. After 18 h post-infection, the titer of
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RVGLY virus in these organs decreased. No virus was recovered ini the heart tissue
after 18 h: around 156.5 and 44 PFU/g tissue was recovered from spleen and lung,
respectively, on day 14 as compared to 3221.0 and 3521.9 PFU/g tissue at 20 min
after virus injection, respectively. The pattem of virus recovery from liver and
kidneys was different from the pattern in the spleen, heart, or lung. No virus in the
kidneys and 174.9 PFU/g tissue of virus was recovered from liver at an early time
after virus injection. On day 5 afier virus injection, the titer of virus in these organs
increased and went down on day 14 post virus injection. In tumor ﬁssue virus was
detected starting 18 h after virus administration (1.6 x 10’ PFU/g tissue), and
dramatically increased over the time of observation (1.8 x 10® PFU/g tissue on day
7). Virus in the tumor tissue was detectable for more then 60 days after a single 1.v.
virus injection. The results demonstrate tumor-specific replication of these vaccinia
mutants. A correlation was observed between the virus recovery and the transgene
expression in tumors and in organs. Based on the data of RVGLY virus kinetics, day
10 or day 14 was used for tissue distribution studies of different vaccinia mutants in
melanoma and glioma and breast tumor models, respectively.

Presence of various VV in mice bearing a glioma tumor

To examine tissue distribution of vaccinia virus in immunodeficient mice
bearing an s.c. glioma tumor, viruses were injected i.v. at a dose of 1 x 10 PFU/O.1
mYmouse on day 7 after C6 rat glioma cell implantation. Fourteen days after virus

injection, mice were sacrificed and virus titer was determined in different tissues.

Mice injected with wt WR virus were sick and dying due to viral

pathogenicity' "Hence, WR-injected mice were sacrificed on day 7 after virus

injection. Wild type LIVP virus was recovered from all analyzed tissues as well as
from brain. The amount of recovered virus particles from the mice injected with wt
LIVP was much lower than wt WR strain of VV. The results presented in Table 1A

Table 1A. Viral recovery from nude mice tissues in glioma model,"

LIVP RVGL2 | RVGLS | RVGL® | RYGL20 | RVGL21 | WR® RVGL23 |
wt TK- HA- F3- TK-, F3- | TK-, F3-, | Wt TK-, WR
HA-
Brain T2x10° | 14x10° |0 0 0 0 14x10" | 1.9x10°
Kidneys | 6.1 x 107 [ 6.7x 10" | 1.6x 107 3456 33.3 36.6 S4x10° | 79x210°
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LIVP RVGL2 | RVGL5 | RVGLY | RVGL20 | RVGL21 | WR" RVGL23
Wt TK-~ HA- F3- TK-, F3- | TK~, F3-, | Wt TK-, WR
HA-
Lung 29x10° |0 1.6x 10 14x10° 1 67x10° | 2.4x10° 1.9x10° § 2.1 x 10Y
Spleen | 1.9x10° [0 1.8 x 107 1.0x10° | 1LOx10° 1.7x 10° 1.6x10° | 1.8x10°
Testes 5.8x 107 | 64.3 6.4 x 107 75x10° |0 0 98x10° | 1.7x10°
Bladder | 64x10° |0 0 29x10° |0 0 28x10° | 1.2x10°
Liver 34x10° | 636 42x 10° 336 96.6 30.8 TI1x10° | 5.6x10°
Heart 60x10° [0 0 0 0 0 14x10° [0
Serum® 0 0 0 0 0 ) 6.0xi0° [ O
Tumor 5.4x 107 {15x107 | 3.8x 10 29x 10" | 3.9x 10 1.9x 107 L9x10° | 3.7x107

The results demonstrate that 10000-fold more virus was recovered in the brain of

mice injected with WR strain versus wt LIVP strain. Wild type WR strain virus was
recovered from the serum (600 PFU/20 ul) of mice on day 7 after virus injection.

No virus was reéovered in the serum of the mice injected with LIVP mutants on day
14. The level of wt LIVP in serum was not tested on day 7. About 1.9x 10° PFU/g
tissue of TK-mutant of WR strain (RVGL23) was found in the brain tissue compared
to 1.4 x10° PFU/g tissue for mice injected with the TK- mutant of LIVP strain
(RVGL2).

All other mutants of VV strain LIVP were found mostly in tumor only and
no virus was recovered from brain tissue of mice injected with a double or triple
mutant (Table 1A). Three times as many virus particles were recovered from the
tumorsof mice injected with WR compared to wt LIVP. The mean of viral recovery
in tumor tissue of the mutants of LIVP strain was similar to the wt LIVP and
equivalent to TK- mutant of WR strain.

Presence of various VV in mice bearing a breast tumor

Data for tissue distribution in immunocompromised mice bearing s.c. GI-

101 A human breast are presented in Table 1B:

Table 1B. Viral recovery from nude mice tissues in breast cancer model.

Lve RVGL2 | RVGL5 | RVGLY | RVGL20 | RVGL21 | WRP RVGL23
Wt TK- HA- F3- TK-, F3- | TK~ F3-, | Wt TK-, WR
HA-
Brain 0 0 0 0 0 0 7.2x10° 1 1.6x10°
Kidneys | 3.6x10° | 383 27 33x10° [ 258 0 3.2x10° | 2.8x10°
Lung 86x10° [ 55x10° | 29.1 16x10° | 1.6x10° | 1.Ox10° 2.1x10° | 3.7x10°
Spleen 55x10° | 995 0 18x10° o 0 1.6x10° { 1.8x 10°
Ovaries | 1.6x10° | 0 0 0 0 0 8.0x10" | 2.7x 10’
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LIVP RYGL? | RVGLS | RVGLY | RVGL20 | RVGL2I | WR' RVGL23 T
Wt TX- HA- ¥3- TK-, F3- | TK-, F3., | Wt TK-, WR
HA-
Bladder | 3.9x10° |0 0 0 7] 0 2.8x10° | 1.2x10°
Liver 12xi0" |0 L7x10F [ 52x10F 1 1.7x10F | Lox1QF 4.0x10° | 4.8x10°
Heart 1.4x30° | O ) 58.2 46x10° |0 63x10° 1 22x10°
Serum® 0 0 0 0 0 0 24x 100 10
Tumor B6x10° | LOXIO |25x10° :Lix10° | S6x108 | tOx10° {29x10° | 66x10° |

About 10-fold more viral particles were recovered from breast tumor tissue
compared to ghoma tumor tissue. No virus particles were recovered from the brain
tissue of mice injected with either wt LIVP or its mutants. 7.2 x 10% and 1.6 x 10*
PFU/g was recovered from brain tissue of mice injected with wt WR and TK-virus
of WR strain V'V, respectively (Table 1B). During the dissection of organs from
euthanized mice, it was found that the ovanes from the mice being injected with wt
WR and TK- of WR virus were drastically enlarged as compared to all other groups
of mice. The analysis of viral recovery from ovaries demonstrated high titer of wt
WR and TK- WR strain in ovaries, for example, 8.0 x 107 and 2.7 x 10" PFU/g,
respectively. About 1.6 x10”° PFU/g was recovered from the ovaries of the mice
injected with wt LIVP virus, however no virus particles at all were recovered from
cither ovaries or from brain of mice injected with the mutants derived from LIVP
strain (Table 1B).
Presence of various VV in mice bearing a melanoma tumeor
The tissue distribution of VV in the immunocompetent mice bearing
" melanoma tumors on foot pads also were studied. BL/6 mice on day 17 after
B16F10 melanoma cell implantation were i.v. injected with the viruses at the dose of
10" PFU/mouse via the tail vein. All groups of mice were sacrificed on day 10 after
virus injection due to huge tumor size in the PBS-injected control group. The results
are set forth in Table 1C:

Table 1C. Viral recovery from C57BL/6 mice tissues inp melanomza model.

LIVP RVGL2 | RVGLS | RVGLS | RVGL20 | RVGL21 | WRP RYGL23
Wi TH- EA- ¥3- TK-, F3- | TK-, F3-, | Wt TK-;, WR
HA-
Tumor 54x10° |39x10° [37x10° [95x10° [25x10° | 24x10° 9.9x10% | 2.2x10°
Tissues® | 0 0 g 0 0 0 0 0
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* Mean of viral recovery PFU/g of tissue for 3-5 mice/group.
" Mice were sacrificed on day 7 after virus injection,

. *PFU/20 pl of serum

4 Mice were sacrificed on day 9 afier virus injection.
¢ No virus was recovered in all tested tissue.

_ No virus was recovered from kidneys, lung, spleen, brain, testes, bladder, liver,
heart, and serum of the immunocompetent mice injected with the viruses. Virus was
only recovered from the tumor tissue. About 10-fold virus particles were recovered
from the turnors of mice injected with wt LIVP, TK- LIVP, wt WR, and TK- WR
compared to other groups.

Example 5

Reduction of human breast tumer implanted in nude mice by recombinant
vaccinia viruses RVGL7, RVGLY and RVGL21

RVGL7 and RVGLY

Figure 1B shows a schematic representation of the recorbinant vaccinia
viruses used for these experimenfs. RVGL7 was prepared as described for the
preparation of RVGLS. RVGL7 contains nucleic acid encoding EGFP and lacZ,
and includes pE/L and p7.5 regulator regions inserted into the TK gene.

Luminescence and fluorescence images of tumors in a nude mouse

Human breast GI-101A cancer cells (5x10° cells/mouse) were
subcutaneously implanted into the right thigh of the mice. Thirty days after cell
implantation RVGLY, the NofI (F3)-interrupted virus expressing a fusion of Renilla
tuciferase and green fluorescence protein (RVGLY = rVV-RG = rVVruc-gfp) was
injected intravenously via tail vein at a dose of 1x10” PFU/mouse. A fluorescence
image of GFP and low-light image of luciferase expression were taken nine days
after virus injection, i.e. 39 days post cell implantation showing dissemination of the
virus .

Reduction of human breast tumor implanted into nude mice by vaccinia
viruses RVGL7 or RVGLY

Human breast GI-101 A cancer cells {5 x 10° cells/mouse) were
subcutaneously implanted into the right thigh of the mice. Mice were injected i.v.

with RVGL7=rVV-GFT=TK- or RVGLS-rVV-ruc-gfp=Notl (3) ~interrupted viruses
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(1% 107 PFU/mouse in 0.1 ml) and PBS control on day 30 after cell implantation.
Images were taken on day 65 after GI-101A cell implantation and 35 days after virus
or PBS injection. The results demonstrate drastic reduction of tumor volume in the
mice injected with TK- or Notl (F3) ~interrupted vaccinia viruses compared with
the tumor in the mice injected with PBS. :

GFP in Human Breast Tumor after Viral Administration

Human breast GI-101A cancer cells (5 x 10 celis/mouse) were
subcutaneously imﬁlante;i ir;to ;he right thigh of the mice. Mice were injected i.v. with
RVGL7=VV-GEFP=TK- or RVGLI=rVV-RG-rVV-ruc-gfp-Notl (F3) ~interrupted
viruses (1 x 10’ PFU/mouse in 0.1 ml) on day 30 after cell implantation. The data
demonstrate GFP expression in tumor area in the mice injected with TK” or Notl
(F3) —interrupted vaccinia viruses. No GFP signals were observed in other parts of the
mice bodies. The results also showed that expression of GFP can be visualized as
early as 48 h after virus injection through the tail vein. On day 16 after virus injection
very strong signals of GFP which correspond to a tumor volume of about 1300-1620
mm?® for TK- or NotI (F3) -interrupted virus, respectively were observed. Reduced
GFP signals were observed on day 25 (1218-1277 mm’ for TK- or Notl (F3) -
interrupted virus, respectively) and 32 (514-887 mm® for TK- or Notl (F3) -
interrupted virus, respectively) due to reduction of tumor volume.
Time course of Breast Tumor Volume over Time

G1-101A breast cancer cells were implanted subcutaneously into the right
thigh of 4-5-week old female athyrsic (nu/nu) mice in the dose of 5x10% cells/mouse.
Thirty days afier tumor impiantation,.when the tumor reached about 500 mm’ in
volume, 2 single dose (hs:l()7 PFU/mouse in 0.1 ml) of RVGL7 =1VV-GFP = TK-
or RVGLY = rVV-RG = rVV-ruc-gfp = Notl (F3) -interrupted vaccinia viruses or
PBS control was injected intravenously (via tail vein). Tumor dimensions were
measured with vernier caliper twice a week and volumes were calculated as
(LxHxW) /2, where L, H and W represent the length, width, and height of the tumor,
respectively and expressed in mm?®. The data demonstrate significant (60-80% on

day 65) tumor reduction in the mice injected with TK-, Notl (F3) -interrupted
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vaccinia viruses. In contrast, tumors grew very rapidly in the mice injected with
PBS.
Monitoring of tumor regression by light extinction.

Subcutancous GI-101 A breast tumor reduction occurred in 100% of
immunocompromised mice treated with a single i.v. injection of wt LIVP, single F3-
, single TK-, and double F3-, TK-, mutants of LIVP strain. Some degree of toxicity
was seen in the mice treated with above viruses. RVGL21 virus with the triple
deletions TK, F3 and HA genes which showed no toxicity in nude mice; hence this
virus was used for long-term studies. The difference in antitumor activity and
survival between high and low doses of treatment using the triple mutant RVGL21
virus was not significant. GFP expression in tumor area in the mice injected with
RVGL21 was monitored. No GFP signals were observed in other parts of mice
body. Expression of GFP can be visualized as early as 48 h after virus injection
through tail vein. Onday 16 after virus injection we observed very strong signals of
GEP, which correspond to tumor volume about 1300-1620 mm’ and reduced GFP
signals on days 25 (1218-1277 mm %) and 32 (514-887 mm %) due to reduction of
tumor volume . Tumor volume reducti.on also was apparent by visual inspection of
the mice.

Example 6
. Reduction of vaccinia virus toxicity and virulence

Reduction of vaccinia virus pathogenicity by monitoring mouse body
weight and survival

The percentage of body weight change in athymic and immunocompetent
mice bearing different s.c. tumors after L.v. admxmstratlon of the viruses was
examined. Injection of wt LIVP and wt WR and some mutants at the dose of 10’
pfu/mouse via the tail vein led to a progressive vaccinia virus infection within a two
week observation period. At one week after challenge, the mice showed typical
blister formation on the tail and footpad. Later, weight loss, sometimes
accompanied by swelling of the mouth region, in several cases led to death of the

mice. In the case of wt WR strain of VV, mice started to die on day 7 after i.v.
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injection of virus. While mice receiving the recombinant LIVP viruses gained
weight or remained the same weight over the same time period.

Body weight in glioma model nude mice

Rat glioma C6 cells at the dose of 5%x10°/0.1 ml/mouse were implanted s.c.
into the right thigh of nude mice (5-6 old male mice) on day 0. Vaccinia viruses
were injected 1.v. (via tail vein) at the dose of 1 x 107 PFU/0.1 mi/mouse on day 7.
Animals were weighed twice a week. Gain/loss of body weight on day 14 post
infection was calculated as the percentage: body weight - tumor weight on day of
virus injection (g) / body weight-tumor weight on day 14 (g) x 100%. Injection of
VGL (wild type vaccinia virus, strain LIVP) and RVGLS (HindllI-N-interrupted)
causes toxicity in nude mice: mice continue to lose the weight. Recombinant
vaccinia viruses RVGLS (HA-interrupted), RVGL7 (TK-interrupted), RVGLE
(NotI(F3) -interrupted), RVGL19 (double, TK- and NotI (F3) -interrupted) were less
toxic in nude mice: after losing some body weight, 10 days post-infection, mice
started to gain the body weight .

Nude mice with glioma that were injected with wild type WR strain of VV
lost 31.9% of body weight on day 7 after virus injection. Mice injected with TK-
virus of WR strain lost 22.4% of body weight on day 14 after virus injection
compared to 1.5% in the group of mice injected with TK- virus of LIVP strain of
VV. All mice injected with wild type LIVP strain survived for at least 14 days (the
duration of the experiment). Mice without tumor injected with VGL (wt VV, strain
LIVP) lost 11.23 % of body weight. Mice bearing tumor injected with VGL (wt
VV) or with RVGLI1 (Hind[II-N-interrupted) lost 15.79% and 10.18% of body
weight, respectively. Mice in the wt LIVP group lost 15.8% of body weight versus
9.4% in the PBS injected group. Tumor-bearing mice injected with RVGL2 (TK-),
RVGLS5 (HA-), RVGL7 (TK-), RVGLS (F3-), RVGL9Y (F3-), RVGL20 (TK-, F3-),
RVGL21 (TK-, F3-, HA-) on day 14 after virus injection lost only 1.5%, 0.4%,
2.1%, 5.0%, 7.3%, 2.4%, and 3.2% of body weight, respectively. Tumor-bearing
mice injected with virus carrying double gene interruption, RVGL19 (TK- and F3-)
demonstrated (.73% gain of body weight compared to the body weight on day C.
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Based on the results of body weight, a single interruption of HA, TK, F3 (Notl site)
and double interruption of TK, F3 (Notl site) genes in vaccinia virus genome
reduces virulence and toxicity of the vaccinia virus strain LIVP.

Injection of wt VV strain WR, however, was extremely toxic to nude mice,
which died on day 7 after virus injection. Wild type and mutant VVs of strain LIVP
were less toxic in nude mice. Although nude mice injected with various LIVP
strains lost some body weight, after day 10-post infection mice started to gain the
body weight.

Body weight in breast tumor model athymic mice

The body weight change of athymic mice with s.c. GI-101 A human breast
tumor afier i.v. injection of vaccinia viruses was monitored . Mice injected with wt
WR strain lost 25.6% of body weight and died due to virus toxicity. Although mice
injected with wt LIVP virus survived for longer time, mice lost 26.4% of body
weight. Mice injected with TK-WR strain lost 17.8% of body weight, while mice
injected with TK- LIVP virus gained 1.9% of body weight. All mice injected with

other mutants of LIVP strain were stable; no virus related toxicity was observed m

. these mice.

Body weight in melanoma model immunocompetent mice

The toxicity of the vaccinia viruses in immunocompetent C57BL/6 mice
bearing mouse B16-F10 melanoma on their foot pad was studied. Although mice in
all groups survived during the experiment, wt WR strain was more toxic in
immunocompetent mice compared to wt LIVP and recombinant strains. Mice
injected with wt WR strain lost about 11.4% of body weight on day 10 after i.v.
injection of virus, while mice injected with wt LIVP strain and its double (RVGL20)
and triple (RVGL21) mutants lost only 2.2%, 1.3%, and 0.6% of body wéight,
respectively, versus to 7.1% of body weight lost in PBS injected mice. Mice
administered i.v. with RVGL2 (TK-), RVGLS5 (HA-), RVGLY (F3-), and RVGL23
(TK-WR strain) continued to gain weight over this same period.

Long-term survival after viral infection for breast tumor-bearing mice
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To examine the effect of different mutations on long-term survival, mice
bearing s.c. GI-101 A human breast tumor received doses of 107 virus i.v., and
wereobserved for survival after viral infection. The results showed that therc are
differences in survival depending upon the virus injected. Injection of the nude mice
bearing s.c. breast tumor with wt WR strain (i.v., 1 x 10"/mouse) resulted in 100%
mortality: four mice of five died on day 9 and one mouse died on day 11 after virus
injection. Mice injected with strain LIVP survived for 35 days. Mice injected with
a single mutated virus RVGLY (F3-) developed the toxicity and 25% of mice died on
day 34 after virus injection, however the deletion of F3 gene in LIVP strain
prolonged the survival of mice up to 57 days. Mice inj ected with double mutant
virus RVGL20 (F3-, TK-) began to die on day 34 after virus injection, but survived
longer than F3- injected mice. The RVGL20 virus injected mice reached 50%
survival point on day 65 and showed significantly longer survival time up to 116
days. The single mutant TK-virus of LIVP virus was less pathogenic than the single
mutant F3-or double mutant F3-, TK- viruses; all mice were alive on day 80 after
injection with TK- virus and 14.3% of the mice survived 130 days. All mice
injected with the triplé mutant TK-, F3-, and HA-virus (RVGL21) survived 130 days
(duration of the experiment) and continued to live without any signs of virus toxicity
compared to other groups of mice.

Splenomegaly in various mice

Immunocompeient CS7TBL/6 mice

Several groups of the animals defnonstrated enlargement of the spleen;
therefore the relative spleen weight (RSW) was calculated. The results are shown in
Table 2 as follows:

Table 2. Relative spleen weight (RSW) in mice with or without tumors.

Groups Glioma model | Breast cancer model | Melanoma model
nu/nu mice nu/nu mice C57BL/6 mice

No tumor, PBS 436+4.1" 50.5+11.2¢ 30.1+£2.8¢8

No tumor, LIVP | 67.2£11.9 48.0+13.1 : 63.1 94

Tumor, PBS 024 +7.4° 84,1+ 14.6° 106.0 +46.1"

LIVP 98.2 £ 28.2 108.4 + 39.4° 148.4 + 44 .8

RVGL2 96.0 +34.9 112.7£15.6 51966
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| Groups Glioma model | Breast cancer model | Melanoma model
nu/ny mice pu/By mice C57BL/6 mice

RVGLS5 143.8 = 20.5 169.6 £ 31.7 "161.6£29
RVGLS 73.9+ 10,5 151.8 £27.9 63.3+£34.9
RVGL20 8494+ 6.6 159.9 %227 166.7 £36.0
RV(GL21 1144+ 12.5 117.7 %153 63.0::24.6

WR 373+3.5 579+ 10.9 705+ 1.8
RVGL23 469 % 15.7 73.1£193 97.0+43.9

Mean + SD for n=4-8 mice/group.

RSW = weight of spleen (g) x 10*/(animal body weight (g} ~ tumor weight (g)).

®n £ 02.02 vs. all groups, except no tumor LIVP, WR, RVGL23

bp < (.039 vs. no tumor PBS, no tumor LIVP, RVGLS5, WR, RVGL23

°p < 0.046 vs. all groups, except PBS, RVGL2, RVGL20, RVGL21

¢ b <0.006 vs. all groups except no tumor LIVP, PBS, WR, RVGL23

®p < 0.048 vs. all groups, except no tumor PBS, LIVP, RVGL2, WR, RVGL.23.
5 < 0.045 vs. all groups, except PBS, RVGL2, RVGL21

8p £0.035 vs. PRS, LIVP, RVGL20, WR, RVGL23

" p <0.049 vs. all other groups, except no tumor LIVP, RVGL20, WR, RVGL23
'p £0.049 vs. all other groups.

As shown in the Table 2 above, some degree of splenomegaly was observed in
mice. For immunocompetent C57BL/6 mice, a statistically significant difference (p
< 0.035) was found in tumorous mice injected with PBS, LIVP, RVGL20, WR and
RVG123 compared to non-tumorous mice. In mice injected with wt VV strain LIVP
spleen was enlarged greatly (p < 0.049) versus all other groups. In contrast, the
smallest spieens were found in the mice without tumor.

Nude mice with a glioma tumor

In nude mice with or without s.c. glioma tumer, mice injected with wt WR or
TK-of WR virus had the lowest RSW 37.3 or 46.9, respectively, which was similar
to the RSW from the mice without tumor and injected with PBS (43.6). The largest
RSW 143.8 and 114.4 was observed in RVGLS (HA-) and RVGL21 (TK-, F3-, HA-
) groups, respectively. No statistically significant difference was found among the
groups of mice injected with wt LIVP, RVGL2, RVGLY, RVGL20 versus the PBS
injected group. '
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Nude mice with breast tumor

The results of RSW in the immunocompromised mice bearing s.c human

* breast tumor indicate that all mice injected with wt LIVP and its mutants have an

enlarged spleen compared to the mice injected with wt WR or TK- WR viruses
(p<0.045). The largest spleen was found in the mice injected with single HA-,
single F3-, double F3-, TK- mutants of LIVP strain.
Other results using RVGL21 for injection
Two mice #437 and #458 survived more then 190 days after RVGL21

injection (107 and 4x10°, respectively, i.v.) without any signs of diseases or virus
related toxicities.

On day 30 after GI-101A cell implantation (tumor volume=594.9mm®), 10’
of RVGL21 was injected 1.v. into mouse #437. On day 101 after virus injection (s.c.
tamor size=220.4 rnm3), metastasis (hard tissue) in chest area under the skin was
observed. The size of the tumor was 1223.6 mm?, which disappeared by day-148.
The s.c. tumor did not disappear, it started to grow back, but the mouse remained
metéxstasi&ﬁee.

Mouse #458 had a first s.c. tumor (GI-101A) on the right hind quarter.
When the first tumor started to shrink (day 29 after RVGL21 virus injection, tumor
size=1924.3 mm"), a second syngenic ftumor was implanted s.c. on the left hind
quarter. The second tumnor grew slowly, reached the size of 1205.7 mm’ and started
to shrmk The mouse was free of the first tumor on day 127 post virus injection; the
size of the second tumor was 439.6 mm°> . The tumor continued to shrink and the
cells died. The body gradually absorbed remaining tumor tissues that were
contributed by the host (such as the tumor vascular skeleton that was coming from
the host). Since these remains are not considered foreign, the immune system
doesn't destroy them. The tumor ceils, on the other hand, were long gone and
cleared by the immune system and the virus. Reduction of the second syngeneic tumor
demonstrates that this mouse developed antibodies against the tumor cells. The

antibodies resulted in the reduction of the second syngeneic tumor.
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EXAMPLE 7

Use of a Microorganism or Cell to Induce Autoimmunization of an Organism
Against a Tumor

This example shows that the r_nethod provided herein and in priority
application EP 03 018 478.2 relating to “The production of a polypeptide, RNA or
other compound in a tumor tissue” also can be used for the production of antibodies
against the tamor tissue. These antibodies provide for aufoimmunization of the
organism bearing the tumor. Furthermore, these antibodies can be isolated and used
for the treatment of tumors in other organisms.

Methods and uses of microorganisms, including cells, which can contain
DNA encoding a desired polypeptide or RNA, to induce autoimmunization of an
organism against a tumor are provided. Also provided are methods for the
production of antibodies against a tumor by: (a) injecting a microorganism, such as
a virus or cell, optionally containing a DNA sequence encoding a desired
polypeptide or RNA, into an organism bearing a tumor and (b) isolating antibodies
against the tumor.

This Example further demonstrates that administration of microorganisms,
such as the triple mutant vaccinia virus strain provided herein, which accumulate in
tumors, causing them to release tumor antigens for a sufficient time to permit
production of antibodies by the host. This is exemplified by showing a reduction
and elimination of xenogeneic GI-101A solid breast carcinoma tumors and their
metastases in nu-/nu- mice (T cell deficient mice),

Step#l: Female nu-/nu- mice of 5 weeks age were chosen, and the GI-101A cells
grown in RPM11640 medium, supplemented with estrogen and progesterone. The
confluence was reached, cells were harvested, washed with phosphate buffered
saline. Cells (5 x10 ° cells per mouse) were then injected subcutaneously into mice.
The tumor growth was carefully monitored every two days.

Step#2: At two stages of tumor growth (at tumor size of 400-600mm’, and at tumor
size of ~ 1700 mm?), purified vaccinia viral particles (RVGL12) were delivered to
each tumorous mice by intravenous injection through tail vein. The colony purified

virus was amplified in CV-1 cell line and the intracellular viral particles were
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purified by centrifugation in sucrose gradient. Two concentrations of virus (10°
pfu/100 pi and 107 pfu/100 pl resuspended in PBS solution) were injected. The viral
replication was monitored externally by visualization of virus-mediated green
fluorescence protein expression. The tumor development was monitored by tumor
volume determination with a digital caliper.

Vaccinia viruses RVGL124+GCV(gancyclovir) , and RVGL12Z (RVGL12 is
the same as RVGL7, except that the nucleic acid encoding gfp is replaced by herpes
simplex virus thymidine kinase (HSV TK; see, SEQ ID Nos. 35 and 36) were
injected 67 days after GI-101A cellular implantation. A second administration
referred to as RVGL12a, was injected 30 days after cellular implantation. .

Step#3: Afier viral administration , it was determined that first the tumors
continued to grow to a size of ~ 900 mm?® (from 400-600 mm® at the time of viral
injection), and to a size of ~ 2400 mm3 (from 1700 mm®). Then the growth rate
leveled off for approximately 6-8 days.

Stép#4: Approximately 14 days after viral injection, the tumor volume started to
decline rapidly. Forty days after viral application, all the treated animals showed
more than 60% tumor regression. Sixty-five days after viral treatment and many of
the animals had complete regression of tumors.

Step#5: Some of the animals were completely tumor-free for several weeks and
their body weight returned to normal. RVGL-12+GCV treatment resulted in 86.3%
reduction of tumor size (Day 52 after viral injection) from their peak volumes on
Day 13, RVGL-12 treatment resulted in 84.5% reduction of tumor size (Day 52)
from their peak volumes (Day 13). RVGL-12a treatment resulted in 98.3%
reduction of tumor size (Day 89) from their peak volumes (Day 12). After
PBS+GCV control treatment, the average volume of tumors were increased by
91.8% in 38 days

Step#6: The level of immune activation was determined. Sera were obtained from
the animals with regressing tumors and the immune titer determined against a

foreign protein (e.g. green fluorescent protein), vaccinia viral proteins, and GI-101A
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cancer cell proteins were determined. The following antisera obtained from the
following sources were used to analyze the following listed samples.

Samples:

1). Mouse cell lysate (control);

2). Purified and denatured vaccinia viral particles;

3). GI-101A tumor cell lysate;

4}, Punified green fluorescent protein;

5). Purified luciferase protein;

6). Purified beta-galactosidase protein.

Antisera:

a). Antiserum from nontumorous mouse;

b). Antiserum from GI-101 A tumorous mouse;

¢). Antiserum from GI-101A tumorous mouse 14 days after vaccinia i.v. injection;
d). Antiserum from GI-101A tumorous mouse 65 days after vaccinia 1.v. injection;
¢). Antiserum from tumor-free mouse (after elimination of GI-101A tumor) 80 days
after vaccinia i.v. injection.

The results showed that there was enormous tumor-specific vaccinia virus
replication in the tumors, which led to tumor protein antigen and viral protein
production in the tumors, In addition, the vaccinia virus did lyse the infected tumor
cells thereby releasing tumor-cell-specific antigens. The continuous leakage of these
antigens into the body led to a very high level of antibody titer (in approximately 7~
14 days) against foreign cell proteins (tumor proteins), viral proteins, and the virus
encoded engineered proteins in the mouse body. The newly synthesized antitumor
antibodies and the enhanced macrophages, neutrophils counts were continuously
delivered via the vasculature into the tumor and thereby providing for the
recruitment of an activated immune system in the inside of the tumor. The active
immune system then eliminated the tumor including the viral particles. This
interconnected release of foreign antigens boosted antibody production and

continuous return of the antibodies against the tumor-contained proteins function as
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an autoimmunization vaccination system, initiated by vaccinia viral replication,
followed by cell lyses, protein leakage and enhanced antibody production .
EXAMPLE 8

Production of B-Galactosidase and Anti f-Galactosidase via Vaccinia Virus
Delivered lacZ in Tumor Bearing Mice

Thirty five athymic nu/nu mice (5 weeks old, 25g, male) were used to
demonstrate the biodistribution and tumor targeting of vaccinia virus (strain LIVP)
with different deletions in the genome. Mice were divided into 7 groups with 5 in

each group as presented in Table 1

Group | No.mice | Tumor implanted Virus Injected | Insertion locus

1 5 None VGL wtLIVP

2 5 C6,5.c. 5x 10° cells | VGL wtLIVP

3 5 C6,s.c. 5x 105 cells { RVGL1 N-luc, lacZ

4 5 C6,s.c. 5x 105 cells | RVGLS HA- lacZ

5 5 C6,s5.c. 5x 105 cells | RVGL7 TK-egfp, lacZ

6 5 C6,s.c. 5x 105¢cells | RVGLS Nofl-lacZ

7 5 C6,s.c. 5x 105 cells | RVGLIY TK-rT7f, lacZ, Notl-RG

Cé6 gliomas were subcutaneously developed in Groups 2 to 7. Five days after tumor
cell implantation (5x10° cells/mouse), each animal was treated with 0.1 ml of virus
at a multiplicity of infection (MOI) of 1x10” via tail vein injection. Two weeks after
virus injection, all mice were sacrificed and blood samples were collected. Various
organs and tumors also were taken from animals for virus titer and f-galactosidase
analysis.

The B-galactosidase analysis was performed using the Galacto-Light Plus
system (Applied Biosystems), a chemiluminescent reporter gene assay system for
the detection of B-galactosidase, according to the manufacturer’s instructions.
p-galactosidase Expression Measurements

In non-tumorous mice as well as in tumorous mice injected with wild type
vaccinia virus (without reporter genes and without f-galactosidase gene) no B-
galactosidase expression was detected in organs, blood and tumor samples. By

contrast, in the tumors of mice infected with B-galactosidase expressing virus, high
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levels of B-galactosidase was expressed. B-galactosidase also was detected in blood

samples as shown in Table 2, but no virus was recovered from blood samples.

Table 2. Production of § galactesidase by vaccinia virus in fumeor and bloed
from tumor bearing mice (day 14 after virus injection)

Group | Virus B-galin mmor | B-gal in serum Est. total B~ | Est. total B-
Injected | H&/mS oftotal | pe/mi of total protein | gal/tumor gal/Sml

protein (ug) blood (ng)

3 RVGL! | 1.59%0.41 1.38x107%:1.09x10° | 489.84 4,00

4 RVGLS | 1.51 %037 1.16x10%+1.08x107 | 330.21 3.62

5 RVGL7 |1.35+0.59 0.95x107+1.47x107 | 616.60 1.83

6 RVGL8 |1.81x042 0.86x107£0.33x107” | 962.36 2.38

7 RVGL19 | 1.30 = 0.44 0.26x107+0.16x107 | 463.75 0.60

Anti-B-galactosidase antibody production

To determine whether the amount of B-galactosidase presented in mouse

blood was sufficient to elicit antibody production, sera taken from two mice (mouse

#116 from Group 5, and #119 from Group 6) were collected and tested for primary

antibodies against B-galactosidase in Western analysis. p-galactosidase from E. cofi

(Roche, 567 779) was used as the antigen standard, and the mouse monoclonal anti

B-galactosidase from E. coli (Sigma, G6282) was used as the antibody positive
control. As additional sources of B-galactosidase, total protein was obtainéd from
CV-1 cells 24 hours after infection with RVGL7 at MOI of 1 pfu/cell, and the tumor
protein sample from mouse designated #143 (treated with RVGL7) was obtained.

The protein samples were prepared in triplicate, each set including a -
galactosidase antigen control, a cell lysate from RVGL7 infected CV-1 cells, and
tumnor lysate from mouse #143. All protein samples were separated by
electrophoresis using a 10% polyacrylamide gel, and transferred to NitroBind
nitrocellulose membrane (MSI) using a BioRad semidry blotting system.
Immunoblotting was performed with either 1:3000 mouse monoclonal anti B-
galactosidase, or 1:3000 mouse serum taken from either mouse #116 or#119, and
1:3000 Goat AntiMouse IgG-HRP (BioRad). An Amplified Opti-4CN Detection
Kit (BioRad) was used for detection.

The results showed that sera taken from mouse #116 and #119 exhibited

similar levels of antibody when compared to a commercial mouse anti--
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galactosidase standard , and demonstrated that the tumor bearing mice #116 and
#119 produced antibodies against B-galactosidase.
EXAMPLE 9

Mammalian cells for tumor therapy

As shown herein, certain bacteria, viruses, and mammalian cells BVMC),
when administered systemically, again enter and selectively replicate in tumors.
Hence, systemically injected mammalian cells and certain bacterial (anaerobic
bacteria, such as Salmonella, Clostridium sp., Vibrio, E. coli) celis gain entry into
solid tumors and replicate in tumor-bearing organisms. Genetically-labeled cells
can be used for tumor detection and therapy. In addition to gene expression in
tumors through BVMC targeting, tumor-specific gene expression can be achieved by -
linking transgenes to tissue/tumor-specific promoters. To obtain tumor specific gene
expression, a variety of systemic targeting schemes can be employed. These
strategies include the use of tissue/tumor-specific promoters that allow the activation
of gene expression only in specific organs, such as prostate-specific promoter-
directed viral gene expression; the use of extracellular matrix (i.e. collagen)-targeted
viral vectors; and the use of antibody-directed viral vectors. Conditionally-
replicating viruses have also been explored as tumor-specific delivery vehicles for
marker genes or therapeutic genes, such as oncalytic adenovirus vector particles, -
replication-selective HSV, vaccinia viruses and other such viruses.
7 When light-emitting protein encoded BVMC are injected systemically into
rodents, tumor-specific marker gene expression is achieved and is detected in real
time based on light emission. Consequently, the locations of primary tumors and
previously unknown metastases in animals are revealed in vivo. Hence diagnosis can
be coupled to therapy and to monitoring of therapy. The impaired lymphatic
system in tumors may be responsible for the lack of clearance of bacteria from
tumors by the host immunosurveillance after escaping the vascular system.

EXAMPLE 10

Tumor Development is inhibited following S.pyogenes administration
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This Example and following examples demonstrate the use of bacterial celis
to colonize tumors, use of reporter in the cells to quantitate colonization; use of the
colonized attenuated bacterial cells for tumor inhibition. Co-administration or
sequential administration of bacteria and viruses. Admistration of virus before
bacteria increase tumor colonization by the bacteria. Administer bacteria that
expresses an enzyme that will activate a prodrug, thereby targeting colonized cells.
Bacterial Strains

Streotococcus pyogenes M-type 1 T-type 1 (ATCC catalog no. 700294) was
transformed with pDC123-luxF plasmid ) that contains the bacierial luciferase
expression cassette (Lamberton GR, Pereau MJ, lles K, Kelly IL, Chrisler J,
Childers BJ, Oberg KC, Szalay AA. 2002. Construction and characterization ofa
bioluminescent Streptococeus pyogenes. Proceedings of the 12th International
Symposium on Bioluminescence and Chemiluminescence, Case JF, Herring PJ,
Robison BH, Haddock SHD, Kricka LJ, Stanley PE (eds). Chichester: Wiley, pp 85-
88. Luciferase can be detected in the presence of exogenous decanal.

Transformed S.pyo_genes were grown overnight in BH1 media in the
presence of 20 pg/ml of chloramphenicol at 37°C. After overnight
growth, the bacteria were counted at ODgoe and bacteria were resuspended in BH1
media at the indicated density for injection.

Tumor Development and Bacterial Injection

Twenty 5-week old mice were injected subcutaneously in the right lateral
thigh. Each mouse was injected with 5 x 10° C6 glioma cells transformed with
pLEIN-derived retrovirus (Clontech; see also WO 03/14380). The subcutaneous
tumors were developed for 7 da};s after implantation before bacterial injection.

For bacterial injection, the ftumor-bearing mice were anesthetized with
isofluorane. The suspensions were injected intravenously with a 1-cc insulin syringe
equipped with a 29 ¥ -gauge needle through a surgically exposed femoral vein.
After the injections, the incisions were sutured.

Tumor growth was monitored twice a week following bacterial injection

using a digital caliper. In addition, flucrescence imaging and photographic images
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of the animals were taken at the end time points. The presence of luminescent
bacteria was analyzed by intravenously injecting the animals with 30 pi of decanal.
Analysis of whole animals for bacterial luciferase activity, followed methods similar

to Yu et al. (2004) Nature Biotechnology 22(3): 313-20. Briefly, anesthetized

_ animals were placed inside the dark box for photon counting (ARGUS 100 low light

Tmager, Hamamatsu).| Photon collection was for 1 minute from ventral and dorsal
sides of the animal and the images were recorded with Image Pro Plus 3.1 software
(Media Cybernetics) and/or Lighttools® macroimaging system. A light image also
was recorded. The luminescent images were superimposed on the light image to
localize the luminescent activity on the animal. Total intensity of photon emission
in localized regions, e.g. in the tumor region, also was recorded. S.pyogénes Waé

(20 pg/ml) plates. Luminescent bacteria were counted in the presence of decanal

vapor.
Resuits
Four groups of mice were tested. Each group contained five mice.
Group S.Pyogenes

1 None
2 1x10°
3 1x10
4 5x 10

Tumor volume was measured after 7 days of tumor development and the injection of

S.pyo gene:s, through 21 days post-tumor development.

The control group of mice with no S.pyogenes had continuous and
accelerating tumor growth over the 2-week period. The mice injected with §.
pyogenes had slower mor growth. Groups 3 and 4 bad the slowest tumor growth
rates. Both groups maintained a slower linear rate throughout the monitoring period,
whereas the control group, not injected with bacteria, exhibited tumor growth that

accelerated at later time periods.

At all time points following bacterial injection, tumor volumes were smaller

in Groups 3 and 4 mice than in the control mice (Group 1). At day 21, the average
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rurnor volume of the control group was approximately 2.5-3 fold greater than the
average tumor volumes in Groups 3 and 4. Group 2, injected with the lowest titer of
bacteria, also had a reduced tumor volume from the control group at the later ime
points, although the tumor volume was larger than Groups 3 and 4.

Bacterial colonization and tumor inhibition also is assayed in a fibrosarcoma
model. HT1080 fibrosarcoma cells iransformed with the pLEIN retrovirus are
injected subcutaneously into the right lateral thigh of five week old nude male mice

5 x 10° cells/mouse). S. pyogex_aes ﬁansformed with pDC123-luxF is injected into
the femoral vein of the animals after 8 or 14 days of tumor growth (5 animals on
each day). A group of 5 animals are not injected as serve as a control group. Tumor

growth and luciferase activity is monitored at subseguent time points. S.pyogenes

is isolated from tumors and cultured on BH1 + chloramphenicol (20 pg/ml)} plates.

-Luminescent bacterial colonies are counted in the presence of decanal vapor.

Exampile 11

Vibrio Cholera localization to tumors
Piasmids and Bacterial Strains |

Attenuated Vibrio Cholerae, strain Bengal 2 serotype 0139, M010 DattRS1,
was transformed with pLITE201 which contains the laxCDABE cassette (Voisey et
al. (1998) Biotechniques 24:56-58). The transformed strain is a light emitting strain -
due to the expression of the luciferase genes.
Tumor Development and Bacterial Injection

Groups of nude mice {n>20) were implanted with C6 glioma tumors
(500mm?’) as described in the Examples herein. 1 x 10° transformed bacteria
(V.Cholerae) were suspended in 100 pl of phosphate buffered saline (PBS). The
bacterial suspension was injected into the right hind leg of each mouse. The animals
were then monitored after injection under a low light imager as described in
Example A. _

In a separate experiment, for comparison, groups of nude mice (n>20) were

implanted with C6 glioma tumors (500mm?) as described in the Examples herein.
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These mice were injected with 1x 10® pfu/mouse of r'VV-RUC-GFP virus (see
Examples 1 and 4)}. |
Results

Titer and luciferase activity

Mice from each of the two injected groups were sacrificed at time points
after injection. Tumors were excised and homogenized. Bacterial and viral titers

and luciferase activﬁies were measured as described in the Examples heremn.

Both bacterial and viral titer increased following injection. The increase in
bacterial growth over time was proportional to luciferase levels in the tumors. A
log-log plot of bacterial titer versus luciferase activity in tumors in the mice injected
with V. cholera demonstrated a linear relationship between bacterial titer and
Tuciferase activity. The groups of mice injected with rVV-RUC-GFP virus, also

demonstrated a linear relationship between virus titer and luciferase activity.

Time after V. Cholera/pLITE injection
4 hrs 8 hrs 16 hirs 32 hrs
Bacterial Titer
370X 10°+2.93 | 3.14X10°+245 | 1.08 X 10°+13 | 597X 10°+4.26
(cfu/tumor)
Time after rVV-ruc-gfp virus injection
36 hrs Day 3 Day 5 Day 7
ViraiTiter
326X 10°+3.86 | 722X 107 +3.67 | 1.17X10°+0.76 | 3.77X 10° £1.95
(pfw/tumor)

The experiments demonstrated a linear relationship between titer and luciferase
activity. Thus, luciferase activity of the injected bacteria and/or virus can be used a
correlative measurement of titer.
Localization

Localization of V.cholera was performed as detailed in the Examples herein

for virus. Briefly, organs and blood samples were isolated from animals euthanized
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with CO; gas. The organs were ground and plated on agar plates with
chloramphenicol drug selection for analysis of bacterial titer.

Bacterial titer was assayed in tumor, liver, testes, spleen, kidney, lung, heart,
bladder and brain of the injected mice. Samples were taken from mice sacrificed at
zero, and subsequent times up to 150 hours following V.cholera injection. _

At the time point immediately following injection (1=0), V. cholera was
present in all samples, with the highest levels in the liver and spleen. By 50 hours
post-injection, titer of V.cholera in all tissues had reduced with the exception of
tumor tissue. In contrast, V.cholera titer had increased about 4 orders of magnitude
as compared to time zero. This level increased slightly and then stayed constant
throughout the remainder of the experiment. By 150 hours post-infection, titer in ail
samples except tumor had decreased. For example, the titer in liver had decreased
by approximately 5 orders of magnitude from the time zero point. At the 150 hour
point, the V.cholera titer in the tumor tissue was about 6 orders of magnitude greater
than any other tissue sample.

Example 12
Co-administration and sequential administration of bacteria and virus

V.Cholera/pLITE (see Example B) and vaccinia virus VV-TK -gfp-lacZ (see
Example 4) were administered together or sequentially. Groups of nude mice with
C6 glioma tumors were injected with bacteria and/or virus as shown in the Table
below. Three male mice were injected per group. Bacteria and/or virus were
injected on day 11 and day 16 following tumor implantation. Tumor growth,

luciferase and GFP activity were monitored as described in the Examples herein.

Group Day 11 injection Day 16 injection
1 1 X 10" VV-TK -gfp-lacZ 1 X 10" V.Cholera/pLITE
2 None 1 X 10’ V.Cholera/pLITE
3 1 X 10 V.Cholera/pLITE 1 X 10" VV-TK -gfp-lacZ
4 None 1 X 10" VV-TK -gfp-lacZ
5 None 1 X 10" VV-TK -gfp-lacZ and
1 X 10’ V.Cholera/pLITE
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Results

On day 21 (21 days post tumor implantation) animals were sacrificed.
Tumors were excised from each animal and ground. Viral titer was assayed on
Groups 3, 4 and 5. Bacterial titer was assed on Groups 1,2 and 5. Titers (colony
forming units and plaque forming units) were performed as previously described in
the Examples.

A comparison of the bacterial titer in tumors Groups 1, 2 and 5 demonstrated
that bacterial titer was highest in Group 1 that had been injected first with vaccinia
virus at day 11, and followed by ¥.cholera injection on day 16. Co-injection of
bacteria and virus at day 16 (Group 5) gave an intermediate bacterial titer. Group 2,
injected only with V.cholera at day 16, had a lower bacterial titer in the tumor tissue
than either of groups 1 or 5. Thus, turmors were more susceptible to bacterial
colonization when first colonized by VV-TK -gfp-lacZ virus.

A comparison of the viral titer in Groups 3, 4 and 5 demonstrated that Group
4, with only virus injection at day 16, had the highest viral titer followed by Groups
5 and 3. The viral titer of Group 5 was slightly higher than Group 3, but not
apparently significantly different. One mouse in Group 4 had a viral titer that was
an extreme outlier in comparison to the viral titer of the other 2 mice in Group 4.
When the numbers were reassessed without this mouse, the general trend remained
the same. The average viral titer in Group 4 was much closer to the viral titers of
Groups 3 and 5. The data from the three groups in this analysis was not
significantly different. Thus, pre-administration of bacteria followed by
administration of virus did not significantly change the viral colonization of the
tumor as compared with viral administration alone.

_ Example 13
Tumor Inhibition by Administering PNP-expressing bacteria and prodrug
Plasmids pSOD-DeoD contains the bacterial purine nucleoside phosphorylase
gene (PNP) (Sorcher et al. (1994) GeneTher. 1(4):223-238), under the control of the
constitutive SOD (superoxide dismutase) promoter. Plasmid pSOD-DeoD-lux,
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contains the lnxCDABE expression cassette (Voisey ef al. (1998) Biotechniques
24:56-58) inserted into pSOD-DeoD.

PNP converts the non-toxic prodrug 6-methylpurine deoxyribose (6-MPDR}
to 6-methyl purine which inhibits DNA replication, transcription and translation
(Sorcher et al. (1994) GeneTher. 1 (4):223-238).

Tumor Growth inhibition

Nude mice were injected with pLEIN retrovirus transformed C6 glioma cells.
The pLEIN retrovirus expresses EGFP under the control of the viral promoter LTR
(Clontech; see also WO 03/14380).  E. coli DHSa expressing the bacterial purine
nucleoside phosphorylase gene was inj ected at day 8 following tumor implantation
with or without prodrug (6-methylpurine deoxyribose (6-MPDR)). Tumor volume

was monitored at subsequent time points (as performed in previous examples).

Group Administered
1 E.colifPNP + prodrug
2 E.colilPNP
3 E.coli control + prodrug

Groups 2 and 3 exhibited equal tumor growth over time points from 8 to 21 days
post tamor implantation. Group l,kwhich received both the E.coli expressing PNP
and the prodrug exhibited ~20% reduction in tumor size as compared to the control
Groups 2 and 3 at the end time points.

To further test bacterial colonization and prodrug effects on tumor growth, a
human breast cancer model, GI-101 A adenocarainoma m nude mice, was chosen.  GI-
101A was derived from GI-101. GI-101 originated from a local first reduncnce of
an infiltrating duct adenocarainoma (stage 1lla, T3INZMX) in a 57 year old female
patient by researchers at Rumbaugh-Goodwin Institute for Cancer Research. Inthe
subcutaneous xenograft nude mice model, the tumor consistently metastasizes to the
lungs. The GI-101A is a slower growing, fumor model as compared to the C6

glioma turnor model.
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Fifteen 4 week old female nude mice are each injected subcutaneously in the

right lateral thigh with GI-1C1A cells. Thirty days afier tumor development,
bacteria are injected. Escherichia coli DH5a is transformed with pSOD-DeoD or
pSOD-DeoD-lux. The bacteria are grown overnight in LB media in the presence of
20 pg/ml of chloramphenicol at 37°C. After overnight growth, the bacteria are
counted at ODgop and bacteria resuspended in BHI media at the indicated density.
The suspensions are injected intravenously with a I-cc insulin syringe equipped with
229 Y -gauge needle into the animal through a surgically exposed vein or as
otherwise indicated. After the injections, the incisions are sutured.

Prodrug is administered to groups of mice every four days following
injection of bacteria. Tumor growth is monitored twice per week using a digital
caliper. Luciferase imaging is performed as described in the Examples herein, At
the end point, the animal are sacrificed and organs are assayed as described in
Example B. Histological analyses are performed to determine the degree of tumor

necrosis due to bacterial colonization and/or drug treatment.

Since modifications will be apparent to those of skill in this art, it is intended

that this invention be limited only by the scope of the appended claims.
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CLAIMS:
1. A method for production of a polypeptide or RNA or a product compound,
comprising:

administering 1o a tumor bearing non-human animal a microorganism that is a virus
or a bacterium that contains nucleic acid encoding the polypeptide, encoding RNA or
products in a biochemical pathway for producing the product compound, wherein:
the tumor is a solid tumor; and
the virus or bacterium accumulates in tumor cells in the animal;
harvesting tumor tissue from the animal; and
isolating the polypeptide or RNA or compound from the harvested tumor tissue

2. A method for simultaneously producing a polypeptide, RNA molecule ot
cellular compound and an antibody that specificaily reacts with the polypeptide, RNA
molecule or compound, comprising:

(a) administering a virus or a bacterjum that contains nucleic acid encoding the
polypeptide, encoding RNA or a pathway for producing the product compound to a tumor
bearing non-human animal, wherein:

the tumor is a solid tumor; and
the virus or bacteriumn accumulates in tumor cells in the animal;

(b) isolating an antibody that specifically reacts with the polypeptide, RNA molecule

or compound from serum that was obtained from a tumor-bearing animal;
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{c) harvesting fumor fissue from the animal; and

(d) isolating the polypeptide, RNA molecule or cellular compound from the harvested
tumor tissue.

3. A method for autoimmunization of a non-human animal against a tumor to
produce autoantibodies against the tumor, comprising:

(a) providing a non-human animal bearing a tamor that expresses the antigen against
which antibodies are desired;

{(b) administering a virus or a bacterium to the tumor bearing non-human animal,
wherein:

the virus or bacterium accumulates and replicates in tumeor cells in the animal
to lyse the tumor cells and release tumor antigens from the tumor, whereby the animal
produces autoantibodies against antigens from the tumor; and

(¢) isolating autoantibodies from serum.

4. The method of any of claims 1-3, wherein the animal is a rodent.

3. The method of claim 4, wherein the rodent is a mouse.

6. The method of claim 4, wherein the rodent is a rat.

7. The method of any of claims 1-6, wherein the microorganism-is an attenuated
bacterium.

8. The method of claim 7, wherein the bacterium is selected from among

attenuated Vibrio cholerae, E. coli, listeria, salmonella and streptococcus strains.
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9. The method of claim 8, wherein the virus is selected from among pox viruses,
herpes viruses, adenoviruses and sindbis virus.

10, The method of claim 9, wherein the virus is an attenuated cytoplasmic virus.
11. The method of claim 9, wherein the virus is an attenuated pox virus.

12. The method of claim 9, wherein the virus is a vaccinia virus.

13. The method of claim 12, wherein the vaccinia virus is a Lister strain.

14. The method of ¢claim 12, wherein the vaceinia virus is a LIVP strain.

15.  The method of any of claims 1-14, wherein the microorganism comprises a

reporter gene construct.

16.  The method of claim 15, wherein the reporter gene construct encodes a
detectable protein or a protein that induces or produces a detectable signal.

17.  The method of claim 16, wherein the protein is a luciferase or a fluorescent
protein.

18.  The method of claim 15, wherein the reporter gene construct encodes a
bioluminescence generating system and optionally encodes a fluorescent protein.

19.  The method of claim 16 or claim 17, wherein the detectable protein or protein
that induces or produces a detectable signal is to be detected for monitoring the localization
and/or level of the microorganism in the non-human animal.

20.  The method of claim 19, wherein detection is effected with a low light
imaging device.
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ABSTRACT

MODIFIED RECOMBINANT VACCINIA VIRUSES AND OTHER
MICROORGANISMS, USES THEREQF

Recombinant vaccinia viruses useful as tumor-specific delivery vehicle for cancer gene therapy
and vaccination Therapeutic methods and microorganisms therefore are provided. The
nticroorganisms are designed to accumulate in immunoprivileged tissues and cells, such as in
tumors and other proliferating tissue and in inflamed tissues, compared to other tissues, cells and
organs, so that they exhibit relatively low toxicity to host organism. The microorganisms also are
designed or modified to result in leaky cell membranes of cells in which they accumulate,
resulting in production of antibodies reactive against proteins and other cellular products and also
permitting exploitation of proliferating tissues, particularly tumors, to produce selected proteins
and other products. Methods for making tumor specific antibodies and also methods of making
gene products encoded by the microorgamsm as well as antibodies reactive therewith are

provided.

{No suitable fignre)
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SEQUENCE LISTING

<110> Genenlux
Szalay, Aladar A.
Timiryasova, Tatyana
Yu, Yong A.
Zhang, Qian

<120> Microcorganisms for Therapy
<130> 17248-002wol {4B02PC}

<140> Unassigned
<141l>

<150> EP03013826.7
<151> 2003-06-18

<150> EP0301B478.2
<151> 2003-08-14

<150> EP03024283.8
«151> 2003-10-22

«<160> 36
<170> FastSEQ for windows Version 4.9

«210> 1

<21%> 148

<212> DNA

<213> Artificial Sequence

<220>
«223> LIVP F3

<400> 1

gatatagcaa cagtagttet tgetectcect tgattétagc atcetctica ttattttekt 60
ctacgtacat aaacatgtcc aatacgttag acaacacacc gacgatggeg gecegetacag 120
acacgaatat gactaaaccg atgaccat 148

<210> 2

211> 49

<212> PRT

<213> Artificial Sequence

<220>
<223> Translation LIVP F3

<400> 2
Met Val Ile Gly Leu Val Ile Phe Val Ser Val Ala Ala Ala Ile Vval
1 5 10 15
Gly Val Leu Ser Asn Val Leu Asp Met Phe Met Tyr Val Glu Glu Asn
20 : 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu
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Tyr

<210» 3
<211> 27
<212> DNA

40

<213> Artificial Sequence

<220>
<223>

<400> 3

Forward primer

gggaattctt atacatcctg ttctate

<210> 4
<211i> 30
<212> DNA
«213>

<220>
<223>

<400> 4

Reverse primer

Artificial Sequence

ccaagettat gaggagtatt gecggggctac

«210> &

«211> 7252
<212> DNA
<213>

220>
<223>

<300>
<308B>
309>

<400> 5

agcttttgeg
gatgattcat
attgcaaate
attagaagce
attcacagac
aagggtcaaa
aaaagaatcc
caatatcgca
attctttatt
aggtaaaagt
cgtgactata
gaataatttt
tttotecgtg
ataaaaatta
tattccaaaa

pPsch5

GenBank No.
2000~

08-24

atcaataaat
tttttaagta
actcaatate
gtgggtcatt
tttcaagatt
cttaataaag
tetectageta
ttttctaacg
gtcatcatga
acagaattaa
aaatattcta
gaagcattgg
ataggtatcg
attaattacc
aaaaaaaata

Artificial Sequence

AX(03206

ggatcacaac
tttggetagt
tagacttict
gttatgaatc
ttaaaaaact
gatatttgtt
ccaccgcaat
tgatggatat
acggcggaca
ttagacgagt
acgataatag
aagcaactaa
atgaaggaca
cgggtaccag
aaatttcaat

2774

cagtatctet
caagatgatg
gttattatta
tetttecagag
gtttaacaag
cgactttgtg
agatecetgtt
attaaagtcg
tattecagttg
tagacgttat
atacggsacyg
actatgtgat
gttcetttcca
geotagatet
ttttaagcett

45

taacgatgtt
aaatcttcat
ttgatccaat
gaatacagac
gtecctattyg
attagtttga
agatacatag
aataaagtga
ataatcggcece
caaatagete
ggactatgga
ctettggaat
gacattgttg
gtcgactteg
tcactaattce

cttogeagat
tatctgatat
caaaaaataa
aattgacaaa
ttacagatgg
tgcgatteaa
atcectegtceg
acaataatta
ccatgtttte
aatataaatg
cgcatgatasa
caattacaga
aattagatcg
agcttattta
caaacccace

27

30

60

120
180
240
300
360
420
480
540
600
€60
720
780
840
90¢



cgctttitat
aagtagaaaa
ggagateeeg
cgeettgray
cgeecttece
ccagaagedgg
gtceectcaa
cCcattacgy
acatttaatg
gttaactcgg
cgtttgeogt
gtgatggtgc
agcggeattet
catgttgeca
atgtgcggeg
caggtegdéca
gececgategeg
ccgaatetet
gaagecctgeyg
ggcaagcocgt
gtecatggaty
geegtgeget
ggcctgtaty
ctgaccgatyg
cgcaatcgta
getaatceacyg
tatgaaggecg
gtggatgaag
ctacctggag
cttogeggtt
ttegtetggy
teggettacg
ctggtctttg
ttettecagt
catagcgata
ggtgaagtge
cegeageegyg
accgeatggt
ctcagtgtga
gatttttgea
tcacagatgt
cgtgcacege
tgggtcgaac
acggcagata
gggaaaacct
attaccgttg
tgecagetyg
tatcccgace
tataccoogt
tatggcecac
caactgatgyg
atcgacggtt
gaattcagcet

aaccgggcay
agcegracte

agtaagtttt
tatattctaa
tcgttttaca
cacatgececec

aacagttgeg:

tgecggaaag
actggeagat
tecaatcecgeco
ttgatgaaag
cgttreatet
ctgaatttga
tgcgttggag
tcegtgacgt
ctegetttaa
agttgcgtga
gcggeaceygco
tcacactacyg
atcgtgeggt
atgtcggttt
tgctgatteg
agcagacgat
gttegecatta
tggtggatga
atcecgegetyg
atcacccgag
acgegcetgta
gcggagccga
accageeett
agacgegece
tcgctaaata
actgggtgga
gecggtgattt
cogacegeac
tecgtttate
acgagctect
ctctggatgt
agagcygccay
cagaagcegg
cgctececege
tcgagetggag
ggattggcga
tggataagga
gctggaagge
cacttgetga
catttatcag
atgttgaagt
cgcaggtage
gccettactge
acgtettece
accagtggcg
aaaccagoeca
tcecatatggg
gagcgecggt
gggggatect
gatgggacat

tecacceataa
tttattgecac
acgtcgtgac
tttegecage
cagectgaat
ctggctggag
geacggtbtac
gtttgttcoce
ctggcetacayg
gtggtgcaac
cctgagegca
tgacggceagt
ctogtegetyg
tgatgatttec
ctacctacag
gootttegge
tctecaacgte

ggttgaacty
ccgegaggtyg
aggegttaac
ggtgcaggat
tcegaaccat
agccaatatt
getaceggeg
tgtgatcate
togetggate
caccacggee
ceeggekgtg
gcectagatectt
ctggeaggeg
tcagtegetyg
tggcgatacy
geegeatecea
cgggcaaace
gcactggatg
cgctocacaa
gcaactoetygg
gcacatecage
cgegteccac
taataagegt
taaaaaacaa
cattgacgta
ggcgggecat
tgecggtygety
cocggaaaace
ggegagegat
agagcgggta
cgeetgtttt
gagcgaaaac
cggegactte
tcgecatotg
gattggtgge
cgctaccatt
tctgtgagey
ttcaacgtaa
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ataataaata
ggtaaggaag
tgggaaaacc
tggcgtaata
ggcgaatgge
tgegatcttc
gatgegeeca
acggagaatc
gaaggccaga
gggegeLggyg
tttrtacgeg
tatctggaagy
cataaaccdga
agcecgegetg
gtaacagttt
ggtgaaatta
gaaaacccga
cacaccgcog
cggattgaaa
cgtcacgage
atcetgectga
ccgctgtggt
gaaaccceacy
atgagcgaac
tggtegetgg
aaatetgteg
accgatatta
ccgaaatggt
tgcgaatacg
tttegtcagt
attaaatatg
cegaacgate
gogoetgacgyg
atcgaagtga
gtggegetayg
ggtaaacagt
ctcacagtac
gcctggeage
gecateeege
tggeaattta
ctgctgacge
agtgaagcga
taccaggccg
attacgaccyg
taceggattg
acaccgeate
aactggctcyg
gaccgetgag
ggtctgeget
cagttcaaca
cltgeacgegg
gacgactect
accagttggt
tatggcaaac
accgtttaat

caataattaa
tagatcataa
ctggegttac
gcgaagagge
gectttgeetg
ctgaggecga
tctacaccaa
cgacgggttg
cgegaattat
teggttacag
ccggagaaaa
atcaggatat
ctacacaaat
tactyggagge
ctttatggea
tegatgagoyg
aactgtyggayg
acggcacgcet
atggtctget
atcatcotet
tgaagcagaa
acacgctgtg
geatggtgcee
gcgtaacgceg
ggaatgaate
atccticcceyg
tttgecegat
ccatcaaaaa
cecacgegat
atcececgttt
atgaaaacgyg
gecagtteotyg
aagcaaaaca
ccagegaata
atggtaagcce
tgattgaact
gcgtagtgea
agtggcgtct
atctgageac
accgccaghc
cgetgegega
cecgeattga
aagcagegtt
cteacgegty
atggtagtgg
cggegeggat
gattagggcc
atetgocatt
gcgggacgeyg
tcagcegeta
aagaaggcac
ggagcecaogte
ctggtgtcaa
gaaggaaaaa
aatattttga

tttetegtaa
ctegageatyg
ccaacttaat
cogeaccegat
gttteeggea
tactgtoegtce
cgtaacctat
ttactegete
ttttgatgge
ccaggacagt
cegoctegeg
gtggeggaty
cagegattte
tgaagttcag
gygtgaaacg
tagtggttat
cgeegaaato
gattgaagca
getgctgaac
geatggteoag
caactttaac
cgaccgetac
aatgaategt
aatggtgeag
aggecacgygce
cceggtgeag
gtacgegede
atggcttteg
gggtaacagt
acagggeyggc
caacccgtgy
tatgaacggt
ccagcagcagq
cctgtteoogt
gctggceaage
gcectgaacta
accgaacgcyg
ggcggaaaac
cagcgaaata
aggectttett
tcagtteace
ceetaacgec
gttgeagtge
gcageatcag
tcaaatggcg
tggectgaac
gcaagaaaac
gtragacatg
cgaattgaat
cagtcaacay
atggctgaat
agtateggeyg
aaataataat
tagttatagt
atcttattce

8560

1020
1080
1140
1200
1260
1320
1380
1449
1500
1560
1620
1680
1740
1800
1860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
30690
3120
3180
3240
3300
3360
3420
3480
3540
3600
36860
3720
3780
3840
3900
3860
4020
4080
4140
4200



attatctgaa
cttttectaaa
tcaatcggtyg
ctaaaaataa
gataaaccgt
gcaaatgagyg
ttattttttce
ataggatctg
gtgatcatca
cgtgatgtga
caactgeate
gaacctagta
ttaaaccecey
gacttttata
gaaatgagat
cEggegtttt
cagaggtgge
ctegtgeget
tcgggaageg
gttegeteca
tcecggtaact
geeactggta
tggtggecta
ccagttacct
ageggtaggtt
gatecttiga
attcttggtca
agttttaaat
atcagtgagy
coegtegtgt
ataccgcgag
agggccegage
tgccgggaag
gotgcaggcea
caacgatcaa
ggtecteocga
gcactgcata
tactcaacea
tcaacacggg
cgttcttcgyg
cecactegtg
gcaaaaacag
atacteatac
agcggataca
ccocgaaaayg
aataggcgta
cgecagaataa
gegaaaatga
atcactaceg
ggagaazaaa
ttttgaggca

<210> 6
«211> 28
<212> DNA

atggtggtaa
cgattgggtg
tgtagaaagt
acattgatta
ttatgtattt
tcgcaaaaaa
ttagtaagtt
cteceeggtac
aatggatgct
ctctagtgac
cttoctaagat
cggcggattt
tgagcgtcetag
teccacacgyg
tattaagtat
tecatagget
gaaaqoegac
ctectgttee
tggecgettte
agetgggetg
atcgtcttyga
ataggattag
actacggcta
teggaaaaag
ccettgtttg
tcttttetac
tgagattatce
caatctaaag
cacctatere
agataactac
acceacgete
gcagaagtgg
ctagagtaag
tcgtggtgte
ggogagetac
tecgttgtcag
attctettac
agtcattety
ataataccgc
ggcgaaaact
cacccaactg
gaaggcaaaa
tettectute
tatttgaatg
tgeoecacctga
tcacgaggcce
ataaatcety
gacgttgatce
ggegtatttt
atcactggat
ttteagtcag

aactaactge
aggaaaccga
gttacatcga
aattttaata
tgaggaaatt
actgcegtat
acagcgacac
acatatacgt
aattgacggce
tcggtitcgtt
tattttaatt
actaagtaat
tcttaaatgg
taataaaatg
ttataccyggt
cogecceect
aggactataa
gaccctgeog
tcaatgcetcea
tgtgcacgaa
gtocaacceyg
cagagcgagg
cactagaagy
agttggtage
caagcagcayg
ggggtetgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggeteca
tecctgeaact
tagtteogeca
acgctegteg
atgatcceccc
aagtaagttg
tgteatgeca
agaatagtgt
gccacatagce
cteaaggate
atcttecagceca
tgcegeaaaa
tcaatattat
catttagaaa
cgtetaagaa
ctttegictt
gtgtecctgt
ggcacgtaag
ttgagttatc
ataccaccgt
ttgetcaaty

474

tgtgtgtatg
gatagaaata
cteataatat
taatacttaa
gataatgagt
caaggacagt
ggtatattag
tatttgagag
¢geecatcatyg
gatgaggaat
tctgatgtga
tacgetctac
agatgcccgt
ttacaacctt
gagaacatga
gacgagcatc
agataccagyg
cttaccggat
cgetgtaggt
cocoocegtte
gtaagacacyg
tatgtaggcy
acagtattty
tcttgatecy
attacgegea
getocagtbgga
ttecacctaga
taaacttggt
ctatttcgtt
ggettaceat
gatttatcag
ttatccgecet
gttaatagtt
tttggtatygy
atgttgtgca
gcegcagtgt
tecgtaagat
atgeggcgac
agaactttaa
ttaccgetgt
tetttbtactt
aagggaataa
tgaagcattt
aataaacaaa
accattatta
cgaataaata
tgataccggy
aggttceccaac
gagattttca
tgatatatcce
tacctataac

aaatgettta
ataggaggta
tatatttrtt
aaatggatgt
tagattacga
taaaactatt
atggtygeccac
atcatttcta
atectatttt
atctacgate
gatccaaacy
aaaatgtcat
ttecagatea
trtgctecectte
gactgacteg
acaaaaatcg
egttteccee
acctgtecge
atctcagttc
agoeccgaceyg
acttatcgce
gtgctacaga
gtatctgcge
gcaaacaaac
gaaaaaaagg
aggaaaactc
teettttaaa
ctgacagtta
catccatagt
ctggececayg
caataaacca
ceatecagte
tgegecaacgt
ctteattecay
aaaaagceggt
tatcactcat
gottttetgt
cgagttgcte
aagtgctecat
tgagatccag
tcaccagegt
gggcgacacg
atcagggtta
taggagttcece
tcatgacatt
cetgtgacygy
aagcecctggg
tttcaccata
ggagctaagg
caatagecatce
cagaccgttc

aggaggctte
atgatatgta
atctaaaaaa
tgtgtcgtta
accagaaagt
actaggagaa
cgtagtgtat
taatttagga
aaatggatty
catcaaaaaa
aggaggaaat
gattagtatt
atggatcaag
atattcaget
ggecgegtig
acgctcaagt
tggaadctece
ctttectecect
ggtgtaggte
ctgegeetta
actggragca
gttecttgaay
tctgectgaag
caccygetyggt
atctcaagaa
acgttaaggqg
ttaaaaatga
ccaatgctta
tgecctgacte
tgctgcaatyg
gcocagecogga
tattaattgt
tgttgecceatt
cteceggtteo
tagctecette
ggttatggca
gactggtgag
ttgecoeggeg
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgteteatg
gogeacattt
aacctataaa
aagatcactt
ccaacttttg
atgaaataag
aagctaaaat
gtaaagaaca
ag

4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
43820
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
€300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7252



<213>

<220>
<223>

<400> 6

Primer pUC2E8 I

Artificial Sequence

aattcagatc tecatggabce gatgaget

<210> 7
<211i> 20
<212> DNA
<213>

«Z220>
«223>

<400> 7
catcgatcecea

<210> B

<211> 1665
<212> DNA
<213>

<220>
<d23>

<4C0> B

atgacttcga
tggaccagat
aaacatgcayg
cgacatgttg
atgggcaaat
cttactgcat
tggggtgett
gttcacgaetg
gaagatattg
ttecgbggaaa
gcatatettyg
cgtgaaatcee
aatgcttate
ttettticea
gtaaaaggtc
tegttegtty
gaagaacttt
cacaaatttt
aaatttattt
tcttatggtyg
aagagtgceca
aactacaaga
ttaaaaggta
tataactcac
ttcaaaatta
aatactccaa
tctgeccttt

Primer pUC28 II

tggagatcty

aagtttatga
gtaaacaaat
aaaatgectgt
tgccacatat
caggcaaate
ggtttgaact
gtttggcatt
aaagtgtagt
cgitgatcaa
cecatgttgece
aaccattcaa
cgttagtaaa
tacgtgcaag
atgctattgt
ttecattttee
agcgagttet
tecactggagt
ctgtcagtgg
gcactactgg
ttecaatgett
tgcecgaagy
cacgtgectga
ttgattttaa
acaatgtata
gacacaacat
ttggecgatgyg
cgaaagatego

Artificial Seguence

Artificial Sequence

tccagaacaa
gaatgttctt
tattttttta
tgagccagta
tggtaatggt
tcttaattta
tecattatage
agatgtgatt
atctgaagaa
atcaaaaatc
agacaaaggt
aggtggtaaa
tgatgattta
tgaaggegcce
gcaagaagat
caaaaatgaa
tgteccaatt
agagggtgaa
aaaactacct
ttcaagatac
ttatgtacag
agtcaagttt
agaagatgga
catcatggea
tgaagatgga
cectgtectt
caacgaasag

5174

aggaaacgga
gattoattta
catggtaacg
gegeggtata
tettataggt
ccaaagaaga
tatgagcatc
gaatcatggyg
ggagaaaaaa
atgagaaagt
gaagttegte
cctgacgLtg
ccaaaaatgt
aagaagttte
gcacctgatyg
caagcggecy
cttgttagaat
ggtgatgcaa
gttececatgge
ccagatcata
gaaagaacta
gaaggtgata
aacattettg
gacaaacaaa
agcegttcaac
ttaccagaca
agagaccaca

Renilla luciferase-hegueora GFP fusion gene

tgataactgg
ttaattatta
cggectetto
ttataccaga
tacttgatca
tcatttttgt
aagataagat
atgaatggcco
tggtttigga
tagaaccaga
gtecaacatt
tacaaattgt
ttattgaatc
ctaatactga
aaatgggaaa
cacegeatat
tagatggtga
catacggaaa
caacacttgt
tgaaacagca
tatttttcaa
ceccttgttaa
gacacaaatt
agaatggaat
tagcagacca
accattacct
tggteocttet

tcegeagtygg
tgattcagaa
ttatttatgg
tettattggt
ttacaaatat
cggccatgat
caaagcaata
tgatattgaa
gaataacttc
agaatttgca
atcatggect
taggaattat
ggatccagga
atttgtcaaa
atatatcaaa
gagtaaagga
tgttaatggy
acttaccctt
cactactttc
tgacttttte
agatgacggg
tagaatcgag
ggaatacaac
caaagttaac
ttatcaacaa
gtccacacaa
tgagtttgta

28

20

60
120
180
240
300
360
420
480
540
600
660
720
780
B840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620



/74

acagctgety ggattacaca tggeatggat gaactataca aataa

<210> 9
<2%11> 11096
<212 DNA

<213> Artificial Sequence

<220>

<223> pLhacGus Plasmid

<400> 9

aagcttgcat
tgttgattca
gtttttgcayg
tgttaccgee
gttcaccgac
actgatacte
cgcegtatte
ttteccagtac
ggttcaggesa
ttacattgac
gegegaaata
tcaccacgcet
cttgctgagt
cttegaaace
cgatgcecatg
ggtaggagtt
cgaatcoottt
gtttgtggtt
gogggtagat
cttcaccegy
cagttgcaac
ccacctgoca
tategtcecac
agttaaagaa
ttcccggegyg
ttttccogge
gctcecatcac
geageacgat
cgttgeececge
cagecaattge
tttegegate
tttctacagyg
aggtatatta
ccgaaaatgt
taatagatca
aatcgcatta
ttgactattt
atggatatgt
ccaaaaaaaa
aaagtacttc
tgatagaget
cgacctgaag
tttatattte
cocggeeggtt

gectgeagea
ttgtittgect
cagaaaagcc
aacgegeaat
gacggegetg
ttecactocac
gatgatgata
cttctctgee
cageacatca
gcaggtgate
ttccegtgea
tgggtggttt
ttececegttg
aatgcctaaa
ttcatctgee
ggecoccaate
gecacgcaag
aatcaggaac
atcacactct
ttgccagagg
cacctygttga
gtcaacagac
ceaggtgtte
atcatggaag
gatagtctgce
aataacatac
ttcctgatta
acgctggect
ataattacga
ceggetttet
cagactgaat
acgtaacatt
acaattttret
tgaaagtatt
aaaatcateg
tcatcceteg
tacctetgge
atatggtggt
agtaagaatt
taaaattgtt
aattgagaat
tctaggtecc
aaatttttet
ttacaaatca

atteccgagy
ccetgetgeyg
gccgactteg
atgecttgeg
acgcgatcaa
atgtceggtgt
atcggetgat
gtttccaaat
aagagategce
ggacgcegteg
ccttgeocggac
ttgtcacgey
actgecetett
gagaggttaa
cagtcgagea
cagtccatta
tocecgeatctt
tgttecgecect
gtotggettt
tgcggattca
teegeatcad
gegtggttac
ggegtggtgt
taagactgct
cagttcagtt
ggcgtgacat
ttgacccaca
geecaacett
atatctgcat
tgtaacgege
goooacagge
ctagacatta
gttgatactt
agttaaagtyg
gttegotgat
agctatcacag
ggtgataatyg
aatgccatgt
tttgaaaatt
ttggttacag
ggatatgact
tatttatttt
tttetttotyg
gtaagcaggt

ctgtageega
gtttttecacce
gtttgeggtc
aggtcgcaaa
agacgeggty
acattgagtg
geagtttete
cgeegettty

‘tgatggtatc

ggtogagttt
gggtatccgg
ctatcagcte
cgctgtacayg
agccgacage
cectettcage
atgcgtggtce
catgacgacce
tcactgccac
tggetgtgac
ccacttgcaa
gecagttcaac
agtettgege
agagcattac
ttttettgee
cgttgttcac
cggetteaaa
ctttgeccgta
teggtataaa
cggegaactyg
tttceccacca
cgteogagttt
tagtttttte
ttattacatt
grtatgecagt
taattacccc
gcaagggata
ctcgaggtaa
aatatgatta
caatataaat
gtggtgetay
gtgttgttge
tttatagtta
tacagacgcg
cagtgegtac

cgatggtgeg
gaagttcatg
gcgagtgaag
atcggcgaaa
atacatatce
cagcccgget
ctgecaggece
gacataccat
ggtgtgageg
acgegttget
ttcgttggea
tttaatcgecc
ttetttegyce
agcagtttea
gtaagggtaa
gﬁgcaccatc
aaagccagta
tgaccggatg
gcacagttca
agtcocgeta
gctgacatca
gacatgcegte
gctgegatgg
gttttcgtcg
acaaacggtg
tggegtatag
atgagtgacce
gacttcgegce
atcgttaaaa
acgctgatca
tttgatttca
tecttgacgt
tgaataagaa
ttttygecattt
agaaataagg
aatatctaac
gattagatat
ttaaacttcet
gacagctcag
atacattggt
tgataacctg
tgttagtatt
tgtacgaatt
geeatggecy

ccaggagagt
ccagteccage
atcecotttet
ttcecatacct
ageeatgeac
aacgtatcca
agaagttctt
ccgtaataac
tcgecagaaca
tcegecagtg
atactccaca
tgtaagtgeg
ttgttgeceg
tcaatcacca
tgcgaggtac
agcacgttat
aagtagaacyg
cecgacgegaa
tagagataac
gtgecettgte
ccattggcca
accacggtya
attccggeat
gtaatcacca
atacgtacac
cegecctgat
goatcgaaac
tgataccaga
ctgeetyggcea
attccacagt
cgggttgggg
taaagtatag
gtaatacaaa
atatatctgt
Cctaaaaaact
accgtgogtg
ggatatgtat
ttgegtecat
ttacaaagtyg
tcacacactg
tcgaatagat
aagaacgtta
tcgacctoga
gagtggctca

1665

60
1290
180
2490
300
360
420G
480
540
600
660
720
7890
840
9060
960
1020
1080
11490
1200
1260
1320
138¢
1440
1560
1560
1620
1680
1740
1800
1860
1920
1580
2040
2100
2160
2220
22890
2340
2400
2460
2520
2580
26490



cagtcggtgg
geceggttat
ctggaattce
accgtegata
catcagttge
tgggecataa
cggggtatac
gtcgggatag
cagetggcag
aacggtaatc
ggtttteooe
atctgecegty
ttcgacccag
cggtgcacgg
catctgtgaa
gecaaaaatec
cacactgagg
ccatgeggte
cggetgeggt
cacttcaccyg
atcgetatga
ctggaaaaac
aaagaccaga
gtaageocgac
ccagacgaag
accgccaaga
tcecaggtage
Lteatccacyg
geettecatac
gtgattagceyg
acgatcegegc
atcggtcaga
atacaggcceg
gegeacggeg
atccatgacc
cggettgeeg
gocaggettet
gagattcggg
gegatcggea
ggcgacetge
geegeacatce
ggcaacatay
aatgcegete
caccatcacc
cggcaaacga
cgagttaacg
attaaatgtg
cgtaatggga
tgaggggacyg
cgoetictggt
ggasagggoga
tgcaaggcga
geggggagag
ggagcaacage
caatggtett

teeggeagta
tattattttt
gcegatacty
ttcagecatg
tgttgactgt
ttcaattege
atgtectgaca
ttttettgeg
ttcaggccaa
gecatttgae
tgatgctgee
cactgeaaca
gegttagggt
gtgaactgat
agaaagcctg
atttegetgy
tttteoegeea
gegttoggtt
agttcaggea
cttgecagey
cggaacaggt
tgectgetggt
ccgtteatac
cacgggttge
cecgecctgta
ctgttaccca
gaaageccatt
cgegegtaca
tgcaccggge
ccgtggectyg
tgecaccatoe
cgattcattg
tageggtege
ttaaagttgt
tgaccatgca
ttecagecagea
gettecaatcea
attteggege
taaccaccac
gtrtteacccet
tgaacttcag
aaatcgctga
atccgecaca
gecgaggeggt
ctgtcetgge
ccatcaaaaa
agcgagtaac
taggtcacgt
acgacagtat
geccggaaacce
tcggtgeggg
ttaagteggy
geggtttgeg
caagetecyag
ggtaattcct

caatggattt
gacagcagac
acgggeteea
tgeettette
ageggetgat
gocgteecgea
atggecagatce
geectaatec
tcocgegeegy
cactacecate
acgcgtgage
acgetgette
caatgegggt
cgegeageygg
actggecggtt
tggtcagatg
gacgeoeactg
goactacgeg
gttcaatcaa
gettaccatce
attcgetggt
gttttgette
agaactggeg
cgttttcatc
aacggggata
tcgegtggge
ttttgatgga
tegggcaaat
gggaaggatc
atteattcce
gcgttacgeg
geaccatgceco
acagcgtgta
tctgetteat
gaggatgatg
gcagaccatt
gegtgeocghc
tccacagttt
getcatogat
gccataaaga
¢cctecagtac
tttgtgtagt
tatcctgatce
tttcteegge
cgtaaccgac
taattocgegt
aaccegtegg
tggtgtagat
cggcectcagg
aggcaaageyg
cctetteget
aaacctgteg
tattgggege
atccgggett
ttgcgetaga

7174

cettacgega
caactggtaa
ggagtegteg
cgegtgeage
gttgaactgyg
gcgcagaccg
ccageggtea
gagccagttt
atgcggtgta
aatccggtag
ggtcgtaate
ggcctggtaa
cgettcactt
cgteageagt
aaattgccaa
cgggatggcg
ctgceaggeg
tactgtgage
ctgtttacct
cagcgecace
cacttcgatg
cgtcageget
atcgttegge
atatttaatc
ctgacgaaac
gtattcecgeaa
ccatttcgge
aatatecggty
gacagatttg
cagcgaccag
ttcgeteate
gtgggtttca
ccacageaga
cagcaggata
ctegtgacgg
ttecaatecge
ggcggtgtge
cgggttttcg
aatttcaccyg
aactgttace
agcgeggetg
cggtttatge
ttecagataa
gcgtaaaaat
ccagegecdg
ctggecttee
attcteegtg
ggacgecateyg
aagatcgcac
ceattogeca
attacgccag
tgcecagetge
cagggtggtt
ggceaagetrt
attgaactca

aatacgggca
tggtagegac
ceaecaated
agatggcgat
aagtecgecyc
ttttogeteg
aaacaggeyy
acccgerctyg
tcgetegeca
gtttteeage
agcaccgceat
tggceegecy
acgccaatgt
tgttttttat
cgettattac
tagggacgcygg
ctgatgtgec
cagagttgee
tgtggagega
atccagtgea
gtttgeccgy
ggatgeggey
gtatcgeceaa
agcgactgat
geetgecagt
aggatcagey
acagooggga
gcegtggtgt
atccagegat
atgatcacac
geeggtageo
atattggett
tggttegygat
toctgocacea
ttaacgeetce
acctogegga
agttcaacca
acgttcagac
ccgaaaggcyg
cgtaggtagt
aaatecatcat
agcaacgaga
ctgcegteoac
gcgetcaggt
ttgcaccaca
tgtagccagce
ggaacaaacg
taaccgtgca
tecagecage
ttecaggetge
ctggegaaag
attaatgaat
tttettttea
ggaattccge
ggtacaatca

gacatggect
cggegetcag
ccatatggaa
ggctggttte
gccactggtg
ggaagacgta
cagtaaggeg
ctacetgege
cttcaacatce
tgataaataa
cagcaagtgt
cettoccagey
cgttatccag
cgecaatoca
ccagectcecgat
cggggagegh
cggcttctga
cggegetete
catcecagagy
ggagctegtt
ataaacggaa
tgeggtegge
aatcaccgeo
ceacccagtco
atttagcgaa
ggegogtote
agggctggte
cggetecged
acagecgegtc
tegggtgatt
agegeggatc
catccaccac
aatgcgaaca
tegtetgeotco
gaatcagcaa
aaccgacatce
cegeoacgata
gtagtgtgac
cggtgecget
cacgcaacte
taaagcgagt
cgteacggaa
teccagegeag
caaattcaga
gatgaaacge
tttcatcaac
gcggattgac
tectgececagtt
tttocoggeae
geaactgttyg
ggggatgtge
cgygecaacge
ccagtgagac
acttttegge
cttettctga

2700
2760
2820
2880
2540
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
35090
3960
4020
4080
41490
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220

5280

5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940



atgagattta
attttttgtt
aagtattagt
atcategett
tceectegac
accactggtt
agcagtactg
ggatatgtat
ttgegteceat
ttacaaagtyg
tcacacactyg
tcgaattocea
cattaaccta
acggtgaaaa
atgecgggag
ggcttaacta
ataaacacgce
aggtgegacy
cgttttegga
taggaactte
caaaaacgea
ttgctcaaaa
tcecaccttte
tctagtatta
aacaatacga
cgttcataat
atgcgeaatc
cceogeagett
gagaaaatag
tatcaagaga
ttagaaaaat
tgttggtaaa
tttgtttgaa
ttcttcecgttg
gattetttgt
cagatgettc
ataaaataca
agaactegte
aaagcacgag
ccaacgetat
aaaagcggcc
gateeteogeco
cctgatgete
ctegetogat
geagcegeeg
acaggagate
caacgtegag
cectegtettg
geeectgoge
agtcatagec
gttcaatcat
atcagatcct
cadagggcge
gctategecea
ttgtecagat

gtecattatag
gatactttta
taaagtgygtt
cgetgattaa
gtactgtaca
ttatatacag
gacatataac
atggatatgt
ccaaaaaaaa
aaagtactte
tggtagagct
agcetoggate
taaaaatagy
cctctgacac
cagacaagee
tgcggeatca
actatgcecegt
tgaacagtaa
aacgctttga
agagegettt
ccggactgta
gtatctcttt
geteecttgaa
ctctttagac
aaatgtaaac
tttctgacca
cacatcggta
cgetagtaat
acaccaaagt
ctgecattata
agcgeteteg
atagegetcet
aaattagege
gtaaaatagc
ttgaaaaatt
gttgctteeg
caccgagatt
aagaaggoega
gaageggtea
gtccetgatag
attttecacc
gtecgggeatg
ttcgtecaga
gegatgttte
cattgcatca
ctgeeecgge
cacagetgcg
cagttcattc
tgacageegg
gaatagcctc
gegaaacgat
tggeggeaag
cecagetgge
tgtaageccea
agcccagtag

ttttttctece
ttacatttga
atgcagtttt
ttaceecaga
tataaccact
cagtcgacgt
cactggtttt
atatggtggt
agtaagaatt
taaaattgtt
aattgagaat
cecgageteg
cgtatcacga
atgcagctce
cgtcagggceyg
gagcagattg
tocttetcaty
getgtatgtg
agttecectatt
tgaaaaccaa
acgagctact
getatatate
cttgeatcta
aaaaaaattyg
atttcetata
atgaagaatc
tagaatataa
cagtaaacgc
agccttette
gagegceacaa
ggatgcattt
cegegttgeat
tctegegttg
gotttegegt
agegeteteg
tgtggaagaa
catecaactea
tagaaggcyga
geecatioge
cggtocgeca
atgatatteg
ctecgecettga
tcatectgat
geetggtggt
gecatgatgy
acttegecca
caaggaacgce
agggcaccgg

aacacggcgy
toecaccecaag
cctecatecty
aaagecatec
aattceggtt
ctgcaagceta
ctgacattca

3/74

ttgacgttaa
ataagaagta
tgeatttata
aataaggcta
ggttttatat
actgtacata
atatacagca
aatgceceatgt
titgaaaatt
ttggttacag
gyatatgact
gatceccccta
ggoeecttieg
cyggagacggt
cgtcagegag
tactgagagt
tatatatata
cgcagctcgco
crogaagttoo
aagcegetety
aaaatattgce
tetgtgetat
aactcgacct
tagtaagaac
cgtagtatat
atcaacgceta
teggggatge
gggaagtgga
taaccttaac
aggagaaaaa
ttgtagaaca
ttetgttety
cattbttgtt
tgeatttetg
cgttgeattt
cgattacaac
ttgctggagt
tgegetgega
cgocaagete
cagceeageey
gcaagoaggc
geetygegaa
cgacaagace
cgaatgggea
atactttetoe
atagcagccea
cegtegtgge
acaggtceggt
catcagagea
cggecggaga
tctettgate
agtttacttt
cgcttgetgt
cetgetttet
tceggggtea

agtatagagg
atacaaaccg
tatctgttaa
aaaaactaat
acagcagtac
taaccactgg
gtcgaggtaa
aatatgatta
caatataaat
gtggtgetgy
gtgttgttge
agaaaccatt
tctegegegt
cacagecbtgt
tgttggeggg
gecaccataac
tacaggcaac
gttgeatttt
tattctctag
aagacgcact
gaatacoget
atcecctatat
ctacattotbt
tattecataga
agagacaaaa
teactttetg
ctttatecttg
gteaggettt
ggacectacag
aagtaatcta

aaaaagaagt

taaaaatgca
ttacaaaaat
ttctgtaaaa
ttgttctaca
aggtgttgtc
tagcatatet
atcgggageg
ttcagcaata
gccacagtog
atcdeccatygyg
cagttcgget
ggcettecate
ggtagccgga
ggcaggagea
gteccttece
cagccacgat
cttgacaaaa
geegattgice
acctgegtge
agagettgat
gcagggcettce
ceataaaacce
ctttgegett
geaccgttte

tatattaaca
aaaatgttga
tagatcaaaa
cgcattatca
tgtacatata
ttttatatac
gattagatat
Ltaaacttot
gacagctcag
atacattyggt
tgataacctyg
attatcatrga
tteggtgatg
ctgtaagcgg
tgtecgggget
gcatttaage
acgcagatat
cggaageget
ctagaaagta
ttcaaaaaac
tccacaaaca
aacctaceca
tatgtttatc
gtgaatcgaa
tagaagaaac
ttcacaaagt
aaaaaatgeca
Ltttatggaa
tgraaaaagt
agatgctttg
atagattett
gocteagatte
gaagcacaga
atgcagctca
zaatgaagca
cteotgaggac
acaattcaga
gcgatacegt
tcacgggtag
atgaatccag
gtcacgacga
ggogegagec
cgagtacgtyg
tcaagecgtat
aggtgagatg
gettecagtga
ageoccgegetg
agaaccggge
tgttgtgecce
aatccatett
cecectgocgeco
ccaaccttac
gececcagteta
gegttttoce

tgcggactag

6000
60690
€120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6960
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
78060
7860
7920
7980
8040
8100
8160
8220
8280
8340
84G0
8460
852¢
B580
8640
B700
B760
8820
8880
B340
9000
9060
8120
9180
9240



ctttetacgt
cttaacgtga
ctitgagatec
cagegygtggt
tcageagage
tcaagaactc
ctgeceagtyg
aggcgeagceg
cctacaccga
ggagaaaggc
agecttecagg
ttgagegteg
acgeggeett
attgaagete
ttttgetgge
tctaccttag
cetgtagaga
tctaaaccea
tectectttgag
coecttagtat
aggcctctag
gggeceacea
geagagtact
aaaaaattgt
tcagtcaaga
aactccagta
tcgtgeatga
ttatatgtag
tgggttaaga
aatctaagtc
aaatttcaag

<210>
<211l>
<212>
<213>

ERY)
150
DA

<300>
«<308>
<3098

<400> 10

gaaaaggatco
gttttcgtte
titttttetg
ctgtttgeeg
gecagatacca
tgtagcacecg
vgataagteg
gtcgggcetga
actgagatac
ggacaggtat
gggaaacgcce
atttttgtga
tttacggttc
taatttgtga
cgeatettct
catccocettee
ccacateate
cacogagtgt
caataaagcc
attcocteocagt
gtteoctttgt
cacegtgtge
gcaatttgac
acttggcgga
tateccacatg
attecttggt
tattaaatag
cttbcocgacat
atactgggca
tgtgetoott
gaaaccgaaa

04-14

taggtgaaga
cactgagegt
cgegtaatet
gatcaagagc
aatactgttce
cctacatace
tgtcttacey
acggggggtt
ctacagcgtyg
ceggtaagey
tggtatcttt
tgctecgteay
ctggectttt
gtttagtata
caaatatgcet
cttigcaaat
cacggttcta
cataatcaac
gataacaaaa
agatagggay
tacttcttet
attcgtaaty
tgtattacca
taatgeettt
tgtttttagt
ggtacgaaca
cttggeagcea
gatttatett
atttcatgtt
cctbegttet
tcaaaaaaaa

Vaccinia Virus/LIVP

GenBank No. ME7977
2000~

9774

teettttbga
cagacccegt
gctgettgea
taccaactet
ttetagtgta
tcgectectget
ggttygacte
cgtgeacaca
agctatgaga
geagggtegg
atagtcectgt
gyggggcggayg
getggeettt
catgcattta
teccagectyg
agtcetette
tactgttgac
caatcgtaac
tctttgtege
ceettgeaty
gecgectget
tetygeoccatt
atgtcagecaa
ageggettaa
aaacaaattt
teccaatgaag
acaggactag
cgtiteoctge
tcttcaacac
tecttetgtt
gaataaaaasa

taatctcatyg
agaaaagatc
aacaaaaaaa
ttttecgaag
gcegtagtta
aatcctgtia
aagacdgatayg
gececagettg
aagcgecacg
aacaggagag
cgggtttcge
cctatggaaa
tgcteacatg
cttataatac
cttttetgta
caacaataat
ccaatgegto
cttecatctet
tcttegeaat
acaattetge
tcaaacoget
ctgctatter
attttctgte
ctgtgcecte
tgggacctaa
cacacaagtt
gatgagtage
aggtttitgt
tacatatgeg
cggagattac
aaaatgatga

accaagatec
asaggatett
ccaccgetac
gtaactgget
ggecaccact
ccagtggetyg
ttaccgygata
gagegaacga
cttccocgaag
tgeacgaggg
cagctetgac
aacgoragcea
atataattcea
agttttttag
acgttecacce
aatgtcagat
tecettgtea
tcecacceatyg
gtcaacagta
taacatcaaa
aacaatacct
gtatacacce
ticgaagagt
catggaaaaa
tgetteaact
tgtttgettt
agcacgttee
tetgtgeagt
tatatatacc
cgaatcaaaa
attgaa

9300
9360
9420
9480
9549
9600
8660
§720
9780
$840
8900
9960
10020
10080
10140
10200
10260
10320
10380
10440
1050¢C
10560
10820
10680
10740
10800
108690
10926
10580
11040
11096

atggtecatcg gtttagtecat attegtgtet gtggeggecg ceatcgtegg tgtgttgtet 60
aacgtattgyg acatgcttat gtacgtagaa gaaaataatyg aagaggatgc tagaatcaag 120
gaggagcaag aactactgtt gctatattga

11
49
PRT

<210>
<211l>
<212>
<213>

<300>
<308>
<309>

GenBank No.
2000~

04-14

Vaccinia Virus/LIVP

ARR4B282

150
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<409> 11
Met val Ile Gly Leu Val Ile Phe Val Ser Val Ala aAla Ala Ile val
1 5 10 15
Gly Val Leu Ser Asn Val Leu Asp Met Leu Met Tyr Val Glu Glu Asn
20 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu
35 40 45

Tyr

<210> 12

<21l1l> 150

«212> DNA

<213> Vaccinia Virus/wWR

<300>
<308> GenBank No. AY243312
<309> 2003-04-10

<400> 12

traatatage aacagtagtt cttgetccte cttgattcta geatectett cattattttc 60
ttctacgtac ataagcatgt ccaatacgtt agacaacaca ccgacgatgg cggccgccac 120
agacacgaat atgactagac cgatgaccat 15¢

<210> 13

<211> 49

<212> PRT

<213> Vaccinia Virus/WR

<400> 13
Met Val Ile Gly Leu Val Tle Phe Val Ser Val Ala Ala Ala Ile Val.
1 5 10 15
Gly Val Leu Ser Asn Val Leu Asp Met Leu Met Tyr Val Glu Glu Asn
20 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu
35 40 45

TYr

<210> 14

<211> 150

<212> DNA

<213> Vaccinia Virus/Ankara

<300>
<308> GenBank No. U24848.1
<309> 2003-04-14

<400> 14

tcaatatage aacagtagtt ctigctectc cttgattcta gecatectett cattatttte 60
ttctacgtac ataaacatgt ccaatacgtt agacaacaca ccogacgatgg cggeegecac 120
agacacgaat atgactaaac cgatgaccat . 150



11774

<210> 15

<211l> 49

<212 PRT

<213> Vaccinia Virus/Ankara

<400> 185
Met Val Ile Gly Leu Val Ile Phe Val Ser Val Ala Ala Ala Ile Vval
1 5 10 15
Gly Val Leu Ser Asn Val Leu Asp Met Phe Met Tyr Val Glu Glu Asn
20 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu @Gln Glu Leu Leu Leu Leu
35 40 45

Tyx

<210> 16

<211>» 146

<212> DNA

<213> Vaccinia Virus/Tian Tan

<300>
<308> GenBank No. AF(095689
<309> 2000~02~-14

<400> 186 A
caatatageca acagtagttc ttgctectec ttgattctag cateoctottc attatttbtet 60

tectacgtaca taaacatgte caatacgtta gacaacacac cgacgatggce cgcecacagac 120
acgaatatga ctagaccgat gaccat 146

<210 17

<211> 48

<212> PRT

<213> Vaccinia Virus/Tian Tan

<400> 17
Met Val Ile Gly Leu Val Ile Phe Val Ser Val Ala Ala Ile Val Gly
1 5 10 15
Val Leu Ser Asn Val Leu Asp Met Phe Met Tyr Val Glu Glu Asn Asn
20 25 30
Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu Tyr
35 40 45

<210> 18

<211> 150

«212> DNA

<213» Vaccinia Virus/Acambis 3000 MVa
<300

<308> GenBank No. AY603355

«<309> 2004~05-15

<400> 18
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tcaatatage aacagtagtt cttgetcecctce cttgatteota geatcocteott cattatttte 60
ttctacgtac ataaacatgt ccaatacgtt agacaacaca ccgacgatgg cggecgecac 120
agacacgaat atgactaaac cgatgaccat 150

«<210> 19

<211> 49

<2125 PRT

<213> Vaccinia Virug/Acambis 3000 MVA

<400> 19
Met Val Ile Giy Leu Val Ile Phe Val Ser vVal Ala Ala Ala Ile Vval
1 5 10 15
Gly Val Leu Ser Asn Val Leu Asp Met Phe Met Tyr Val Glu Glu Asn
20 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu
35 40 45

Tyr

«<210> 20

<211l> 150

<212> DNA

«213> Vaccinia Virus/Copenhagen

<300>
<308> GenBank No. M35027.1
<30%> 1293~-08-03

<400> 20

tcaatatagec aacagtagtt cttgeteocte cttgattota geatcectett cattatttte 60
ttctacgtace ataaacatgt ccaatacgtt agacaacaca ccgacgatbtgg cggccgecac 120
agacacgaat atgactagac cgatgaccat 150

<210> 21

<211> 49

212> PRT

<213> Vaccinia Virus/Copenhagen

<400> 21
Met Val Ile Gly Leu Val Ile Phe Val Ser Val Ala Ala Ala Ile Val
1 5 10 15
Gly Val Leu Ser Asn Val Leu Asp Met Phe Met Tyr Val Glu Glu Asn
20 ' 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu
35 40 45

Tyr

<210> 22

«<211l> 150

<212> DNA

<213> Cowpox Virus
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<300>
<308> GenBank No. X94355.2
«309> 2003-05-09

<400> 22

tcaatatage aacagtagtt cttgetecte cttgattcta gecatcctctt cattatttte 60
ttetacgtac ataagcatgt ccaatacgtt agacaacaca cegacgatgg cggoecgecac 120
agacacgaat atgactagac cgatgaccat 150

<210 23

<21i> 49

212> PRT

<213> Cowpox Virus

<40G0> 23
Met Val Ile Gly Leu Val Ile Phe Val Ser Val Ala Ala Ala Ile Val
1 5 10 15
gly val Leu Ser Asn Val Leu Asp Met Leu Met Tyr Val Glu Glu Asn
20 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu
is 40 45

Tyr

<21i0> 24

<211> 150

<212> DNA

<2135 Rabbitpox Virus

<300>
<308> GenBank No. AY484669
«<309> 2004-03-30

<400> 24

tcaatatage aacagtagtt cttgcteocte cttgatteta geatoctett cattatttte 60
ttctacgtac ataagcatgt ccaatacgtt agacaacaca ccgacgatgg cggeegecac 120
agacacgaat atgactagac cgatgaccat 150

<210> 25

<211> 49

<212> PRT

«213> Rabbitpox Virus

<400> 25
Met Val Ile Gly Leu Val Ile Phe Val Ser Val Ala Ala Ala Ile Val
1 5 10 15
Gly val Leu Ser ARsn Val Leu Asp Met Leu Met Tyr Val Glu Glu Asn
20 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu
35 40 45

Tyr
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<210> 26

<211> 150

<212> DNA

<213> Camelpox Virus/CMS

<300>
«308> GenBank No. AYC03089
<309 2002-07-30

<400> 26

fcaatatage aacagtagtt cttgctectoe cttaattota geatettett cattattitte 60
ttctacatac ataageatgt ccaatacgtt agacaacaca ccgacgatgy cggecgecac 120
agacacgaat atgactagac cgatgaccat 150

<210> 27

<211> 49

212> PRT

<213> Camelpox Virus/CMS

<400> 27
Met Val Ile Gly Leu Val Ile Phe Val Ser Val Ala Ala Ala Ile Vval
1 5 10 15
Gly Val Leu Ser Asn Val Leu Asp Met Leu Met Tyr Val Glu @Glu Asn
20 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu @in Glu Leu Leu Leu Leu
35 40 45

Tyr

«<210> 28

<211> 150

<212> DNA

<213> Ectromelia Virus/Moscow

<300
<308> QGenBank No. AF012825
<30%9> 2002-08-06

<400> 28

tcaatatage aactaacagtt cttgctccte ctitgattcta geatcctett cattatttte 60
ttetacgtac ataagcatgt ccaatacgtt agacaacaca ccgacaatgg cggeocgegac 120
agacacgaat atgactagac cgaggaccat 150

<210> 29

<21l> 49

<212> PRT

<213> BEctromelia Virus/Moscow

<400> 29
Met Val Leu Gly Leu Val Ile Phe Val Ser Val Ala Ala Ala Ile Val
1 5 10 15
Gly Val Leu Ser Asn Val Leu Asp Met Leu Met Tyr Val Glu Glu Asn
20 25 30
Asn Glu Glu Asp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu
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i5 40 45
TVE

<210> 30

«211> 146

<212> DNA

<213> Monkeypox Virus/Zaire

«300>
<308> GenBank No. AF380138
<309> 2001-12-13

<400> 30

tatagcaaca gtaattcttg ctcocteocttyg attttageat cotetteatt attbtottet 60
acgtacataa gcatgtecaa tacgttagac aacacaccga cgatggtgge cgecacagac 120
acgaatatga ctagaccgat gaccat 146

<210> 31

«211> 48

<212> PRT

<213» Monkeypox Virus/Zaire

<400> 31
Met Val Ile Gly Leu Val Ile Phe Val Ser Val Ala Ala Thr Ile val
i 5 1o 15
Gly Val Leu Ser Asn Val Leu Asp Met Leu Met Tyr Val Glu Glu Asn
20 25 30
Asn Glu Glu Asp Ala Lys Ile Lys Glu GIu Gln Glu Leu Deu Leu Leu
35 40 43

<210> 32

<211> 150

<212> DNA

<213> Variola Virus

<300> .
<308> GenBank No. X69198.1
<309> 1996-12-13

<400> 32

tcaatatage aacagtagtt cttgcotecte cttaattecta geatcttott cattatotte 60
ttctacatac ataagcatct ccaatacgtt agacagcaca ccgatgatgg cggcocgccac 120
agacacgaat atgactagac tgatgaccat 150

<210> 33

<211> 495

<212> PRT

<213> Varicla Virus

<400> 33
Met Val Ile Ser Leu Val Ile Phe Val Ser Val Ala Ala Ala Ile Ile
1 5 10 15
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Gly Val Leu Ser Asn Val Leu Glu Met Leu Met Tyxr Val Glu Glu Asn
25
Asn Glu Glu Agp Ala Arg Ile Lys Glu Glu Gln Glu Leu Leu Leu Leu

35
Tyr

<210>
<211>
<212>
<213>

34

DNA

<220>
<233

<400> 34

tteceactate
taaacttggt
caggcataty
gatttggaca
cgatgagaaa
tttaaaggta
agattagaaa
Etcactattyg
tecataatact
tcagtaaata
aattcttaat
ttagacgatg
tegttatcta
ttatgacata
atacatgtat
gatactagag
tcaatcatgt
ctaagcataag
tcecatagttg
ggcatcteee
taaagtatce
cgecgaatgt
atatcaaaga
cgtgeggott
atctataatc
ctatatatga
ctatatgaga
acggcttgat
tatcgogacte
gtagttgata
tttctatgaa
aactgaacga
tatcaagtea
gttgctaaat
tetactatet
agtgccactyg
gtatgeogtgt
caacatetgt

20

186854

tgtggtacga
atcctegtoo
ttccacacat
tttggtttica
taggattcete
taaaaaatac
tgtaggtatt
cgttggaaat
cacgtaattc
ttaatgagaa
tgcaaagatc
tagcagtcate
cgatgttaga
atagcatttt
atccgttatt
attgtttatt
taatgtettt
acatgtcaca
gatttacata
ttecetttttt
gtgtatagee
catatactcea
gatagtttee
tcecattttec
actatttaga
ataagcagtg
tgacttaata
tcegtgatta
tgaatacaga
atcatcatac
caaatcaata
tggttttcac
acgtctacat
ccagtggett
gtgtattctt
tctagtagta
aaagcattat
ttaagttcat

40

Artificial Sequencse

LIVP Complete Cenome

acggtttcat
gatttecatat
cctgaacaat
accgegttaa
atcttgcceaa
ttattgttge
atcatcaact
aatatcatat
tggattatty
catagtatta
tatataatca
tataatcatg
tatttctete
cagcagttca
tgatctaatyg
atatctaaca
aagataaggt
aagaccettt
ggtgtocaat
agtagatatt
teettattta
attagtatat
tratcatttce
aaaaacaatt
taatcagcca
ttatctattc
taatattgaa
attagacatt
tgagagatga
gecgtatcagt
attttagaaa
atttaacact
ttttggattt
ctagtagage
ctaatggggt
gtttgacgac
tcttgaatty
caagagcoac

cttctttgat
cctttgcecaa
gaaattoteo
catatgagtg
aatatcacta
tecgaatattte
gattotatgg
gettecacat
gcatatctat
ccacctacca
ttatagegtt
gecatatttaa
aatgaatcaa
atgtttttag
ttgacatctg
gecttgtgaa
aggcaaatgt
tttgtatgta
cgggatctct
tcatcgtgta
ccacagctcc
grtggaggac
tccatagtag
tgaccaaate
taattccteg
ctttcattaa
gagctgtaca
taacaactte
tatacagatg
actcgtecte
caggatecatt
caagtcaaat
catatagctg
catcgctata
aagectgtcte
ctegacatta
gttectggta
ctccteattt

30

45

gecatcaccce
ccaatacata

-‘agaagatgtt

aacacaccca
gaaaaaattt
tgtatttgat
ttttatgtat
atattttatt
gaataatttt
ttattitttt
gacttatgga
tacattgttt
tcacacaatce
attegttgat
aaccggatte
gaagtgtttc
ttatagtact
taagtgtaaa
ccatcatcga
agaatcaata
atattccact
atcegagtte
tacaatacta
taaatctaca
agtgcaacat
caatttaacy
atagttttta
cggacgeaca
caatacggta
ataaagaaca
gtcattacat
cecatgtteta
aatatattaa
tecttattaa
caatttttge
ttacaatget
tcattaggat
tccaaatagt

agatgttcta
tagectaaact
acaatgteta
tacatgaaag
atttatcaat
ggtatacgga
tetateatgt
ttgttttaac
agctccatga
catctcatte
ctetggaatce
tatagcatag
taatgtaggt
gacaatgget
tagcagtaaa
tectegtteg
aagaattggg
aattataaca
gataattgat
ttaatattte
agagggatat
attgttttea
cacattattc
tetttattgt
gttagatcgt
atgtcectatat
tctataaaag
tatgctcteg
ccgeaattte
ctgcageocat
aatttteotat
ccaacacctt
agttatttat
ctttaacatg
gtaatygatt
cattaaaaag
ctetgtettet
caaacatttt

60
120
180
240
300
350
420
480
540
600
660
720
780
840
200
960
1029
1080
1140
1200
1260
1329
1380
1440
1500
1560
1620
isge
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280



gactgaatga
tcaaaaactt
attttacacc
caccgecace
agacactcca
agtttaacaa
tagtttetat
cetacactat
tgtctaattt
atgtegteta
taaaacttat
trtgtaggtt
tgacgcatat
atgctacatg
gatttattat
ttaatacatt
tetgetattt
ccatattttg
acactatgcg
atatecatcaa
gagaaggtag
actaagttte
tgaaaatatt
ttaataacat
gaatetgtat
aattctaaaa
attttgtgat
tecatgacceac
ttgtcaagat
tegtgtgaaa
gtaataatat
tegtaategt
tgttetatoo
aataatagtt
ttaataccat
tectatattga
tagtegactyg
gtaacgtatg
tctatcaatg
atcttatcgt
cagttatgta
gtgtcagtac
aggtcagaag
agatggttge
tattegteoe
gtatcaataa
atcttaacga
tatatateta
tttecgaaga
ccctaaaaaa
catattaatc
atgagtagtt
ggtaatagtg
tgttatacag
taactttcac

getactgtga
gtacaattat
tcegttaata
agatgtatasa
catgccgeca
taaaattaat
ttttacagta
tatatgatta
ctaacggtag
tttteottact
attgettatt
tatttaacat
ccgcaattte
tgtacttata
taccacctat
cgatggttgg
ctgggatata
ttattatatt
actcaataca
tatacggectt
ggaataatgg
cattttttaa
tatttatatg
tgatgtatac
atcttttaag
tataaaacgt
ttttcttect
tatagttact
aataatagag
ttaaatagtt
aataatagag
aatcgtctaa
tgatcttgta
taaacacatc
ttttgatact
tgttatcaga
acgacaataa
cectttaatgg
attgtgcact
taaccatgat
tggatttage
tattagttte
ataatgaata
ategtgettt
tactataaaa
acggagcaca
aagaagttgt
gagtaatgtt
tggaaataag
atacgaataa
catggactca
ctebtettta
tttgaagage
atgtattaca
cgcatagttg

actetataca
taataaaaat
cctccattaa
gttttagate
ctaccecectt
cacgagtacc
cettgactaa
tagtttctat
tgttgataaa
ttgttctatt
agcccaatet
gtacatcact
tttttcgcag
atcgactaat
gaataagtac
taatttacte
tttatctgee
aatgtetgeg
atgataaagt
acaaagtttt
cataatattt
aatatactcg
cttaaatcta
tgtatgataa
aattgtggat
atcacggteg
aaactgttta
atcgaataac
tgtggtatgt
tattacgteo
aactgtttta
ttcatcateo
tcecatactgt
tacattggga
atttatttct
acatagatat
caaaatcaca
agttteacca
gctggcatcg
tggttgttga
acgtttggga
aataagatca
tetgtaggee
aacgtcaatg
ttgtatatec
ccatttagte
gtcattgtct
taatttatta
acataaacac
tcaccttgge
taatctctat
actttatact
tegttetcat
gcctcatata
tttgcaaata

1iri4

cocacacaac
aatttagtgt
ccecactgga
ctttattact
tagaagacat
ctactaccaa
agtttetagt
ttttatagga
cgattgttat
aacttattag
gtaaatatcg
gtaagcatgt
teggttataa
atgaagtact
ctgtgatcegt
agaataattt
agtataacac
ccattatcta
atactacatc
agtatcgata
attaggttat
acaactttag
tataatgtag
gatacatatt
attaggatat
aataatagtt
cgtaaatagt
gegtcaaata
tcacgataag
aaagatgtag
cocattetat
caattataat
atgttgectac
tttgatgtty
atacctttey
tecgaatatat
acategtttt
teatacteat
atgttaaatyg
tgctategea
agcatgagect
atctetagat
tettgttgta
gtacaaattt
agattatcat
ataaccgtaa
acggtgtatyg
aatggttgat
gcaataaatc
tatttagtaa
acgggattaa
ttttactaat
catcagaata
ttacgtaata
cggttaatce

taatgteatt
ttaaatttta
cgateoctocet
accatcatgt
attaataaga
cetacactat
cacaagageca
acgegtacga
cecgeggatac
cattatatat
gattattaac
ccttaccatt
attctatata
tgatacatat
ctaggtaatce
craatatett
aaatagtaat
ttaaccattc
catgtttate
acacatccaa
catcattgte
gatctctatt
ctectteate
ctaacaatag
tattacataa
gatcaactat
tagatagaat
tttocegttt
tataataacg
cataaccatc
catcataate
attcaccage
atgtaggtat
tagcgtattt
aaattagtaa
caaaatcatt
tgatattatt
ataatyggatt
ttttacaact
ttttttggtt
catatgattt
ctatagaatc
ctgtaactte
tatccteget
gegatgtgta
tccaaaaatt
gtactagate
aatatggatc
taattgegga
gtgtcattta
cggatygttet
catatttaga
aatcaatate
gaacgtgtca
tttgaccteg

aaatatcatg
ccagttecag
cccecacatte
ccatggataa
cttaaggaca
tatatgatta
atactaccaa
gaaaatcaaa
ctectetate
tatttgatta
atategttte
tattttaatt
tgatggatac
tttecagtaac
aactgtttte
aatatataat
acatgtaaac
tactaggctyg
tatttogttt
ctcacgcata
attatctaca
gccaaatttt
aatcatacat
atcttgtata
actattacac
ataattatey
attcattagt
aatatcgeat
catctetttt
ttgtgaccta
agtggtgtag
acgtctaate
tectetatee
fttctacaata
tttcaataag
gatattttta
atttttecttg
tgcaccactt
atcatagagt
tettteattt
cagtactgta
aaaacacgat
cggtittgtt
ttgtgtatca
tacgctaacy
tttaaagtat
ctrataagty
ctegtgacaa
catggttact
acactatact
atatacgggy
ctgatgtatg
tetgttttet
tctaccttat
togatttecey

2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
29490
3000
30860
3120
31840
3240
3300
3360
3420
3480
1540
3600
3660
3720
3780
iB40
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4580
5040
5100
5160
5220
52840
5340
5400
5460
5520
5580



accaatctgg
ttagtttgea
cattaataat
acaggegttiaa
taagtttata
tgtcttaaag
agaaattagt
tagagtacta
attattccgg
atagacagca
tgtagagatc
atgttaceat
tttceocgatag
agatectttga
ataaacttaa
ttgttattat
cataactaat
atcctgtaayg
atatgttata
tcttttattt
gatctcateg
tgtgttacat
accattttct
cacataatce
taaactatat
gacgaactct
atcgagatct
aaataaaaat
tttgttactt
tcaaatttgyg
teatctgttt
atgtttcgte
atatgatcea
taaaactecgt
aaatctatca
tgactgtcege
ttgtatgtca
crtaaagttaa
gtaggatata
cceacattat
tcactgetca
caatecagata
cattttacaa
ttaaatattt
cattgtataa
catgtattte
cacttaaagt
cogtittgata
tetaoctectg
taagttacaa
atagatggag
atagatccag
crattacaag
ttatcegatat
cdeagtaccoty

gcgtataatg
teecgtagtta
gatgtcgaat
tagtaattta
aattccacaa
fttattaatt
ttaggaagaa
ctttaagatyg
cagcgaactt
gteccatggt
ttataaaact
cgtaatatet
atggtetceat
tagaatcaga
tgaaaaatgt
Ltecattaatt
cataactagt
cattgtetgt
aatttaaatc
tetagecate
ttgtctagaa
atctcectteta
ttataaaacg
attcteteaa
aattctatta
ttggegteoct
gatctgttca
ccatttteat
tgaacgtaaa
tgttgttaaa
taggaatcca
catcategtt
tgecatagate
ttactagcaa
agtggtgggyg
taatatctaa
aagatataga
gagatttaga
ttaaagtctt
catctgttag
cctctatatt
tatctattgt
cttttaacaa
taatagtate
tLtttatgtt
ctggagagea
ctacattgtc
ttgtaggatyg
aacacaggac
cgeteccate
gggattggca
tagatcctaa
agtacgttat
ctogaggega
tacatttage

aatctaaact
tcccctttat
tecgtgetgta
cttrtteate
gctactatgg
aattacatgt
aaattatcta
cgacagatec
gatattggat
tceataaaca
gtecgaatgac
aaccgeghtet
tteateagtc

ctctaaagaa,

ttttegttgt
aatatttagt
tatcaaagtyg
attctggage
gaataacgaa
gtaataccat
tatcacatac
tattattgtt
aatatatagt
tcactacatc
gatcatcaac
ctataatatt
tatacgeeat
ttttaaccaa
gacagtacac
cttegeaata
tgtattatta
gecgeagagtyg
ggcaaagcta
acactttect
atcecatagtt
atatttatty
acacataacc
aaacattata
tacagattte
agtagtatca
tegtacattt
gtcggtagac
gttgaccaat
cattttatat
Ctatgtttat
agtagatgat
gttgtatgag
tggacattta
actagagtta
ggtataaaaa
tttaacagat
ttcacaatac
actagagcca
tgggecatcte
atatataqggt
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ttaattgeott
gtaactgtaa
tacccatact
tttacatatt
aataagccaa
tgttttatat
tctacatcat
gtgtcatcaa
atatcacaac
gtgagtttat
atcgeattta
atcttaaacg
atactgagee
aacgaatcegg
ttaagttgga
aacgagtaca
tectaggacge
tattttctet
cataacttta
gtttaagata
tgaatctaca
gatgtattgt
actccaatta
tttaagattt
agaatcagta
ccecagaaaag
gattgtacgy
tactattcat
ggatceogtat
ttcatcaatt
cracttteea
aataattett
ttgtagatgt
gatttatcga
atgacgcagt
ttatcgtatt
aatttatagt
tecteggaty
gtcegattca
ttaaatctat
ttaaactgtt
gataccgtta
teatttcetaa
gactacggac
tagcgtacac
gaggaaccag
tatgatoettt
acaatctgac
ccaatcaacy
cectegtate
tcacaaatag
gatttagatt
aagtctactc
cgtttaatac
cececatttttt

gtaatecattc
attteteaac
gaatggatga
gggtactagt
ccatcttagt
atategetac
caggtoctotg
atatatacte
cttitgttaat
ctttectttga
tatctttage
tttccatcge
aacaaatata
ctttattata
tgaatagtat
ctctataaaa
gtaatttica
atcgcattag
gtaaagtoegt
gtatattcte
tccaatttta
cgtagaaaac
tectttacega
tegttgttaa
tatatttttc
atattttegt
tacgttatga
aattgagatt
ctecaacaag
tagatagaaa
acttatcatt
ttgtattcgy
gatttttect
Ccaagacaca
aacatatatt
ggattctgca
cgocgetttac
atgttatcac
aataaatcac
tatattttat
tgtataatat
catttgaatt
tagtatcaaa
acaaagtagc
attttggaag
atagtttata
taaacceget
acgtgggtgg
aatatccact
cgttatgtcet
gtgeceteggg
caccgatcaa
caccaatate
attgattaaa
gettictgta

gaaataattt
gcgatatcte
acgaataccy
tttactatca
ataccacaca
gaatttaaag
tattctacga
cattaaaatg
atctacgaca
agagatattt
taaatcgtat
tttaaagacg
atcgtgtata
cgcattcatg
gtecttaataa
acgagaatga
tatggtatag
tgagttcaga
ctatattaac
tagttactac
gaaattggte
tattacgtag
tatatttygea
gatatttggc
tagatccaaa
gttttagttt
taaccgcata
gatgtaatac
cacgtagtaa
cttatactea
atcoccaggct
tagttcaaat
aaatctaata
tatggtttct
attacattct
tatagatggc
attctegaat
tgtttctgga
taaataatat
gaaagatata
ctectetgata
aatggtgtte
ctetecatga
tgacataaac
tteeggette
tccgtacttyg
agacaagtat
atcggaceat
attgcraacta
tcegttggat
attecatace
ctgatatcecg
aagttggeca
gagtgtcecat
tceecaggtaga

5640
5700
5760
5820
5880
5340
6000
6060
6120
6180
6240
6300
6360
64290
6480
6540
6600
6660
6720
6780
6840
69G0
6950
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
B040O
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
Bg20
8880



Catagatatt
ttcttasatt
attcccaaca
tgttatcctg
tgtttttcac
atctcatctt
ttcecaagtat
tcacecgeaag
catttgtett
gtaattacat
atgggagact
tatttctcat
gacgegeotyg
tgtttcaaat
aactttecat
gttttceatt
atcatgeoge
tectgtattac
atataatcag
ttcgtagatt
ataaacttgg
tttaataata
atagttgtca
atattgttga
gaaaagttaa
catagatcta
ttgtttatgg
tgatagttta
ttaaaaaaat
ttgatagaaa
aaacgtttat
tteegkctat
atcgtaggeg
ggtataggga
cctaactett
aacggaccta
agtttaatat
agtttagttt
attttattac
atactagtat
ttaaattcat
cteattatca
tagatcatca
aatttctgaa
agcgtettet
cgtcattote
caacataage
aatatatcta
attagtacac
tacaaaaatt
atttgaacte
tgttcaagat
aagtgtcata
gtettttacg
tttgttcegta

ctatagtgtc
tcatattaat
atgtecaggaa
gacategtac
agttgctcaa
tagtaaacat
ttgattttgy
aacacacgaa
certaactat
agatgtegce
tttttatcea
acgtggtata
aatatctagg
attctgecac
cgttaacaca
ttttegttit
caataatgta
cgactategt
agtttttaat
tggatatagt
gatgtaaaat
tcatagetygt
gttecatecett
ttatttetga
acatcettat
ctacaggegg
tgatgtttat
taccattcaa
tatacggaga
atattacget
atattcaata
catetataga
atagaaccgc
gagtataaaa
tegaatactt
gtggtatatc
ccgeagteat
ctatatctac
aatcatococgg
agtcactatc
catetgtaag
ttcggeaget
aaatatgttt
cgttcaccaa
atattattaa
atgttcttaa
tttttaaaat
ataagtagag
cgectatgttt
aatgcatcat
atcgtacaqg
agatacaaat
cecgggttett
aatttgatat
tgtcataaat

tecetatgtty
gggtegtgac
cgtcacgcte
aaataataaa
aaacgatyggc
atcataatat
ataatatteg
catectttceet
atatttgtat
gtegtactet
acgattttta
aactocaccec
agtaattaag
acccgttgaa
agtactaact
aagatctacce
tagacaatta
ccaatattet
gactactata
taatececcaac
gttgatgata
aacatcetea
tgataatttt
catcgacgeca
acaattigty
aacatcaatt
cttettecay
tataateget
cgecgtaata
ttccattett
tttttataaa
aacgtattcet
taaaaagcct
cattaaatgt
attaatgget
tigttcetaty
cttgtctaga
atctatgtct
atattcttect
ggacaaataa
atttttgaga
attacttatt
caatcatcct
tgtctctage
ctggttgatt
tecaatgtaca
cateattata
tecteatyget
aatacttatt
taattttaga
acgttctegt
cegataactt
tttatttttt
agaatagcgt
tctttaatta
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taattagecat
goaatagtac
tecaccttca
aagcccatat
agtgacttat
tcgatattac
tatttogeat
acatggttaa
agataattac
acageataaa
gtgaaacatt
attacatata
tttggaagte
atagaaaatt
tetgatttta
cgegatacgg
tgtaaaacat
gttctaggag
ttatgtttta
aatgatatag
tctacatecgt
tgatttacgt
ccaaattetyg
ttatatagtt
aaattaatat
attatggcag
cgcatatagt
tcatcecttta
atttecttat
aaagtactat
aatcattttg
atgaatttat
atcgaatttce
cegtactitat
cttgttetgt
tatctaaaat
atggcaaatc
ttatctaaca
acgatecteac
agaaaatcag
tgtectecatta
ttattatttt
aaagagtatg
cactttggea
caatctatcr
tacatecgeey
ataggtttga
tagttaacaa
catattttag
aatacttagt
acaggacgta
tttttacgaa
taaacagate
ttacatatcee
tatgacactg

tagcatcagt
ageatgatag
tatttattta
atgttegeta
gagttacgtt
gagttgacat
ctgetataat
agtacatgta
gagtetegty
ctatactatg
ccacategtt
tatcategtt
ttatccattt
ctaatcctce
acgacgacat
aataaacatyg
ttgeattata
agtaatggot
taccattteg
cattgegeat
ttggattttt
taacgtcttce
gatcggatgt
ttttaattee
tatgaatcat
caactagtat
ctaatagega
gatggtgate
tcacttgtat
aagtaattat
acattaattec
aaaatgettt
tacaaaagaa
taaagtattc
acgaatctat
aatgtctgac
taactgeggyg
ccaaaaatat
taactaatgt
atgatcgatyg
gaatattatt
tcaccatata
gtaaatgact
ctaatagega
agcaatggac
teatcectacca
tegttgteat
ctatttttta
cttttaggat
tteccacgtag
actataaace
ttetacggga
aatggtgtga
tecataatygyg
tgtattatte

cteccacacta
aacgcatcet
tcegtaaaaa
ttgtagaaat
acactttgyga
atcgaacaaa
taagatataa
caattctate
agtaattcea
atgtetaggce
taatactaca
tacgaatacc
cgaagtygccg
tattacatat
attagtaace
tctattgtta
gaattgtcta
tattgtagat
tgtcactggce
agtattagte
atgtatccac
gtgggataag
caccgceagta
atatctttta
agtttttaca
catttctaca
ttecaaacgey
ctgaatgegt
aatttcceca
agtataatgt
ctttttaaat
tacgtgtect
tctgttatat
agtagecaat
ttrtttgaac
tagatccgtt
tetaggettt
aatagctaat
ttetttggtt
aataatacat
agggttagta
gatcaatcat
cttcececatet
tecattegett
cgtoggacag
attcatccaa
ttctecaaag
tgttaaatca
tgagaatcaa
tcaatgaaac
ggtttatatt
tecactttaa
tgttaattag
teaategeoca
agttecateot

8540
9000
9060
2120
9180
9240
9300
2360
9420
9480
9540
9600
9660
9720
9780
9840
5800
2960
10020
10080
10140
16200
10260
10320
10380
10440
10500
10560
10620
106680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11480
11520
11580
11640
11700
11760
11820
11680
11940
12000
12060
12120
12180



tgttecattgt
tacacatatt
catcatatac
tcgaatcata
ttcgtaagat
tctacgattt
aatagattta
agtaggatta
gctcatacat
gtetaccecatt
atcattgtct
atcggtagaa
ataaaagata
gttaataaga
tttgtettgt
gactgtttta
actaattect
atgtctatga
cattattttt
ttettcatca
tatgacttea
cgegtttgga
agaagctata
atgaagaagt
aatgtgataa
atttttacta
cattgtagta
aacaaatatce
atgtecacgee
tggggtgtag
cacatgatcc
cgctategta
tatgatgaac
taccaacacc
tttctagtce
tatgacacte
cggcagagta
ccgaatacce
aaatatgtaa
cataattatt
atctaattag
aattatttca
cttgtattea
attttececaga
aatgtettta
gtttgtcgac
agtgatgtga
aaagtaggaa
tccagtttte
catgttacca
atcatcecagt
ctgatgtaat
acatactaga
atccgectta
attaattogt

taggaatcta
gatgtgtctyg
catttctagt
aaaaaatata
actectteat
ttacaaaagt
tctagtctat
tgtaacatca
gtatgaccgt
gtttcgtatt
aatagatatt
tcatattget
caaatattaa
tgcegetggge
ttattaacat
gagcatacaa
agtttcatca
atatgatttt
ttaaacactce
accgagttgt
tecatctgtte
tetgegeegt
tgcaatggat
tettegacaa
ttattteccag
ttatatttgy
taaaaattaa
ataacttagt
ataactaceca
gtaatgggga
atttatagtt
ttttgtggtt
tttatctage
ctcagcegcet
gtatccagtc
accaataata
ccaatacecgg
gagagatgeg
caatagtacg
ctatcaattt
tttttettta
tccaatttat
acatgettrt
ttagcagaat
ttatctatag
gtcatatagt
atacaactaa
acaatactta
ceatagaaca
ctatcaaceg
cractgaata
ggaaaticat
cgcacgttat
aatgtatctt
gacagatcca

tccaaaatgyg
tttatacaat
actttaggtt
ttatttttat
gaacataatc
ccggatgeat
cttttectat
getteogataa
taactacaga
cagatagtac
tgacgcatct
ttoectitate
ctgttitgate
tcaatgtott
ccgttgatgg
tatggagagg
tccatgagat
tgecaaattt
tttetgaagg
taatcttgge
cegagagata
gogteagceag
aatttcecatc
atcgtteate
aaggttcgat
cataaagaga
tatttectatt
tettttatgt
cgeatgecat
ttaatecttty
atatcacacyg
ccacaattca
cgctgagtgg
gccacaaatc
aacactatgt
gtagaattaa
taatcttgte
atacaaaaga
atgcaatgag
taccaattag
cacaattgac
tattettgac
ctataatecat
agatattaat
ceaatttaat
cgagcaagag
ggagaatagc
catcattaag
tecagtctecea
cataatacaa
gcaaaatctt
tctctagaag
tatcagctat
tactagagag
tatctgaaac
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caattatact
caatgctact
cattattatce
gttattttgt
agttacaaaa
aagtacaaag
agcotttcata
aatgactyggy
gtctacacta
agcgtagtac
tatggatcce
attaataatt
cgtaataaca
aataagaagt
aagtaaaaga
tgtattteca
tgtagaagcet
atccactate
atctgtacac
tecatactgt
atatagagge
categegact
atcatcegte
tagtececttta
agcttgtage
tagataatac
tctgtatatt
caagaaggca
actcagaatt
ttggatcagt
atgatgattt
tttecataca
taaacaacag
tctgatcegt
tagcatttet
tgtcgtaatt
gaggaggaca
geaagactaa
taagacaata
ttagtgtaat
gtacatgagt
gatatcgaga
tttagetatt
gtegtatttg
gteocecggaatg
aatcatcata
cagatcaaaa
catgacggca
atttktctta
tgocggtgttt
tactattttg
atttttecaat
tgcataatac
aaagctttte
gagacgctaa

agaactatag
accttegggt
cattgeagag
taaaaataat
cgtttatatg
tacgegataa
gttagataca
ttatttagte
aaatgattga
atggeatctt
actteaacag
tctagaacat
ttgctagtcy
gtaagaggac
tetataatgt
tecatgatetyg
tttggategt
ctggcttcecga
gecaacaacy
accaataaat
gttttatget
attctattat
tcatttggag
attcracaat
atattcctaa
tcggeocgaca
tgcaacaatt
ctggtttagt
atgataaaga
ctctaagtta
atgaattgat
tgttattgte
aacagatagt
atccatgaty
gtcogatatag
tacaccaata
tatagtattc
tttgtaaace
ggaaatctat
gttaacaaaa
ctgagtteoet
tecttttgtat
teggcateat
aacagagect
aagagaaggy
tecacgtgte
gtagatggta
tgataaaatg
acaaacagtt
cecttgteat
gtatctteca
gcteoecagegt
aaggcactat
agctgcttag
ttagtgtata

gtgcgttgta
aaaattgtag
gacgtcatga
catcgaatac
aagtaaagta
acggaataat
tggtcteaga
ttacacatte
acaatagata
cacaaattat
ccatcttaaa
catctctatce
atagcaattt
tatcteegaa
ctacattctt
gttttgaggg
ctgacataag
atccgatgga
gaccacatce
ttattctete

gtttatcaca

tattaatttt
agtatecctct
acgecatgtag
atacatctaa
taatgttgtce
tactectetat
tcatctataa
tatttateoct
acacatgtca
teecggaagat
acactaatat
ttattatctt
gtcatgttta
ctotcactca
gtgagttegy
ttgtattecta
atcttactcea
cttatataca
atgtgggaga
tgtttttget
aggagtcaaa
ccaatagtac
gtaacatcte
aattattggt
cattttttat
tectctgaaag
aagtttteca
ttaccgtityg
caaattgtga
atgtggctge
tcaacaacgt
gkccatggac
actteccaagt
ttttttcatt

12240
12300
12360
12420
12480
12540
12600
126860
12720
13780
12840
12800
12960
130290
130860
131490
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220,
14280
14340
14400
14460
14520
14580
14640
14700
147690
148290
14880
14940
150600
15060
15120
15180
1524¢C
1530¢
18360
15420
15480



ttttataatt
gatacatggce
aattcagatt
tattaaggag
atgaacacaa
ataatagtag
aacattttat
ttaaacatac
gazaatttayg
aattttgcag
atactaatat
gtgattgtat
tacttattag
cctttaaaat
tetactacat
tetegtetaa
ttaatgecaca
gatgttttca
tttcteaaat
gacataaaca
tttttatacg
cacgetaacg
tttttatgtt
atatatceott
ttatccctat
teagagtgag
cectttatta
ggctcgtaaa
aatattcagy
gtttcatatt
tgtattttga
catecateegg
aatttgaggt
tagaatacgg
tgttittaga
gttgccagea
atteatcttc
taaagttecat
cggttaaatce
cagagtgtgg
gataaaagtt
aaatttgagt
tgacectgagt
cagatatcca
gtacttcaac
taacggctac
tcgtgeegaa
gtgtttttgt
tatcaaattg
tcattttatt
ctatttecttt
caccttcata
ctaaaacate
tcttggaaat
cettaattet

ttgtcatatt
tategcaaaa
tcacgtacce
attccacctt
atggtgtate
atgegtetge
aaatatataa
taggagccat
ggagtttaag
ccgtgataga
tagcatcctt
ttecttgeaa
taaaactage
atatagtatg
tagacatace
agtttaatct
cagtattate
gettagctaa
ccatagtett
tagaaaacga
ctactatace
atagtatcaa
cggtataaaa
ttgtataatc
attcaacata
gatagtcaaa
catcaccege
ttgggataaa
aatttcttet
ttttaatagt
attccaatca
tgtaatatta
acctatatag
aatgggagga
ttttagcata
actaatcaat
tatataaggc
aacagataca
attggttctt
aacgcegett
tttccaatta
gagatccgcet
tagtgatete
aaattttgta
teoggeeatt
tctaactegt
attegtacce
ggtattggat
catacctata
tgttaaaaga
catgactgat
aatttttatt
gctaatctta
tatttttcta
tteatgattg

gcaccagaat
caacatatac
atcaatataa
acccataaac
aaattccagt
tacagttcect
tgggtcccta
catttegget
attgtacact
atctgtgaaa
atacggaagg
tttagtaact
attgecgtgtt
aatgattgec
ggatctacgt
atataggccg
tacgaaactt
tecetgatatt
caataattct
ataaccaaac
ggecattggta
taacgeaatce
aaattattga
aactctaatce
tctateecata
aagataaata
attgggcaac
aattatgttt
tcecggttgta
ttacaccttt
cgcataaaaa
atagatgetce
gecgttitat
tcagecatctyg
gcgatagatce
agettaacgg
caaaacaaaa
taaacgaatt
tocatagtac
acgttaatac
tatggtagat
gccaagttec
caatccatgt
tgaagaacte
tgtagtettt
actectettt
acttcatcceyg
agaatttecee
ggaatagttt
ataatcctat
tttttaactt
tctetattac
ttgtttgtte
accttgttgg
actaatgggt
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taataatatce
acatttaata
ataaaataat
aatataaatc
ttttcaggag
tgttcgtcga
gtcatatgtt
atcgacttaa
ttattcecta
tgggtcatat
cgtaceatgt
acgbtcatca
ttagtgatat
catagagtat
tctactatag
aatctatgat
tgataagtta
aattctgtaa
attctagtat
ggtgagaaga
aatcctigta
atgattttat
tgtctacaca
actttaactt
tgcatcttaa
tatagageat
gaataacaaa
ttattgtett
tctegtogea
tagtaggact
tatcttocaa
cacatgtate
cggttaccat
gtacaataaa
ttaaaaagtt
atacttgtet
tittaccoge
tactegeatt
atagttgttg
taagaggatg
tgttaactcc
tattattgaa
tagegettee
ctectaggat
caacatcctt
tgggtaattg
ataaacteca
tecacatgte
ctgtaatcac
atcacttcac
catccgttte
aatttgcatg
cectggagtat
tagccttcaa
cgtattggta

tttaatagat
aaaataatat
gattecettac
cagtaatate
atgatctege
catetatett
taaacgacge
tatccctett
attgagacga
tatcacctat
catattettt
taggaaccgt
caaacggata
tattgtcegag
aattaatttt
attgttgata
gatcagtgta
atgctggacc
tacctgatge
caatattatec
gacgataggce
ggtattaata
tcctttitgta
ttacagtttt
cactctetge
aatcattete
atgecaagcat
atatctattt
gtatatatcea
agtatcgtac
ttgttgacga
cgtaaagtaa
atatttggea
tagetttact
tctecatgata
gtctatageg
cttegaataa
tetaatacat
cggtgecagaa
atectgtatta
aagataccag
gatecgecaata
taaataaata
atttgtaata
taatggtttyg
tacaatcteg
ataaaaagat
aaatgtagac
tgegattgta
tetattaaaa
cttatgaaga
ttgecatgaaa
gagagtcggy
gacctgacta
tttataaact

ctgattagta
ttattaagaa
accgtaceoca
atgtctgatg
cgtagetacce
tgecattetga
attatcetgga
attttcgata
ceaatagtcet
tgceaggtace
gtcatcgatt
tttegtaceg
ttgcecatata
catattagaa
attaaccgea
atacgacggt
cgtatattta
cagatctctt
aggcaatagce
atcttgaata
ggacgctgaa
attaacctta
attgacatet
ccctaccagt
caagatagcet
gtatactctg
cttgttaacy
tattcaagag
tttgtacatt

aattcatagoe

agacctaatce
tttectgtee
tggtttacce
tctatattta
aacgaagatc
gatottetta
ataataggga
gacaataaag
graataaata
taatacgacg
tatacctcasa
ccecaattect
tgtgtattat
tctatgtate
ttagatttat
tttaatatta
gatatatcta
aaatatactt
ttatccggat
atccaagttt
tgatgtttygg
taatatgceac
ggggtgttaa
gcaaatceag
ttatccatat

15540
15600
15660
157206
15780
15840
15800
15360
16020
16080
16140
16200
16260
16320
16380
16440
16500
16560
16620
16680
16740
16B0GO
16860
16920
16980
17040
17106
17160
17226
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820
17880
17940
18000
18060
18120
i8180
18240
18300
18360
18420
18480
18540
18600
18660
18720
18786



ctctagatac
taagtttgge
ttagaatcat
cecaataagt
tcaccattac
gatatgtttt
aatactaatg
tccagattga
gttegtttga
aatcaatata
tagattatga
ccatcatcga
aagatattac
tacggtacta
actacatcaa
gtgctaaaat
tgggaaacat
aaaaaaaatt
ctatatcegt
catgatagct
attatctggt
cgatagtaga
ggttataaat
attaacttcg
gatattcatg
tatatatgat
catatagtat
gttagtggac
atcaacatta
tacataatct
agtcetgttg
tcgagttetyg
acattaaacyg
tcgtetatta
attctaccat
tctoctggay
gattgcctayg
atattcatgt
tccatgaata
atecctectat
aaataggatc
taccaaccaa
aagtggatgg
cagtttecaga
tacatctagg
gctcaacaga
teocgetage
tataatttac
atactacttc
tgttcatagg
gaaatatttt
aatttgacct
ttatatacca
cgetttctag
gttccaaaaa

tgattctgga
agotageaga
tgectgtaaac
agatttaata
ttettecatg
cagctagttce
ccttaggata
acatacagtt
tgatcatatt
gagygaaggag
ggatgctgte
tctaatagat
cagttgtgga
tggtattgat
ttttacaaaa
cactgaacat
tacagatttg
gaattgatga
gttaaaaaaa
gtgatgecaa
ggtgaaatgt
gtaaacattt
gaaattgtcyg
ttatttatgt
teccctattat
ctagtcetttyg
cgaacagcca
ttgtcaaate
ttgctagect
atgatattat
atcecaaacee
gataatatat
tacattttec
caccacctcc
agcagaactt
ggatagtata
taggagattt
tgaacataaa
agtgtgatga
caatagragt
atctatcaga
gaataacctt
tccaaactge
atgtcctcee
tttcagaaga
tgtgggattt
atacagtctyg
cgctatageca
tcecaacatga
atactctatg
ggtacagtct
gattacattt
cttaatgaca
aataagtttc
gtgtttggca

catagcttte
ttecagtettg
aagtttggat
gttaccacgt
tccaatatga
gtcataacgt
tagtaataggt
tgeacteatyg
atttttatgt
acggctactg
tettactitg
gaatatatta
agactgtaca
aagattaatg
gtecatgate
tggggataca
atgaccgacy
tataggggtce
attatcctat
taagctttag
cegttatata
ttatagttet
ccaatettac
cataaactgt
aatcattact
tgggcaacty
tcattacatg
tatataccat
catecttectat
tacacataaa
ttgatctect
acgttgatag
attattaata
tatatcaatg
aggcatggac
atcgtaagcyg
agetetgtta
actaatattt
ttgtacactt
ttattateca
gtcecatgtat
ctaccgaaca
cactgatcat
attacgtata
cteggeatat
ggtagacctc
gggctattca
ttgttatgta
gtacttagtac
aatggatact
agtatccatt
ttgataagga
aaatcaacta
atagatagat
ataaagtttt
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cgactggege
aaacagecatc
tatcgtaaga
gctgtaccaa
tecatgtgaga
ccagaatgtt
ttccaatatt
attcacgtta
tttattgata
tcttttgtaa
tyggatgatga
cgtggagaaa
aggaattgat
agattgtcga
aggaaagttt
aaaagatttc
ataatataaa
ttcataacge
catgtatttg
atattcacgc
atctacaaaa
tactggattec
acccaaceee
aaatgatttt
agactttatca
tectatacaag
gtccegtice
attttetgga
atcctgtact
catcgacaac
ctatttgtac
attagetgag
agaatgacte
cettttagtg
atactaatat
ctatacaaat
gtttecttaa
tatttcaaaa
ctatagtate
ctatgatcaa
tgetggattc
ctaacgecgca
gattgggtag
taacattgtt
taacccaage
ctactacgta
tcggaggaat
tttcattgtt
acatatggaa
tgtatgattt
ttacattatt
gtagcagatt
cataateccte
aatcaaaatt
tagtatgaca

atttggtgtg
tgcattaact
ggctagetcc
agtcatecaat
atactaaaat
taccagctcc
tacaatatat
tataactate
attgtaaaaa
gatagtcatyg
taaaatatgt
tecatgttata
gaagttcgat
agctatgage
attegetace
agaatctaga
catcttgata
ataattatta
agagttttat
gtgctagtgt
caatecatege
atacatcgte
ttgttatecea
gtagatgcca
caatatatgt
tegtctaaac
gttgatagat
agtggatata
ataccattat
atactattgt
tatctagaga
ctattctate
ctatgtttec
acagaccaga
ctgtcttaat
catatecegge
caaatctaac
ttatttacca
tatatacygat
ttctggatta
acaataaaat
tgatttataa
caaatattet
tatggatgce
agcatececeg
taatttattg
tggaatecaa
catccatccea
tatatctata
gcgtggttgt
tatacctotg
tcctaattta
atctggaaca
gtctatgatyg
taagagattg

atggttocca
agaggagaca
catggaatga
catcattett
tectaacgat
atgacttatg
gtaatcattg
aatattaaca
catacaatta
gegactaaat
agtcgegact
gtgtttaaca
gatgtecgeta
gaaggagacc
ataggaatat
ttccaateat
ctttttctag
cgttagecatt
atgtagcaaa
tagggatggt
atatagtatg
tacccecaattc
ttagcatagt
tatcatacat
tgataatate
gttgtttact
aatcgagtat
catagtegtyg
ctatatcate
ttattateta
ttgtacttct
tecagtattt
cetataatet
cctaggagcet
taactgtctt
agcaccegge
tggtgagtta
tcecatatat
ceacgataaa
teccetoggat
tecegeattte
tgaggataat
gtagttgtat
actgctggat
tggaaccaac
ttagegggta
ttgtttgata
ccgatgagat
atttgatcca
ttatcacaat
ggagaaagat
ttrettoget
tttagttecat
tcatetteca
gatagtcegt

188490
18900
18960
18020
19080
19140
19200
19260
19320
19380
19440
19500
19560
18620
19680
19740
19800
19860
19920
19980 -
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
21360
21420
21480
21540
21600
21660
21720
21780
21840
21900
21960
22020
22080



attctatacc
agtttataca
tgacgacgtt
ttagactgtg
atttttgacg
ctattatatt
ctaatatatt
tcaacatecta
cccacacgtt
aacggattgyg
acgaattcta
geegeagtaa
tcttecacteg
ccetegtete
ttaageccaaa
gcaataagte
ttetttttta
tebttaacat
atctgaaatc
gecaaatttt
aaatatttce
tctteccactyg
tggattggga
ttaacaataa
catcgatatc
tactatcata
atcattttgt
gggeatyggag
acgeacattce
gteategtte
tagcgactet
ataatcatct
tggtggtgta
gcaataattt
agatatatte
tgtaccagaa
gegttttaty
cttatcatta
atgtacatta
gacaaatact
caatttattg
tcatctatca
agactatcgg
aagtcaatta
tagaaatata
tctgattttt
tcecagateat
ttcttattct
atattaaact
aatattecttc
acatcatgaa
cgtggataat
cgtecatatt
tcttgtigtg
tagatggagt

catcatgtaa
agtgtagatyg
atgactatct
aatgtcaaqgy
tazatgtgtyg
gcctcctaty
cttacagtac
gagaaaaatg
tttcgaaaaa
taacattata
tatatgtttt
gaaattecttg
gtggatgcaa
tactaattag
atatggaagce
tctctecata
cacaaggcat
aagtatecgat
cgtagaaaca
cattcactat
cgtctggtgt
tccaaaatga
aaataacaaa
caataaattt
gcegeaatca
attaaattat
aattgtgaca
gatgcattat
aacattttat
aaatttttaa
gttggatatyg
gtaggaaatg
gtagaacceat
ctggtiagat
atagtagtcg
tertegtaceo
aatgatgata
taataccaac
tegtcoctacgt
ctaacgecogt
taaaaaaaga
tctccacaca
actcttctat
tettattrtt
cagactetat
cttcatttat
taaggttctt
tattcttagce
aatceattty
ataaccggcea
atgatgatat
catttttaag
ttgcaattte
gtegeegact
actatrttat

cactcgacac
ataaattcta
atatatacct
tctagacaaa
cgaaagtaag
gcatcaataa
acagtattga
attatctitt
attagttttt
aattttttta
catcattica
ttcaatggat
taaatgttta
ttegttggaa
gaatgatceyg
accggegety
cgtttctatg
caaaagacta
tctagecteg
tccgtcactg
tagtttatte
tgectetgee
tetatttgga
tttttecagtt
ctacaataat
ctacatteat
tcatactaga
cattattatt
ggaaactata
cgatagtaaa
ggtttccaga
gaagatattt
taagcgegaa
aacgcactcet
taacgatgac
tcaaactcga
tataaccaga
tagtgtgatt
cgtattcgat
tcgtacceat
ttcggtttta
gtcaaateecg
cattataact
aacaaacgtyg
cgtgtgteta
catatataat
ataattgtaa
gtcacagaat
caattataat
agaaagtgaa
atatatactce
acacatttet
tteatatgat
gtegtgtetg
accttgtaat
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aatattectt
cagaggttaa
ttocagtata
cectegtaac
gagataactt
ttgttitgaa
caaatatcgg
tgagacataa
cetteocoaatyg
aatcccaatt
caattcatte
actgratctg
aacatcaaac
aacgtgagte
gaaaagaaga
tcatgtatcce
gcattaaaga
tacatttcog
gtaatctgta
gctgcaaaaa
caatcattga
tttttataca
tttggtgcaa
atctatatge
tacaagtatt
gggtgctgaa
taaatcgttt
taacgecetto
attttgtgaa
cegattaaac
tatatatectt
ccatttatet
agatgttatt
accagtcaag
teccatctttt
tatatttaaa
agttttatece
aatatgtgac
acatcegeat
cttgatgecgg
tactgttcga
tggttageat
ctagaatatt
agtattttac
tatcttettt
ggtccaaatt
catcettete
ctaccacagc
atatgattag
aagttcacat
tattttggty
ttattcgtaa
ggcgygtgtac
cgtttagate
taaatttttt

tctaaaatet
tatagaagca
cgagtaaata
tggatcttta
tttcaatatc
tetcttagte
catttatgtt
ctoccecattit
atatatttte
cagaaatcaa
ctataagttt
ttataataga
atgcgaaatc
cgggcattag
tteccttetac
acttttgage
gatagttttt
aatgaatgtt
cttetgtaca
acgccaatac
tatctttaga
tgttccagat
ggatgggttce
ctgtacttgg
attgatagca
taatcgttat
gcgagattgt
catttggaty
aacaaataac
gtegagetaa
ttcagttece
actgttecta
tegeategta
tcaatgatat
agatgcgata
caagttaatg
teggbggeta
acgtecagtgt
acagecaaca
tttaataaat
tattctcatt
geaccteate
taatttggte
tcatttttta
ttatatccaa
ctacacgtgce
ttcectette
aggatcccat
taatgaccat
tgaaactatg
gaggattata
atcttttcac
gtggacgagyg
cctcecattat
tattaattaa

cgtaagataa
cgtaataaat
actatagaag
ttttregtgt
gtagaattga
atagacaatg
tctttaaaag
ttggtattca
catgaaatca
tctateegeg
aactggaaga
tctaacggtt
gcagtgcaga
gecacgetet
tgcagcaaag
ccaatoggeoo
ttcattacta
ttecaatggce
aaatcgttece
atgttttata
tatatctact
gtcatgatat
cataactaaa
attttttgta
ttgttattag
tatcatcatt
tgtgggaagc
cacaaatgtt
aagaaaactce
tttetaacge
ctacgtatct
atatcataty
ttttaactte
tagectttac
ctectttgta
agatattaac
gegetataac
gggtacaaat
aatataaaat
gttttgattt
gcttatattt
aaccggtaaa
attattaatc
taaaaacttt
tgtatttatg
tteggattca
tacatcttce
gacgagcgtc
taaaataaaa
tcagtagtat
tgatataatt
gttazatgag
ctgetcececigt
cgcgattgeg
acgtataaaa

22140
22200
22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
2292¢
22580
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23840
23700
23760
23820
23880
23940
24000
24060
24120
24180
24240
24300
24360
24420
24480
24540
24600
24660
24720
24780
24840
24900
24960
25020
25080
25140
25200
25260
25320
25380



acgttccgta
aaataactag
tttcgataat
aatttgettce
ccgaacatte
cattacagtt
tttecteage
attcaaccat
gegegcaatt
tagggataga
ttttaaactc
ttttecaaga
gttttggtac
tctggatatg
ttaactttga
aagteghtta
attattattg
aaaaagttgt
aagataaact
tetactttat
tegtagttag
actattaatat
atactgtect
agttcctgac
agagtatgta
trttttteat
gtttccatgg
atcttaaaga
taaaatcegtt
tttagtagtg
caattttggt
ataacagtat
gcaacaceca
agacaaacaa
agtaatgaaa
gataaccttg
tttttgaatt
atgcagaaac
ttgtattaga
agcgatttty
ctttttggta
aaattgaact
aattacagaa
tgecegtaaat
tttcagttta
atctaacttg
cttaagtteca
catagtyggat
gctattcectte
acgeetagee
tggaatgcaa
ttataatttt
taattettta
aatgaatgcet
gttaaagtta

tctgtattta
aataattgct
aggtggaacyg
cgeggatect
tccgatatct
cttttetage
gatagctett
gagtgtgaaa
tttaaactgt
atgttgaget
tttagtttec
aactaattgg
acatgatgaa
tttttaataa
aattgttott
atgccgattt
gttcattgga
cgcaacagdg
ttatgtatty
ctgcegaata
ttetetttte
tactgttaat
ttectetegtt
catecatagt
aaaatgttaa
ctecctttag
gactatataa
ctataccata
tatccttttg
tttecttatt
gtaaatctaa
ctgataatet
tttattgtac
ttaactatte
ttattcacaa
getgteteat
gtttctttta
teggttaaca
gtgtcaatat
gegttateat
ggacaaagtyg
cetetagatg
gtacctggaa
cctgeactat
accaadgaaac
atgtcaggaa
taatcateac
acgaagatgc
tttaaacgat
agtatggaag
aaccccatag
accatctgac
taactgaact
cggcaataac
atattttcta

agagecagat
acacgeacta
tatattttat
gtattaacta
aatttotgta
ttggatacey
ctatcetttt
ctaagtcgag
cctataaccet
aatttttgta
gccatttate
gtgaagaaty
ttettecaat
agtatgaaca
tatctteteg
aatacgttca
atcaaaaagt
tagttogtag
taccaaagat
cagtgctagg
atgttogaaa
aactgcegga
aaacgccttt
ttgtatcaat
trtatagtte
attgttgtat
trtegtgygee
tectcectgta
ttggaaaaag
aaaattctta
ttgggacatt
atggggagac
gaaaagcece
tgtetetgtt
tatcagtatce
trcaatagggt
gaagtgatte
tgcaggaatt
gagcaatggt
ttgacgatat
aaacaatcaa
atctactgac
tgtaaagcce
gcocaagata
agtcagetgg
ctatgacegy
tgtcatcagt
tatccatcecag
tttccaaatce
aggattttet
tgaaacaace
tcatggatte
gagatatata
taatggcaaa
tgagctgtte
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ttegtetaat
gaaaccacgyg
ttaaggactt
tctgtaaaag
tatctataat
cactaggtac
cecggaagcaa
aattacteat
ctectatatyg
aataactatce
cagtctgaga
gaaaccttta
gcegtactaa
aagaaatgga
ttaatgattc
ttaaaaacaa
aagatattat
attttaatgt
ttaaatcecta
ggaaaaatta
aagtgaaaca
taaaagtggg
aaaaaaactt
aatagcaaca
aatcccatgg
agaaatttay
tcgaatacaa
gatatygtgat
gatgaattaa
aaataattta
atattgttaa
atccattgat
aatttacaaa
tttaacacct
ttectttatct
agtaatatit
tttgatggtg
atagtaagcce
gtcettgegt
ttctggaatyg
gaagatagct
gatagtatet
tgaaaccece
gagagctect
tctaaaattt
tttaatgtta
tatgtacgat
aatgtttcce
agtaactatg
agatcctcte
aacgataaaa
attaatatct
caccggatet
tgtatagaac
caataaatta

agaacaaata
atcgtaatac
aacaattgtce
catatgttga
attattaacc
atcgtctaga
tgaaatcact
gcatttgtta
aatagcacaa
tataaaaaga
aaatgtctct
atctatattt
attegatatc
aategtaata
cagecactty
actttttate
caggtttaag
ataacagagc
atttgatagc
taatgtttecs
tgcggttaaa
atagtaattt
tagaagaata
tatgaagaac
cecacgoacsa
gtactgtgaa
attttactac
azaaatcgtc
tgtaatecatt
acaatctaac
aatacaaaca
attcagggga
cgaaagtcca
ccacagtttt
accagagatt
gtatgtgtga
cecagcecatacyg
aattccaatt
ttetetgata
actgaatcctg
tctectecta
cettgacaga
tcattttita
ttggtgaate
ccatctetat
tatgtaacat
ceaaacaatg
tgattagtat
tteatttetet
ttcaacatct
ataatattgt
ttataagagce
atggtttcca
aacgaaatta
tttgttgtga

gctacagtaa
ggcaatcgygt
tgtaaaccac
ccgggeggag
teegeatacy
tctattecta
tcaataaatg
gttattogga
gtgacattag
ttatacaaag
cataataaat
atcacagtct
ttittegatt
ccagttatgt
gygaaaagtca
ctttagatga
atectgegtgt
catcetgtaaa
taacteggta
tctttcatat
atagtttata
cacgaatttyg
tcteaatgay
acgtttatac
cacgattaat
ctcocegecgta
atagttatet
gtttatagga
ctettetate
tgacggagec
gtctccectaat
tgaatcatty
ggtttgatag
taatttecttt
ttactaactt
tattgatatc
aattacaata
gttgecotgtg
gaatgegage
tttctactas
tttgtggaag
tattggacceg
agcagattgt
catctetaty
ctaatacagce
tgagtaaatce
tttctacecgy
trttetatata
taggagtagg
ttgatctcga
tttteacttt
tactaacgta
taattgagta
tactagagtt
ctgcgtteaa

25440
25500
25560
25820
25680
25740
25800
25860
25920
25980
26040
26100
26160
26220
26280
26340
26400
26460
26520
26580
26640
26700
26760
26820
26880
26940
27000
27060
27120
27180
272490
27300
27360
27420
27480
27540
27600
27660
27720
27780
27840
2780¢
27960
28020
280890
28140
28200
28260
28320
28380
28440
28500
28560
28620
28680



gtcataaatc
ccattgtaaa
gacggacgte
aatatggtcg
accattttta
aacagatttg
gatagatgat
agtatteteg
cgaaaacatc
ctegtacaag
agcatctygat
acaatagtct
agcaccatcg
gtatactgtt
tcgtgtacta
actgttaaayg
attatcagta
cgaggaagaasa
cacatcaatt
tatatgccoct
tttectataa
ttecattaatt
tatatctccc
ttttggagaa
tggaggcgat
aatattcatce
ttctteattt
ttcataattg
taacgtectet
acccaatctc
aaactgacga
acatattegt
gatagatcat
rcgttecttat
tetataatgy
ggaactatgg
actacategg
gagacteocac
gcagagcata
cttotacgaa
gtatgtatayg
acccaaaaac
aaatttatat
agcaaaacta
gcteccetag
gctagagtga
atattttetyg
ggeecacattt
catecggetat
‘tattaagaag
gttgacegat
gtttcattgt
tatagcaaca
acgtacataa
acgaatatga

atcttgatac
gccecetaatbt
aatactgtaa
ttagtaggta
acgtagttygy
atacgatatt
tcgataaata
gatactctat
ctacatggac
gatttcaagy
ttetttatta
tgtaaagata
gatgatatta
agcaacggta
gtcataatat
ttaacaaaag
atagctcoccat
attecgegecc
tegggacgeg
attatcatac
tegttaaatt
tetgatatag
tgtregtggg
taatatgact
gatcttaatt
atcgacataa
cgtgccaaaa
ttagctgtet
attttctatt
tctcaaatat
atccgtgatt
cgtcgactat
tttgaacaca
cccaattace
agttgtaaat
ccaaatgtte
tatctagatce
cktataggatt
aattcaacca
gatetgtgge
atcctocagt
aaccgagtag
ccgggeagtyg
ttattttaat
tegtacteag
taatttegtt
gtagtgttte
agttaacata
ategectaaaa
ttccatgatg
tatcgagttt
aaatttatag
gtagttcttg
acatgtccaa
ctazaccgat

tatccagtaa
cgactatcga
taaaggtggt
cggtaactet
gacygtecctge
tgttggattc
gagaaggtat
tgatgacact
tcattaaaac
atgecataga
aatcgaatgy
aaccgcaaga
atgtattatt
tatcgaatag
ctttaatcea
tattaccecgg
aaactgatac
acaatteate
tatatgtttc
tgtcaactat
ttacaaatct
aatctgtatt
aacgetticg
catgatctat
ttgtgcaatg
tactatctat
tgatatacag
tecatcaaggt
tttaattttt
ttttttagee
ttggtaatgg
caacaatttt
caacgeatct
aactagaagt
gtcgggccaa
aatatctata
tctagaatat
cttaatatga
tgaatbtttt
cagcggggdga
aaatgacgcyg
tagtceeocaca
actttgtage
ccetttttea
aggattacaa
aaaacattca
taccagecta
aaaacttata
ttttcatcaa
tcatcttegt
aaatcattac
geggtgtatt
ctectecttyg
tacgttagac
gaccatttaa
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accgttitta
atatcectgcet
agtattgtea
acacaacgcg
agggtattgt
ctgattatte
atcgtitggta
agttaagaac
ttctaacget
tteotttgace
tecggeteotet
aaatttatac
atagattttc
attactcatg
atctaaaaaa
gtacgtggat
ggcgatggtt
tctagatatg
taaattttta
agtacaccta
ataacatget
ctcgataceyg
tataatatcyg
ttegtecata
agtcgtcaat
gttatcatecyg
tettaaatag
ttgtatecty
taaattttta
tegettacaa
gttcocgtega
gtattattet
agacttttgg
ctgatcttaa
tagtagctat
ctagtcttag
cccaataggt
tacgcagtgce
gegetattaa
taatcagaat
tttcctacat
ttattettet
tcteccagat
gatgcetett
caaaaagatyg
aatgttgtta
cattttgctce
catcctgtte
agtcegacatc
ctatttctat
taatactcaa
taagttggta
attetageat
aacacaccga
aaacccctet

agttetggaa
ctgatageayg
tcatcgtgat
atatataact
tttgaagaaa
actataatat
ggataataca
atgtoticta
cetgattgtg
aacgatttag
ggtttgctac
geatcecatee
catccacaat
taacctacta
tttaaaatta
atcatatatg
tttatatatyg
tatttaatat
atccaaatat
gggaacttac
aaaccttttg
tatcgttcta
atcaacggat
aacaatctag
cctataactt
tatattagta
ttacgcaata
tttaacatga
acgatttact
getgtttate
aatttgccga
gaatagtgaa
cggttgecat
cteotetatt
taccgtegac
ctgacctgag
gttceggaga
taactggcaa
aggctttaaa
atacacctaa
aacatcttte
tatctatatt
ttecttttcece
ttagtttate
ctatgtatat
aatgatcgga
cegecaggtac
tatcaacgat
acaacctaac
atccgtatcee
tecattecagaa
gattttcaat
cetcttoatt
cgatggegge
ctagectttea

tattatecate
tttecaatatc
aaactacgygy
tteccttttgt
tgatatcgag
aatctagaca
teoeeeattec
ttctagaaaa
tctcgaatge
aattgocgttt
cccaatgata
aaataaccct
tattgggcea
gaatgatagt
gattttitac
gcattggtec
tttgatctaa
caaacggtaa
aatgatgacc
gatacatcty
aggacagcca
aagccagtge
aatctgaagt
acataggaat
ctaatcttgt
taccatgacco
tcteaatagt
tggegttcta
gtggctagat
tatactatta
agtgatatga
aaccttcaca
agaatatacg
aatggctget
acgtgtagtg

tttatcaata

atcagtaaag
acaacaagcc
agtatcaaat
cgttttaate
atcatctgac
aacggttata
tegttcatct
aaaaataage
atatttctta
tetaaaatceco
cgatgcaaat
tctagaatat
tcagtcaata
attgtagatt
tacaatctgt
tatgtattaa
attttecttct
cgectacagac
cttaaactgt

28740
28800
28860
28520
28980
295040
25100
29160
29220
29280
29340
29400
294860
29520
29580
29640
29700
28760
29820
29880
29940
30000
30060
30120
301890
30240
30300
30360
30420
30480
30540
30600
30660
30720
30780
308490
30800
30960
31020
iies0
31140
31200
31260
313290
313890
31440
31500
31560
31620
31680
31740
31800
31860
31920
31980



atcgatcatt
ttccaaaaat
ataaatagat
ftcttettget
tgaaactgag
tgattecogta
gtatctattt
attttattea
atttttaatt
tccattttgt
tacattttaa
gataccctga
acattggaat
tcaccgataa
ttattacgat
tcaaatgecca
atagatttat
gecatctattt
ttgatagtac
tgcctacatyg
acaatcacca
gtttttttet
taataccaaa
tgtagaatgc
cgceatgtgag
acaagttccg
tgtagecttet
gtgtegtcoca
catecategaa
atacaacaat
actaaggaga
agaatttgta
cgataacaca
agtaacagta
cttaccatea
cgcattaaac
ttttatcatg
tttaggaact
gttttcatct
atttceegtyg
ctgaagaata
tecgtaacat
atttttgact
gacgttcata
aattttagat
tgtggtcact
ttgagtetgt
aacateggaa
aaaaacagtt
actaggtact
ctgateagga
tctacgeaaa
ataaaactac
cetgatactyg
atagataata

cttttageac
ttttcateeg
taatgcttaa
gtttcgaaac
gctgtitgaaa
ttctgatgat
taacaaagca
tattcttaaa
tatgtagecce
tcatecteoggt
gtttattgac
tattaatacc

taactatcga,

cttttttate
tgtatgegtt
gacaatcacg
atagaacacce
catcgttttg
caaattctte
cegttttttg
ctttcatatt
atgetataaa
gaaggaagat
gaaggaagta
agaagacctt
tttatgagga
agacttttgt
ggttttttat
tttaagagat
atatgtgeac
atagtatttg
acactetega
ttttcatcta
actatgcgat
aagactatac
ttttcaggat
ttcaatagtt
acgttecatgg
tttatcacca
ataaatttta
tctatatege
atacaacttt
agggaagata
gaatttagea
gaaattacat
aatacagatt
ttagaaaagt
aaaaatcttt
attttectgaa
ctgectaaat
ttecctattca
cttttteaca
tgtctocaga
gttcagaaag
casaatcttc

atgtataata
taaaccgata
actatcatca
tttatcaata
atgaaacggt
attagaactg
tegatttget
aggtttcata
cgcaatactc
acatagatta
gaatcgtega
cctgeegtta
tagtaatgca
gcatgtttte
gatattacaa
tacaaagtac
cgtagaaata
tataacgtet
tatcteottta
aaactgaata
tagaatatat
tgaattctca
atctggttcet
gagctroectg
cgtceceocogte
cggacatget
cctaaaatac
ctetttecagt
cogataaaca
ataaacctct
agaaatatgt
aatcacacga
gatacactag
tatttteate
catgtgtata
ctttggatag
gaaacgtcgg
tatcctgacg
tatagtttct
ttagaaaggc
cgtatagtat
tattatggcyg
cattatgacg
tatctettge
ttggagettt
gtagttctat
agctaagtat
ttttattctt
tatttctage
aggtttctat
ttttgaggat
gagcgataga
gotogoteota
taattcatta
agtttttgat
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Laaaaacatt
ataatatata
tctecacgat
cacgttaata
gaatacaata
ctaatggaty
aatatacaat
tttatcaatt
ctcattacgt
tecaattgag
aaactagtta
ctattattta
tcgacgette
atattcatta
gacgtcattc
atggaaatag
ctaatttgtt
tteeaagtgt
actacttgca
gatgcegtecta
atatgtaaaa
ttttgeatet
aaaagccgtt
cgtactcaaa
cagatgcgag
acaaaatatg
tattatatce
atgtgaatag
ttgtttgtat
ggcacttatt
atacatgata
tgtgtecggey
acatttttta
gatgatacat
tctaacgtat
atetteoecaat
atccactata
aatattaaaa
aagatatggg
caaatctata
atttggatta
tctaagatat
tececattact
caattcttee
aatagtaaga
aatcgtaaat
aggatetttt
ttttactaaa
ttgtaatttt
aatctttaat
ttaaaactct
gtttttgata
tettttatet
attttcagte
atcgatctga

attctattte
tagacttgtit
tagagataca
caaacccagy
attcagataa
tegatggtat
tatcetttty
cttctacatt
ttecatttttt
aagecgeattt
tagttaacat
taactgatgt
caaaattgtc
ggattatcaa
taaaagacgy
gtttitgttet
ttactotata
caaattccaa
tagataggta
gaagegatgce
atatagtaga
goeteatacte
aaagtatgeg
gtagataaac
agaatgaata
ttcgeggeta
trttegatat
ataggtattt
tctecagatg
tcatgtacct
ttatcatgaa
ttaagatcta
aagctaaaat
ttecatcgygea
tetageatgg
ctatctattt
tagatattat
ctatcaatga
attttactta
agaaaagtce
attagatata
tcticcatca
tttgectigt
attgatgtta
actcctaata
aatttaccta
atttctgatg
gatacaaata
aacatatgat
gtaatattag
gattattgte
actegttttet
tatctaattce
ctttatagaa
ttgatectayg

gaatttagge
aatagtcgga
atatttacat
aaggagatat
tgtaaaatca
gtatctagga
attaattgtt
aaaaatttcc
gtctataata
agtagttttyg
tttattattt
aatccacgta
tattataaac
atctttaate
aggatcteca
attgogeate
aaatactaat
atttttttca
attacagtga
tacgctagtco
attroecatttt
cgttttatat
atgttagaac
ceteategee
accctggaaa
atcgcgataa
taataaatcc
tatctotatt
tcagecatctg
teececttate
ttagatatac
atatatcact
agtctttagt
tattattacg
ttgeeatacg
gagaaaacat
ctataaagat
tatgattatce
atataatatt
tagaattagt
gagaatatga
acttattaac
ctattactge
cattataaga
tgtecgtygta
tattatatgt
cagatgtatt
tgtctttgtt
attcgtteac
gaaaagtatt
taatatggte
cttaagaaat
gatacaaact
gatatttaat
aactagatat

32040
32100
32160
32220
32280
32340
32400
32460
325820
32580
32640
32700
32760
32820
32880
32840
33000
33060
33120
33180
33240
33300
33360
33420
33480
33540
33600
33660
3372¢
33780
33840
33200
33960
34020
34080
34140
34200
34260
34320
34380
34440
34500
34560
3486206
34680
34740
34800
34860
3498206
34980
35040
35100
35160
35220
35280



attaataacg
agttcatatt
aataaatceca
atcatgttea
taggatgcca
attgattett
tctttecatgt
gcagagttct
cgattttett
taaggaagtg
gttttaagta
atcatcattyg
ttgtaccatce
gtatcgatgt
ataaccatta
tegecaaacta
gatgccaaga
gtagtgtaat
ttcgtaatat
ctatcttcta
tcattaatga
aagaaacgga
ggacataatt
gttttaagaa
tctetattga
ctttecttgt
cttatgaatc
gacttgtcte
teecacgttet
ttaaacagat
aaataagtyag
ccaaacgctt
acagatatca
taatctatct
gttattgata
aatttagetyg
cttecegtega
atacgaaaag
ttageatett
tcectetetea
gcatceggcet
tacaccatag
ttaagttgte
tcacacacaa
aactaacaca
tggtggticyg
tggttctgga
gttttcatgt
cttaaagtgt
tctagttiga
gtatttcteg
attgtattcet
tttttegygtg
ggcaatagac
accaatatta

tgctecattag
cattagatac
aaataactag
ctactggtgt
atctageaat
gaggtataaa
tataagtttt
ccaacgagte
ctttgaatygy
tgcaaatagt
aatgatcact
gacagaatce
ttgttgtaaaz
caatctegte
ctaacgtaga
ttetaataca
tatctatata
aattcatgta
ctatagcatc
aaaaatcetto
tatagttttt
tagcgtecet
catetattat
agtcagaatc
tgatagtgac
tgatgaagga
gtatateatc
ctgttatcaa
ttaattttgt
atagttttte
gatgaaatcc
ttgtgatagt
totttagaga
caataaaaaa
actagaatca
cattattttt
tatctacaca
accaatetct
teceaatcaat
ttgattttte
tatcegocte
cactacgttg
tagttagttg
tetetgogtt
accagcaata
tegttectat
gattctggag
atcgattgeg
tgtttgcaat
atcatcatceg
tegagaacgt
actcctttet
cegetagtac
ggtttattte
ttetttgaty

gcagtttatg
cgcattgece
acattctatt
ccacgatgat
gtcgaataac
cctaacacaa
taatcectgga
aaagcataat
aataggrtit
acgcggaaas
ggcttettia
atatttetta
tgtgtattcyg
taagaattca
atgtatagga
taattoettetr
attattttgt
ttttgatata
ctcoaaaaaat
aacgtatgga
gacactatct
aggacgaact
accagaatta
taagacttga
tatttcatte
tagaatatac
atctgaaata
tatactattce
tatagtagat
tggaacaaat
tattttaatt
atggcattca
atatactagt
attaatatgt
gaatctaatg
ageatctegt
ggcataaaat
cttagttatt
aattttttta
gcgggataca
cgttgtcoata
aagatcgtac
tgeagcagta
agaacgttcg
agaactgaace
caaatgtage
gagatggatt
ttgtaacatt
ctctacacgce
gegtagtatt
taaaataatc
taatgeattt
ccttaatcat
tatacgatag
cgaatttagt
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gcagettgat
agattttgat
ttttgtggat
aaatatctag
tgtaatttta
attatattat
atagaatcta
actctgttgt
tgaattagtt
aacataatag
gteaatggat
atgtazagag
gttatcggat
actatatcga
agagatgtaa
gttaatacgt
aagatgatgt
tgttcecaact
atattgcgecat
atataataat
tetgteaatt
actgccatta
atgggaacta
tgttcatata
tctgaaaatt
tcaatagaat
atcatgtaag
ttgtgataat
atcaaatcca
tctacaacat
aatgegatag
ttgtctagaa
cgegtitaata
atgattcaat
atgacgtacc
ttagatttte
gtaggagagt
tggcagtact
geocggaataa
teatetatta
aaccaacgag
agagctetat
getecttega
tcgatataga
tactttatca
tctgattaac
attatctgga
aagattgcga
gtgtctaact
cotactttta
gttgtaactc
tataccgaakt
atcacatagt
tttgttrotg
ttettegata

aattagatat
attctatgaa
tagtgtactc
agggaatata
ttettcgetc
tagactttte
ttttaatgag
ttttecttata
tataattaca
cteccetgtt
attcgaacat
tgatcaaate
ctgecteccttt

.gatatttcat

cgggaacagyg
cttgcacgta
taactatgtyg
ctgtettigh
atattcccaa
ctattttace
gattcttatt
atatctetat
ttcegtatet
ttggttcata
gogtaacteat
ttgtacecaac
gcatacattt
ttatgtgtga
atggagctac
tattataaay
cettgtceetce
acgctetacy
gtactacaat
gtataactaa
caagaagttt
catctgceccectt
tactaggecee
cattaataac
catcatcaaa
tgacgtcage
gaggaatatce
taacttcteg
ttccaatggt
ttttagacat
tttttttatt
cegteateta
agaateteotyg
aatgctctaa
agtggaggtt
cagttaggac
acatccttta
aagagatage
gttttatatt
gaatcctttg
ttagattttg

agtatatteo
ttcctctgaa
tettocetet
atatagtcca
ttcattatga
gtatgtaatg
gettttaaac
tacgatgtta
acataataga
tteatceccatg
taaccgtttc
attgtgttta
ttctattaaa
ttgtatacac
gtttgttgat
atctattata
atctatataa
gatgtctagt
gtctteagtt
tettetgata
cactatatct
tatagcttct
atctaacata
catgaaatga
tetatatatg
aaactgttct
aacaattaga
ggcaaatttyg
agttcettygge
gactttgggt
gtgcagatat
aatatctgtg
ttgtatttet
actactaact
atetactgee
atcgaatact
aactgattca
gygtgacaggyg
agacttatga
cataacatca
gtcggagotyg
cttectecata
tttaatagee
ttttagagag
catcatccte
taggtgatgce
ttatttectt
atttgggagy
cgtcagetge
acggtgtatt
tittatctat
gaaggaatte
ccaaatttat
agtattctat
tattacctat

35340
315400
35460
35520
35580
35640
36700
35760
35820
15880
35940
36000
36060
316120
36180
36240
36300
36360
36420
16480
36540
36600
36660
36720
36780
36840
36900
36960
37020
37080
37140
37200
37260
37320
37380
37440
37500
37560
37620
37680
37740
37800
37860
317920
317980
38040
38100
38160
38220
38280
38340
38400
38460
38520
38580



attcttgatg
ggcatcatee
tgtttgtteca
attaactttg
tatatatgtt
agtgtccgat
cggagtcaac
taaaagaaat
gatacataaa
ttccaaataa
cacagaatce
gagatgatca
tcttctectee
atgaatgcag
ctgaatectga
agggagaatc
cceaggaatt
aatacaaage
tazaattaaa
ctaagatact
gtaagaatct
tactaattca
ataagagtgt
tatcttatat
gtazacaatt
caacacgtta
gtacgatgtt
tacgttaaag
gaaaccgtge
gaattaggag
ggggaageca
aaagttgtta
gatacaggea
actggtagaa
gataagacta
cttaatagac
aaacaagygac
gatatcagag
attgatgcaa
attaacggta
gttcaaatag
getgeggaca
atttatgagg
- tttaacgagyg
tcggatecca
agtagacggce
gctcgtetag
catcttaagt
agtattctte
ttatttcaaa
atccatctaa
tagaacagac
ttttgataaa
aatgcagaaa
tcaagtgatt

tagtactttyg
acatattgtg
ttggatgagt
ttcatttata
aataattgta
gatcaatgac
aataaaaatg
aaatcagaca
atttaagaga
tcagaaaact
gagtaagatg
tagattcatt
tttcaaactt

.atctaataaa

taaatataca
tgaagaagat
ggtggaaaaa
gtacagatac
cattgttcat
gtgtaaagaa
tecaagagtge
aattgttaaa
agtatcatag
acacagtaga
ttacccetcaa
ttactaagga
gtaaagtgta
cattgactaa
ataaactaac
aacttatagyg
tcaaagatat
aaaaattaag
tagagtttge
tcgtccatag
getattgggt
cogecattac
gocgttaataa
aacttetget
aaaacgacga
atacatttat
atccecgaata
ttaaacgatt
tgaacgatat
atacgtegta
tggtcataga
tgaacttgtt
gtcttgtgtt
ctgtyggagga
catcgectaat
ggtttttgag
ccaagacgga
caaatatatt
tgggaactgc
tgatttigga
cagaaaataa

atgattttte
atagtaatte
aactactaat
ttrtttecatt
ttgtggattat
gatagcttta
gataagaaga
ataagagcag
atgattagga
tataaactat
gtatatygcte
cgttatagaa
aatcttatta
tggaaaataa
atagatgcaa
accctettea
gtgttgaaga
gatgatgatg
gatatagttg
atggtaaata
attgactttyg
ttaataatgg
ataactctet
aaataatata
tcatgtacta
tgtattaget
cgaagecggtt
gaattattta
acaagatgaa
cgtaaattat
ggaaatcatt

tgttataaga

ggataatgat
caatctaaca
gtggttaaac
catgtatgat
aaacatgett
agaaatcata
ttggaaaaaa
tagtgataga
tttcgataat
tgatgagtta
cacattagat
ttatgttaag
gaacggaata
tagcaaaaac
agatgattat
tgtatccgca
caaaactatt
agataatcta
taagaaatat
attaataatt
tgcaacaatt
aaaaattgtt
tcetgaatat
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catggcccat
tcggatatca
gtatacattt
attatgttga
acggctacaa
ctetgaaaayg
ggataaagtt
cacaaactca
ctactactet
tcteggacat
tgetygettea
tgecatccaat
gaatattagt
ttggaacaca
ggtataacct
tecaaacagat
tactgtttag
tagaaaatgyg
aaccatgtat
aatactttga
ttagtgaata
atagtataaa
tctataaaaa
gattttttaa
gcteotcaagt
aataccaatt
ttacgacacyg
tcgtttagta
aaatttttag
gacttagttc
tttttaaaac
ttacttattt
agacaagata
gaaacgttta
gaaagtatag
aaaattctta
aagttagttt
tatgatatte
tattttatta
acgtttaacg
gaacgaatta
gatattaata
acaatggatg
gaatacaata
ctaaagaaac
attttaaaat
aaaggagact
ttecgttegat
ttagetagtt
tatcatgtayg
atacttcaat
tgtatataca
cagactccca
gatcatatag
attgatttte

tectattaagt
gtagcggeta
tccatttata
tattaacaaa
tcctataatyg
aaagtatcaa
tcagaataga
ttacgagaca
agaagatata
tteagecate
catgttteccc
gagtaaaatce
ggaagaaaga
agttgataaa
aaaacqeeatg
ggtagaacaa
agatttatte
atttattgga
geotgttoegt
gaatcegecta
ggecattteat
tagtaasaaat
tggattttat
aggatgatac
atctagttag
ttettgtttt
catttgatge
acgcaataca
aggttygccga
ttaatceatt
tgtttaagaa
gggcatacct
tatatactet
gagattatat
ctaatgatge
gttatatata
atatctttga
ctggagatat
gtttteataa
aggacttatt
tgtetttatt
acagttatat
atatgaagaa
catacctgtt
tgtcatetat
attatttaga
tgttagttaa
tttectacaga
ataatatttc
aagaattcott
tgataagaca
tagatataat
ccaaattaat
ttatgtatat
gtaacagata

cttecaagtt
cegecattga
acacttatgt
agtgaatata
agtgaaagtce
atcgatagtg
gecaaaatygg
ttgaaactag
gcaccatcta
ggcaaagcat
aatttgtttg
aaacacaaga
ttctataata
atgttgatag
tatagaatca
tgtgtgacat
aagagtggag
ttggatacac
aggccagtgg
catattattg
ctttctccaa
aattattaga
tcgtagaaag
attaagtaaa
caattttoct
catacatatg
acccacgtty
atcgtacaag
atacatggac
atttcacgga
aacagactte
aagcaagaaa
atttcaacaa
ctttecegyga
ggatatogtt
ctoctgagata
gcctgaaaaa
cetatctatt
agctaatttt
cagagttgtt
ctetacgagt
atctaatata
gtgtcaaate
tttgcacgay
aaaatccaag
cggacaatty
aatgataaac
taaaaaccect
catcatcgte
ggataaaagc
cggtagatca
tatcacacat
gaataaagaa
tagtgacgaa
cgaagactat

38640
38700
38760
38820
38880
389490
35000
39060
38120
35180
35240
39300
38360
35420
33480
358540
35600
39660
35720
39780
39840
39800
35960
40020
40080
40140
40200
40260
40320
40380
40440
40800
40560
40620
40680
40740
40800
40860
40920
40980
41046
41100
41160
41220
41280
41340
41400
41460
41520
41580
41640
41700
41760
41820
41880



agatctctca
aaaagttete
ccagtatctyg
ggatgtaaag
cgcacatgga
tatetgatga
tgtattagca
catagttgat
cgacgtgtac
tctaagtaga
accagaaact
catttegttg
tccagtatac
atacgtatca
gttactgact
tattactaaa
ggcetaggtat
ttatatattt
tagagcaaga
taccaagtat
tacaaaaatt
cgtacaactg
tttcaaagaa
atcgtttaaa
cgataattgt
aaatatatgoe
attcagtaac
gactcaacat
tttectaaaga
acatctcaga
ctcocttcoctagt
atgctgagta
cegectcaaa
actetttege
agtceggtate
teacaatcgg
accgtaacat
ttectacgtec
taaatcccat
catagatgge
tetetgecaa
ttgctattte
gaggtggata
taacaacgac
acagactgtt
ataccttacc
tagtttccaa
ataccatgaga
cataatactc
ctaaagctat
cgaaagataa
cattttcececa
aattacctgt
cgtcaccgat
acgcgttctt

ttataaaaag
cagaaacgca
aagtactatt
acaatgaatg
acteatgtag
aagataaact
tecttattaga
aaaaagcggt
aaaaatgcac
cegttaatga
gcaatttgga
ggattactta
gaagaaaaag
tatcttagaa
tccattceaa
cacacattat
atgtatcaaa
accggteoecy
agtccatcceg
gatccggtat
actccagecg
ttgtaaatta
tgagatgcat
gtaaacttcg
ttcatatgtt
aaaataatat
caaatacata
aaataattet
acggagaata
cagtctggtt
ttcactagta
tttcatcgtt
ctetatttta
tatttctata
tccatacacyg
attaatatct
accgttagat
tatggatgtg
cagaccatat
ctttteagtt
aaatgttctt
agagatgagg
tttctgaagce
accgactaat
ataatcaaag
gecttecataa
caatagcttt
ttgaggaagc
ccacaaatac
gtttagatta
tttatatgta
aatatcttta
ggttaaaacc
gaacgtcatt
ggatatagaa

tgatcacgag
acaaatgatt
aaaacctata
gatgctagaa
cataggcaat
aaatatataa
atattaacct
aggatataaa
aaagaagaat
aaaacacata
gtagtagata
aaaagttcga
taaatactga
agttertetge
tctataatat
tcagatacgt
caggagacta
ttccaatatg
attatgagac
taatgttttt
tagaatatct
ttttatgett
aaaactttat
taaaatatte
ttaatattta
cgttctecaa
ttagggttat
agaggagacy
tctatacata
ttgtacatcet
cctttattaa
gtatatttet
aaattattaa
gacttatcta
ctacgaaaac
ctatcgteca
aactectgcte
caactcttag
actgagttgg
gaactggtag
aatagtctag
ttcggtagte
aatagctgat
gtttccggag
attaatacat
ggaaacktttt
aacagtggac
acatatgttyg
tgacacaaac
taatcecttat
tcattaggta
cgaattactt
tttgcaaatg
tctctaacte
tcecaattigt

29/74

tttgtaaagce
atcaaacaca
atgtcecatgg
caactcteta
gtaacgegte
gtataatcce
aactaaaaga
tattatggct
tectagatcaa
tetatttgat
cgecaaactta
gtttctecatg
attcattget
tettecaaca
cttgttetgg
ctatacagat
taagcctttg
tatcaaagat
attagetaat
attgttttac
aatggataaa
cgtaazatgt
tatccaatag
tttgatcact
caagttttet
gttctatagt
ctagcggatit
atctactatc
cetgattaga
taatcatatt
tteteteaqag
tcitteogattg
acaatactct
catcttgact
gaaatctgta
tataaaatgg
catttagtac
ccgaagegta
ctactatctt
cctgttttag
gaatggttec
taggttcaca
tatttatttce
atagatttcc
tattactaaa
gttttgttte
ccttygatgac
acgcacecgce
aagcatcatyg
acatctgage
aagtaggaca
tacatataat
cagecggettt
ctectatttaa
acgaatccaa

tatgtaaaaa
tatacgaaca
gtgacataat
ccctaaactt
tgttttatac
attctaatac
cataacataa
gccacegtte
gaaacatttt
aattacgegt
gatgcaagtyg
tctctatata
aatggatctt
aacgagttta
tttaaaaata
aatgccaaac
tttagtcgtc
atagatcacc
attagtacta
gtacctgggt
ctgaatctaa
aggttttgaa
attgactatt
gccgagttta
ggtccatggt
ctetggatta
ataatttgag
aaattcggat
attcatccgt
cttatgaaac
tacagatttt
cataatcaga
attattaatc
gtctatctct
atctatagge
attacttaat
cgattetaga
tgagtataga
gtacgtatat
catctettta
ttctategat
atgaaccgta
ttcttecaat
aaagatacac
cattttttgt
tgatctaact
tgtacteget
gtectgttttt
aatacagtat
taaatcaacg
taatagtacy
atcctcateca
geetttegeyg
tactttaccc
tttrttecaaat

tcatgcggag
atatcttatt
tacatataac
taacaatctc
attttttagt
tttaacctga
aaactcatta
cgegttttga
ttagtagagg
atggatggat
actattatcc
aaggtcectat
tectececggtag
ttagtttttt
ctcagtttga
acctggegtt
tcaaagagaa
ctaataottag
tattgtactt
attcaattac
caaagagcga
ccaaacatto
teggacgtea
aaacttctat
ceattagygac
tttttattat
tgatgecattce
cgtaaatcty
ccttcagaca
ttggaaacat
gaattcgacy
ttctratata
agtegtteta
gtaasacacygyg
aacgatgttt
ggattggraa
tacaagatca
gcactattte
tgcatggaat
tatctggotce
ctatcgaaaa
atatatctag
ctattggtac
acattaggat
tttggagcaa
aagatagttt
ctatattcga
gtttctacte
ctagccatat
tcatccttte
actttaaate
acagtcacat
tetgtagtat
atgcaactga
ttttgaatga

41940
42000
420690
42120
42180
42240
42300
42360
42420
42480
42540
42600
42660
42720
42780
42840
42900
4296¢
43020
43080
43140
4320¢
43260
43320
43380
434490
43500
43560
43620
43680
43740
43800
43860
43920
43980
44040
44100
44160
44220
44280
44340
44400
44460
44520
44580
44640
44700
44760
44820
44880
449490
45000
45060
45120
45180



atgaatatag
ceatgecgec
cttcecttte
tagtaatata
gttcecaacaa
gttegtaate
gtatrtcetyg
ttaaatcgat
tcttategaa
gtattttttt
ttgtcaaata
aaaaccaact
getettetat
aacttattgt
gaggaggaga
atcgtataaa
caccgtgact
ttttecattta
tactttcecgea
tagttagcac
ataatgtcat
acaatttgge
cttaacceat
ggtataattc
aaatectttaa
atagaccceg
tetgattggt
gaggcacata
aaaaaaatat
cagatgatac
tattttgtca
taacactttg
atagatagta
ttgatcatit
tggaataagc
ttccattaaa
accecaacat
cagatecgtat
taatteteta
ctetacagat
ggtattgatg
tttecaatcet
catggtgegt
ttcaatagat
agaatcagta
tattctatea
aaattcatcg
tatetgtteg
aacggattta
atcatttaat
gatgaaggtg
atactttata
aacaggtggt
taatatatta
ttcatcaacce

atcgaaaaat
tacteccctta
gteccggagat
tctcagatca
ttgtttagect
catttccatt
ttcegttaac
ataacagtaa
gtgacactct
agcgaaacayg
ttgctegteoe
aatattgaga
caaccacata
ctcgtcaatg
caatgactga
tacggtctca
ttecaaaccaa
aatgaatcece
agegggttta
tcttecatgt
gtetagegat
atctgatcceo
tataaaactt
tacacggcat
caaacagcaa
tatcacactt
caatgtgaat
catcgtoeggt
taacgagttc
aaataagaag
traactttaa
gatacaaaat
getataatat
aacacagaca
gtctteteoga
ttattfagtt
cgttgaccga
agcctatcoca
tagaagagcg
gtaagatact
gtatctgtta
tLgacaattt
ctgacaacac
accttgetat
tceotttttga
ccagattgcea
gcaaattgtc
tecaatgtta
attttatatt
ccategtaca
ggactatatce
actagtttta
atattatatt
tatagatgta
gttagatcta

atagttecat
tgactagact
ctaaagataa
aagttatgtce
attegtaaca
agbgactgta
atctettcat
cttgtatgcg
atatctagaa
ttacgtggat
aacgagtaac
aattecatceea
tctgogacyyg
tctatagttc
tatatttegt
ccatttcgac
ttaatgecace
aaacattggg
gacggcaaca
cctgeatgta
gatctgaatt
aaatacgega
atgattagtc
ggtttctgtg
gggttegtea
aaaataaaaa
gtattecactt
attttttatyg
catttatatc
gtacggtace
tgtatgaaaa
gtttgacatt
attctatgat
tggtatcaac
tagagtgtcc
o 4 v} ¥ o) of vk ol o o1
ttaagttttyg
ataatccate
acagacatet
tgaagacatt
ccataattce
ttagcaccat
agggattaag
tttttectgge
tgatagtgga
tggtgattty
tatatctaaa
gagtatttac
cctctattaa
tggttggaag
taacatcttg
tacacatete
catcagatat
gegtagetceco
ttttaaagtt
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tattgttatt
gatttctete
ttttetetec
cgttaaaggt
aaactatttce
tceteaaaca
taatgagegt
agattgggtt
ataagtacga
cgtcacaatyg
atccgtctgg
tggtggeatt
agcattttct
tecatectttece
cegtecactac
atctggattt
gaacatccat
gaagagecgt
tagaagcgtg
gacggcacge
atatttatta
tegatgtgac
acaactgaaa
actatgaatt
aagacataaa
atatccttat
aacagttccea
gcaaacttta
atccaatatt
tttgtecacce
cagtacgcecca
agtataatty
ggtattgaag
agatagettg
gtataccaac
attctcgtta
attgattttt
atctgtgcgt
ggagcaatta
cotatgatga
tttgatgget
tatctttgtt
acggaaagat
attatctata
tctecaatgac
tettcotttot
atcataatat
atecagtittg
gtcctegteg
atgettgttyg
attaataaaa
treateggta
acgaagaaca
tacaggaata
aatcatatag

aacgtgaaac
ataaatacay
tgttaataac
aacgacgtag
agaacataga
tectetateg
aaacaataat
aataaataca
tettgggata
ataacatcca
agatateceg
ttgtatgetg
atctttaata
caacggccte
gtaataaaag
cagatataaa
ttatagaatt
atggaccatt
taaacgaaaa
gactatcget
ttttttcate
aaaggttaac
taaccgogty
caaccccocgt
actecattatt
cetttaccac
caaatttatt
ctettecage
attgaaatga
atctecteca
catgettcca
ttcaagactyg
aagatgacaa
aatgaaagag
atgtctgata
aacagcattt
cegtgtaagg
agatcacatc
cagacagcaa
tgcagaattt
gatagtgtca
ttgatatcta
gaaatgatte
tgtgegagaa
atgggacgtt
tttatcataa
gagatgttta
tattccaaat
ataataacag
acaaaatctt
tttataacat
agtttagaca
atgtccaaat
tetttaacta
gecattgattt

gtagtattgg
agatgtacag
tectagacgat
tcgaacgtta
actagttetc
acggettett
cgtttaccac
gaaggaaact
tcgaatctag
ttgttaatct
ttagaaatat
cgtttctttyg
tctagattat
gcattaaatg
taatgaggaa
aatctgtttt
tagaaatata
atttttatayg
ctatatacta
atagaggaca
agattattta
cctttataaa
attatttttt
tacattagtg
tacaatcgaa
caaataaaat
tattaactcco
atccgtttet
cgttgatgga
attecatacte
tgacagtgtg
tcaatctata
cettggeata
aatcagtaat
ttttgatgta
ctgtcaacgyg
cgtatctagt
gtacactttt
tttetttatt
tggataacac
gagcacaaga
tatcagacag
tctcaacate
tatcecteotag
taaaccttot
tgtaatctct
cctetacaaa
taaacatggce
aatgtagata
taattgtctt
tgtccatagq
gaatategtg
ctatattgtt
agtcaatgat
ttazaaggta

45240
45300
45360
45420
45480
45540
45600
45660
45720
45780
458490
45900
45960
46020
46080
46140
46200
46260
46320
46380
46440
46500
46560
16620
46680
46740
46800
46860
46920
46980
47040
47100
47160
47220
47280
47340
47400
47460
47520
47580
47640
47700
47760
47820
47880
47940
48000
48060
48120
48180
48240
48300
48360
48420
48480



tgtagccttyg
atattctatc
taaggasaca
atcagtgacg
agctteccaga
ctggtygcettg
cttcocetegea
attattteet
tttccaacag
ttctaccacc
taatategac
catttctaca
tttgttgtac
atttaactct
ggcaaacgct
ttacttgata
ctcteatttt
gaatatctat
aaggeogeooa
atcacataga
gtacgcgaaa
tcoataagtt
tgaatggatt
tgatatgtat
actttaacat
cgtttttega
tctgtraaaga
ttgcacaatc
teaggtettt
accatttcat
aaaacgagtt
tatatcaata
caacaaccgy
atttctataa
gegtacaact
tattcatcat
gtcattgata
tcaatgatta
acgataggtg
tcacctteta
cegtttaatt
accgaaagac
gcttctagaa
cecategettce
ataaaagtygy
caattagegt
ctaategatt
gtaggtcttg
taattgtact
tgtctttgtt
tattttatec
gtacattccc
ataactegga
gtctgragec
cttaatatet

actacattct
ataagcttga
gettttaggt
tttattattt
tacagtgatt
ctagacacct
aattcocggat
caataccoea
gtegctatat
agtaatttgt
aatttcatac
aaaaggacat
aaattccteg
ttagtcgaga
ataaaaaaca
tagtaatatt
ctttaacaaa
cgactctaga
ttttaacagt
ttgacgattc
taatattatce
categggaat
cgtccttaac
gtecattaaa
cactaatatc
catcegteaa
aattatttte
caaacttttt
tagctigtga
tgattttage
gatcttcaaa
gtagtagaat
tattattagt
agtctgteaa
tatceattta
caatatcaac
cacgttcact
gtttettgag
tgataattgce
tagatctgag
tgttgatgaa
catgcaaaga
gttgatacaa
tatcttgttt
aagtcatttg
attgagaagce
ttgcatacte
gtgaagtttc
ttgtaatata
taaccactgce
ttgteecaaty
gtttttagac
tetgetatat
atttttatga
tctggaaggt

cattaattaa
ctacattigg
actcatctac
caggaggaaa
ttggeaatag
tttcaatgtt
acatgaacat
atagatgata
ccaccaatag
tcaaaatagt
gcetectettt
gtatacttga
geeattttaa
tatatggacg
taattacgac
aggcacagte
ttctgcaata
tgaaatagcg
ttctagtgac
gtctcotetta
cttgactitga
gacatacata
caactgatta
gttaaattgt
gatatacaaa
aaccaattec
tactagacta
cacaaaacta
ctetttettt
agtgaaataa
ttecgecatt
aagaactata
tgatgtgact
atcatcttcec
tacattgaat
aagtecccaga
atctecagag
cgcgaaagta
cttggccaat
aatggatgat
gatggattca
atttggaaty
cataggacta
agatttattt
actagataaa
atttagtgta
tataacacce
aactctecttc
atgatatata
atgatgtaca
tgaattgaat
cgagactceca
ggatattcat
tcgtettttg
ttgtattctg
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ccattecaag
tcecgatace
tctacaagaa
aaacctaaca
tcocgtgtaat
taattttitt
gtcggcgaca
gaatatcacce
aagtttttce
cacgcaatte
tgaaactaaa
caaaaattgt
tatttaagtg
cagatagcta
gagcatattt
aaacattcaa
tcttegtaaa
ttegteaaca
aaaatgotag
gtaactctag
ggagatctaa
ctatctttaa
atgagatcett
gtagegotta
ggagatgatt
tttttgeetg
ttaataagac
gactttacaa
tgecggacatt
gettteaatyg
taagttcacc
aaaagaataa
gttttctcat
ggagacoeea
attggetett
ttacgagcca
agtecgataa
atttttgttt
tgtctttete
tctogagteg
teottaaatg
cgttecttgt
goegeggtaa
ttataaagtt
ctatcagtaa
acgtattcga
gcacaagtcet
ttgattacct
ttrteacttt
gatttcggaa
gggagceggat
tcecgtaaaaa
agattgactt
tggaatttcc
aatggatcca

tcactgtgtyg
attaaagaat
ttttggagag
ttgagaatat
ccataatcca
gaaataaget
tgattaagta
caatgegtoec
aaaaaagatt
attttcgggt
cttatttaga
cactttgtta
atataaaact
tatgatagcce
ataaatattt
ccactcetega
aagattcttyg
tactatgttt
cgatectagyg
taaaataatc
acaatctagt
tagaactett
ctattttate
titttagtct
tatctatgygt
tatcatccag
tgataaggat
gatctacagg
ttcttgtgac
cacgggcact
agacaacttt
taattaacca
cacttagaac
taaatacacce
ctttateget
gatcttecttce
cgttagecac
ceghtteegga
ttttactgag
aaacatattc
tbttctetgt
gettaatgtt
cttttatttt
tagtctectee
gttttataga
tacattttge
gtagagaatc
tactcatgat
atctcatttg
tcgcaaacca
gegggttteg
tgcatacteg
tgatcgatga
caaatagttt
ceatectgceea

taagaagatt
tecttatgata
cottaacgat
cggaattaat
gtaacacgag
ttgataaage
ttgtttttte
atgttgteta
ctaggaacag
ttaaattott
atatccagtg
ttggecaace
atctegactt
aactacagaa
ttattcagea
tacattaact
aaacttttta
tgtatacata
atcctttaga
atacaatcta
tttgagaaca
tteatccagt
abttttocaga
agcagccaat
attaagaatt
ttttecatce
tecteocataa
aatgegtact
caacteatet
gatactattyg
taaatacaaa
ataccaacce
agatttaaca
aaatatageq
atctteatea
tacattttea
cactictcta
tctatagaag
tgattetagt
taccatggat
aatagtticc
tccatagacyg
tagaaagtat
ttecaacata
gatagacgaa
attagattta
getagatgcea
taaacctaaa
agaataaaaa
ccagtggttt
tacgtagata
ttagtttgga
aggctccect
tataaacteg
taatcctatt

48540
48600
48660
48720
48780
48840
48900
48960
49020
49080
4951440
49200
49260
45320
49380
49440
49500
49560
49620
49680
48740
49800
49860
453920
45980
50040
50100
50160
50220
50280
50340
50400
50460
50520
505890
50640
50700
50760
50820
50880
50940
51000
51060
51120
51180
51240
51300
51360
51420
51480
51540
51600
51660
51720
51780



cttgatctca
tacttgaaat
cgactcatta
actatttcta
cgacggtaca
atatgtatcg
ataaatggtt
atttaagaga
cttattagag
atttctgaca
tacaaacatg
atattgtatt
actectttttg
ttctataate
ttegtatagt
ttecatccgga
aggaatccaa
tttaagateg
tcecaggeoegt
cattggaata
aatattacta
taacgtgtca
catttggtga
ttecagaaagt
tgcgagcacgc
gtaggatttt
aataaccgag
aatcggagaa
actaaatagt
ggcataatcc
ttctacegtt
atctatatga
aaacatgaca
aaaaaaatta
gtteetggta
tttaatgatt
ccagaaatta
geatecacca
tactgagaat
atagtaggaa
atgttctett
attaccaaga
ctagatatcyg
ggaatgtatg
traaacgaat
ctagtggaat
atttecgaca
atatagctta
aaatctgtat
aacgtattaa
ggttttaaat
tttatcacca
aaataaatat
atcttctecgt
ttaatgggcet

tecattccata
Ltectocagaca
tttecccaaaa
agaccgtatyg
acattccaaa
tatggtcctte
tcgaagatct
ataaacgegt
atttcagert
attactttga
ttcaaggcaa
atecteagtge
ttacacgcat
gectttecaga
gtatacaatc
cacatcaacg
agagetataa
aggaacgeca
tegtttecte
ataccgtttg
attgatagac
tagatacccet
cgactagtte
agattgtacg
attaacatgt
tecaaagttt
ttgagtttat
tgtttocccat
ttttttgtit
ggatgttgtyg
gttactccat
teegtgttta
ttttecttgt
tttaacttte
tatagatazaa
gecatagtgaa
ccatcaaaag
tttatatcta
tgacgaaaca
ctggaaagct
tgataaaagt
ttgtgtttag
cctitattte
gactegegtt
aaacaatttce
tgaagattet
ccaacggttt
ttecacaata
cgaatgggaa
tacttaatte
attctataac
cgtgtygttte
cattaatata
aggcgaatga
tagtaaacag

attttectctce
atactecteeyg
tttgagcagt
ttetgatttt
gatcatattyg
cettetcage
tettatttag
ccgetaatece
ctyggaatagg
ccacatectt
cagatgeeay
asagattact
ccttataaag
cgactogage
gttcegaactc
accactetec
atagatctct
taatatcaga
cetgatetat
atataccatt
ctattcceee
ctatgetate
cegeattaaa
tctcaatage
getgaggtet
taaaaccaaa
cettatattt
cettaggatt
cettgtgtag
tagtacaagt
tatatatteco
agccataaca
atccatttey
cattaatagg
gagtectata
tatatcatta
cattaataca
aaaattagat
atgtttctta
agacttgatt
tccagaaaat
acgcttatta
cacattagat
tagaggagtg
acaaatggat
aatggatgat
taatatttcg
cgagteatta
aaacgaaatt
tttttetgtg
ttgagacttg
aggatcatcy
tgctctagat
tcccatgato
tccatcgttg
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ggttaaaact
agtgtaaata
tgatgecagte
atcttttaga
tagaatacey
tagttcacaa
atecttgtget
ttgaacacca
ataataatta
cagtttgaga
attacaaacg
acacttgata
aatgaatygga
ctttattata
gtctececcecaa
gtcatecctte
ggttctatgt
atgeccacggt
gtatctageg
ggtaccggag
tgccatitta
atcgatcatg
taaggtagga
tgagtctata
ttcaacgate
atagttgtat
gttaactata
aacatagttg
atttgatacyg
ggctgetatt
ttgaataacc
taatttteta
tttaatgaca
gatttgacgt
tatttgaaaa
ggatttaact
gttatgccga
caaagaatat
catatttttt
attctataag
gtagaatttt
ttaatatgag
ggtaaatcca
aacgtettygg
gttaatgtat
gttctaccta
atgatatacyg
tatagctccaa
atcgacatag
gtaagtaccg
atagatatta
tcgacgceeg
attagtattt
aagagtgatt
caataataaa

ctaaggagat
ttactggtat
ggcataggtg
ggtteccaat
ttactggegt
ctegecteta
tecaggetat
ataccgatag
atatctataa
aaatcaaatc
gctacctcat
gttecetaaat
gtaccagttt
gatttgtatc
acattgteccea
actcgtttea
tecteogttto
tccaagtata
gtgttattat
atatagcectte
gagattaatg
ttaagtagaa
gaagcgtgeg
tcccattgat
ttgttgttta
gaaaagtctc
tecatggtga
aataaatcct
gotattetgy
teggetgeca
ttecatageta
atacgagacg
aacatttttg
atgtagcegta
tegttacgge
cecttgactat
tecgeagttaa
gtgacaaagt
tettattagt
tatagatacc
ttaaaaagtt
tgatgaaatc
atagtgaaac
gegtcggaaa
tagtaggaaa
ttteatecga
gtagtctctc
aaaacaaaat
gtatagaatc
ataggttatt
gtgatgaatt
tcaaccaacce
ttattaatcc
tgagaacatc
agttatccaa

gcggattaac
acggtteccac
ccaccaataa
tecaaagate
acgatcctac
atgeaccgta
caaatggata
gtctatgtet
tcetattgayg
geceatctat
tageatcege
tttgttgatt
caatctgaga
tectttetet
atccaggaca
taaagagatc
ctgtattcectt
tggccataac
aaactctcaa
cactggcacg
cgeategttt
aacagctaga
taaaccattt
gaattcetac
ttttcaacaa
gttoegtaaat
tacttgaaat
ccatcacttc
cggctagaat
gagtgtccaa
ttttaatagg
tgattttatce
ttggtgtaat
caaaatgatc
tcgattaaac
catggeggesg
aacggttata
cctagttgta
aactgactta
cttecagata
atcttttget
cacaccgect
tatcttttta
ggatgattcg
ttttttgacyg
taacatgtta
ttteggactt
aactagtata
cggaacattg
gacattgtat
gaaaattatt
gaatggagta
tttgattatc
ctccggagta
gttaaaggat

51840
51900
5196¢
520240
52080
52140
52200
52260
52320
52380
52440
52500
52560
52620
52680
52740
52800
52860
52920
52980
53040
53100
53160

53220

53280
53340
53400
53460
53520
53580
53640
53700
53760
53820
53880
5384¢C
54000
54060
54120
54180
54240
54300
54360
54420
54480
54540
54600
54660
54720
54780
54840
54900
54960
55020
55080



attatgeatt
agagactttg
ttttgtagtt
tttatattct
gttaaataga
ataaaccttt
caaactaata
geetatttte
tgtattatee
ataaaaatta
tactaaacat
aaacattaca
atgtttattc
gtcazattgt
aatacttcga
tggatttoca
tgagaagtct
cggtatacta
gtcoggttaac
cgactctact
agatttatca
tatattgcta
ttctggtatt
taccagatat
atgaattcag
ttataaaaca
gtacagaagg
acctaaccgc
ttetaaaatg
tattagaagec
ctataggtgt
ctaaageaca
gaggaactgyg
tatttggtgy
tatctettee
gatttaaggt
taataaacaa
caaaactatt
gagatattat
tgactgecac
ttatacatat
taaatccatc
tacagatgta
agtgtcacga
atggtaaggt
cgataattat
tttatgatat
ctaaatctat
tctattteta
ataattatat
tccectacaaa
gtacagaaac
aactttatgt
aattaactag
attttaaaca

cgtttaaaga
aagctacttg
aatttatcac
tttaatcctyg
atgctcttaa
ttecagagatt
aacattccac
gctecaaaty
aatacagaat
ttatagtggt
tgtrtettat
aatctagagg
ataaacgegt
cctatataat
ttgeteatcece
cragtatgta
atcgecttag
gtaggtaact
tetttetttt
agttccaaca
ctattteteca
cataatecag
ttactaatta
cttettttbt
taatatgagt
tagatggeat
acgtggaaaa
gaagcaatat
tataacaaat
tggtaatagt
actagggaat
acgagagata
agtgggtaag
attctctact
tagaataget
actagatgga
acaaccaaaa
tagttatgge
tatagcagta
gttagaggat
tcetggagat
ttecagaatyg
tacteccteoct
atataaatca
cttagatata
ttctactect
gggtagagtt
gagagatcaa
tgatctgtet

attgtacget

tttggatatt
atggaataaa
actaagtect
tattgtacga
taaagatgat

tatcacctca
tttaacaaag
atatcacatt
cgttatcegt
ataatgtcat
tgaaactctt
attcagatte
tacattcgaa
gtttgtgatt
ggaattcagt
cataaattac
tagaactttt
caaatttttc
ccagttegga
aggctcetct
tteetttacg
atacttttte
caaagacatc
gatcgagtte
tcataccgat
¢ctacatatcc
ctagtgaata
ctaaatctgt
ccaaactgceg
aaaacggaac
aacgcacacyg
aaagtatctc
atatacagtyg
acagaaatca
ttacagatat
aagtatccat
ttttcagegt
acgtceacagg
ctagataaaa
ttagttagat
tetectatit
aaatatggaa
actcttatta
gcgagaaage
gacaggagaac
acactgttta
gecatacatag
gatggatcat
tatttagaaa
gacgaaatat
tatttggaat
tttgtceceyg
cgaaaaggaa
tatatgaagt
aataagttta
ctatggegta
ttattatcca
attetegetg
gaagceattt
gatacgtata
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tctgacggag
ttattcateg
aattgacttt
ttcecgttata
tttcttatee
aggtggtgte
Caacagctga
aaatctgaat
cgtgttaaaa
tggaatattyg
acatttccaa
aattttgtet
atgaatcget
tccataagea
cteaggetet
tgataaatca
cegtagtega
atatatagaa
gtegetacta
aggaatacaa
gttacaattt
tatatgacat
atatetttee
ttaatgtatt
gtgatagttt
ttgtaasaca
ctccatecact
aacacacaat
attcgttega
tttecaatte
ttagcaaaat
ggatttetea
tacccaagtt
tcactgactt
tgeatagceaa
ctttacggta
ttgtatttte
tagacgaagt
atcatacgaa
ggctaaaagt
aaattagcga
aagaagaaaa
ccggtatagt
aaagattacc
tagaaaaagt
ccagegttac
ctecttttgg
gagtaggaag
ctatacageg
atctaacact
caaaggaata
attattatat
aggagttgga
tatctctaaa
tacacttttg

acaattettte
tcgtcectacta
ttggtecatt
tccagggata
gctazaaatt
ctagtacaca
ttaacttcca
aaaacatcga
ceateggaga
ceteocggagt
tgagacaaat
ttaagtatat
aaggagttta
aactgagaga
abtttcatot
tegattttea
ggtttaaaaa
tggtaacgeyg
ttaggtctge
gacactttge
gttaaaaatt
aataaattygy
atttatcatg
ctcttacaaa
ctcattggee
taaaggaata
aggaaaacce
aagcetttigaa
tgagtatata
cgtaggtaaa
tcecattggeo
tagacctgta
attgetttgg
tcacgaaaga
taccatttta
cggatetata
tacccataag
tcatgageat
aatagattet
atttttacct
ggtatttatt
gagaaattta
ctttgtagea
gtatygatatyg
gtattcatca
tatacgcaat
aggatcgcaa
agttaatcet
aatagattca
cocccgaagat
tatagactcg
gaagatgata
taactttgag
tttacaaatt
taaaatatta

ggtaggtttt
ttetatttaa
tttececatacg
gatettgecaa
taaagaatgt
atatcataaa
cattaataca
tgtcacaatt
aggaatagaa
cataaaagga
aacaaaatce
acgataagat
agaatcetcat
ctaagttctt
tgacgacett
aatccatttyg
aatacgctaa
tctttaacte
tcaggtgecoe
cagcggttgt
tagatacatc
taaatcctag
gaaaagaatt
tattcacaag
gtgttteocag
tacaaagtta
geacacataa
tgttatagtt
ttaagaggac
¢gaacagata
tecattaactce
gttttaactg
tttaattatt
cecagkcatte
aaatcattgg
ceggaagaat
ttatctctaa
gatcaaatag
atgtttttaa
aatcccgeat
cataataaga
gttactgcta
tcegttgeace
tatattatte
cctaatgtat
gttacacaca
caatttattt
gygtacatacy
gaatttctac
ttgtttataa
ttcgatatta
gagtatgcta
aggacgggag
aagattttaa
tteggtgtet

55140
55200
55260
55320
55380
55440
55500
55560
55620
55680
55740
55800
55860
55920
555980
56040
56100
56160
5622¢C
56280
56340
56400
56460
56520
56580
56640
56700
56760
56820
56880
56940
57000
57060
57120
57180
57240
57300
57360
57420
57480
57540
57600
57660
57720
57780
57840
57900
57960
58020
58080
58140
58200
58260
£8320
58380



ataacggaac
ttteagatac
tettetttta
gcagaaaaaa
gtgaacagat
cctttettet
cgtactatac
aacaaaattt
atgtecateta
gotagtttty
tcagctgaaa
tgtttagaca
atttcattag
ccatcattgg
atggeettace
atttcattoyg
tcatataaat
ctataattca
aagctetegt
gtetcecatagt
aatgttggat
cegttigtac
aatgtetgte
ttcgateccg
tctatcatgt
tecatacaat
aatcgtatac
actaatgtte
atataactte
agatgttcca
ttagaaatte
ttcggtaaga
catcgtataa
tggaattata
ctgtatctaa
tatctgtttc
aaatacatac
attttgttta
tettecttat
aggaaatacc
agtatggaat
tcecaagtgta
aaggacagga
gaatacacte
ttaattcottt
acaaatasaa
ataaattatce
ctcaggaaga
tcggatttta
ttattaatgt
atgtagttag
agcatacttg
tactcggatt
ttaccgaaaa
gctggaaaat

aaacgctact
tatatttgtt
gagatgaaaa
gtttattagt
aaaaggtatt
tgagatccca
cacatacaaa
tacttttagt
tggaattacc
atctactata
aactatgttt
atgataaagt
atgttagacg
ttgcgtcaag
taaagtttagg
tcaaggatat
catgegatag
tattaatacy
attcagttte
ctattaagtg
taatctttac
ttactggaat
tgaagaaate
atatcctttg
ctattetceee
ggaatactte
tagaaagygga
tgattgegte
tagatgtaga
acaagtgagc
ccaagtagat
caatcattta
attaaaggtyg
atataggtgt
tgttctagte
cattacagct
gaataacasaa
acttgtccaa
gtagaggatt
ataaatatat
tccatgatac
tacggeegtg
atatttatat
ctcagattta
gtggattttc
aggtagatgt
aaatacttca
tattttatte
gaatttccaa
ccacaaatge
atagatgcgce
aatcaccate
ttaattcttc
taatcagtac
aaatcactga

atatattate
cctgtagata
attttccaca
gtttagataa
cttgctecaat
catcatttea
actagatttt
tcttttagaa
actagcaaaa
ctttaaaaac

tacacgtatt

tatecatgtec
cttcattagg
aactactatc
gtaaataact
tagtatcgac
ccaaggadasaa
ttgacattga
atcgataaag
gtaagttteg
cataactgta
agatgaagga
caatgtteca
cattetattt
accgttatat
atttctaaaa
aaaattatct
cgattcegtt
agcatteget
aattcccaag
atcottttte
ctaaggagta
tgrtttttac
atttgcgcac
ggtatttcat
gcetgaagtt
aataaaataa
attcectactt
tgaaatatct
ttataaagta
aactctgaga
ttataaatta
tagggaagca
tacatattet
tcaagttaca
tetegtttec
aaatttattt
ggtaacaggt
attcaccage
catttgtttt
tgecgaagttt
ctttaaasaa
tactgcatca
gttcttcatt
cgatattaga
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atagacctet
ataactaaaa
teteettttg
tegtatacte
agattggtaa
accagagacg
gcagtgacgt
aattctaagg
aatgatagaa
gaatcagatt
certtoggeat
atgagagacg
ggtatacttc
ggatgttgtt
atgatatcte
ttgectategt
tttaaataga
ctaatttgta
gataccgtta
tacaaataca
taaaatggag
ataatctceg
ggtectaatce
accagcatat
aaatcgecte
tagtattegt
ttgagtttte
getgaattaa
aaaaaattag
atttcatcta
atccgategt
aaataggaag
cattaagtga
tcgcgacggt
catttegectg
tattggtegg
gatataataa
acagaagaty
tataatgact
tttgaacatyg
gatttagtct
ggagataate
aatgatgact
aatgagegeg
tttatggcgt
aaaaaatgta
gataaaggaa
ggccaaactc
gatttatcgg
gtctgtggat
cctattaggg
aatgataaga
ctgacatttt
tatgggtate
tgataattta

aacgggatat
atcaaactet
tagacacgac
catcagtgta
attccataga
ttttatecaa
cgtacctggt
tagaatctcet
atatatattg
ccataattge
ttectttttaa
cgtcteoogta
tataaggttt
gggtatotet
tattaattat
cattaatacg
tgttcatcat
atatageete
aatataactg
gaatcectaa
acggagtcat
gacatgcetgg
tecttaacaaa
cacgaactat
cgctaagaaa
tttctaatte
cgttagaaaa
tggatttaca
tagaatcaaa
tatcattctc
tgatgaaaat
taatgttcgt
cattataatt
tgatgcatcg
tctaataata
ataatatgta
agatgccatt
aggaatogtt
tgataactta
tagatttate
atcttagatt
taaaaggeat
tgatagaata
tcoccataac
atacaacgte
tagatgaact
geggaacaat
cataggtagce
ttttagtgaa
tgtatttgaa
tteogegett
tatcaacatg
cacaaatact
aaaaacttaa
tacaaagtat

atgaatatyga
aatgaccaca
taaacatttt
gatagtaaat
atatattaat
tgatttacet
attecctacca
atttgeceaat
atacatcgea
ctgtatatea
tgatatatct
tecgtataaat
cttaatcagt
agtgttacac
agatgcatat
tgtaatgtaa
ataatcgteg
gecacgaaga
gttgcegata
aatattatct
aactatttta
taaagaccca
aattacgata
attaagatta
cgttagtata
tttaatgtga
gaaccacgaa
ccraaaaacte
ggatataagt
gaatccgaaa
acgaacttta
atgtcgttat
ttaccaatat
gtaaatatag
gegttttote
aaataataag
tagagatcta
ggagatagtg
ctttcecagat
ggaggaatta
gtacaagtat
agttgttata
tcteccocteaag
tggttcaaaa
gecatataaca
agtcgatcea
aaacaaaata
tttttetatt
atccaaggat
aatggaaacyg
cacgteacce
gagtatatca
acaatacggt
aategttact
acaatggaat

58440
58500
58560
58620
58680
58740
58800
58860
58920
58580
58040
59100
59160
59220
59280
59340
59400
59460
59520
59580
59640
58700
59760
59820
59880
595940
606000
60060
60120
60180
60240
6G300
60360
60420
60480
60540
60600
60660
60720
60780
606840
60900
60560
61020
61080
61140
61200
61260
61320
61380
61440
61500
61560
61620
61680



atttgtggat
gttaactacg
cctttttate
atattctaaa
acaaaatgtt
taaactcaca
gatactaaca
cgcagaatte
gttgataata
gatgataaaa
agcaaaatta
tataacaccc
agtcactagt
taatattgtt
teccttgteaa
atttaaatca
accacgcaag
aaatactaaa
cgaaaactgt
taattcattt
aaatataggt
atatttctea
tecagtgtaaa
acttaacagt
acatatgecga
ttgaatccat
ttggtagttyg
gaaggatatc
getgatacgt
tgttttaaat
atattgggea
atatatgatt
atgcataact
cactetcata
tggtataaat
tttatatcect
tttatcgttg
aattgtagat
gccggetata
atatgtggta
agaataatca
gateattggc
ttectgectagt
taccatttet
cgtggetaga
taacgaatta
aagattgtcce
acaattgtag
tttagetttg
tatacatttt
ttaaataatt
attgtggcat
gagttaatat
cteagtgeat
aaggtaaaat

acaatgagta
gtattcataa
gatagaggaa
ttaaccaagg
accggattta
tttcaaatat
catttcaaca
gttatgtgtce
agtaccgatce
aacttaactc
acggcgttag
accaacttaa
ttggcaatta
acgtttataa
tgcactgttc
tettatttag
gagattgatg
tcagatateg
aacacgatag
tactttaacyg
tactagatta
cgaacgatat
gaacgaatgt
geaaccteota
ctagaggttc
cgatagaaaa
aatctaccta
ttagtgcaaa
cattaacttt
tggtagctga
aagatatitt
ctaataattt
actcctcegt
atgtaaagat
gttgtaattyg
ttagagtatt
atattggeeg
ataacttetg
tattctgeta
ttcactatat
gaaattggtt
aaaatcctat
tettgagaca
gccgeataca
atagtggget
tatagtetcce
aatattttta
ataccattaa
gactctatgt
gaaactatgt
tacaaaaatt
atttttcaga
atatttttge
cagtgtttta
cgtgtttgrg

tttatatagc
aatacgtaaa
gtataaaaat
acagaaaaat
tggaagaaga
atttatctga
ataatgagaa
tegaggctaa
aggatactat
aactgtttaa
tgaatggaty
acaaaataca
aaaattatta
acgattacge
aagaatttat
aaagegtgcee
tttcagaagt
atgttataaa
tattcggecat
atagtectgtt
aaaatggtgt
aaattgatta
tgtaggttaa
ttggatataa
tattattttt
acatgtgygt
tagaaaagga
agtatacaty
attgggtatt
ctgttataaa
tctgagecaa
aacattttgg
tgttttttec
attctaaaat
tattatttece
tctcactegt
gaaagataga
gtaaatattt
tattgttget
cagttttaac
ctttaccaga
attgtaccag
ttgatttatt
ataacttgtt
tgecatgtatt
agaaatctgt
atagctgete
tcaccgatte
attcagaatt
caaaaattgt
taaaatgage
gttcagtgaa
cgcettggge
ccgaggagoc
tagtttteac
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cgtcgecaat
cggatgygta
Laaacaagac
gttagaatta
aataaaggca
ttetgataac
tgttacatta
aacacattte
getatttgea
atttgttece
tgatttettt
attgtttagt
tagaaagact
taatttagac
attttccgea
gttaccctge
taaaacttta
atctatatece
ctataaggat
aataaccaat
teccaactegt
tacgaaaaaa
aattatcetac
actaatatgg
attaattata
atttattatg
gttcgaatag
ttagagaata
ccgtatggat
aatgeeggta
aacticacag
caaattgatt
ctegttettt
ggtaaacttt
cgtcaatgga
gtetaacatt
cttettattt
ttctaccttt
agtatcaata
tggtagttce
aaatccagct
attaatgaga
tgatgaatct
agataaaate
aaagaatgeg
ggrgttacat
tttgteccatt
ctttttcgat
aatagatata
agaacgacgc
atccgtataa
gaagtatcta
ggatctgtaa
gaaaatattg
aatgatgccea

tgtgtcagaa
aaaaagggag
gttagagaca
gaaaagtgta
gaaatgcaat
ataaaaatat
ttttattgty
tctaccacag
tctgetgata
tcggcagagy
cctggactct
gattttacaa
aactctaccg
gatgtctact
ttagatgaaa
caattaatgt
tcatcttata
tegatettey
aatttactac
actaasaagtyg
gtgctctaca
atcattaaay
acaaatagaa
atcoggttaa
ccatgteatt
gtacgttatt
tcecattgga
ttcaagttat
ttggtcataa
ttgatacate
acgataatag
accttaaagy
ttettaacgt
tgcatatcgg
ctagtcacag
ctagageatt
tttattatat
tcaatectett
cettitetga
attageecttt
actataatag
gcecatatttca
agttggttet
agggttatca
gtagtatgag
acatgagccey
atttctatat
gcecggacaat
tctctcaata
tgttctgeag
aaatcgataa
taaatgtaga
acatttggge
tgtttaatct
tecatagatat

acttagaaga
ggcatgtaac
agagacgtaa
cateocgasaat
taaaaatcga
cattgaatga
atgaacgaga
gagaatggece
atcatcctaa
ataactattt
atggggcatc
tcgataatat
tagacgtgcg
cgtatattcc
aatggaatyga
acgcgttaga
tagatttega
gatattctaa
tgagtataaa
ataatataat
tgcggtaaag
gatgtactey
cocteaacgta
ttttatcaag
aacaagtceat
atcggaacac
tagttttttt
gaaaatagea
tagaatgtat
gtctaaacga
atggataaaq
gtgagttaat
tgtttgceat
acgcagasaat
ctccatcagt
ccatgatctyg
tactattgge
ctattttcaa
ctaagaagtc
ccacttctge
geteacegat
tttccaataa
ctagatactc
aagtgtttag
taaaccgttt
aatgacatceg
ttgactcgceca
agcacaattg
cagattgecac
ccatttaact
actgegecaa
ctcgacggat
cattatacct
tcetgtgteoe
agaacctgat

61740
61800
61860
61820
61980
62040
62100
62160
62220
€2280
62340
62400
62460
62520
62580
62640
62700
62760
62820
628890
629490
63000
63060
63120
63180
63240
63300
63360
63420
63480
63540
63600
63660
63720
63780
63840
€3800
63960
64020
64080
64140
64200
64260
64320
64380
€44490
64500
645690
64620
64680
64740
64800
64860
64920
64580



ctggaaaata
gaactgatgc
tacgtgttta
gtgacattat
cggttgatgce
gctgtctaat
tcggataata
ataaagatge
gatgaggaat
gacttgataa
catgtagatt
gtectatcetta
aatctaaaag
gacttgatag
cgegtececa
gcgtatacaa
tgtatagatg
ggaagoggaa
actccatagg
teggttttygg
ggattgtatt
aggattoecge
aagatatcaa
ttttcacaaa
tatcaaaaac
tttatacaaa
caattgtgtc
ggtaaaaaag
agacgttaga
attagaaaaqg
ggcagaaatyg
taacatzaaa
attattttat
tttctetace
tgcatctget
tcecatctgea
ctttectgga
tagtgatttt
gactaactct
agacgatgtc
cgeattagat
ctgtcaatta
tttatecatct
atcctegate
ggataattta
caatactaaa
tcgtgtgete
aaaaatcatt
ctacacaaat
atggatccgg
tataccatgt
tatggtacgt
atagtcccat
aatattcaag
ggatttggte

atctagtaaa
ctattaggac
attttcacaa
aattttacca
atcggtaaat
aatagcgttt
tgtaaaataa
catttagaga
cgttggagat
cttactttcc
tatcggagga
gattgtacaa
gcatagttgt
aatatctect
taactggtte
cgtcgeatat
aactagtcga
caataaacaa
tagcttttte
tgaaatccaa
tgaaaatygga
gcttcacgte
catagagtat
tactacaata
ttaaaatcgt
gtatacaatg
agaaacttag
ggagggcatg
gacaagagac
tgtacatceyg
caattaaaaa
atatcattga
tgtgatgaac
acaggagaat
gataatcate
gaggataact
ctetatgogyg
acaatcgata
accgtagacg
tactegtatg
gaaaaatgga
atgtacgegt
tatatagatt
tteggatatt
ctactgagta
agtgataata
tacatgcggt

aaaggatgta

agaacctcaa
ttaattttat
cattaacaayg
tattatcgga
tggatagttt
ttatgaaaat
ataatagaat

actttctagt
agatactact
gtatgaagaa
atattggaat
atagetgtat
tetetatetg
taagaaatac
tctaattttyg
agtgtettee
agataggaaa
attaagtatg
gtattccaag
tataaaggac
caaggaatac
aaaattaatt
aacaacaaat
tccaataaat
aatactcagyg
tatttcyggat
ggatttatta
aacgatgtag
acccagcata
atcatactcg
cggtttaccg
tactgectgga
gaatatttgt
aagagttaac
taaccctEitt
gtaaatatte
aaatacaaaa
tcgataaact
atgagatact
gagacgcaga
ggcegttgat
ctaagatgat
atttagcaaa
catctataac
atatagtcac
tgcgtaatat
ttceteettg
atgaatttaa
tagaaccacg
tcegaaaatac
ctaacgaaaa
taaataattc
taataaatat
aaagatattt
ctegteagty
cgtaacttaa
caagacatat
tcatttgaat
acacttggta
ttttgaagga
agcagctgat
gtattgtttt
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tatecatgtag
atttgtectaa
aaatgtigty
tataatatag
ctaatgttct
tttececattrac
atacgaataa
tttaacttgt
ttatgtagag
taccataaat
gaattceatg
tgtatacgge
aggaatattt
actcctcaga
ctttgtggat
aaaaaggtag
tatcaaatac
aagatatttt
tttagaattt
atgtccacaa
ttagatagat
cttgaatcac
gattttaatt
aaaataatca
aaataaatca
ggatacaatg
tacggtatte
tatcgataga
taaattaacc
tgttaccgga
cacatttcaa
aacacattte
attecgttatg
aataagtacc
aaaaaactta
attaacggcg
acccaceaac
tagtttggea
tgttacgttt
tcaatgcact
atcatcttat
taaggagatt
taaatcagat
ctgtaacacy
attttacttt
aggttactag
ctcacgaacg
taaagaacga
cagtgeaacc
gegectagag
ccategatag
gttgaatcta
tatcttagtg
acgtcattaa
aaattggtag

taagtgtcga
gtatagatca
gtagaaccgt
gtgtatttge
agtcggtatt
agctgectga
Caaaaataaa
ccaaattect
gatttgaaat
atatttataa
atacaactct
cgtgttataa
atattagagsa
tttatacata
tttectcaagt
atgttctcegt
ttcaaaattt
attcggtaac
ccaaattcac
atgoecatttg
gegetgegaa
catcctttaa
cttctactge
gtacgttett
ctgacgatat
agtatttata
ataaaatacyg
ggaagtataa
aaggacagaa
tttatggaag
atatatttat
aacaataatg
tgteteaagy
gatcaggata
actcaactgt
ttagtgaatyg
ttaaacaaaa
attaaaaatt
ataaacgatt
gttcaagaat
ttagagaccyg
gatgtttcag
atcgatgtta
atagtattcg
aacgatagtc
attaaaaatg
atataaattg
atgttgtagy
tctattggat
gttctattat
aaaaacatgt
cctatagaaa
caaaagtata
ctttattggy
ctgactgtta

ttgtaacaag
aaagaaatct
cattcattaa
gcacttgega
tcatcattte
agtttattgg
ataagatata
acttacagaa
atcttataat
agtatttgaa
gagagattta
attaggagat
agcaaatgat
ttctaatgag
tacatttatg
ttccaaaaaa
atttgataaa
aggtggeocaa
cagegattta
trtegtetgt
gtttecctatt
aaaaaatgat
atcactgaca
catttatggg
tagatgataa
tagcecgtege
taaacggatyg
aaattaaaca
aaatgctaga
aagaaataaa
ctgattctga
agaatgttac
ctaaaacaca
ctatgetatt
ttaaatatgt
gatgtgattt
tacaattgtt
attatagaaa
acgctaattt
ttatatttte
tgeegttace
aagttaaaac
taaaatctat
gecatcetataa
tgttaataac
gtgttcecaac
attatacgaa
ttaaaattat
ataaactaat
ttttattaat
gggtatttat
aggagttcga
catgttagag
tatteogtat
taaaaatgcce

65040
65100
65160
65220
63280
65340
65400
654560
65520
65580
65640
65700
65760
65820
65880
65940
66000
66060
66120
661890
66240
66300
66360
66420
66480
66540
66600
66660
66720
66780
66840
66900
66960
67020
67080
67140
67200
687260
67320
67380
67440
67500
67560
67620
€780
67740
67800
67860
€7920
67980
68040
68100
68160
68220
68280



ggtattgata
acagacgata
gattacctta
ctttttetta
cttttgeata
ttatgaagac
tctcaagaac
ggattcaaaa
attttaggaa
tttttagatt
taaacygggat
geatgacgtyg
agataaagag
cgatggtett
cacttttaat
gggtgcagta
tttattcgac
ttcageecttt
taataagatyg
gcattattta
acaacagtet
gttagaagag
tgccaatgtt
acgatgtaat
atgtggatta
tcaacataat
cttggtaata
gacggtgaat
tgcetcaaaca
taacctecact
atcagceget
tatgtttact
aaattatgtg
aaacgtaatce
taatacagga
ggecactact
tgttatcggt
cacatccace
tacttacatg
aaactgaaaa
tagacgatat
gtctagagca
tattatttgt
tgttgttggt
actagactga
ttetatttet
cacatcggtg
accaggttct
aatatccatc
gtaattggag
gtaacacgac
caatatgtct
gggaatagaa
atataaaata
taatctecaca

catcgtctaa
atagatggat
aagggtgagt
acgttgtttg
tcggacgcag
teetggtaat
tacaaaagtt
agagagtcaa
tgttgtttte
aatactttca
cegeaceegy
atagctceceg
gataaagtaa
teggeattgt
cgtactecatt
ttagaatcgt
tggtgtcagg
aataggagta
caaacattat
cgcgeacaca
gcggacttta
tcattaaaat
aatttcttac
accagegtga
agcaatagtg
attaaacact
tggatactaa
acactcagcq
aaatgtgata
gttaaaaata
acagaaacat
getgegttaa
aaacagactt
atagatgaat
tctagcaaag
caaatagcac
gttataatat
aatgataaaa
gacacattct
tatattgata
agtgaaacaa
tcaatgtect
tatagtaatt
ggtgctagtc
cttctaacaa
aacactattc
agtgatatge
aacaacctat
gtttgettgg
tgttecatate
tgtggtagat
gtacaaatgt
accagatcaa
actacagttt
actttactgt

acgaatattg
aaagatatat
taatatgcat
ccatcactct
aaattggtat
actgatggcg
ttcttteaaa
tgtttttgaa
ggatagagtt
atgagataaa
gagtacceac
ctaagectttt
agaaaagata
taagacaatc
attggaagaa
gttggccaga
gggatacgtt
atagaactgt
gtagtaaaga
atacagaaga
aacagaaata
atgcggaacc
taacacgtaa
acaacttaca
atagattttc
cgttegaccet
ttgtagctat
aacgtatcte
tagaaatcgg
tgtgctctge
atagtggatt
acattcagac
gtaattctag
gttacggagc
gaaattgtgc
ctagacaagt
tggcagegtt
tcaaacttat
ttagaactte
atattttaat
aatatagcgg
gctatactte
tatattttta
atcacattaa
acateteace
catctgtgga
ctataaagta
ttactggtgce
tcaatagcga
ctctacggge
ttgttctata
taaacattaa
aacaaaattc
gaaaaataac
ttttgaactyg

3174

ggcaaagata
gattctaata
aactactect
cataatgtaa
aaatgttgta
ttttecaggyg
atagctatcet
actagaateg
caatecetita
tatgggtggc
tgatgagatg
agaatatgtg
tccagagttt
gtataatgga
ggatggaaag
cgtiteacygac
cgatagaaac
agagggtcaa
tgctagtgta
tagcaaagayg
tatgagatgt
tecgagaatgt
ttataataat
gatggataaa
tactgttecc
aaaattgeat
ttaaatgyugt
gtetaaatta
aaatttttat
ggacgeggat
aacaccggaa
gagtgtaaac
cgecggtegte
cccaggatct
cattaaagceg
tgctggtaca
gtttatgtac
tttagccaat

‘tccgatggtt

agattaacat
atgaaaaatt
gaccattaat
cggtacgtct
ctatttttta
tgccataaat
aaataatact
ataatcttet
tcctgtagea
tatgtgattt
tattgtctea
gageegattg
ttgattaaca
gttagaatat
agtatcattt
ttcaaaatat

tttttetgag
atttaacatt
cegttgtttt
agatattcta
attgtattat
aatattetat
cgtetecteaa
taatggataa
agatcaacat
ggagtaagtg
ttattaaacg
catataggac
agattagtca
accgcacaca
atatcagata
actggaaaat
atatgcececate
caategttaa
ccaatatgeg
atgatcgatt
agttatccea
tgggatccag
ttaggacttt
acttecteat
gtcaatagag
ttgatcagtt
gceogeggcaa
gaacaagaag
atccgacaaa
geteagttgg
caaaaagcat
actgttgtta
gataacaaat
ccaacaaatt
ttgatgcaat
ggagttcagt
tatgecaage
aaggaaaacg
attgctacca
ggaagttatc
tgtagatttt
taggttattt
agtaagtaga
ttactttata
aaatgettga
ctgacattat
ttgggcacat
tactttttct
tttatcaacc
tggececgtgta
ccgcaaatag
gaaaaaacaa
atgccacgtt
aaacatttaa
agcatcgate

ccaaaactte
ttggcaaatt
tteeotegtt
aaatggtaaa
ttecatatta
gactgaatgt
caaactacga
tgacgataac
ctttatggey
ttgageteee
tggataaaat
cactagcaaa
acacaggacc
attgctgtcg
agtatgaaga
gegatgttga
agtggategy
taaatctgta
aatcattttt
atattctaag
ctagagataa
agtgttcgaa
geaatattgt
taagattgtce
caaaagtagt
tattatctcet
gcatacagac
cgaacgctag
accatggatyg
atgetgtgtt
acgtgccage
gagattttga
taaagataca
tggaatttat
tgacgactaa
tttatatgat
gtatgttgtt
tccattggac
cggatatgea
getgategqte
gttatacacg
attgatatac
aattatcaaa
ctataatagt
tattaaagtc
cgectaattga
ataccagtgt
ttaccttgag
actcaaaaaa
tgaaatttaa
atagaactac
tgttcgttct
tatacatgga

cttgeggggt
cgtgagaaat

683140
£8400
68460
68520
68580
68640
68700
68760
68820
68880
68940
69000
69060
69120
69180
69240
69300
65360
69420
69480
69549
69600
69660
69720
§9780
69840
69500
69560
70020
70080
70140
70200
70260
70320
70380
70440
70800
70560
70620
70680
70740
70800
70860
70920
70980
71040
71100
71160
71220
71280
71340
71400
714860
715290
71580



acgtttagece
tagttetygac
agatagatat
atcteccatte
tggtttaggc
tcctyggtata
atcggtacgg
aacctcateyg
caaatggtta
atagtaccta
ggagcaatgt
ctaactattyg
attattaata
aagaacatgg
aaaaagatta
ggagacaaca
ccttceacat
asacttagta
aggttaaatyg
attccgacaa
gtgtttatag
gttttatttg
aatatgttct
aatctagegt
acatctgcgt
cgatcaataa
attttttaag
cactcaatat
tgtgggtcat
ctttcaagat
acttaataaa
ctctetaget
attttctaac
tgtcatcatyg
tacagaatta
aaaatattct
tgaagcattyg
gataggtatc
aaacgaagga
taataatatt
tatgaaatge
gataatagga
atattatatt
ttaaaaatgg
gagttagatt
cagttaazac
ttagatggtyg
agagatcatt
catgatccta
gaatatctac
gtaagatcea
ctacaaaatg
cogtttocay
ccttttgete
atgagactga

gccbttaata
cagecaactea
cegteattge
tettetetge
cbtggtctat
thtctatcac
gtattcattt
aagaagatac
ttgcecggege
gaacgatgtc
ttaccacaat
aagccattga
atacggatat
ttatecttecyg
atatttataa
aggectttgat
ccataagatt
ctaataagga
attttetggy
aggattgatt
ageecacgtt
aagtattcgt
tcatgcctaa
gtgaagacga
tatcaataaa
atggatcaca
tatttggceta
ctagactttc
tgttatgaat
tttaaaaaac
ggatatttgt
accaccgcaa
gtgatggata
aacggcggac
attagacgag
aacgataata
daagcaacta
gatgaaggac
aaaatagtta
ttgaatetta
tttaaggagg
ggtaatgata
ttttatctaa
atgttgtgte
acgaaccaga
tattactagg
ccacoegtagt
tctataattct
tcttaaatyag
gatccatcaa
aacgaggagyg
tcatgattag
atcaatggat
cttcatatte
ctegagttac

gaggaaatce
tttettecate
aatattcett
atttattate
cgttgttgaa
ctegtttggt
atcacaaaaa
catattertt
aaaatccaaa
aaaatatgag
gtataatata
aaactatttc
gactgeegte
tcaaggatca
agaaaatatg
atctaaatat
gaatgeccatt
actagaatcg
actattggasa
actataaatg
taaacattct
tgtattcatt
acgaaaaata
taaattaatyg
tagtaaaccg
accagtatet
gtcaagatga
tgttattatt
ctetttecaga
tgtttaacaa
tegactttge
tagatcctgt
tattaaagtc
atattecagtt
ttagacgtta
gatacggaac
aactatgtga
agttotttec
tagtageccgo
ttecattate
ctieectttte
tgtatcaatc
aaaactasaa
gttagataaa
aagtgcaaat
agaattattt
gtatatagga
aggagtgatce
attgcgtgat
aaaacaactg
aaatgaacct
tattttaaac
Caaggacttt
agctgaaatyg
caaattagac
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caccgecttt
atceacetgt
ctecgtaggea
ttgtecteggt
tetattttgg
tggatttttg
aaacttetet
gcaggaagta
tttecaagat
ttggagttga
agaaacaatt
ftggatccta
atteoctaaaa
tcaccetatet
gaatccegegt
gcgggaatta
tacggattca
tatagtteta
tgtgttaaaa
gagaatgtte
ttattaagtg
ctaatatatyg
cecogatecta
atctatggat
atagtgtata
cttaacgatg
tgaatcttea
attgatccaa
ggaatacaga
ggtcectatt
gattagtttg
tagatacata
gaataaagtqg
gataategge
tcaaataget
gggactatgy
tgtcttggaa
agacattgtt
actcgatggg
tgaaatggtg
taaacgattg
ggtgtgtaga
ataaacattyg
cegtttatgt
gaggicgcaa
tttettagta
tecggectectg
atcaaatgga
gtaactctag
catectteta
agtacggcegg
cecegtggeat
tatatcccac
agattattaa
gctgtaaatt

ctggatetea
tttaacatat
cacaatctaa
ggctgattag
tcattaaate
tctatattat
aaatgagtot
tatctgagta
ctatgettte
ttcataacga
tgggtctagyg
acaatgaagt
aaagtggtag
tgtgecatttt
cgactgagta
atgtcctgaa
ccaataaaaa
gecectettea
agaatattce
ctaatgtata
tttataaaca
tattttttag
ttgatagatt
taccatggat
aagattgtge
ttcttecgecag
ttatctgata
tcaaaaaata
caattgacaa
gttacagatg
atgcgattca
gatcectegice
aacaataatt
cegatagtttt
caatataaat
acgcatgata
tcaattacag
taattctgtyg
acatttcaac
gtaaaactaa
ggtgaggaaa
aagtgttacg
attaaatttt
attttgagga
aaaaactgce
agttacagey
gtacacatat
tgctaattga
tgacteggtt
agattatttt
atttactaag
ctagtcttaa
acggtaataa
gtatttatac
atgadaaaaa

ccaacgacga
aataggcagyg
tattgataaa
gctgtggtcet
tttcatttct
cgtttgtaac
actgctagaa
tgatgattta
tatttttaat
aaatatcaca
agatgataaa
tatgoctett
gagaaagaat
cgaaactogt
tacacctate
tgtgtattct
taaactagag
agaacccatt
tctaacagat
ctttaatcct
cagattaata
atctgaatta
acgacgtget
gacaactcaa
aaagettttg
atgatgatte
tattgcaaat
aattagaagc
aattcacaga
gaagggtcaa
aaaaagaatc
gtgatatcge
aattctttat
caggtaaaag
gegtgactat
agaataattt
atttectoegt
agcgtatgge
gtaaaccgtt
ctgctgtgtg
ccgagataga
tcggetecata
aatataatac
aattgataat
gtatcaagga
acacggtata
acgttatttg
cggccgeeat
cgttgatgag
aatttctgat
taattacget
atggagatgce
aatgttacaa
cggtgagaac
gatgtactac

71640
71700
71760
71820
71880
71940
72000
72060
72120
72180
72240
72300
72360
72420
72480
72540
72600
72660
T2720
72780
12840
72900
T2260
73020
73080
731490
73200
73260
73320
73380
73440
73500
73560
73620
73680
73740
73800
73860
73820
73980
740490
74100
74160
74220
74280
74340
74400
74460
74520
74580
74640
74700
74760
74820
74880



cttaataaga
gactattttce
actaaagcaa
acatcaacty
atgtetaaaa
gagatatact
aattgattet
ggttgatgat
caagttteccot
tgttagacta
taaaaagact
tcgeoectaat
agagatagece
aagaacatta
tttagaaaaa
tatctataat
ctactegtot
ttcccaatga
ctggtaacaa
tatctattcco
ctttgttage
taaatataac
gttctttaaa
tatatgateca
acgatatcgg
cttgtgggaa
ctcatatagt
ttcactgegy
tatcgggaca
ggaacagtga
tegteocaacaa
ctattcatga
atacagacta

atagtatacc

gtaacttgaa
aaattattte
atatgattag
gtceocagtac
ttacagaaaa
caaaccaagt
gaaagtttat
aagaatatac
cttecatctat
ctcaaaatgc
ctgtaattga
gagecccecgh
tacaagateot
atectaaagg
agattaatta
attttgttgt
acgtggaagg
tctacggttt
tggaagccat
acgatgtaag
aatccatgtt

tcgtecgtaa
acatgtactt
aggtactatt
aaaaagttag
acagaaatag
acegatatag
atgaaaactg
gattatggag
gtaaattttc
gatactacag
cttegtette
ataccattaa
gatagatctyg
taataatcaa
tgctaatatt
agggtatcta
ggaatcacaa
aatggtacaa
cgcategett
tatccgtact
atcacagaat
tattacttit
agaaactgac
aaaagagatt
taccgttaaa
aacggaattyg
taagcctgaa
attattgcogt
cgetettagg
atgtatgcaa
gttggatgat
aaagttttgg
cttteccate
caaagagace
tgotgatgaa
taataacact
aagttatatc
atctateacc
gatatttgte
taaattttac
taaaaataaa
aagtattatt
cagagetace
tgatttcgac
acaaagtatt
ttatggatct
ttgtttagat
taaatgtaaa
tecgggteto

ggctatgagy
tatcaacttt

tggggtgaca
caacgtagaa
agacgggaaa
atccaacttg

caaagtagtt
tatgetgaag
tctacaacaa
tcatgaacca
caagagatec
agtataatga
tgttteaggt
aaccaatcat
tatacataga
aaactaatat
ccaaaatgtt
aaattgttag
ttatttcagt
taatatatct
aaaatagcta
atttcctgat
acattattta
tececgatacat
cgtttacatg
atgettttat
gcataaattt
atagttgtaa
ttgataazsaa
aatgctacag
gatggtagac
gaatgttteg
tttatttcag
tecacgagaac
agattaaagy
cegbatcaaa
attaacgtte
ceattattag
cctecgttga
aatgaattaa
caggttatce
accagtateca
gtcegeecegac
gttaatgagg
aatgecettta
tttaataaac
atacatttat
tttggaagac
gaaggagata
ggggatgagg
cttatgtatce
attcaagatg
gaagtattga
ttcageggta
ttaaaggatg
catctgtecat
attatcaagt
ttcaaagatc
aaaatagaac
atagttccecat
acaaatctta
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gttaactttg
accgtgtact
tctatattte
atacaacgta
gtacgeggta
tttagttact
atttaacgaa
tataacatcy
tgtggtaata
agttaatagt
agagacggaa
attttteege
cgetgattaa
tatatcttat
acgcetagtaa
ttaaatageg
catctaattt
tgeattetgt
gctegtacea
caggataaat
gttegteegt
taaaaaggga
tggetgtaat
atattatcat
taggtgctat
gtcactggyy
aaattatteg
cgtatteega
ataaaatatt
aaattacttt
ctaattectcet
aaattcatca
ttattagacc
cttacttatt
agaaggcagt
atttatcata
gaaaagatca
taggaatgcc
cagtyggataa
gattaaacca
tgeetggtga
agcecgtetet
ctatcaaaat
aatggatgat
cgacgacgtt
aaategtagc
acatcttggg
aagatatcta
gtgaaattat
tggectggact
catcttatgt
tgagaccaaa
ttatcaaaga
tatctaaagce
atatccgaga

attatcctaa
gecaataaaac
gtttcttaaa
aaatatotag
ataaatagaa
ttaataaccy
tcatccataa
tatcttcaaa
tctgachtat
gtactacaaa
atagttygtca
aataacatygg
tcaattagta
atcttatate
tccaatcgga
gacagctata
actatetgta
tatatttttt
acaataatag
acatttacat
catgataaaa
aatttgatig
ctetaaggtt
tagtcatygtt
ggatggggea
taaagtaagt
tttactgaat
cgatattaac
atccaagaaa
ttcaaagaaa
catctatcaa
atatccagcet
ggcetattagt
aggtatgatc
aatagaatac
tattacatec
gaccgetaga
cgcatatatt
agttaaacaa
attaacaaga
ttgggtagaa
acatagatac
atcteceeaga
attagaacaa
actcaaacac
agcgtattca
gaaatatgga
tacttacttg
tgcaaacgac
cttatecegat
ttttaagaga
ttcgacgttc
agcatacygcc
tttagaggcg
gatagaagaa

tcaggaatat
atttcctact
tattccaaca
caaaaattct
acgtactact
ttagacataa
attatactce
aaggtcataa
ttcetagett
caggcgatgg
agattceteta
taactggagt
gagatgagat
ttatatettg
agceatttga
ttetecggtag
atggaaacgt
tttaaagagy
ggtaatcttg
cgtatatcgt
atttaaagty
tatactttey
acgtatagte
aaaaatgacg
ttatgtaaga
atttataaaa
catatatgta
ctaaaagagt
aagteatgte
aaggttogtt
aagttaattt
aacttatttt
ttttggatag
gttaagaatt
gatgatatta
ggcaaaaata
tctgtaattg
agaaatacac
ctattagegt
atacgccaag
gtagetgtte
aacgtcatcg
attgecaact
aatcctaaag
gatattcecatg
ttgtttagga
agagagttcg
ataggtgaaa
gtagatagta
cataagtega
tatctatcta
actaataaat
aaatatcteca
gactatgtgg
catatgagac

74940
75C00
75060
151290
75180
75240
75300
75360
75420
75480
75540
75600
75660
75720
75786
75840
75900
75960
76020
76080
76140
76200
76260
76320
76380
76440
76500
76560
76620
76680
76740
76800
76860
76920
763280
77040
771090
771690
77220
77280
77340
77400
77460
1520
77580
77640
77700
77760
77820
77880
77540
78000
78060
78120
78180



aaacgctgat
taaatcecac
aaccagcaga
atccagaaygg
attactttte
gtaccggaac
acggacaagt
taggctcagt
tggaaattag
aacttgcaaa
aggataatgce
tgagagagaa
cgecatcoettaa
agttectatga
cacaggtatt
aaagtggtge
gtaagaataa
ttaagattaa
aagaaacaga
aaataaccga
taaaggaatg
acctaaattt
gggcagecaa
atgacgactt
aagaattgog
acgatatctt
atggagaagg
ctagttacga
gagctacgtt
ctattaacga
attacaaata
agatatctte
taacatattt
agtecccteat
tagacattag
ccaacacgyy
atttactaat
agttaggtaa
atgatggtge
teattatagt
tatacaaact
acgegtgtaa
catcaacact
agacgtctga
ttaacgattg
ttetagecge
ttatagctat
gagacgcgtyg
agtatttgat
aattaggtta
aatagtgtta
taacgttaaa
tatc¢aaacaa
aacgtttage
ggtattctge

agatgatcca
agaactaatg
gactcgagta
aagaggttat
gatgetggtt
actggetaga
agttataggt
atgtaaacct
tgetectgtgyg
gaagacattg
tattaaggtt
atacttctte
teettetaga
aaaactcaat
gtctgagaag
cgtcaaacaa
gaccgaaatt
tttecgaattt
taggtatgta
attagtegte
gggtatggag
cgttgaaccy
caagggaaayg
caatcaaaca
ttetttegat
cggtatcgag
gttcgattat
accagaatca
cggagacaat
taatagtage
ctttatcgac
tcaaaagate
ttetatgatc
agaatgatac
atatgecaaa
ctegtttoegt
atcggtagtt
tgtatattta
atccatagea
gggagatttyg
tttettatee
tttagaatac
tatattettt
taatccagte
gaaatcatta
tggtaaggat
gcgattggat
gatggttaaa
aaaacacaag
tageggttat
gataaatgeg
gatgagcata
tccaaaaaat
agectgeegtt
aacaagtcga

gataataacc
tatattctag
ttgagtagag
attcttaatt
gcaagatete
aaaatcatta
aatacgctca
gtagatctta
aataaaataa
gogeegttta
aaggatctgt
acggtateta
attagaatta
tatactctag
tttacacaac
aaacttggtt
atcactctgyg
gtatgtttgg
gtagatataa
gaatatatga
acattcattg
gaagaattga
attagtaaat
aaaaagctca
ttggaaaacy
gecgctegtg
ctgtatcagce
gtgaataaat
aaagcattgt
tgeccactttt
ttaggtette
aaggaaatgg
tgtcttttaa
acgtataaaa
atcatageec
tgatcacatt
gtatcatcta
tcecategtea
ttrttataat
gctctgtgea
atttataacg
gttagagaaa
gttattatat
tttaatgaat
acggatagca
gatatatteg
aagaaaacat
aaggcggcaa
tctaataatyg
tttatgtcac
gtaacgaatg
aacataataa
gaaatcagtg
cetattectag
ggatcgtgtt
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tocctgaaaat
gtacgtatgg
ttttacctta
ctttaacaaa
aatctactga
aaaagatgga
tcaagtacgce
tctatccaga
aacagggatt
atttectagt
acgatatgat
atatagattt
caaaagaaac
gtggtggaac
aagcectgte
tcaacgagtt
tatccgatga
gagaattaaa
tagtcaatag
ttgaacgatt
aggacgagga
atcttagtaa
tcaagattcc
ataagatgac
tcaacgtgta
aatacttgty
cttgtgatct
tecaagttegg
taaacgocgge
ttagcaaggt
tecatgagaat
aagaaacaga
acgatggatt
aatatagcat
cgettetate
tagataaaaa
ccaacggtat
aatttaaaac
ttcccaaata
tatctecagt
tacaaatgga
aggctatagt
tggcaattag
taacgagata
aaacaaaatt
acttcaaatyg
ateotgeegea
aggtcgatcce
ttattacttg
cgeattggtyg
ttccetgtaag
acaaaattac
gagtagtaaa
accaaaaatt
ctacatattt

ggccaaageg
acaacaaagyg
ctatctteea
aggattaacg
tatcgtetgt
ggatatggty
cgecaattat
tgagtcecatg
cgtttactct
attcegtcaaa
teataacgate
tatggagtat
ggctatcact
tcctattgga
cagttttcac
taataacttg
tatctctaaa
tccaaacatc
attatacatce
catcteoctit
taatattaga
gtttatgatg
tatctectgac
tgtagaacte
tcctggagta
cgaagceatyg
tctegctagt
cgcagctagt
tctteataaa
ccctaatata
ggaaaggaaa
agacttttaa
ttccacaaat
aggcaatgac
tacteoedea
ggeggttacyg
atgaataata
atatttgaac
cacattatty
tgaacgtagt
taaaactact
aggcgtacaa
tgegetatta
tatgegaatt
agaaagtgat
tgtggattte
agctattagg
atctgctcaa
tggtaatgag
ttecgatttt
gaaccataac
aatcaaactt
cgegtacata
cggtttecatg

ggoeggeatta

ggttataaag
attgatggtg
gactctaagg
ggttcteaat
gaaacatcac
gtegacggat
accaaaattce
acttggtatt
cagaaacaga
cocaccacty
attgatgatyg
atattcttga
atctttgaaa
attatttety
actactgaaa
actaatttga
cttcaatetyg
actcttcgaa
aagagagecayg
agcgteattg
tttactgtet
gttcttcogyg
tatacgggat
atgaatctaa
tggaatacat
ttagacacct
ttactatgtg
actcttaaga
aagtcagaac
ggaactggat
ctatctgata
ttcttatcaa
gegectetea
tcettatttt
gcacaatgaa
tcgtcaaaat
ttaatattag
ttaacttcag
gttacccttg
agtaagtatt
tcatcggtaa
gcagccaaaa
ctetggttte
aaaaatacgg
agaggtagac
ggcgectatt
cgaggtacty
caattttgte
atgttaaatg
agtaatatygy
agcttagatt
ataacattaa
actcctggat
ttttegaaac
tecagtatet

78240
78300
78360
78420
78480
78540
78600
78660
78720
78780
78840
78900
78960
79620
79080
79140
79200
79260
79320
79380
79440
79500
79560
79620
79680
79740
79800
79860
79920
795980
80040
80100
80160
80220
80280
803490
804090
80460
80520
80580
80640
B0700
BO760
80820
80880
80940
81000
81060
81120
B1180
81240
81300
81360
81420
814890



gectattgat
gacctceaga
aggctgataa
ttacaagcte
cttttttgte
tatogtttte
tagaatccea
tgttacaaaa
tccactgtat
ttettterte
gecteatgaace
caggagrttt
gagttatatt
atgcgtatto
ctggecaataa
ttaacgttaa
atatcaaaca
taacgtttag
c¢ggtaticty
tgcctattga
agacctecag
taggctgata
attacaagct
atttbtttgt
ttategtttt
ttagaatccc
gtgttacaaa
gtccactgta
tttetttttte
tgetecatgaa
acaggagttt
cgagtratat
aatgegtatt
tctggcaata
tgatctatga
gagttagaat
agttttttte
ttagtatcat
tttttaagag
acacatgtat
aatgcagata
gatctctgaa
aattocteeg
cecttetege
ttaagagtgyg
gcactactgt
acataaaata
aagaacadgac
tttatatcaa
tgagatttca
acgaaatagce
gtatttttaa
ctacaataty
gtgaaatagt
gecgaattcea

cttcattteg
gtttataatt
getaacatca
ggttttaact
atgcattgce
tacaataact
tagggctaaa
ccctgaaaay
aaacgeataa
tggcataact
attaggaaat
caccgecgec
ttegtetate
caatgettet
atgatatctt
agatgagceat
atccaaaaaa
cagctgcecegt
caacaagtecg
tottocattto
actttataat
agetaacatce

-cggttttaac

catgeattge
ctacaataac
atagggctaa
accctgaaaa
taaacgcata
ctggcataac
cattaggaaa
tcaccgecge
tttegtetat
ccaatgette
aatgatatct
gttettotte
aataatattt
tctcaatttce
gaactctaat
atgcatcagt
gtactggagdc
gocggaagete
tggatactag
geattataga
aaattctagt
attcttctac
taagaatgat
actctgtaga
ctctettaat
taagaaagtt
taatattate
tatatggttce
tcacgtcage
coacaceate
tagcgteaac
ctetaacate

ttttecaatte
teatetacga
taccctectyg
ttattgcctg
ttcaagacayg
acatattcta
tgtctagega
aagtgagtat
tccttgtaat
tcgttgtect
gtttctygatyg
atttagttat
cattgtttea
ctgtttaaty
agaatattgt
aaacataata
tgaaatcagt
tectatteta
gggatcgtgt
gttttcgatt
tteatctacg
atacectoct
tttattgect
cttcaagacyg
tacatattect
atgtectageg
gaagtgagta
atccttgtaa
ttcgttagtoo
tgtttctgat
catttagtta
ccattgttte
tctgtttaat
tagaatattg
gaatggcata
gagagtattyg
tatttttaga
caaaatectta
tggttctaca
cattgtttta
ttcgeegega
ttttctaagt
tgtgtataca
cttaaccaaa
cgttttgtte
tactaacgca
cgatacttga
ttcagaagaa
aagaattagt
aaaagacatg
gcteaagaat
ggecatctaaa
ttcataataa
tttcataget
cottttecat

41/74

tggctatttc
tgttcagege
tatatgtgaa
taataatttc
gacgaagaaa
cetttttatt
tatttetttt
acttgtcatc
gatctggatce
ttacatcatce
gaggtetate
tgaaattaat
cattgacata
aattactaaa
aacaatgtaa
aacaaaatta
guagtagtaa
gaccaaaaat
tctacatatt
ctggctattte
atgttcageg
gtatatgtga
gtaataattt
ggacgaagaa
acctttttat
atatttette
tacttgtcat
tgatctggat
tttacatcat
ggaggtctat
ttgaaattaa
acatttacat
gaattactaa
taacaattta
ggatctocga
gtaatatata
tgtgatggaa
atatcttcogt
gatggagtag
actataatgy
cttitetacgt
tctaatatyga
tcggtaaata
aaatcgtata
ttggatgtca
actatatagt
ctttcgaata
aacttttttt
cggttaatgt
ataatattaa
atagtcttgt
ttaaatatag
ataaattcgt
tecttcaate
gecteocaggtt

aaaataaaat
cgtagtaact
tatggcatga
tetecatetgt
cgtaatatcee
ttetaactceg
cgtttectct
atttctaaty
atccttgact
gaacttctga
aataactgge
catatacaac
tttecgacaaa
atatacaaacg
ggaaccataa
caatcaaacc
acgegtacat
trggbttteat
tggeggceatt
caaaataaaa
ccgtagtaac
atatggcatg
ctctcatetg
acgtaatatc
tttctaactc
tcgtttecte
catttctaat
catecttgac
cgaacttctyg

.caataactyg

tecatatacaa
atttcgacaa
aatatacaaa
ttttgtattyg
atctgaaaac
aactectttag
aaatgactaa
cacacgttag
gtgcaacaat
tgettgtate
cgtaattggg
ttetetgaaa
aaactatagt
taaccacgga
tataggaaac
ttaaattaag
agtttgcaga
cgtattcctg
tgtattteat
agataaagcg
taaacgtgga
gtatatttat
tagcaaaatt
taatttgatg
catcgatcte

ceoecgatgata
ctaataatat
tttttgtceea
aggatatcta
tcaataacgt
gtaaaaaaat
gtacacatag
tttccteceag
accacaacat
tcattaatat
acaacaataa
tctttaatac
aagatataaa
acgtcactgt
cagtttagat
tataacatta
aactcectgga
gttttcgaaa
atccagtate
tcccgatgat
tctaataata
atttttgtcce
taggatatct
ctcaataacg
ggtaaaaaaa
tgtacacata
gtttocteea
taccacaaca
atcattaata
cacaacaata
gtetttaata
aaagatataa
cacgtcactyg
cacatgttcg
gtataaatag
caggtataatt
ttttgtagcea
ctctttgaag
tttttgtict
gaaaaacttt
ttctaacgcee
atgtaaatce
atccaacgat
gatggegtat
tataaagtece
cattttggaa
caaacgaaga
acgtctagag
tacccaagtt
ctgactatga
aacgataact
tccacacact
attaatttta
ctcacacggt
tataatatct

81540
81600
81660
81720
81780
81840
81300
81950
82020
82080
82140
B2200
82260
B2320
82380
82440
82500
82560
82620
B2680
82740
B2800C
B28660
82920
82980
83040
83100C
83160
83220
83280
833490
83400
83460
83520
83580
83640
B3700
B3760
83820
83880
83940
84000
84060
84120
84180
84240
84300
84360
84420
84480
84540
84600
B4660
84720
84780



agttttitge
tgtaaatgat
ataataactt
taaatttete
ataggaatgg
ttggaaatgg
aatcttagtt
atcttettaa
taactaacyga
cgtaaataca
gtggtattet
aatttatate
tgttctatey
aggttgataa
atattogegt
ttagagtcca
agtttttata
gggttgtgtt
ttaagtttgt
aaagatgact
ggatatttte
tactectegt
agtagttata
cgacattgta
tatggtacaa
aaaggtggct
agtatcegacy
gactaaagcet
taaaaaagtt
ctttaccgat
gcaacatgtt
ggaggegtta
ttacggaaaa
atataacgtt
agattccaat
tggtaaaatg
acacatagaa
acatgaattt
tgatteotagt
tatcaaacag
tttatataat
aatagcgtta
aagagcttat
agtatctaaa
tacggatgga
taagcgtatg
tatggcatta
taaggatggt
ggatetgace
cgaacaattyg
tecceegtett
agatacagaa
cgetitgttaa
ccaacgtagt
cagaattaga

gtttcacaaa
aactagatag
taccccaate
cagtatttte
ataatcegte
gaataccgat
ggtccaaatt
tctetggttce
ttacatcacc
tgtctaatgt
tgtcattgaa
ctatatacga
tagtgtataa
cgaaaatatt
ctagtagata
tttaaagtta
gattctttat
aaattgaaag
atcgtaatygy
gaaatcagad
ccggaagatg
aaaccageygy
gaggaatate
gaaagcgtgg
gttgaagetyg
accgacaata
gttctagagg
attacaacac
aaaacttgta
aataatttot
aaaattecta
actagattaa
atgecatgtac
atgaaacgaa
tatcagttgg
aaatatctta
ataagtceceg
gttgttcata
ccogaagaat
tttggtatta
ttttggacaa
actatcaaac
atggcaacga
actacgttcg
tgatatagat
aaatcteteg
ataatgteta
cagtttatga
ctcacteecga
gegtgtgtgy
aaacgattta
aagcttaaaa
taagtaaatg
atcatcttet
acagaggtct

cacaggctey
aaagatgtag
agatagacty
caaatatacyg
tattttataa
gtgtctacat
cttttccaag
tagtteegea
tctaacatca
gttaaaaaaa
ggataaacte
aaaaatagea
caatcgtata
tttatttegt
tgettttatt
caaacaacta
tetatactta
cgagaaataa
cgtggtcaat
ctecatcoctaaa
taataattcc
ctactaaaag
atcagacaac
cecgeotgtaga
gtaaagtaaa
tcgttaaaga
atgtteaage
tatctgatct
agaagtaaat
taaatcectgt
cteatttaac
tttttgtggg
agaatcgceaa
ttaattgttt
cggtttttat
aggagaatga
atgaaatagt
agtctaatag
ttctgtteaa
gaatcaagga
atgtaaagte
aaactgctga
ctattttaga
atgaattecet
ctttacacaa
caatgacagce
tatttaaacg
ttgatttega
tatctggaga
atattattaa
taaaaaaata
tagetctage
aaaaaaaact
actattgega
accgecatacg
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tectebcocgega
ctatatagat
ttgttatggt
tacttaacat
agaaatacat
azaatatgcaa
tacggtaata
ttaaatgatg
teatttacca
agatcataca
gtactaatct
accagtgttit
tertettctg
gaaataaagt
tttggaatga
ggaaattagt
aaaaatgaaa
tcataaatta
tacgaataaa
aaatagcgct
atctactaag
atcaaccaaa
tgaaaaaaat
getegatgat
tcatagtgcet
tcttaagaaa
agctggtate
agtcaccgag
geagtgeactt
atcagacgat
agatgtagta
aagcgattca
cgetaaaaga
tataaacaaa
gttaatggaa
aacagtaggyg
tatcaagttt
actatataaa
caaactaagt
teteccgaacy
catatctect
agtggtaggt
aatggtaaag

atctatagtc

ataattacaa
tttettegga
ceatecaaac
atacgataat
tgaatgraag
agaggatatt
cegeaataga
taaaggcata
agtegtttat
cgtatataga
aaataaataa

tgagatctgt
gacgatectt
cttoggaaaa
ctaaaaaatc
atcgcacatt
agtectaaata
gatctttcat
aaactaagtc
gaatactgat
agttatacgt
cttetttaac
gatcatcecge
tgatagtcga
categtagga
tctecaattag
ttatgatgta
ataaatacaa
tttcattate
geggatacta
gaaaataaag
cccaaaacea
aaggaggaag
tctecatcete
agcgacggdyd
agaagegatc
attattacta
tctagacaat
ggaaaatcta
tttiataaag
aatccagcgt
gtatatgaac
aaaggacgta
gatcgtattt
aatataaaga
actatgtttt
ttattaacac
gtaggaaagg
cegetattga
gaacgaaagg
tatggagtca
ctteegteac
catactceeat
gataaaaatt
gtagatcacyg
gaccgataaa
gagctaagca
aataccattt
tataaggctt
actcacgeat
agcgaatata
tcagatactce
gattacgaat
aataaaacac
cgetttageg
tgaattggaa

atagtaacta
taagagaggt
agaattttta
cttaatgata
atactttttt
ttttttagag
attgaacggt
actattttta
ctrektttgt
catttcatct
agectgttca
gtecaatatte
tacgttataa
ttttggactt
aatagtctct
taattttttt
aggttcttga
gcegatatecg
gtagetteac
ataaaaacga
aacgagoecac
tggaagaaga
ctggagtcag
atgatgaacc
tctetgacct
gaatctetge
ttacttotat
aagttgtteg
atggtaaact
atgaggtttt
aaacgtggga
gacaatactt
ttgttagagt
aatcgteocac
ttattagatt
taaaaaataa
acaaagtttc
aactgacgga
tatacgaatg
attatacgtt
caaaaaagtt
caatttcaaa
ttttagatgt
ttaaatcatce
tggaaatygga
cattagatat
tttecagtgga
ctcaatattt
cgagtatagce
tcaaaactac
gcatcagtey
atataaaaga
gatatggaty
aagaatgctt
ctagtattta

84840
84900
84960
85020
85080
85140
85200
85260
85320
85380
85440
85500
85560
85620
85680
85740
85800
85860
85920
85980
86040
86100
86160
86220
86280
86340
86400
86460
86520
86580
86640
86700
B6760
86820
86880
86940
87000
87060
87120
87180
87240
87300
87360
87420
87480
87540
87600
87660
87720
87780
87840
87900
87960
88020,
88080



ttaagceogoo
ttattcgatt
ctaaggtaca
tttgggaaaa
tategacaga
tagaattagt
aatatittct
caaagtcaag
tteccatatga
cteoccagagaa
c¢taaacaaga
gcattcctat
gttatattat
aggcagttaa
ctatcagtga
atcggatagt
tegatatgte
agggacctaa
caaatgtagt
ttgtagagta
agattgtgtt
atacacataa
tcttagttaa
cagzagatta
tcaaaatagy
ataatgataa
gaccgttggy
aaacattttt
ctgacctgga
ctgatgetat
agtactacaa
teagagaagt
attettttea
ctggaggcaa
aaaagacttt
agatagetga
aatacattat
tagataacgt
ctacaatgga
aatgtgaagyg
ageggtaaat
tceaatagag
atagatatat
tttataacat
tcaaatctag
tctaatacta
ctgttgagta
gataataagt
cacaatgact
tatattgtga
cagcacggtg
tggtgttcta
tttgteattt
caggtaccte
tatcgtaatt

attgattact
taccgttact
tggtctagat
gaaatcatta
ggaacgtcat
caatcrtatt
aggatcecggt
gectaataca
tgaactaata
tgtaattctt
tatagtaggt
aactatcaga
tagatatect
gaataagaac
tagactagaa
attcaagtcea
atctacatat
atctaacatt
atttaggtac
taagaaattt
atataacggce
tgaagtgggt
tggagaaata
ttatggaaat
agatatettt
atttagatta
aattttatca
agacgattcc
aaaatacttt
agctagagga
atttgactac
attctattet
tcegagacat
ggtattaatc
tataattcat
tgatagaata
caaaaagaac
tgattteget
agatagaccyg
tttagatgtc
aataatatgg
cgattttigt
taatactitt
ctggecetgtt
cecattgtett
tatatttcteo
aatcagttat
atccecaaagt
ttatcagatt
ctecagatac
gtagatatat
catccaatca
atgatatata
cgtcgttagy
cagtagccag

ttgacaaaty
aataaggaagq
gtaaaaaaty
gtgacggaaa
atatctttgy
caagtaaaaa
geccaateta
tctotggaaa
aaggaatiga
tecteegecta
ttggatctgy
gttacatcaa
gttaagagaa
tggacegtat
gaaagtaagt
aagaaatacg
ttaccaaagc
gattttaaasz
atgtccagtg
agcaacgata
gttaattate
attaagtccyg
cttaaaccta
caacataata
aacgaggata
aatccagaag
aactacgtca
aacaaacgaa
tatggagaga
aatgaaagat
attcaggaaa
ggaaagttta
tatgctacceg
actaccatgg
aagaatttac
gtggtatata
gatatagtca
acaattatag
tctacaaaaa
gaagacttac
tatgggttct
tectatagga
gtegggtaac
cataaataaa
atagatgtga
tcgaagaagt
tttttttata
cgataacgac
aaaattaaca
atatggatct
agaggtggag
tatatctaaa
cacttttgac
agatgatagt
acaaatggte
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tagtgaatat
gtgttaaaat
tacagttagt
atcgtctteca
attacaagaa
caaaaaactt
aaagttottt
tagaattcac
cgactctcte
ttaacgegeoo
aaaatctata
acgggttgta
taatagattc
atctcattaa
atgttgaatc
aaggtecgtt
aaccagaagg
ttaaaaagga
aaccaattat
aaggcttteco
taaataatat
tggttgtacc
gaattgataa
tcatagtecga
aactatcgga
ttagttattt
agactcttct
aggtattgoce
ttgegttatt
acaacaaatt
ctattcgate
atatcatcga
tcatgaataa
acggagacaa
ctagtagecga
atccatcaac
gagtgtitaa
aacgaagtaa
actttttcga
ttagttacta
gatatcccecg
cettocaact
agaggttcta
aacttggcga
getactgtag
tcttgeacat
tcgatattga
gataacgaag
aaattaaagyg
ttatgegteg
gaatttatag
gatataccecg
getttecaaga
catttgacta
aataatatga

ctctacgatt
tagaactaag
agatgctata
caaagaatgc
atatggatcc
tacgatagac
gttgeacget
acegtagagac
gcgteatata
tataaaaacc
tgececgtaact
ttgttatitt
cgaagtagta
gctaatagag
taaactagtg
tactacaact
tgttattctg
aaatactata
ctttggagaa
taaagaatat
ctattgtttg
tattaagttt
aaccatgaaa
acatttaaga
tgtgggacat
tacgaataaa
tatttctatg
gattgatttit
ggtagcgacyg
aaactetygga
cgatacattt
ctyggcagttt
cttatcegaa
attatcaaaa
aaactatatg
aatgtctact
cgaatacgga
aaagtttatt
actaaataga
cgttgtrtatc
ttctaaatge
gtggatacte
cgtettetaa
ttctatatat
gtgtaccatt
catctgggaa
tggacatttt
tatttatact
agecatgtatt
aattaaatgag
atgctyggaag
aagatatgca
ataaacgatt
atcecgttatt
tctttaatca

caggaatcgt
attccattat
gataacatag
ttgttgagac
tetatcecgac
tttaagctaa
attaatcate
aatgaaacag
tttatggett
tetatgttge
aagactgacyg
acacatcttg
gtetttggtg
ccecgtgaatg
gatatttgtyg
agtgaagtcg
ttetattceaa
gaccaaactyg
ccgtetatet
ggttctggta
gaatatatta
atagcagaat
tatattaact
gatcaaagca
caatacgeca
cgaactagag
tattgttocea
ggaaacggtyg
gatceggaty
attaaaacca
gtctctagtyg
gctatececatt
ctaactgcett
ttaacagata
tctgtagaaa
ccaatgactg
cttgttettg
aatggcgcat
ggagceatta
gtctttteta
attaaataat
tgtattgtta
aaataaaagt
actettatta
tgatittctt
taaaatacta
tatagttaag
tttaggaaat
tttttctgaa
gtctagtbtt
acaagttaga
cactgataaa
ggtattcegta
gtctccgtat
agattcattt

88140
88200
88260
BB320
88380
B8440
88500
B8560
88620
88680
88740
88800
BB86D
885920
88980
89040
89100
89160
89220
89280
89349
894060
89460
89520
89580
89640
89700
89760
89820
89880
89940
30000
20060
80120
90180
90240
903090
90360
290420
90480
20549
90600
90660
0720
207890
208490
90900
20960
91020
21080
21140
91200
912860
91320
91380



ttaaaatatt
atagttagat
aagtttaagy
gatacgtata
catatactat
ataacgaagt
ttatacagtt
atcegaaaga
aggagatagc
ttaatataat
caaasagtea
aacacgttag
tagaatcceco
agaaagatag
taaattgggc
atggatgegy
tecagegtgea
gaaagatata
geatacteta
gattatttaa
gegtttacag
tcattgacta
tataccacta
tcetgaaaate
cgggttgtag
catgataata
ttttectetac
atttecatteg
tttaatgatc
cettgtgeat
ggtgetatta
ttggatggta
ttaaccgaac
gaaccettga
agcgaattac
gtagattecag
gacctggtag
tcaaccggat
ttaatgaata
ctatatgaaa
ttttttggag
ggtgacctgt
aatccatita
tttgecatgta
tgtgteattyg
attatcgata
attgeegteg
aataatgacg
aataatagat
gttectatta
aaaataggta
tcoccaaaaaqy
cagaaaatat
aatagacata
gatattteat

tattagaaca
acaaggatac
cgtttgtatt
aaaaggtatc
tacttatecac
agccagttgg
gaaacaacceg
tggaactggt
ttecatctata
agacggggtt
cgecgatetac
tgttectttat
ggtaactacc
atcatttgaa
tcaagggttt
ctattagagy
gacaaaatga
ttgagaataa
tagtcagaat
cggctattca
aatgoggtge
agtctacaaa
tggatacatt
cactaacaag
gtactaggaa
tagaagatta
aacaacgatt
aagacgetat
tcgatgaaaa
tatgtaaaaa
gaatttacaa
ataaactgtt
gaggagacca
taacaaaact
tectgtecgag
tggagaccga
acggaatgtt
ttaaatttga
tecattaacga
aaacattate
aaactgcaac
ttgttygagac
tcgetaagat
gtgggtcaaa
gaagaccgtyg
ctaattacaa
tgegattoag
cgtacgataa
atagattcgce
tgaaactata
ctetgttggt
gatatatatt
ccaagtattt
agaaatttge
ctccgtaaat

tctgattaga
cgaagaatta
cgecttggttt
taatttgata
gatgattggg
ctgctacygag
cttagaaata
gtacecgtteg
tctagattaa
atacecctgga
taggataaga
tgtttgggta
atagtcggat
attatcaacg
atttattaat
taatgatgtt
agatccaaga
tccagaatgt
tttcatggat
agattttatt
cattcatgaa
tagagataaa
gatagetatg
atcgatagac
aaatccaaat
cctattcact
ggaggattta
aaaaagagtt
taattttaca
acgatcgeat
aactggtaat
taatattgcea
tatagtttygg
aattttgteca
gaaacgaaag
tacctatccg
ttactetgga
cgatacaaag
tatccaacca
tagttgttta
tggaaagtcg
gggtcaaaca
gecatttgaaa
gaaaatcaga
tetectecaat
acctgttttt
aacacacttt
agtcaaacta
atttctatac
tecctacaccc
atctagetet
gtacgataat
taattetaga
caatgttagt
atatgctcecat
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agccactata
aatctaacga
aacggcgttt
taatgaattce
aaccagtaat
acgagacgte
aacgagtatg
aatcaccaaa
ceggagtaat
attattactt
tttccaagtt
aaacagattt
atcatcecage
ttttactgga
getttagtyga
atctttgttc
tttgtagaag
acactatteg
gtagatttag
ategaggtgt
aatgtaataa
acaagttttce
aaacgaacac
actgecegtat
tgegacacta
tacgtggata
gttectgata
tcaaaaatat
acggtaccac
aaacatcege
ccacatagtt
caaagaattt
attaataatt
ataagacatc
actgtagaag
gataaactte
gatgatgcta
ttecgtcgaag
ttaacggaty
tgcggtgcta
acaaccaaac
attttaacag
agatctgtat
tctgataata
aaaattaata
gataggatag
tctecaacctt
ttagacgagy
ttgttaggtga
gaagagattc
gtaaagcata
gtggtcacte
ctatttggac
gatgaatatc
atatttatag

gagtttctaa
gaatatgtta
cggaaaatga
agtgactgta
gagtcaattg
gcctattect
tgtgtgoggt
ttttacaaaa
tgattataaa
aagttgtaaa
actgctgcag
ctegaatata
ggctagagac
attagacaac
aattttaact
ttaagactat
catttaaatyg
aaagtcettag
acgegtgtet
cagactgtgt
aatccatgag
atattatett
tattagaatt
ataggagaaa
ttcatgtaat
tgaacaacaa
agttatggga
tcattaattc
tggteataga
atcaactatc
gtaaagttaa
tagacactaa
catggaaatt
aactacctaa
ctaacatacyg
cgtttaaaaa
aaaaatatac
acagtccaga
aaaataagaa
ccaaaggatyg
gtttgttaaa
atgtattgga
tctgtagecga
ttaaaaagtt
atagaaacca
ataacgcatt
ctggtagaga
ggttagatgg
aatggtacag
ctgactttge
tteccattaat
tteegttgac
acgatataga
tgcaatatalt
aagatatcac

acatataaca
taatagagat
aaaggtacta
tcacacgege
gtagagtttt
gataagttcet
atagatcecgt
aaatcaatta
ggttataacc
ttaggagaaa
catataacta
cgggecaaagt
cgecaatteyg
aaggecaccta
tgtgttctaa
aggtgteccyg
cgacgagtta
ggatgaggaa
agacgaaata
agctagatte
atctaatttt
Lttagacacg
aagtagatca
aacaactett
graaccacoyg
tagttattac
accagggttt
tataataaac
ttacgtaaca
gttggaaaat
aattgttccg
ctetgtittta
taacagcgaa
ggaatattca
agacatgtta
tggtgtattg
gtgtactgta
aatggaagad
aaatagagag
tttaacattce
gtctgetate
taaaggacct
actacctgat
gacagaacct
tgcgacaatc
aatgagaaga
ggctgctgaa
taaaatacaa
aaaatatcat
attectatete
gacggaccte
tacttteraa
gagcttcate
attcatagayg
atatctaaat

91440
21500
91560
91620
91680
91740
51800
91860
91920
81980
92040
92100
92180
92220
92280
92340
92400
92460
92520
92580
92640
92700
92760
92820
92880
92940
83000
93060
93120

531890

83240
93300
93360
93420
93480
931540
93600
93660
93720
93780
93840
93900
933860
94020
94080
94140
94200
94260
94320
94380
94440
24500
948560
94620
94680



gaataccgga
tecatcagtta
gttactgttce
agctteocaga
caattataat
ctttattcat
taacggatta
tgggaataat
actattgtct
aatgtecgaa
gacacttctt
atattacgaa
agatactaga
tagacgacag
agtattggga
ggaattgtac
gttaaacatt
acattttata
cagtaatgga
caaaccaaaa
agatgtgtat
aaacattatyg
cecagatact
cgecgatatt
tgacgaagtg
tgacatcaaa
tattcttcaa
tttattggga
taccaagtta
catagatgat
tttatacaaa
tgtttgggga
agatatataa
gaacctcatyg
tatctccata
gaattacctec
acctacgegt
tcaaatgtaa
gtatcattta
agcgaagtea
ctcgcecgaata
tggcaataat
tetecteteaa
ccgetegtat
trctatagtt
ttctaaatte
cagcgtctge
gcagcaaatt
tggaatccaa
agaatataga
atttrtectt
agtgattgga
attcattggg
ttccagtgtt
atcgecgegtt

atcatagatt
getactetag
catattatgg
tttaaaaagg
atgggtgtag
tccacaacaa
tetegetaca
actggagaac
gaatetcecea
gagacgatag
aacgaacgeg
atgectgata
gtagtatatt
ctatgttatc
caacttaate
ccaaatctiga
agttccaaat
tactttteta
tattctgaat
acatttgeta
aattcteoctyg
tcecgaatect
ttttctecaat
tctgaaccag
acgtecattaa
aagctattgt
gagatgtctg
gaattggtea
citaaaatgg
attgtaaacyg
tacgaaaacg
gttaacttte
adaaataaat
agctgacgtt
gagaaattag
tcggegaaat
attatcacgt
ctattcaatg
gegattcaaa
ctgoegteet
tcgtegactc
tgcgaatgtt
atoggacaac
aatcteteoea
ctotgttata
agatagtiga
agagtggttyg
gtctagataa
ttgattaact
aataatgata
attocaatga
teecataateg
gagaaacget
ctygygatagtg
agaaattgct

tatttgataa
attatctagt
gatcaggtaa
tttacattet
ctatgaactt
gtttttatte
ataactctat
ttatgaccgt
ttactaacac
abttttagtga
gtgtgaatgt
aagatctace
gtcacatgtc
atgaaatgtt
tgatgaataa
aaataaataa
ttaaatactt
attctacata
ataatggttc
tegttactag
aaaacgatga
atactetaaa
acaaccaaat
ttaatgtata
acgattacac
atctaaaatt
aaacgtattc
gacaattttt
ttacatcagt
gtcacttett
atattattac
gtaaagaata
gtcgagetth
agacataaaa
tggtaaaatg
agttaataat
tggggatata
tggagattta
gtactgettt
aatggaggct
ataaaaaaga
ttattctett
catctcataa
gaataatatsa
taatgcggtt
tcagaatgaa
atagttgttc
aatactgaat
atctrttgaa
agtccatcat
acaagattaa
tcttecttte
ceacttatat
gttggtttceg
tttrtagtte
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teatgttgat
tagaactatc
aacaataatc
agtgeegaac
gtttaatgac
tcttaattat
ttttategtt
gataaaaaat
acctaatact
aattattagt
acttaaggat
aacgataaga
taaacttcaa
tgataaaaat
tttagatact
tggecgtgtta
tattaategy
tggeggattg
tcagggaact
taaaatgaaa
tggtagtcaa
agaggtaagy
tettggacga
tecttttageo
acaggatgaa
taagacgaaa
tcttccacca
ttataataat
tataaaaaat
tgtategast
agtaccgttt
taacgtggta
gttaccaatg
actaatatta
gccaagaaaa
tectgtagtta
gtcagaggaa
atctgtaaac
tttegaaatyg
caacaaggta
gaatageggt
cgatatattt
aatagttcte
cttgegtgee
tgececteatg
tgtttattygg
ctagatatgt
caaacggtge
aatatacatt
cgtgtitttt
tctctecaaa
cccaatatat
atcctectit
actcattata
ctatattaat

agtataccaa
atagatgaga
gcttitgttgt
atcaacatct
gaattcatag
aacgataacg
gatgaggeac
aaaaacaaga
ctgggtceata
cgtggtaaga
ttgcttaaag
tatcacggac
gagagagatt
atgtataacg
ttattteagyg
tacggagaag
atacagacac
gtaattaaat
aatccacata
togtetttag
ttgatgtttt
catattoggt
tctattagaa
gocogtatatt
ttaattaatyg
gaaacgaata
catccateaa
tctegtatta
aaagaagacyg
aaagtatttg
agactttecet
tctteteecat
gatacctttc
ggaatgecegth
tagaaattcg
taaacgttoc
cattaaacat
taagtagaga
gtaatgcgta
tcgaatctag
aagtataaac
ttgataatat
gcgegetgga
gtcgttcaat
attagacgac
cgttggaaaa
aaaataatcc
agacgtattyg
tttatgatce
tgecectettea
gtatttgtac
atgtagtgat
aaaattaatc
atgtatgtct
aggagatagt

ctatattacc
acagaagecgt
tecgeceitiggt
taaaaatttt
ctgagaatat
tcattaatta
ataatatctt
ttcctetttt
ttatagattt
aagtaattca
gaagaatatc
gtaagtttet
atatgattac
tgtcaatggce
aacaggataa
aattggtaac
tcaacggaaa
atatcatgct
tgataaacgyg
aggatctatt
tgttttcate
ttatgactat
aattctectta
ccgatttceaa
ttttacecatt
gaatatactc
ttgtaaaagt
agtataacga
ctaggaatta
ataaatctct
acgaaccatt
aazactgatg
cgttacattyg
atataagacyg
tgaagacgty
gtgtgtaata

cgaagatgaa

ttegggtact
tgacaatggce
ttttgttitt
acgaatacta
gaaaaacatg
gaggtagttg
ttatacggat
gacaatagtg
attatccata
aacttactag
geggatctaa
aatacttgta
taagaactat
acatctatea
gataacacat
cttactagtt
aacggettea
tgttgeggea

94740
94800
94860
94920
94980
25040
95100
95160
9522¢
95280
95340
95400
95460
95520
95580
95640
957090
95760
95820
858890
95940
96000
96060
96120
96180
96240
96300
96360
96420
96480
96540
96600
96660
96720
96780
56840
86900
96960
97020
97080
97140
97200
97260
97320
97380
97440
87500
97560
97620
97680
97740
97800
97860
97920
5798¢C



tagtaaaaat
gaggaagtga
ccaagatcaa
ataggagcta
tctatettta
atctttagac
atattattgg
ttaaaagagyg
cttacaacac
attaatcaat
attaaatcat
aatatgectag
agtataatag
tcacggeatt
tattaactac
aaataattag
atttgaacaa
ctgataatga
ttcoccagagtyg
tcatagacac
ttgaggtaat
ttaaaagtaa
tccaatacga
gaggatgtta
attaatttac
cegtetacat
ctattagaat
ttagacgata
ggtgagaagt
aacaattgga
gtaggcatac
ggaggagtaa
gcecetegttee
tcgeoecteocac
tggttaaact
ttagagatac
aatggttcaa
aatttgacgc
ccttteaata
cttaatgaat
tcacgatttt
attctaaaty
tcttgetttt
gaccctteta
cetagtttgyg
tgttgtaagg
acgataggtg
aaaaaattat
gaaatgaagt
ttgatattag
tectbegrta
gcctttttea
atatatacag
atactgtcta
acgtceegace

gaaatgataa
tatttgaaac
aagacacgea
gaagaacttc
gagtatecac
ggttgagaaa
gtggtaaact
aaagtgatga
gggataaatt
cgttggagga
taazatgattg
ttaatagtaa
acgactaget
cgttaaccaa
tgataacaaa
aactagaaac
acaggaaaga
tagaatagac
tttatecagg
tecggtttttt
cttetttgte
tcatgaaatc
aattgcaaaa
ttatgaateca
catcgtgtat
cgtatactey
tggaatacca
gatcgatggc
cttttteatt
caaattcttt
cattagataa
gaacgtgact
atgtcatate
tagaagagaa
cagocacoge
caaagacttit
agactagaca
ttttetettt
gttetecectt
ttttaaaatc
gtctttcagy
atgatatacc
fLecgacatatt
cgteatcaaa
agactaattce
atcectggteg
tagccaataa
atactgaacg
tatgacattce
taaaaaattt
tcteotggage
ccaataagat
tagtecattgt
atcctaagaa
ceatcattte

ctgtttaaaa
tectagagaa
tgtgtttget
attcgecgttc
taaactatta
aggttetate
agataaaaag
acgtataaca
atttaataaa
tttatcgeat
tattaacgac
atgaactttt
aagtctatta
tgectatggt
atattagtat
atgtttagaa
agtatactat
getatttate
gaaattaaaqg
attcatggca
ggaagaatat
aaggatctaa
tatgctctag
ttaaaaaaat
ttttataacg
accatctacyg
aatattagta
tcttgaaacc
agcatgaatc
tgatttgott
totagecatt
attgagacga
taaaatgaag
tacgcatgtt
cttgattcta
gaaatatagt
tttaccatgy
taattcagta
tttaaaggta
attatatagt
aaagctateg
tgtttttatt
aacgtatege
aatagaaaac
ttttteateyg
tagtaagtta
acaaatcatce
agtaggacgg
atcaatgatyg
atttctaaaa
gtatectgagt
aatagoccaa
tttacegaca
aactcettget
aacgggeata
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atagectetta
ttaatatcta
gecgtatataa
caggcegatat
cggtttatgt
aacaatateg
gaatctatta
gtaaaagaat
gtatatataa
actagtattt
gataaatacg
acagatctag
tttgegagga
gtcocataaacg
gtaacagacyg
agaaacgatt
cgtcatttte
cgggtggeat
aagaagttaa
tcatagaaga
ctetaacgag
tatttttaga
atactgcaaa
taactgagga
ggattgteceyg
cctttaaatc
ceccteaatta
aaggttttcce
cattetaatg
tgaatgattt
ataaagtgca
atggctectte
atatcattaa
ttaatgeatt
gtatctttty
aataagattt
gatgctaata
aatagagaga
tctaatgegg
gttgetatcet
aacgtaaacy
tcagegagtt
attaatactg
tcgttattaa
actagacgtt
accaacatgg
ttatggtttt
atcttaccat
acgeatatte
ttttgatcat
atagtgttca
ttcgtataaa
ccecgttteat
acaaaatgtt
ttagtagtte

gtatgggaat
ttaaacgaat
caagtgacgg
tatctcaaca
actacaatga
atccteactt
aagattgttt
ttggaaatgt
gttattgeat
acaatgtaga
aatatctgtc
tataattagt
tgactetcaa
agtatcegty
agatagtttt
atttetgaat
ttotetagat
acccaaaagyg
tatagacaat
taceattatt
tgatcaaatc
tecegaattea
acttaaatgt
tgattgatta
gecatatcaty
ctctatttat
gtttattggt
aaccggactg
atgtatgttt
caaataggtce
cgtttacata
ctactatetg
ttgagaaaaa
cteccgttagt
ttectagatga
ctattectga
ttcccaaaca
tatcagecge
atttagaaaa
cttgegegta
tagtagccat
tagecettttg
ttttettage
ctatatacga
tattctcaaa
tgaattcttg
ttaacgeaat
cttetttgat
tactcttgga
cgtaattaat
tccaaggatce
tatocttaag
ggaacaataa
gataatcctt
tgecgtaaggce

tacaatggat
aaaagatatt
atatccgtta
aaattcagat
actaagagaa
tgaagagtta
aagaagagaa
aattctaaaa
ggcgtgtttt
aattagaaag
ttatatttat
cagattatta
attattacac
tccgetatet
ctetattetg
tattccaatt
ccagcetacta
ggtgagaatyg
tettttgtat
aataaattty
attgatacat
ggtaatggac
tacggccata
aaaaatataa
tagatagtta
tgacattaat
aatatttttt
attgtcgate
aaacactcta
ttecgtectaca
tetacgttot
acgaagagac
actaataccc
gtttgattet
gaactctata
ctgattaaca
tacatctata
actagcatcc
ctectetatet
ttcgecegga
acgtotcaga
ataaatttet
gaatgatgca
acatagtoot
tagtgattgg
cacactattg
ggtcttagat
taatgattta
attaatagtt
aaaaatacaa
ttctatcaas
atgtttgaga
aagagaatgc
gaggcgtact
ataatcgata

98040
88100
98160
298220
282890
98340
98400
98460
98520
58580
98640
$8700
98760
28820
28880
28540
89000
99060
895120
89180
98240
98300
99360
99420
99480
99540
95600
29660
99720
299780
29840
99300
59960
100020
100080
100140
100200
100260
100320
100380
100440
100500
10CG560
100620
100680
100740
100800
100860
100920
100980
101040
101100
101160
101220
10128¢



taggcegegt
cagcagtagt
catactagaa
ctctaagaac
actgttcaca
atccaaattt
atcgcttacyg
atcgattaca
aadatcaaat
attgttttea
attgegtgey
tacgcectatta
atcatgtgta
aatctgaaga
cagattaagt
attttttaca
atctcceata
acatacaact
ataaactact
cggcetaaag
ttttgtcagt
atttccaaat
cttgatgaay
tcecgttatag
gttgatacta
agtaatggeg
cattagcaga
atacacatca
agactocgga
actcacatat
Lttattatee
aacttcagtt
tataaacygat
aacataaaca
atcggatact
gctgaatgta
tttaatagty
agagtgttte
ttcecaaata
atatggtacg
caaatgatta
gtetggaccea
tggaatttga
caaagaatta
ctcegtagag
ccgtectttat
actaaaggca
gaagccaacyg
gtctcaatac
acactatttg
gegagtgett
ggaaggctta
aagtagaaaa
cacgtttttt
ttttegtata

gtgatttact
ttaactagte
taaagcaacg
ttattaatga
tecettocaag
tttttacaaa
cattttagea
cetetacoga
aatggtcgaa
gtgagatgat
ctgaggtegg
atctttaaaa
aaaagtttta
aagtaattag
tctggeaatyg
atttcatcca
atcttggtaa
accaattgtt
cgaacagata
aatatctttg
agttcattat
ctaacttcta
ggategttaa
acgttacgtt
tgtgatatgt
gaaaactttt
ttagtatgaa
gecatettgaa
taaccagtcg
gcatctatat
gtatttcecat
acagtegecyg
gagtttaattt
aattetttgt
ggattgaagg
tcttccacat
tcattaggag
aaagcaattg
acaccgttac
taactgaatc
agcgecagtaa
tegtttgtea
ctatcgactyg
atgatagtat
aaatatctat
ctettagtag
acaaagaaat
aatcectaca
taataggtet
tcttaataga
cttctttage
ctegettage
cctotecatet
agatctcata
atttttaaca

catttatgag
ttectctgatyg
agtgaacgta
attecgtate
aagaagactt
catcactage
gtctaacatt
ataaagttgy
acacgtcgaa
tattagattt
caactacggc
ttteatagac
acatgtcggt
ctocogtatte
tttcataaaa
tttacaactc
tacttacccc
tttgtacata
gtttatecttt
gtgtaaagtt
aaattctega
gtectagaaat
tygaacaaatce
gactagteca
gagcaaagat
tagaaatgtt
gataaacact
tagaaacygat
gtyggecate
aatcttttte
aataaggttt
ttggttggtt
gtacattctt
tgaacgtttce
ttaccgttac
caaacggagt
ttaggecaat
tattattgat
acgaagagat
tteccatace
tatactgatc
taactcoegga
cgaagacatt
tatteatttt
aatttgtgag
gtttattgta
ttttggttet
tattttagaa
aaaaaccaaa
cacatctgece
gagctiaaag
catttaatta
acaaaaacgt
tgtgetaaaa
gtttgaggtt
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tgataagtaa
tttgtttteg
atagagaget
cactggattyg
agtgacggac
caccataatg
tttaaagaga

aagtttaata’

ggttaacatc
aatagceateot
gtcogettta
tttatctaga
cggcattcta
cagactaggt
tggaagaagg
tatagtttgt
ttgatcgtaa
atagattygga
cocgaoctagat
aaaagttagy
gatgggteeg
aatatcggte
cttggoettt
aagacttaca
tgttctctta
atatataaaa
catattatca
accatettet
gctaacaata
atcttgtgag
agtataaaca
tatttgacct
aaccatatat
aaagtcgaac
ggtaattttt
tttaatataa
agaaatatca
acaattatta
agatacgtga
cttaacttet
cctaattteg
tagagaaata
agaccgttta
ctatttaaaa
ttitecttaa
tttatgacct
tctectaagag
cagaaatace
tcttgattac
atagatttat
actgctttag
cggaactatt
actcgtgtec
agttttcecca
ttagatttet

taactatgtt
atacttittg
tegtatacte
tttaaaatac
ttaacatgag
gegetatett
ctacaatata
atacaatatt
ttataatcge
cgttcacgtt
gtactcecteco
tecgeketeetyg
tttagatcat
aatgggcttt
acatgegttc
tttecattatt
gataccttat
tggttgacat
acattagccg
gttettgttc
ttctctgaat
ttattcttaa
gatteggetyg
ggaatagatg
gtggecatcac
gaatttttte
gaaacattat
ggaaccteta
actagatcat
taccetggat
gagagagatg
attactetce
ccaataaagce
gaagagtecac
gaatcggata
acgtatactg
ttaagttcac
tataattctt
ttaatacatt
ggaagticea
aagctagcga
tattgcggea
atagagtcat
tggaaaaagc
agtaacagct
tttcettate
ctacgtgaga
ctacttcacce
azaaccaaca
aatactttgg
gtgctgaaat
tttttatact
ataatcctet
tactaatigg
agttacagaa

ttaaaaatca
aatcagaagt
tattcgaaaa
taaattgaac
acataaataa
tcaaccagct
ttcteatagt
tttegtttac
taatgtatag
tgaacagttt
cataatactt
gtaacatgat
taactctaga
tacctagaga
ccteeeggat
attagttatt
acaggtcatt
cecatggtaga
taatagttgt
cattattgcet
atagaacatc
aatctattcc
atctattate
tatcgatgat
tatatgttee
gtgttecaaa
caatttttac
cgatetegge
ccaacaatct
acgaaataaa
ttgecegeatg
taggtttete
tcaattcagg
gaataacgat
gtttaagact
tagatgattc
tagaatatcce
cgecctceaat
tatatccaac
aactcagaac
tagcctgatt
tatataaagt
coccacegat
ttacaataaa
tecgtaaacg
ttcatagaat
cttaaccata
acccttgtat
cttatcaatt
tagtatacaa
aaccacatct
tctaatgage
accatagtta
ttactattat
gtgatatcga

101340
101400
101460
101520
101580
101640
101700
101760
101820
101880
101940
102000
102060
102120
102180
102240
102300
102360
102420
102480
102540
102600
102660
102720
102780
102840
102900
102960
103020
103080
103140
103200
103260
103320
103380
103440
103500
103560
103620
103680
103740
103800
103860
163920
103980
104040
104100
104160
104220
104280
104340
104400
104460
104520
104580



atattttatce
agaataccaa
gtttctecateo
ttetectegtt
tttgattitt
acaataatct
actttttttg
atcocttgtice
taacactcta
tgccagaaaa
attgttaceg
cttaggcecgga
taaaatagtt
aagatacaac
tcaaagttag
tcgoecattca
tttttgagag
tegtacateo
tcagacgate
ctatacatga
agagatctaa
acataaaaca
ttagtteeoca
ggagegaaca
ttgatagaaa
ggtgeogect
aacgtaggtc
ataacttgag
tcgttacaat
atgtttgetc
ttateceteey
tcataaagtt
ggaagtttaa
tttctataaa
aatcgtgtag
ttgagttggt
catttcacayg
agetcogtrte
atagtaaagt
teatttetea
caatcctttt
tgatttetag
acactacaag
gtttgattag
accacggett
atcttattac
cctacgegta
aagttggtge
attttgttga
accagtaggt
tggagtagta
ctgagaaggt
aatatcctga
agtatcttca
tegtggtttt

caaaaagaat
gtgcttaaat
ttttacttga
agcecttaaga
ttccatgata
ccgcaataca
tacctttgta
agatactata
cgtatctegt
tcctgtaata
tctteegeea
ttcagtacaa
ctgtaatatg
aatgtctcga
caacgtgatt
accattecata
ctcgcatcaa
agggtececatt
cacaatcaaa
taccgtttag
ageecggtgta
tcattgctce
atggatcaat
ccactcttee
tcggactgte
gaagtttcat
taaatccaac
agecatcoagt
aaaaaattcce
tctgaatctc
taagacgatt
getggattag
taccgaatag
taaaagacaa
tcgacagaag
caccgattct
aaacactagce
tatttgttcet
tagatgtgte
atctegtact
tgataggetg
cocctgegga
acaaagattt
tataactaga
ccattattta
ttttggaatce
tactecceottg
atatctettt
gatgctgetc
gtaggagtac
caagaaatac
tgggtagaty
acagecattge
gacagecaat
ggtgtaggag

gaataattaa
atttctacta
ttgattattt
aaactagata
tcocaagagtt
tttcteaaat
catttttgaa
cegttatgte
cgtccaatat
tttttagttt
atatagtagt
tgttatattt
tctagcgeta
aatcatcgac
catcaacatt
aaaaccateg
tctagecattt
ttetgtaaat
gaattggtct
cataatttct
acattctcca
attaacgata
gtgtgtaact
actattgcca
ggatgtigty
atcgtaactg
tatagacaaa
atgaataatc
cattctaatg
tgtggaaatt
aaccaagaac
gctataggty
tgccatcaga
atctigtgaa
aatatgatga
aggactaget
attgttcaat
gacaatattt
atacttgtta
ccaatecatgt
ttgagattga
tataaagtca
atcagaagtg
ttttagtect
tattcgtagt
gtteaaaacce
catcatatac
caacatteoga
ctggatttgy
atacagtggce
ttccatcega
geggegtegt
tcggogteaa
caaaaagatt
cagtactact

48/74

ttgtcttaga
cttecattaat
caaagactaa
caaaatttge
cogagataat
gaataagttt
atacecgactc
tacaaccget
tttatataaa
tetgggetgt
taaattatcc
ttegtacceaa
atatattgat
atggcttett
tgetgttttyg
tctgaatcea
ctageteceyg

‘agaatcgtat

ccgagtttgt
ggtgatacygt
ccaaacatat
acaggggaat
ccagaacate
tegaatgeca
atecatettea
atgccgttta
atagaageca
ttcattagat
ttcataattg
agatctgata
atataattat
tctccatgta
ataggatgaa
ctagacatat
ttagatggayg
cgagaatdaa
gtgetettta
agtttattceca
gtagttagat
gtagatgcta
tcattteoety
tecgtctacaa
tgaatatgat
gegttagatg
ttttactega
tttgactagt
gttcgtcace
catgagatce
attttgttgt
cacaatagga
ttgttgtgta
cgttttttga
cgetggaagg
agacatatca
aggtagaaga

aggagtgttt
ctttbctgta
cttataatec
atctacatca
ttotecagaa
attagacacg
gcaaaaaata
acataatcgt
aacattttat
gaataaagta
gcacatgcag
cteatttaaa
cataatecty
ccatagttag
aggragcaaa
ttgataattt
gattgaaaac
aatgtceoett
aacaaactge
caateggagt
tcttattetg
gaacageact
ttecatagee
tagaataaat
taggattaac
taggtctagce
atatctgtte
ggggatctac
cttttetaat
cacctgtaat
aagactttac
catacgegtt
tatagtaatt
cggtaaaatyg
agtatatttt
taagtactaa
catgggtaag
taatgttaag
atttagcaat
cttegtegat
cacgtttagy
tttgggacaa
ctteatcetac
ttaaaaaaac
aagcocgtgatt
tgtagaattt
agatcgtttg
ttaagggcca
gectgttgtac
ggttgagaaa
catgtagttyg
tetttattaa
agtgaactcg
gatgatgtat
ataggagceceg

tcottggcaaa
ctcagattca
tttttattta
tcecgtggata
cattgatgag
tggaagtttg
caatattcat
agattcatgt
ttetagacgt
tegeectaat
aagaacaccyg
tatcataate
tgeataaatt
aagatcgteg
tactgaaccg
cttgtactgyg
agaaagagga
caagaagata
gaactttaac
atcatctatt
acgtegttet
acccatcaca
tatgttagga
atcecttggaa
aactatgtat
cacagaaacc
ctcatctgte
cgcatcatca
gatggtatge
cactatcgga
ttttetaaat
ctecgagegea
agtttctggt
catggattgg
atctaactet
aggatgagta
gagttgaaat
catatcetga
tgcattcecea
ggaaaccata
tttggtacgt
tgaattgcat
caaagaaaga
atcgetattg
ttaatatcca
gatctattge
ttteggecty
tatcgtcotag
atactgtacc
gtgtaaccgt
ttggtaacgt
atttagagat
ccggegeate
tagtttgttyg
atgtagectgt

1046490
104700
104760
104820
104880
104940
105000
105060
105120
105180
105240
105306
105360
105420
105480
105540
105600
105660
105720
105780
105840
105900
105960
106020
106080
106140
106200
106260
106320
106380
106440
106500
1065860
106620
106680
166740
166800
106860
106920
106980
107040
107100
107160
107220
107280
107340
107400
107460
107520
107580
107640
107700
107760
107820
107880



tggaaccgge
ggcggecatce
ttgagacttt
agaataatag
aaagaagtcce
agacgatatt
ggaagaagat
tgtagaatca
tcatatatcet
tataatagea
ttctgacgaa
ttettgtoot
agatggtcta
ttagaattta
-tttattgteg
atcttectte
tatgaatttg
tattttagtt
cgtcaattgt
gttgatgtecg
gtatttattg
gtataccaaa
tteagaaatt
taagatttta
cgegttetet
ggatactata
agtttataca
atectagttta
actctgataa
aatagegeat
atccatatea
ggtgacgaac
gtttaattta
ttattaggat
tetttagett
gacgcaataa
tttccateta
gtttgaatag
tegattttat
atgagtatat
ttaactataa
aaacgaacta
agcegtttat
ataataggga
ggacttacta
tgagattgat
ttaagaaatce
ttatcattaa
attccaggat
catatcctag
fLtaaacatgg
tggtttttea
gaggatagta
aattttatte
atgegtteoca

tgtggagtta
atattatete
agtcectattt
attgacgact
atttaaggcet
atcgactatg
ggagagtecac
geatccacte
gctcttaaac
gaaagctata
acgatgaagc
atagtcateg
aaatteccate
tacgaatatc
tactttatat
gatagatatt
ataagacttt
ttggcagatt
ctataaatca
ttattctgaa
ttactcagtt
ctttecagaag
agtttagagt
tttagtgtag
gtagtegacg
tctteggtat
ttaagecaaca
ttatataccyg
ctacaatatt
acctttttct
acatctgata
tcategtata
tttgtgectet
ctacgttecat
ctgaaataac
cattttttgt
tgtagaatoo
tttgttttag
cactagacte
gtatetrett
gaatattttt
tatcatcacye
tatcttgtte
gaaatgacat
tettettete
catgtagaaa
ccacettatt
taaagactte
ctagataatt
accagtaaac
cattaatggc
ctttaataga
aaatattatt
tagaattgat
trtgtgtate

tatgaatagt
tagctagttg
caatogcttc
ttggtgtaga
Ltaaaattga
aatecegatga
tagaaactay
atatagaaga
gacgctatac
acttgettea
aaaatatgct
aaaagaacyyg
tagactatat
gttctctaaa
egtgttceatt
cttcagagat
gaacattatt
ctatcegtate
acgtataaat
acagtatgat
gaacagatga
aaatggtata
cgaatactge
atatgataaa
ctctecaaatyg
cttgacgeag
tgtctctaaa
atttcacaac
tcatecatagt
ccaagactgg
cgeotaagace
aaactctaag
tcecagagthg
atgtatcata
gtatttaaac
aaatgtaacg
atcggtigtt
aaatagatcce
tttetttttt
tectatateg
atcctegttt
ageacaacat
catattagca
tttggattet
aacgtcaatt
acaacaaggy
atatttcccc
tttctcateg
aataatgatg
agtttccact
aataactaaa
tatatggttt
agtcgeegte
aggagtcgeco
tatatcggac
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tggttgtagce
ttetegeaac
atccttttte
ggattetgee
attgegatta
tcteaccgaa
tgatatagat
tgcgeattce
tagacgtata
acgaggaaga
acatgtaatt
agaattgttyg
tatcaaaatt
tgtcacaatc
aacgatatet
fattgtcotta
gataccegte
tgtcaataga
tttagaaata
tttaggtagc
tatatccaga
caattgtttg
aataatttte
actattgttt
ggaaacaatc
tctagtatac
tgtggctaca
ggcacgagat
tacgatttta
aaccaacgte
agtectegegt
tttgtecatt
ggatagtatt
atattaateca
aaaggagaaa
tatttagacyg
aacaccattc
ttcaataact
actatcatta
gacgegttea
acaaactgaa
ctaactatat
gtcattcecat
gttacgactt
tgatgaacac
atacaatatt
aaaggatcca
gatctgtaaa
ggttttctat
ttggtaaaat
aatgtaaaat
ttggccaaaa
tctataaaaa
aaatgtacct
acaagatety

ggttggatag
tgtettitgat
gtatccggat
agectetgtg
taagattaaa
tacgaggatg
cecaaatett
aatcttaaac
agtetatttg
ttacctetag
atacaagaga
teggtaasacy
tggaaactte
aagtectcgceca
tgcaaaatag
tattettteot
tgtttaattt
catccaacat
acattagcga
attttcttaa
ttactaacge
tattcattca
aagagatagt
tgttggagaa
teccattbattt
atagagttaa
aacttttecot
ttaaggaacc
tcatctteta
ataaaaatgt
tcaagattat
atttatttac
tttctaacgt
tccacgtttt
aatatttage
acagatcttc
ccgegteaga
tatagttggg
cectcatgaac
ttggaaaata
taatatcaga
gatatccact
catttaagaa
taccaaaatt
acgatgaaaa
tccgeatate
tgcacgtaaa
agttgttact
tettatbcott
cagcagactt
atttttotat
tgatagatat
tgaagctagt
tatacgttat
taaatagttt

getgtetget
aatacgactc
cettttette
agaacttgtt
tggcagacac
atgaagaaga
cttataagat
atatagyggaa
aaatagcggg
tttcagaatt
tagaggaggyg
attttgacaa
aaaaacgata
tgttcagcaa
taatgattet
tgttatcaga
tttectacaga
cgacattega
attgttgtgce
caaagagaac
atcbgattce
atgtctettt
tctecatcaga
cttgatacgce
ttttggaatce
gagagattag
ttrteacate
agaatgaaaa
tagttggtgt
ttaaatcaaa
ctttactaat
agatttagtt
cggtattata
gataaatcta
tacggcatcea
gttaaaaagt
ttgaatagga
tgggaaaaaa
tatttettga
taccatgteg
tgtagttcgt
agtttceett:
ggcgtcaaag
aaggatatac
tgtgetteta
atgaaatata
cattatgeccy
gattttttte
tgtattttag
ttgaacgcta
gttaggaata
ttttttatce
ctegatatee
atcteeccttg
tacgttatta

107940
108600
108060
108120
108180
108240
108300
108360
108420
108480
108540
108500
108660
108720
108780
108840
108500
108960
109020
109080
105140
109200
109260
108320
109380
109440
109500
109560
109620
109680
109740
109800
109860
109920
105980
110040
110100
110160
110220
110280
110340
110400
110460
110520
110580
110640
110700
110760
110820
110880
1109490
111000
111060
111126
111180



atcatecacgy
agatttaact
tcgtatctag
ttttttaace
gtaatgteca
ttattatecta
acccagataa
tttagtaggg
ctatattceea
tttcotaaat
atttecgget
tctatgtaat
tgtaatacca
atectactace
ggcctecgLa
tagecggtitt
aaaactagca
ttatttgtte
tategtggeg
aacaatgatt
caactctcaa
ttatgatttt
tggecattitt
tagattttat
tgtaattaat
catagaaaat
attacttaaa
ttcattcaag
gagttagaat
tecattattag
aatgctatac
caaaatgaat
tectatggoge
gtataacaty
tettttttea
agaattttag
tegtctatte
gctatcaagt
atcgatgect
gatgtagcaa
ategtttgtt
tctetagaaa
ttacagtctg
coageatttyg
cctgtaatat
ggagaaaaga
gtatcaattc
tegggagatce
taatctctaa
aatttttcety
ttagttactt
ctagtagtca
tectttetaa
acaacctett
aatctcatga

tatcgeeghe
gttecatocgtt
ataacaacga
cagttagttt
aatctagttg
catcttegta
ccaaaaagtce
tttetttetg
aattattett
atccetttaa
gttgtatatt
catatggagt
attgeggact
gatgatgtaa
gaactagggyg
atatcccgea
ctacgattet
agatgcgttyg
ccttatatag
gaagecattet
gtatccatca
gaaccgtatt
aatatccgte
ctaattaatc
caaatggtaa
gattcacaat
gatagaaaty
ataagcaaac
ttatagacga
tgttggeatt
ctaatactaa
ttggtcgtag
cattggctac
acatttattce
tgtgttcaaa
gacggatcaa
tgcateccget
ctttatacaa
taacatcate
gatttttaaa
tagaacgatt
ttgtattctt
actgggttgt
taataatcet
ctecactcete
tatcagtgte
tatccaagat
ctgcatagaa
agtcactaac
cetegtttet
ttggtctaat
cottaaagee
tatagtacgg
taatagecegt
atccecgtceotco

gaetagataac
tagaataaaa
cttataatta
tagattggta
tggaaatact
cgatecaaat
acacgcteca
cgtgtatacg
atgagaatag
ttgagtcatt
taaatgactt
gagatatagy
tactatatat
gtettacaat
aggtaaatat
gtagacgtct
ttttacaaag
acgctgtaaa
cacttttaac
tteccagaact
tecaagaaaa
actctacagt
aagagagtta
taaaatctga
atactgtatt
ttacatgttc
aattatttac
gcgataagga
ctcatttegt
attagtatte
atacattatc
cttttgttea
ttgaaatage
atcatcaaaa
gtatcctceta
tgagtaagac
tegtegaata
tgacatggaa
geetacttta
caacaatgce
agetacagag
caatgaggcg
aatgttatcce
atctaagatyg
gataaatcta
catecatttea
acttatcggt
atatctagga
tgataccatg
actacaacta
actgatgata
cattgatgeg
actacctityg
ttcatgaggt
agaaagtecct
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gctaatgtac
tgattaceqgyg
atgtccaagt
cgaaatatat
tecateaaca
tceggaatag
ggatatacat
aagggattaa
ataataatat
cgaagegtca
cgtaaaaaat
geeegtteta
cgeatattta
gtEcgaacca
agatcaaaca
attcgeccoceoat
actttatttt
agacgtcact
tatcgecatca
atataatgaa
actcggatac
agotetgget
tctggtaagt
tcttgttcaa
gattacagty
attggetgtg
aaaattcatt
tacgctacta
ttatcattgt
ttettgteat
atgetcgecaa
caaaaataca
gecagtecte
gagacagagt
ctecattteat
ttgactagat
atgtatagca
atatctgtga
geattgaaaa
atcttacacg
tecaatgett
tttatcatat
aacatatcacg
ttgtatggcea
ctcagattat
ttaatagtat
tccgagtcac
caatagttte
aaattgagaa
gtttteatca
gagatattat
aatagcagat
tcacceaact
ttatcagcca
atatgcatga

catccaagte
tcatattaat
cttgaacteg
tgttaaactt
tkgttteaaa
atgtatcgcea
tgtataaaaa
aaatagtatt
cgtccttaat
atagaatatg
aatatatggo
cetectgeee
tatcgtgggy
gtaccagatc
acacctatga
agatctaagg
ttagatcata
attaccaaaa
aaaggatgca
catagtaaga
cagtttggaa
attegagatg
tcattatetg
tggagtgeta
tatgaaaagt
gaatcaaaac
aacgagttaa
gaatatttta
tactattatt
cttgttcaga
tggctctaac
taaagaaatyg
ctacagabttt
caccatebgt
tataatagtt
cgteagtagt
tegetttgag
atactttata
tacgttctat
atgattgect
ggctgactay
ctgtgattte
ctatggatac
ttgcgeagaa
tettaaatge
acgcagaaaa
agataatggt
tatactgtet
gatcaaacgc
atgtagtgac
tgectteoceat
agataaagtce
ttataccecac
tgagcetgay
tagatttatc

ccaaatgaay
aaagtgttea
ctgaatgate
tgattctaca
cttgataata
cgetetggeco
gctategttt
atcaacgtaa
atctaacaaa
tetecttaact
cgacttctea
cttacceace
taaagtgaaa
ttaatttgga
taaaggagaa
atgatgagag
gagagattea
aaaataacat
aacttacaga
aatttaaatt
actatcacgt
aacattcate
aaataacata
gtacgggege
tacaactagt
ttccaataaa
asaaagaccayg
cttaggactg
actattacta
aatatacagc
aacaacgaac
tctacataaa
taatatagct
catatttaga
tatcatactt
aatttgtgea
attctcocata
cttectecaac
tgtgtagatg
caagtcteca
catattatta
gttagtcata
ggtacacgta
aatatcttet
cttattetet
gataccacga
ttecteoteot
gtaactctga
tgaagtaatt
gatgtatigt
aatggatott
ttggtatgac
ataagccata
tagttggaag
tttectggga

111240
111300
111360
111420
111480
111540
111600
111660
111720
111780
1118490
111900
111960
112020
112080
112140
112200
112260
112320
112380
112440
112500
112560
112620
112680
112740
112800
112860
112920
112980
113040
113100
113160
113220
113280
113340
113400
113460
113520
113580
113640
113700
113760
113820
113880
113940
114000
114060
114120
114180
114240
114300
114360
114420
114480



aactetegta
gtcttaccte
ataatatceag
taacaggtag
tcecatacegt
gccaacaggt
acgtttggaa
acgatgttat
tgatatcgoa
ttgtaataaa
tgtttatatg
actccataat
tgtattgtta
cegttaacaa
atgttaaaca
tccattgagt
gtatcegtea
tgagtattaa
atatttecag
aaataattaa
cctaatgagt
catactttgt
tcagagtect
ttaaatgacg
agataattat
tcacgttaac
aatatcectea
cgaacgagta
agagttatta
gaaaaatgct
accatecttg
ggttaatctt
caaaatacta
cgttaattat
ggaggatgaa
aagaattate
aaaactecgga
tgtggagate
ggttcttaat
atttaataca
ataccggacy
ccagecattaa
acttetaatt
tggacaatct
ggagcaccag
gattttggtt
gtecacatetg
atttgegceta
tegtaactge
ttatttatge
tatttacaaa
tcggattttyg
ctacacaaat
gatcaagtat
tegagatata

tagteataga
cgactactet
aaaggataga
aatttataaa
cccaaaacat
taaagaaatt
gogocacggt
tgtttactgg
tagaaatagt
tatccactct
ttaggecatagt
gtetageage
tatattgtct
tttttgeett
aataagtygtt
cggagecate
atctaatatt
tgataggatt
cgttaagtgt
tgeecaattt
tattaagcaa
aatctagaca
ctaattgate
accgtaccag
ccatctaaca
aacgtggtag
caacttaatg
caacctcata
atatecggaac
gaagcaataa
ggagtagttt
agaaatcaac
tttggtaaga
goaaatityga
atagatagaa
gteactaacyg
tttgaagaaa
ggagatgact
attgtattgt
ttecceatateo
acatattaat
ctgagtcgat
ggcegtetcet
gaccatccat
aagtattttt
tacatgtaat
tttgagaatt
gtagattttt
ttectaacgge
agaagattta
cttggtattt
taagttetty
accgatcaaa
gcaatatatce
tggacgataa

tgaaatactc
aggtaacaaa
gcaataagta
catcatgtcece
ggatttggta
aataaagaat
tacattcact
tatatctgga
aaagtttata
gtcatatgta
agtgagateg
atctgcgatg
aacacctata
gaattctttt
atcaaagtta
tggtttaata
aagaaggtgt
agtttecgaa
aacattaaac
ggatatagca
tatatcgaac
tagatgcgga
aagagtaact
tgacggatat
aaaattatga
atagagaaca
aagatctatt
ctactattat
aacgtcaaca
tggaatctag
atgataaaga
gatctaatac
ctecgtacaa
acgggtecoo
tctataaaac
tgattattatc
tcaaaggact
gecgatgetgt
ttatactcaa
cagacaacaa
ctttttatta
acctagaaga
gacggtacca
cgeattgtac
ggageeetty
acattttgaa
aagattattyg
aagctgtggt
taaatttttt
actagattat
tttggttetg
atcttattat
agaagaatac
atcttttcac
taatttagtt
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tttaaagttt
caaagctctaa
gtattattgt
tgaaggtttt
actttgatag
ttgttgtetce
geageatttt
aagaaatcta
atctecatecat
taaatgaagt
acgtttagta
ttataagegt
agattatcaa
attggtgeat
agatctggat
taaccaccga
tgagtgzaag
ctaatgttaa
agttttaatt
geoctgaaget
ggatgaacga
agaacggtag
attgacttaa
acaaaacgat
aataactett
taatgcecgag
tccagatgat
tgacgatact
acgagaaaaa
atctatgata
taaaagaatt
aaaatcatct
atcaacagaa
cttatcagte
gattaaacaa
tgtecataaac
gagtaccgat
ageatctaaa
gatattegtt
tcgbetggat
gtggacatet
tcgtgattga
taaactattt
gatgtagtag
gatgttgatg
ctetttgatt
ttgcctectt
gtaatcttat
ttatccgeca
acaatgaact
gaggaggcga
acatcgagta
caatcattta
taaataagta
catggaaata

ctgaaataag
taggtgtttt
gattataaag
tagacttgta
cegtagatcet
tatttatgte
gaggatcgeg
ceagtetagy
cgaagageat
actgttcaaa
atggcaatgt
cgtcaaagceyg
aatcttgtct
taataacatce
atttectttte
taaatctage
gtggaagate
ttggggtatt
cacgtgacgt
catcttgttt
aggttgttte
aaactatacg
taggeateat
ttaattacag
cgtcaaatgt
gtagtgtcat
gattcaccgy
ceacctocta
agatttaata

acttetatge.

cagatgttag
gataatttag
gttaataage
gaggacttgg
tatcacgaaa
attatcgagce
atcacttcag
ctaggaatcg
aaacgaatta
taatctgtice
ttttagatgg
tcteteocgac
taccageatt
taactgttgt
tagaagaaga
ttgtatcaca
tgacggectge
taactgtttc
tttagaagcet
aatatgatce
atttaaatte
taggatggcg
ttgacaataa
gtaataatga
tcactatgat

attagtaaca
ctectgcggayg
accgaataca
ttectegtaa
ttgttootte
cacaaattge
agtatgaagt
aataagagat
tttgttacca
catgatgaga
attaagatta
gggtecgatcet
gecttaataca
cttatagagg
tgctagaaca
tetgtattet
gtaaaagctg
aataatatct
ggtatcaatt
agttacggat
aagttggtca
aaataaatat
ttatttagta
agttttecaga
ctattctaac
ctecagagga
ccactattat
cgtttegtayg
ttacagtatce
caacacaaac
aggatgaagt
ataattttac
gtatagecat
atgttibgttce
gtagaaaacg
aggcattgct
aaattatcga
gtaacagtce
aaattattta
ctgtegtcete
tttettette
cattccacga
agtaacagct
tctacgtecta
cgaggatttt
tgecgeeoggea
atctccaccyg
gatataatca
aaaaatattt
ttttecagat
ggacttggat
acagtaactg
cttceactatt
ttcaacaatg
tggtgtgaat

114540
114600
114660
114720
114780
114840
114200
114960
115020
115080
115140
115200
115260
1158320
115380
115440
115500
115560
115620
115680
115740
115800
115860
115820
1159860
116040
116100
116160
116220
116286
116340
116400
116460
116520
116580
116640
116700
118760
116820
1168890
116240
117000
117060
117120
117180
117246
117300
117360
117420
117480
117540
117600
117660
117720
117780



gactccgeta
gactgtgata
gggactagta
gattceageg
actaataaaa
tagtttgtae
gtagtacaca
agacgaaaag
tttatgcgat
aatatagatt
tctggeataa
attatcaacg
ataaatggat
ccaggtagge
ggcggacgta
agagttaacy
ataatataac
aggtcctaaa
attteettta
aggacgaata
atcggaataa
gttteccagga
attattatta
getateacta
tatataatca
atagattaat
atattgttta
tatcaaacaa
ttettetygea
tttgtctegt
ceecattett
ttatttecceg
cttcttetat
ataatgtaag
attacagcag
tacatttgag
gagataaata
atcaaaccga
cctocataat
tetgtaaata
taatatctta
tetttatgee
cggggattte
ttacgectct
taaaatcact
cgtatctgaa
tactettcecac
acacggtaga
acaggtagag
aaaggaacta
cgatgeettt
tacgtataat
gatgtgttat
tattaatatt
tgagccatat

actctgtggy
ataataccaa
gacttactaa
attageacge
attftaaate
tgcaaaaata
geatgttata
gtggtgggat
gtttatatac
ttatcgatte
cgatgaccct
aattategte
ataazataga
agttttactt
gttctagtac
ttaatcgtgc
cattttctat
tatttatcte
tgategttac
attctaataa
gtagacatag
tegtttctac
aatatttttyg
tcgcocceccagga
gtagoegtgte
gateeaggac
gecaaattcag
aacttgggtt
aacttaacayg
atatctgecta
aataatcgtc
cagtataagg
agtectgtct
aaataatatt
ctacaataca
ttactaagceca
tcatcaatat
gtaacgttct
cgtttigeat
aatectttatc
aataacteat
gaactaaaaa
gtagaagttyg
cetteoegtaa
agtatcaatc
gtagttteta
ttggcgtgtyg
aaaaccgtea
gcagtcggat
aagactcaaa
tgtaaatata
ctgatgaaca
tttttaactg
gccaagttat
tceacagata

gtgcgcagtyg
gtataaacgc
agtcaataaa
cggaaaaata
gecgaatgaa
atatctattt
actaacagca
attttettge
tctaatcttt
atctaattta
acctgatgaa
tacgaacatt
aaataacaga
tatcttttac
aattagacgt
acccaacgta
ctetagatte
cggaattaga
aaaagacgta
actcagaaca
cegatttecg
aaaatccagt
gacagtgttt
gataatcctt
ttaaatceott
gaaatttgaa
gaactataaa
taatttcteo
ctctattata
tteetggtge
agtatttaaa
tttgttgcag
ttegatgtte
aaatatctgt
cacaatagac
ataggtaata
agagattaga
aacatcatta
cataccteca
aagcactcoca
ttatatatta
aaatgacttyg
aaccgggatc
agacgagtct
caacaaatgce
atatgaggaa
gatttggtaa
tttgegtacce
tggaacataa
gtccggatgt
tcaataagca
atacagcagt
ctacacctag
ccaatctaaa
atattagaca
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cttteoececac
cataatactc
ggegaagata
atttccaate
caaagtggaa
ttgttttega
gcaacggcte
tcaaataata
aatagatcta
aacccttect
teggacaatg
tatatcattt
tattacaacc
tacaggtteot
aagtteceget
tttacatcta
gtcagtgecac
ttttggataa
taatgeccgta
atatctegcea
tttigeacgt
catgaaatcy
ggtatttgtc
ttttataaaa
aatatattca
agaactacat
actactacaa
cggagatgtt
ttecaggataa
tattttgatt
ctgttaaaty
gtatactgtt
atcacatatg
gaattcgtaa
attccecacag
actaagctag
ggagggetat
tttttgaaga
tectttaggcea
geaccegeayg
aaaaatgtca
tggtcaaccc
atcctttaag
agtattcgag
gceaaagtta
aatgatcgaa
gactattacc
caataaaatyg
gatatccata
attaatagta
ttatgatttyg
tacaagattt
accatctaac
aaaaactatc
tatggtaaaa

atagaatasa
aatactttcc
cacgaaagaa
ataagcatca
tataaaccat
agatatggta
gtaattactt
cgaatatate
tagacgacgyg
taaacgtgaa
tactgggecca
gttttaattt
agtgttatgg
cctggatgta
taggaattit
gttegttgaa
Lcatgtaacc
ttegegeace
tecccaaaag
teecatatgtt
aaccattcta
tcacaatgtt
ttagaacaac
tgacategtt
ggagttacct
ggttctocat
tgatctatcg
tcataatagt
ttaaaaccta
ctattaagag
ttggtatatce
caggaatggt
caaagaacag
atacattgat
tgttgecatt
taagaggcaa
atagagccaa
ttcocccaaata
taaacgattyg
agaagtcgtc
ctattaaaga
ctaagtcttt
ttktctgatac
acattaacaa
tatcectctteo
tcaaaacgte
acgtgttatc
ttaatacatce
gatggagtaa
gtcagtagac
ttcatcttgg
ttagecgtatt
cgaatttatt
tatgcagtag
cgactagatyg

ttagcattee
atgtacgagt
tcaaaagaat
tgtccattta
ataaaaacaa
aaattaaata
atcatttact
acccateoeat
gtttaccaac
tgatctatta
tgtagaataa
taggacgcga
gcecgegecocaa
cgtecagcaac
ttaacgctaa
catcttgatt
aacataccct
aacaatttet
taaaataatc
tggagcaaat
aacaattggy
ctgtcttgta
attttgecac
gccoggatge
cgttctgata
gaattaatac
acataccatc
acgtataact
attccatata
taacagetge
aacatctace
tacatttata
aataaacaaa
tgecataata
acctocacga
tagaaaagat
gacgaacaaa
atcattcatt
ctgetygttec
aagcatattg
tggagtataa
ttaacgaaga
ctaagggatt
cgaccgataa
aacgcaaagt
ctctatacat
ttatggetac
aatggaagac
gtagtctate
atctgacaaa
atgaateaca
atcctecgat
gtaacagtat
atagtittit
gaccatetaa

117840
117900
117560
118020
118080
118140
118200
118260
118320
118380
118440
118500
118560
118620
118680
118740
118800
1188560
118920
118589
119040
115100
115160
119226
1192806
119340
119400
119460
119520
119580
119640
118700
119760
119820
119880
119540
120000
1200690
120120
120180
120240
120300
120360
120420
1204890
120540
120600
120660
120720
120780
120840
120900
1205960
121020
121080



taaatatcat
tettgatace
taaactacgt
ggttgtattt
ggaactaaat
tcectagtttg
attactagygg
taacacatece
tctgtectgta
teeccacttet
cteogoaaaat
cececcteatag
ttagactgac
ggctictttt
aaaaataagt
tetttateac
catggaatgg
aaattataac
tttacgtatg
aaaataagaa
ttaactaact
getatagaaa
gtgcaaaagy
aaaccgttta
tttatttatt
ccagatgata
ctgagatttyg
tetecagtta
gaaattgaaa
tctttegaty
cggcaagttg
cgtataggag
gtaaaagatg
aaaaagasaaa
ggagaagtaa
tatttctcta
gagtgceacaa
aaaataaaaa
gattttataa
ttcaatattg
tttaaccagt
tgaaataata
caaggataac
aaggcgcata
gcecctagaagg
atcggctgee
aaaaaagaga
cgttecggat
cgtattagat
cataaaaaaa
atgaaataga
saaataggaga
atatagtgta
aacttactaa
tgaaatgttg

atatataccg
ctggtagaag
gaacatatgg
ataggagacyg
agatttatat
gattcegttgt
agggtatgte
atcaaagaaa
gataaactag
gcatgtacaa
cgttaagaag
tattaatata
agygcagaaca
tgcgactett
cagaatatge
aatatagtgt
gaacatrtte
taaacagtct
cggeregtte
tgaaataaca
taaaagaatt
agtataattc
tagctaatgt
atattgatce
cgaagggtaa
tacgaagtgce
ttttgttaaa
atatatttaa
tagaggaaga
ataaatttec
tagacttttt
ataatatttt
tagaccattt
acacattttc
taaaacgaat
aggttggtag
ctgtecgatgaa
accaatcage

cgttagttaa

aaaatactaa
tcegtetcecaat
tgcgeottty
tccgttaggg
getaaagatt
tcgeecgtatg
aaagttattt
teggtegaag
agacgcaaat
aaatggaata
atgtaataac
agatagatat
tatatatggt
taataaagat
acacattatt
tcattattte

agaagttatt
aattcaagte
tattatteta
cccaaaatag
tegtatccac
tecatttgete
gagaaacaga
taaagtacat
gatttaaaca
catcatccag
tttaagegac
atccaatgat
cgteatgcaa
cattccggaa
cctataacac
atcgacattt
gttatcaacyg
atcatcgaca
gecgtcteatt
taggattaaa
acttagtctg
tttggtagaa
cgagacagtca
gggctattac
aaatatggta
gtgtaacaaa
caatagatgg
actagetagt
cacattattt
aaaaatatece
caaattctca
tattcctage
aatacgatcce
cattttatac
tatagacact
tgcaggctta
gttagttgat
atttgattta
taacatgcgg

ttgtttaaat

ctttaatgtc
atataggtgce
tattggatat
tgtcacaata
ttaaatttat
gegtetogeo
catttottga
tagacgatgt
ctaattatac
gttagtaacg
gocagaacta
cttatgaaag
atacatectg
aatcagaata
gacataaact
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atctgtagac
aggaactatt
caaacgatta
acgtacteoca
cttatcttat
ggeagtaate
actattagat
gataggaaat
aaaaagttat
agaagaacght
gatccgoatg
acttttgtga
teatcategt
cgcacattgg
gatcgtgcaa
ttattattat
gccatcetttg
caaatgaaat
tttteagata
aataaagtta
tacaaaagtt
tggggaacat
atatctgatt
attttcttac
gaacttggat
gtattagaca
ataatggaag
gagtacggat
gacgacgaght
atategtata
ttcatgtata
gttataacaa
aaggttagag
gactatgatg
ataggacgag
aagcaattga
gagattaata
agcagagaat
ttcaaaatag
aaccegagta
gtcaccgatg
aaaaaatcet
atcaaaatta
tgaatacact
ctattttatt
tgtcatgtct
ttggatggac
agcggatagt
accttataat
ccattatgga
tttttaactt
aaggcattte
ccattaagaa
cgtatcoggt
cagataataqg

gagcectagaa
aatcgcattt
ttagattttt
gatatggtcea
tececggtactg
aacaatatgce
aggacggtat
ttcatgcaac
cggaaacatc
gtattaaata
crgcgeagge
tgtcggaaat
catcgataac
tgectatcecat
aacctggtat
tgacctegtt
cettaatteg
tcttgtttag
ttgcaggtac
tcatgacttc
tgagattttc
ctacttactyg
attatgatga
cggtatattt
ctggaaactc
gegataacagy
atgctatatce
taaacatacc
tatactctat
ttaagttggg
ttgagtecat
aatcaggaaa
aacatacatt
gaaacggaac
actattatgt
ctaataaatt
aatceggaac
gtttgggata
aaaattgtaa
ttgaaactat
tcaaaaaaag
gecagaactyg
gactggagtt
acagttcttce
aaaggetttt
ggtaattcat
acatteggat
ttcaatttgg
aggtgtaaat
taatctattt
tcatectaata
ctcagaggat
actagtgtat
atttaacgat
caatattagc

atcaacttat
tagttattac
tcggaccaga
aatcaatcaa
gtttagatat
aaatagagcea
atgtatttee
gaattattag
aagaatccga
gaatatttaa
cagtgtatta
cttaaccaat
tgtagtottg
ttaggtagta
atcgtotcta
tatcttggaa
agatgtigta
acgtttgtag
tataatatta
tagcgectgat
agattectygeg
gaaaataggce
ggtaaaaaat
tgggagegte
ttttcaaata
aatagacttt
aaaatatcag
caaatattta
tatagaacgc
agaacttaga
caaggtagat
aaagatatta
tgtaaaagta
agaaactaga
taacggaaag
agatattaat
tgtaaaacga
tocagaagey
ggttgtaaat
atatggaaac
attattcgag
ttttagaagt
ctgattggga
tagaacgtca
tatatcatac
atagagatcg
tgcgagacte
ctatgagata
ctagaaatta
acctttectac
agttgcgatg
atgtttgata
tgcgacatcce
tctteoacaag
tetegtacag

121140
121200
121260
121320
121380
121440
121500
121560
121620
121680
121740
121800
121860
121920
121980
122040
122100
122160
122220
122280
122340
122400
122460
122520
122580
122640
122700
122760
122820
122880
122940
123000
123060
123120
123180
123240
123300
123360
123420
123480
123540
123600
123660
123720
123780
123840
123900
123960
124020
124080
124140
1242060
124260
124320
124380



tagagatatt
agagaaaggt
acttttcegg
aaccttyggat
taacgcgtgg
gtgtgaaaat
agggytgtat
tegaagatat
tcacggetac
cttatggagt
atcataccgt
aaaagctcaa
cegagaatat
aaacggaatce
agaaatggat
ttatagaccg
tgaaatcttyg
gatagaaatt
taaaggtaag
gaccaaagag
gataaaaatt
wettgttect
aattaatcta
attcacttte
ttacaagata
atttataacg
cattagacgt
zatagatagt
taatgacctg
cazaatatgaa
gggattttat
atatecagat
gacgttggca
caatcacaayg
taatcacgeyg
aacacatcct
teeggatcaa
tetttacttt
attgtectgte
gaaaatttgt
atttccaate
tettgtaact
tattacttta
agtcagacca
agaaagcaga
cgaaatggta
tagaatgatyg
tagagatgga
tattecttgga
taaaatagac
tttagaaact
gtcgtacaaa
aggeggtetce
taataacaaa
tagactgaat

tgagagggaa
caattacgge
taaaaagtct
caaaaccatc
aaaaagctct
attcaaggat
acacatgatt
catceaaaac
ggcattagat
taggaattte
Etteeccotet
tattgtagca
gatagaaaty
ggtagatcgt
caacgactag
ttacatttee
accgtcaage
agcaatgtta
agttatgacg
ggtatatcca
cegetactaa
aatgtcatag
gtagaaaaga
tegttttect
tctectggata
gtcaatattyg
agtttatcat
gctaaacgaa
gtggaagetg
atgctgecata
atgatatett
agagattcga
catgatgaat
aacagaggca
ttttetaget
cactatteat
gtaaagattt
tgttecatcag
ttgagttcca
gagtatatca
actatagaaa
gactttagac
gttagggatc
ttettggttg
ttagacgaca
gatatagaac
tcaaaggatyg
tatgtagcat
tgtgctcaay
aatggaatte
tcaaagattg
ggtatcaatc
gatattgtta
gaaagagata
getttettgg

aagtceatctce
gaaataaaga
gacgagtate
tctaagagga
atattacaas
tctactatge
gacaaattat
gagtacttta
gagaaattat
aaaataggga
ctgttagatg
ttacgatcte
atgaaggaaa
ctaaaagaat
ggtataagtt
aatatgtatc
ggecactett
aagtgactcee
cattagecac
tecactaaaat
taggatacgg
gtggagtett
ttacaacatyg
cegtatocece
tatcacaatt
ttttgoetgte
acgatatgce
ttactgaate
aacacattaa
actttttace
tactaagaaa
tggtttgtea
tagagaatta
cttacgeggt
tattgagtgg
ggatgecagaa
caaagatgtt
acgttceogga
ttacaaatat
gatcatatta
atgctctagt
gtagaaaacy
acatgaatga
tggataacygy
tgacattcte
aatttacttt
aaagaaagca
cttcactagt
ctaaacaagc
atttgatgta
cggctaattg
aagaggatgy
cagccaagaa
ggtctaacge
aatccggaga
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ttgtatcata
aaactgttca
tgagtactac
tgagagttga
¢tatagaaat
acattattct
tetatgteta
aagaagtagc
tcectaattaa
tgtttaacct
aggatagcaa
tygaggattg
gatcgactat
tgcttctaaa
tttggtgeet
gtattctaat
ategtttaag
tecagattac
gttcactgta
aagtagttat
gaataaaaat
tatcaataza
gecaaaattt
tcectaatgta
ggaagcgttyg
teaatattta
tecagaagtt
tattactgac
acaaaaatct
teatatgaac
gtttctctac
tegeatecta
cataggcaac
aaacattcat
aaagttcaaa
tatttectatt
ttetgteaga
aagaggtecet
actaacgtet
taaagatgat
cgecatotett
gatgggattc
aattcgeatt
agagctecatg
tgacattcag
tagtaacgta
atacgattta
gggaatcaat
tatctecttgt
tecagagagy
ctteggecaa
aattatcate
acatcaagta
ctattcaaaa
cgctatggea

tattaaaact
tggaggcact
agttagatcc
tatcattaat
tatttttact
atceaaggac
tbataattta
taatgttgta
gaaaatggct
gacatttatt
aataaagttt
tataaattac
tttaaatage
atgaaaaaaa
gatcctaaag
tttatattge
aataatacag
tcacctataa
aatatcttta
gagggaaaag
ccacttgata
caatctgtcg
agggttgtta
ttaccgacaa
aatatatcat
tctagagtga
gtctatctag
tttaatattyg
cagttaacga
tatacacceg
tgtatcttee
acgtacggca
atccgaaacyg
gtactaacaa
aagtcagacy
cetaggagty
aaataccatc
caggtaggtt
gagtatttgg
ataagttact
aatccaaata
ttcggtaact
aatattggag
atggatgtgt
aaagagttte
tgtgaatcgg
tgtygactte
cacaattctg
ctgagttegy
ccaategtga
catgttacta
aaaaaacaat
gaaattceat
ttagaaagta
cgaaatatct

accaataaga
aatgcaaatt
aacattaate
cactctatag
aatagaacat
aaggatgaaa
tttetgttgt
aaccacgtac
gaacacgatg
aagtcgttygg
tttaagggga
gtgactaaat
atagatatag
acactaattc
ccggagtttt
atcgatitgeca
aacgaattat
tegegagtat
aagaggtaat
atteteattt
cagcecaagta
aaaaagtagy
agecaaacte
gatatcgeca
cgacaaagac
gtctagaatt
taaacgcygat
atacatacat
ttaacgagtt
atcaactaaa
acacttctag
aatattttga
atatcatgaa
ctocecggact
gtagttatcg
ttggatttta
caagtcaata
tagtatctca
atttggaaaa
ttgaaacagyg
tgatatgtga
tggaggtagy
cgggaagatt
gtccggagtt
cgcatgtcat
ttcaaaaatt
ctgecegaatt
gacccagage
atatacgaaa
ttagtaaggc
tagcattaat
ttattcagag
tggaaaactt
atggattagt
catcaagaac

124440
124500
124569
124620
124680
124740
124800
124860
124929
124980
125040
125100
125160
125220
125280
125340
125400
125460
125520
125580
125640
125700
125760
125820
125880
125940
126000
126060
125120
126180
126240
126300
126360
126420
126480
126540
126500
126660
126720
126780
126840
126900
126960
127020
127080
127140
127200
127260
127320
127380
127440
127500
127560
127620
127680



tcttgaagat
cgatatgtac
acgagtatta
gagtcaaaag
tggtatcaca
tatgttgata
agaaaaccga
attcgetaaa
taaaatcttt
agtatttttt
cgttagatgt
tggaggaggt
caatactatt
tgaaaattgt
aaaacttaat
tcttactcaa
ttegttttat
tagtttggta
cgtggattgt
tttggtggag
tgttetggtt
gatggagatg
atgcgagaaa
tatctactag
ttctcogeat
cgttegeatyg
ctetecctet
aatttctecea
attettttte
agtttctttt
tgtegtegaa
caagctetct
tcageteotta
attgttacca
ttggtecatg
atcagaaata
attaagttet
gtaactatcet
ttgttcecta
tgageagatce
ctcagaagat
gattectatet
tetgoaghca
tetetgttte
ctgatattet
gtctttcaag
cgetetegat
caacttcttg
taacgegteg
gttgatattt
ttgtecttgge
gtetggacag
cgegttgtit
ttccattect
caagegatte

gattttgeta
aaatctogeg
accatgaaag
ggaacagteg
cecagatgtea
gaagttattt
cetgtetgtt
caatgttatg
tgtgaaaaga
ggaccaattt
agaggtaaaa
atcaagttey
acagaagttt
ggagacatag
ctectectecte
atgaacgeera
aaaccattag
gtagatacat
taactataga
gtgtaactygce
cggcatocac
ctacttetac
atgtataatt
aaagataccg
ctagttgata
ggttacctce
ctctategag
acgctttgat
tttegaattc
ctagatecgge
atategttce
tttgtagtta
acttectete
cgtctacact
tttecattge
cgggttttet
tttteeaatc
gttttgtcag
gecacgteega
tctagegate
gttcegttac
ctaagacgtt
ctcaactgtce
ggcattggtt
agattggagt
atctgaaatt
gecagteggte
cgtgtettcec
tegttetteo
agcaatttct
cttatcaaga
ttceecatteg
tagccacata
aatagtatcec
tcteaattet

gagataatca
ttgaacgagt
aaagaagacce
cgtatgtcge
ttattaattc
taacagecge
ttecctagtag
agcattcaaa
ttctetatga
attacttgeg
agacgaaget
gagaaatgga
tgaaagattc
cagcacaaat
tcttaacaaa
gaggegtaaa
ataaagttga
atcaatatca
atcggacgte
tacttagygat
cgatggtgte
agaacctgta
tggtaatggt
atcacgttct
ttcecaaccte
gcagttttta
tttateagag
tgttrocata
acagctggat
aacatttecat
agctccttit
tectgatteoce
ttgettette
cggegageto
taccaccatt
tggaattgat
ctacgatttt
attcacgete
gtttagtttt
gtttaagatt
cgttgegttt
gcatectctet
tttcaatate
tcattattac
ctgctaatct
ttagattgga
aacttattct
tggttgcgtg
tcaagticte
gattetagay
teccteettgt
acattacgac
cgactgagtt
agttecettt
cggatagtct
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gattagette
acaagtagaa
cattetagga
ggatgaaacg
tacatccate
atattetget
taacgaaaca
tccgaaattg
tectgaaacy
tctgaggeat
cattagacag
gagagactgt
ggaagaagat
caagggtatt
aattgatacc
agtcaaatta
tctcaagecyg
tcaaattecga
tgatattcga
actgaagtct
acatcactaa
gectcagttg
ttcttatgtyg
agttctettt
ttecacgttac
cgagegattt
cagtetttet
gatttccgaa
gtacaaccgt
cccecatgect
cgacatcaat
tggcacgttt
gtcatagtac
gegbttaaga
agatttacag
ttegtecgatg
atttcttteyg
tctacygtaga
atatgctgaa
cctaattcta
acactcogtta
ttccatatcea
tgagattcta
gtetacagte
ctgtagecatt
gtctgetaat
ctagtteotet
tacattcate
tgecgtactac
tactgattret
atttgtcgea
gtttategac
caagttectcg
ctagttetga
tcttatcaat

gatgttteeyg

cttactgaca,

gacaaattta
gaacttccat
ttctctagaa
aagcegtaca
tccatcgata
tcegatgaag
gataagcctt
ttaactcagd
gegaatgagg
ttaatagege
tatcaagatg
aatacatgte
acgcacgtat
gatttegaac
tecttttectgg
gatcegaatt
aaatctagtgg
gatattcaga
toggttegat
tcaacggaga
gatetgaaga
tgtagaactt
tacgttcaga
cacgttcage
gaaggcgate
agtteagettt
ttccattace
tttacattcec
aactttageca
aagatcttea
gegecaateac
gattcaattt
getgetagtt
tacttggeat
cgagtcaatt
ctttcttgea
tagagttctg
gtetttageo
agetgtctat
geattgetet
tctotaagac
gttcaactgt
ttcacageat
ctectgtaaga
aatacgcgaa
gagtctagat
agaaagcgtg
gettacgtag
tteettgata
ttcagctoegg
ttgacaagat
acgcatttct
ttctaataaa

agaaatatac
aagttaaggt
ceactagaac
acgacgaaaa
aaactatate
acaataaggg
catatatgcea
aattategga
atgcatccaa
acaaggcaac
gacgaaaacg
atggtgeagce
tgtatgtttg
ttagatgttc
ctaaagtatt
gaaggecotee
tgtaatattce
ataaaatagg
agtttcaggt
aagctgtgga
aacgtctgtg
tacattttta
agaggtaaga
aactttttct
ttecaattea
cttcatgegt
gaactccata
taggactgtg
gccatcteta
tegagtetac
cgttgteotct
tgcaattgay
tgtgagatcc
ccogtttgta
gtegttcgag
cgaaacactt
ccoteetgta
agttactaat
attecatectt
tatttaccte
caagatccat
cattattacg
gtegeatcete
cttteaagat
tcactcagtt
ttteectecte
cgcagtgeat
tegagatete
tocttatett
ttactaatat
teeoctacgaa
agatcgtcat
ceatetactt
cgttccctat
tctgaaccat

127740
127800
127860
127920

127980

128040
128100
128160
128220
128280
128340
128400
128460
128520
128580
128640
128700
128760
128820
128880
128940
129000
129060
129120
129180
129240
129300
129360
129420
129480
129540
129600
129660
129720
129780
129840
129900
129960
130020
130080
130140
130200
130260
130320
130380
130440
130500
130560
130620
130680
130740
130800
130860
130920
130980



catetgrece
ttteggtttt
gttectgratt
cactatttec
gttggtaatc
ctaatggatt
taattggtty
taggcttagg
cgggttetac
ctetgtttot
categtcate
attgataaat
atgtatattt
ccatgatata
tgataaataa
cagtgtatag
tgtgatcaat
atcogtattt
tctegibctga
catactttece
tatatacatce
ttgatttett
ttettgtttt
ceteagtgge
tttattataa
ctceccatgtg
gggaacagta
gtttegatgt
aaattaagat
tctttttiga
tgtetgggaa
tcatcategt
coctgtatecag
accatattte
atagcatgaa
ttattaaact
gcatcattgce
tattcaggaa
gcgaaatceat
ctacctatet
gatcogttta
attctcagag
ttattaataa
tcgtgattet
gtaatcatat
atgatggtct
getectaatyg
ataacttcogt
ttatcccatyg
tgaaccgtiyg
tttttgaata
ctgaacatca
ttccaaccta
tgttgttaca
attgtegtcet

atttitgaata
ataaacagaa
caattcggta
goattettece
agcgattect
gtatggettg
gteocteatct
caaatgcttg
ttcagaatat
gtatctateca
atccgtatct
agaatcaygat
tagatctcca
atctggaaca
atectgaacca
gtatgtcttg
ttececaataga
tctatgaata
cttaatgagt
tgtagtgttg
tttaatcetge
atctgtagtt
tettgagaga
gaaatctttg
aaaatttatt
geggaatact
atgtttgeat
gatgttectaa
tatgatcecaa
caggatcagg
acggtggteot
ctatgacate
ttgcatttte
taaacccaaa
ttegettate
ctacataate
tazattttte
cactcaaact
tcaaaaatet
ctttattaty
cgttaaacca
ctatagttaa
gatttttatc
taccagatat
aaatgtttaa
tgtaatatte
gagattttet
gaataatgtt
tttcatctat
gtacaattece
tacttttaat
atecttretag
aatagaactt
ttagtaatct
tcatcgactt

tcecctgtgtt
tcecttteca
agttitetet
tcgeatttat
atagecgtto
atagecatcat
cetecagtag
tegtacgegyg
tettttctaa
acgctggaat
tectgaaacac
ttagtattaa
gatttcataa
ctaabtgggty
ctaagtagat
gegteatate
ttaattagag
tcacatatcea
cgtagtieag
attctagact
tcteeogttaa
aatgacttag
cetgatteag
gagtgetbgyg
caaaacttaa
accatetate
atttatettt
cctateaact
tgtgtttaat
ttctectaca
agggtgaggc
atettegact
agcactcgac
atgtatgtgt
gttatcgggt
atatccattt
aatagtatca
aaatgtccag
accacttata
aaaaccggea
taaatacatg
ttgacegtgt
attgectegtt
tatacaaaat
cgttttaaat
attctttaaa
atteteatce
tctatgtttt
catagattta
gttccataaa
taacaaaaga
ccagagatat
catcgttgeyg
ttttktecaa
taacaattgce
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ctttgatete
aagtcctaat
tggcttectte
ctaaccattc
ttgtaattgt
ctttateatt
cgtgtggtte
geacttecte
gagacgcgac
caatactcaa
catcatatga
acagatcctt
tatgatcaca
acgaaaaadga
aatgattaat
ttgtactaaa
cagegggaat
tgttaaaaaa
cagcaacata
ccacatcaac
tegtegaacyg
tgatatcacg
aactcaactc
tacattttte
ctacaatecgg
gecatgtggat
cttgecagta
gcocgetgtat
atatgattat
ggaagaagtt
toeggtateg
tcgatattta
tgaatattag
tgaacatcag
ttatctictg
ctattgtttg
aaaacagaat
gatteotocta
gatagatagt
ttacgatcat
ggtgatccta
aatatttget
attteagaat
actatatata
tttgtattea
atataatatt
attttaggat
ctactgatge
aacgcagtaa
tttataatgt
gttaagttac
catagcoget
tttacaacac
attagttage
ttcgegttta

ttttgtaagt
cttactgagt
caactetgtt
aattagttta
gggaacataa
attaggggga
ttcaatacca
atccatcaag
ttecgggagtt
gttaaggata
catttcatga
aaccttttia
tgecttaaat
tacagcacca
gttaagaaag
caggctaaac
accaacaaac
tecttgataga
agtcataact
accattatta
ttctagtata
aagaatatta
atcgttcocat
aataaggtte
gtaattataa
ggacagtagg
ttactgcata
cacaacaata
caagtettat
tecggectett
gagtgggttt
ttttgctate
cgecattcatt
tactategtt
tcaccttage
ttctaatata
atcctaaacce
aatacgtaaa
acataaatgoe
atatgtegtyg
taaacatgaa
tacatgcata
cgtatatata
aaatatattg
atgateccatt
gtgttageeca
aggctttcat
atgtatttge
tgctegceaac
tegecattta
tcatatggac
cttagagttt
ttttetattt
cgttgttiga
gecectetgget

cggtegatte
ttatcactaa
ttaaactcte
ttaataacta
ttaggatett
tggacaacct
gtgttagtaa
tatttataat
agtagaagaa
gegaatacet
agtctaacgt
gtaaacgecat
gtcagtgett
tatgctacgt
aggaaatatt
agtttgttaa
atattaccac
agagegaata
gtaaatagaa
aaaatagttt
cagaaacact
cgaattacat
agtttttcta
gtgaccteoca
aatcgtagat
taatggccat
ttgtcccaat
gtatccgatg
acgatccagcyg
atgatattea
tggattataa
ttgatgatgt
gtctattatt
gatgagtett
aattectttit
aacgagtata
atataatata
ctttaatagt
gtatagtagt
atatacctgt
tttatttecta
cttgatacge
aggagtacca
acccacgtta
atcatacget
ttgeatigga
aaagtcccta
ttegattitt
attaacatcet
tataactcat
gececgtecagt
cagcgtgatt
gttcaaactt
gagtttecte
ttttageage

131040
1311690
131160
131220
131280
1313490
131460
131460
131520
131580
131640
131700
1317690
131820
131880
1319490
132000
132060
132120
132180
132240
132300
132360
132420
132480
132540
132600
132660
132720
132780
132840
132900
132960
133020
133080
133140
133200
133260
133320
133380
133440
1335900
133560
133620
133680
133740
133800
133860
133920
133980
134040
134109
134160
134220
134280



ctttgtagaa
tcegtccatt
aacacatgga
ttgecategtg
tccaaatatg
ctttacateca
acctatagat
ataattttca
cacaataaaa
tttacacgca
ccgatggtat
taagtcatta
attacctacce
tataatatct
tagtttaccc
gatagtttta
tgaaactatg
agaactcttt
tttatctace
taaagttatsa
ttetetagta
taccgcagtt
gtttaacaag
gggttcegagt
gatgttgtte
aatttatagc
tatctttatt
ccatttaaat
ttttactagt
ttttatcaat
tacacttagyg
aaagattaag
cgttgttaaa
ggtaacaatt
gacaagtagt
"gactattgtt
gctattgeac
agaatattga
ggtatcggta
caatcgatta
ttteceettt
actacaaaaa
tagtagaata
gcattttgat
atgattttgt
ttctagagat
atctgggtta
aaacagagat
aaacggcatt
tatatttaca
tagtagggag
acaccagaaa
attcagggaa
atttecactac
atgtetgeta

aaaaattcag
taaagtacagq
ttataaatat
ttaaatttte
gaagcggata
gaaattagtgt
tttgaatatt
tatattgagt
aaaattgata
tcagacaatg
gattctaace
acaaacaaca
ttaatcatgt
ttgaaacacyg
ataggagaaa
acattattat
tettegttta
aaacgatatt
atagttacag
taattatege
agtatcttat
agccattect
ggccatttta
tcaacgacga
gattgatttg
ggatagcaat
attagataaa
attatataaa
aaagetgcaa
cgtteocaaaa
trtttggaaa
attaaacata
tacttgtctg
aataatctaa
ggagcaattt
acaaaagtta
aattitgttt
tttactaaaa
catatacgta
ttggatctag
acaggcatcyg
tgegtaatgt
atagacgtgt
agtttatcge
gogacageaa
tectgactac
taaacgyggtg
agtaaataga
tttaataaat
gttactaaat
gagaacaaayg
acgacgaaga
agaataaacg
tatctatgat
acgaggcetgce

ttgctggaat
attttagaaa
tgatgttaat
taatggatct
caaaaccgtt
cgttgacate
cgaatgctge
aaccctaggat
gagagttcat
ctttaataaa
tagaattaca
ttccagacte
gattatgaat
atttaaaatc
taactataasa
attctetatt
ttaccgtacc
cttgaaatac
aatttgtatc
gttcagattyg
gtatatgttt
cattgacagc
cgagattatt
ttgaattcte
gaattetttt
teatgtacea
tttatcaata
catttgtgtt
ttacacactt

agtcgacgge

aaacatcatt
agggaatgtc
gagygaggtat
agatgatgct
acaaattggyg
ataattatga
ttgtacttte
tatctatgtt
attcacctte
ctgtetgtat
atcgtagcat
tageceoegtee
ttaaatgect
ctacatcatc
tacattttte
taacgaaatt
taaacaagaa
tagtttttcc
tttetettga
taatttgata
aaggcacate
gcagacatct
caaacgcegtg
taccatgtcc
tattactgac
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tgeaagatecyg
ctgacactct
aacatcagaa
agtattattg
tcetggataa
ttgaactcte
atgagtagca
aaaaagtaaa
ttataatcta
tagttcaaca
tccgaaaaag
tggattataa
attggctatt
aaaccacgaa
tggagatcta
aaatacctee
tgaactaaac
atgtaacaaa
cttatctata
ggatctttte
gtaaaatate
ggtagatgta
aaatcettgt
ttecogegga
tcgacttttt
cggataatgt
aatgtgagaa
tgtaacttat
tgtccgtaaa
ggacattttt
ttataattgt
atctgtattt
atatcatgat
attttacatg
atcgtctate
tgatacattt
taatatagtyg
taacttttgt
acaaaatacy
catatteaac
attttcegeg
taatattggt
tceaaagett
aaaaataagt
tatgttactt
aatatgattt
tatatgttta
agatccagat
aaattgtttt
ataaatcaaa
gtgatataaa
gtgttctecg
attggtetat
geghttctea

geogetgttyg

tecatectocgyg
gcgttattta
aatgtaaagt
ggtccaactt
accacacatce
ctatctaaty
ttaaattect
cacaccgeag
ttagaagctg
tctactttty
ttgactatgt
gacgatactyg
agageacctt
tatactteta
aatacaaaab
acatctaaaa
gctataaget
gtttecttta
atataataat
aaatagacta
ttecatggtgg
ttagacaaaa
ttgataaaty
tgectgeatga
gtttatatta
agacgcgtat
gtttgecetceg
tegteottita
acataaatat
aacatggeat
aacgattcaa
tataagccaa
gatttggttyg
gatttatcat
gatagacttt
tttgacgacyg
tttaggttet
tectatgacgt
gagtcttega
atgtttaata
tctgatatgy
acgtgtctat
aagaattcta
aaaaagtgtyg
ttagttecgta
ggccaaatgt
tattttttaa
cctecctgtta
tcttggaaac
atatggaaaa
taacatttat
ctactgttta
gtattagaat
tagtgcgeet
ccgbtgetge

ggaaaagagt
tatttggtac
ctatacattg
ctgectgaaa
tccactttty
cecggtgttce
taatattgec
ccgtegetac
acaaaatttt
tecatategaa
tcatagtcat
tttegheaca
ctaagaaate
cgaagaaagt
coeggateotat
atgttaattt
ctattgttiyg
actcggtogy
caaaatcgta
gaaaccoeat
gaatatgctc
ctattccaat
tagccaatga
tgaacgacgy
aatattttaa
tgecgecatega
ttaaggtett
tggaatagtt
aaacaccagc
ctattttaaa
taactaaaga
agecattetac
tattggggaa
atcatggagt
ctcoctaaatag
atgattgate
ttttcatatg
ccttategge
taataatage
tatcottteg
gaatgttaaa
aagtttggca
ttagagtatt
ctygattttit
tcagattata
atceateata
ctagtgtaga
aaaccattct
aattcataat
ctaaggttgt
tatcatgatg
cggagacaaa
atctatggtt
aaatcaatgc
tgratcatet

134340
134400
134460
134520
134580
134640
1347060
134760
134820
134880
134940
135000
135060
135120
135180
135240
135300
135360
135420
135480
135540
135600
135660
135720
138780
135840
135900
135560
136020
136080
136140
136200
136260
136320
136380
136440
136500
136560
136620
136680
136740
136800
136860
136920
136580
137040
137100
137160
137220
137280
137340
137400
137460
137520
137580



actcatagaa
ttatattacc
aaagcaaatt
tggeteatty
acatecgatt
acaatgaact
taagtaggtt
ttagtggcat
atggatggat
ataatgeggt
atctgagagt
atgataaatg
ttaaacaact
tggttaaaac
gacaacaaaa
gttattacte
tcaatcatgy
gtacgggata
gttcecteagy
agatcaaaaa
aaacatcagce
gegtataacc
aaaatgaaat
attgatggga
aataaatatt
atcacggtga
aaaaagatac
aagagttcta
cactgtagtyg

gacgatgata,

agcacagaac
aatgaacada
gtacttaatg
aataaaacca
agtgagaata
gatcatgaac
ttataaaatt
ttcectgtat
tatatagata
acggtacttc
cttattecte
atctctatag
gtaatcatat
gttgttaaag
tatgtaaaca
gtcaccgact
tecccttataa
tectgecaagt
gagcatcegt
gaacaaatat
taatagattt
gaaaaaaaag
aactctgttg
ataagatcaa
cttcecacgte

aggttgegtc
agggttettg
geactgecgaa
attatgttga
atcaagattc
aatatttatt
taagaagttg
aggaacattt
acaatacaat
ttatcagtgt
attgtttagt
gttagatatt
aaacagtacyg
agtatgtaaa
aatgaattaa
caatgggtgt
actttatagg
taaaatattc
attctaatga
ataccatcat
cattttatct
tgtatacage
tgtegtttaa
aatgcaatag
gaactagtag
ccgtagttge
gtactgteta
attccagcaa
ctatggaaca
getteogetgg
acatttacga
ctatttatca
aagataccaa
gtatttgtag
atecgtttag
acgatgatat
gaagtaatat
teggeattte
cagaacatca
ttaccaacat
atagattatc
ataatgacat
ceccactgag
cggatatacc
atctgtcact
atttggatag
ccatogacga
acataaattc
tcgactecagt
tgtacggtag
ctagtatyggg
ctattatcaa
tatatctact
ggattatatg
tactageteyg

tagcactaca
ttatatatta
atcatcaaca
ggatacatgg
tgatgtatca
tttgtacatt
teggtgecgg
ctgeattaca
aaacattgtt
cgtaaattac
attttttata
aataatgata
acggatgetg
agtactcecaat
taataagtcg
gttgactata
accatacatt
cgacatgcaa
tttaggctaga
catagcatge
attccecatet
tggagattat
ttecttecatte
taatttttta
tacgtatatt
gggaacaata
taatgacaat
atctagtaaa
aaacaatgac
tagtttaata
tagtgttget
gaacactaca
acagaatcct
caagtcaaat
acgagcacat
agaatecatcg
ttagtattat
taaaattagc
aaaaattata
cttaagegta
gacgattata
caatggcaaa
taaatgtgte
tagecaaacga
gattaattat
acagatatgc
taagcaatat
tagcatcgag
atacaaaaaa
aattgataat
gatcattaat
atactgtacg
gataaaactyg
gaacacgatt
tggtattata
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caatatgatc
catteagact
ctacccaata
ggatctgatg
caagaagtta
aataaatgaa
ccgetataat
aagaagaact
atttagatac
gagcectagatt
aagattatig
aagatataga
aagcgtgtta
ctgtactatg
ttaacgtacy
acagatacat
ataggtaaca
aaatgetact
ttcaacattt
gactatgata
attgatgttt
catctaatca
tgeatatcag
tcataaaagt
gagcaatcag
ttagtatgtt
aaaattatca
cecaactgata
gtagataata
tgggataacy
ggaagcacgc
gtagtaatta
aactatteat
ccgtttatta
agcgatgatt
gtegtatcat
tgctgeegte
aattttattg
tetgatgaga
gaagttgtaa
ctctgtatta
aatattetaa
gtagttagca
ttggtaacat
ttgoeghtgt
gatcagatat
cctattocat
caagatactt
atgcagtegt
ataaatatga
catctcectaat
gaatggattc
gaagcaaaaa
attataaaat
cacatgcecta

acaaagaaaqg
accagttatt
aatccgatgt
gtaatccaat
gaaagtattt
atcgcttaat
gatgatactc
gatgcoctagt
taacattaaa
geetagaccet
ggtaagttta
tattagtaaa
tatatacaag
tgttaaaaaa
cegeeatgyga
tgtatgatga
taaaaactgt
ttagetataa
atagcatttg
tcatgttaga
ttaacgetac
tcaatcctte
acggcaatygy
tgtaaagtaa
aaatgatgcet
atatattata
tgacaaaatt
gegaatcaga
tttctaggaa
aatccaatgt
tgectaataaa
atgaaacgga
cecaateottt
cagaacttaa
atcttaataa
tggtgtgatt
acgttgataca
ctaataatga
tcaatagaca
atgacaatga
gttetgtegg
cctttececat
agggtcctac
cgtttacaaa
ctgtattcat
ttgctaataa
caaactgtat
taatceatgt
acaattctect
gcattagtat
ctctaaatac
attctettet
atctgataga
aacaatagtt
gtaatagtcet

ctgtaatggt
ctecggatget
cttgactacce
tacaaaaact
ttgtgttaaa
agacaaactg
tcaaccatta
gettgegeca
atgtctacag
gatactagac
aaaaagacca
ttaacaaatt
tetggaaaac
ttctacaagt
cgeogegttlt
tectecgatate
ccaaatagat
gggtaaaata
tgcegeatac
tatagaagat
aatcatagaa
agataatcty
atggatcata
ataataaaac
ggtacctett
tatttgtagg
aaaaaagata
ctgggaggat
tgagatattg
tatggogecot
taatgategt
gactgttgaa
cgtaaattat
caataaattt
geaagaacaa
agtttecett
aatggagata
ctgtagatat
gatggatgaa
gatgtaccat
aggatgtgtt
tgatcatget
aaccatattg
cgacatacta
tattagacga
taagtygygtat
aggtatagtce
ttgtaacctc
acctatcaag
ttetgtggat
crcataaaac
ctttttatga
aagaataaga
cectggteect
ctttgegtty

137640
137700
137760
137820
137880
137540
138000
138060
138120
138180
138240
138300
138360
138420
138480
138540
138600
138660
138720
138780
138840
138900
138960
1390620
133080
135140
139200
13582690
139320
139380
139440
139500
139560
135620
139680
135740
138860
139860
135920
1359980
140040
140100
140160
140220
140280
140340
140400
140460
140520
140580
140640
140700
140760
1408290
140880



acggaaagca
cagataataa
ttaaaatgta
acagtaacca
tcaacaatce
ataactctat
atacaacgaa
taaagataaa
attteacagt
ctttatatte
tatgeccakttt
tatccaattt
tatcattaca
ggtatatcaa
tatttatttt
aaataatttc
acacatttte
catctataaa
atcccaaaty
ctecettatea
taaacatatc
atttattcac
aagacggtac
ttgtcaaaat
tgtctagtcea
gaagttatag
atgtattett
ttaaacaatc
ctcctggtat
aacaatataa
gaccgtetgg
gaatatactt
gtagctegea
tagcagatat
cttaatcecgag
tgetgegtaa
gtagaacgta
agagaagatt
gatcgaaaaa
ctaattaaga
tgggtaggag
gocacgaaga
ctgeattcegt
ttagatgttt
attaacaatt
aataatctct
tgacgtatgt
catcagaagg
tgaaatcectt
ttaattttac
aactagcaaa
faagaaaaca
catatttatg
ctacgtaaac
catacactgt

gactagaaat
cagagttcca
tceggeccaat
aaatgaaaat
gataatatge
catggcaata
tatcgatgta
catcaacatt
agattttatt
cataatcaat
acttaatatt
ccatectaata
tgetgtatac
cgatatteta
attctatttt
tacttactta
aaataataaa
agtagaggat
ttggaaaata
aaatagcaaa
aaaagaagga
ggcggataac
ttatgacaaa
tecgtatata
tagatggtcg
acaaattatt
cgatagtoct
ttottetacyg
atgtttacca
tgtactagat
tgttaaatgg
cataaaagaa
agtcgatgeg
agggatagga
tacacgcacac
tatgeggtet
aattagttca
gtectactga
cetgggagga
tagagactecc
aatccgaaat
atggaactaa
gttacactat
tagaaaaaaa
atcaaatttt
tagtgttgga
agtcacatcg
aggaacagtt
tgttttatcc
tagatcgtea
cttcgegtat
gtttaataaa
gatttcggat
ttegatteoce
ttgaaaacta

aacaggctaa
tcaacacatt
tgatagtaga
actttagtaa
ctgagagtaa
acacaaccaa
taagtgatct
gtttggtaat
ceagtgttat
gagacatcac
gtecgtettgyg
tactttgteg
tetatggtet
actettygaca
gctaacggta
ttagacgacy
ctaaacaaaa
gcggataagg
gacggtteag
gtaacgataa
attaaacgat
gtaattecaa
gtttacatte
gcacaaatgt
acgttteteca
cattctagaa
tattccaagt
tcaaaattgg
gctyggaaaag
gatattataa
ttcgatataa
aattctatat
cgactatttt
gtaggaatge
gacaatgaac
aattgteogga
tacaccatta

ctggataage

aggacgtaat
aaacgagtta
attaaaccag
aaaacggaaa
ataacaatta
taaatatcgc
ttctttaata
atggaatget
tttacgeaat
ttaaagtete
acttcacatt
tgggtcatag
acggtatege
tcaacagaaa
tcacacgttg
atatattectt
aatggtatac
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aatgttcaga
cotttaaact
taatgagatg
ttataagaaa
acattgacgyg
atacttgtaa
cgagaaataa
cattaaacca
ccteogeatgt
tatctgataa
aagttttatt
gattatctat
ttgtagttgt
trttetattt
ttgaatggca
tattatacac
ctggtttaac
atacattagt
acgacccaaa
t.cagtcacaa
ggagaagatt
aagatggttt
ttttcactga
gectaaacga
aagtcgaatt
ctataaaaac
cageattatg
aaggatatac
ttgttecaca
agectttate
aggagaagga
attegttcga
cagtaatggt
cacaaatgaa
aaacataaga
attattttta
atagataaaa
tataataata
geatgcaaag
agttttttaa
acaaccecat
tatatttgta
cactacattt
cgtacegttc
ttttacgtyy
gtttaatgtt
agtcagactyg
ttggttttaa
ttaaataaat
aatttatagg
gattagtgta
tatttaatce
trtgtctgag
tattgtcaga
acatcaaaat

caccataata
caatcccaaa
tacagcecgeat
tatagacggt
ataaaacaaa
gattcctaaa
taagaataaa
attagtatga
ataagtacct
cgaatgaagt
ataagttaaa
agtacacgga
tataacaacc
atttaaaatyg
taagtitgaa
gggtgttaat
taataataat
atgeggaacce
acatagaggt
cggatgtgta
tgacggacca
acgaggagea
tactatcgge
cgaaggtagt
agaatgtgat
agataatgat
tacctattet
aaagcaattg
taccacgttt
taaccaacct
aaatgaacat
tacaaaatct
aactgecgaaa
aaaaatactt
cagattatge
cagegacact
cgataaaaga
aatgtatcca
ctctaaattc
gaagcettag
ataattttat
gecacaacgaa
ttatecatace
ttgtttttat
ttgaccatte
tccacactea
tagttectate
tectattaceg
gtccactata
tteccgtagte
tacaccaact
teogtttgat
gtgttcgtet
atcgcatace
aataaataat

gttcocecaace
cceaaaaceyg
gataatttac
aatgtcatca
aatgctocge
ttagtagaaa
gtaatgccoog
agttgaacta
gagtaagatat
ctagcactag
atatcatggt
ataatgatgg
aacgtataga
atacctttgt
acgagtgaag
ggggeggtat
tatataacaa
aataacggaa
agaggatacyg
ctatcotgaca
tgtggttatg
ttegtecgata
tcaaagagaa
ccatcateat
atcgacggaa
acgatactat
atgaatacca
cegtetecag
gaagtcatag
atcttcgaag
cgggaatata
aaacaaactc
cegttattta
aaaatgtaat
tggttatget
attaaaagtt
tgcatatatt
tttatctact
aaatteggat
acgaggctat
agctaagaat
tactcccaaa
actacttegyg
aaaaataaca
ttggtggtaa
tegtatattt
atgettecta
ttagttttca
cattettttg
catggatceca
gtatgaaaat
acagatgege
agtgttgett
gatttatcat
aacgagtaca

140940
141000
141060
141120
141180
141240
141300
141360
141420
141480
141540
141600
141660
141720
141780
141840
141900
141960
142020
142080
142140
142200
142260
142320
142380
142440
142500
142560
142620
142680
142740
142800
142860
142920
142980
1430460
143100
143160
143220
143280
1433490
143400
143460
143520
143580
143640
143700
143760
143820
143880
143940
1449000
144060
144120
144180



ttctgcaata
tattggattg
tattccaata
aaattatcga
agactacaaa
gtgaaattat
attgtattgt
ctgagtacge
tgatgggtaa
ceegtgtacy
taaatgatga
gcatacagtt
ttgtattttg
agatataatt
acacatggtt
ttatcaggaa
aaaaatttgy
catcggtcca
aatgacaagt
ttgatagtga
attagaaatg
atcgtataac
tgtattatta
aaatattate
ataaaaataa
cetactogat
gttcgttega
ttgttagtac
gatggttttc
catcttggaa
tetgatttet
tcecggeaccea
tattotattr
tatttacttt
atcecggaacg
cataggcagt
tgtttattta
aaaaaatgat
aatacatttt
caataaatgc
ttaatgatac
catataatag
ttggttgege
aactgatttt
cattgatgac
atgagaaact
atatgatatg
gggaattgac
tteccaatatce
ctgagagcat
ccgtaaccga
aatataattg
ggagtcttat
gtatgtttga
ggtattgacec

ttgttatcgt
tatattttat
gatgtcttat
ggatatctca
gaatgttcta
tectctecate
atatactaac
cectgtatet
goccaacaaca
tgcaactggt
tgatgaaatg
catcgatttt
ataggatcta
ttattaatcyg
attttttaaa
acttaaaata
caacgagtac
cgtgtattac
ataatgacat
ccatatacgt
gataaaatca
ttggaaaaga
gegeaatoady
gatattgaag
gtatataaat
tattttttta
atgcecacate
acaccttaaa
taaatagaat
accttaactt
tgaacatcat
ccagtaaccyg
tactaaataa
gaaccagtecc
tatagtttga
ccagaaatat
gatacagatg
cagagattag
cttacaatta
attagtttac
acactacact
acataatgac
ggttaatacg
agcagaatat
actagatgat
taaagtagac
ttgtgattct
aaataaaaay
tgagctatet
agaggataaa
cagggaaacq
ttgtatttat
agatgtatag
ctttatggtt
tctcagaate

aattggaaaa
tttatatttt
taaaaacata
aaaaataata
geegetatte
actaatcgta
tctctaatygy
ccgategtta
tccagacgtg
aattaaaata
gataatatcc
tagatttcat
taatgtagta
cacgttaacc
acacaaatakb
taatgatata
atctactata
tataatagga
ctatgatttt
gtttaaaaaa
aaattacggt
taactattga
ttgetgtega
atgacgatga
actttttatt
aaaaaazaatl
gacgtcaaaqg
tgtagtgttg
tcteocttcata
tegaggttat
ctgcactaat
cgtacacggce
tggetgtity
atggaaaaga
taattcatcg
Ltatcggtaa
taaatatate
cgtgtggagt
acgagaatgg
ctcttetacte
gtcgaatttyg
accatagaga
ccggttagta
ataagacaca
ttggctatta
teecgattegg
agaatagtag
tataggtgta
agactacgat
tttgattatt
gatgtataat
cccattccaa
aggtcagata
agaccegeat
agttgeegtt
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atagtgtitcg
gtaataagaa
tataataaat
agttcgagga
ctaacagaac
atattctaaa
atgagaacac
tagegagaac
acgtgtatag
aaaagtaata
atattgacga
tecagaggatg
aatataaaat
gtagatgaac
gattcactta
caatgcteag
ttaacatcta
tacgatteta
actgcaatat
ataaaaatga
tgattcaaaa
tgtcacacct
agaggcaasa
tatggatgta
tactgtacte
acttattctg
ataggggagt
gatatecttea
tcattcttge
tggttigtygga
taacagtttt
cattgectgeo
tataatagac
taaagtttta
ttacggagat
catctttgta
tacaattatt
tattggtatt
cgtttgatat
agcaaaataa
atagggacaa
taagaggggt
tgacttactt
gaaatactat
aacagtatgg
gactatttga
tagctctate
tggecattage
acaatctatg
ttgaagacga
cttctttata
tcaccttata
ctggtttgat
actttaacaa
ctggaacatt

agtgagttgg
taaaatgcta
aacaatdget
tgcecgecatce
atttgccaay
acctettatt
gtatgctatg
tecataccgea
aacgtgtaga
ttcatatgta
tgtcaataat
tggaattatg
ataatccgca
tagacgataa
atcctagttt
taaatgtate
aacataagac
ttatatggta
gtatgctaat
actcttaatt
attggtaatg
aazaagaaaa
gatgtcaagy
gaaagcgcat
ttactgtgta
attcttctaa
agttaaaatc
acgtatagtt
acgcgtacat
tettectacaa
actatatacc
acttcataata
cacgataata
ggatcagtta
attagtcaag
aacagatatg
ggaaaggcgt
tettacataa
atcagttaat
attagtcata
agtagttgac
gettoecagag
gtataataag
atccggeaat
agacattgat
ctttgtcaac
tagtctagta
cgaacatata
taagtatcta
tgattegtet
gegtgaagga
tgattctgta
aaactgttta
atcactgaaa
aaatgtattt

attatgtgag
atgtcaagtt
gaatggcata
gttgattaca
attaatcegy
ggtcagaaakt
gagttgetta
cttatatttt
gatcacgcta
gtgtcaattet
gocggtattyg
ttatgggeat
tattccatat
tgtectttttt
gattgtcteca
gtgtcoteatt
ttattectcta
taaagatata
agcgtcectaca
atgetatget
ttgttaccat
aagaaaagga
tagaagaaaa
aatacgatct
gtyggtgatac
ccattteoogt
tagttctgea
gttgagtagt
ttttagcatc
tatctatgac
tgcctagaaa
tcagactact
tcagaggagt
ttggattaaa
gatgtgattc
gtgtagcata
tatctattte
atgaaaagat
gcgtctaaaa
cgtaatgaag
acgtttattt
gaaactaata
tatagtttta
atttattcgg
ctattattta
tttgtaaagg
tectaaacatt
tctgatagta
cgoeggacaca
acatgttetg
tatgataaaa
acacaataaa
tteccacataa
attggagtta
tttatgatat

14424¢
144300
144360
144420
144480
144540
144600
144660
1447290
144780
144840
144500
144960
145020
145080
145140
145200
145260
1435320
145380
145440
145500
145560
145620
145680
145740
145800
145860
145520
1459890
146040
146100
146160
146220
146280
1463490
146400
146460
146520
146580
146640
146700
146760
146820
146886
146540
147000
147060
147120
147180
147240
147300
147360
147420
147480



actccaacgc
ttagttgtet
ccgectoatt
agctcatett
atggatttat
tagaagatga
gatggtctac
acttttctet
tggacaagat
ataaaggtag
ataaattgta
gaaggattyy
gcaaacacga
gatgactatc
geaaatagat
atagttgata
acteteagta
tctggtageca
caacaaaagg
attatttett
gaggetatac
attttttata
acttggaatc
aattagttat
attttatcat
atactattaa
tggactgggy
acaatgtata
ttcgtatett
ggactatgey
catatcaatt
tacazacgeg
gattctaaag
agcatagact
tttctegaaa
tatacatgeg
gttatcaaga
acatcaaatg
tttittatta
tataggctet
teatetacte
aaatagggtt
atctecccaac
acaccgataa
gtaactggeg
aaacaatggth
atgttatatt
aacgagatat
tataagatat
gacattggat
gctataaaygyg
atgtatagca
caaatgtaga
tagaaattga
cactegttat

atttatgtgg
agtatttaac
gtegettata
gttateggga
catcategtt
tttetgaatt
tttaatatgt
aaaggatgac
ggacagtcta
acctaategt
aaaaatatgt
acaaatetgg
taaaatatct
taactcgtaa
gggagtttge
gatacgcatt
agagttatga
aagaaattaa
tattacaaga
ctgaattega
acacggttac
aatagatgtt
agtactogga
tgccaagata
gtgtagatca
aaataactag
atggtctata
caaatgtacc
tetgggttaa
tcgaagtaaa
tgtacatcga
gtgacatgtyg
aaccagtace
ttgtcacaac
azattactcce
caattagatc
gaaaatttaa
atgttaccac
atgatacaaa
aaccattttc
catgtctatt
gtgtataatt
tgcaagtgaa
attataaaaa
gattattcat
cgattataga
ttgccggagyg
cttgttacaa
ccatatcatc
atgtggaaaa
cattatcaac
gtattaccct
agatatcata
aaataataaa
taataccagt

gcatacaaca
aagagaagag
ttgatgatgt
tecaagttet
tttatgttgg
atttcatata
tetegtetaa
gttgcccaayg
ttttcettag
cteggatgac
taggtttaca
aaaaacaaca
taactttect
aaaaacctat
atcttttata
ttctggagta
atctggattyg
tagaaacgte
atataaaaaa
ggaagatgta
tggaccagtyg
agtacagtygt
tacgtgteeyg
gaaactatag
aacttggata
ttataagttt
caatatatce
agaaggaaca
atttgaacaa
aattggacca
gcatcecgtat
tgatatctac
atatgatatc
agaaaaagtg
atggagttcg
caaagaagat
tacacagtct
ttttecttage
aacgaaataa
aagatgaggt
agacgataty
gccaaagatt
ggattgataa
aagcaatgtyg
aaataactct
aatggctagg
tctatecgtt
tecetagaacyg
attgtgtaaa
gtatgatggt
ttctecttat
atagttttat
aatgaaatag
aacattaaca
agtaatagtg
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agtcattact
atttcaacay
cgaattetec
ctaaagatgt
acatgagett
tckctetett
gagatgaaaa
atccretett
atggtttaat
catatattta
aaaatgtctc
caatgtatga
cagagatcca
aatgatcata
caagaacaac
gegtatgeceg
cctaaaccey
ggcgaggaaa
ataattgaag
aagaaggag
gggeaactgt
tataaatgga
atatgcatac
ataatgatat
atcecatttat
gaatcegtca
cttaaaaatt
tacgacatat
ggcgattata
cegactgtaa
gctactagag
tegttgtata
gatgactacg
tgegtgacag
aaagtatgtce
gttceccaatt
caatcttatt
atgcttaact
aactgeatat
ccctgattat
agaagactga
tctatcecega
ctgaaggcaa
tcegetgttt
aatagcacga
gtatatcacy
accgaacaat
aataagtggt
ctaaataacg
geatggaagt
tgattgaaaa
tgcttactac
atagagagaa
agaatcatcc
attcecattga

aatggaatat
actgtttatg
caatatcatc
cattaaacoo
agtccgtttg
taactccagyg
tetttggatyg
aaatgaatcc
attcttgtta
ttttcagttt
gtggggcatt
acatcatygga
ctgtcactgg
tagttaatct
tagaacagyy
cegectaaagg
acttagttat
tttatgaaga
aaggagatat
tgattaagaa
gagatgtaata
tgaageatat
cgaacteogea
attaaacaag
ctetttecta
attttgattc
atggcatcaa
cegeatteec
aagtagaaga

cattaactga

gtagcaaaaa
cggotaactt
attgcacgte
cacagggage
tgacacctaa
teaaggacaa
taactaaatt
tgactaaata
tatacactgy
agtccttetyg
agaggaaaca
aagaactgat
tggattcagg
cogttaataa
tcgtggacat
gratcgacte
atggtaatty
ttgatatttc
tettetatagt
tagtacatga
tgaaaatata
taacatygygat
agaagaaata
caatgaatat
taaagaagty

tccaagagtt
aactcgaatg
accgatgagt
tegatcatga
teecacateta
aacttgtcag
gttgcacgeyg
atcttatcet
cceatgatet
tattatacge
aatcgttttt
atctataceyg
aaaaatgata
attattttgt
aattacttta
cgegtecaatyg
attcttggaa
tattacatte
tcattggcasa
tatagttata
gtgaaattac
tactetyggea
tcaatatcte
gacattgtaa
gatactgtat
caaaattgaa
gacgtggcaa
aaagaatgat
gtattgtacyg
atacgacgac
gattcctatt
cacattogga
tacaggttgc
cacagaagyg
aaagagtgta
aatggccaga
tcteggtage
ttcataatta
ttaacgeeet
ttecectoka
tggggattga
tgcagtgtte
gatatacgaa
tactatttee
ttatazagac
gacatttgga
agagaaaaac
atatactatt
atttagtaag
tegtcteeoeo
aatagttttt
acagatgtta
ctaaaaaaty
attagagaag
atagaatgta

147540
147600
147660
147720
147780
147840
147500
147960
148020
148080
148140
148200
148260
148320
1438380
148440
148500
148560
148620
148680
148740
148800
148860
148820
148280
149040
149100
1459160
145220
149280
149340
149400
149460
149520
149580
145640
149700
149760
149820
149880
149940
150000
150060
150120
150180
150240
156300
150360
150420
150480
150540
150600
150660
150720
150780



tcagtcacga
aaaaaacaac
atggcaagaa
tcagaaaaaa
acaagccatt
acaactggac
gagaaaccga
aggatactga
actectegagy
gtettteact
tagattacaa
atcttagage
aatggttegg
aaaaagaata
aaccteotgga
ctaattatga
tagagtgtgyg
acgaccaata
cagcgteaat
aacagetate
tctcattecaa
ttttgagaaa
atgcaatcaa
aaccattgtc
gaaaaggaat
agtatgatgt
aacttttecaa
gacaagattyg
tggtgtgact
ggctegtata
actggagatt
acgtatatag
gcagactgtyg
attaggeatg
tgttaaccat
gaatgaacge
ccgttacaat
tataagtgta
gtagaaatat
ctggaggtgt
aatatactag
gtaataggtyg
gtaaaactct
gaattggtgt
ggatttgatt
attgactcgt
tgccattatg
attactgcag
gatactectat
ggacatagta
ttcagtgaca
ttgtteatta
gattccaaaa
atcaagacgt
tttccaaaga

tgtaggaata
tegttattac
atggattate
tttcactagt
gttgtctgaa
acgggaacgt
tgattatatg
atcagtette
atttacecat
aattgactat
cgaggacatg
aacagtttca
tggeraaactt
taaaaaattt
attagttaga
cagactacgt
tagtgttacg
tcgattacta
ctegteagta
aaaatatgta
atccatgaat
aattggegat
caagtgtgta
tcctageaat
ttaccagtga
ctatgtacgg
tcatagaact
atggattaga
ttatggatge
atctggtgga
atagcaatat
atgtcaatga
catcaacaat
ttgatagaaa
tetttttaaa
gatgtttetg
aaaaatagta
gctaattata
gattaacaag
ttgttattat
ttaaaatttl
cattagcatc
atatagatag
taaattttaa
ccatagatat
ctactattca
ataagtacce
agggaaaatg
tgagaaaaca
atacatatta
gtagtcaaat
atagtataca
ttgaatggac
ggcaaacaat
atgatttegt

tagatcatat
atagcaggca
ggaaatactt
tegttctaca
atacgattcet
ggtataaagt
ttcttegtta
gaagcatgeyg
ggaaaaatag
tctagaacta
ataacttcag
agacgaggag
ccatggaaaa
atagctactt
tatatagaat
aaactgttta
gatatctaat
tggatatcett
ttgacaatac
gaaacggagyg
aaagtatatg
aagtttcaaa
gatatcttta
tagtgecegta
ttatcceottt
caaggcattt
geoccatatgtt
atccatagaa
tatgtttata
tactctagta
gtgtaattta
agagtataca
tacaaatgag
aattctttee
aaaaacaatg
taagegttgyg
tcaagaatca
gatatagaag
ttgtacggat
ctgttgatge
aagattitaa
ctattcgaat
agtagataat
agagtacaca
agatgttata
acgcagaggt
ttatattceac
ctataaagga
tactcttaaa
ttcaaaatat
aacaaacaac
cgctaaaata
tggggatggt
gtatacaaat
atcttteotgy
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ctactaattt
tggaatectt
tatattctgg
attacgtaat
atatatctgt
atttggetat
taaagaattc
tcactatgat
aaccgaggaa
acaaactata
gaaatatcaa
atttagaaat
acgaaagtag
tctttgagga
tagtatacac
tacaagattyg
attaatatta
ctatgaaagg
tgtattatgy
agaacacgga
ggcgatatte
ctgttgactt
ctgaggggaa
tactttaaag
tacgtatcte
aatcacgeat
ggagatacta
caaaatctaa
gatgitcaca
aagtcaggac
gatgtgagtg
gaagcagetg
ttetgtgeag
gttggtagat
ggtgatggat
caccggaata
actaatgtat
ctgettttaa
acgcatctct
atctagttag
atgtataaaa
aatgagtaca
atagaaaatt
atttctatta
aacgactata
cacacgtgta
aaatatgatg
ataaaatatg
attggatcta
gatttttaaa
accatgagat
actagttata
ctatacaata
gtaccagaag
gttaaatttg

ttataatcga
caagtattgt
taattcaata
gaagatagat
attggatcct
tcecagatety
gggaagagta
aaacacgtta
tatactgatt
caagagtgga
ttatatgtgt
gttgggatat
tataaaagta
ctgttittect
gttagattat
aaattatatt
gactatctct
agagaatgta
agctaatgga
taagattagce
tgeegtgttt
cactgattgt
aatcaatcca
caaaatggtt
cgacggaaat
ctgtaaaaga
gtatgatggt
cagatacaaa
tteooaagtt
tgacagaggt
tcgacgetat
cagcaactte
atecatccgtt
attgctctcce
acacttgatyg
ctattcatgyg
gatataatta
cgacgatggt
aactactatt
tttgtataaa
aactaataag
ctecgtttaa
catatactga
ttacagagte
aaattattga
gaatatctac
gtgatgagey
aaataagtat
cttatatatt
aatttaaasat
atattataat
agtttgaatc
tatcecttaa
gaacatacga
aacaaggaga

tacaaaacat
tttgataacg
ctetataagg
cacaaatcac
ttgactatcg
tatggaattg
ttcgcocccaa
gagtttatac
agaaataaac
aactcacata
gtagacaate
tgcatgatag
ataaaacaaa
gaaggaaatyg
tctcaaacte
ctotttttta
atcgcgetac
tttatttete
tececactgetyg
gctecagaata
aaagattcct
cgcactatag
ctattggatyg
gacgcecatte
ggtagacgta
atcatteggce
cattcttecea
ttttaagaaa
taaggtaacé
gtteggttca
gatccacaaa
tgtactagtyg
catctatgtg
gacaactaat
gtataatgat
aaatgttttt
atagegtate
atatacatce
ggcacgateg
taattatttc
gtttttatte
taaactygagt
tgataataat
atgcgacgtc
tatgtatacc
caaattatca
acaatattct
gatcaacgat
tgatcgtcat
atattatcac
tctegeagtt
cgteaattte
aaattatggc
catatccgea
ttataaagtg

150840
150900
150860
151020
151080
151140
151200
151260
151320
151380
151440
151500
15156¢
151620
151680
151740
1518900
151860
151920
151980
152040
152100
152160
152220
152280
152340
152400
152460
152520
152580
152640
152700
152760
152820
152880
1529490
153000
153060
153120
153180
1532490
153300
153360
153420
153480
153540
153600
153660
153720
153780
153840
153300
153960
154020
154080



gaagagtatt
actgaatacg
aaaaagattc
aacttcacat
acgtotacayg
ggagccacag
cctaaaaaga
gacaaaatgg
aaatttcteg
aaatattcat
actggttaac
ttetgttoce
tgaaaatagyg
tteatcteoce
gaaacaccga
ttegtaactg
gacaaacaat
ggaatgttat
aacaacgaga
atttataaga
aaggacattg
ceegetataa
tttatgtata
ttacaaatgt
atgtagaaat
aageactcegt
gtatcagtea
cataaaaaac
acgatggcaa
aggtcagaaa
cacacaagec
togacaactyg
ttggagaaac
ccaaaggata
atacactetc
accacgtaaa
actttcaagg
taggaaaagy
tagagcccaa
aaccatccgt
cgtgcaagge
atagattagg
ggtcggtgat
gatattctca
aattatatet
catttataag
cgecataaagg
Ltagatggtt
tagtaagtgc
tgcaatatge
Etgaggaacc
tgtggtgtit
caaccgaaat
atgecetttec
cagtttataa

gtacgggact
acgaccatat
ctatttacaa
toggagatice
agttgcagcat
aagggtttcet
gtgtatatac
ccagagttat
gtagcacate
aactaatttt
gecettatag
ctecatgtet
gttgtgtata
aactgcaagt
taaattataa
geggattatt
ggtegakbtat
attttgcecgg
tatettgtta
tatccatatce
gatatgtgga
aggcattatce
geagtattac
agaagatatc
tgaaaataat
tattaatacc
caatgtagga
aactcgttat
gaaatggatt
aaatttecact
attgttgtct
gacacgggaa
cgatggatta
ctgaatcagt
gaggatttac
acttaaaatt
acttgtgtta
tggatttggt
agctaacgga
tatcgaagaa
atttggtcta
tgcagatcta
gttgategga
cggagatatt
agtggattac
aaatccaaat
atacgttgta
gggaggratc
cacaaaacag
acctagagaa
caattacgac
ggtcgataaa
catggcgatg
tggaatatca
taacaagtat

atgegtegaa
caatttgtac
acgeggtgac
taaagaacca
agactttgtoe
cgaaaaaattt
atgcgcaatt
caagagaaaa
aaatgatgtt
tattaatgat
gctctaacca
attagacgat
attgecaaayg
gaaggattya
aaaaagcaat
catagataac
agaaatgget
aggtctatce
caatectaga
atcattgtgt
aaagtatgat
aacttectect
cctatagitt
ataaatgaaa
aaaaacatta
agtagtaata
atatagatca
tacatagcag
atcggaaata
agttcgttct
gaaatacgat
cgtggtataa
tatgttette
cttegaagea
ccatggaaaa
taaaatgata
actgacaatt
agtatttata
tcattattta
tggaaaaaat
tacaaatccea
gatgcggtga
atcgaaatet

‘aaagcgagta

ggattggttt
aaaatggata
tctagacgtg
ttaccatygga
aaatatgtta
ttgetgeaat
aagtttegge
aattaaaaaa
ttttacgeac
tcgactattg
gacattgtaa
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gtaaaaatty
atcgageate
atgtgtgata
gtaccatatg
acaacagaaa
acteceatgga
agatccaaag
tttaatacac
accacttttce
acaaaaacga
ttttecaagat
gtgagaagac
atttttatec
taactgaagy
gtgtoegety
tctaatagea
agggtatatoe
gttaccgaac
acgaataagt
aaactaaata
ggtgcatgga
tattgattga
tattgettac
tagatagaga
acaagaatca
gtgattccat
tatctactaa
geatggaatce
ctttatatte
acaattacgt
tetatatate
agtatttgge
gttataaaga
tgecgtcacta
atagaaccga
tttcattgac
gcaaaaatca
ctactaatyga
ccgaacagygc
cteacaatat
ttaatgtgga
tcagagccaa
taaataccat
atatagtctet
ctaaatteat
acggtactct
gagatectaga
ctaagatate
acaatactgc
atattaccat
acatattaat
taacttaatt
acgctctcgg
ccaatgatgt
aagacaaata

gaccacogac
cgtatgctac
tctacttgtt
atatcgatga
aagtgtgegt
gttegaaagt
aagatgttee
agtctcaatc
ttagcatget
aataaaactyg
gaggtoectyg
tgaagaggaa
cgaaagaact
caatggatte
trteegttaa
cgatcgtaga
acggcatcga
aatatggtaa
ggtttgatat
acgtecttcta
agttagtaca
aaatgaaaat
tactaacatg
gaaagaagaa
tceccaatgaa
tgataaagaa
tttttataat
ctteaagtat
tggtaattca
aatgaagata
tgtattggat
tattccagat
attcgggaay
tgataaacac
ggaatataat
agatagatca
atgggtegtt
caataattat
attttatact
aaagcacgta
atatogattce
taataataga
acaatttatyg
agatcaaata
gtctaatgge
agaatttaca
aacacttgga
tgaaacaaag
gactttgtta
ggtaaactct
gcaggygtygta
tattattgat
tgggtacgac
caggaaatat
tatgtggtgt

tgtaacattg
tagaggtagc
gtatacgget
ctacgattge
gacagcacag
atgtctgaca
caatttcaag
ttatttaact
taacttgact
catattatac
attatagtcc
acatggggat
gattgecagtyg
agggatatac
taatactatt
catttataaa
ctegacatte
tttatagaaa
ttcatatact
tgtatttagt
tgatcgtcte
ataaatagtt
gatacagatg
atactaaaaa
tatattagag
gttatagaat
cgatacaaaa
tgttttgata
atactctata
gatcacaaat
cotttgacta
ctgtatggaa
agtattegee
gttagagttt
attaaaactt
cacattatga
ggaccattaa
gtagtaaaaa
agagtactta
ggtecttatca
ttggtaatta
ctaccaaaaa
cacgagcaag
gataagaata
gaacatgttc
cctatagatt
tattgtatga
aattgtgcat
atgaccagtt
ttgacatatt
tattattaag
ctegtgtgta
gagaatcttce
tectgtegtgt
tacagtcagg

154140
154200
154260
154320
154380
154440
154500
154560
154620
154680
154740
154800
154860
154920
154980
155040
155100
155160
155220
155280
155340
155400
155460
155520
155580
155640
155700
155760
155820
155880
155940
156000
156060
156120
156180
156240
156300
156360
156420
156480
156540
156600
156660
156720
156780
156840
156900
156960
157020
157080
157140
157200
157260
157320
157380



tgaacaagag
ttggaaatcc
aaaactacta
tagggattca
attattetac
tecgattacca
gaaaggaaat
taaaagttaa
catcgaggta
aactatacgce
atgectgttat
aaatttgtac
gtatcttagc
tgaatatcca
caatagatca
acatacatect
" actctcatct
acacaaagta
agaaaagcat
gtacgegtgt
gtgcgetatce
gtatatggat
attttaatta
actaacaatt
ttaatacatce
tttataaact
tggattittt
cacgcgtgtt
catacgagaa
atattttaga
atattataat
acaatctcgg
atgatcatcc
ttttgtceeta
tttatataga
ataagaaatc
cagatgtaga
atatcaacaa
actttaatag
agttattaat
tttattgtgg
agttagaaat
ctttagatta
aaacatctat
acaaaaatgy
tcgcaaacaa
ttatgataca
aaatgtgtat
cgetacagca
gatgttatat
ctttaatgag
gaagtogtygt
tatccaagaa
aaatattgga
tattaaaata

atatattgga
gatccatgat
tgctctaage
tecatcacgta
tatcaaagag
cgtectggata
tatgaaaaty
acttggggag
accacctete
catatgtggt
gtgcatacgc
atgaagacta
gaactgaagy
gatggagtgg
gaacttcagy
gtttcageta
tttaccaaca
tttggattea
atcaaaagac
cgatteatea
aaagtggaaa
actaatggta
atgtaactat
aattagtaac
gtaattatag
aacattgtta
taaaaaggaa
ttccaatttt
agtggataaa
atatggggaa
tttctttteta
gttatcatca
agataatagg
tatatcagat
tgcegaagac
agaatcagaa
taaaaaagat
cgtggaattyg
atatacacct
ttctaaagga
aattatacac
agataatgaa
tctattatce
ttacgacgcet
tgattttgag
caacaaaata
gtetatgata
aaaatatact
atataaatgg
aaaaaataaa
atacggtaaa
acgtaatatce
gotggatoct
aaactttaac
taaaatctaa

geactgetge
caagaaggaa
ggaatcgggt
cttgaaacag
aaggccaaag
ggagattgta
agattcaaaa
aatgatacag
tggaagacag
ctgttgtata
atttgtctaa
tgggatcatg
aatcagytyy
aagacactga
ctggtgaatce
agcaactaag
caaagggtgg
cggtgggtta
totgtgttgt
aggtatataa
gatgctgttyg
tcaagaagta
agagaacaaa
tgttatctet
ttettaacat
attgaaaagg
atacttgact
tccacatcoce
acaatagttyg
aatattctac
gatagagtat
tecattaata
ataagactaa
acagttaata
agttacggtt
tcatacaatyg
aggtacggaa
tttgagatat
ctteattatg
gcaaatgtta
ggtatctoege
catatagttc
agaggagtta
gtcagttata
acgattacta
ataatggaag
gcaattacta
gegtgtatga
tatattttaa
actgtattce
catcecttett
atagcatcta
ggagataaat
gataacgaac
gtaggataaa
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ctatgtttga
atcaaatctc
acgagagtet
gaaacgeigt
aaatgagtgc
tetgteaagt
agggtgceggt
aaaatcttte
cgtgaataat
tgatcatttt
tcaaaatett
cattcaaatg
atggagtecece
atcaattgag
agtcaaattt
aacacgtata
atatttgttc
cgactaccte
gtatttctgt
acctggggat
tgetgtgttt
ttctocagat
taataaggtt
tttttaatta
ctattaatca
gataacatgt
goagtatata
atataataca
attttttate
atatttattc
taaatattaa
taaaagaata
tgettygaaaa
tctatatatg
gtacattatt
aattaattaa
acacaccttt
gtttagagaa
tectecatgteg
atgcgegtaa
ttataaaact
gtecatttaat
ttgatattaa
atgcgtataa
ctagtggaty
tactattgtc
zacataaaca
ccgattatga
gatgtttcga
aattagtteg
tegtgaaatg
ttagatateg
ggtegtgttt
tatccacata
atcacactac

gtgcaatgaa
tatcatcaca
agacttgtgt
atatggaaaa
acttagtcecca
tactgetgtg
gettcegatce
ttectactata
gtactcatga
gatattgtga
ataccgagta
gattccatgg
agaccagaaa
agattggtag
ggtaattcta
cggeageage
attggagttg
agactgatag
gagaagaaag
gaggctacct
geagattggce
gaatgggtgt
gtaatatcat
accaactaac
ttaattcgct
tacagaatat
tetatetctt
ggattataat
taggttgcca
tatggatgat
taagaacggg
tatatatcaa
tggacgtaga
tattttaata
acatagatgt
gatattgtta
tatectatta
tgctaatata
taataaatat
taaattcgga
atatttggaa
aatttttgat
ctatcgtact
tacgttggte
tacatgtatt
taaacgacca
gcataatgea
tactcttata
tgaaatagat
ttgtatcaaa
cactagtctce
tcagagatta
tecctaacgaa
tctaaaaatce
atecattgttt

tatctacaaa
tatcgecaca
ttggaaggag
gttcaacatg
ggacctatca
gacgtacatg
ccaaatetyag
tcggecgacac
aacgtttgga
atggtaaaga
ctgtaaaaac
aagcetoetaga
tgcaggaatt
aggagttctt
ttaatgttaa
ttccttetat
ataataatac
agaatgatat
aggacatcaa
cgacatacgt
cagaatcatg
cacatataaa
atagacaata
tatataccta
tetttaatte
aaattatata
cattatatag
ctegttogaa
aatttattee
getaatacga
tcatttatac
ttagttaata
acaagacatt
aatcatggat
atatatcact
aataatggat
tgtaaacacg
gactctgtag
gattttgtaa
actactccat
tecagacacay
gctgttgaat
atatacaacg
tatctattaa
tcggaageag
tetttgaaaa
gatttattga
gatgtacagt
atcatgaaga
gacattaata
gacgtatacg
attagtctat
ataaaatata
ttataaacat
cecttttagtyg

157440
15750606
157560
157620
1576890
157740
157800
157860
157920
157980
158040
158100
158160
158220
15828¢
158340
158400
158460
158520
158580
158640
158700
158760
158820
158880
158940
152000
159060
159120
159180
159240
1598300
159360
159420
1595480
159540
158600
159460
159720
15978¢
159840
159900
155960
160020
160080
160140
160200
160260
160320
160380
160440
160500
160560
160620
160680



ctegacagtyg
acgttgttat
aacgctaaat
tgtgatcagg
tacgaaaatce
aaaccgctat
tttegttgeg
gcggaatgte
tecatttgggy
tacataagtt
atgecegtete
catcttagtt
" ggtaaatgga
gatgatggte
gaacaagaaa
atgggegtea
gaccaatata
tttaataaca
ttettcagtg
taacaagaga
atttacaaga
acgtgttaaa
ttctgtaage
tagtatcaac
tgagagatat
caagttgtac
ttatctgttg
ttttaagatt
catcctatte
atggagtaga
ttaaagagta
atatagatgt
Etcaacgeay
acccttatat
aatgctataa
aacatactct
attattcaaa
aaataacaaa
tacatgctaa
ggactgggga
caatgtatac
tcgtatettt
gactatgegt
ataaacagaa
tactccatgg
tagatccaaa
atttaataca
taccactitt
tacaaaaacg
attttcaaga
tctattagac
ataattgeca
agtgaaggat
taaaaaaagce
attcataaat

tatactattt
gcgtactace
taacgtctac
gatatcatte
catgcaaaaa
acgaagtgaa
aagaaaaaaa
aacctcttea
aatatatgac
gtacagctaa
tatctaacgg
gtaaaagtgg
atceceatact
cogacgatga
tagaatcgtt
tatttttaat
agttccataa
aacaagtateg
gatgttgata
tttatrtgtgt
tgegeegtta
caatgggtga
gttggcaccyg
aatcaactaa
agaagegett
ggatacgcat
atgeatcetag
ttaaatgtat
gaataatgag
taatatagaa
cacaatttct
tataaacgac
aggtcacacg
tcacaaatat
aggaataaaa
taaaattgga
atatgatttt
caacaccatg
aataactagt
tggtctatac
aaatgtacca
ctgggttaaa
cgaagtaaaa
aaagtgtgeg
agttcgaaag
gaagatgttc
cagtctcaat
cttagecatge
aaataaaact
tgaggtcect
gatgtgagaa
aagatttcta
tgataactga
aatgtgtceg
aactctaata

ttaacgctea
tgetgtigtt
cgaaacatcg
tttggateca
aatgtgcaca
tteccaccatyg
tggaaatact
attagaacac
tatcaactgt
ttettggaat
attaatttcc
ttttacacta
cccaatatgt
gacagatttyg
agaagcaact
ctcecgttata
attgetaccg
aaaagattaa
tctacgatyge
atggaagaag
taccgttega
tggatacact
gaatactatt
tgtatgatat
ttaacgacga
ctctaactac
ttagtttgta
aaaaaactaa
tacactcegt
aattcatata
attattacag
tataaaatta
tgtagaatat
gatggtgatg
tatgaaataa
tetacttata
taaaaattta
agatatatta
tataagttityg
aatatatccc
gaaggaacat
tttgaacaag
attggaccac
tgacagcaca
tatgtctgac
ccaatttcaa
cttatttaac
ttaacttgac
gcatattata
gattatagtc
gactgaagayg
teeoccgaaaga
aggcaatgga
ctgttteocgt
gcacgategt
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taaataaaaa
tattcaacat
tttaatgata
aatgctgtct
gtttctgatt
acactaagtt
tcttggaatg
ggatcgtgtc
gatgttggat
gttattccat
ggatctacat
acggggtete
gtacgaacta
agcaaactet
tatcatataa
gtattagtut
taaatataaa
agacttatag
cgttagagca
taacgccata
tgatatagta
taatggtata
catggaaatg
aattaatagc
tggtatatac
tattggeacy
taaataatta
taacgttttt
ttaataaact
ctgatgataa
agtcatgega
ttgatatgta
ctaccaaatt
agegacaata
gtatgatcaa
tatttgatcg
aaatatatta
taattctege
aatccgtcaa
ttaaaaatta
acgacatate
gcgattataa
cgactgtaac
gggagccaca
acctaaaaag
ggacaaaatyg
taaatttete
taaatattca
cactggttaa
cttectgttec
gaaacatggg
actgattgca
ttcagggata
taataatact
ggttaacaat

tgaaaacgat
gtactgtace
accagaaagt
gtgaaacaga
atgtctctga
geaacggega
atactgttac
aaccagttaa
atgaggttat
catgtcaaca
tttetategg
catcatceac
acgaaaaatt
cgaaagacgt
tcatagtggce
gttectgtga
tccgttaaaa
ctagaatcaa
tttetactca
ttacataata
cgtactatge
atgatgaatg
ttettegatt
gtatctataa
atccgtagaa
atcgctggady
tttcaatata
atttgtaata
gagtgtaaaa
taatgaattg
cgteggatth
taccattgac
ateatgecat
ttctattact
cgatgatact
tcatggacat
tcactteagt
agttttgtte
ttttgattec
tggecatcaag
cgecattteca
agtggaagag
attgactgaa
gaagggttte
agtgtatata
gecagagtta
ggtagcacat
taactaattt
cgoeccttata
cetctatcatb
gattgaaaat
gtgttcatet
tacgaaacac
attttegtaa
atggaaaaac

tteccgttgtt
cactatgaat
tacgtttaca
taaatggaaa
actatataat
aacaaaatat
gtgtcctaat
agaaaaatac
tggtgcotteg
aaaatgtgat
tggecgttata
atgtatcgac
tgatceagtyg
tgtacaatat
gttgacaatt
caaaaataat
taattaataa
ttgagatgte
ggcactatta
tatacaggct
caaatgaate
aacgegatgt
acaataaszaa
ttectagctaa
atatgattaa
gtatttgtta
ctagttaaaa
ggtgeattag
ctotatatag
gtyagttaaatt
gattccatag
tegtetacta
tatgataagt
gcagagggaa
ctattgagaa
agtaatacat
gacagtagtc
attaatagta
aaaattgaat
acgtggcaaa
aagaatgatt
tattgtacgy
tacgacgace
tcgaazaaat
catgcgeaat
tcaagagaaa
caaatgatgt
ttattaatga
ggctctaace
ctactccatg
agggttgtgt
cccaactgea
cgataaatta
ctggeggatt
ttgacattta

160740
160800
160860
160920
160980
161040
161100
161160
1612206
161280
161340
1614006
161460
161520
161580
161640
161700
161760
161820
161880
161940
162000
162060
162120
162180
162240
162300
182360
162420
162480
162540
162600
162660
162720
162780
162840
182500
162960
163020
163080
163140
1632090
163260
163320
163380
163440
163500
163560
163620
163680
163740
163800
163860
163920
163880



taaagacaaa
ctcgacattt
tttagagaaa
ttcatatact
tgtatttagt
tgategtcecte
agtttttatg
gatgttacaa
aaaaatgtag
agagaagcac
gaatgtatca
aaaacataaa
gataacgatg
tataaggtca
aaatcacaca
actatcgaca
ggaattggaq
gecccaaagyg
tttatacact
aataaacgtce
tcacatatag
gacaatcatc
atgatagaat
aaacaaaaaa
ggaaatgaac
caaacteccta
ttttttatayg
gegetacacy
atttctccag
actgctgaac
cagaatatct
gattcectttt
actatagatyg
ttggatgaac
gccattcgaa
agacgtaagt
attecggeaac
tcttecagac
taagaaatgy
ggtaacagge
cggttecaact
ccacaaaacy
actagtggcea
ctatgtgatt
aactaattgt
tegttgttet
caccacagca
ctgaatatat
attccacact
tggtaaaaaa
taccggatga
ctgetactta
tgatgcttga
gagttgtaca
cecteottete

caatggtcega
ggagatgttat
aacaacgaga
atttataaga
aaggacattg
ceegetataa
tatagcagta
atgtagaadga
aaattgaaaa
tegttattaa
gtcacgatgt
aaacaacteyg
gcaagaaatg
gazaaaattt
agceattgtt
actggacacyg
aaaccgatga
atactgaate
ctcgaggatt
tttcactaat
attacaacga
ttggagcaac
ggtteggtyag
aagaatataa
ctctggaatt
attatgacag
agtgtggtag
accaatateyg
cgtcaatctco
agctatcaaa
cattcaaate
tgagaaaaat
caatecaacaa
cattgtcktcce
aaggaattta
atgatgtcta
ttttcaatea
aagattgatg
tgtgacttta
tegtataatce
ggagattata
tatatagatg
gactgtgcat
aggcatgttg
taaccatttt
tocaattgea
ctgtggatgt
ttattggtcg
cectetotttt
tatgcegtagy
gcaaaaaacc
ctggggagyt
gatgctaaat
tcttgacatt
cettteeccag

ttatagaaat
attttgceoegyg
tatcttgtta
tatceatate
gatatgtgga
aggcattatc
ttacecctata
tatcataaat
taataaaaac
taccagtagt
aggaatatag
ttattacata
gattatcgga
cactagttcg
gtctgaaata
ggaacgtggt
ttatatgtte
agtettogaa
tacceatgga
tgactattct
ggacatgata
agtttcaaga
caaactteca
aaaatttata
agttagatat
actacgtaaa
tgttacggat
attactatgg
gtcagtattg
atatgtagaa
catgaataaa
tggcgataag
gtgtgtagat
tagcaattag
ccagtgatta
tgtacggceaa
tagaactgeeo
gattagaatc
tggatgctat
tggtagatac
gcaatatgtg
tcaatgaaga
caacaattac
atggaaaaat
ttttazaaaa
attggtaaga
gacagactga
tcctatgeat
agagatgatg
gatgatgtca
atcagagaga
gaagaccatc
tacgtggatt
ttctttette
aaacaaactt
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gcetatgget
aggtetateco
caatcctaga
atcattgtgt
aaagtatgat
aacttecteet
gttttattgc
gaaatagata
attaacaaga
aatagtgatt
atcatatcta
gcaggcatgy
aatactttat
ttetacaatt
cgattctata
ataaagtatt
ttcgttataa
geatgegtea
asaatagaac
agaactaaca
acttcaggaa
cgaggagatt
tggaaaaacy
gctactttet
atagaattag
ctgtttatac
atctaatatt
atatctteta
acaatactgt
acggaggaga
gtatatgggce
tttcaaactg
atetttactyg
tgeccgtatac
toectittac
ggcatttaat
atatgttgga
catagaacaa
gtttatagat
tctagtaaag
taatttagat
gtatacagaa
aaatgagtte
tcttttegtt
aatagaaaaa
tgacggccaa
ccagtattga
accgeaacag
cggaattagt
aagattgtac
ttteggecat
ccactagtaa
ataacatcat
Lettcteoect
ttttacccac

agggtatate
gttaccgaac
acgaataagt
aaactaaata
ggtgcatgga
tattgattga
ttactactaa
gagagaaaga
atcatccocaa
cecattgataa
ctaattttta
aatccttcaa
attctggtaa
acgtaatgaa
tatctgtatt
tggetattec
agaattcggg
ctatgataaa
cgaggaatat
aactatacaa
atatcaatta
tagaaatgtt
aaagtagtat
tigaggactyg
tatacacgtt
aagattgaaa
gatattagac
tgaaaggaga
attatggage
acacggataa
gatattctge
ttgacttecac
aggggaaaat
tttaaagcaa
gtatctecga
cagcgecatcty
gatactagta
aatctaacag
gttcacattec
tcaggactga
gtgagtgtcg
gecagetgeag
tgtgcagate
dggtagatatt
acatgtyggta
ctttagtacc
tgacgtcaaa
gcaatgcgct
gtteategace
agaaatcate
catcggactt
cagtctgaac
attceggegt
ttettetett
tataaaataa

acggcattga
aatatggtaa
ggtttgatat
acgtcttcta
agttagtaca
aaatataaat
catggataca
agaaatacta
tgaatatatt
agaagttata
taatcgatac
gtattgtttt
ttcaatacte
gatagatcac
ggatcctttg
agatctgtat
aagagtattc
cacgttagayg
actgattaga
gagtggaaac
tatgtgtgta
gggatattgc
aaaagtaata
ttttcectgaa
agattattct
ttatattctt
tatctctate
gaatgtattt
taatggatcce
ggttagcgct
cgtgtttaaa
tgattgtcge
caatccacta
aatggttgac
cggaaatggt
taaaagaatc
tgatggtcat
atacaaattt
ccaagtttaa
cagaggtgtt
acgctatgat
caacttctgt
atecgtteat
gctetecgac
ttagtgcagg
cacgtctttt
caatgtttga
ggacaattgt
attcgegage
cgttgttata
tgtgcatatg
gcattgtteg
atgaattgat
cteococetteoct
aatgagtata

164040
164100
164160
164220
le4280
164340
164400
164460
164520
164580
164640
164700
164760
164820
164880
164540
1635000
165060
1651290
165180
165240
165300
165360
165420
165480
165540
165600
165660
165720
1657840
165840
165200
165960
166020
166080
166140
166200
166260
166320
166380
166440
1656500
166560
166620
166680
166740
166800
166B&0
166920
166980
167040
167100
167160
167220
167280



ctacctgtta
tctgaatgta
gtaatcttrac
tratgggaaa
atgetaatte
gaaacctact
atagatitta
cccaatatta
cgacgecetta
gttagaaaaa
acatataacyg
atgcaattac
agacctcecca
gatgatgggg
agacgtgtta
tttacgtgta
tgaatgtatg
ttccaacaaa
attaatcatt
aattgcggta
tagataatat
gggaatitet
gggtggaatg
tatataaatc
tttattaata
cgttatatec
cggcaacgtt
attaagtttt
agtgettgta
ccaattacat
attgttatat
tegtegtacy
actatagtat
gagatattge
cgtgttattt
aatgggaatc
catcataaaa
taaaatacaa
tacagaactt
gtatactgcea
attattaaat
tatattgett
agataaaaac
tegttacatg
taagggaatce
gtgtctcgea
caagcgaatt
tggtaataca
taaaatgctg
tatactatgt
tcactatgaa
gtttatcaaa
taaaaatata
atataataat
aaccgacaat

tatttcttte
tcgacaaagyg
catgtcctea
aacgaggagce
tgaacceogac
gtgacatgat
tetegtatoco
atgecatttat
gaaataagag
atgatgctgg
taaccagaat
cagatggeat
caacggatgc
acggaaacygyg
ttacatcceeg
tggcegtttac
ttgttacatt
caattgacga
aackttgecaga
tctatattat
accgtctect
atgtcategt
cgatacattg
attccatega
tcgggaaatg
gttettaact
agtttaaact
tttactttaa
tgtgttataa
tttatcagat
attttacaat
tttatacaat
tctggactag
tctetgteat
taggattata
gtctataata
atgagtcgte
gagaatgaaa
gattttgtag
ctacactget
catggagtag
actagatgtt
cacttattac
ttattaaagy
gatcctaact
cacgtttata
atttectttgt
ccattecatt
ttgactttta
tatataactt
acaaatgttg
acatattcta
aatatttata
acacacgtaa
aacaaacacg

tatattottt
acaatatttt
aataaatacy
ggataatgat
acaatcagac
gtegttaaat
acaaatagta
tgctagtaac
acttaaacaa
ttattataca
tgtaaaatta
tgtaactteca
agacgtettt
tagaataagt
gttaaacatt
tattecctage
tccatgtcaa
acgtattget
ctatacctayg
taaagtacgt
tatttttaaa
tagtatattg
atctatgtag
tacatccttc
tataaactaa
tacaaaatgt
tgacgaatgg
cgeeottgta
atataacggg
ccagataata
tggttatgat
tgtgatttayg
tgataaaact
attcatacac
tttacatatt
atgaatatta
gtctgattta
tatatacata
ttaaaaacta
atttgtataa
atgtaacgat
gtaatattte
atagagacta
aagaggatat
ttaaacaaga
aaccaggtga
ttatacaaca
tgtatettag
atccgaattt
cegactacat
gagaaatgcc
cacgteoogyc
cceogcetatga
tagattatcet
ctacacaact
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tatteottecat
geatcattea
ctatecatceg
agaattatac
tetggtatte
ttgacaatcg
aatgagagat
gtaaacgcag
cggacacctyg
tgtgttttag
gaggtacggyg
ataggtagta
tggataagta
gtagcaaata
aatcectgtea
atcagcaaaa
ttgagtttat
atgattaact
tgetattttg
aaatctaget
aattgccaca
tgaacaacaa
ttitaaaaca
tatgttgaga
aacattgcec
aaccaatacc
attaattaca
tgtttttaca
atatagaacc
aacaaatttt
atcatgtaat
tgtagtatat
atcgttatat
ctgcataaac
tacygggtata
aacaattata
tgttttaaat
ttttagtcat
tgatctaaac
taattacttt
gaaaaccagt
acatgatgta
ttccaaccta
cgatgagaac
cggatataca
gtgtagaaaa
tggagctaat
tattgaaatg
cgaaatatgt
acaacacgat
gatagatgag
agattegata
aggaaagaca
tatacgtate
cattatagat

tegttcagac
tggagttaga
gatataatat
cgatagataa
atatatgeat
taogtctgtecte
ctactggcga
atattataty
gaattattac
aatatatata
ataaaataat
atttgactat
atggtatgta
aaatctatat
aggaagaaga
cagttactgt
aagaattttt
ccoacgatac
acatactcat
atagttttat
tecetttatta
gagcagatat
cacgcgaact
tgtatatate
gaaagcggtg
tttgcatgac
atagcatgat
gagactttat
gaatcaccta
gtcgecectaa
aacttggagt
ctacacatgt
ctatettcaa
tttctagaca
tcaaagatgt
tgaggacttt
atcaacegea
tgcaatatag
agacgacaac
acaaacgatg
ageggacgta
gtgatagata
ttactagagt
atagtatcca
gegttacatt
ccgataacga
ctaaacgegt
tgtaataata
aataatcatg
attecttgtta
cgtegtatga
acttatttga
ttattacacyg
aacggagata
aacaaagaaa

ttttaacgeg
aaacgageca
attagatatt
tggtageaat
taccacgaac
agaatcaaat
aatggtatgt
gagcggacat
catagaagat
cggtggcaaa
acctteotact
tgeatcegtty
ttacgaagaa
gaccgataag
tgetacaacy
tagtataacg
atacattatce
tatgcatatt
gttctigtgt
tatttaattt
aatcatgaat
ctataggaaa
ttgaagaatt
caggaattcg
cectetatetg
ttgttttgtt
cegoegeatet
ctaaatttct
ccttagatac
ctaattctat
ctaacgcgca
atttttecege
tgaactcatc
tcttacaatce
tagattagtt
taccacaaag
aatcaactca
acgatactte
ctgtaactgg
tactgaagat
tgeectgttta
tgatagacaa
atataaaatc
ctttattaga
attattattt
taaaaaaggce
tagataattg
ttcatatgac
gattaacgcc
tgttaataca
tegtattcga
tgaataggtt
tagecatgtga
taaatgegtt
atteccecata

167340
167400
167460
167520
1675890
167640
167700
167760
167820
167880
167940
168000
168060
168120
168180
168240
168300
168360
168420
168480
168540
168600
168660
168720
168780
168840
168900
168960
169020
169080
169140
169200
169260
169320
163380
169440
169500
169560
169620
169680
169740
169800
169860
169920
169980
170040
170100
170160
170220
170280
170340
170400
170460
170520
170580



taccattaat
gttggtggat
atcctactgt
taaaacgtat
aactaaatgt
atatgcagtt
aaaatataat
taatgtatat
cacagataaa
catgctgaca
tttttcteat
ataaagatga
ttecacagtt
gatactetac
atgaatgata
agtcttttat
agacggcegac
acatctaaat
gttcagggta
gaactaggta
cattataata
tattcacaaa
tacgactgtt
tgtaaaatac
aaaatcaacqg
ttattgatcg
gattttgatg
tttgaaaatyg
tattttgaaa
tatacattac
tatttgtget
agagaacata
tgttatagat
ggaaaataca
aattataatg
atcaaaacag
tacgacatta
tcecatgatta
gatggcyygga
tagataatat
cagatgtaga
tgataatacc
ataagtattt
agatgagaat
caggttgaaac
caggatgtyat
aatcggacga
cegttegtace
ctaataaatt
aaaagaatat
gaattaattt
tttatacgayg
taactagctt
aattatccega
aaaatatatg

tgtttactgt
caactteceat
atacttttag
cgatacgcat
cacgacgaaa
ttaagatgte
aacgataagt
tataaagata
aattgtectac
attaacgatc
gcgatgtgtg
cgatgaaaat
acgceceataga
cagctaaaga
tagcegetet
cgcacagata
aggtttctaa
tecagtaaceyg
tagttagatc
ctecatgataa
atataacttg
tgggaaagga
acgttcatta
ttacggttat
taacgatagg
acgatgtact
tatactctgt
ttactgaaga
aaacccttac
tgaattatta
atagaatgga
taaatgtaga
gtggatgtac
agtatagata
aatattatta
aatatgaatt
aactcaaaac
tatagatgaa
tatatggcaa
atacgaagac
tgacgcggaa
tacatttcta
tttatacctt
cctatttete
caaatgteca
gaaacatatg
ggataccaag
cacagatagt
tgataattat
ttggctgaag
gaattgatat
aaaaaataac
atagaacttg
cgcaceggtt
agtagcacgaa

atatacttag
ctctacctat
atgacacatt
tttcaaaata
caatgttact
ataattcgayg
cctitaaaat
tgtacgtgtc
taacattact
tttataatat
taaaaaaact
gatggtacat
catcgaaaat
ctctaaatgg
aggagagecca
taaagactat
taaacgtgtt
taggtatityg
tcatattaaa
gtatggeata
gtataaagat
attaattatt
cgacgacgtt
accgtcacaa
agaacctgee
gattgaatgg
tttaactagt
atatataggt
aactacagta
ttactgaatt
tgaagatacy
ctctattaaa
ggctttacat
caacggttac
tgatagaact
ctatgatgaa
caatgaggat
tcaattaata
gaacataatyg
aaccataccg
cacatatcte
atcttcegta
taaaactgat
atcgetttcea
aatctagaca
cetgagttta
tttatagaac
ggaatcegtea
aggttcactt
tagtgcegtyge
ttatccaata
gacatacgtce
ctcattgtta
tctettogty
tccaataaac

68/74

atatattgta
cttcgatata
ttacgatagg
catgtegttt
caaactgtoc
aaagttaaga
atattctaat
aaaggtatat
acctteagaa
atcgtatcea
gatattatat
atatatttceyg
gaaateacayg
ttgaatecay
ttecagegeaa
gtggttaaat
aaacatggtyg
tgeaccgtaa
aaacctectt
gacttatact
aataaggaaa
cataatccay
agaatcaaga
gaccacaggt
aatataacat
gaaaatccat

agaggeggta

aatacatata
gtattggagt
attattactyg
cgactatcta
cagttgtgta
gagtactttt
tatcaatatt
ggtatgaaca
acacaagatce
gattttatgg
aagtagtata
atggegtata
tagacgaatt
cgataactaa
taccatcaaa
aaataaattt
tgtatgggtyg
ttgtaacatc
gctatatgta
atctgggtga
ctetacgtaa
gtgtecteac
tactattttt
ctaaagatta
gtcaacaaat
tgtttctaaa
ttctatgeca
caaagtatet

gataagaatg
aaatcatttyg
cacgttaaga
gataaatacyg
actgttctag
agatacctea
attatgaatg
gataaactat
attatatacy
cotaccaaaq
aaatatttta
tatcattatt
aattetteaa
catgtatgtt
agtgteetec
gggagagget
atttatggat
ctacaaagaa
catgcattcec
gtggaattct
ttaatatcga
agttagaaga
atgatatcgt
ttaaactaat
gcactgetgt
ccggatgget
tcacegagge
aatgtcgtgg
aaatatacaa
aattattatt
ggtatttgta
aaatatcaga
ataattatag
attcatctag
gtgagagtga
aaagtacaca
ctatgataga
tggaagagag
cagtatagga
ctacaagata
aaaaccatag
tacaaaatat
tttetagtga
tgttcactea
ttctggagaa
ttggttyggca
tggcatcaaa
agtectteat
tacgatagakt
atttatgata
tattagaatc
taaacttttt
acgggtacgg
tatattgatyg
ategttttga

tgataagatc
agaaattcat
atcgegattc
atggtataat
acactacact
acgagttaaa
agagatacct
ttectgtttet
aaatattata
tatagttgta
gtgccgtata
gttattgcta
taaaatgaga
cggaggeaca
tattgaagac
agaaaagaat
agccaactat
tggtgactgt
aaaaacatat
ttacgeaaaa
cgacattaag
tageggaaga
agtatcaaga
actagatccyg
gteaacgtea
tataggattc
gaccttgtac
acacaactat
tgeattttta
aattatatcg
tetecaccgat
tcectaatgea
atcagteaac
cgattatgaa
taatatatca
actagtaggt
tcagtgggtg
tectecacgtaa
aaggagtgca
gacagcgtat
aatcagttga
tcgaggaaca
tattttggca
tatgttaacg
tttcattgtt
aaggatatga
gaagatgaaa
gtaaccgata
ggegttteaa
taatctaatg
aaattaatet
atttattagt
catataggac
catgttatge
gtaaacaact

170640
170700
170760
176820
170880
170940
171000
171060
171120
171180
171240
171360
171360
1714290
171480
171549
171600
171660
1717290
171780
1718490
171200
171%60
1720620
172080
172140
172200
172260
172329
172380
172440
172500
172560
172620
172680
172740
172800
172860
172920
172980
173040
173100
173160
173220
1732890
173340
173400
173460
173520
173580
173640
173700
173760
173820
173880



tcatagecaaa
agtattttga
ttagctatgt
aatcaataac
tttettgaca
ataagttagt
ccaaatgtgt
tcttatatca
attgattttg
ctttttaaat
atacaaagtc
caaggoecyggt
cagtatttgt
acagttgtta
attgatgtat
ttataatata
ttataaaata
tggatattta
gtataaggaa
ttccgatgga
taaaaaatgt
atgatgataa
attgtctagt
ctacaggaaa
gacagecgtat
acacaaacat
agatatagta
gacatgaalg
agtaataagy
gatattatta
aaaaattata
tgtctcaaca
gegtetaata
gatataaacy
ttattgggtyg
tgataatcac
tgtttectatt
tatctctaga
attgattage
tactgttagt
agatgatgta
atgtaaatac
aaatactgaa
ttatgtatac
attaccgace
aacccattga
atgtagttaa
aaaacttttt
caatcattct
ataagacaat
aatttgattg
gtatacaact
atagacgatt
acgatccaaa
atatggaata

ttccacatte
tgatatccaa
accaatttac
cacattaata
gttacgtata
catatagtee
atttattttt
tttggttcat
geaggatega
tttaaattag
ctaaattata
gtaatagata
cgttaccaac
tacatcaaaa
gatgttaatyg
tacctaataa
taataaagca
cgacgataaa
tgacatcaga
agacaattet
agaatgtgtt
taagegtacg
aatatattty
tataaagtcg
cagatgtaga
gagaaaagaa
aacattctgt
tggtaaaaga
atccaattge
acaaacatac
gaaatttcga
attattataa
aaaaattaat
cacgaggtga
tataggtatt
atcggttatc
tttttgacag
taagttagtc
caaatgtgta
cttatatcat
ttgattttgg
tttttaaatt
tacaaagtcc
aaggceggtg
ggtattrgte
cagttgttat
ttgatgtatg
tataatatat
tataaaatat
ggatatttac
tataaggaat
tocgatggaa
asaaaatgta
tgatgataat
ttgtctagta

tttttettta
ctcagaaatyg
caaccetett
actaaattgt
gtttcagtaa
ctteogycga
gtgatattga
ctatgtattyg
attocatateo
taaaagtttt
aatatggaga
gatatatata
ataccgtata
ttgcaattct
tgtcetettt
tgtgtcttaa
acgtaaaaac
ggtctacaga
gaattattta
gatattatag
gacatcgata
tgttcetaatt
gaaacaccga
gataaggata
tgacgcggaa
atcagagtta
atttaaggga
attactttct
tgtttatttt
aactattgat
ttatccattt
tataagcgac
aactcctaat
agatacacaa
attagetatg
caattaataa
ttacgtatag
atatagtecce
tttatttttg
ttggttecatce
caggatcgaa
ttaaattagt
taaattataa
taatagatag
gttaccaaca
acatcaaaat
atgttaatgt
acctaataat
aataaagcaa
gacgataaag
gacatcagag
gacaattctg
gaatgtgttg
aagegtacgt
atatatttgg

69/74

cttactctat
gttgttgtat
aatattgatt
agtgtatata
gttttgattg
tacgttttte
tataatattt
taatattgtt
cgecgactaaa
ttttatttte
tcatactace
attctattac
atatgtaata
tttgattacg
cctettataa
tagttctegt
acataaaaat
ctattaaact
aacatgtaac
aaaatatcag
acacaataac
gggtaccett
tatgtggagy
ttatgtttge
cacatatctce
gatagataca
ttttetgata
aacggtgeat
agaagaacga
gaacgaaagt
tteaggaagt
agcaaatatg
tacatgaagt
atgcgaacca
taccaattta
ctaaattgta
tttcagtaayg
ttecggegat
tgatattgat
tatgtattgt
ttececatateo
aagaactbtrt
atatggagat
atatatataa
taccgtataa
tgcaattott
gtectottte
gtgtcttaat
cgtaaaaaca
gtctacagac
aattatttaa
atattataga
acatcgataa
gttctaattg
aaacaccgat

acacgteocte
tattgggtgt
gataatcaca
tagaccatat
ttgtatteet
ccaagcccga
cggataatge
acatgatcta
cagtgaaaaa
tatgatteca
acaacttatt
accggcagac
tacaattcca
atgttataag
catcgtaatc
gattcgtcaa
aagcgtaact
gtttaataat
tgattcegat
aaaaatacta
tettatgaaa
aactaataac
caaaataaaa
aaagactcta
ctataactaa
tggaatcgta
aagttagaaa
ctetaacaat
taatgaattt
atatagtaca
tagttttgac
gaacaccget
tattagtgta
actcagaaat
ccaaccctct
gtgtatatat
ttttgatogt
acgttttite
ataatattte
aatattgtta
gcgactaaac
tetattctttt
catactacca
ttctattaca
tatgtaatat
ttgattacga
ctettataac
agttctcgtg
cataaaaata
tattaaactg
acatgtaact
aaatatcaga
cacaataact
ggtaccctta

atgtggaggce

gtatttattt
ataggtatta
tcggttatce
atgtttetat
gtatctetayg
aattgattag
atactgttag
tagatgatgt
aatgtaaata
aaaatactga
attatgtata
aattaccgac
taacccattg
aatgtagtta
aaaaactttt
acaatcattce
aataagacaa
gaatttgatt
agtatacaac
tatagacgat
tacgatccaa
tatatggaat
ttataccace
gactaagata
tgatgtatct
tcoctegteat
aaatgattita
caaggatagc
agaaatgatt
ctcctatcta
taataaacat
acatatattyg
taacggaaat
ggttgttgta
taatattgat
agaccatata
tgtattcctyg
caagcccgaa
ggataatgca
catgatctat
agtgaaaaaa
atgattccaa
caacttatta
coggeagaca
acaattccat
tgttataaga
atcgtaatca
attegtcaaa
agcgtaacta
tttaataatg
gattecgata
aaaatactat
cttatgaaat
actaataact
aaaataaaat

173940
174000
174060
174120
174180
174240
174300
174360
174420
174480
174540
174600
174660
174720
174780
174840
174900
174960
175020
175080
175140
175200
175260
175320
175380
175440
175500
175560
175620
175680
175740
175800
175860
175920
175980
176040
176100
176160
176220
176280
176340
176400
176460
176520
176580
176640
176700
176780
176820
176880
176940
177000
177060
177120
177180



tataccacce
actttaaate
tttcatataa
atactgataa
tggttgatgt
ataaccatct
tatgtatgga
atgataacag
cteocegtcac
aatceggatac
tcattttcaa
atctagaggt
gecatttttat
aaaaatttat
gaacctataa
gggagatggg
tactacatgc
aatatctcta
taatctgata
agcgttacca
atttatcaac
aagattggga
tgtaaataat
ttaatataat
ttaccgcttc
aattttttat
atttgttaag
gatatatatc
caccctgatg
aatcatggag
gagaatacac
ctagctaccyg
caaaaaataa
ctaatcaacyg
ccgetatceca
aaatatcecat
gttaccageyg
gaattattcg
attatactac
aaatttaaaa
tttasagtay
actaatatat
gaaaaatttc
gttacaggag
catccattca
tgctatceege
atcgacatac
gatcatatce
atgattgect
gagagtgcac
tagaaattga
tacattgtta
gagagacttt
tacgtazaat
ctecaagtcga

tacaggaaat
aacgaaagtg
tagatcaatg
aaatyggaaaa
ggaaactata
aggtataggt
tacaatatkt
gaatatagca
agaagatgat
tgtatttgac
ggtaactaga
agaggtattyg
aaatatacat
aaaaattatg
acagataata
atatatgacg
tgacatctaa
gcegtggatac
gctggaatat
ctatoggega
atttttgatyg
attttatatt
ataaaaataa
agaataaaat
attcttatat
gecttgeatta
tatgaatacg
gttategtta
aaaatgtttt
cagetggtte
cecgatgacaa
caaataaaat
aagacgattt
aatgggttaa
ttaatactcg
tttctaaaca
Lttgatatgat
gaggattctc
cggacgacat
aatggtgtgg
aaatgacaga
tcggatatta
tacatacgac
tatttacgat
tgtacatgat
aataaatata
tacttatget
gecactgetaa
tcgtgaaata
tattctatgt
aacgtgtcac
cgtetocaat
gtagaaacaa
ctcagatigt
atataaatga

ataaagtcgg
fttaactggac
actactattce
gagttatgtt
ggagttatag
atcgttaaayg
gacttitotyg
tgggacactg
tacaaatttc
tattatgtteo
ttttacttia
tttagataaa
aagacataca
gcacaaccat
gacaacacat
ttgtagtgtt
tgeetgtata
agtcaccgtg
ctgttgtage
atgatctgat
gattctgtgt
attaattcag
caatacaata
aaatgagtat
totttgetta
ttaatggtat
gggtacaaac
ggtctatace
gatttcteca
tacagctgaa
taatgatgac
atacggtage
tcaaactgta
gacaatgaca
tatgacagtt
tcttacatat
ggtgggtacc
tattatcgat
agaaggtata
tatgttatct
accgtataat
tgcagatttt
gtttatagat
taacttttcg
taaagacace
aacaaataga
gcgaaagatt
atactaaatc
ggaataatta
cgbectactgg
aacttatcaa
aaatgegata
cgaaggatta
geatctacty
tttegatetg

70774

ataaggatat
gtaaaacaat
actacaacga
attgttatat
tcaatagatc
ataaacgtat
aagcacgaga
ataaactaga
tttectagact
ttactggtga
atatacegaa
tacaaataac
ctttatacat
atecttgtata
aataatgcct
tgggtttict
accatgagag
taaacaatat
gtttgtaatt
tatcatagca
ttatgctgtt
taatataaac
ttgaatgtat
gatcatttta
cggaacctat
gtaatatgat
ataaattgaa
atggatatct
gtttceattt
caactatcaa
atggaggtag
gatagtateg
aactttaata
aatggtaaaa
gttagoegceg
acagacaagt
gagaataact
attccatacy
tataacatag
actaaaagta
ctggtaccga
ageaagatgt
gttaatgagg
atggtatatce
acaggacgta
cttttataaa
ctgaacgaga
tecactacac
gcaccagaat
atgaagatgt
aacatataga
cagacattaa
actcogetag
atatccaget
tattcggata

tatgtttgea
tgececgtteta
cgacgttgat
aacaatagat
tggaaaaktgt
aagegataght
gttattttca
cgatgataca
agtattgtat
tacggaacca
ataaaaaatt
atagatacat
ttttgtaaaa
ggtagtttag
actaatacaa
gaacgttgat
catctacaat
ceateteeet
tctggcaatg
gogaacaaca
tetcagtgtyg
taataatata
tgctgttaaa
gataacgatt
atttagaaac
tgattgtgta
atttaacatt
ttaaagaact
tatctacttt
aatatataga
atattcegta
agtteccacge
atgctaacca
ttaattectt
tecattttaa
tttatattte
tgcaatatgt
agggaaacte
aaaaaaatat
tagacttgta
ttttagaaaa
gtaatgaaac
agtatacaga
gtacgaaggt
tactttttat
gagtcttcaa
acgactatet
tttttatcat
agctatggat
gacgtacaaa
tagacgagga
gattgttcte
gagtatacayg
attcaaattc
atatcgactt

aagactctag
gacatateeg
atagatatac
gatcattact
ctgttagtaa
tttggagatg
ttaactaaty
gatatatgga
gecaaaatete
ceeactgtat
tttgtataat
cgcatactta
atactcataa
ttcgtegagt
gcataatace
agtctactaa
acataccgte
ctggaccgea
tcgtttcgat
acatcagata
tgtttatgac
ttgttaatty
aatgtatgtyg
gattttatca
atctactaac
cgcaataceca
atttatttat
aatcttaaaa
atctattcta
gaatatgaat
ttgtgcgaca
ctectteocta
aacaaaggaa
attgactagt
agcaatgtygy
taagaatata
acatattaat
tagtatggta
aacagatgaa
tatgccaaag
tttaggactt
tatcactgta
agcatcggcce
ctacataaac
agggaaatac
cgataagtat
cacectottg
cttatgagga
tattagtggta
aaaataaaac
aacaatgege
tegeggagte
taagcataga
ctctaacgaa
acgtctgeta

177240
177300
177360
177420
177480
177540
177600
177660
177720
177780
177840
177900
177960
178020
178080
178140
178200
178260
178320
178380
178440
178500
178560
178620
178680
178740
178800
178860
178920
178980
179040
179100
179160
179220
179280
179340
179400
179460
179520
179580
179640
179700
179760
179820
179880
179940
186000
180060
180120
180180
180240
180300
180360
180420
180480



aaatacctaa
ggtcteggat
tggettetta
agtgatatgt
ctatccaagg
gaaggaggat
gttaaattat
ttagaggcegt
atcgttaate
tegtacgatt
caacaggatg
tgcatgttag
cgtcgatgta
gtatcgaaca
gggtatcact
gatgatatag
atttgcaaag
toccagaaaag
accatgcocac
ctgaaccatt
aagtaaagta
atagaatgaa
gcaaacgccea
aacgtecate
cattaataca
taaataattt
aatcgattece
tatatgtecte
acccatggag
ttcatttgtt
cogygeatcat
tattgttctg
cgagattgta
cggtaagaat
tgatgtggat
acgaggtaac
aaagatattg
gataacaaga
ctattgecigt
aaaggatccoy
aaacacatat
gccgagaage
cacttacctt
aggagccgat
caacaggtca
atctacttta
tattagatag
acaacaatgt
gacttggtgt
caccacagac
cotacgacga
tcgeggaact
atatatcatt
aatctecgac
gtcacattte

ttgtggataa
tggtggatat
aatcagaatg
gtaagaactc
atgtaattaa
ctttaccecat
tattaataaa
attatctaaa
ttocttattga
ccagagaata
tacaagccat
ataacggaca
aacgtcgtaa
atgagcegtet
gttatgaaac
atatgatcga
cggttattgg
cagttaccaa
tctagagact
attcgectat
tgatatcgce
gaatgtctac
caaattgaga
attacagaaa
gacgataact
atcatggagce
gteccaagatg
gcataaacat
atactttatt
tcecatgacat
aaacacggag
tteotetttee
cgcatogtte
gaaggtceacg
acategtcte
teteeattac
ttacaccacy
tetttgatat
gttatcttayg
accctaattyg
ccacgtteta
gattcatcta
caacagtata
acgaggatac
tattetcata
tectattcata
gttegacatt
tgecteatac
tigaaaacag
tgaaagtate
ttactacgta
acatagtaaa
cgataagata
accgacctgt
atttceccatg

acggatacgt
atacgtaacg
ttacagcacce
tctteattac
atatttgate
ccaatactac
ggatgtggac
caagcgattt
gagacgtcat
taaccactac
gttgataaac
acaactatcc
ggtttatcgt
atgtatgtac
catactgata
taactctact
aatatggagc
agagaaaaca
atgattgacg
atcagatacg
gatcgtecata
atatcaggcyg
tacgecaaaga
ctgtaaagaa
tgatttcgaa
gataatgtce
ataaaaagcat
tactaaaaaa
actceattaa
attacaaaat
tctattttat
acatctttaa
gegacagtat
tttctgtcaa
atctgtttaa
attgctatac
geatgegtaa
actaacggac
atataaattc
cgecegacgayg
cgaaagcaat
cgcgataata
ccaaacatag
gtaataatct
atgttactca
aaacataatc
cagaaagacyg
atcggatacg
aaacatcata
tctacctatg
aaaaagatac
ttetgtttaa
gattecatcea
atacggtatc
tacgacgatc

71774

cegtecaaga
acgcctaate
ggttacgtat
tatatategt
gataacaatg
tggtetttct
acgtgtagag
agagtaaccce
actecttgteyg
atcatcgata
tacttacatt
tctgcacgac
ggaaaatatg
ggtctgatat
gatgtatttyg
atattacgcg
gagtgtcacy
aaacgaagct
catttaatag
ceottaatoct
aggaactaaa
teteocatgtt
atccgacate
caatgagagg
attacceatyg
tgttteattt
ttaccggeat
atatattgtc
ataatttate
cgatteecgtc
atgtectegea
ttatgaaaaa
gtggtacata
caatgtctgt
gctagttatt
gatgaataca
ctttgatage
accattgatg
aatgggagct
gatgaactca
tattacaagt
gattatggag
teectegtgtyg
tgattgtaca
attggeacga
aaggatacac
aatactataa
acatcaacct
tacaaggcgg
attaaategt
tagcctacty
acgaggacta
tcgtgacata
acagctatct
tcatagaaca

atacgaatta
cgagaccaga
ttcgtacctg
cteatagaga
tttcecatececa
caaccataga
tatacgacgt
catataatgt
acgtaatgeyg
acattctaaa
acggcgatat
tactttgtta
gacacgegge
tategagatt
atatactaag
gtegatgtea
ctegataate
agttgattta
agatatacgc
agatgatgat
gogetataga
tgatatatta
aaatggtaca
atcgacteccea
gagatacttt
gtttecatga
cataaacacyg
gataacttga
atggagcgat
caagatgata
taaacattac
gtaaatcatt
cctaacgtat
catatgtatt
aaacactgcg
cgatttaatc
aaggatgacc
actttagtaa
taaactatta
cttctcttea
taagtcacac
caaacattaa
gtgtatgete
cceatecatgg
acaaaaggaa
tctecaatata
taccgeettt
teegactaaa
atgttgtgaa
tgttctacaa
cctattaagg
taaaagtgta
agtcocgectea
taaageccata
gtgecateta

tgcaatcaat
agtattgeta
tatgtacgac
atctecaatct
tggeagagac
tatagagatt
cageectata
agacatggaa
tagtattact
gagatttaga
ggtecgttega
ataataatct
tgtaaatcac
taataattge
caagtacatg
ataatataca
aatacggccea
ttactgagtt
tatctatatce
ttteccttcta
gtagacatta
tttaaacgaa
aaaaagaact
tagtggacaa
attactccat
catattacaa
gagtttatte
tttegaaatt
aatgtcctgt
aaaacattta
taaaaaaata
atgagatgga
ttatggacga
ttacgttett
atctgaataa
catctgtatt
actatcaatc
atcatcocgat
cgttctgtac
ttactactgt
taagatgcga
cgeggttaca
ttttateteg
aacgattgtyg
gaaggacaac
ctacggtatc
caaaattgkta
gacggtattc
tgacatcate
gatgtctetce
gacgagtcat
tttatgaaaa
aagagattcg
cattcagaca
tcgatggage

180540
180600
180660
180720
180780
180840
1809200
180960
181020
1810890
181140
181200
181269
181320
181380
181440
181500
181560
181620
181680
181740
181800
181860
181920
181980
182040
182100
182160
182220
182280
182340
182400
182460
182520
182580
182640
182700
182760
182820
182880
182940
183000
183060
183120
183180
183240
183300
183360
183420
183480
183540
183600
183660
183720
183780



gtaaaagtaa
gactategta
aaagaaccat
aggaaacagg
cgtatatatt
catecgatgg
acgekttececag
coctteacate
gtgtaacacg
aggatcatce
atccggagac
cgcagataaa
cctgtatcea
catctcaacyg
tgatggatac
gtgtgcacte
acgaaagcaa
atctatatac
catgtgggta
ctgatcacta
aatacaataa
gaagtagaat
tggcatgcat
ccteectecte
aagtcacaaa
ttacagagte
tegaggatgt
actttggatt
cagtgaatge
ctcatgaaga
gcgaagaaga
ataagaaagt
agaatctaga
tcaaggatgyg
cactcatega
aattggatga
ggacactata
ctetegegac
ttectattce
cataaaaaaa
aaaagtttta
tttacaaaaa
aaaatatttt
tttttattet
ttetettict
ttctectettt
ctttgatggt
tggtctcata
cataaaaaaa
aaaagtttta
tttacaaaaa
aaaatatttt

«210> 35

actcgtcgac
tttgecteeyg
tacaaatatt
aacaagacaa
gtttetetea
aaagtgtaaa
attatgegat
tcgeaataat
actcacaata
ggatgcaagg
gtcatetgtt
tgcgaacccg
gttaacgaca
tecggaactaa
ttcteegtte
tgaatttega
agaatgatac
tatatagtaa
atgttctcga
attccaaacc
ttaatttecte
cataaagaac
gtgcctggeg
gtgtacggaa
geaagaccas
cgagtcagat
agatceteet
caccaaatgt
tagattgtce
agetettget
gaaagacage
gagttacgaa
gtttagegtt
attcaagtat
ttcaacaaaa
gtagggttaa
ttoeggettg
ttettetttt
tatttccttt
gttttacaaa
caaaaatatt
tatttttatt
tattetcottt
ctttetectet
ctctttgatyg
gatggtctca
ctcataaaaa
aaaaaagttt
gttttacaaa
caaaaatatt
tatttcetatt
tatt

aaagcactca
gaaattatge
atccatgata
cgattactac
tgtataataa
gacaacgaat
agcaagacta
catttaceeg
gaatctgtga
catgtgtttc
ctecgtgtgyg
tacccagaaa
cgtegtgtac
ctattactat
ttaataaggt
gattaaatgce
tatcatgceg
taccaatact
tgtcgatagce
cacccacttt
gtaaaagtag
agtactcaat
gcagctgeta
gaagaaaaca
acaccgacca
ccagateccg
accacttatt
cctcagatta
agegtgtece
atgatcaaag
gacatecaaga
gatatcateg
cgtateggag
gtcgacggat
ctcaaagegt
tcgaacgatt
caaaacaaaa
tetgteteaa
cagagtatca
aatattttta
tttattctct
ctetttetet
ctectetttga
ttgatggtcet
gteteataaa
taaaaaaagt
aagttittaca
tacaaaaata
aatattetta
tctattetet
ctoetttetet

72174

ataaattaga
gcaatatcat
gaaagaaaat
attattaaat
taaacggaag
acaaacgcea
acacacgatg
cttgtetaag
atgectetece
ccaaacaaaa
teteoggaaca
tacgtttaac
tcggacgace
gaatcataaa
agecgacttca
aataacaaag
cattcggaga
caagactacg
catatgcecyg
ttatagtaag
aaaatatatt
caatagcaat
tgcctgecag
aacateatat
atgataagat
aggtggaatc
acteccatcat
aatccatctc
caggacaady
actgtgaagt
cecatecagt
gttcaacgat
acatgtgcaa
cggcatctga
gtgtctgaat
caggcacace
atgttcttaa
tagtgtgata
caaaaatatt
ttetetttet
tteteteott
ctttgatggt
tggtectcata
cataaaaaaa
aaazagtitta
tttacaaaaa
aaaatatttt
ttettattet
ttetetttet
ttetctettt
ctttgatggt

gtctaccatce
ctaaacagta
atctatatga
catgaagtcece
agatatagca
taatttgtgt
tacgcegtgt
ttgtaacgga
ggatattatt
tgtggaatag
tattctecaca
tatatcgatg
actaceggto
gactgtaate
ggtttattta
attettectce
cagtaactet
aaactgatac
gtagttgcga
tfttteacce
ctaatttatt
tatgaaacaa
tcttocagcaa
gggaategat
ttgccaatece
agaagatgat
cggtggaggt
agaatccget
taaggacteot
gtetategac
actegggtet
cgtegataca
ggaatcatct
aggtgcaacc
cgataactet
acgaattaaa
ctacattcac
cgattatgac
aaacetettt
ctctttgatg
gatggtctea
ctcataaaaa
aaaaaagttt
gttttacaaa
caaaaatatt
tatttttatt
tattetettt
cttreteret
cteettgatg
gatggtectea
ctcataaaaa

ggtcaatcta
tgttgtacayg
ttggagaagt
gtattatact
cecgeatgeac
cegggaacat
ggttegggta
agacgcgatc
gtcttcteaa
gatacggagt
ccgtctette
tggazattaa
teagegaate
cegtattteg
caggagaaag
caaacagtta
agtgggcgac
aatctcttat
tatacataaa
ataaataata
gcacggtaag
tatategtee
tcatcctcat
gttattatca
gtaacggaaa
tccacatcag
ctgagaatga
gatggaaaca
ceogegatea
atcagatgta
aacatctcte
aaatgcgtca
gaacttgagyg
gatgatactt
attcatctga
aaagtgtacc
aaaaagttac
actattccta
ctgatggtet
gtctcataaa
taaaaaaagt
aagttttaca
tacaaaaata
aatattttta
tttattctct
ctetttotet
ctctctttga
ttgatggtet
gtctcataaa
taaaaaaagt
aagttttaca

183840
183900
183960
184020
184080
184140
184200
184260
184320
184380
184440
184500
184560
184620
1848680
184740
184800
184860
184920
184980
185040
185100
185160
185220
185280
185340
185400
185460
185520
185580
185640
185700
185760
185820
185880
185340
186000
iBG0O60D
186120
iB6180
186240
186300
186360
186420
186480
186540
186600
186660
186720
186780
186840
186854



73174

«<211> 1131

<212> DNA

<213> Human Herpesvirus-1l

<300>

<308> GenBank No. NC_00180

<308 2004-01-13

<400> 35

atggettegt acceetgoca tcaacacgeg tctgegtteg

ggccataaca acogacgtac ggegttgoge cotegeogge

cgoeoctggage agazaatgece cacgcetactg cgggittata

gggaaaacca ccaccacgea actgcetggtg geectgggtt

gtacccgage cgatgactta ctggegggtg ttaggggett

tacaccacac aacaccgect cgaccagggt gagatatcgg

atgacaagcyg cccagataac aatgggeatyg ccttatgecg

cctcatatecg ggggggagge tgggagctea catgegcecge

ttegacegee ateecatege cgecctecty tgctaccegg

agcatgacco cccaggeegk getggegtte gtggeccteoa

acaaacatcy tgttggggge cctteoeggag gacagacaca

cagegecceg gogagoegget tgacctgget atagctggeceg

ctgettgeca atacggtgeg gtatcotgeoag ggoggegggt

cagetttegg gageggecgt gecgcooccag ggtgocgagoe

cgaccceata teggggacac gttatttace ctgtttegog

aacggegacce tgtataacgt gtttgectgg getttggacg

cceatgecatyg tetttatcoot ggattacgac caatcegeecyg

ctgcaactta ccteegggat ggtcocagacce cacgtcacca

atctgegace tggegegeac gtttgeccgyg gagatggggg

<210> 36

<211> 376

<212> PRT

<213> Human Herpesvirus-1

<300>

<308> GenBank No. NP 04462

<309> 20064-01-13

<400> 36

Met Ala Ser Tyr Pro Cys His Gln Hie Ala Ser

1 5 10
Ala Arg Ser Arg Gly His Asn Asn Arg Arg Thr
20 25
Arg Glin Gln Lys Ala Thr Glu Val Arg Leu Glu
35 40

Leu Leu Arg Val Tyr Ile Asp Gly Pro His Gly
50 55

Thr Thr Gln Leu Leu Val Ala Leu Gly Ser Arg

65 70 75

Val Pro Glu Pro Met Thr Tyr Trp Arg Val Leu

85 90
Ile Ala Asn Ile Tyr Thr Thr Gln His Arg Leu
100 105
Sexr Ala Gly Asp Ala Ala Val Val Met Thr Ser
11s 120

accaggetge
aacaaaaage
tagacggtcco
cgcgegacga
cocgagacaat
cocggggacgo
tgacegacge
cceeggeect
ccgcgegata
tceegoegac
tcgacegect
cgattegecy
cgtggeggga
ccecagageaa
ceecegagtt
tcttggeeaa
ceggetgecy
ccccaggete
aggctaacty

Ala Phe Asp

Ala Leu Arg

30

Gln Lys Met
45

Met Gly

60

Asp

Lys

Asp Ile

Gly Ala Ser

Asp Gln Gly

110
Tle

Ala Gln

125

gegttetege
cacggaagtce
ccacgggatg
tatcgtetac
cgcgaacatc
ggcggtggta
cgtitctggcet
caccecteate
ccttatggge
cttgoccoogge
ggceaaacgce
cgtttatagg
ggattgggga

cgcgggccca
getggeoecec

acgectoegt
ggacgeccty
cataccgacyg
a

Gln
15
Pro

Ala
Arg

Pro Thr

Thr Thr

val Tyr
80
Glu Thr
95
Glu Ile

Thr Met

60
120
180
240
300
3560
420
480
540
600
660
720
780
840
200
960
1020
1080
1131



Gly
Gly

145
Phe

Tyr
Leu
Pro
Glu
225
Leu
Glu

Glu

Phe
Tyx
305
Pro
Arg
Thr

Ala

Met
130
Glu
Asp
Leu
Ile
Glu
210
Arg
Leu
Asp
Pro
Thr
290
Asn
Met
Asp
Thr

Arg
370

Pro
Ala
Arg
Met
Pro
195
Asp
Leu
Ala
Trp
Gln
275
Leu
val
Hisg
Ala
Pro

355
Glu

Tyr
Gly
Hig
Gly
180
Pro
Arg
Asp
Asnn
Gly
260
Ser
Phe
Phe
Val
Leu
340
Gly

Met

Ala
Ser
Pro
165
Ser
Thr
His
Leu
Thr
245
Gln
Asn
Arg
Ala
Phe
325
Leu

Ser

Gly

Val
Ser
150
Ile
Met
Leu
Ile
Ala
239
Val
Leu
Ala
Ala
Trp
310
Ile
Gln
Ile

Glu

Thr
135
Hisg

Ala

Thr
Pro
Asp
215
Met
Arg
Ser
Gly
Pro
285
Ala
Leu
Leu

Pro

Ala
375

Asp
Ala
Ala
Pro
Gly
200
Arg
Leu
Tyr
Gly
Pro
280
Glu
Leu
Asp
Thr
Thr

360
Asn

74/74

Ala
Pro
Leu
Gin
185
Thr
Leu
Ala
Leu
Ala
265
Arg
Leu
Asp
Tyr
Sexr

345
Ile

Val
Pro
Leu
170
Ala
Asn
Ala
Ala
Glin
250
Ala
Pro
Leu
val
Asgp
3130
Gly

Cys

Leu
Pro
158
Cys
Val
Ile
Lys
Ile
235
Gly
Val
His
Ala
Leu
315
Gln
Met

Asp

Ala
140
Ala

Tyr
Leu
Val
Arg
220
Brg
Gly
Pro
Ile
Pro
300
Ala
Ser

Val

Leu

Pro
Leu
Pro
Ala
Leu
205
Gln
Aryg
Gly
Pro
Gly
2B5
Asn
Lys
Pro

Gln

Ala
365

His
Thr
Ala
Phe
199
Gly
Arg
Val
Ser
Gln
270
Asp
Gly
Arg
Ala
Thr

350
Arg

Ile
Leu
Ala
175
Val
Ala
Pro
Tyr
Trp
255
Gly
Thr
hsp
Leu
Gly
335
His

Thr

Gly
Ile
160
Arg
Ala
Leu
Gly
Gly
240
Arg
Ala
Leu
Leu
Arg
320
Cys
Val

Phe



