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Title: A method for simultaneous production of multiple proteins; vectors

and cells for use therein

The invention rolates to the fields of biochemistry, molecular biology,
pharmacology and diagnosis. More specifically the present invention relates to
the production of proteins in a host cell. And even more specifically the
invention relates to a method for improving cxpression of two or more proteins
in a (host) cell. The method is suited for production of for example recombinant
antibodies that can be used in a pharmaceutical preparation or as a diagnostic
tool.

Proteins are produced in systems for a wide range of applications in
biology and biotechnology, These include research into cellular and molecular
function, production of proteins as biopharmaceuticals or diagnostic reagents,
and modification of the traits or phenotypes of livestock and crops.
Biopharmaceuticals are usually proteins that have an extracellular function,
such as antibodies for immunotherapy or hormones or cytokines for eliciting a
cellular response. Proteins with extracellular functions exit the cell via the
secretory pathway, and undergo post-translational modifications during
secretion. The modifications (primarily glycosylation and disulfide bond
formation) do not occur in bacteria. Moreover, the specific oligosaccharides
attached to proteins by glycosylating enzymes are species and cell-type
specific. These considerations often limit the choice of host cells for
heterologous protein production to eukaryotic cells (Kaufman, 2000). For
expression of human therapeutic proteins, host cells such as bacteria, yeast, or
plants may be inappropriate. Even the subtle differences in protein
glycosylation between rodents and human, for example, can be sufficient to
render proteins produced in rodent cells unacceptable for therapeutic use
(Sheeley et al,, 1997). The consequences of improper (i.e. non-human)
glycosylation include immunogenicity, reduced functional half-life, and loss of

activity. This limits the choice of host cells further, to human cell Lines or to
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cell lines such as Chinese Hamster Ovary (CHO) cells, which may produce
glycoproteing with human-like carbohydrate structures (Liu, 1992).

Some proteins of biotechnological interest are functional as multimers,
ie. they consist of two or more, possibly different, polypeptide chains in their
biologically and/or biotechnologically active form. Examples include antibodies
(Wright & Morrison, 1997), bone morphogenetic proteins (Groeneveld &
Burger, 2000), nuclear hormone receptors (Aranda & Pascual, 2001),
heterodimeric cell surface receptors (e.g., T cell receptors, (Chan & Mak,
1989)), integrins (Hynes, 1999), and the glycoprotein hormone family
(chorionic gonadotrophin, pituitary luteinizing hormone, follicle-stimulating
hormone, and thyroid-stimulating hormone, (Thotakura & Blithe, 1995)).
Production of such multimeric proteins in heterologous systems is technically
difficult due to a number of limitations of current expression systems. These
limitations include (1) difficulties in isolating recombinant cells/cell lines that
produce the monomer polypeptides at high levels (predictability and yield), (2)
difficulties in attaining production of the monomeric polypeptides in
stoichiometrically balanced proportions (Kaufman, 2000), and (3) declines in
the levels of expression during the industrial production eycle of the proteins
(stability). These problems are described in more detail below.

(1) Recombinant proteins such as antibodies that are used as
therapeutic compounds need to be produced in large quantities. The host cells
used for recombinant protein production must be compatible with the scale of
the industrial processes that are employed. Specifically, the transgene (or the
gene encoding a protein of interest, the two terms are used ixlterchangeably
herein) cxpr(:,ssion gystem used for the heterologous protein needs to be
retained by the host cells in a stable and active form during the growth phases
of scale-up and production. This is achieved by integration of the transgene
into the genome of the host cell. However, creation of recombinant cell lines by
conventional means is a costly and inefficient process due to the

unpredictability of transgene expression among the recombinant host cells.
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The unpredictability stems from the high likelihood that the transgene will

- become inactive due to gene silencing (McBurney et al., 2002). Using

conventional technologies, the proportion of recombinant host cells that
produce one polypeptide at high levels ranges from 1-2%. In order to construct
a cell line that produces two polypeptides at high levels, the two transgenes
are generally integrated independently. If the two transgenes are transfected
simultaneously on two separate plasmids, the proportion of cells that will
produce both polypeptides at high levels will be the arithmetic product of the
proportions for single transgenes. Therefore the proportion of such
recombinant cell lines ranges from one in 2,500 to one in 10,000. For
multimeric proteins with three or more subunits, the proportions decline
further. These high-producing cell lines must subsequently be identified and
isolated from the rest of the population. The methods required to screen for
these rare high-expressing cell lines are time-consuming and expensive.

An alternative to simultaneous transfection of two transgene-bearing
plasmids is sequential transfection. In this case the proportion of high-yielding
clones will be the sum of the proportions for single transgenes, i.e. 2-4%.
Sequential transfection however has (major) drawbacks, including high costs
and poor stability. The high costs results from various factors: in particular,
the time and resources required for screening for high-expressing cell lines is
doubled, since high expression of each subunit must be screened for separately.
The poor overall stability of host cells expressing two polypeptides is a
consequence of the inherent instability of each of the two transgenes.

(2) Production of multimeric proteins requires halanced levels of
transcriptim}al and translational expression of each of the polypeptide
monomers. Imbalanced expression of the monomers is wasteful of the costly
resources used in cell cultivation. Moreover, the imbalanced expression of one
monomer can have deleterious effects on the cell. These effects include (a)
sequestration of cellular factors required for secretion of the recombinant

proteins (e.g. chaperones in the endoplasmie reticulum, (Chevet et al., 2001)),
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and (b) induction of stress responses that result in reduced rates of growth and
protein translation, or even in apoptosis (programmed cell death) (Pahl &
Baeuerle, 1997, Patil & Walter, 2001). These deleterious effects lead to losses
in productivity and yield and to higher overhead costs.

(8) Silencing of transgene expression during prolonged host cell
cultivation is a commonly observed phenomenon. In vertebrate cells it can be
caused by formation of heterochromatin at the transgene locus, which prevents
transcription of the transgene. Transgene silencing is stochéstic; it can occur
shortly after integration of the transgene into the genome, or only after a
number of cell divisions. This results in heterogeneous cell populations after
prolonged cultivation, in which some cells continue to express high levels of
recombinant protein while others express low or undetectable levels of the
protein (Martin & Whitelaw, 1996, McBurney et al., 2002). A cell line that is
used for heterologous protein production is derived from a single cell, yet is
often scaled up to, and maintained for long periods at, cell densities in excess
of ten million cells per millilitre iﬂ cultivators of 1,000 litres or more. These
large cell populations (101 - 106 cells) are prone to serious declines in
productivity due o transgene silencing (Migliaccio et al., 2000, Strutzenberger
et al,, 1999).

The instability of expression of recombinant host cells is particularly
severe when transgene copy numbers are amplified in an attempt to increase
yields. Transgene amplification is achieved by including a selectable marker
gene such as dihydrofolate reductase (DHFR) with the transgene during
integration. Increased concentrations of the selection agent (in the case of
DHFR, the drug methotrexate) select for cells that have amplified the number
of DHFR genes in the chromosome. Since the transgene and DHFR are co-
localized in the chromosome, the transgene copy number increases too. This is
correlated with an increase in the yield of the heterologous protein (Kaufman,
1990). However, the tandem repeats of transgenes that result from

amplification are highly susceptible to silencing (Garrick et al,, 1998,
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Kaufman, 1990, McBurney et al., 2002). Silencing is often due to a decline in
transgene copy number after the selection agent is removed (Kaufman, 1990).
Removal of the selection agent, however, is routine during industrial
biopharmaceutical production, for two reasons. First, cultivation of cells at
industrial scales in the presence of selection agents is not economically
feasible, as the agents are expensive compounds. Second, and more
importantly, concerns for product purity and safety preclude maintaining
selection during a production cycle. Purifying a recombinant protein and
removing all traces of the selection agent is necessary if the protein is intended
for pharmaceutical use. However, it is technically difficult and prohibitively
expensive to do so, and demonstrating that this has been achieved is also
difficult and expensive. Therefore amplification-based transgenic systems that
require continual presence of selections agents are disadvantageous.
Alternatively, silencing can be due to epigenetic effects on the transgene
tandem repeats, a phenomenon known as Repeat Induced Gene Silencing
(RIGS) (Whitelaw et al., 2001). In these cases the copy number of the
transgene is stable, and silencing occurs due to changes in the chromatin
structure of the transgenes (McBurney et al., 2002). The presence of a selection
agent during cell cultivation may be unable to prevent silencing of the
transgene transcription unit because transgene expression is independent of
expression of the selectable marker. The lack of a means to prevent RIGS in
conventional transgenic systems thus results in costly losses in productivity.
The problems associated with conventional transgene expression
technologies for protein production and more specifically for multimeric
protein prodpction clearly demonstrate a need in the art for a system that
overcomes these problems. The present invention relates to a novel system for
creating (host) cells/cell lines that efficiently express two or more proteins, for
example two or more polypeptide monomers and optionally produce functional
multimeric proteins from them. Important examples of heterologous multimer

proteins are recombinant antibodies. In one embodiment the invention takes
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advantage of proprietary DNA elements that protect transgenes from
silencing, termed STabilizing Anti-Repressor (STAR or STAR™ the terms will
be used interchangeably herein) elements, for the production of two or more
proteins.

The invention also discloses a novel configuration of transcriptional and
translational elements and selectable marker genes. In one embodiment, the
invention uses antibiotic resistance genes and protein translation initiation
sites with reduced translation efficiency (for example an Internal Ribosome
Binding Site, IRES) in novel ways that improve heterologous protein
expression. The combination of the STAR elements and these other elements
results in a system for obtaining a cell which expresses two or more proteins
that (1) predictably produces a high proportion of recombinant cell lines with
high yields of heterologous proteins, (2) exhibits balanced and proportional
expression of two or more polypeptide monomers which are constituents of a
multimeric protein, and (3) creates recombinant cell lines with stable

productivity characteristics.

Therefore, the invention provides in one embodiment, a method for
obtaining a cell which expresses two or more proteins comprising providing
said cell with two or more protein expression units encoding said two or more
proteins, characterised in that at least two of said protein expression units
comprise at least one STAR sequence.

The terms "cell"/"host cell" and "cell line"/"host cell line" are respectively
typically defined as a eukaryotic cell and homogeneous populations thereof
that are mai!ntained in cell culture by methods known in the axt, and that have
the ability to express heterologous proteins.

The term "expression” is typically used to refer to the production of a
specific RNA product or products, or a specific protein or proteins, in a cell. In
the case of RNA products, it refers to the process of transcription. In the case

of protein products, it refers to the processes of transeription, translation and
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optionally post-translational modifications. In the case of secreted proteins, it
refers to the processes of transcription, translation, and optionally post-
translational modification (e.g. glycosylation, disfulfide bond formation, ete.),
followed by secretion. In the case of multimeric proteins, it includes assembly
of the multimeric structure from the polypeptide monomers. The
corresponding verbs of the noun "expression” have an analogous meaning as
said noun.

A protein is herein defined as being either (i) a product obtained by the
processes of transcription and translation and possibly but not necessarily said
product is part of a multimeric protein (for example a subunit) and/or (ii) a
product obtained by the processes of transcription, translation and post-
translational modification. The term "multimer" or "multimeric protein” is
typically defined as a protein that comprises two or more, possibly non-
identical, polypeptide chains ("monomers"). The different monomers in a
multimeric protein can be present in stoichiometrically equal or unequal
numbers. In either case, the proportion of the monomers is usually fixed by the
functional structure of the multimeric protein. .

The term "protein expression unit" is herein defined as a unit capable of
providing protein expression and typically comprises a functional promoter, an
open reading frame encoding a protein of interest and a functional terminator,
all in operable configuration. A functional promoter is a promoter that is
capable of initiating transcription in a particular cell. Suitable promotors for
obtaining expression in eukaryotic cells are the CMV-promoter, a mammalian
EF1-alpha promoter, a mammalian ubiquitin promoter, or a SV40 promoter. A
functional te’rminator is a terminator that is capable of providing transcription
termination. One example of a suitable terminator is an SV40 terminator. The
term "an open reading frame encoding a protein of interest (or a transgene)" is
typically defined as a fragment of DNA which codes for a specific RNA product
or products or a specific protein or proteins, and which is optionally capable of

becoming integrated into the genome of a host cell. It includes DNA elements
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required for proper transcription and translation of the coding region(s) of the
transgene. Said DNA encoding said protein of interest/transgene can either be
a DNA encoding a product obtained by the processes of transcription and
translation (and possibly but not necessarily said product is part of a
multimeric protein, for example a subunit) or a product obtained by the
processes of transcription, translation and post-translational modification.

The terms "recombinant cell/host cell" and "recombinant cell line/host
cell line" are respectively typically defined as a host cell and homogeneous
populations thereof into which a transgene has been introduced for the
purpose of producing a heterologous protein or proteins.

A STAR (STabilizing Anti-Repressor) sequence (or STAR clement; the
terms will be used interchangeably herein) is a naturally occurring DNA
element that we have isolated from eukaryotic genomes on the basis of their
ability to block transgene repression. Preferably, the STAR elements are
recovered from the human genome. A STAR sequence comprises the capacity
to influence transcription of genes in cis and/or provide a stabilizing and/or an
enhancing effect. It has been demonstrated that when STAR elements flank
transgenes, the transgene expression level of randomly selected recombinant
cell lines can be increased to levels approaching the maximum potential
expression of the transgene's promoter. Moreover, the expression level of the
transgene is stable over many cell generations, and does not manifest
stochastic silencing. Therefore, STAR sequences confor a degree of position-
independent expression on transgenes that is not possible with conventional
transgenic systoms. The position independence means that transgenes that are
integrated in genomic locations that would result in transgene silencing are,
with the protection of STAR elements, maintained in a transcriptionally active
state.

STAR-sequences can be identified (as disclosed for example in example 1
of EP 01202581.8) using a method of detecting, and optionally selecting, a

DNA sequence with a gene transcription-modulating quality, comprising
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providing a transcription system with a variety of fragment-comprising
vectors, said vectors comprising i) an element with a gene-transcription
repressing quality, and ii) a promoter directing transcription of a reporter
gene, the method further comprising performing a selection step in said
transcription system in order to identify said DNA sequence with said gene
transcription modulating quality. Preferably, said fragments are located
between i) said element with a gene-transcription repressing quality, and ii)
said promoter directing transcription of said reporter gene. RNA polymerase
initiates the transeription process after binding to a specific sequence, called
the promoter, that signals where RNA synthesis should begin. A modulating
quality can enhance transcription from said promoter in cis, in a given cell
type and/or a given promoter. The same DNA sequence can comprise an
enhancing quality in one type of cell or with one type of promoter, whereas it
can comprise another or no gene transcription modulating quality in another
cell or with another type of promoter. Transcription can be influenced through
a direct effect of the regulatory element (or the protein(s) binding to it) on the
transcription of a particular promoter. Transcription can hoivever, also be
influenced by an indirect effect, for instance because the regulatory element
affects the function of one or more other regulatory elements. A gene
transcription modulating quality can also comprise a stable gene transcription
quality. With stable is meant that the observed transcription level is not
significantly changed over at least 30 cell divisions. A stable quality is useful
in situations wherein expression characteristics should be predictable over
many cell divisions. Typical examples are cell lines transfected with foreign
genes. Otherx examples are transgenic animals and plants and gene therapies.
Very often, introduced expression cassettes function differently after
increasing numbers of cell divisions or plant or animal generations. Preferably,
a stable quality comprises a capacity to maintain gene transcription in
subsequent generations of a transgenic plant or animal. Of eourse in case

expression is inducible said quality comprises the quality to maintain
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inducibility of expression in subsequent generations of a transgenic plant or
animal. Frequently, expression levels drop dramatically with increasing
numbers of cell divisions. With the herein described method for identification
of a DNA sequence with a gene transcription modulating quality, it is possible
to detect and optionally select a DNA sequence that is capable of at least in
paxt preventing the dramatic drop in transcription levels with increasing
numbers of cell divisions. Preferably, said gene transcription modulating
quality comprises a stable gene transcription quality. Strikingly, fragments
comprising a DNA sequence with said stable gene transcription quality can be
detected and optionally selected with the method for identification of a DNA
sequence with a gene transcription modulating quality, in spite of the fact that
said method does not necessarily measure long term stability of transcription.
Proferably, said gene transcription modulating quality comprises a stable gene
transcription enhancing quality. It has been observed that incorporation of a
DNA sequence with a gene transcription modulating quality in an expression
vector with a gene of interest, results in a higher level of transcription of said
gene of interest, upon integration of the expression vector in the genome of a
cell and moreover that said higher gene expression level is also more stable
than in the absence of said DNA sequence with a gene transcription
modulating quality.

In experiments designed to introduce a gene of interest into the genome
of a cell and to obtain expression of said gene of interest, the following has
been observed. If together with said gene of interest also a DNA sequence with
a gene transcription modulating quality was introduced, more clones could be
detected tha!t expressed more than a certain amount of gene product of said
gene of interest, than when said DNA sequence was not introduced together
with said gene of interest. Thus an identified DNA sequence with gene
transcription modulating quality also provides a method for increasing the
number of cells expressing a more than a certain level of a gene product of a

gene of interest upon providing said gene of interest to the genome of said
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cells, comprising providing said cell with a DNA sequence comprising a gene
transcription modulating quality together with said gene of interest.

The chances of detecting a fragment with a gene transcription-
modulating quality vary with the source from which the fragments are
derived. Typically, there is no prior knowledge of the presence or absence of
fragments with said quality. In those situations many fragments will not
comprise a DNA sequence with a gene transcription-modulating quality. In
these situations a formal selection step for DNA sequences with said quality is
introduced. This is done by selection vectors comprising said sequence on the
basis of a feature of a product of said reporter gene, that can be selected for or
against. For instance, said gene product may induce fluorescence or a color
deposit (e.g. green fluorescent protein and derivatives, luciferase, or alkaline
phosphatase) or confer antibiotic resistance or induce apoptosis and cell death.

A method for the identification of a DNA sequence with a gene
transcription modulating quality is particularly suited for detecting and
optionally selecting a DNA sequence comprising a gene transcription-
enhancing quality. It has been observed that at least some of the selected DNA
sequences, when incorporated into an expression vector comprising a gene of
interest, can dramatically increase gene transcription of said gene of interest
in a host cell even when the vector does not comprise an element with a gene-
transcription repressing quality. This gene transcription enhancing quality is
very useful in cell lines transfected with foreign genes or in transgenic animals
and plants.

Said transeription system can be a cell free in vitro transcription
system. With’ the current expertise in automation such cell free systems can be
accurate and quick. However, said transcription system preferably comprises
host cells. Using host cells warrants that fragments are detected and
optionally selected with activity in cells.

An element with a gene transcription repressing quality will repress

transcription from a promoter in the transcription system used. Said
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repression does not have to lead to undetectable expression levels. Important
is that the difference in expression levels in the absence or presence of
repression is detectable and optionally selectable. Preferably, said gene-
transcription repression in said vectors results in gene-transcription
repressing chromatin. Preferably, DNA sequences can be detected, and
optionally selected that are ecapable of at least in part counteracting the
formation of gene-transcription repressing chromatin. In one aspect a DNA
sequence capable of at least in part counteracting the formation of gene-
transcription repressing chromatin comprises a stable gene transcription
quality. Preferably, the DNA sequence involved in gene-transcription
repression is a DNA sequence that is recognized by a protein complex and
wherein said transcription system comprises said complex. Preferably said
complex comprises a heterochromatin-binding protein comprising HP1, a
Polycomb-group (Pc-G) protein, a histone deacetylase activity or MeCP2
(methyl-CpG-binding protein). Many organisms comprise one or more of these
proteins. These proteins frequently exhibit activity in other species as well.
Said complex can thus also comprise proteins from two or more species. The
mentioned set of known chromatin-associated protein complexes are able to
convey long-range repression over many base pairs. The complexes are also
involved in stably transferring the repressed status of genes to daughter cells
upon cell division. Sequences selected in this way are able to convey long-range
anti-repression over many base pairs (van der Vlag et al., 2000).

The vector used can be any vector that is suitable for cloning DNA and
that can be used in a transcription system. When host cells are used it is
preferred that the vector is an episomally replicating vector. In this way,
effects due t:) different sites of integration of the vector are avoided. DNA
elements flanking the vector at the site of integration can have effects on the
level of transcription of the promoter and thereby mimic effects of fragments
comprising DNA sequences with a gene transcription modulating quality. In a

preferred embodiment said vector comprises a replication origin from the

-15-




10

15

20

25

30

WO 03/106684 PCT/NL03/00432

13

Epstein-Barr virus (EBV), OriP, aﬁd a nuclear antigen (EBNA-1). Such vectors
are capable of replicating in many types of cukaryotic cells and assemble into
chromatin under appropriate conditions.

DNA sequences with gene transcription modulating quality can be
obtained from different sources, for example from a plant or vertebrate, or
derivatives thereof, or a synthetic DNA sequence or one constructed by means
of genetic engineering. Preferably said DNA sequence comprises a sequence as
depicted in Table 8 and/or Figure 6 and/or a functional equivalent and/or a
functional fragment thereof.

Several methods are available in the art to extract sequence identifiers
from a family of DNA sequences sharing a certain common feature. Such
sequence identifiers can subsequently be used to identify sequences that share
one or more identifiers. Sequences sharing such one or more identifiers are
likely to be members of the same family of sequences, i.e are likely to share the
common feature of the family. Herein, a large number of sequences comprising
STAR activity (so-called STAR sequences or STAR elemenis) were used to
obtain sequence identifiers (patterns) which are characteristic for sequences
comprising STAR activity. These patterns can be used to determine whether a
test sequence is likely to contain STAR activity. A method for detecting the
presence of a STAR sequence within a nucleic acid sequence of about 50-5000
base pairs is thus herein provided, comprising determining the frequency of
occurrence in said sequence of at least one sequence pattern and determining
that said frequency of occurrence is representative of the frequency of
occurrence of said at least one sequence pattern in at least one sequence
comprising a STAR sequence. In principle any method is suited for
determiningxwhether a sequence pattern is representative of a STAR sequence.
Many different methods ave available in the art. Preferably, the step of
determining that said occurrence is representative of the frequency of
occurrence of said at least one sequence pattern in at least one sequence

comprising a STAR sequence comprises, determining that the frequency of
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occurrence of said at least one sequence pattern signiﬁcantly differs between
said at least one STAR sequence and at least one control sequence. In principle
any significant difference is discriminative for the presence of a STAR
sequence. However, in a particularly preferred embodiment the frequency of
occurrence of said at least one sequence pattern is significantly higher in said
at least one sequence comprising a STAR sequence compared to said at least
one control sequence.

As described above, a considerable number of sequences comprising a
STAR sequence have been identified herein. It is possible to use these
sequences to test how efficient a pattern is in discriminating between a control
sequence and a sequence comprising a STAR sequence. Using so-called
discriminant analysis it is possible to determine on the basis of any set of
STAR sequences in a specics, the most optimal discriminative sequence
patters or combination thereof. Thus, preferably, at least one of said patterns
is selected on the basis of optimal discrimination between said at least one
sequence comprising a STAR sequence and a control sequence.

Preferably, the frequency of occurrence of a sequence pattern in a test
nucleic acid is compared with the frequency of occurrence in a sequence known
to contain a STAR sequence. In this case a pattern is considered representative
for a sequence comprising a STAR sequence if the frequencies of occurrence
are similar. Even more preferably, another criterion is used. The frequency of
occurrence of a pattern in a sequence comprising a STAR sequence is
compared to the frequency of occurrence of said pattern in a control sequence.
By comparing the two frequencies it is possible to determine for each pattern
thus ana_lyseld, whether the frequency in the sequence comprising the STAR
sequence is significantly different from the frequency in the control sequence.
Then a sequence pattern is considered to be representative of a sequence
comprising a STAR sequence, if the frequency of occurrence of the pattern in at
least one sequence comprising a STAR sequence is significantly different from

the frequency of oceurrence of the same pattern in a control sequence. By using
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larger numbers of sequences comprising a STAR sequence the number of
patterns for which a statistical difference can be established increases, thus
enlarging the number of patterns for which the frequency of occurrence is
representative for a sequence comprising a STAR sequence. Preferably said
frequency of occurrence is representative of the frequency of occurrence of said
at least one sequence pattern in at least 2 sequences comprising a STAR
sequence, more preferably in at least 5 sequences comprising a STAR
sequence. More preferably in at least 10 sequences comprising a STAR
sequence. More preferably, said frequency of oceurrence is representative of
the frequency of occurrence of said at least one sequence pattern in at least 20
sequences comprising a STAR sequence. Particularly preferred, said frequency
of occurrence is representative of the frequency of occurrence of said at least
one sequence pattern in at least 50 sequences comprising a STAR

The patterns that are indicative for a sequence comprising a STAR
sequence are also dependent on the type of control nucleic acid used. The type
of control sequence used is preferably selected on the basis of the sequence in
which the presence of a STAR sequence is to be detected. Preferably, said
control sequence comprises a random sequence comprising é similar AT/CG
content as said at least one sequence comprising a STAR sequence. Even more
preferably, the control sequence is derived from the same species as said
sequence comprising said STAR sequence. For instance, if a test sequence is
scrutinized for the presence of a STAR sequence, active in a plant cell, then
preferably the control sequence is also derived from a plant cell. Similarly, for
testing for STAR activity in a human cell, the control nucleic acid is preferably
also derived from a human genome. Preferably, the control sequence comprises
between 50% and 150% of the bases of said at least one sequence comprising a
STAR sequence. Particularly preferred, said control sequence comprises
between 90% and 110% of the bases of said at least one sequence comprising a

STAR sequence. More preferably, between 95% and 105%.
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A pattern can comprise any number of bases larger than two.
Preferably, at least one sequence pattern comprises at least 5, more preferably
at least 6 bases. Even more preferably, at least one sequence pattern
comprises at least 8 bases. Preferably, said at least one sequence pattern
comprises a pattern listed in table 4 and/or table 5. A pattern may consist of a
consecutive list of bases. However, the pattern may also comprise bases that
are interrupted one or more times by a number of bases that are not or only
partly discriminative. A partly discriminative base is for instance indicated as
a purine.

Preferably, the presence of STAR activity is verified using a functional
assay. Several methods are presented herein to determine whether a sequence
comprises STAR activity. STAR activity is confirmed if the sequence is capable
of performing at least one of the following functions: (i) at least in part
inhibiting the effect of sequence comprising a gene transcription repressing
element of the invention, (ii) at least in part blocking chromatin-associated
repression, (iii) at least in part blocking activity of an enhancer, (iv) conferring
upon an operably linked nucleic acid encoding a transcription unit compared to
the same nucleic acid alone. (iv-a) a higher predictability of transcription, (iv-
b) a higher transcription, and/or (iv-c) a higher stability of transcription over
time,

The large number of sequences comprising STAR activity identified
herein open up a wide variety of possibilities to generate and identify
sequences comprising the same activity in kind not necessarily in amount. For
instance, it is well within the reach of a skilled person to alter the sequences
identified herein and test the altered sequence for STAR activity. Such altered
sequences are therefore also included herein and can be used in method for
obtaining a cell which expresses two or more proteins or in a method for
identifying a cell wherein expression of two or more proteins is in a
predetermined ratio. Alteration can include deletion, insertion and mutation of

one or more bases in the sequences,
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Sequences comprising STAR activity were identified in stretches of 400
bases. However, it is expected that not all of these 400 bases are required to
retain STAR activity. Methods to delimit the sequences that confer a certain
property to a fragment of between 400 and 5000 bases are well known. The
minimal sequence length of a fragment comprising STAR activity is estimated
to be about 50 bases.

Table 4 and table 5 list patterns of 6 bases that have been found to be
over represented in nucleic acid molecules comprising STAR activity. This over
representation is considered to be representative for a STAR sequence. The
tables were generated for a family of 65 STAR sequences. Similar tables can be
generated starting from a different set of STAR sequences, or from a smaller or
larger set of STAR sequences. A pattern is representative for a STAR sequence
if it is over represented in said STAR sequence compared to a sequence not
comprising a STAR element. This can be a random sequence. However, to
exclude a non-relevant bias, the sequence comprising a STAR sequence is
preferably compared to a genome or a significant part thereof. Preferably a
genome of a vertebrate or plant, more preferably a human genome. A
significant part of a genome is for instance a chromosome. Preferably the
sequence comprising a STAR sequence and said control sequence are derived
from nucleic acid of the same species.

The more STAR sequences are used for the determination of the
frequency of occurrence of sequence patterns, the more representative for
STARS the patterns are that are over- or under-represented. Considering that
many of the functional features that can be displayed by nucleic acids, are
mediated by Proteinaceous molecules binding to it, it is preferred that the
representative pattern is over-represented in the STAR sequences. Such over-
represented pattern can be, part of, a binding site for such a proteinaceous
molecule. Preferably said frequency of occurrence is representative of the
frequency of occurrence of said at least one sequence pattern in at least 2

sequences comprising a STAR sequence, more preferably in at least 5
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sequences comprising a STAR sequence. More preferably in at least 10
sequences comprising a STAR sequence. More preferably, said frequency of
occurrence is representative of the frequency of occurrence of said at least one
sequence pattern in at least 20 sequences comprising a STAR sequence.
Particularly preferred, said frequency of occurrence is representative of the
frequeney of occurrence of said at least one sequence pattern in at least 50
sequences comprising a STAR. Preferably, said sequences comprising a STAR
sequence comprise at least one of the sequences depicted in figure 6.
STAR activity is feature shared by the sequences listed in figure 6. However,
this does not mean that they must all share the same identifier sequence. It is
very well possible that different identifiers exist. Identifiers may confer this
common feature onto a fragment containing it, though this is not necessarily
s0. '
By using more sequences comprising STAR activity for determining the
frequency of occurrence of a sequence pattern or patterns, it is possible to
select patterns that are more often than others present or absent in such a
STAR sequence. In this way it is possible to find patterns that are very
frequently over or under represented in STAR sequences. Frequently over or
under represented patterns are more likely to identify candidate STAR
sequences in test sets. Another way of using a set of over or under represented
patterns is to determine which pattern or combination of patterns is best
suited to identify a STAR in a sequence. Using so-called discriminant statistics
we have identified a set of patterns which performs best in identifying a
sequence comprising a STAR element. Preferably, at least one of said sequence
patterns for ,detecting a STAR sequence comprises a sequence pattern
GGACCC, CCCTGC, AAGCCC, CCCCCA and/or AGCACC. Preferably, at least
one of said sequence patierns for detecting a STAR sequence comprises a
sequence pattern CCCN{16}AGC, GGCN{RGAC, CACN{13}AGG, and/or
CTGN{4}GCC.
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A list of STAR sequences can also be used to determine one or more
consensus sequences therein. A consensus sequence for a STAR element is
therefore also provided herein. This consensus sequence can of course be used
to identify candidate STAR elements in a test sequence.

Moreover, once a sequence comprising a STAR element has been
identified in a vertebrate it can be used by means of sequence homology to
identify sequences comprising a STAR element in other species belonging to
vertebrate. Preferably a mammalian STAR sequence is used to screen for
STAR sequences in other mammalian species. Similarly, once a STAR
sequence has been identified in a plant species it can be used to sereen for
homologous sequences with similar function in other plant species. STAR
sequences obtainable by a method as described herein are thus provided.
Further provided is a collection of STAR sequences. Preferably said STAR
sequence is a vertebrate or plant STAR sequence. More preferably, said STAR
sequence is a mammalian STAR sequence or an angiosperm (monocot, such as
rice or dicot, such as Arabidopsis). More preferably, said STAR sequence is a
primate and/or human STAR sequence. )

A list of sequences comprising STAR activity can be used to determine
whether a test sequence comprises a STAR element. There are, as mentioned
above, many different methods for using such a list for this purpose.
Preferably, a method is provided for determining whether a nucleic acid
sequence of about 50-5000 base pairs comprises a STAR sequence said method
comprising, generating a first table of sequence patterns comprising the
frequency of occurrence of said patterns in a collection of STAR sequences of
the i.nventimll, generating a second table of said patterns comprising the
frequency of occurrence of said patterns in at least one reference sequence,
selecting at least one pattern of which said frequency of occurrence differs
between the two tables, determining, within said nucleic acid sequence of
about 50-5000 base pairs, the frequency of occurrence of at least one of said

selected patterns, and determining whether the occurrence in said test nucleic
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acid is representative of the occurrence of said selected pattern in said
collection of STAR sequences. Alternatively, said determiniﬁg comprises
determining whether the frequency of occurrence in said test nucleic acid is
representative of the frequency occurrence of said selected pattern in said
collection of STAR sequences. Preferably said method further comprises
determining whether said candidate STAR comprises a gene transcription
modulating quality using a method described herein. Preferably, said
collection of STARs comprises sequence as depicted in figure 6.

Now multiple methods are disclosed for obtaining a STAR sequence, it is
clear that we also provide an isolated and/or recombinant nucleic acid
sequence comprising a STAR sequence by a method as described herein.

A STAR sequence ¢an exert its activity in a divectional way, i.e. more to
one side of the fragment containing it than to the other. Moreover, STAR
activity can be amplified in amount by multiplying the number of STAR
elements. The latter suggests that a STAR element may comprise one or more
elements comprising STAR activity. Another way of identifying a sequence
capable of conferring STAR activity on a fragment containing it comprises
selecting from a vertebrate or plant sequence, a sequence comprising STAR
activity and identifying whether sequences flanking the selected sequence are
conserved in another species. Such conserved flanking sequences are likely to
be functional sequences. Such a method for identifying a sequence comprising
a STAR element comprising selecting a sequence of about 50 to 5000 base
pairs from a vertebrate or plant species comprising a STAR element and
identifying whether sequences flanking said selected sequence in said species
are conservec,i in at least one other species. We further provide a method for
detecting the presence of a STAR sequence within a nucleic acid sequence of
about 50-5000 base pairs, comprising identifying a sequence comprising a
STAR sequence in a part of a chromosome of a cell of a species and detecting
significant homology between said sequence and a sequence of a chromosome

of a different species. The STAR in said different species is thus identified.
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Preforably, said species comprises a plant or vertebrate species, preferably a
mammalian species. We also provide a method for detecting the presence of a
STAR element within a nucleic acid sequence of about 50-5000 base pairs of a
vertebrate or plant species, comprising identifying whether a flanking
sequence of said nucleic acid sequence is conserved in at least one other
species.

It is important to note that methods as disclosed herein for detecting the
presence of a sequence comprising a STAR sequence using bicinformatical
information are iterative in nature. The more sequences comprising a STAR
sequence are identified with a method as described herein the more patterns
are found to be discriminative between a sequence comprising a STAR
sequence and a control sequence. Using these newly found discriminative
patterns more sequences comprising a STAR sequence can be identified which
in turn enlarge the set of patterns that can discriminate and so on. This
iterative aspect is an important aspect of methods provided herein.

The term quality in relation to a sequence refers to an activity of said
sequence. The term STAR, STAR sequence or STAR element, as used herein,
refers to a DNA sequence comprising one or more of the mentioned gene
transcription modulating qualities. The term “DNA sequence” as used herein
does, unless otherwise specified, not refer to a listing of specific ordering of
bases but rather to a physical piece of DNA. A transcription quality with
reference to a DNA sequence refers to an effect that said DNA sequence has on
transcription of a gene of interest. “Quality” as used herein refers to detectable
properties or attributes of a nucleic acid or protein in a transcription system.

The present invention provides, amongst others, a method for obtaining
a cell which expresses two or more proteins, a method for identifying a cell
wherein expression of two or more prateins is in a predetermined ratio and a
protein expression unit. It is clear that in all these embodiments the above-
described obtainable STAR sequences can be used. For example, a STAR

sequence from figure 6, table 3, table 4, table 5 or combinations thereof. More
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preferably, said STAR sequence is a vertebrate STAR sequence or a plant
STAR sequence. Even more preferably, said vertebratc STAR sequence is a
human STAR sequence. It is furthermore preferred to use a STAR sequence
from a species from which a gene of interest is expressed. For example, when
one would like to express two or more proteins and one of the proteins is a
human protein, one preferably includes a human STAR sequence for the
expression of said human protein.

As outlined above the STAR elements flanking an expression unit are
the basis of the stable expression of the monomer transgenes over many cell
generations. We have demonstrated that STAR elements can protect
individual transgenes from silencing. In the present invention that capability
is extended to more than one expression unit introduced (preferentially)
independently in a recombinant host cell. Expression units that are not
flanked by STAR elements can undergo significant silencing after only 5-10
culture passages, during which time silencing of the STAR protected units is
negligible.

The advantages of a method for obtaining a cell which expresses two or
more proteins comprising providing said cell with two or more protein
expression units encoding said two or more proteins, characterised in that at
least two of said protein expression units comprise at least one STAR
sequence, are multifold.

The present invention uses STAR sequences for the production of two or
more proteins and thereby the invention provides (1) an increased
predictability in the creation of recombinant cell lines that efficiently produce
the heterologous multimeric proteins of interest, (2) an increased yield of the
heterologous multimeric proteins, (3) stable expression of the heterologous
multimeric proteins, even during prolonged cultivation in the absence of
selection agent and (4) the invention also provides favorable transgene
expression characteristics without amplification of the transgene. The

increased yield of heterologous proteins provided by the invention may be
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obtained at low transgene copy numbers, without selective co-amplification
using, for example, the DHFR/methotrexate system. This results in greater
stability, since the transgene copy number is low and is not susceptible to
decrease due to recombination (McBurney et al., 2002) or repeat-induced gene
silencing (Garrick et al., 1998). Fifth, the broad applicability of the method of
the invention includes its utility in a wide range of host cell lines. This is for
example useful/desirable when a particular multimeric protein is preferably
expressed by a particular host cell line (e.g. expression of antibodies from
Iymphocyte-derived host cell lines).

A method according to the invention therefore provides an improvement
of expression of two or more proteins in a (host) cell.

In another embodiment the invention provides a method for identifying
a cell wherein expression of two or more proteins is in a predetermined ratio
comprising providing
- a collection of cells with two or more protein expression units encoding said
two or more proteins,

- selecting cells which express said two or more proteins, and

- identifying from the obtained selection, cells that express said two or more
proteins in said predetermined ratio, characterised in that at least two of said
protein expression units comprise at least one STAR sequence.

The selection of cells which express said two or more proteins may for
example be obtained by performing a SDS-PAGE analysis, a Western blot
analysis or an ELISA, which are all techniques which are known by a person
skilled in the art and therefore need no further elaboration. The identification
of cells that cxpress said two or more proteins in said predetermined ratio can
also be performed by these techniques.

The presence of a STAR sequence in at least two of said protein
expression units, again, provide the desired predictability, yield, stability and

stoichiometrically balanced availability of the two or more proteins.
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Especially when polypeptides of a multimeric protein are produced
according to a method of the invention it is desirable to provide the required
monomers/subunits in a ratio that is relevant for the formation of said
multimeric protein. Hence, preferably said monomers/subunits are produced in
a biological relevant balanced ratio. If for example, a multimeric protein
consists of two subunits A and 1 subunit B it is desired to produce two
subunits A for every subunit of B that is produced. Hence, a predetermined
ratio is herein defined as the natural occurring ratio (stoichiometry) of the
different subunits/monomers/polypeptides which comprise a multimeric
protein.

In a more preferred embodiment a cell obtainable according to a method
of the invention expresses two proteins. For example, two proteins which
together provide a therapeutically advantageous effect. In an even more
preferred embodiment the predetermined ratio of the two expressed proteins is
1:1. This is {for example useful in the production of multimeric proleins in
which the monomers are in a 1:1 ratio. Typical examples are antibodies that
comprise two heavy chains and two light chains. »

Preferably, the invention provides a method, wherein said two or more
protein expression units further encode at least two different selection
markers, and wherein said method further comprises a two-step selection
marker screening on said cell, wherein said cell is selected in a first step on the
presence of a first selection marker and in a second step on the presence of a
second selection marker.

In this embodiment of the invention a two-stage antibiotic selection is
used which ngime results in a high proportion of isolates that express for
example transgenes 1 and 2 at high levels; the first stage of selection
eliminates cells that do not contain the expression unit or units, and the
second stage of selection eliminates colonies that do not transcribe both
bicistronic mRNAs at high levels. This regime is one of the aspects for the

increased frequency of multimer-expressing recombinant cell lines achieved by
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the invention compared to conventional methods. As described herein, it
results in an increase in the frequency of expressor lines by more than ten-fold.

In another embodiment the invention provides a method wherein at
least one of said protein expression units comprises
a monocistronic gene comprising an cpen reading frame encoding a protein of
interest and wherein said monocistronic gene is under control of a functional
promoter.

In yet another embodiment the invention provides a method according
to the invention, wherein at least one of said protein expression units
comprises
a bicistronic gene comprising an open reading frame encodihg a protein of
interest, a protein translation initiation site with a reduced translation
efficiency, a selection marker and wherein said bicistronic gene is under
control of a functional promoter.

In a more preferred embodiment the invention provides a method
according to the invention, wherein at least one of said protein expression
units comprises
a bicistronic gene comprising an open reading frame encoding a protein of
interest, a protein translation initiation site with a reduced translation
efficiency, a selection marker and wherein said bicistronic gene is under
control of a functional promoter, which protein expression unit further
comprises
a monocistronic gene comprising an open reading frame encoding a second
selection marker and wherein said monocistronic gene is under control of a
functional pl;omoter.

The term "bicistronic gene," is typically defined as a gene capable of
providing a RNA molecule that encodes two proteins/polypeptides.

The term "monocistronic gene" is typically defined as a gene capable of

providing a RNA molecule that encodes one protein/polypeptide.
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The term "selection marker or selectable marker” is typically used to
refer to a gene and/or protein whose presence can be detected directly or
indirectly in a cell, for example a gene and/or a protein that inactivates a
selection agent and protects the host cell from the agent's lethal or growth-
inhibitory effects (e.g. an antibiotic resistance gene and/or protein). Another
possibility is that said selection marker induces fluorescence or a color deposit
(e.g. green fluorescent protein and derivatives, luciferase, or alkaline
phosphatase).

The term "selection agent" is typically defined as a chemical compound
that is able to kill or retard the growth of host cells (e.g. an antibiotic).

The term "selection” is typically defined as the process of using a
gselection marker/selectable marker and a selection agent to identify host cells
with specific genetic properties (e.g. that the host cell contains a transgene
integrated into its genome).

The nouns "clone" and "isolate" typically refer to a recombinant host cell
line that has been identified and isolated by means of selection.

The improvements provided by a method accordiné to the invention
have three integrated aspects. (1) With existing systems, recombinant cell
lines that simultaneously express acceptable quantities of the monomers of
multimeric proteins can be created only at very low frequencies; the present
invention increases the predictability of creating high-yielding recombinant
host cell lines by a factor of ten or more. (2) Existing systems do not provide
stoichiometrically balanced and proportional amounts of the subunits of
multimeric proteins; the present invention ensures that the expression levels
of the subuni’ts will be balanced and proportional. (3) Existing systems do not
provide a means of protecting the transgenes that encode the protein subunits
from transgene silencing.

FIG 1 provides a, non-limiting, schematic representation of one of the
embodiments of this part of the invention. FIG 1A and FIG 1B show two

separate protein expression units. This is the configuration of the DNA
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elements of the expression units in the plasmid as well as after integration
into the genome. Expression unit one is shown in FIG 1A. It contains an open
reading frame for a transgene (a reporter gene or subunit 1 of a multimeric
(TG 81, transgene subunit 1)). This is upstream of the attenuated EMCV
IRES, and of the open reading frame encoding the zeocin resistance selectable
marker protein (zeo). This bicistronic transgene is transcribed at high levels
from the CMV promoter. Next to this is the neomycin resistance selectable
marker (neo; this confers resistance to the antibiotic G418 as well), transcribed
as a monocistronic mRNA from the SV40 promoter. These two genes are
flanked by STAR elements. In FIG 1B a similar expression unit is depicted. It
consists of a second transgene (a second reporter gene or the open reading
frame for subunit 2 of a heterodimeric protein (TG S2)) upstream of the
attenuated EMCV IRES and the blasticidin sclectable marker open reading
frame (bsd). This bicistronic transgene is transcribed at high levels from the
CMV promoter. Next to this is the neo selectable marker, transcribed as a
monocistronic mRNA from the SV40 promoter. The two genes in the second
expression unit are flanked by STAR elements as well.

It is clear to a person skilled in the art that the possible combinations of
selection markers is numerous. Examples of possible antibiotic combinations
are provided above. The one antibiotic that is particularly advantageous is
zeocin, because the zeocin-resistance protein (zeocin-R) acts by binding the
drug and rendering it harmless. Therefore it is easy to titrate the amount of
drug that kills cells with low levels of zeocin-R expression, while allowing the
high-expressors to survive. All other antibiotic-resistance proteins in
common use are enzymes, and thus act catalytically (not 1:1 with the drug).
When a two-step selection is performed it is therefore advantageous to use an
antibiotic resistance protein with this 1:1 binding mode of action. Hence, the
antibiotic zeocin is a preferred selection marker. For convenience the zeocin
antibiotic is in a two-step selection method combined with puromycin-R or

blasticidin-R in the second bicistronic gene, and neomycin-R or hygromycin-R
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in the monocistronic gene.

It is furthermore clear that it is also possible to combine an antibiotic
selection marker with a selection marker which provides induction of
fluorescence or which provide a color deposit.

It is also clear to a person skilled in the art that different promoters can
be used as long as they are functional in the used cell. The CMV promoter is
considered the strongest available, so it is preferably chosen for the bicistronic
gene in order to obtain the highest possible product yield. Other examples of
suitable promoters are e.g. mammalian promoters for EF1-alpha or ubiquitin.
The good expression and stability of the SV40 promoter makes it well suited
for expression of the monocistronic gene; enough selection marker protein (for
example the antibiotic resistance protein neomyein-R in the example cited
herein) is made to confer high expression of said selection marker. Hence, said
SV40 promoter is preferentially used as a promoter driving the expression of
the selection marker.

In a preferred embodiment the invention provides a method wherein
at least one of said protein expression units comprises at least two STAR
sequences. In an even more preferred embodiment the invention pl;ovides a
method wherein said protein expression unit comprising at least two STAR
sequences is arranged such that said protein expression unit is flanked on
either side by at least one STAR sequence. In yet an even more preferred
embodiment the said at least two STAR sequences are essentially identical.
Essentially identical STAR sequences are defined herein as .STAR sequences
which are identical in their important domains, but which may vary within
their less important domains (the domains that confer the transcription
stabilizing or enhancing quality), for example a pointmutation, deletion or
insertion at a less important position within the STAR sequence.
Preferentially said essentially identical STAR sequences provide equal

amounts of transcription stabilizing or enhancing activity.
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The use of STAR sequences to flank at least one protein expression unit
is one of the aspects of the balanced and proportional levels of expression of
two or more proteins and more specifically for the expression of the monomers
of multimeric proteins. The STAR sequences create chromatin domains of
deflinite and stable transcriptional potential. As a result, promoters that drive
transcription of each bicistronic mRNA will function at definite, stable levels,
A recombinant host cell line created by the method of the invention is readily
identified in which these levels result in appropriate proportions of each
monomer of the multimeric protein of interest being expressed at high yields.

In another emhodiment the protein expression unit contains only the
bicistronic gene flanked by STAR elements. The advantages of omitting the
monocistronic antibiotic resistance gene are twofold. First, selection of high-
expressing recombinant host cells requires the use of only two antibiotics.
Second, it prevents repression of the bicistronic and/or monocistronic genes by
the phenomena of promoter suppression and transcriptional interference.
These phenomena are common problems in conventional transgenic systems in
which two or more transcription units are located near each other. Repression
by an upstream (5') unit of a downstream (3") unit is termed transcriptional
interference, and repression by a downstream unit of an upstream unit is
termed promoter suppression (Villemure et al., 2001). Transcriptional
interference can result in suppression of adjacent transgenes in all possible
arrangements (tandem, divergent, and convergent) (Eszterhas et al., 2002).
These phenomena can reduce the efficiency of selection of the IRES-dependent
and/or monocistronic antibiotic resistance genes, and reduce the yield of the
transgene. TPerefore the embodiment of the invention comprising only a
bicistronic gene flanked by STAR elements provides an alternative
configuration of the components.

In a preferred embodiment the method according to the invention uses a
STAR sequence wherein said STAR sequence is depicted in Table 8 and/or

figure 6 and/or a functional equivalent and/or a functional fragment thereof.
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We have isolated and characterized an extensive collection of STAR
sequences using proprietary technology. The strength of these sequences
ranges widely. This is manifested by the varying degrees of improvement of
transgene expression in recombinant host cells conferred by the STAR
elements; some STAR elements provide full protection from silencing, while
others only provide partial protection. The range in strength of the STAR
elements is also manifested in their varying capacities to improve the
predictability of isolating recombinant cell lines that efficiently produce the
heterologous proteins of interest. For the present invention we have preferably
employed STAR elements that have strong predictability characteristics, in
order to have high numbers of efficiently-expressing recombinant cell lines.
The STAR elements employed have moderate to strong anti-repressor activity,
in order to be able to modulate the levels of recombinant protein production to
match the requirements of the product (e.g. balanced and proportional
expression of polypeptide monomers). The selected STAR elements also confer
significant increases on the stahbility of expression of the transgenes.

Some STAR elements also display promoter and host cell-type
specificity. These characteristics are exploited to create novel transgenic
systems to optimize the production of heterologous proteins that require a
specific host cell (for example, to achieve a high yield or a pharmaceutically
advantageous glycosylation pattern) or a specific mode of expression (for
example, the use of an inducible promoter or a constitutive promoter; the use
of a promoter with moderate strength or high strength, etc.). Therefore the use
of different STAR elements results in different embodiments of the invention
that pertain ’to these types of applications.

A functional equivalent and/or a functional fragment of a sequence
depicted in Table 3 and/or figure 6 is defined herein as follows. A functional
equivalent of a sequence as depicted in Table 3 and/or figure 6 is a sequence
derived with the information given in Table 8 and/or figure 6. For instance, a

sequence that can be derived from a sequence in Table 3 and/or figure 6 by
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deleting, modifying and/or inserting bases in or from a sequence listed in Table
3 and/or figure 6, wherein said derived sequence comprises the same activity
in kind, not necessarily in amount, of a sequence as depicted in Table 3 and/or
figure 6. A functional equivalent is further a sequence comprising a part from
two or more sequences depicted in Table 3 and/ox figure 6. A functional
equivalent can also be a synthetic DNA sequence which is a sequence that is
not derived directly or indirectly from a sequence present in an organism. For
instance a sequence comprising a drosophila scs or ses’ sequence is not a
synthetic sequence, even when the scs or scs’ sequence was artificially
generated.

Functional sequences of STAR elements can be delineated by various
methods known in the art. In one embodiment deletions and/or substitutions
are made in STAR sequences. DNA that is modified in such a way is for
example tested for activity by using a single modified nucleic acid or by
generating a collection of test nucleic acids comprising said modified nucleic
acid. Elucidation of functional sequences within STAR sequences enables the
elucidation of consensus sequences for elements with a gene transcription »
modulating and/or a gene transcription repressing quality.

A functional fragment of a STAR sequence as depicted in Table 3 and/or
figure 6 can for example be obtained by deletions from the 5' end or the 3' end
or from the inside of said sequences or any combination thereof, wherein said
derived sequence comprises the same activity in kind, not necessarily in
amount.

In a more preferred embodiment said STAR sequence as depicted in
Table 3 and/or figure 6 is STAR18 and/or a functional equivalent and/or a
functional fr’agment thereof.

Yet another preferred feature of a method according to the invention is
the introduction of a (weak) Internal Ribosome Binding Site (IRES) as an
example of a protein translation initiation site with a reduced translation

efficiency, between the open reading frame of the protein of interest and the

-34-




10

15

20

25

WO 03/106684 PCT/NL03/00432

32

selection marker open reading frame. In combination with for example the
STAR sequence, this component of the present invention comprises a marked
improvement in transgenic systems for the expression of two or more proteins.
Internal ribosome binding site (IRES) elements are known from viral
and mammalian genes (Martinez-Salas, 1999), and have also been identified in
screens of small synthetic oligonucleotides (Venkatesan & Dasgupta, 2001).
The IRES from the encephalomyocarditis virus has been analyzed in detail
(Mizuguchi et al., 2000). An IRES is an element encoded in DNA that results
in a structure in the transcribed RNA at which eukaryotic ribosomes can bind
and initiate translation. An IRES permits two or more proteins to be produced
from a single RNA molecule (the first protein is translated by ribosomes that
bind the RNA at the cap structure of its 5' terminus, (Martinez-Salas, 1999)).
Translation of proteins from IRES elements is less efficient than cap-
dependent translation: the amount of protein from IRES-dependent open
reading frames (ORFs) ranges from less than 20% to 50% of the amount from
the first ORF (Mizuguchi et al., 2000). This renders IRES elements
undesirable for production of all subunits of a multimeric protein from one
messenger RNA (mRNA), since it is not possible to achieve balanced and
proportional expression of two or more protein monomers from a bicistronic or
multicistronic mRNA. However, the reduced efficiency of IRES-dependent
translation provides an advantage that is exploited by the current invention.
Furthermore, mutation of IRES elements can attenuate their activity, and
lower the expression from the IRES-dependent ORFs to below 10% of the first
ORF (Lopez de Quinto & Martinez-Salas, 1998, Rees et al., 1996). The
advantage e)gploited by the invention is as follows: when the IRES-dependent
ORF encodes a selectable marker protein, its low relative level of translation
means that high absolute levels of transcription must occur in order for the
recombinant host cell to be selected. Therefore, selected recombinant host cell

isolates will by necessity express high amounts of the transgene mRNA. Since
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the recombinant protein is translated from the cap-dependent ORF, it can be
produced in abundance resulting in high product yields.

It is clear to a person skilled in the art that changes to the IRES can be
made without altering the essence of the function of the IRES (hence,
providing a protein translation initiation site with a reduced translation
efficiency), resuliing in a modified IRES. Use of a modified IRES which is still
capable of providing a small percentage of translation (compared to a 5' cap
translation) is therefore also included in this invention. ,

In yet another embodiment the invention provides a method for
obtaining a cell which expresses two or more proteins or a method for
identifying a cell wherein expression of two or more proteins is in a
predetermined ratio, wherein each of said protein expression units resides on a
separate DNA-carrier. The present invention preferentially makes use of a
separate transcription unit for each protein and/or monomer of a multimeric
protein. In each transcription unit the monomer ORF is produced by efficient
cap-dependent translation. This feature of the invention contributes that
recombinant host cells are isolated which have high yields of each monomer, at
levels that are balanced and proportionate to the stoichiometry of the
multimeric protein. The increased predictability at which such recombinant
host cells are isolated results in an improvement in the efficiency of screening
for such isolates by a factor of ten or more. In a preferred embodiment said
DNA-carrier is a vector (or plasmid; the terms are used interchangeably
herein). In another embodiment said vector is a viral vector and in a more
preferred embodiment said viral vector is an adenoviral vector or a retroviral
vector. It is (%lear to person skilled in the art that other viral vectors can also be
used in a method according to the invention.

Conventional expression systems are DNA molecules in the form of a
recombinant plasmid or a recombinant viral genome. The plasmid or the viral
genome is introduced into (mammalian host) cells and integrated into their

genomes by methods known in the art. The present invention also uses these
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types of DNA molecules to deliver its improved transgene expression system. A
preferred embodiment of the invention is the use of plasmid DNA for delivery
of the expression system. A plasmid contains a number of components:
conventional components, known in the art, are an origin of replication and a
selectable marker for propagation of the plasmid in bacterial cells; a selectable
marker that functions in eukaryotic cells to identify and isolate host cells that
carry an integrated transgene expression system; the protein of interest,
whose high-level transcription is brought about by a promoter that is
functional in eukaryotic cells (e.g. the human cytomegalovirus major
immediate early promoter/enhancer, pCMV (Boshart et al., 1985)); and viral
transcriptional terminators for the transgene of interest and the selectable
marker (e.g. the SV40 polyadenylation site (Kaufman & Sharp, 1982)).

The vector used can e any vector that is suitable for cloning DNA and
that can be used in a transcription system. When host cells are used it is
preferred that the vector is an episomally replicating vector. In this way,
effects due to different sites of inte,gration of the vector are avoided. DNA
elements flanking the vector at the site of integration can have effects on the
level of transcription of the promoter and thereby mimic effects of fragments
comprising DNA sequences with a gene transcription modulating quality. In a
preferred embodiment said vector comprises a replication origin from the
Epstein-Barr virus (EBV), OriP, and a nuclear antigen (EBNA-1). Such vectors
are capable of replicating in many types of eukaryotic cells and assemble into
chromatin under appropriate conditions.

In a preferred embodiment the invention provides a method for
obtaining a cxell which expresses two or more proteins or a method for
obtaining a cell wherein expression of two or more proteins is in a
predetermined ratio comprising providing two or more protein expression units
wherein one of the said protein expression units or said protein(s) of interest
encodes an immunoglobulin heavy chain and/or wherein another of the said

protein expression units or said protein(s) of interest encodes an
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immunoglobulin light chain. According to this embodiment a multimeric
protein, an antibody, is obtained. It is clear to a person skilled in the art that it
is possible to provide a cell which expresses an immunoglobulin heavy chain
from one protein expression unit and an immunoglobulin light chain from
another protein expression unit with a third protein expression unit encoding
a secretory component or a joining chain. In this way the production of for
example sIgA and pentameric IgM is provided.

Preferably, the used host cell secretes the produced multimer, In this
way the product is easily isolated from the medium surrounding said host cell.

More preferably, the invention results in the production of a functional
multimer. The functionality of the produced multimer is determined with
standard procedures. For example, a produced multi subunit enzyme is tested
in a corresponding cnzymatic assay or binding to an antigen, for example in an
ELISA, is used to test the functionality of a produced antibody.

Hence, the selection of a final suitable host cell expressing a multimer
involves multiple steps amongst which are the selection for a cell that
expresses all the desired subunits of a multimer, followed by a functional
analysis of said multimer.

With regard to a multimeric protein high expression levels of the
subunits is desired as well as the formation of a functional multimeric protein
of said subunits. Surprisingly, the use of a STAR sequence for the production
of the subunits of a multimeric protein results in high amount of cells that
express the subunits, as compared to control vectors without a STAR sequence,
Moreover, the amount of functional multimeric protein is relatively higher
when compared to the control.

Produ::tion of subunits and the formation of functional multimeric
protein from these subunits is in particular of importance for the production of
antibodies. When the heavy chain and light chain expression cassette are
flanked by a STAR sequence this results in a higher producﬁon of functional

antibody, as compared to control vectors without a STAR sequence. Hence, the
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presence of a STAR sequence results in a higher degree of predictability of
functional antibody expression. Preferably, each expression unit comprises at
least two STAR sequences which sequences are arranged such that said
expression unit is flanked on either side by at least one STAR sequence.

In yet another embodiment & method according to the invention is
provided, wherein said protein expression units are introduced simultaneously
into said cell.

Preferebly, a functional promoter is a human cytomegalovirus (CMV)
promotor, a simian virus (SV40) promoter, 2 human ubiquitin C promoter or a
human elongation factor alpha (EF1-a) promoter.

As disclosed herein within the experimental part, a STAR sequence can
confer copy number-dependence on a transgene expression unit, making
transgene expression independent of other transgene copies in tandem arrays,
and independent of gene-silencing influences at the site of integration. Heﬁce,
the invention also provides a method for obtaining a cell which expresses two
or more proteins or a method for identifying a cell wherein expression of two or
more proteins is in a predetermined ratio in which multiple copies of a protein
expression unit encoding a protein of interest is integrated into the genome of
said cell (i.e. in which cell, an amplification of the gene of interest is present).

According to this part of the invention, the protein expression units are
introduced simultaneously into said (host) cell or collection of cells by methods
known in the art. Recombinant host cells are selected by treatment with an
appropriate antibiotic, for example G418, using methods known in the art.
After formation of individual antibiotic-resistant colonies, another antibiotic or
a combinatio,n of antibiotics, for example a combination of zeocin and
blasticidin, is/are applied, and antibiotic-resistant colonies are identified and
isolated. These are tested for the level of expression of {ransgenes.

In another embodiment the invention provides a protein expression unit

comprising
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- a bicistronic gene comprising an open reading frame encoding a protein of
interest, a protein translation initiation site with a reduced translation
efficiency, a selection marker and wherein said bicistronic gene is under
control of a functional promoter

- at least one STAR sequence.

In a more preferred embodiment said protein expression unit further
comprises
a monocistronic gene comprising an open reading frame encoding a second
selection marker and wherein said monocistronic gene is under control of a
functional promoter.

In an even more preferred embodiment said protein expression unit
comprises at least two STAR sequences which are preferentially arranged such
that said protein expression unit is flanked on either side by at least one STAR
sequence. Examples of such a protein expression unit are provided within the
experjmental part of this patent application (for example Figures 1and 5).

In another embodiment the protein expression unit according to the
invention comprises STAR sequences, wherein said STAR sequences are
essentially identical.

In a preferred embodiment the invention provides a protein expression
unit comprising
- a bicistronic gene comprising an open reading frame encoding a protein of
interest, a protein translation initiation site with a reduced translation
efficiency, a selection marker and wherein said bicistronic gene is under
control of a functional promoter
- at least one STAR sequence, and is optionally provided with a monocistronic
gene cassette, wherein said STAR sequence is depicted in Table 3 and/or figure
6 and/or a functional equivalent and/or a functional fragment thereof and even
more preferred wherein said STAR sequence is STAR18.

In another embodiment a protein expression unit according to the

invention is provided wherein said protein translation initiation site with a
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reduced translation efficiency comprises an Internal Ribosome Entry Site (IRES). More
preferably a modified, ¢.g. weaker, IRES is used.

In yet another embodiment a protein expression unit according to the invention is
provided wherein said protein expression unit js a vector. In a preferred embodiment said
DNA-carrier is a vector (or plasmid; the terms are used interchangeably herein). In another
embodiment said vector is a viral vector and in 8 more preferred embodiment said viral
vector is an adenoviral vector or a retroviral vector. It is clear to person skilled in the art
that other viral vectors ¢an also be used in a method according to the invention.

In a preferred embodiment 4 protein expression unit according to the invention is
provided, wherein said protein of interest is an immunoglebulin heavy chain. In yet
another preferred embodiment a protein expression umit according to the invention is
provided, wherein said protein of interest is an immunoglobulin light chain. When these
two protein expression units are present within the same (host) cell 2 multimeric protein
and more specifically an antibody is assembled.

The invention includes a cell pravided with a protsin expression unit comprising a
STAR.

The invention also includes a (host) celt comprising at least one protein expression
unit according to the invention. Such a (host) cell is then for example used for large-scale
production processes.

The invention also includes a cell obtainable according to any one of the methods
as described hersin, The invention furthermore includes a protein obtainable from said cell
(for example, via the process of protein purification). Preferably, said protein is a
multimeric protein and even more preferably said multimeric protein is an antibody. Such
an antibody can be used in pharmaceutical and/or diagnostic applications.

In a preferred embodiment the invention provides a cell comprising two
polypeptide expression units each encoding af least one polypeptide of interest,
characterized in that said polypeptide expression units cach comprisc at lcast one sequence
having the capacity to at lsast in part block chromatin-associated repression, wherein said
sequence having the capacity to at least in part block chromatin-associated repression for
one of the expression units is chosen from the group consisting of: (i) SEQ ID: 7 of Fi gure
6; (ii) a functional equivalent of SEQ II: 7 of Figure 6; and (iii) a functional fragment of
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SEQ ID: 7 of Figure 6, and wherein said sequence having the capacity to at least in part
block chromatin-associated repression for the other one of the expression units is chosen
from the group consisting of: (a) any one of SEQ ID: 1 through SEQ ID: 65 of Figure 6;
(b) 2 fanctional equivalent of any one of SEQ ID: 1 through SEQ ID: 65 of Figure 6; and
(¢) a functional fragment of any one of SEQ ID: 1 through SEQ ID: 65 of Figure 6,

In a further embodiment the invention provides a polypeptide expression unit
comprising: a bicistronic gene comprising in the following order: (i) an open reading frame
encoding a polypeptide of interest, (ii) an Internal Ribosome Entry Site (IRES), and (iii) a
selection marker, and wherein said bicistronic gene is under control of a functional
promoter; and at least one sequence having the capacity to at Jeast in part block chromatin-
associated repression, wherein said sequence having the capacity to at least in part block
chromatin-associated repression is chosen from the group consisting of: (a) SEQ ID; 7 of
Figure 6; (b) a functional equivalent of SEQ ID: 7 of Figure 6; and (c) a functional
fragment of SEQ ID: 7 of Figure 6.

In still a further embodiment the invention provides a method for obtaining a host
cell expressing two polypeptides of interest, the method comprising; &) providing host cells
comprising: (i) a first polypeptide expression unit comprising a bicistronic gene
comprising a promoter functionally linked to a sequence encoding a first polypeptide of
interest and a first sclectable marker gene, and (ii) a second polypeptide expression unit
comprising a bicistronic gene comprising a promoter functionally linked to a sequence
encoding a second polypeptide of interest and a second selectable marker gene, wherein
said second selectable marker gene is different from said first selectable marker gene, and
wherein said first polypeptide expression unit, or said second polypeptide expression unit,
or each of said first and sccond polypeptide expression units com prise at least one
sequence having the capacity to at least in part block chromatin-associated repression,
wherein said sequence having the capacity to at least in part block chromatin-associated
repression is chosen from the group consisting of (a) SEQ ID: 7 of Figure 6; (b) a
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functional equivalent of SEQ ID: 7 of Figure 6; and (c) a functional fragment of SEQ ID: 7
of Figure 6; and b) selecting a host cell by selecting for expression of said first and second
selectable marker genes.

A further embodiment of the invention provides a set of two polypeptide
expression units, said set comprising: (i) a first polypeptide expression unit comprising a
bicistronic gene comprising a promoter functionally linked o & sequence encoding a first
polypeptide of interest and a first selectable marker gene, and (ii) a second polypeptide
expression unit comprising a bicistronic gene comprising a promoter functionally linked to
a sequence encoding a second polypeptide of interest and a second selectable marker gene,
wherein said second selectable marker gene is different from said first scloctable marker
gene, and wherein said first expression unit, or said second polypeptide expression unit, or
both of said first and second polypeptide expression units comprises at least one sequence
having the capacity to at least in part block chromatin-associated repression, wherein said
sequence having the capacity to at least in part block chromatin-associated repression is
chosen from the group consisting of: (a) SEQ ID: 7 of Figure 6; (b) a functional equivalent
of SEQ ID: 7 of Figure 6; and (c) a functional fragment of SEQ ID: 7 of Figure 6.

The foregoing discussion and the following examples are provided for illustrative
purposes, and they are not intended to limit the scope of the invention as claimed herein.
They simply provide some of the preferred embodiments of the invention. Modifications
and variations, which may occur to one of ordinary skill in the art, are within the intended
scope of this invention. Various other embodiments apply to the present invention,
including: other selectable marker genes; other IRES elements or means of attenuating
IRES activity; other elements affecting transcription including promoters, enhancers,
introns, terminatots, and polyadenylation sites; other orders and/or orientations of the
monocistronic and bicistronic genes; other anti-repressor ¢lements or parts, derivations,
and/or analogues thercof; other vector systems for delivery of the inventive DNA
molecules into eukaryotic host cells; and applications of the inventive method to other

transgenic systems.
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EXAMPLES

Example 1: STAR elements and two-step selection improve the
predictability of transgene expression

One object of this invention is to improve transgene expression for
heterologous protein production by using a two-step antibiotic selection
procedure. The two-step procedure increases the predictability of finding
recombinant host cell lines that express the transgene to high levels, thus

increasing the yield of the heterologous protein.

Materials and Methods
Plasmid construction
The pSDH-SIB/Z and pSDH-GIB/Z families of plasmids were

constructed as follows: The zeocin selectable marker was recovered by

polymerase chain reaction amplification (PCR) from plasmid pEM7/zeo
(Invitrogen V500-20) using primer's E99 and E100 (all PCR primers and
mutagenic oligonucleotide sequences are listed in Table 1), and cloned
directionally into the Xbal and NotI sites of multiple cloning site (MCS) B of
PIRES (Clontech 6028-1) to create pIRES-zeo. The blasticidin selectable
marker was recovered by PCR from plasmid pCMV/bsd (Invitrogen V510-20)
using primers E84 and E85, and cloned directionally into the Xbal and Notl
sites MCS-B of pIRES to create pIRES-bsd. The SEAP (secreted alkaline
phosphatase) reporter gene was recovered by PCR from plasmid pSEAP2-basic
(Clontech 6049-1) using primers F11 and E87, and cloned directionally into
MCS-A of pIRES-zeo and pIRES-bsd to create plasmids pIRES-SEAP-zeo and
pIRES-SEAI;-bsd. The GFP reporter gene was recovered from plasmid phr-
GFP-1 (Stratagene 240059) by restriction digestion with Nhel and EcoRI, and
ligated directionally into MCS-A of pIRES-#e0 and pIRES-bsd to create
plasmids pIRES-GFP-zeo and pIRES-GFP-bsd. A linker was inserted at the

non-methylated Clal site of each of these plasmids (downstream of the
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neomycin resistance marker) to introduce an Agel site using oligonucleotides
F34 and F'35.

The pSDH-Tet vector was constructed by PCR of the luciferase open
reading frame from plasmid pREP4-HSF-Luc (van der Vlag et al., 2000) using
primers C67 and C68, and insertion of the SacIl/BamHI ﬁ'agment into
Sacll/BamHI-digested pUHD10-3 (Gossen & Bujard, 1992). The luciferase
expression unit was re-amplified with primers C65 and C66, and re-inserted
into pUHD10-3 in order to flank it with multiple cloning sites (MCSI and
MCSII). An Ascl site was then introduced into MCSI by digestion with EcoRI
and insertion of a linker (comprised of annealed oligonucleotides D93 and
D94). The CMV promoter was amplified from plasmid pCMV-Bsd with primers
D90 and D91, and used to replace the Tet-Off promoter in pSDH-Tet by
Sall/Sacll digestion and ligation to create vector pSDH-CMYV. The luciferase
open reading frame in this vector was replaced by SEAP as follows: vector
pSDH-CMV was digested with Sacll and BamHI and made blunt; the SEAP
open reading frame was isolated from pSEAP-basic by EcoRL/Sall digestion,
made blunt and ligated into pSDH-CMY to create vector pSDH-CS. The
puromycin resistance gene under control of the SV40 promoter was isolated
from plasmid pBabe-Puro (Morgenstern & Land, 1990) by PCR, using primers
(81 and C82. This was ligated into vector pGL3-control (BamHI site removed)
(Promega E1741) digested with Ncol/Xbal, to create pGL3-puro. pGL3-puro
was digested with BglIl/Sall to isolate the SV40-puro resistance gene, which
was made blunt and ligated into Nhel digested, blunt-ended pSDH-CS. The
resulting vector, pSDH-CSP, is shown in FIG 2. STAR18 was inserted into
MCSI and MCSII in two steps, by digestion of the STAR element and the
pSDH-CSP x;ector with an appropriate restriction enzyme, followed by ligation.
The orientation of the STAR element wag determined by restriction mapping.
The identity and orientation of the inserts were verified hy DNA sequence
analysis. Sequencing was performed by the dideoxy method (Sanger et al.,

1977) using a Beckman CEQ2000 automated DNA sequencer, according to the
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manufacturer’s instructions. Briefly, DNA was purified from E. coli using
QIAprep Spin Miniprep and Plasmid Midi Kits (QTAGEN 27106 and 12145,
respectively). Cycle sequencing was carried out using custom oligonucleotides
(085, E25, and E42 (Table 1), in the presence of dye terminators (CEQ Dye
Terminator Cycle Sequencing Kit, Beckman 608000).

pSDH-CSP plasmids containing STAR elements were modified as
follows: for receiving SEAP-IRES-zeo/bsd cassettes, an Agel site was
introduced at the Bglll site by insertion of a linker, using oligonucleotides F32
and F33; for receiving GFP-IRES-zeo/bsd cassettes, an Agel site was
introduced at the Bsu36I site by insertion of a linker, using oligonucleotides
F44 and F45. The SEAP-IRES-zeo/bsd cassettes were inserted into the pSDH-
(SP-STAR18 plasmid by replacement of the Bsu36L/Agel fragment with the
corresponding fragments from the pIRES-SEAP-zeo/bsd plasmids. The GFP-
IRES-zeo/bsd cassettes were inserted into pSDH-CSP-STAR plasmids by
replacement of the Bglll/Agel fragment with the corresponding fragments from
the pIRES-GFP-zeo/bsd plasmids. The resulting plasmid families, pSDH-SIB/Z
and pSDH-GIB/Z, are shown in FIG 3.

All cloning steps were carried out following the instructions provided by
the manufacturers of the reagents used, according to methods known in the art
(Sambrook et al., 1989).

Transfection and culture of CHO cells
The Chinese Hamster Ovary cell line CHO-K1 (ATCC CCL-61) was
cultured in HAMS-F12 medium + 10% Fetal Calf Serum containing 2 mM

glutamine, 100 U/ml penicillin, and 100 micrograms/ml streptomeyin at 37
C/5% COs. C:alls were transfected with the pSDH-SIZ plasmids using
SuperFect (QIAGEN) as described by the manufacturer. Briefly, cells were
seeded to culture vessels and grown overnight to 70-90% confluence. SuperFect
reagent was combined with plasmid DNA at a ratio of 6 microliters per

microgram (e.g. for a 10 cm Petri dish, 20 micrograms DNA and 120
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microliters SuperFect) and added to the cells, After overnight incubation the
transfection mixture was replaced with fresh medium, and the transfected
cells were incubated further. After overnight cultivation, cells were seeded into
fresh culture vessels and 500 micrograms/ml neomycin was added. Neomyecin
selection was complete within 3-4 days. Fresh medium was then added
containing zeocin (100 pg/ml) and cultured further. Individual clones were
isolated after 4-5 days and cultured further. Expression of the reporter gene
was assessed by measuring SEAP activity approximately 3 weeks after

transfection.

Secreted Alkaline Phosphatase (SEAP) assay

SEAP activity (Berger et al., 1988, Henthorn et al., 1988, Kain, 1997,
Yang et al,, 1997) in the culture media of the clones was determined as
described by the manufacturer (Clontech Great EscAPe kit #K2041). Briefly,

an aliquat of medium was heat inactivated at 65 C, then combined with assay
buffer and CSPD chemiluminescent substrate and incubated at room
temperature for 10 minutes. The rate of substrate conversion was then
determined in a luminometer (Turner 20/20TD). Cell density was determined

by counting trypsinized cells in a Coulter ACT'10 cell counter.

Results

Transfection of the pSDH-SIZ-STAR18 expression vector consistently
results in ~10-fold more colonies than transfection of the empty pSDH-SIZ
vector, presumably due to the increased proportion of primary transfectants
that are able to bring the neomycin resistance gene to expression. The outcome
of a typical e’xperiment is shown in Table 2, in which transfection of the empty
vector yielded ~100 G418-resistant colonies, and transfection of the STAR1S
vector yielded ~1000 colonies.

The expression of the SEAP reporter transgene was compared between

the empty pSDH-SIZ vector (hence, without a STAR sequence) and the
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STAR18S vector (FIG 4). The populations of G418-resistant isolates were
divided into two sets. The first set was cultured with G418 only (one-step
selection). For this set, the inclusion of STAR1S8 to protect the transgene from
silencing resulted in higher yield of reporter protein: the maximal level of
expression among the 20 clones analyzed was 9-3-fold higher than the
maximal expression level of clones without the STAR element. The inclusion of
STARIS also led increased predictability: more than 25% of the STAR18 clones
had expression levels greater than or equal to the maximum expression level
observed in the STARIess clones. In this population of STAR1S clones, 70%
had expression above the background level, while only 50% of the STARIess
clones had expression above the background level.

The performance of STAR18 was even better when used in a two-step
selection. The sccond set of G418-resistant isolates was treated with zeocin.
Clones that survived the two-step selection regime were assayed for expression
of the SEAP reporter transgene. In this case too, the STAR18 element
increased the yield compared to the STARless clones by approximately three-
fold. The predictability was also increased by inclusion of STARlS: ~80% of the
population had expression levels greater than the highest-expressing
STARless clone.

When the one-step selection is compared with the two-step selection, it
can be seen that the latter is superior in terms of both yield and predictability.
In fact with two-step selection, no clones appear with background levels of
expression. This is due to the requirement imposed on clones that survive
zeocin selection that they have high levels of transcription of the bicistronic
SEAP-zeocin gene. As indicated in Table 2, the elimination of low-producing
clones by the’ second antibiotic selection step increases the predictability of
finding high-producing clones; when STAR18 is included in the expression
unit, this increased predictability is improved from three-fold to thirty-fold. In
summary, when STAR elements are used in combination with two-step

antibiotic selection, the predictability of finding clones with high yields ofa
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transgene is dramatically improved. Application of this increased
predictability to two or more transgenes simultaneously will significantly
increase the likelihood of finding clones that have high yields of multimeric

proteins.

Example 2: Simultaneous expression of two proteins is improved by
two-step selection and STAR elements

A second object of this invention is to improve the expression of
heterologous multimeric proteins such as antibodies. This example
demonstrates that the combination of STAR elements and two-step antibiotic
selection improves the predictability of establishing recombinant host cell lines
that express balanced and proportional amounts of two heterologous
polypeptides at high yields. This method of the invention is applicable in
practice to multimeric proteins such as antibodies. It is demonstrated in this
example using two reporter préteins, secreted alkaline phosphatase (SEAP)

and green fluorescent protein (GFP).

Materials and Methods
Plasmids

The pSDH-SIB/Z and pSDH-GIB/Z families of plasmids described in
Example 1 are used. Cloning of STAR elements x and y, transfection and
culture of host cells, and SEAP assay are described in Example 1. The assay

for GFP is performed according to the manufacture's instructions.
Results

'
Results show an increased number of clones wherein the two reporter proteins

are both expressed. Moreover, expression was balanced in many of such clones.
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Example 3: General-purpose vectors for simultaneous expression of
multiple polypeptides

The expression system tested and validated in Example 1 has been
modified to facilitate its application to any polypeptide that is preferably co-
expressed with another polypeptide or polypeptides in a host cell, for example
the heavy and light chains of recombinant antibodies. It is designed for easy
and rapid construction of the expression units. This improved system is

described in this example.

Materials and Methods

Plasmids

The construction of the plasmids PP1 to PP5 is described below, and
their map is shown in FIG 5. Plasmid pd2EGFP (Clontech 6010-1) was
modified by insertion of a linker at the BsiW1 site to yield pd2EGFP-link. The
linker (made by annealing oligonucleotides F25 and F26) introduces sites for
the Pacl, Bglll, and EcoRV 1‘est1‘ic‘.cion endonucleases. This creates the
multiple cloning site MCSII for insertion of STAR elements. Then primers F23
and F24 were used to amplify a region of 0.37 kb from pd2EGFP, which was
inserted into the Bglll site of pIRES (Clontech 6028-1) to yield pIRES-stuf.
This introduces sites for the Ascl and Swal restriction endonucleases at MCSI,
and acts as a “stuffer fragment” to avoid potential interference between STAR
elements and adjacent promoters. pIRES-stuf was digested with BglIl and
Fspl to liberate a DNA fragment composed of the stuffer fragment, the CMV
promoter, the IRES element (flanked by multiple cloning sites MCS A and
MCS B), and the SV40 polyadenylation signal. This fragment was ligated with
the vector balckbonc of pd2EGFP-link produced by digestion with BamHI and
Stul, to yield pd2IRES-link.

The open reading frames of the zeocin-, neomycin, or puromycin-
resistance genes were inserted into the BamHI/NotI sites of MCS B in
pd2IRES-link as follows: the zeocin-resistance ORF was amplified by PCR
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with primers F18 and E100 from plasmid pEM7/zeo, digested with BamHI and
Notl, and ligated with BamHI/NotI-digested pd2IRES-link to yield pd2IRES-
link-zeo. The neomycin-resistance ORF was amplified by PCR with primers
F19 and F20 from pIRES, digested with BamHI and NotI, and ligated with
BamHI/NotI-digested pd2IRES-link to yield pd2IRES-link-neo. The
puromycin-resistance ORF was amplified by PCR with primers F21 and F22
from plasmid pBabe-Puro (Morgenstern & Land, 1990), digested with BomHI
and Notl, and ligated with BamHI/No¢I-digested pd2IRES-link to yield
pd2IRES-link-puro.

The GFP reporter ORF was introduced into pd2IRES-link-puro by
amplification of phr-GFP-1 with primers F16 and F17, and insertion of the
EcoRI-digested GFP cassette into the EcoRI site in MCS A of the pd2IRES-
link-puro plasmid, to yield plasmid PP1 (FIG 5A). Correct orientation was
verified by restriction mapping. The SEAP reporter ORF was introduced into
pd2IRES-link-zeo and pd2IRES-link-neo by PCR amplification of pSEAP2-
basic with primers F14 and F15, and insertion of the EcoRI-digested SEAP
cassette into the EcoRI sites in MCS A of the plasmids pd2IRES-link-zeo (to
yield plasmid PP2, FIG 5B) and pd2IRES-link-neo (to yield plasmid PP3, FIG
5C). Correct orientation was verified by restriction mapping.

Plasmids PP1, PP2 and PP3 contain a bicistronic gene for expression of
a reporter protein and and antibiotic resistance marker. In order to carry out
two-step antibiotic selection with separate antibiotics, 2 monocistronic
resistance marker was introduced as follows: pIRES-stuf was digested with
Clal, made blunt with Klenow enzyme, and digested further with BglIL. This
liberated a QNA fragment composed of the stuffer fragment, the CMV
promoter, the IRES element (flanked by multiple cloning sites MCS A and
MCS B), the SV40 polyadenylation signal, and the neomycin resistance marker
under control of the SV40 promoter. This fragment was ligated with the vector
backbone of pd2EGFP-link produced by digestion with BamHI and Stul, to
yield pd2IRES-link-neo. Then as described above the GFP and puro cassettes
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were introduced to yield PP4 (FIG 5D), and the SEAP and zeo cassettes were
introduced to yield PP5 (FIG 5E).

Example 4; Predictability and yield are improved by application of
STAR elements in expression systems

STAR elements function to block the effect of transcriptional repression
influences on transgene expression units. These repression influences can be
due to heterochromatin (“position effects”, (Boivin & Dura, 1998)) or to
adjacent copies of the transgene (“repeat-induced gene silencing”, (Garrick et
al., 1998)). Two of the benefits of STAR elements for protein production are
increased predictability of finding high-expressing primary recombinant host
cells, and increased yield during production cycles. These benefits are

illustrated in this example.

Materials and Methods ‘
Construction of the pSDH vectors and STAR-containing derivatives: The

pSDH-Tet vector was constructed by polymerase chain reaction amplification
(PCR) of the luciferase open reading frame from plasmid pREP4-HSF-Luc (van
der Vlag et al., 2000) using primers C67 and C68 (all PCR primers and
mutagenic oligonucleotides are listed in Table 1), and insertion of the
Sacll/BamHI fragment into Sacll/BamHI-digested pUHD10-3 (Gossen &
Bujard, 1992). The luciferase expression unit was re-amplified with primers
C65 and C66, and re-inserted into pUHD10-3 in order to flank it with two
multiple cloning sites MCSI and MCSII). An Ascl site was then introduced
into MCSI by digestion with EcoRI and insertion of a linker (comprised of
annealed oliéonucleotides D93 and D94). The CMV promoter was amplified
from plasmid pCMV-Bsd (Invitrogen K510-01) with primers D90 and D91, and
used to replace the Tet-Off promoter in pSDH-Tet by Sall/Sacll digestion and
ligation to create vector pSDH-CMV. The luciferase open reading frame in this

vector was replaced by SEAP (Secreted Alkaline Phosphatase) as follows:
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vector pSDH-CMV was digested with Sacll and BamHI and made blunt; the
SEAP open reading frame was isolated from pSEAP-basic (Clontech 6037-1) by
EcoRI/Sall digestion, made blunt and ligated into pSDH-CMYV to create vector
pSDH-CS. The puromycin resistance gene under control of the SV40 promoter
was isolated from plasmid pBabe-Puro (Morgenstern & Land, 1990) by PCR,
using primers C81 and C82. This was ligated into vector pGL3-control (BamII
site removed) (Promega E1741) digested with Ncol/Xbal, to create pGL3-puro.
pGL3-puro was digested with BglII/Sall to isolate the SV40-puro resistance
gene, which was made blunt and ligated into Nhel digested, blunt-ended
pSDH-CS. The resulting vector, pSDH-CSP, is shown in FIG 7. All cloning
steps were carried out following the instructions provided by the
manufacturers of the reagents, according to methods known in the art
(Sambrook et al., 1989).

STAR elements were inserted into MCSI and MCSII in two steps, by
digestion of the STAR element and the pSDH-CSP vector with an appropriate
restriction enzyme, followed by ligation. The orientation of STAR elements in
recombinant pSDH vectors was determined by restriction mapping. The
identity and orientation of the inserts were verified by DNA sequence analysis.
Sequencing was performed by the dideoxy method (Sanger et al., 1977) using a
Beckman CEQ2000 automated DNA sequencer, according to the
manufacturer’s instructions. Briefly, DNA was purified from E. coli using
QIAprep Spin Miniprep and Plasmid Midi Kits (QIAGEN 27106 and 12145,
respectively). Cycle sequencing was carried out using custom oligonucleotides
(85, B25, and E42 (Table 1), in the presence of dye terminators (CEQ Dye
Terminator chle Sequencing Kit, Beckman 608000).

Tronsfection and culture of CHO cells with pSDH plasmids
The Chinese Hamster Ovary cell line CHO-K1 (ATCC CCL-61) was
cultured in HAMS-F12 medium + 10% Fetal Calf Serum containing 2 mM

glutamine, 100 U/ml penicillin, and 100 micrograms/ml streptomeyin at 37°

-53-




WO 03/106684 PCT/NL03/00432

(=1

10

15

20

25

30

50

C/5% COgz. Cells were transfected with the pSDH-CSP vector, and its
derivatives containing STAR6 or STAR49 in MCSI and MCSII, using
SuperFect (QIAGEN) as described by the manufacturer. Briefly, cells were
seeded to culture vessels and grown overnight to 70-90% confluence. SuperFect
reagent was combined with plasmid DNA (linearized in this cxample by
digestion with Pvul) at a ratio of 6 microliters per microgram (e.g. for a 10 cm
Petri dish, 20 micrograms DNA and 120 microliters SuperFect) and added to
the cells. After overnight incubation the transfection mixture was replaced
with fresh medium, and the transfected cells were incubated further. After
overnight cultivation, 5 micrograms/ml puromycin was added. Puromycin
selection was complete in 2 weeks, after which time individual puromycin
resistant CHO/pSDH-CSP clones were isolated at random and cultured
further.

Secreted Alkaline Phosphatase (SEAP) assay
SEAP activity (Berger et al., 1988, Henthorn et al., 1988, Kain, 1997,

Yang et al., 1997) in the culture medium of CHO/pSDH-CSP clones was
determined as described by the manufacturer (Clontech Great EscAPe kit
#K2041). Briefly, an aliquot of medium was heat inactivated at 65°C, then
combined with assay buffer and CSPD chemiluminescent substrate and
incubated at room temperature for 10 minutes. The rate of substrate
conversion was then determined in a luminometer (Turner 20/20TD). Cell
density was determined by counting trypsinized cells in a Coulter ACT10 cell

counter.

!

Transfection and culture of U-2 OS cells with pSDH plasmids

The human osteosarcoma U-2 OS cell line (ATCC #HTB-96) was
cultured in Dulbecco's Modified Eagle Medium + 10% Fetal Calf Serum
containing glutamine, penicillin, and streptomycin (supra) at 87°C/5% CO2.

Cells were co-transfected with the pSDH-CMV vector, and its derivatives
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containing STARG or STARS in MCSI and MCSII, (along with plasmid pBabe-
Puro) using SuperFect (supra). Puromyein selection was complete in 2 weeks,
after which time individual puromycin resistant U-2 OS/pSDH-CMV clones

were isolated at random and cultured further.

Luciferase assay

Luciferase activity (Himes & Shannon, 2000) was assayed in
resuspended cells according to the instructions of the assay kit manufacturer
(Roche 1669893), using a luminometer (Turner 20/20TD). Total cellular protein
concentration was determined by the bicinchoninic acid method according to
the manufacturer’s instructions (Sigma B-9643), and used to normalize the

Juciferase data.

Results

Recombinant CHO cell clones containing the pSDH-CSP vector, or
pSDH-CSP plasmids containing STARG or STAR49 (Table 6), were cultured for
3 weeks. The SEAP activity in the culture supernatants was then determined,
and is expressed on the basis of cell number (FIG 8). As can be seen, clones
with STAR elements in the expression units were isolated that express 2-3 fold
higher SEAP activity than clones whose expression units do not include STAR
elements. Furthermore, the number of STAR-containing clones that express
SEAP activity at or above the maximal activity of the STAR-less clones is quite
high: 25% to 40% of the STAR clone populations exceed the highest SEAP
expression of the pSDH-CSP clones.

Recomibinant U-2 08 cell clones containing the pSDH-CMV vector, or
pSDH-CMYV plasmids containing STARG or STARS (Table 6), were cultured for
3 weeks. The luciferase activity in the host cells was then determined, and is
expressed as relative luciferase units (FIG 9), normalized to total cell protein.
The recombinant U-2 OS clones with STAR elements flanking the expression
units had higher yields than the STAR-less clones: the highest expression
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observed from STARS clones was 2-3 fold higher than the expression from
STAR-less clones. STARS6 clones had maximal expression levels 5 fold higher
than the STAR-less clones. The STAR elements conferred greater
predictability as well: for both STAR elements, 15 to 20% of the clones
displayed luciferase expression at levels comparable to or greater than the
STAR-less clone with the highest expression level.

These results demonstrate that, when used with the strong CMV
promoter, STAR elements increase the yield of heterologous proteins
(luciferase and SEAP). All three of the STAR elements introduced in this
example provide elevated yields. The increased predictability conferred by the
STAR elements is manifested by the large proportion of the clones with yields
equal to or greater than the highest yields displayed by the STAR-less clones.

Example 5: STAR elements improve the stability of transgene
expression ’

During cultivation of recombinant host cells, it is common practice to
maintain antibiotic selection. This is intended to prevent transcriptional
silencing of the transgene, or loss of the transgene from the genome by
processes such as recombination. However it is undesirable for production of
proteins, for a number of reasons. First, the antibiotics that are used are quite
expensive, and contribute significantly to the unit cost of the product. Second,
for biopharmaceutical use, the protein must be demonstrably pure, with no
traces of the antibiotic in the product. One advantage of STAR elements for
heterologous protein production is that they confer stable expression on
transgenes d’.uring prolonged cultivation, even in the absence of antibiatic

selection; this property is demonstrated in this example.

Materials and Methods
The U-2 08 cell line was transfected with the plasmid pSDH-Tet-STAR6G

and cultivated as described in Example 4. Individual puromycin-resistant
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clones were isolated and cultivated further in the absence of doxycycline. At
weekly intervals the cells were transferred to fresh culture vessels at a
dilution of 1:20. Liuciferase activity was measured at periodic intervals as
described in Example 4. After 15 weeks the cultures were divided into two
replicates; one replicate continued to receive puromyecin, while the other
replicate received no antibiotic for the remainder of the experiment (25 weeks

total).

Results

Table 7 presents the data on luciferase expression by an expression unit
flanked with STARS during prolonged growth with or without antibiotic. As
can be seen, the expression of the reporter transgene, luciferase, remains
stable in the U-2 OS host cells for the duration of the experiment. After the
cultures were divided into two treatments (plus antibiotic and without
antibiotic) the expression of luciferase was essentially stable in the absence of
antibiotic selection. This demonstrates the ability of STAR elements to protect
transgenes from silencing or loss during prolonged cultivation. It also
demonstrates that this property is independent of antibiotic selection.
Therefore production of proteins is possible without incurring the costs of the

antibiotic or of difficult downstream processing

Example 6: Minimal essential sequences of STAR elements

STAR elements are isolated from the genetic screen as deseribed herein.
The screen uses libraries constructed with human genomic DNA that was size-
fractionated ’Fo approximately 0.6 — 2 kilobases (supra). The STAR elements
range from 500 to 2361 base pairs (Table 6). It is likely that, for many of the
STAR elements that have been isolated, STAR activity is conferred by a
smaller DNA fragment than the initially isolated clone. It is useful to
determine these minimum fragment sizes that are essential for STAR activity,

for two reasons. First, smaller functional STAR elements would be
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advantageous in the design of compact expression vectors, since smaller
vectors transfect host cells with higher efficiency. Second, determining
minimum essential STAR sequences permits the modification of those
sequences for enhanced functionality. Two STAR elements have been fine-

mapped to determine their minimal essential sequences.

Materials and Methods:

STAR10 (1167 base pairs) and STAR27 (1520 base pairs) have been fine-
mapped. They have been amplified by PCR to yield sub-fragments of
approximately equal length (FIG 10 legend). For initial testing, these have
been cloned into the pSelect vector at the BamHI site, and transfected into U-2
0S/Tet-Off/LexA-HP1 cells, The construction of the host strains has been
described (van der Vlag et al., 2000). Briefly, they are based on the U-2 OS
human osteosarcoma cell line (American Type Culture Collection HTB-96). U-2
08 is stably transfected with the pTet-Off plasmid (Clontech K1620-A),
encoding a protein chimera consisting of the Tet-repressor DNA binding
domain and the VP16 transactivation domain. The cell line is subsequently
stably transfected with fusion protein genes containing the LexA DNA binding
domain, and the coding regions of either HP1 or HPC2 (two Drosophila
Polycomb group proteins that repress gene expression when tethered to DNA).
The LexA-repressor genes are under control of the Tet-Off transcriptional
regulatory system (Gossen and Bujard, 1992). After selection for hygromycin
resistance, LexA-HP1 was induced by lowering the doxycycline concentration.
Transfected cells were then incubated with zeocin to test the ability of the
STAR fragments to protect the SV40-Zeo expression unit from repression due
to LexA-HP1 binding.
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Results

In this experiment STAR10 and STAR 27 confer good protection against
gene silencing, as expected (FIG 10). This is manifested by robust growth in
the presence of zeocin.

Of the 3 STAR10 sub-fragments, 10A (~400 base pairs) confers on
transfected cclls vigorous growth in the presence of zeocin, exceeding that of
the full-length STAR element. Cells transfected with pSelect constructs
containing the other 2 sub-fragments do not grow in the presence of zeocin.
These results identify the ~400 base pair 10A fragment as encompassing the
DNA sequence responsible for the anti-repression activity of STAR10.

STAR27 confers moderate growth in zeocin to transfected cells in this
experiment (FIG 10). One of the sub-fragments of this STAR, 27B (~500 base
pairs), permits weak growth of the host cells in zeocin-containing medium.
This suggests that the anti-repression activity of this STAR is partially
localized on sub-fragment 27B, but full activity requires sequences from 27A
and/or 27C (each ~ 500 base pairs) as well.

Example 7: STAR elements function in diverse strains of cultured
mammalian cells

The choice of host cell line for (heterologous) protein expression is a
critical parameter for the quality, yield, and unit cost of the protein.
Considerations such as post-translational modifications, secretory pathway
capacity, and cell line immortality dictate the appropriate cell line for a
particular biopharmaceutical production system. For this reason, the
advantages x,Jrovided by STAR elements in terms of yield, predictability, and
stability should be obtainable in diverse cell lines. This was tested by
comparing the function of STARS in the human U-2 OS cell line in which it
was originally cloned, and the CHO cell line which is widely applied in
biotechnology.
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Materials and Methods:

The experiments of Example 4 are referred to.

Results

The expression of the SEAP reporter gene in CHO cells is presented in
FIG 8; the expression of the luciferase reporter gene in U-2 OS cells is
presented in FIG 9. By comparison of the results of these two experiments, it is
apparent that the STAR6 element is functional in both cell lines: reporter gene
expression was more predictable in both of them, and clones of each cell line
displayed higher yields, when the reporter gene was shielded from position
effects by STARSG. These two cell lines are derived from different species
(human and hamster) and different tissue types (bone and ovary), reflecting
the broad range of host cells in which this STAR element can be utilized in

improving heterologous protein expression.

Example 8: STAR elements function in the context of various
transcriptional promoters

Transgene transcription is achieved by placing the transgene open
reading frame under control of an exogenous promoter. The choice of promoter
is influenced by the nature of the (heterologous) protein and the production
system. In most cases, strong constitutive promoters ave preferred because of
the high yields they can provide. Some viral promoters have these properties;
the promoter/enhancer of the cytomegalovirus immediate early gene (‘CMV
promoter”) is generally regarded as the strongest promoter in common
biotechnological use (Boshart et al., 1985, Doll et al., 1996, Foecking &
Hofstetter, ].‘986). The simian virus SV40 promoter is also moderately strong
(Boshart et al., 1985, Foecking & Hofstetter, 1986) and is frequently used for
ectopic expression in mammalian cell vectors. The Tet-Off promoter is
inducible: the promoter is repressed in the presence of tetracycline or related

antibiotics (doxyeycline is commonly used) in cell-lines which express the tTA
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plasmid (Clontech K1620-4), and removal of the antibiotic results in
transcriptional induction (Deuschle ot al., 1995, Gossen & Bujard, 1992, [zumi
& Gilbert, 1999, Umana et al., 1999).

Materials and Methods:

The construction of the pSDH-Tet and pSDH-CMV vectors is described
in Example 4. pSDH-SV40 is, amongst others, derived from pSelect-SV40-zeo.
The selection vector for STAR elements, pSelect-SV40-zeo is constructed as
follows: the pREP4 vector (Invitrogen V004-50) is used as the plasmid
backbone. It provides the Epstein Barr oriP origin of replication and EBNA-1
nuclear antigen for high-copy episomal replication in primate cell lines; the
hygromycin resistance gene with the thymidine kinase promoter and
polyadenylation site, for selection in mammalian cells; and the ampicillin
resistance gene and colE1 origin of replication for maintenance in Escherichia
coli. The vector contains four consecutive LexA operator sites between Xbal
and Nhel resiriction sites (Bunker and Kingston, 1994). Embedded between
the LexA operators and the Nhel site is a polylinker consisting of the following
restriction sites: HindIII-Ascl-BamHI-Ascl-HindIIl. Between the Nhel site and
a Sall site is the zeocin resistance gene with the SV40 promoter and
polyadenylation site, derived from pSV40/Zeo (Invitrogen V502-20); this is the
gelectable marker for the STAR screen.

pSDH-8V40 was constructed by PCR amplification of the SV40 promoter
(primers D41 and D42) from plasmid pSelect-SV40-Zeo, followed by digestion
of the PCR product with Sacll and Sall. The pSDH-CMV Véctor was digested
with Saell B.),.’ld Sall to remove the CMV promoter, and the vector and SV40
fragment were ligated together to create pSDH-SV40. STAR6 was cloned into
MCSI and MCSII as described in Example 4. The plasmids pSDH-Tet, pSDH-
Tet-STARG, pSDH-Tet-STAR7, pSDH-SV40 and pSDH-SV40-STARS were co-
transfected with pBabe-Puro into U-2 OS using SuperFect as described by the
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manufacturer. Cell cultivation, puromycin selection, and luciferase assays

were carried out as described in Example 4.

Results

FIGS 9, 11, and 12 compare the expression of the luciferase reporter
gene from 3 different promoters: two strong and constitutive viral promoters
(CMV and SV40), and the inducible Tet-Off promoter. All three promoters
were tested in the context of the STARS element in U-2 OS cells. The resulis
demonstrate that the yield and predictability from all 3 promoters are
increased by STARG. As described in Examples 4 and 7, STARS is beneficial in
the context of the CMV promoter (FIG 9). Similar improvements are seen in
the context of the SV40 promoter (FIG 11): the yield from the highest-
expressing STARG clone is 2-3 fold greater than the best pSDH-SV40 clones,
and 6 STAR clones (20% of the population) have yields higher than the best
STAR-less clones. In the context of the Tet-Off promoter under inducing (low
doxycycline) concentrations, STARG also improves the yield and predictability
of transgene expression (FIG 12): the highest-expressing STARG clone has a
20-fold higher yield than the best pSDH-Tet clone, and 9 STARS clones (35% of
the population) have yields higher than the best STAR-less clone. It is
concluded that this STAR element is versatile in its transgene-protecting
properties, since it functions in the context of various biotechnologically useful

promoters of transcription.

Example 9: STAR element function can be directional

While, short nucleic acid sequences can be symmetrical (e.g.
palindromic), longer naturally-occurring sequences are typically asymmetrical.
As a result, the information content of nucleic acid sequences is directional,
and the sequences themselves can be described with rospoct to their 5 and 8°
ends. The directionality of nucleic acid sequence information affects the

arrangement in which recombinant DNA molecules are assembled using
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standard cloning techniques known in the art (Sambrook et al., 1989). STAR
elements are long, asymmetrical DNA sequences, and have a directionality
based on the orientation in which they were originally cloned in the pSelect
vector. In the examples given above, using two STAR elements in pSDH
vectors, this directionality was preserved. This orientation is described as the
native or 5'-8’ orientation, relative to the zeocin resistance gene (see FIG 13).
In this example the importance of directionality for STAR function is tested in
the pSDH-Tet vector. Since the reporter genes in the pSDH vectors are flanked
on both sides by copies of the STAR element of interest, the orientation of each
STAR copy must be considered. This example compares the native orientation

with the opposite orientation (FIG 13).

Materials and Methods:

The STARG6 element was cloned into pSDH-Tet as described in
Example 4. U-2 OS cells were co-transfected with plasmids pSDH-Tet-
STAR66-native and pSDH-Tet-STAR6G6-opposite, and cultivated as described
in Example 4. Individual clones were isolated and cultivated; the level of

luciferase expression was determined as described (supra).

Results

The results of the comparison of STAR66 activity in the native
orientation and the opposite orientation are shown in FIG 14. When STAR66 is
in the opposite orientation, the yield of only one clone is reasonably high (60
luciferase units). In contrast, the yield of the highest-expressing clone when
STARG6 is in‘ the native orientation is considerably higher (100 luciferase
units), and the predictability is much higher as well: 7 clones of the native-
orientation population (30%) express luciferase above the level of the highest-
expressing clone from the opposite-orientation population, and 15 of the clones
in the native-orientation population (60%) express luciferase above 10 relative

luciferase units.
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Therefore it is demonstrated that STAR6G6 function is directional.
Example 10: Transgene expression in the context of STAR elements is
copy number-dependent

Transgene expression units for (heterologous) protein expression are
generally integrated into the genome of the host cell to ensure stable retention
during cell division. Integration can result in one or multiple copies of the
expression unit being inserted into the genome; multiple copies may or may
not be present as tandem arrays. The increased yield demonstrated for
transgenes protected by STAR elements (supra) suggests that STAR elements
are able to permit the transgene expression units to function independently of
influences on transcription associated with the site of integration in the
genome (independence from position effects (Boivin & Dura, 1998). It suggests
further that the STAR elements permit each expression unit to function
independently of neighboring copies of the expression unit when they are
integrated as a tandem array (independence from repeat-induced genc
silencing (Garrick et al., 1998)). Copy number-dependence is determined from
the relationship between transgene expression levels and copy number, as

described in the example below.

Materials and Methods:

U-2 08 cells were co-transfected with pSDH-Tet-STAR10 and cultivated
under puromycin selection as described (supra). Eight individual clones were
isolated and cultivated further. Then cells were harvested, and one portion
was assayed for luciferase activity as described (supra). The remaining cells
were lysed aild the genomic DNA purified using the DNeasy Tissue Kit
(QTAGEN 69504) as described by the manufacturer. DNA samples were
quantitated by UV spectrophotometry. Three micrograms of each genomic
DNA sample were digested with PvulIl and Xhol overnight as described by the

manufacturer (New England Biolabs), and resolved by agarose gel

-64-




10

15

20

26

30

WO 03/106684 PCT/NL03/00432
61

electrophoresis. DNA fragments were transferred to a nylon membrane as
described (Sambrook et al., 1989), and hybridized with a radioactively labelled
probe to the luciferase gene (isolated from BamHI/Sacll-digested pSDH-Tet).
The blot was washed as described (Sambrook et al., 1989) and exposed to a
phosphorimager screen (Personal F/X, BioRad). The resulting autoradiogram
(FIG 15) was analyzed by densitometry to determine the relative strength of

the luciferase DNA bands, which represents the transgene copy number.

Results

The enzyme activities and copy numbers (DNA band intensities) of
luciferase in the clones from the pSDH-Tet-STAR1O clone population is shown
in FIG 16. The transgene copy number is highly correlated with the level of
luciferase expression in these pSDH-Tet-STAR10 clones (r = 0.86). This
suggests that STAR10 confers copy number-dependence on the transgene
expression units, making transgene expression independent of other transgene
copies in tandem arrays, and independent of gene-silencing influences at the

site of integration.

Example 11: STAR elements function as enhancer blockers but not
enhancers

Gene promoters are subject to both positive and negative influenices on
their ability to initiate transcription. An important class of elements that exert
positive influences are enhancers. Enhancers are characteristically able to
affect promoters even when they are located far away (many kilobase pairs)
from the pro‘moter. Negative influences that act by heterochromatin formation
(e.g. Polycomb group proteins) have been described above, and these are the
target of STAR activity. The biochemical basis for enhancer function and for
heterochromatin formation is fundamentally similar, since they both involve
binding of proteins to DNA. Therefore it is important to determine whether

STAR elements are able to block positive influences as well as negative
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influences, in other words, to shield transgenes from genomic enhancers in the
vicinity of the site of integration. The ability to shield transgenes from
enhancer activity ensures stable and predictable performance of transgenes in
biotechnological applications. This example examines the performance of
STAR elements in an enhancer-blocking assay.

Another feature of STAR activity that is important to their function is
the increased yield they confer on transgenes (Example 4). STARs are isolated
on the basis of their ability to maintain high levels of zeocin expression when
heterochromatin-forming proteins are bound adjacent to the candidate STAR
elements. High expression is predicted to occur because STARs are anticipated
to block the spread of heterochromatin into the zeocin expression unit.
However, a second scenario is that the DNA fragments in zeocin-resistant
clones contain enhancers. Enhancers have been demonstrated to have the
ability to overcome the repressive effects of Polycomb-group proteins such as
those used in the method of the STAR screen (Zink & Paro, 1995). Enhancers
isolated by this phenomenon would be considered false positives, since
enhancers do not have the properties claimed here for STARs. In order to
demonstrate that STAR elements are not enhancers, they have been tested in
an enhancer assay.

The enhancer-blocking assay and the enhancer assay-are
methodologically and conceptually similar. The assays are shown
schematically in FIG 17. The ability of STAR elements to block enhancers is
performed using the E47/E-box enhancer system. The E47 protein is able to
activate transcription by promoters when it is bound to an E-box DNA
sequence loce,lted in the vicinity of those promoters (Quong et al., 2002). E47 is
normally involved in regulation of B and T lymphocyte differentiation (Quong
et al., 2002), but it is able to function in diverse cell types when expressed
ectopically (Petersson et al., 2002). The E-box is a palindromic DNA sequence,
CANNTG (Knofler et al., 2002). In the enhancer-blocking assay, an E-box is

placed upstream of a luciferase reporter gene (including a minimal promoter)
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in an expression vector. A cloning site for STAR elements is placed between
the E-box and the promoter, The E47 protein is encoded on a second plasmid.
The assay is performed by transfecting both the E47 plasmid and the
luciferase expression vector into cells; the E47 protein is expressed and binds
to the E-box, and the E47/E-box complex is able to act as an enhancer. When
the luciferase expression vector does not contain a STAR element, the E47/E-
box complex enhances luciferase expression (FIG 174, situation 1). When
STAR elements are inserted between the E-box and the promoter, their ability
to block the enhancer is demonstrated by reduced expression of luciferase
activity (FIG 17A, situation 2); if STARs cannot block enhancers, luciferase
expression is activated (FIG 17A, situation 8).

The ability of STAR elements to act as enhancers utilizes the same
luciferase expression vector, In the absence of E47, the E-box itself does not
affect transcription. Instead, enhancer behaviour by STAR elements will result
in activation of luciferase transcription. The assay is performed by transfecting
the luciferase expression vector without the E47 plasmid. When the expression
vector does not contain STAR elements, luciferase expression is low (FIG 17B,
situation 1). If STAR elements do not have enhancer properties, luciferase
expression is low when a STAR element is present in the vector (FIG 17B,
situation 2). If STAR elements do have enhancer properties, luciferase
expression will be activated in the STAR-containing vectors (FIG 17B,

situation 3).

Materials and Methods:

The luciferase expression vector was constructed by inserting the E-box
and a human alkaline phosphatase minimal promoter from plasmid mu-
Ep+E2x6-cat(x) (Ruezinsky et al., 1991) upstream of the luciferase gene in
plasmid pGL3-basic (Promega E1751), to create pGL3-E-box-luciferase (gift of
W. Romanow). The E47 expression plasmid contains the E47 open reading
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frame under control of a beta-actin promoter in the pHBAPr-1-neo plasmid;
E47 in constitutively expressed from this plasmid (gift of W. Romanow).

STAR elements 1, 2, 3, 6, 10, 11, 18, and 27 have been cloned into the
luciferase expression vector. Clones eontaining the Drosophila scs element and
the chicken beta-globin HS4-6x core (‘HS4”) element have been included as
positive controls (they are known to block enhancers, and to have no intrinsic
enhancer properties (Chung et al., 1993, Kellum & Schedl, 1992)), and the
empty luciferase expression vector has been included as a negative control. All
assays were performed using the U-2 OS cell line. In the enhancer-blocking
assay, the E47 plasmid was co-transfected with the luciferase expression
vectors (empty vector, or containing STAR or positive-control elements). In the
enhancer assay, the E47 plasmid was co-transfected with STARless luciferase
expression vector as a positive control for enhancer activity; all other samples
received a mock plasmid during co-transfection. The transiently transfected
cells were assayed for luciferase activity 48 hours after plasmid transfection
(supra). The luciferase activity expressed from a plasmid containing no E-box
or STAR/control elements was subtracted, and the luciferase activities were

normalized to protein content as described (supra).

Results

FIG 18 shows the results of the enhancer-blocking assay. In the absence
of STAR elements (or the known enhancer-blocking elements scs and HS4), the
E47/E-box enhancer complex activates expression of luciferase (“vector”); this
enhanced level of expression has been normalized to 100. Enhancer activity is
blocked by all STAR clements tested. Enhancer activity is also blocked by the
HS4 and scs elements, as expected (Bell et al., 2001, Gerasimova & Coxrces,
2001). These results demonstrate that in addition to their ability to block the
spreading of transcriptional silencing (negative influences), STAR elements

are able to block the action of enhancers (positive inﬂuences).
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FIG 19 shows the results of the enhancer assay. The level of luciferase
expression due to enhancement by the E47/E-box complex is set at 100 (“E47).
By comparison, none of the STAR elements bring about significant activation
of luciferase expression. As expected, the scs and HS4 elements also do not
bring about activation of the reporter gene. Therefore it is concluded that at

least the tested STAR elements do not possess enhancer properties.

Example 12: STAR elements are conserved between mouse and human

BLAT analysis of the STAR DNA sequence against the human genome
database (http:/genome.ucsc.edw/cgi-bin/hgGateway) reveals that some of
these sequences have high sequence conservation with other regions of the
human genome. These duplicated regions are candidate STAR elements; if
they do show STAR activity, they would be considered paralogs of the cloned
STARs (two genes or genetic elements are said to be paralogous if they are
derived from a duplication event (Li, 1997)).

BLAST analysis of the human STARs against the mouse genome
(http://www.ensemblorg/Mus_musculus/blastview) also reveals regions of high
sequence conservation between mouse and human. This sequence conservation
has been shown for fragments of 15 out of the 65 human STAR elements. The
conservation ranges from 64% to 89%, over lengths of 141 base pairs to 909
base pairs (Table 8). These degrees of sequence conservatioﬁ are remarkable
and suggest that these DNA sequences may confer STAR activity within the
mouse genome as well. Some of the sequences from the mouse and human
genomes in Table 8 could be strictly defined as orthologs (two genes or genetic
elements are,said to be orthologous if they are derived from a speciation event
(Li, 1997)). For example, STARS is between the SLC8AI and HAAO genes in
both the human and mouse genomes. In other cases, a cloned human STAR
has a paralog within the human genome, and its ortholog has been identified
in the mouse genome. For example, STAR3a is a fragment of the 15q11.2

region of human chromosome 15, This region is 96.9% identical (paralogous)
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with a DNA fragment at 5333.8 on human chromosome 5, which is near the
IL12B interleukin gene. These human DNAs share approximately 80%
identity with a fragment of the 11B2 region on mouse chromosome 11. The
11B2 fragment is also near the (mouse) IL12B interleukin gene. Therefore
STAR3a and the mouse 11B2 fragment can be strictly defined as paralogs.

In order to test the hypothesis that STAR activity is shared between regions of
high sequence conservation in the mouse and human genome, one of the
human STARs with a conserved sequence in mouse, STAR18, has been
analyzed in greater detail. The sequence conservation in the mouse genome
detected with the original STAR18 clone extends leftward on human
chromosome 2 for about 500 base pairs (FIG 20; left and right relate to the
standard description of the arms of chromosome 2). In this example we
examine whether the region of sequence conservation defines a “naturally
occurring” STAR element in human that is more extensive in length than the
original clone. We also examine whether the STAR function of this STAR

element is conserved between mouse and human.

Materials and Methods

The region of mouse/human sequence conservation around STAR 18 was
recovered from human BAC clone RP11-387A1 by PCR amplification, in three
fragments: the entire region (primers E98 and E94), the leftward half (primers
E93 and E92), and the rightward half (primers E57 and E94). The
corresponding fragments from the homologous mouse region were recovered
from BAC clone RP23-400H17 in the same fashion (primers E95 and E98, E95
and E96, and E97 and E98, respectively). All fragments were cloned into the
pSelect vector and transfected into a U-2 0S/Tet-Off/LexA-HP1 cell line
(supra). Following transfection, hygromycin selection was carried out to select
for transfected cells. The LexA-HP1 protein was induced by lowering the

doxycycline concentration, and the ability of the transfected cells to withstand
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the antibiotic zeocin (a measure of STAR activity) was assessed by monitoring

cell growth.

Resulis

The original STAR1S clone was isolated from Scu3Al digested human
DNA ligated into the pSelect vector on the basis of its ability to prevent
silencing of a zeocin resistance gene. Alignment of the human STAR18 clone
(497 base pairs) with the mouse genome revealed high sequence similarity
(72%) between the orthologous human and mouse STAR18 regions. It also
uncovered high similarity (73%) in the region extending for 488 base pairs
immediately leftwards of the Sau3AI site that defines the left end of the cloned
region (FIG 22). Outside these regions the sequence similarity between human
and mouse DNA drops below 60%.

As indicated in FIG 20, both the human and the mouse STAR18
elements confer survival on zeocin to host cells expressing the lexA-HP1
repressor protein. The original 497 base pair STAR18 clone and its mouse
ortholog both confer the ability to grow (FIG 20, a and d). The adjacent 488
base pair regions of high similarity from both genomes also confer the ability
to grow, and in fact their growth phenotype is more vigorous than that of the
original STARI1S clone (FIG 20, b and e). When the entire region of sequence
similarity was tested, these DNAs from both mouse and human confer growth,
and the growth phenotype is more vigorous than the two sub-fragments (FIG
20, ¢ and f). These results demonstrate that the STAR activity of human
STAR1S is conserved in its ortholog from mouse. The high sequence
conservation, between these orthologous regions is particularly noteworthy
because they are not protein-coding sequences, leading to the conclusion that
they have some regulatory function that has prevented their evolutionary
divergence through mutation.

This analysis demonstrates that cloned STAR elements identified by the

original screening program may in some cases represent partial STAR
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elements, and that analysis of the genomic DNA in which they are embedded

can identify sequences with stronger STAR activity.

Example 13: STAR elements contain characteristic DNA sequence
motifs

STAR elements are isolated on the basis of their anti-repression
phenotype with respect to transgene expression. This anti-repression
phenotype reflects underlying biochemical processes that regulate chromatin
formation which are associated with the STAR elements. These processes are
typically sequence-specific and result from protein binding or DNA structure.
This suggests that STAR elements will share DNA sequence similarity.
Identification of sequence similarity among STAR elements will provide
sequence motifs that are characteristic of the elements that have already been
identified by functional screens and tests. The sequence motifs will also be
useful to recognize and claim new STAR elements whose functions conform to
the claims of this patent. The functions include improved yield and stability of
transgenes expressed in eukaryotic host cells.

Other benefits of identifying sequence motifs that characterize STAR
elements include: (1) provision of search motifs for prediction and
identification of new STAR elements in genome databases, (2) provision of a
rationale for modification of the elements, and (8) provision of information for
functional analysis of STAR activity. Using bio-informatics, sequence
similarities among STAR elements have been identified; the results are
presented in this example.

Bio-informatic and Statistical Background. Regulatory DNA elements
typically function via interaction with sequence-specific DNA-binding proteins.
Bio-informatic analysis of DNA elements such as STAR elements whose
regulatory properties have been identified, but whose interacting proteins are
unknown, requires a statistical approach for identification of sequence motifs.

This can be achieved by a method that detects short DNA sequence patterns
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that are over-represented in a set of regulatory DNA elements (e.g. the STAR
elements) compared to a reforence sequence (e.g. the complete human
genome). The method determines the number of observed and expected
occurrences of the patterns in each regulatory element. The number of
expected occurrences is calculated from the number of observed occurrences of
each pattern in the reference sequence.

The DNA sequence patterns can be oligonucleotides of a given length,
e.g. six base pairs. In the simplest analysis, for a 6 hase pair oligonucleotide
(hexamer) composed of the four nucleotides (A, C, G, and T) there are 46 =
4096 distinct oligonucleotides (all combinations from AAAAAA to TTTTTT). If
the regulatory and reference sequences were completely random and had equal
proportions of the A, C, G, and T nucleotides, then the expected frequency of
each hexamer would be 1/4096 (~0.00024). However, the actual frequency of
each hexamer in the reference sequence is typically different than this due to
biases in the content of G:C base pairs, etc. Therefore the frequency of each
oligonucleotide in the reference sequence is determined empirically by
counting, to create a “frequency table” for the patterns.

The pattern frequency table of the reference sequence is then used to
calculate the expected frequency of occurrence of each pattern in the
regulatory element set. The expected frequencies are compared with the
observed frequencies of occurrence of the patterns. Patterns that are “over-
represented” in the set are identified; for example, if the hexamer ACGTGA is
expected to occur 5 times in 20 kilobase pairs of sequence, but is observed to
occur 15 times, then it is three-fold over-represented. Ten of the 15 occurrences
of that hexameric sequence pattern would not be expected in the regulatory
elements if the elements had the same hexamer composition as the entire
genome. Once the over-represented patterns are identified, a statistical test is
applied to determine whether their over-representation is significant, or may
be due to chance. For this test, a significance index, “sig”, is calculated for each

pattern. The significance index is derived from the probability of occurrence of
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each pattern, which is estimated by a binomial distribution. The probability
takes into account the number of possible patterns (4096 for hexamers). The
highest sig values corespond to the most overrepresented oligonucleotides (van
Helden et al., 1998). In practical terms, oligonucleotides with sig >= 0 are
considered as over-represented. A pattern with sig >=01is lij{ely to be over-
represented due to chance once (=1070) in the set of regulatory element
sequences. However, at sig >= 1 a pattern is expected to be over-represented
once in ten (=10/1) sequence sets, sig >= 2 once in 100 (=10"2) sequence sets,
etc.

The patterns that are significantly over-represented in the regulatory
element set are used to develop a model for classification and prediction of
regulatory element sequences. This employs Discriminant Analysis, a so-called
“supervised” method of statistical classification known to one of ordinary skill
in the art (Huberty, 1994). In Discriminant Analysis, sets of known or
classified items (e.g. STAR elements) are used to “train” a model to recognize
those items on the basis of specific variables (e.g. sequence patterns such as
hexamers). The trained model is then used to predict whether other items
should be classified as belonging to the set of known items (e.g. is a DNA
sequence a STAR element). In this example, the known items in the training
set are STAR elements (positive training set). They are contrasted with
sequences that are randomly selected from the genome (negative training set)
which have the same length as the STAR elements. Discriminant Analysis
establishes criteria for discriminating positives from negatives based on a set
of variables that distinguish the positives; in this example, the variables are
the significantly over-represented patterns (e.g. hexamers).

When the number of over-represented patterns is high compared to the
size of the training set, the model could become biased due to over-training.
Over-training is circumvented by applying a forward stepwise selection of
variables (Huberty, 1994). The goal of Stepwise Discriminant Analysis is to

select the minimum number of variables that provides maximum
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discrimination between the positives and negatives. The model is trained by
evaluating variables one-by-one for their ahility to properly classify the items
in the positive and negative training sets. This is done until addition of new
variables to the model does not significantly increase the model’s predictive
power (i.e. until the classification error rate is minimized). This optimized
model is then used for testing, in order to predict whether “new” items are
positives or negatives (Huberty, 1994).

It is inherent in classification statistics that for complex items such as
DNA sequences, some elements of the positive training set will be classified as
negatives (false negatives), and some members of the negative training set will
be classified as positives (false positives). When a trained model is applied to
testing new items, the same types of misclassifications are cxpected to occur.
In the bio-informatic method described here, the first step, pattern frequency
analysis, reduces a large set of sequence patterns (e.g. all 4096 hexamers) to a
smaller set of significantly over-represented patterns (e.g. 100 hexamers); in
the second step, Stepwise Discrimant Analysis reduces the set of over-
represented patterns to the subset of those patterns that have maximal
discriminative power (e.g. 510 hexamers). Therefore this approach provides
simple and robust criteria for identifying regulatory DNA elements such as
STAR elements.

DNA-binding proteins can be distinguished on the basis of the type of
binding site they occupy. Some recognize contiguous sequences; for this type of
protein, patterns that are oligonucleotides of length 6 base pairs (hexamers)
are fruitful for bio-informatic analysis (van Helden et al., 1998). Other proteins
bind to sequence dyads: contact is made between pairs of highly conserved
trinucleotides separated by a non-conserved region of fixed width (van Helden
et al,, 2000). In order to identify sequences in STAR elements that may be
bound by dyad-binding proteins, frequency analysis was also conducted for this
type of pattern, where the spacing between the two trinucleotides was varied

from 0 to 20 (i.e. XXXN{0-20}XXX where X’s are specific nucleotides composing
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the trinucleotides, and N’s are random nucleotides from 0 to 20 base pairs in
length). The results of dyad frequency analysis are also used for Linear

Discriminant Analysis as deseribed above.

Materials and Methods
Using the genetic screen described herein and in EP 01202581.3, sixty-

six (66) STAR elements were initially isolated from human genomic DNA and
characterized in detail (Table 6). The screen was performed on gene libraries
constructed by Sau3Al digestion of human genomic DNA, either purified from
placenta (Clontech 6550-1) or carried in bacterial/P1 (BAC/PAC) artificial
chromosomes. The BAC/PAC clones contain genomic DNA from regions of
chromosome 1 (clones RP1154H19 and RP3328E19), from the HOX cluster of
homeotic genes (clones RP1167F23, RP1170019, and RP11387A1), or from
human chromosome 22 (Research Genetics 96010-22). The DNAs were size-
fractionated, and the 0.5 - 2 kb size fraction was ligated into BamHI-digested
pSelect vector, by standard techniques (Sambrook et al., 1989). pSelect
plasmids containing human genomic DNA that conferred resistance to zeocin
at low doxycycline concentrations were isolated and propagated in Escherichia
coli. The screens that yielded the STAR elemenis of Table 6 have assayed
approximately 1-2% of the human genome.

The human genomic DNA inserts in these 66 plasmids were sequenced
by the dideoxy method (Sanger et al., 1977) using a Beckman CEQ2000
automated DNA sequencer, using the manufacturer’s instructions. Briefly,
DNA was purified from E. coli using QIAprep Spin Miniprep and Plasmid Midi
Kits (QIAGE,N 27106 and 12145, respectively). Cycle sequencing was carried
out using custom oligonucleotides corresponding to the pSelect vector (primers
D89 and D95, Table 1), in the presence of dye terminators (CEQ Dye
Terminator Cycle Sequencing Kit, Beckman 608000). Assembled STAR DNA
sequences werc located in the human genome (database builds August and

December 2001) using BLAT (Basic Local Alignment Tool (Kent, 2002);
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http://genome.ucse.edu/cgi-hin/hgGateway ; Table 6). In aggregate, the
combined STAR sequences comprise 85.6 kilobase pairs, with an average
length of 1.3 kilobase pairs.

Sequence motifs that distinguish STAR elements within human genomic
DNA were identified by bio-informatic analysis using a two-step procedure, as
follows (see FIG 21 for a schematic diagram). The analysis has two input
datasets: (1) the DNA sequences of the STAR elements (STAR1 — STAR65
were used; Table 6); and (2) the DNA sequence of the human genome (except
for chromosome 1, which was not feasible to include due to its large size; for
dyad analysis a random subset of human genomic DNA sequence (~27 Mb) was
used).

Pattern Frequency Analysis. The first step in the analysis uses RSA-
Tools software (Regulatory Sequence Analysis Tools;
hitp://www.ucmb.ulb.ac.be/bioinformatics/rsa-tools/ ; references (van Helden et
al., 1998, van Helden et al., 2000, van Helden et al., 2000)) to determine the
following information: (1) the frequencies of all dyads and hexameric
oligonucleotides in the human genome; (2) the frequencies of the
oligonucleotides and dyads in the 65 STAR elements; and (3) the significance
indices of those oligonucleotides and dyads that are over-represented in the
STAR elements compared to the genome. A control analysis was done with 65
sequences that were selected at random from the human genome (i.e. from
2689 x 1043 kilobase pairs) that match the length of the STAR elements of
Table 6.

Discriminant Analysis. The over-represented oligonucleotides and dyads
were used to,train models for prediction of STAR elements by Linear
Discriminant Analysis (Hubert&, 1994). A pre-selection of variables was
performed by selecting the 60 patterns with the highest individual
dicriminatory power from the over-represented oligos or dyads of the frequency
analyses. These pre-selected variables were then used for model training in a

Stepwise Linear Discriminant Analysis to select the most diseriminant
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combination of variables (Huberty, 1994). Variable selection was based on
minimizing the classification error rate (percentage of false negative
clagsifications). In addition, the expected error rate was estimated by applying
the same discriminant approach to the control set of random sequences
(minimizing the percentage of false positive classifications).

The predictive models from the training phase of Discriminant Analysis
were tested in two ways. First, the STAR elements and random sequences that
were used to generate the model (the training sets) were classified. Second,
sequences in a collection of 19 candidate STAR elements (recently cloned by
zeocin selection as described above) were classified. These candidate STAR
elements are listed in Table 9 (SEQ ID:67-84).

Results

Pattern frequency analysis was performed with RSA-Tools on 65 STAR
elements, using the human genome as the reference sequence. One hundred
sixty-six (166) hexameric oligonucleotides were found to be over-represented in
the set of STAR elements (sig >= 0) compared to the entire genome (Table 4).
The most significantly over-represented oligonucleotide, CCCCAC, occurs 107
times among the 65 STAR elements, but is expected to occur only 49 times. It
has a significance coefficient of 8.76; in other words, the probability that its
over-representation is due to random chance is 1/ 1078.76, i.e. less than one in
500 million. ‘

Ninety-five of the oligonucleotides have a significance coefficient greater
than 1, and are therefore highly over-represented in the STAR elements.
Among the oyer-represented oligonucleotides, their observed and expected
occurrences, respectively, range from 6 and 1 (for oligo 163, CGCGAA, sig=
0.02) to 133 and 95 (for oligo 120, CCCAGG, sig = 0.49). The differences in
expected occurrences reflect factors such as the G:C content of the human
genome. Therefore the differences among the oligonucleotides in their number

of occurrences is less important than their over-representation; for example,
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oligo 2 (CAGCGG) is 36 / 9 = 4-fold over-represented, which has a probability
of being due to random chax_lce of one in fifty million (sig = 7.75).

Table 4 also presents the number of STAR elements in which each over-
represented oligonucleotide is found. For example, the most significant
oligonucleotide, oligo 1 (CCCCAC), occurs 107 times, but is found in only 51
STARs, i.e. on average it occurs as two copies pexr STAR. The least abundant
oligonucleotide, number 166 (AATCGG), occurs on average as a single copy per
STAR (thirteen occurrences on eleven STARs); single-copy oligonucleotides
oceur frequently, especially for the lower-abundance oligos. At the other
extreme, oligo 4 (CAGCCC) occurs on average 3 times in those STARs in which
it is found (37 STARs). The most widespread oligonucleotide is number 120
(CCCAG®), which occurs on 58 STARSs (on average twice per STAR), and the
least widespread oligonucleotidé is number 114 (CGTCGC), which occurs on
only 6 STARs (and on average only once per STAR).

Results of dyad frequency analysis are given in Table 5. Seven hundred
thirty (730) dyads were found to be over-represented in the set of STAR
elements (sig >= 0) compared to the reference sequence. The most significantly
over-represented dyad, CCON{2}CGG, occurs 36 times among the 65 STAR
elements, but is expected to occur only 7 times. It has a significance coefficient
of 9.31; in other words, the probability that its over-representation is due to
chance is 1/ 1029.31, i.e. less than one in 2 billion.

Three hundred ninety-seven of the dyads have a significance coefficient
greater than 1, and are therefore highly over-represented in the STAR
elements. Among the over-represented dyads, their obsexved and cxpected
occurrences, !respectively, range from 9 and 1 (for five dyads (numbers 380,
435, 493, 640, and 665)) to 118 and 63 (for number 30 (AGGN{2}GGG), sig =
4.44).

The oligonuclectides and dyads found to be over-represented in STAR
elements by pattern frequency analysis were tested for their discriminative

power by Linear Discriminant Analysis. Discriminant models were trained by
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step-wise selection of the best combination among the 50 most discriminant
oligonucleotide (Table 4) or dyad (Table 5) patterns. The models achieved
optimal error rates after incorporation of 4 (dyad) or 5 variables. The
discriminative variables from oligo analysis are numbers 11, 30, 94, 122, and
160 (Table 4); those from dyad analysis are numbers 73, 194, 419, and 497
(Table 5).

The discriminant models were then used to classify the 65 STAR
olements in the training set and their associated random sequences. The model
using oligonucleotide variables classifies 46 of the 65 STAR elements as STAR
elements (true positives); the dyad model classifies 49 of the STAR elements as
true positives. In combination, the models classify 59 of the 65 STAR elements
as STAR elements (91%; FIG 22). The false positive rates (random sequences
classified as STARs) were 7 for the dyad model, 8 for the oligonucleotide model,
and 13 for the combined predictions of the two models (20%). The STAR
elements of Table 6 that were not classified as STARs by LDA are STARs 7,
292, 35, 44, 46, and 65. These elements display stabilizing anti-repressor
activity in functional assays, so the fact that they are not classified as STARs
by LDA suggests that they represent another class (or classes) of STAR
elements.

The models were then used to classify the 19 candidate STAR elements
in the testing set listed in Table 9. The dyad model classifies 12 of these
candidate STARs as STAR elements, and the oligonucleotide model classifies
14 as STARs. The combined number of the candidates that are classified as
STAR elements is 15 (79%). This is a lower rate of classification than obtained
with the traiping set of 65 STARs; this is expected for two reasons. First, the
diseriminant models were trained with the 65 STARs of Table 6, and
discriminative variables based on this training set may be less well
represented in the testing set. Second, the candidate STAR sequences in the
testing set have not yet been fully characterized in terms of in vivo function,

and may include elements with only weak anti-repression praperties.
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This analysis demonstrates the power of a statistical approach to bio-
informatic classification of STAR elements. The STAR sequences contain a
number of dyad and hexameric oligonucleotide patterns that are significantly
over-represented in comparison with the human genome as a whole. These
patterns may represent binding sites for proteins that confer STAR activity; in
any case they form a set of sequence motifs that can be used to recognize STAR
element sequences.

Using these patterns to recognize STAR elements by Discriminant
Analysis, a high proportion of the elements obtained by the genetic screen of
the invention are in fact classified as STARs. This reflects underlying sequence
and functional similarities among these elements. An important aspect of the
method described here (pattern frequency analysis followed by Discriminant
Analysis) is that it can be reiterated; for example, by including the 19
candidate STAR clements of Table 9 with the 66 STAR elements of Table 6
into one training set, an improved discriminant model can be trained. This
improved model can then be used to classify other candidate regulatory
elements as STARs. Large-scale in vivo screening of genomic sequences using
the method of the invention, combined with reiteration of the bio-informatic
analysis, will provide a means of discriminating STAR elements that
asymptotically approaches 100% recognition and prediction of elements as the
genome is screened in its entirety. These stringent and comprehensive
predictions of STAR function will ensure that all human STAR elements are

recognized, and are available for use in improving transgene expression.

Example 14; Cloning and characterization of STAR elements from
Arabidopsis thaliana

Transgene silencing occurs in transgenic plants at both the
transcriptional and post-transcriptional levels (Meyex, 2000, Vance &
Vaucheret, 2001). In either case, the desired result of transgene expression can

be compromised by silencing; the low expression and instability of the
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transgene results in poor expression of desirable traits (e.g. pest resistance) or
low yields of recombinant proteins. It also results in poor prédictabi]ity: the
proportion of transgenic plants that express the transgene at
biotechnologically useful levels is low, which necessitates lahorious and
expensive screening of transformed individuals for those with beneficial
expression characteristics. This example describes the isolation of STAR
elements from the genome of the dicot plant Arabidopsis thaliana for use in
preventing transcriptional transgene silencing in transgenic plants.
Arabidopsis was chosen for this example because it is a well-studied model
organism: it has a compact genome, it is amenable to genetic and recombinant
DNA manipulations, and its genome has been sequenced (Bevan et al., 2001,

Initiative, 2000, Meinke et al., 1998).

Materials and Methods:

Genomic DNA was isolated from Arabidopsis thaliana ecotype Columbia
as described (Stam et al., 1998) and partially digested with Mbol. The digested
DNA was size-fractionated to 0.5 — 2 kilbase pairs by agarose gel
electrophoresis and purification from the gel (QIAquick Gel Extraction Kit,
QIAGEN 28706), followed by ligation into the pSelect vector (supra).
Transfection into the U-2 08/Tet-OffLexA-HP1 cell line and selection for
zeocin resistance at low doxycycline concentration was performed as described
(supra). Plasmids were isolated from zeocin resistant colonies and re-
transfected into the U-2 0S/Tet-Off/LexA-HP1 cell line.

Sequencing of Arabidopsis genomic DNA fragments that conferred
zeocin resistance upon re-transfection was performed as described (supra). The
DNA sequences were compared to the sequence of the Arabidopsis genome by
BLAST analysis ((Altschul et al., 1990); URL
http://www.ncbinlm.nih.gov/blast/Blast ).

STAR activity was tested further by measuring mRNA levels for the

hygromyein- and zeocin-resistance genes in recombinant host cells by reverse
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transcription PCR (RT-PCR). Cells of the U-2 08/Tet-OfflexA-HP1 cell line
were transfected with pSelect plasmids containing Arabidopsis STAR
elements, the Drosophila scs element, or containing no insert (supra). These
were cultivated on hygromycin for 2 weeks at high doxycycline concentration,
then the doxycycline concentration was lowered to 0.1 ng/ml to induce the
lexA-HP1 repressor protein. After 10 days, total RNA was isolated by the
RNeasy mini kit (QITAGEN 74104) as described by the manufacturer. First-
strand cDNA synthesis was carried out using the RevertAid First Strand
¢DNA Synthesis kit (MBI Fermentas 1622) using oligo(dT)18 primer as
described by the manufacturer. An aliguot of the cDNA was used as the
template in a PCR reaction using primers D58 and D80 (for the zeocin
marker), and D70 and D71 (for the hygromycin marker), and Taq DNA
polymerase (Promega M2661). The reaction conditions were 15-20 cycles of
94°C for 1 minute, 54°C for 1minute, and 72°C for 90 seconds. These conditions
result in a linear relationship between input RNA and PCR product DNA. The
PCR products were resolved by agarose gel electrophoresis, and the zeocin and
hygromycin bands were detected by Southern blotting as described (Sambrook
et al., 1989), using PCR products produced as above with purified pSelect
plasmid as template. The ratio of the zeocin and hygromycin gignals

corresponds to the normalized expression level of the zeocin gene.

Results

The library of Arabidopsis genomic DNA in the pSelect vector comprised
69,000 primary clones in E. coli, 80% of which carried inserts. The average
insert size was approximately 1000 base pairs; the library therefore represents
approximately 40% of the Arabidopsis genome.

A portion of this library (representing approximately 16% of the
Arabidopsis genome) was transfected into the U-2 0S/Tet-Off/LexA-HP1 cell
line. Hygromycin selection was imposed to isolate transfectants, which

resulted in 27,000 surviving colonies. These were then subjected to zeocin
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selection at low doxycycline concentration. Putative STAR-containing plasmids
from 56 zeocin-resistant colonies were rescued into E. coli and re-transfected
into U-2 OS/Tet-Off/LexA-HP1 cells. Forty-four of these plasmids (79% of the
plasmids tested) conferred zeocin resistance on the host cells at low
doxycycline concentrations, demonstrating that the plasmids carried STAR
elements. This indicates that the pSelect screen in human U-2 OS cells is
highly efficient at detection of STAR elements from plant genomic DNA.

The DNA sequences of these 44 candidate STAR elements were
determined. Thirty-five of them were identified as single loci in the database of
Arabidopsis nuclear genomic sequence (Table 10; SEQ ID:85 — SEQ ID:119).
Four others were identified as coming from the chloroplast genome, four were
chimeras of DNA fragments from two loci, and one was not found in the
Arabidopsis genome database.

The strength of the cloned Arabidopsis STAR elements was tested by
assessing their ability to prevent transcriptional repression of the zeocin-
resistance gene, using an RT-PCR assay. As a control for RNA input among
the samples, the transcript levels of the hygromycin-resistance gene for each
STAR transfection were assessed too. This analysis has been performed for 12
of the Arabidopsis STAR elements. The results (FIG 23) demonstrate that the
Arabidopsis STAR elements are superior to the Drosophila scs element
(positive control) and the empty vector (“SV40”; negative control) in their
ability to protect the zeocin-resistance gene from transcriptional repression. In
particular, STAR-A28 and STAR-A30 enable 2-fold higher levels of zeocin-
resistance gene expression than the scs element (normalized to the internal
control of hygromycin-resistance gene mRNA) when the lexA-HP1 repressor is
expressed.

These results demonstrate that the method of the invention can be
successfully applied to recovery of STAR elements from genomes of other
species than human. Its successful application to STAR elements from a plant

genome is particularly significant because it demonstrates the wide taxonomic
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range over which the method of the invention is applicable, and because plants

are an important target of biotechnological development.

Example 15;: STAR-shielded genes that reside on multiple vectors are
expressed simultaneously in CHO cells

STAR elements function to block the effect of transcriptional repression
influences on transgene expression units. One of the benefits of STAR
elements for heterologous protein production is the increased predictability of
finding high-expressing primary recombinant host cells. This feature allows for
the simultaneous expression of different genes that reside on multiple, distinet
vectors, In this example we use two different STAR7-shielded genes, GFP and
RED, which are located on two different vectors. When these two vectors are
transfected simultaneously to Chinese hamster ovary (CHO) cells, hoth are
expressed, whereas the corresponding, but unprotected GFP and RED genes,

show hardly such simultaneous expression.

Material and Methods

The STAR7 element is tested in the ppGIZ-STAR7 and ppRIP-STAR7
vectors (FIG 24). The construction of the pPlug&Play (ppGIZ and ppRIP)
vectors is described below. Plasmid pGFP (Clontech 6010-1) is modified by
insertion of a linker at the BsiWI site to yield pGFP-link. The linker (made by
annealing oligonucleotides 5'GTACGGATATCAGATCTTTAATTAAGS' and
5'GTACCTTAATTAAAGATCTGATATCCS') introduces sites for the Pacl,
BglIl, and EcoRYV restriction endonucleases, This creates the multiple cloning
site MCSIL folr insertion of STAR elements. Then primers
(5'GATCAGATCTGGCGCGCCATTTAAATCGTCTCGCGCGTTTCGGTGATGA
CGG3" and
(5'AGGCGGATCCGAATGTATTTAGAAAAATAAACAAATAGGGGS) are used
to amplify a region of 0.37 kb from pGFP, which is inserted into the BgllI site
of pIRES (Clontech 6028-1) to yield pIRES-stuf. This introduces sites for the

-85-




10

15

20

25

30

WO 03/106684 PCT/NL03/00432
82

Ascl and Swal restriction endonucleases at MCSI, and acts as a “stuffer
fragment” to avoid potential interference between STAR elements and
adjacent promoters. pIRES-stuf is digested with BglIl and Fspl to liberate a
DNA fragment composed of the stuffer fragment, the CMV promoter, the IRES
element (flanked by multiple cloning sites MCS A and MCS B), and the SV40
polyadenylation signal. This fragment is ligated with the vector backbone of
pGFP-link produced by digestion with BamHI and Stul, to yield pIRES-link.

The open reading frames of the zeocin-resistance gene is inserted into
the BamHI/Nodl sites of MCS B in pIRES-link as follows: the zeocin-resistance
ORF is amplified by PCR with primers
5'GATCGGATCCTTCGAAATGGCCAAGTTGACCAGTGCS' and
5'AGGCGCGGCCGCAATTCTCAGTCCTGCTCCTCS' from plasmid pEM7/zeo,
digested with BamHI and Notl, and ligated with BamHI/No¢l-digested pIRES-
link to yield pIRES-link-zeo. The GFP reporter ORF is introduced into pIRES-
link-zeo by amplification of phr-GFP-1 with primers
5'GATCGAATTCTCGCGAATGGTGAGCAAGCAGATCCTGAAGS' and
5'AGGCGAATTCACCGGTGTTTAAACTTACACCCACTCGTGCAGGCTGCCC
AGG3, and insertion of the EcoRI-digested GFP cassette into the EcoRI site in
MCS A of the pIRES-link-zeo plasmid. This creates the ppGIZ (for ppGFP-
IRES-zeo) 5 START is cloned into the Sall site and 3’ START is cloned into the
Pacl site.

The puromycin-resistance ORF is amplified by PCR with primers
5'GATCGGATCCTTCGAAATGACCGAGTACAAGCCCACGS' and
5'AGGCGCGGCCGCTCAGGCACCGGGCTTGCGGGTCS from plasmid pBabe-
Puro (Morgepstern & Land, 1990), digested with BamHI and Notl, and ligated
with BamHU/Notl-digested pIRES-link to yield pIRES-link-puro. The RED
gene is amplified by PCR with primers
5'GATCTCTAGATCGCGAATGGCCTCCTCCGAGAACGTCATC3' and
5'AGGCACGCGTTCGCGACTACAGGAACAGGTGGTGGCGS' from plasmid
pDsRed2 (Clontech 6943-1), digested with Xbal and Mlul and ligated to Nhel-
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Miul digested pIRES-link-puro to yield ppRIP (for ppRED-IRES-puro). &
STARY is cloned into the Sall site and 3 STAR7 is cloned into the Pacl site.

Transfection and culture of CHO cells

The Chinese Hamster Ovary cell line CHO-K1 (ATCC CCL-61) is
cultured in HAMS-F12 medium + 10% Fetal Calf Serum containing 2 mM
glutamine, 100 U/ml penicillin, and 100 micrograms/ml streptomycin at 37°

C/5% COs. Cells are transfected with the plasmids using Lipofectamine 2000

(Invitrogen) as described by the manufacturer. Briefly, cells are seeded to
culture vessels and grown overnight to 70-90% confluence. Lipofectamine
reagent is combined with plasmid DNA at a ratio of 7.5 mieroliters per 3
microgram (e.g. for a 10 cm Petri dish, 20 micrograms DNA and 120
microliters Lipofectamine) and added after a 30 minutes incubation at 25°C to
the cells. After a 6 hour incubation the transfection mixture is replaced with
fresh medium, and the transfected cells are incubated further. After overnight
cultivation, cells are trypsinized and seeded into fresh petri dishes with fresh
medium with zeocin added to a concentration of 100 pg/ml and the cells are
cultured further. When individual colonies become visible (approximately ten
days after transfection) medium is removed and replaced with fresh medium
(puromyein)

Individual colonies are isolated and transferred to 24-well plates in
medium with zeocin. Expression of the GFP and RED reporter genes is
assessed approximately 3 weeks after transfection.

One tested construct consists of a monocistronic gene with the GFP
gene, an IRES and the Zeocin resistance gene under control of the CMV
promoter, but either with or without STAR7 element to flank the entire
construct (FIG 24). The other construct consists of a monocistronic gene with
the RED gene, an IRES and the puromycin resistance gene under control of
the CMV promoter, but either with or without STAR7 element to flank the
entire construct (FIG 24).
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The constructs are transfected to CHO-K1 cells. Stable colonies that are
resistant for both zeocin and puromycin are expanded before the GFP and
RED signals are determined on a XL-MCL Beckman Coulter floweytometer.
The percentage of cells in one colony that are double positive for both GFP and
RED signals is taken as measure for simultaneous expression of both proteins

and this is plotted in FIG 24.

Results

FIG 24 shows that simultaneous expression in independent zeocin and
puromyein resistant CHO colonies of GFP and a RED reporter genes that are
flanked by a STAR element results in a higher number of cells that express
both GFP and RED proteins, as compared to the control vectors without
START element. The START element therefore conveys a higher degree of
predictability of transgene expression in CHO cells. In the STAR-less colonies
at most 9 out of 20 colonies contain double GFP/RED positive cells. The
percentage of double positive cells ranges between 10 and 40%. The remaining
11 out of 20 colonies have less than 10% GFP/RED positive cells. In contrast,
in 19 out of 20 colonies that contain the STAR-shielded GFP and RED genes,
the percentage GFP/RED double positive cells ranges between 25 and 75%. In
15 out of these 19 double positive colonies the percentage GFP/RED double
positive cells is higher than 40%. This result shows that it is more likely that
simultaneous expression of two genes is achieved when these genes are

flanked with STAR elements.

Example 16: Expression of a functional antibody from two separate
plasmids is easier obtained when STAR elements flank the genes
encoding the heavy and light chains.

Due to the ability of STAR elements to convey higher predictability to
protein expression two genes can be expressed simultaneously from distinct

vectors. This is shown in example 15 for two reporter genes, GFP and RED.
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Now the simultaneous expression of a light and a heavy antibody chain is
tested. In example 16, STAR7-shielded light and heavy antibody cDNAs that
reside on distinet vectors are simultaneously transfocted to Chinese hamster
ovary cells. This results in the production of functional antibody, indicating
that both heavy and light chains are expressed simultaneously. In contrast,
the simultaneous transfection of unprotected light and heavy antibody cDNAs

shows hardly expression of functional antibody.

Materials and Methods

The tested constructs are the same as described in Example 15, except
that the GFP gene is replaced by the gene encoding the light chain of the
RING1 antibody (Hamer et al., 2002) and the RED gene is replaced by the
gene encoding the heavy chain of the RING1 antibody. The light chain is
amplified from the RING1 hybridoma (Hamer et al., 2002) by RT-PCR using
the primers 5'CAAGAATTCAATGGATTTTCAAGTGCAGS' and 5'CAAGCGG
CCGCTTTGTCTCTAACACTCATTCCS'. The PCR product is cloned into
pcDNAS after restriction digestion with EcoRI and Notl and sequenced to
detect potential frame shifts in the sequence. The ¢cDNA is excised with EcoRI
and NotI, blunted and cloned in ppGIZ plasmid. The heavy chain is amplified
from the RING1 hybridoma (Hamer et al., 2002) by RT-PCR using the primers
5'ACAGAATTCTTACCATGGATTTTGGGCTGS' and
5'ACAGCGGCCGCTCATTTACCAGGAGAGTGGGS'. The PCR product is
cloned into pcDNAS3 after restriction digestion with EcoRI and NotI and
sequenced to detect potential frame shifts in the sequence. The cDNA is
excised with’EcoRI and NotI, blunted and cloned in ppRIP plasmid.

Results
CHO colonies are simultaneously transfected with the RING1 Light
Chain (L.C) and RING1 Heavy Chain (FC) cDNAs that reside on two distinct

vectors. The Light Chain is coupled to the zeocin resistance gene through an
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IRES, the Heavy Chain is coupled to the puromyecin resistance gene through
an IRES. FIG 25 shows that simultaneous transfection to CHO cells of the
heavy and light chain encoding cDNAs results in the establishment of
independent zeocin and puromycin resistant colonies. When the constructs are
flanked by the STAR7 element this results in a higher production of functional
RING1 antibody, as compared to the control vectors without STAR7 element.
The START element therefore conveys a higher degree of predictability of
antibody expression in CHO cells.

In the STAR-less colonies only 1 out of 12 colonies express detectable
antibody. In contrast, in 7 out of 12 colonies that contain the STAR-shielded
Light and Heavy Chain genes, produce functional RING1 antibody that detects
the RING1 antigen in an ELISA assay. Significantly, all these 7 colonies
produce higher levels of RING1 antibody than the highest control colony
(arbitrarily set at 100%). This result shows that it is more likely that
simultaneous expression of two genes encoding two antibody chains is

achieved when these genes are flanked with STAR elements.
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Table 1. Oligonucleotides used for polymerase chain reactions (PCR

primers) or DNA mutagenesis

Number Sequence
Cé5 AACAAGCTTGATATCAGATCTGCTAGCTTGGTCGAGCTGATACTTCCC
C66 AAACTCGAGCGGCCGCGAATTCGTCGACTTTACCACTCCCTATCAGTGATAGAG
ce7 AAACCGCGGCATGGAAGACGCCAAAAACATAAAGAAAGG
C68 TATGGATCCTAGAATTACACGGCGATCTTTCC
C81 AAACCATGGCCGAGTACAACCCCACGGTGCGCC
cs2 AAATCTAGATCAGGCACCGGGCTTGCGGGTCATGE
C85 CATTTCCCCGAAAAGTGCCACC
D30 TCACTGCTAGCGAGTGGTAAACTC
D41 GAAGQTCGACGAGGCAGGCAGAAGTATGC
D42 GAGCCGCGGTITTAGTTCCTCACCTTGICG
D51 TCTGGAAGCTITGCTGAAGAAAC
D58 CCAAGTTGACCAGTGCC
D70 TACAAGCCAACCACGGCCT
D71 COGAAGTGCTTGACATIGGG
D80 GTTCGTGGACACGACCTCCG
D8g GGGCAAGATGTCGTAGTCAGG
DY AGGCCCATGGTCACCTCCATCGCTACTGTG
D91 CTAATCACTCACTGTGTAAT
D93 AATTACAGGCGCGCC
D94 AATTGGCGCGCCTGT
D95 TGCTTTGCATACTTCTGCCTGCCTC
E12 TAGGGGGGATCCAAATGTTC
E13 CCTAAAAGAAGATCTTTAGC
El4 AAGTGTTGGATCCACTTITGG
E15 TTTGAAGATCTACCAAATGG
F16 GTTCGGGATCCACCTGGCCG
E17 TAGGCAAGATCTTGGCCCTC
E18 CCTCTCTAGGGATCCGACCC
E19 CTAGAGAGATCTTCCAGTAT
£20 AGAGQTTCCGGATCCGCCTGG
E21 CCAGGCAGACTCGGAACTCT
E22 DQATCAAACCGGATCCCTAC
R23 AGGTCAGGAGATCTAGACCA
E25 CCATTTTCGCTTCCTTAGCTCC
E42 CGATGTAACCCACTCGTGCACC
E57 AGAGATCTAGGATAATTTCG
E84 GATCTCTAGAATGGCCAAGCCTTTGTCTCAAG
E85 AGGCGCGGCCGCTTAGCCCTCCCACACATAACCAGAG
E87 AGGCACGCGTTCATGTCTGCTCGAAGCGGCC
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E92 AGGCGCTAGCACGCGTTCTACTCTTTTCCTACTCTG

E93 GATCAAGOTTACGCGTCTAAAGGCATTTTATATAG

E94 AGGCGCTAGCACGCGTTCAGAGTTAGTGATCCAGG

E95 GATCAAGCTTACGCGTCAGTAAAGGTTTCGTATGG

E96 AGGCGCTAGCACGCGTTCTACTCTTTCATTACTCTG

E97 CGAGGAAGCTGGAGAAGGAGAAGCTG

E98 CAAGGGCCGCAGCTTACACATGTTC

E99 GATCACTAGTATGGCCAAGITGACCAGTGC

E100 AGGCGCGGCCGCAATTCTCAGTCCTGCTCCTC

Fll GATCGCTAGCAATCGCGACTTCGCCCACCATGC

Fi4 GATCGAATTCTCGCGACTTCGCCCACCATGC

Fi5 AGGCGAATTCACCGGTGTTTAAACTCATGTCTGCTCGAAGCGGCCGG
Fl6 GATCGAATTCTCGCCGAATGGTGAGCAAGCAGATCCTGAAG

F17 AGGCGAATTCACCGGTGTTTAAACTTACACCCACTCGTGCAGGCTGCCCAGG
Fi8 GATCGGATCCTTCGAAATGGCCAAGTTGACCAGTGC

F19 GATCGGATCCTTCGAAATGATTGAACAAGATGGATTGC

F20 AGGCGCGGCCGCTCAGAAGAACTCGTCAAGAAGGCG

F21 GATCGGATCCTTCGAAATGACCGAGTACAAGCCCACG

Fa2 AGGCGCGGCCGCTCAGGCACCGGGCTTGCGGGTC

F23 GATCAGATCTGGCGCGCCATTTAAATCGTCTCGCAGCATTTCGGTGATGACGG
F24 AGGCGGATCCGAATGTATTTAGAAAAATAAACAAATAGGGG

F25 GTACGGATATCAGATCTTTAATTAAG

F26 GTACCTTAATTAAAGATCTGATATCC

F32 GATCGAGGTACCGGTGTGT

F33 GATCACACACCGGTACCTC

F34 CGGAGGTACCGOTGTGT

F35 CGACACACCGGTACCTC

T4d TGAGAGGTACCGGTGTGT

F45 TCAACACACCGGTACCTC

-92-




WO 03/106684

89

PCT/NL03/00432

Table 2. STAR elements and two-step selection inerease the

predictability of transgene expression

without STAR

fold
improvement

with STAR

(carry out first
antibiotic
selection)

Number colonies!

~100

High producers

percent

5%

number

5

(characterize 20
colonies)

(20% of population)

High producers

Low producers

19

(carry out second
antibiotic
selection, killing
low producers)

Survivors to
characterize

5

10-fold

3-fold

3-fold?

30-fold3

~1000

15%

150

(2% of population)

17

150

1Colonies per microgram plasmid DNA.
*Manifesting the three-fold improvement due to the presence of STARSs in the percent of high
producers in the original population of colonies resistant to the first antibiotic.

SManifesting the arithmetic product of the fold improvement in the number of colonies and the
increased percentage of high producers due to the presence of STARs.
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Table 3. Sequences of various STAR elements

STARS3 forward
ACGTNCTAAGNAAACCATTATTATCATGACATTAACCTATAAAAATAGGC
GTATCACGAGGCCCTTTCGTCTTCACTCGAGCGGCCAGCTTGGATCTCGA
GTACTGAAATAGGAGTAAATCTGAAGAGCAAATAAGATGAGCCAGAAAAC
CATGAAAAGAACAGGGACTACCAGTTGATTCCACAAGGACATTCCCAAGG
TGAGAAGGCCATATACCTCCACTACCTGAACCAATTCTCTGTATGCAGATT
TAGCAAGGTTATAAGGTAGCAAAAGATTAGACCCAAGAAAATAGAGAACT
TCCAATCCAGTAAAAATCATAGCAAATTTATTGATGATAACAATTGTCTCC
AAAGGAACCAGGCAGAGTCGTGCTAGCAGAGGAAGCACGTGAGCTGAAA
ACAGCCAAATCTGCTTTGTTTTCATGACACAGGAGCATAAAGTACACACCA
CCAACTGACCTATTAAGGCTGTGGTAAACCGATTCATAGAGAGAGGTTCT
AAATACATTGGTCCCTCATAGGCAAACCGCAGTTCACTCCGAACGTAGTC
CCTGGAAATTTGATGTCCAGNATAGAAAAGCANAGCAGNCNNNNNNTAT
ANATNNNGNTGANCCANATGNTNNCTGNNC

STARS reverse
GAGCTAGCGGCGCGCCAAGCTTGGATCCCGCCCCGCCCCCTCCGCCCTCG
AGCCCCGCCCCTTGCCCTAGAGGCCCTGCCGAGGGGCGGGGCCTGTCCC
TCCTCCCCTTTCCCCCGCCCCCTACCGTCACGCTCAGGGGCAGCCTGACC
CCGAGCGGCCCCGCGGTGACCCTCGCGCAGAGGCCTGTGGGAGGGGCAT
CGCAAGCCCCTGAATCCCCCCCCGTCTGTTCCCCCCTCCCGCCCAGTCTC
CTCCCCCTGGGAACGCGCGGGGTGGGTGACAGACCTGGCTGCGCGCCAC
CGCCACCG::CGCOTGCCGGGGGCGCTGCCGCTGCCTGAGAAACTGCGGCT
GCCGCCTGGAGGAGGTGCCGTCGCCTCCGCCACCGCTGCCGCCGCCGCC
AGGGGTAGGAGCTAAGCCGCCGCCATTTTGTGTCCCCCTGTTGTTGTCGT
TGACATGAATCCGACATGACACTGATTACAGCCCAATGGAGTCTCATTAA
ACCCGAGTCGCGGTCCCGCCCCGCCGCTGCTCCATTGGAGGAGACCAAAG
ACACTTAAGGCCACCCGTTGGCCTACGGGTCTGTCTGTCACCCACTCACT
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AACCACTCTGCAGCCCATTGGGGCAGGTTCCTGCCGGTCATNTCGCTTCC
AATAAACACACCCCTTCGACCCCATNATTCCCCCCCTTCGGGAACCACCC
CCGGGGGAGGGGTCCACTGGNCAATACCAATTNAANAGAACCGCTNGGG
TCCGCCTNTTTNCGGGCNCCCTATTGGGTT

STAR4 forward
GGGGAGGATTCTTTTGGCTGCTGAGTTGAGATTAGGTTGAGGGTAGTGAA
GGTAAAGGCAGTGAGACCACGTAGGGGTCATTGCAGTAATCCAGGCTGGA
GATGATGGTGGTTCAGTTGGAATAGCAGTGCATGTGCTGTAACAACCTCA
GCTGGGAAGCAGTATATGTGGCGTTATGACCTCAGCTGGAACAGCAATGC
ATGTGGTGGTGTAATGACCCCAGCTGGGTAGGGTGCATGTGATGGAACAA
CCTCAGCTGGGTAGCAGTGTACTTGATAAAATGTTGGCATACTCTACATTT
GTTATGAGGGTAGTGCCATTAAATTTCTCCACAAATTGGTTGTCACGTATG
AGTGAAAAGAGGAAGTGATGGAAGACTTCAGTGCTTTTGGCCTGAATAAA
TAGAAGACGTCATTTTCAGTAATGGAGACAGGGAAGACTAANGNAGGGT
GGATTCAGTAGAGCAGGTGTTCAGTTTTGAATATGATGAACTCTGAGAGA
GGAAAAACTTTTTCTACCTCTTAGTTTTTGNGNCTGGACTTAANATTAAAG
GACATANGACNGAGANCAGACCAAATNTGCGANGTTTTTATATTTTACTT
GCNGAGGGAATTTNCAAGAAAAAGAAGACCCAANANCCATTGGTCAAAA
CTATNTGCCTTTTAANAAAAAGANAATTACAATGGANANANAAGTGTTGN
CTNGGCAAAAATTGGG

STARA reverse
GGATTNGAGCTAGCGGCGCGCCAAGCTTGGATCTTAGAAGGACAGAGTG
GGGCATGGAAATGCACCACCAGGGCAGTGCAGCTTGGTCACTGCCAGCTC
CN CTCATGE}GCAGAGGGCTGGCCTCTTGCAGCCGAC CAGGCACTGAGCG
CCATCCCAGGGCCCTCGCCAGCCCTCAGCAGGGCCAGGACACACAAGCCT
TTGACTTCCTCCTGTCACTGCTGCTGCCATTCCTGTTTTGTCGTCATCACT
CCTTCCCTGTCCTCAGACTGCCCAGCACTCAAGGATGTCCTATGGTGGCA
TCAGACCATATGCCCCTGAANAGGAGTGAGTTGATGTTTTTTGCCGCGCC
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CANAGAGCTGCTGTCCCCTGAAAGATGCAAGTGGGAATGATGATGNTCAC
CATCNTCTGACACCAAGCCCTTTGGATAGAGGCCCCAACAGTGAGGATGG
GGCTGCACTGCATTGCCAAGGCAACTCTGTNNTGACTGCTACANGACANT
CCCAGGACCTGNGAAGNNCTATANATNTGATGCNAGGCACCT

STARE forward
CCACCACAGACATCCCCTCTGGCCTCCTGAGTGGTTTCTTCAGCACAGCTT
CCAGAGCCAAATTAAACGTTCACTCTATGTCTATAGACAAAAAGGGTTTTG
ACTAAACTCTGTGTTTTAGAGAGGGAGTTAAATGCTGTTAACTTTTTAGGG
GTGGGCGAGAGGAATGACAAATAACAACTTGTCTGAATGTTTTACATTTCT
CCCCACTGCCTCAAGAAGGTTCACAACGAGGTCATCCATGATAAGGAGTA
AGACCTCCCAGCCGGACTGTCCCTCGGCCCCCAGAGGACACTCCACAGAG
ATATGCTAACTGGACTTGGAGACTGGCTCACACTCCAGAGAAAAGCATGG
AGCACGAGCGCACAGAGCANGGGCCAAGGTCCCAGGGACNGAATGTCTA
GGAGGGAGATTGGGGTGAGGGTANTCTGATGCAATTACTGNGCAGCTCA
ACATTCAAGGGAGGGGAAGAAAGAAACNGTCCCTGTAAGTAAGTTGTNCA
NCAGAGATGGTAAGCTCCAAATTTNAACTTTGGCTGCTGGAAAGTTTNNG
GGCCNANANAANAAACANAAANATTTGAGGTTTANACCCACTAACCCNT
ATNANTANTTATTAATACCCCTAATTANACCTTGGATANCCTTAAAATATC
NTNTNAAACGGAACCCTCNTTCCCNTTTNNAAATNNNAAAGGCCATTNN
GNNCNAGTAAAAATCTNNNTTAAGNNNTGGGCCCNAACAAACNTNTTCC
NAGACACNTTTTTTNTCCNGGNATTTNTAATTTATTTCTAANCC

STARS reverse
ATCGTGTC|CTTTCCAGGGACATGGATGAAGCTGGAAGCCATCATCCTCAG
CAAACTAACACAGGAACAGAAAACCAAATACCACATGTTCTCACTCATAA
GTGGGAGCTGAACAGTGAGAACACATGGACACAGGGAGGGGAACATCAC
ACACCAAGGCCTGTCTGGTGTGGGGAGGGOAGGGAGAGCATCAGGACAA
ATAGCTAATGCATGTGGGGCTTAAACCTAGATGACGGGTTGATAGGTGCA
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GCAATCCACTATGGACACATATACCTATGTAACAACCCNACCTTNTTGAC
ATGTATCCCAGAACTTAAAGGAAAATAAAAATTAAAAAAAATTNCCCTGG
AATAAAAAAGAGTGTGGACTTTGGTGAGATN

STARS forward
GGATCACCTCGAAGAGAGTCTAACGTCCGTAGGAACGCTCTCGGGTTCAC
AAGGATTGACCGAACCCCAGGATACGTCGCTCTCCATCTGAGGCTTGNTC
CAAATGGCCCTCCACTATTCCAGGCACGTGGGTGTCTCCCCTAACTCTCC
CTGCTCTCCTGAGCCCATGCTGCCTATCACCCATCGGTGCAGGTCCTTTCT
GAANAGCTCGGGTGGATTCTCTCCATCCCACTTCCTTITCCCAAGAAAGAA
GCCACCGTTCCAAGACACCCAATGGGACATTCCCNTTCCACCTCCTTNTC
NAAAGTTNGCCCAGGTGTTCNTAACAGGTTAGGGAGAGAANCCCCCAGG
TTTNAGTTNCAAGGCATAGGACGCTGGCTTGAACACACACACACNCTC

STARS reverse
GGATCCCGACTCTGCACCGCAAACTCTACGGCGCCCTGCAGGACGGCGGC
CTCCTGCCGCTTGGACGCCAGNCAGGAGCTCCCCGGCAGCAGCAGAGCA
GAAAGAAGGATGGCCCCGCCCCACTTCGCCTCCCGGCGGTCTCCCTCCCG
CCGGCTCACGGACATAGATGGCTGCCTAGCTCCGGAAGCCTAGCTCTTGT
TCCGGGCATCCTAAGGAAGACACGGTTTTTCCTCCCGGGGCCTCACCACA
TCTGGGACTTTGACGACTCGGACCTCTCTCCATTGAATGGTTGCGCGTTCT
CTGGGAAAG

STAR18 forward
TGGATCCTGCCGCTCGCGTCTTAGTGTTTCTCCCTCAAGACTTTCCTTCTG
TTTTGTTG’i‘CTTGTGCAGTATTTTACAGCCCCTCTTGTGTTTTTCTTTATTT
CTCGTACACACACGCAGTTTTAAGGGTGATGTGTGTATAATTAAAAGGAC
CCTTGGCCCATACTTTCCTAATTCTTTAGGGACTGGGATTGGGTTTGACTG
AAATATGTTTTGGTGGGGATGGGACGGTGGACTTCCATTCTCCCTAAACT
GGAGTTTTGGTCGGTAATCAAAACTAAAAGAAACCTCTGGGAGACTGGAA
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AC CTGATTGGAGCACTGAGGAACAAGGGAATGAAAAGGCAGACTCTCTGA
ACGTTTGATGAAATGGACTCTTGTGAAAATTAACAGTGAATATTCACTGTT
GCACTGTACGAAGTCTCTGAAATGTAATTAAAAGTTTTTATTGAGCCCCCG
AGCTTTGGCTTGCGCGTATTTTTCCGGTCGCGGACATCCCACCGCGCAGA
GCCTCGCCTCCCCGCTGNCCTCAGCTCCGATGACTTCCCCGCCCCCGCCC
TGCTCGGTGACAGACGTTCTACTGCTTCCAATCGGAGGCACCCTTCGCGG

STAR18 reverse
TGGATCCTGCCGCTCGCGTCTTAGTGTTTCTCCCTCAAGACTTTCCTTCTG
TTTTGTTGTCTTGTGCAGTATTTTACAGCCCCTCTTGTGTTTITCTTTATTT
CTCGTACACACACGCAGTTTTAAGGGTGATGTGTGTATAATTAAAAGGAC
CCTTGGCCCATACTTTCCTAATTCTTTAGGGACTGGGATTGGGTTTGACTG
AAATATGTTTTGGTGGGGATGGGACGGTGGACTTCCATTCTCCCTAAACT
GGAGTTTTGGTCGGTAATCAAAACTAAAAGAAACCTCTGGGAGACTGGAA
ACCTGATTGGAGCACTGAGGAACAAGGGAATGAAAAGGCAGACTCTCTGA
ACGTTTGATGAAATGGACTCTTGTGAAAATTAACAGTGAATATTCACTGTT
GCACTGTACGAAGTCTCTGAAATGTAATTAAAAGTTTTTATTGAGCCCCCG
AGCTTTGGC

-98-




WO 03/106684

PCT/NL03/00432

Table 4. Oligonucleotide patterns (6 base pairs) over-represented in
STAR elements.

The patterns are ranked according to significance coefficient. These were

determined using RSA-Tools with the sequence of the human genome as

(14

Discriminant Analysis are indicated with an asterisk.

reference. Patterns that comprise the most discriminant variables in Linear

Number | Oligonucl | Observed | Expected | Significan | Number of
cotide occurrenc | occurrenc ce matching
sequence es es coefficient | STARs

1 CCCCAC 107 49 8.76 51
2 CAGCGG 36 9 7.75 23
3 GGCCCe 74 31 7.21 34
4 CAGCCC 103 50 7.18 37
5 GCCCCC 70 29 6.97 34
6 CGGGGC 40 12 6.95 18
7 CCCCGC 43 13 6.79 22
8 CGGCAG 35 9 6.64 18
9 AGCCCC 83 38 6.54 40
10 CCAGGG 107 54 6.52 43
11 GGACCC * 58 23 6.04 35
12 GCGGAC 20 3 5.94 14
13 CCAGCG 34 10 5.9 24
14 GCAGCC 92 45 5.84 43
15 CCGGCA 28 7 5.61 16
16 AGCGGC 27 7 5.45 17
17 CAGGGG 86 43 5.09 43
18 CCGCCC 43 15 5.02 18
19 CCCCCG 35 11 4.91 20
20 GCCGCC 34 10 4.88 18
21 GCCGGC 22 5 4.7 16
22 CGGACC 19 4 4.68 14
23 CGCCCC 35 11 4.64 19
24 CGCCAG 28 8 4.31 19
25 CGCAGC 29 8 4.29 20
26 CAGCCG 32 10 4 24
27 CCCACG 33 11 3.97 26
28 GCTGCC 78 40 3.9 43
29 CCCTCC 106 60 3.87 48
30 CCCTGC * 92 50 3.83 42
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31 CACCCC 77 40 3.76 40
32 GCGCCA 30 10 3.58 23
33 AGGGGC 70 35 3.55 34
34 GAGGGC 66 32 3.5 40
35 GCGAAC 14 2 3.37 13
36 CCGGCG 17 4 3.33 12
37 AGCCGG 34 12 3.29 25
38 GGAGCC 67 34 3.27 40
39 CCCCAG 103 60 3.23 51
40 CCGCTC 24 7 3.19 19
41 CCCCTC 81 44 3.19 43
42 CACCGC 33 12 3.14 22
43 CTGCCC 96 55 3.01 42
44 GGGCCA 68 35 2.99 39
45 CGCTGC 28 9 2.88 22
46 CAGCGC 25 8 2.71 19
47 CGGCCC 28 10 2.73 19
48 CCGCCG 19 5 2.56 9
49 CCCCGG 30 11 2.41 17
50 AGCCGC 23 7 2.34 17
51 GCACCC b5 27 2.31 38
b2 AGGACC 54 27 2.22 33
53 AGGGCG 24 8 2.2 18
54 CAGGGC 81 47 2.18 42
55 CCCGCC 45 21 2.15 20
56 GCCAGC 66 36 2.09 39
57 AGCGCC 21 6 2.09 18
58 AGGCCC 64 34 2.08 32
59 CCCACC 101 62 2.06 54
60 CGCTCA 21 6 2.03 17
61 AACGCG 9 1 1.96 9
62 GCGGCA 21 7 1.92 14
63 AGGTCC 49 24 1.87 36
G4 CCGTCA 19 6 1.78 14
65 CAGAGG 107 68 177 47
66 | CCCGAG 33 14 1.77 22
67 CCGAGG 36 16 1.76 25
68 CGCGGA 11 2 1.75 8
69 CCACCC 87 53 1.71 45
70 CCTCGC 23 8 1.71 20
71 CAAGCC 59 32 1.69 40
72 TCCGCA 18 5 1.68 17
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73 CGCCGC 18 5 1.67 9
74 GGGAAC 55 29 1.63 39
75 CCAGAG 93 58 1.57 49
76 CGTTCC 19 6 1.63 16
77 CGAGGA 23 8 15 19
78 GGGACC 48 24 1.48 31
79 CCGCGA 10 2 1.48 8
80 CCTGCG 24 9 1.45 17
81 CTGCGC 23 8 1.32 14
82 GACCCC 47 24 1.31 33
83 GCTCCA 66 38 1.25 39
84 CGCCAC 33 15 1.19 21
85 GCGGGA 23 9 1.17 18
86 CTGCGA 18 6 1.15 15
87 CTGCTC 80 49 1.14 50
88 CAGACG 23 9 113 19
89 CGAGAG 21 8 1.09 17
90 CGGTGC 18 6 1.06 16
91 CTCCCC 84 53 1.05 47
92 GCGGCC 22 8 1.04 14
93 CGGCGC 14 4 1.04 13
94 AAGCCC * 60 34 1.03 42
95 CCGCAG 24 9 1.08 17
96 GCCCAC 59 34 0.95 35
97 CACCCA 92 60 0.93 49
98 GCGCCC 27 11 0.93 18
99 ACCGGC 15 4 0.92 13
100 CTCGCA 16 5 0.89 14
101 ACGCTC 16 5 0.88 12
102 CTGGAC 58 33 0.88 32
103 GCCCCA 67 40 0.87 38
104 ACCGTC 15 4 0.86 11
105 CCCTCG 21 8 0.8 18
106 AGCCCG 22 8 0.79 14
107 ACCCGA 16 5 0.78 13
108 AGCAGC 79 50 0.75 41
109 ACCGCG 14 4 0.69 7
110 CGAGGC 29 13 0.69 24
111 AGCTGC 70 43 0.64 36
112 GGGGAC 49 27 0.64 34
113 CCGCAA 16 5 0.64 12
114 CGTCGC 8 1 0.62 6
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115 CGTGAC 17 6 0.57 15
116 CGCCCA 33 16 0.56 22
117 CTCTGC 97 65 0.54 47
118 AGCGGG 21 8 0.52 17
119 ACCGCT 15 5 0.5 11
120 CCCAGG 133 95 0.49 58
121 CCCTCA 71 45 0.49 39
122 CCCCCA * 77 49 0.49 42
123 GGCGAA 16 5 0.48 14
124 CGGCTC 29 13 0.47 19
125 CTCGCC 20 8 0.46 17
126 CGGAGA 20 8 0.45 14
127 TCCCCA 96 64 0.43 52
128 GACACC 44 24 0.42 33
129 CTCCGA 17 6 0.42 13
130 CTCGTC 17 6 0.42 14
131 CGACCA 13 4 0.39 11
132 ATGACG 17 6 0.37 12
133 CCATCG 17 6 0.37 13
134 AGGGGA 78 51 0.36 44
135 GCTGCA 77 50 0.35 43
136 ACCCCA 76 49 0.33 40
137 CGGAGC 21 9 0.33 16
138 CCTCCG 28 13 0.32 19
139 CGGGAC 16 6 0.3 10
140 CCTGGA 88 59 0.3 45
141 AGGCGA 18 7 0.29 17
142 ACCCCT 54 32 0.28 36
143 GCTCCC 56 34 0.27 36
144 CGTCAC 16 6 0.27 15
145 AGCGCA 16 6 0.26 11
146 GAAGCC 62 38 0.25 39
147 GAGGCC 79 52 0.22 42
148 ACCCTC 54 32 0.22 33
149 CCCGGC 37 20 0.21 21
150 CGAGAA 20 8 0.2 17
151 CCACCG 29 14 0.18 20
152 ACTTCG 16 6 0.17 14
153 GATGAC 48 28 0.17 35
154 ACGAGG 23 10 0.16 18
155 CCGGAG 20 8 0.15 18
156 ACCCAC 60 37 0.12 41
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157 CTGGGC 105 74 0.11 50
158 CCACGG 23 10 0.09 19
159 CGGTCC 13 4 0.09 12
160 AGCACC* 54 33 0.09 40
161 ACACCC 53 32 0.08 38
162 AGGGCC 54 33 0.08 30
163 CGCGAA 6 1 0.02 6
164 GAGCCC 58 36 0.02 36
165 CTGAGC 71 46 0.02 45
166 AATCGG 13 4 0.02 11
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Table 5. Dyad patterns over-represented in STAR elements.

The patterns are ranked according to significance coefficient. These were

determined using RSA-Tools with the random sequence from the human

genome as reference. Patterns that comprise the most discriminant variables

in Linear Discriminant Analysis are indicated with an asterisk.

Number | Dyad sequence | Observ | Expected | Significan
ed occurrenc ce
occurre es coefficient
nces

1 CCCN{2)CGG 36 7 9.31
2 CCGN{6}CCC 40 10 7.3
3 CAGN{0}CGG 36 8 7.13
4 CGCN{15,CCC 34 8 6.88
5 CGGN{9}GCC 33 7 6.82
6 CCCN{9}CGC 36 8 6.72
7 CCCN{1}GCG 34 8 6.64
8 CCCN{0}CAC 103 48 6.61
9 AGCN{16}CCG 29 6 5.96
10 CCCN{4)CGC 34 8 5.8
11 CGCN{13}GGA 26 5 5.77
12 GCGN{16}CCC 30 7 5.74
13 CGCN{p}GCA 25 5 5.49
14 CCCN{14}CCC 101 49 5.43
15 CTGN{4}CGC 34 9 5.41
16 CCAN{12}GCG 28 6 5.37
17 CGGN{11}CAG 36 10 5.25
18 CCCN{5}GCC 75 33 4.87
19 GCCN{0}CCC 64 26 4.81
20 CGCN{4GAC 19 3 4.78
21 CGGN{0}CAG 33 9 476
22 CCCN{3ICGC 32 8 167
23 . CGCN{L}GAC 20 3 4.58
24 GCGN{ZGCC 29 7 4.54
25 CCCN{4IGCC 76 34 4.53
26 CCCN{1}CCC 108 52 4.53
27 CCGN{13}CAG 33 9 4.5
28 GCCN{4}GGA 64 27 4.48
29 CCGN{3}GGA 26 6 4,46
30 AGGN{2)GGG 118 63 4.44
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31 CACN{IGCG 22 4 442
32 CGCN{17}CCA 27 6 4.39
33 CCCN{9IGGC 69 30 4.38
34 CCTN{5YGCG 28 7 4.37
35 GCGN{0IGAC 19 3 4.32
36 GCCN{0}GGC 40 7 4.28
37 GCGN{2ICCC 26 6 4.27
38 CCGN{11;CCC 32 9 4.17
39 CCCN{SITCG 23 5 412
40 CCGN{1T}GCC 30 8 412
41 GGGN{5}GGA 101 52 411
42 GGCN{6}GGA 71 32 41
43 CCAN{4}CCC 9% 48 41
44 CCTN{14}CCG 32 9 4.09
45 GACN{12)GGC 45 16 4.07
46 CGCN{13}CCC 30 8 1.04
47 CAGN{16}CCC 92 46 4.02
48 AGCN{10}GGG 75 35 3.94
49 CGGN{13}GGC 30 8 3.93
50 CGGN{L}GCC 30 8 3.92
51 AGCN{0}GGC 26 6 3.9
52 CCCN{16}GGC 64 28 3.89
53 GCTN{19})CCC 67 29 3.87
54 CCCN{16}GGG 88 31 3.81
55 CCCN{9}CGG 30 8 3.77
56 CCCN{10}CGG 30 8 3.76
57 CCAN{0}GCG 32 9 3.75
58 GCON{ITICGC 26 6 3.74
59 CCTN{6/CGC 27 7 3.73
60 GGAN{1}CCC 63 27 3.71
61 CGCN{18}CAC 24 5 3.7
62 CGCN{20}CCG 21 4 3.69
63 CCGN{0}GCA 26 6 3.69
64 CGCN{20}CCC 28 7 3.69
65 AGCN{15}CCC 67 30 3.65
66 CCTN{T,GGC 69 31 3.63
67 GCCN{BICGC 32 9 3.61
68 GCON{14}CGC 28 7 3.59
69 CAGN{11}CCC 89 45 3.58
70 GGGN{16}GAC 53 21 3.57
71 CCCN{15}GCG 25 6 3.57
72 CCCN{0}CGC 37 12 3.54
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73 CCCN{IBAGC * 67 30 3.54
74 AGGN{9/GGG 96 50 3.52
75 CGCN{12}CTC 28 7 3.46
76 CACN{8ICGC 23 5 3.43
77 CCAN{T}CCG 31 9 3.42
78 CGGN{L}GCA 25 6 3.41
79 CGCN{14}CCC 29 8 3.4
80 AGCN{0}CCC 76 36 3.4
81 CGCN{13}GTC 18 3 3.37
82 GCGN{3)GCA 26 7 3.35
83 CGGN{0}GGC 34 11 3.35
84 GCCN{14CCC 68 31 3.33
85 ACCN{7}CGC 21 4 3.32
86 AGGN{7}CGG 33 10 3.31
87 CCCN{16}CGA 29 5 3.3
88 CGCN{6)CAG 31 9 5.29
89 CAGN{11}GCG 29 8 3.29
20 CCGN{12}CCG 19 4 3.26
91 CGCN{18)CAG 27 7 3.24
92 CAGN{1}GGG 80 39 3.21
93 CGCN{0}CCC 32 10 3.2
94 GCAN{18:GCC 26 7 3.18
95 CGGN{15)GGC 27 7 3.15
96 CCCN{15}AGG 72 34 3.14
97 AGGN{20}GCG 26 7 3.14
08 CGGN{5)CTC 26 7 3.13
99 TCCN{1T}CGA 23 5 3.12
100 GCGN{4}CCO 30 9 3.08
101 CCCN{2)CGC 30 9 3.07
102 CGTN{3}CAG 28 8 3.06
103 CCGN{13)GAG 27 7 3.05
104 CTCN{B}CGC 28 3 3.04
105 CGCN{4]GAG 21 5 3.03
106 GCGN{BIGGA 24 6 3.03
107 CCGN{LICAG 27 7 3.01
108 | CGCN{11}CCG 18 3 2.99
109 GCGN{19}CCC 26 7 2.98
110 CGCN{18}GAA 21 5 2.98
111 CGGGN{19)GCGA 78 39 2.95
112 CCAN{1}CGG 24 6 2.94
113 CCCN{TIGCG 25 6 2.94
114 AGGN{10}CCC 84 43 2.92
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115 CCAN{0}GGG 97 52 2.88
116 CAGN{10}CCC 82 41 2.87
117 CCGN{18}CCG 19 4 2.86
118 CCGN{18}GGC 26 7 2.85
119 CCCN{2}GCG 24 6 2.84
120 CGCN{L}GGC 25 7 2.83
121 CCGN{5}GAC 19 4 2.81
122 GGAN{0}CCC 52 22 2.8
123 CCCN{1}CCG 29 9 2.78
124 CCCN{IB}ACG 23 6 2.75
125 AGCN{8}CCC 66 31 2.73
126 CCCN{31GGC 60 27 2.71
127 AGGN{9ICGG 31 10 2.7
128 CCCN{14}CGC 27 8 2.7
129 CCGN{0}CCG 19 4 2.7
130 CGCN{8IAGC 23 6 2.69
131 CGCN{19}ACC 21 5 2.68
132 GCGN{17\GAC 17 3 2.66
133 AGCN{1}GCG 24 6 . 2.63
134 CCGN{11JGGC 31 10 2.63
135 CGGN{4]AGA 26 7 2.63
136 CGCN{14}CCG 17 3 2.62
137 CCTN{20,GCG 24 6 2.62
138 CCAN{10}CGC 26 7 2.61
139 CCCN{20}CAC 69 33 2.6
140 CCGN{11}GCC 27 8 2.6
141 CGCN{18/CCC 26 7 2.59
142 CGGN{15}CGC 16 3 2.57
143 CGCN{16/GCC 24 6 2.55
144 CGCN{201GGC 23 6 2.54
145 CGON{19}CCG 18 4 2.52
146 CGGN{10}CCA 28 8 2.51
147 CGCN{1T}CCC 26 7 2.51
148 CGCN{1LACA 23 6 2.51
149 CGGN{0JACC 17 3 2.5
150 GCGN{10}GCC 24 6 2.49
151 GCGN{8IGAC 17 3 2.49
152 CCCN{15GGG 84 32 2.44
153 CGGN{16/GGC 27 8 2.44
154 CGCN{16}CCA 23 6 2.42
155 GCCN{3}CCC 73 36 2.4
156 CAGN{4)GGG 94 51 2.4
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157 CCCN{6}GCG 23 6 2.38
158 CCGN{16}CGC 17 3 2.38
159 CCCN{1T}GCA 61 28 2.37
160 CGCN{13}TCC 24 6 2.37
161 GCCN{1}CGC 29 9 2.36
162 CCGN{19}GAG 26 7 2.35
163 GGGN{10/GGA 89 48 2.35
164 CAGN{5}CCG 32 11 2.35
165 CGON{3JAGA 19 4 2.32
166 GCCN{0IGCC 29 9 2.32
167 CCCN{8IGGC 61 28 2.31
168 CCTN{BIGCG 22 6 2.29
169 GACN{6}CCC 48 20 2.29
170 CGGN{1}CCC 26 8 2.27
171 CCCN{15}CCG 30 10 2.27
172 CAGN{3}CCC 84 44 2.26
173 CGGN{10}GGC 27 8 2.26
174 CGAN{10}ACG 10 1 2.26
175 GOGN{3}TCC 21 5 2.26
176 CCCN{31GCC 75 35 2.24
177 GCGN{1JACC 17 3 2.24
178 CCON{DAGG 27 8 2.23
179 CGCN{16ICAG 26 8 2.23
180 GGCN{0}CCC 62 29 2.22
181 AGGN{12)CCG 26 8 2.19
182 CCGN{0}GCG 16 3 2.19
183 CCGN{2}GCC 50 10 2.18
184 CCGN{11}GTC 19 4 2.17
185 CAGN{0}CCC 88 47 2.17
186 CCCN{5/CCG 32 11 2.17
187 GCCN{20}CCC 66 32 2.15
188 GACN{2ICGC 18 4 2.14
189 CGCN{6}CAC 23 6 2.13
190 AGGN{14GCG 25 7 2.1
191 GACN{B}CGC 17 3 2.1
192 CCTN{19}CCG 29 9 2.1
193 CCGN{12}GGA 24 7 2.08
194 GGCN{9IGAC * 44 18 2.08
19 AGGN{10}GGG 94 52 2.07
196 CCGN{10}GAG 25 7 2.07
197 CGCN{6]GGA 20 5 2.06
198 CGCN{TIAGC 23 6 2.04
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199 CCAN{13}CGG 26 3 2.03
200 CGGN{6}GGA 25 7 2.03
201 CGCN{19)GCC 24 7 2.03
202 CCAN{12}CGC 24 7 2.02
208 CGGN{LIGGC 41 16 2.02
204 GCGN{3}CCA 25 7 2.01
206 AGGN{I}CGC 21 5 2
206 CTCN{5}CGC 24 7 1.98
207 CCCN{OJACG 30 10 1.97
208 CAGN{17}CCG 29 9 1.96
209 GGCN{4}CCC 62 30 1.96
210 AGGN{8}GCG 26 8 1.96
211 CTGN{1}CCC 88 48 1.94
212 CCCN{16}CAG 85 46 1.94
213 CGCN{9}GAC 16 3 1.93
214 CAGN{6)CCG 29 9 1.92
215 CGTN{12}CGC 11 1 1.92
216 CTCN{T}GCC 69 35 1.92
217 CGCN{19)TCC 22 6 1.92
218 CCCN{T}GCC 67 33 1.91
219 CAGN{13}CGG 30 10 L9
220 CGCN{L}GCC 27 8 L9
221 CGCN{17;CCG 17 4 1.89
292 AGGN{4}CCC 63 31 1.89
223 AGCN{10}CGC 21 5 1.89
224 CCCON{11}CGG 30 10 1.88
225 CCCN{8}GCC 75 39 1.86
226 CCGN{1}CGG 22 3 1.86
227 CCCN{L}JACC 71 36 1.85
228 CGCN{0}CAG 25 7 1.85
229 CCGN{19)TGC 23 6 1.82
230 GCGN{4}CGA 12 2 1.82
231 CCGN{19}GCC 30 10 1.82
232 CCAN{10}CCC 35 46 1.81
233 CAGN{13)GGG 91 51 181
234 AGCN{18)CGG 23 6 181
235 CGAN{S}CGC 11 1 1.81
236 AGCN{£}CCC 63 31 1.8
237 GGAN{6CCC 61 30 18
238 CGGN{13}AAG 23 6 18
239 ACCN{11}CGC 19 5 179
240 CCGN{12})CAG 28 9 1.78
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241 CCCN{12}GGG 76 29 L77
242 CACN{ITIACG 22 6 176
243 CAGN{18}CCC 82 44 1.76
244 CGTN{10}GTC 19 5 L75
245 CCCN{18}GCG 23 6 L75
246 GCAN{1}CGC 20 5 178
247 AGAN{4}CCG 24 7 L73
248 GCGN{10}AGC 22 6 1.72
249 CGON{0}GGA 12 2 L72
250 CGGN{4)GAC 17 4 1.69
251 CCCN{12)CGC 26 8 1.68
252 GCON{15}CCC 65 33 1.68
253 GCGN{6/TCC 20 5 1.66
254 CGGN{3ICAG 33 12 1.65
255 CCCN{3)CCA 88 49 1.65
256 AGCN{3ICCC 59 28 1.65
257 GGGN{16}GCA 65 33 1.65
258 AGGN{8}CCG 28 9 1.64
259 CCCN{0}CCG 29 10 1.64
260 GCGN{BIGAC 16 3 1.64
261 CCCN{GIACC 60 29 164
262 CTGN{5}CGC 25 8 1.64
263 CGCN{14}CTC 23 7 1.64
264 CGGN{14)GCA 23 7 1.63
265 CCGN{8IGCC 26 8 1.62
266 CCGN{7}CAC 23 7 1.62
267 AGCN{8)GCG 21 6 161
268 CGGN{16/GGA 29 10 161
269 CCAN{12}CCG 26 8 161
270 CGGN{ZICCC 26 8 16
271 CCAN{13)GGG 71 37 L6
272 CGGN{15)GCA 21 6 L6
273 CGCN{9}GCA 20 5 1.58
274 CGGN{19}CCA 26 3 1.58
275 GGGN{15}CGA 20 5 157
276 CCCN{10}CGC 26 8 L57
277 CTCN{14CGC 26 8 1.55
278 CACN{11)GCG 20 5 1.55
279 CCGN{2GGC 24 7 L.55
280 CTGN{18}CCC 85 47 1.54
281 GGGN{13}CAC 58 28 1.54
282 CCTN{15}GGC 62 31 1.54
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283 CCCN{20}CGA 20 5 1.54
284 CCCN{8}CGA 20 5 1.53
285 GAGN{T}ICCC 61 30. 153
286 CGCN{2}CCG 22 6 1.53
287 CCCN{O}TCC 98 57 1.52
288 AGCN{0}GCC 21 6 1.52
289 CCCN{Z}TCC 82 45 1.52
290 CCGN{5}CCC 30 10 152
291 CGCN{13}CGC 16 3 L51
292 CCCN{L}CGC 28 9 151
293 GCCN{16}GCA 53 25 L51
294 CCCN{16}CCA 84 46 15
295 CCGN{13}CGC 19 5 L5
296 CCGN{1T}CAG 28 9 1.49
297 CGGN{18GGC 26 8 1.49
298 CCON{14AGG 23 7 1.49
299 CCCN{5}CGG 26 8 1.49
300 CCCN{6)GGA 58 28 1.49
301 ACGN{2}CCC 20 5 1.49
302 CCAN{9)CCG 27 9 1.48
303 CCCN{19}CCA 8 42 1.48
304 CAGN{0}GGG 7 41 1.48
305 AGCN{L}CCC 58 28 1.47
306 GCGN{7ITCC 27 9 1.46
307 ACGN{18}CCA 25 8 1.46
308 GCTN{14CCC 61 30 1.46
309 GCGN{14}CCC 23 7 1.46
310 GCGN{19}AGC 20 5 1.45
311 CCGN{8}CAC 29 10 L.45
312 GCGN{6IGCC 22 6 1.45
313 GCGN{10}GCA 20 5 144
314 CCTN{T}GCC 69 36 1.44
315 GCCN{131GCC 54 26 1.42
316 CCCN{14GCC 63 32 1.42
317 CCCN{15}CGG 26 8 1.42
318 CCAN{13}CGC 23 7 142
319 AGCN{L}GGG 67 35 1.41
320 GGAN{DIGCC 64 32 14
321 GCCN{3ITCC 61 30 14
322 CCTN{5}GCC 69 36 1.39
323 CGGN{18}CCC 25 8 1.39
324 CCTN{3}GGC 59 29 1.38
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325 CCGN{0}CTC 22 6 1.38
326 AGON{1TIGCG 19 5 1.37
327 ACGN{14/GGG 20 5 1.37
328 CGAN{12}GGC 19 5 1.37
329 CCCN{20}CGC 24 7 1.37
330 ACGN{12}CTG 24 7 1.36
331 CCGN{0}CCC 36 14 1.36
332 CCGN{10}GGA 23 7 1.36
333 CCCN{3}GCG 21 6 1.36
334 GCGN{14}CGC 22 3 1.35
335 CCGN{8}CGC 16 4 1.35
336 CGCN{10}JACA 22 6 1.34
337 CCCN{19}1CCG 28 10 1.33
338 CACN{14)CGC 20 5 1.32
339 GACN{3IGGC 46 21 1.32
340 GAAN{TICGC 19 5 1.32
341 CGCN{16)GGC 21 6 1.31
342 GGCN{9}cCC 64 33 1.31
343 CCCN{9}GCC 64 33 1.31
344 CGCN{0ITGC 26 9 1.3
345 COTN{8}GGC 87 35 1.3
346 CCAN{8)CCC 82 46 1.29
847 GACN{2)CCC 42 18 1.28
348 GGCN{I}CCC 54 26 1.27
349 CGCN{0}AGC 24 7 1.26
350 AGGN{4}GCG 28 10 1.26
351 CGGN{6}TCC 22 6 1.25
352 ACGN{19}GGC 20 5 1.25
353 CCCN{SIACG 21 6 1.24
354 CCCN{18}GCC 62 31 1.24
355 GOCN{ZJCGA 19 5 1.24
356 CCCN{8GCG 28 10 1.23
357 CCCNI{0}CTC 76 41 1.23
358 GCCN{11}CGC 27 9 1.22
359 AGCN{9}CCC 59 29 1.22
360 GCTN{0}GCC 71 38 1.21
361 CGCN{3ICCC 26 9 1.21
362 CCCN{2}CCC 117 72 1.19
363 GCCN{9ICGC 23 7 1.19
364 GCAN{19}CGC 19 5 119
365 CAGN{ICGG 32 12 118
366 CAGN{2)GGG 80 44 117
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367 GCCN{16)CCC 67 35 1.16
368 GAGN{5}CCC 60 30 1.16
369 CCTN{16)TCG 20 6 116
370 CCCN{2)GGC 62 32 115
371 GCGN{13]GGA 24 3 115
372 GCCN{1T}GGC 66 25 1.15
373 CCCN{14)GGC 58 29 114
374 AGGN{8}CCG 31 12 1.14
376 CACN{0}CGC 32 12 114
376 CGGN{18}CAG 28 10 114
377 AGCN{L}GCC 57 28 L13
378 CGCN{18/GGC 23 7 118
379 CCCN{5}AGG 64 33 111
380 AACN{0}GCG 9 1 L11
381 CCON{10}CCA 88 50 1.09
382 CGCN{I3)GAG 20 6 1.09
383 CGCN{TIGCC 25 8 1.08
384 CCCN{9}CCG 28 10 1.07
385 CGCN{16}CCC 24 8 ~ 1.05
386 GAAN{13}CGC 18 5 1.05
387 GGCN{3}CCC 49 23 1.03
388 TCCN{11}CCA 87 50 1.03
389 CACN{0}CCC 70 38 1.02
390 CGCNI{16}CCG 15 3 1.02
391 CGGN{15AGC 21 6 1.02
392 CCCN{12}GCG 21 6 1.02
393 CCCN{9}GAG 59 30 1.01
394 CCGN{20}TCC 24 8 1.01
395 CGCN{0}CGC 17 4 1.01
396 ATGN{T\CGG 20 6 1
397 GGGN{20}GCA 59 30 1
398 CGGN{4GGC 26 9 0.99
399 CGGN{I6]AGC 22 7 0.99
400 CGGN{5)GGC 25 8 0.99
401 GCGN{0}GGA 25 8 0.98
402 GGCN{20}CAC 52 25 0.98
403 CCCN{g}CCC 97 58 0.97
404 ACCN{ITIGGC 44 20 0.97
405 CCCN{6}CGA 18 5 0.96
406 AAGN{10}CGG 26 9 0.96
407 CGCN{17}CAC 21 6 0.95
408 CCCN{16}CGG 25 8 0.94
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409 GACN{18GGC 39 17 0.94
410 GGGN{151GAC 47 22 0.92
411 GCCN{4TCC 66 35 0.92
412 GGCN{16}CCC 56 28 0.92
413 CAGN{12}CGC 24 8 0.92
414 CCAN{S}GCG 22 7 0.91
415 CCGN{16}GAG 22 7 0.9
416 AGCN{2}CGC 24 8 0.89
417 GAGN{4)CCC 54 27 0.89
418 AGGN{3}CGC 23 7 0.88
419 CACN{13}AGG * 67 36 0.88
420 CCCN{4}CAG 88 51 0.88
421 CCCN{ZIGAA 63 33 0.87
422 CGCN{191GAG 21 6 0.87
423 ACGN{181GGG 21 6 0.87
424 CCON{IGGC 62 32 0.87
425 CGGN{9IGAG 28 10 0.86
426 CCCN{3}GGG 66 26 0.86
427 GAGN{4IGGC 66 35 0.85
428 CGCN{5IGAG 18 5 0.84
429 CCGN{20}AGG 24 8 0.84
430 CCCN{15}CCC 88 51 0.83
431 AGGN{17}CCG 25 8 0.82
432 AGGN{6IGGG 89 52 0.82
433 GGCN{20}CCC 57 29 0.82
134 GCAN{IT}CGC 19 5 0.82
435 CGAN{IDIACG 9 1 0.81
436 CGCN{ZIGGA 19 5 0.81
437 CTGN{5}CCC 79 45 0.8
438 TCCN{20;CCA 77 43 0.8
439 CCAN{2IGGG 59 30 0.8
440 CCGN{15}GCG 14 3 0.8
441 CCAN{5IGGG 69 38 0.79
442 CGGN{I)TGC 24 8 0.79
443 CCON{14}GCG 21 6 0.79
444 CAGN{0}CCG 27 10 0.79
445 GCCN{9ITCC 60 31 0.78
446 AGGN{20}CGC 22 7 0.78
447 CCCN{BIGAC 42 19 0.77
448 CGGN{11}CCA 23 7 0.76
449 GGGN{14}CAC 57 29 0.75
450 GCAN{15)CGC 19 5 0.74
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451 CGCNI{ZJACA 20 6 0.74
452 ACCN{@ICCC 57 29 0.73
453 GCGN{9ICGC 20 3 0.73
454 CAGN{15}GCG 23 7 0.73
455 CCCN{I8GTC 45 21 0.72
456 GCGN{3}CCC 24 8 0.72
457 CGGN{1}GCC 23 8 0.72
458 CCCN{1}CGG 24 3 0.71
459 GCCN{4}CCA 70 38 0.71
460 CCCN{4}CCG 30 12 0.7
461 CGTN{Z)GCA 21 6 0.7
462 AGCN{7TITCG 18 5 0.69
463 CCGN{15}GAA 20 6 0.69
464 ACCN{5CCC 62 33 0.69
465 CGCN{14}GAG 19 5 0.68
466 CCCN{T}CGC 30 12 0.68
467 GAGN{12}CGC 21 6 0.68
468 GGCN{I7;CCC 58 30 0.67
469 ACGN{11}CTC 21 7 0.65
470 ACAN{9ICGG 24 8 0.65
471 CTGN{7}CCC 82 47 0.65
472 CCCN{2}1GCC 72 40 0.65
473 CGGN{Z}GCA 24 8 0.64
474 CCCN{OITGC 83 48 0.64
475 CGCN{TIACC 18 5 0.63
476 GCAN{2IGCC 54 27 0.63
477 GCGN{8}CCA 20 6 0.63
478 AGCN{0}CGC 22 7 0.63
479 GCGN{Z)GCA 18 5 0.63
480 CCGN{2)GTC 18 5 0.62
481 CCGN{3!ACA 21 7 0.62
482 ACGN{I3}TGG 21 7 0.62
483 CCAN{8ICGC 23 8 0.62
484 CCGN{9}GGC 23 8 0.61
485 CCAN{5ICCG 25 9 0.61
486 AGGN{3}GGG 97 59 0.61
487 CAGN{2)GGC 78 45 0.61
488 CCCN{8ICAG 81 47 0.61
489 AGCN{5}CAG 80 46 0.6
490 CGGN{I6GCC 22 7 0.6
491 GCGN{I5}CCC 23 8 0.6
492 CCCN{I1}GCC 59 31 0.59
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493 CGAN{ZIACG 9 1 0.59
494 CGGN{4}GCC 22 7 0.59
495 CACN{6}CGC 19 6 0.59
496 CGGN{BIACG 11 2 0.59
497 CTGN{4)GCC * 66 36 0.59
498 GGGN{18}CGA 18 5 0.59
499 CCTN{8}CGC 22 7 0.59
500 GCCN{4}CCC 67 37 0.58
501 CGGN{10}GCC 22 7 0.58
502 GCCN{5}GGA 54 27 0.57
508 ACCN{T\GCG 15 4 0.57
504 CCCN{8}CGC 924 8 0.57
505 CAGN{5}CCC 77 44 0.56
506 CACN{14}GGA 63 34 0.56
507 CCCN{L}GCC 94 57 0.55
508 CCCN{B}AGC 67 37 0.55
509 GGCN{5IGGA 59 31 0.55
510 CGAN{IT\GAG 19 6 0.55
511 CGCON{TIACA 18 5 0.54
512 CCAN{131CCC 87 52 0.54
513 CGGN{20}GGC 24 8 0.54
514 CCON{1T}GCC 58 30 0.53
515 CCTN{10}CCG 30 12 0.53
516 CCCN{8}CCG 27 10 0.53
517 CGCN{3)GAG 18 5 0.52
518 CGCN{TIAAG 17 5 0.51
519 CGGN{11}GGA 23 8 0.51
520 CCGN{15}CCG 15 4 0.51
521 CCCN{3}GCA 57 30 0.51
522 CGGN{2ICAG 24 8 0.5
523 AGGN{2ICCG 24 8 0.5
524 CCCN{4)CAC 69 38 0.5
525 GGAN{19}CCC 56 29 0.49
526 CCCN{8}CAC 68 38 0.49
527 ACCN{6}CCG 18 5 0.49
528 CCON{6IGGC 54 28 0.49
529 CCCN{BICCG 29 11 0.48
530 CGCN{14GCC 26 9 0.47
531 CCGN{5TCC 25 9 0.46
532 GCCN{6IGCC 55 28 0.46
533 CGGN{T}GGA 24 8 0.45
534 GGGN{6IGGA 87 52 0.44
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535 GCCN{12}TCC 60 32 0.44
536 AGTN{16}CCG 17 5 0.44
537 GGCON{19}GCC 68 29 0.44
538 CCGN{3}CCG 22 7 0.44
539 CCCN{S}ACC 58 31 0.44
540 CAGN{15)GCC 77 44 0.44
541 CCCN{17}CGG 24 8 0.44
542 GCGN{1}JCCA 22 7 0.44
543 CCCON{14}CAG 79 46 0.44
544 CCCNi{8CCC 89 53 0.44
545 ACAN{12}GCG 23 8 0.43
546 AGGN{4}CCG 23 8 0.43
547 CGCN{13}GCC 23 8 0.43
548 GAGN{2}CGC 23 3 0.42
549 CCON{9IGCG 21 7 0.42
550 CGCN{ITIACA 17 5 0.42
551 GCGN{17}CCA 23 8 0.42
552 AAGN{18}CCG 20 6 0.42
553 CGCN{L)GGA 18 5 0.41
554 CCAN{1}CCC 90 54 0.41
555 CGTN{18)TGC 20 6 0.41
556 TCCN{14}CGA 17 5. 0.41
557 CACN{5}GGG 56 29 0.4
558 CCGN{12}GCA 21 7 0.4
559 CTGN{6}CCC 77 44 0.4
560 CGGN{8IGGC 32 13 0.4
561 CCAN(11}GGG 68 38 0.4
562 ACGN{19}CAA 21 7 0.39
563 GGGN{20}CCC 72 31 0.39
564 CGCN{3}CAG 23 8 0.39
565 AGCN{1T}GGG 58 31 0.37
566 CACN{20}CCG 21 7 0.37
567 ACGN{1T\CAG 924 3 0.37
568 AGGN{1L}CCC 60 32 0.37
569 COGTN{12)CAC 20 6 0.37
570 CGGN{9IGGC 23 3 0.37
571 CGCN{10}GCG 18 3 0.37
572 CCCON{BICTC 80 47 0.36
578 CCGN{10}AGG 23 8 0.36
574 CCCN{18}CAG 79 16 0.36
575 AGCN{17}CCG 21 7 0.36
576 AGCN{9]GCG 18 5 0.36

-117-




WO 03/106684

114

PCT/NL03/00432

577 CCAN{3}GGC 62 34 0.36
578 CCCN{1}GGC 57 30 0.35
579 ACGN{5}GCA 23 8 0.35
580 CCCN{14}CGG 23 3 0.35
581 CCCN{5}CCA 91 55 0.35
582 CCGN{LJAGG 22 7 0.34
583 GGGN{10}GAC 45 22 0.34
584 CGCN{15}CCA 20 6 0.34
585 CCTN{19}CGC 22 7 0.34
586 CGTN{3}CGC 10 2 0.33
587 AGCN{14}CCG 21 7 0.33
588 GGCN{2}CGA 17 5 0.33
589 CAGN{8}CCC 79 46 0.33
590 CCGN{2}GAC 16 4 0.33
591 AGCN{19JAGG 70 40 0.32
592 COTN{4}GGC 64 35 0.32
593 CCGN{1AGC 22 7 0.32
594 CACN{4}CGC 18 5 0.32
595 CCGN{1}CCC 30 12 0.31
596 CTGN{13}GGC 73 12 0.31
597 CGCN{16}ACC 15 4 0.31
598 CACN{18}CAG 79 46 0.31
599 GGCN{8IGCC 68 29 0.29
600 GGGN{15}GGA 78 46 0.29
601 CCGN{16}GCC 22 7 0.29
602 CCGN{20}ACC 18 5 0.29
603 CGAN{TICCC 17 5 0.28
604 CCGN{6ICTC 23 8 0.28
605 CGGN{10}CTC 22 7 0.28
606 CAGN{16}CGC 23 8 0.28
607 CCAN{SJAGG 77 45 0.27
608 GCCN{18]GCC 52 27 0.27
609 CGCN{18/GGA 19 6 0.26
610 CCGN{20}GGC 22 7 0.26
611 ACAN{10}GCG 17 5 0.26
612 CGGN{5}CCC 25 9 0.25
613 CCCN{TITCC 75 43 0.25
614 ACGN{10}CGC 10 2 0.25
615 CCCN{3ITCC 81 48 0.25
616 CCGN{8ICGG 20 3 0.24
617 CCAN{15)CGG 22 7 0.24
618 CCGN{6}CCG 17 5 0.24
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619 CAGN{31GCG 25 9 0.24
620 GAGN{1}CCC 62 34 0.24
621 CCGN{I8}TGC 22 7 0.23
622 CCCN{T}CCA 85 51 0.23
623 CGGN{3}CCA 24 9 0.23
624 ACGN{L}CCC 18 5 0.23
625 CGGN{13}TGA 21 7 0.22
626 CTCN{BIGGC 53 28 0.22
627 GCGN{2}GAC 15 4 0.22
698 GGGN{IJACC 49 25 0.22
629 CGON{4}GGA 17 5 0.22
630 CCCN{11}CCG 27 10 0.22
631 CCGN{19}GCA 20 6 0.22
632 GCGN{0}GCA 20 6 0.21
633 AGAN{7}CCC 61 33| o021
634 CGGN{2}CCA 21 7 0.21
635 CCCN{TICCC 89 54 0.21
636 ACCN{4}GCQ 15 4 02
637 CCTN{15/CGC 20 6 02
638 AGCN{9/GTC 44 21 0.2
639 CCCN{18}CTC 74 43 0.2
640 CGCN{18}CGA 9 1 0.19
641 CCCN{15}GCC 62 34 0.18
642 ACCN{L1}GGC 45 22 0.18
643 AGGN({15)CGC 29 12 0.18
644 GCGNI{0}CCA 27 10 0.18
645 GOGN{9IAGC 18 5 0.17
646 GGGN{I81GCA 59 32 0.17
647 CCCN{1T}CAG 77 45 0.17
648 CCAN{SICGG 22 8 0.16
649 CCGN{10}GGC 21 7 0.16
650 GCAN{0}GCC 76 44 0.16
651 CAGN{2}CGC 20 6 0.16
652 CGCN{8IGGC 19 6 0.16
653 CTGN{17}GGC 65 36 0.16
654 GGGN{I4JACC 46 23 0.16
655 CCGN{IITGC 20 6 0.16
656 CAGN{8/CGC 22 8 0.1
657 AAGN{11}CGC 17 5 0.15
658 CCGN{6}TCC 22 8 0.14
659 CCAN{18}CCC 72 42 0.14
660 CCAN{0}CCC 84 51 0.14
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661 GAGN{6}CCC 53 28 0.14
662 AGON{200GGC 52 27 0.14
663 CAGN{0ICGC 21 7 0.14
664 COGN{12}CTC 22 8 0.14
665 CGCN{1BIACG 9 1 0.13
666 GGCN{1T}CGA 15 4 0.13
667 CCGN{16}AAG 19 6 0.13
668 CGCN{14}TCC 19 6 0.12
669 AGGN{T}CGC 20 7 0.12
870 CGGN{7TICCC 22 8 0.12
671 CGCN{4GCC 34 15 0.12
672 CGAN{6}CCC 17 5 0.12
673 CCCN{19)GGA 60 33 0.11
674 CCON{16}GCG 28 11 0.11
675 CCAN{TICGC 20 7 0.11
676 CCCN{6IGCC 80 48 0.11
677 GCCN{14TCC 55 29 0.11
678 AGGN{14GCC 64 36 0.1
679 CGCON{11)GCC 20 7 0.1
680 TCCN{0}GCA 17 5 0.09
681 GCGN{8}CCC 27 11 0.09
682 CCAN{11}GCG 19 6 0.09
683 CACN{4GGG 51 26 0.09
684 CGGN{TITCC 20 7 0.09
685 GCGN{5IGCC 20 7 0.09
686 ACGN{12)CAG 26 10 0.09
687 CCGN{19}CGC 14 4 0.08
688 CGGN{8ITGC 18 5 0.08
689 CCCN{JGAG 65 37 0.07
690 GCGN{19TGA 18 6 0.07
691 GGCN{15GCC 70 31 0.07
692 CCGN{7}CCC 27 11 0.07
693 ACAN{19}CCC 63 35 0.07
694 ACCN{16}GGG 47 24 0.07
695 AGAN{L}GGC 64 36 0.07
696 GGGN{ITITGA 64 36 0.06
697 CAGN{BIGGG 83 50 0.06
698 GCCN{131CGC 29 8 0.06
699 GCGN{7IGGA 19 5 0.06
700 CAGN{14}CCA 94 58 0.06
701 CCON{4/GTC 16 4 0.06
702 CCCN{13}CGC 22 8 0.06
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703 GCGN{14ACC 15 4 0.05
704 CAGN{20}GGG 81 49 0.05
705 CCGN{4}CCC o7 11 0.05
706 CGCN{BGGC 18 6 0.05
707 CCTN{6IGGC 57 31 0.05
708 AGGN{BIGGC 67 38 0.05
709 CGGN{11}CGC 14 4 0.05
710 CTGN{18/GGA 71 16 0.04
711 CACN{1T\CCA 74 43 0.04
712 CGGN(3IGAG 22 8 0.04
713 CCCN{9}CCA 82 49 0.03
714 CCCN{LBACG 18 6 0.03
715 CAGN{L}GCC 72 49 0.03
716 AGGN{6ICCG 23 8 0.03
717 AGCN{9GGG 57 31 0.03
718 CCCN{T{GGC 54 29 0.02
719 CCTN{13}CCC 88 b4 0.02
720 CCGN{19ITTC 20 7 0.02
721 CCCN{TICCG o7 11 0.02
722 CGAN{BIGGC 17 5 0.01
723 CGGN{4}CTC 21 7 0.01
724 CGGN{0ICGC 13 3 0.01
725 COTN{I3}ACG 19 6 0.01
726 GGGN{6ICAC 53 28 0.01
727 CCCN{16}CGC 21 7 0.01
728 CCCN{10}CTC 76 45 0
729 CCCN{0}CAG 92 57 0
730 GCCN{5CCC 65 37 0
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STAR Location? Length?
1 2q31.1 750
2 7p15.2 916
38 15q11.2 and 10922.2 2132
4 1p31.1 and 14q24.1 1625
54 20q13.32 1571
6 2p21 1173
7 1q34 2101
8 9q32 1839
94 10p15.3 1936
10 Xpll.3 1167
11 2p25.1 1377
12 5¢35.3 1051
134 9q34.3 1291
144 22q11.22 732
15 1p36.31 1881
16 1p21.2 1282
17 2¢31.1 793
18 2q31.3 497
19 6p22.1 1840
20 8p13.3 780
21 6q24.2 620
92 2q12.2 1380
23 6p22.1 1246
24 19212 948
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STAR Location! Length2
255 1921.3 1067
26 1g21.1 540
27 1g23.1 1520
28 22q11.23 961
29 2q13.31 2253
30 22912.3 1851
31 9934.11 and 22q11.21 1165
32 21q22.2 771
33 21922.2 1368
34 9934.14 755
35 7q22.3 1211
36 21q22.2 1712
37 22q11.23 1331
38 29¢11.1 and 22q11.1 ~1000
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STAR Location?! Length?
39 22q12.3 2331
40 22q11.21 1071
41 22q11.21 1144
42 22q11.1 785
43 14924.3 1231
44 22q11.1 1591
45 22q11.21 1991
46 22q11.23 1871
47 22q11.21 1082
48 22q11.22 1242
49 Chr 12 random clone, and . 1015

3q26.32
50 6p21.31 2361
51 5q21.3 2289
52 7p15.2 1200
53 Xpll3 1431
54 4q21.1 981
55 15q13.1 501
56 includes 8p25.3 741
57 4935.2 1371
58 21q11.2 1401
59 17 random clone 872
60 4p16.1 and 6427 2068
61 Tpl4.3 and 11925 1482
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STAR Location?! Length2
62 14q24.3 1011
63 22q13.3 1421
64 17q11.2 - 1414
65 7q21.11=28.4 1310
66 20q13.33 and 6q14.1 ~2800

1Chromosomal location is determined by BLAST search of DNA sequence
data from the STAR elements against the human genome database. The
location is given according to standard nomenclature referring to the
cytogenetic ideogram of each chromosome; e.g. 1p2.3 is the third
cytogenetic sub-band of the second cytogenetic band of the short arm of
chromosome 1
(http:/f'www.nebi.nlm.nih.gov/Class/MLACourse/Genetics/chrombanding.h
tml). In cases where the forward and reverse sequencing reaction
identified DNAs from different genomic loci, both loci are shown.

2Precise lengths are determined by DNA sequence analysis; approximate
lengths are determined by restriction mapping.

3Sequence and location of STARS has been refined since assembly of
Tables 2 and 4 of EP 01202581.3.

4The STARs with these numbers in Tables 2 and 4 of EP 01202581.3 have
been set aside (hereafter referred to as “oldSTARS” etc.) and their
numbers assigned to the STAR elements shown in the DNA sequence
appendix. In the case of oldSTARS, oldSTAR14, and oldSTAR16, the
cloned DNAs were chimeras from more than two chromosomal locations;
in the case of 0ldSTARY and oldSTAR13, the cloned DNAs were identical .
to STAR4.

5]dentical to Table 4 “STAR18"0of EP 01202581.3.

L]
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Table 7. STAR elements convey stability over time on

transgene expression!

Cell Luciferase
Divisions® Expression?
STARS plus 42 18,000
puromycin
60 23,000
84 20,000
108 16,000
STARG without 84 12,000
puromycin*
108 15,000
144 12,000

Plasmid pSDH-Tet-STAR6 was transfected into U-2 08
cells, and clones were isolated and cultivated in doxycycline-
free medium. Cells were transferred to fresh culture vessels
weekly at a dilution of 1:20.

2The number of cell divisions is based on the estimation that
in one week the culture reaches cell confluence, which
represents ~6 cell divisions,

8Luciferase was assayed as described in Example 4.

After 60 cell divisions the cells were transferred to two
culture vessels; one was supplied with culture medium that
contained puromycin, as for the first 60 cell divisions, and the
second was supplied with culture medium lacking antibiotic.
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Table 8. Human STAR elements and their putative mouse orthologs

and paralogs

SEQ:ID STAR Human?! Mouse? Similarity3
1 1 2q31.1 2D 600 bp 69%
2 2 Tp1h.2 6B3 909 bp 89%
3 3a 5q33.3 11B2 248 bp 83%
4 3b 10922.2 14B 1. 363 bp 89%
2. 163 bp 86%
5 6 2p21 17E4 437 bp 78%
6 12 5q¢35.3 11b1.3 796 bp 66%
7 13 9q34.3 2A3 753 bp 77%
8 18 2q31.3 2E1 497 bp 72%
9 36 21q22.2 16C4 166 bp 79%
10 40 22q11.1 6F1 1. 270 bp 756%
2. 309 bp 70%
11 50 6p21.31 17B1 1. 151 bp 72%
2. 188 bp 80%
3. 142 bp 64% -
12 52 7p15.2 6B3 1. 846 bp 74%
2. 195 bp 71%
13 53 Xpll.3 XA2 364 bp 64%
14 54 4921.1 5E3 1. 174 bp 80%
2. 240 bp 73%
3. 141 bp 67%
4. 144 bp 68%
15 6la Tpl4.3 6B3 188 bp 68%

ICytogenetic'location of STAR element in the human genome.
2Cytogenetic location of STAR clement ortholog in the mouse genome.

fLength of region(s) displaying high sequence similarity, and percentage
similarity. In some cases more than one block of high similarity occurs; in
those cases, each block is described separately. Similarity <60% is not
considered significant.
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Table 9. Candidate STAR elements tested by Linear Discriminant

Analysis
Candidate Location! Length
STAR

T2 F 20913.33 ~2800
T2R 6q14.1 ~2800
TS F 15q12 ~2900
T3 R 7931.2 ~2900
T5 F 9q34.13 ND2
T5 R 9q34.13 ND
T7 22q12.3 ~1200
T9F 21922.2 ~1600
T9R 22q11.22 ~1600
TIOF 7922.2 ~1300
TIOR 6g14.1 ~1300
T11 F 17¢23.3 ~2000
TilR 16¢23.1 ~2000
T12 4p15.1 ~2100
T3 F 20p13 ~1700
T13 R 1p13.3 ~1700
T14 R 11925 ~1500
T17 2931.3 ND
T18 2g81.1 ND

1Chromosomal location is determined by BLAT search of DNA sequence data from the
STAR elements against the human genome database. The location is given according to
standard nomenclature referring to the cytogenetic ideogram of each chromosome; e.g.
1p2.3 is the third cytogenetic sub-band of the second cytogenetic band of the short arm of
chromosome 1

(http/~www.ncbinlm.nih.gov/Class/MLA Course/Genetics/chrombanding.html). T,
forward sequencing reaction result; R, reverse sequencing reaction result. When the
forward and reverse sequencing results mapped to different genomic locations, each
sequence was extended to the full length of the original clonc (as determined by
restriction mapping) based on sequence information from the human genome database.

2ND: Not Determined.
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Table 10. Arabidopsis STAR elements of the invention, including

chromosome location and length

STAR Chromosome | Length, kb

Al I 1.2
A2 I 0.9
A3 I 0.9
A4 I 0.8
Ab 1 1.3
A6 1 1.4
AT II 1.2
A8 1T 0.8
A9 II 0.9
Al0 II 1.7
All II 1.9
Al2 1I 1.4
Al3 11 1.2
Ald II 2.1
Al5 II 14
Al6 II 0.7
Al7 II 1.5
Al8 IO 1.5
Al9 111 0.7
A20 111 2.0
A21 IV 1.8
A22 IV 0.8
A23 v 0.6
A24 vV 0.5
A25 v 0.9
A26 i 1.9
A27 \% 1.1
A28 )\ 1.6
A29 v 0.9
A30 V 2.0
A3l v 2.0
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A32 V 13

A33 \4 0.9

A34 I 0.9

A3b II 11
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DESCRIPTION OF FIGURES

The drawings show representative versions of the DNA molecules of the
invention. These portions of DNA, referred to as (a) protein expression unit(s),
is/are created and manipulated in vectors such as recombinant plasmid
molecules and/ox recombinant viral genomes. The protein expression units are
integrated into host cell genomes as part of the method of the invention, and
the schematic drawings represent the configuration of the DNA elements in

the expression units in both the vector molecules and the host cell genome.

FIG 1. Schematic diagram of the invention.

FIG 1A shows the first expression unit. It is flanked by STAR elements,
and comprises a bicistronic gene containing (from 5 to &) a transgene
{cncoding for example a reporter gene or one subunit of a multimeric protein;
TC S1, “bransgene subunit 17), an IRES, and a selectable marker (zeo,
conferring zeocin resistance) under control of the CMV promoter. A
monocistronic selectable marker (neo, conferring G418 resistance) under
control of the SV40 promoter is included. Both genes have the SV40
transcriptional terminator at their 3’ ends (t).

FIG 1B shows the second expression unit. It is flanked by STAR
elements, and contains a bicistronic gene containing (from 5’ to 3’) a transgene
(encoding for example a different reporter gene or another subunit of a
multimeric protein; TG S2), an IRES, and a selectable marker (bsd, conferring
blasticidin resistance) under control of the CMV promoter. A monocistronic
selectable m{;trker (neo, conferring G418 resistance) under control of the SV40
promoter is included. Both genes have the SV40 transcriptional terminator at

their 3' ends.

FIG 2. The pSDH-CSP plasmid.
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The Secreted Alkaline Phosphatase (SEAP) reporter gene is under
control of the CMV promoter, and the puromyein resistance selectable marker
(puro) is under control of the SV40 promoter. Flanking these two genes are
multiple cloning sites into which STAR elements can be cloned. The plasmid
also has an origin of replication (ori) and ampicillin resistance gene (ampk) for

propagation in Escherichia coli.

FIG 3. The pSDH-SIB/Z and pSDH-GIB/Z families of plasmids.

These plasmids are derived from the pSDH-CSP plasmid (FIG 2), by
replacement of the monocistronic SEAP and puro genes with a bicistronic gene
under control of the CMV promoter and a monocistronic neomycin resistance
selectable marker gene (neo) under control of the SV40 promoter.

Panel A, pSDH-SIB/Z in which the bicistronic gene encodes secreted
alkaline phosphatase (SEAP) in the 5’ position and blasticidin (bsd) or zeocin
(zeo) resistance selectable markers in the & position, relative to the internal
ribosome binding site (IRES).

Panel B, pSDH-GIB/Z in which the bicistronic gene encodes green
fluorescent protein (GFP) in the 5 position and blasticidin (bsd) or zeocin (zeo0)
resistance selectable markers in the 3 position, relative to the internal
ribosome binding site (IRES).

FIG 4. Comparison of the consequences of one-step and two-step
antibiotic selection on the predictability of transgene expression.

Recombinant CHO cell isolates containing plasmid pSDH-SIZ or
plasmid pSDXH-SIZ-STARIB were selected on G418 (panel A) or sequentially on
(G418 and zeocin (panel B) and assayed for SEAP activity. A

FIG 5. The PP (Plug and Play) family of plasmids.

These plasmids contain a bicistronic expression unit (containing an

internal ribosome binding site, IRES) between multiple cloning sites (MCS) for
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insertion of STAR elements. MCSI, Shfl-Sall-Xbal-AscI-Swal; MCSII, BsiWI-
EcoRV-BgllI-Pacl.

Panel A, the bicistronic gene encodes green fluorescent protein (GEFP)
and the puromyecin resistance marker (puro).

Panel B, the bicistronic gene encodes secreted alkaline phosphatase
(SEAP) and the zeocin resistance marker (ze0).

Panel C, the bicistronic gene encodes SEAP and the neocin resistance
marker (neo).

Panel D, the bicistronic gene encodes GFP and puro, and an adjacent
monocistronic gene encodes neo.

Panel E, the bicistronic gene encodes SEAP and zeo, and an adjacent
monocistronic gene encodes neo.

Bicistronic genes are under control of the CMV promoter (PCMYV) and
the monocistronic gene is under control of the SV40 promoter (pSV40). A
stuffer fragment of 0.37 kb (St) separates MCSI from pCMV. Both the
bicistronic and monocistronic genes have the SV40 polyadenylation site at
their 3’ ends.

FIG 6. STAR sequences

Sequences comprising STARI - STARG5 (SEQ ID:1 - 65)
Sequences comprising STARG6 and testing set (SEQ ID:66 — 84),
Sequences comprising Arabidopsis STAR A1-A35 (SEQ 1D:85-119).

FIG 7. The pSDH-CSP plasmid used for testing STAR activity.

The Segcreted Alkaline Phosphatase (SEAP) reporter gene is under
control of the CMV promoter, and the puromycin resistance selectahle marker
(puro) is under control of the SV40 promoter. Flanking these two genes are
multiple cloning sites into which STAR elements can be cloned. The plasmid
also has an origin of replication (ori) and ampicillin resistance gene (ampR) for

propagation in Escherichia coli.
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FIG 8. STARG and STAR49 improve predictability and yield of
transgene expression.

Expression of SEAP from the CMV promoter by CHO cells transfected
with pSDH-CSP, pSDH-CSP-STARS, or pSDH-CSP-STAR49 was determined.
The STAR-containing constructs confer greater predictability and elevated
yield relative to the pSDH-CSP construct alone.

FIG 9. STAR6 and STARS improve predictability and yield of
transgene expression.

Expression of luciferase from the CMV promoter by U-2 OS cells
transfected with pSDH-CMYV, pSDH-CMV-STARSG, or pSDH-CMV-STARS was
determined. The STAR-containing constructs confer greater predictability and

elevated yield relative to the pSDH-CMV construct alone.

FIG 10. Minimal essential sequences of STAR10 and STAR27.

Portions of the STAR elements were amplified by PCR: STAR10 was
amplified with primers E23 and E12 to yield fragment 10A, E13 and E14 to
yield fragment 10B, and E15 and E16 to yield fragment 10C. STAR27 was
amplified with primers E17 and E18 to yield fragment 27A, E19 and E20 to
yield fragment 27B, and E21 and E22 to yield fragment 27C. These sub-
fragments were cloned into the pSelect vector. After transfection into U-2
0S/Tet-OffLexA-HP1 cells, the growth of the cultures in the presence of zeocin
was monitored. Growth rates varied from vigorous (+++) to poor (+/-), while
some culture’s failed to survive zeocin treatment (-) due to absence of STAR

activity in the DNA fragment tested.
FIG 11. STAR element function in the context of the SV40 promoter.

pSDH-SV40 and pSDH-SV40-STARE were transfected into the human

osteosarcoma U-2 OS cell line, and expression of luciferase was assayed with
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or without protection from gene silencing by STARG in puromycin-resistant

clones.

FIG 12. STAR element function in the context of the Tet-Off promoter.

pSDH-Tet and pSDH-Tet-STARS were transfected into the human
osteosarcoma U-2 OS cell line, and expression of luciferase was assayed with
or without protection from gene silencing by STARG in puromycin-resistant

clones.

FIG 13. STAR element orientation ]

Schematic diagram of the orientation of STAR elements as they are
cloned in the pSelect vector (panel A), as they are cloned into pSDH vectors to
preserve their native orientation (panel B), and as they are cloned into pSDH

vector in the opposite orientation (panel C).

FIG 14. Directionality of STAR66 function.

The STARG6 element was cloned into pSDH-Tet in either the native
(STARG6 native) or the opposite orientation (STAR66 opposite), and
transfected into U-2 OS cells. Luciferase activity was assayed in puromycin

resistant clones.

FIG 15. Copy number-dependence of STAR function.

Southern blot of luciferase expression units in pSDH-Tet-STAR10,
integrated into U-2 OS genomic DNA. Radioactive luciferase DNA probe was
used to detect the amount of transgene DNA in the genome of each clone,

which was then quantified with a phosphorimager.

FIG 16. Copy number-dependence of STAR function.
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The copy number of pSDH-Tet-STAR10 expression units in each clone
was determined by phosphorimagery, and compared with the activity of the

luciferase reporter enzyme expressed by each clone.

FIG 17. Enhancer-blocking and enhancer assays.

The luciferase expression vectors used for testing STARSs for enhancer-
blocking and enhancer activity are shown schematically, The E-box binding
site for the E47 enhancer protein is upstream of a cloning site for STAR
elements. Downstream of the STAR cloning site is the luciferase gene under
control of a human alkaline phosphatase minimal promoter (mp). The
histograms indicate the expected outcomes for the three possible experimental
situations (see text). Panel A: Enhancer-blocking assay. Panel B: Enhancer

assay.

FIG 18. Enhancer-blocking assay.

Luciferase expression from a minimal promoter is activated by the
EA7/E-box enhancer in the empty vector (vector). Insertion of enhancer-
blockers (scs, HS4) or STAR elements (STAR elements 1, 2, 3, 6, 10, 11, 18,
and 27) block Iuciferase activation by the E47/E-box enhancer.

FIG 19. Enhancer assay.

Luciferase expression from a minimal promoter is activated by the
E47/E-box enhancer in the empty vector (E47). Insertion of the scs and HS4
elements or various STAR elements (STARs 1, 2, 8, 6, 10, 11, 18, and 27) do

not activate yranscription of the reporter gene.

FIG 20, STAR18 sequence conservation between mouse and human.
The region of the human genome containing 497 base pair STAR1S8 is
shown (black boxes); the element occurs between the HOXD8 and HOXD4

homeobox genes on human chromosome 2. It is aligned with a region in mouse
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chromosome 2 that shares 72% sequence identity. The region of human
chromosome 2 immediately to the left of STAR18 is also highly conserved with
mouse chromosome 2 (73% identity; gray boxes); beyond these region, the
identity drops below 60%. The ability of these regions from human and mouse,
gither separately or in combination, to confer growth on zeocin is indicated: -,

no growth; +, moderate growth; ++, vigorous growth; +++, rapid growth.

FIG 21.
Schematic diagram of bio-informatic analysis workflow. For details, see
text.

FIG: 22. Results of discriminant analysis on classification of the
training set of 65 STAR elements.

STAR elements that are correctly classified as STARs by Stepwise
Linear Discriminant Analysis (LDA) are shown in a Venn diagram. The
variables for LDA were selected from frequency analysis results for hexameric
oligonucleotides (“oligos”) and for dyads. The diagram indicates the

concordance of the two sets of variables in correctly classifying STARs.

FIG 23. RT-PCR assay of Arabidopsis STAR strength

U-2 08/Tet-OffllexA-HP1 cells were transfected with candidate
Arabidopsis STAR elements and cultivated at low doxycycline concentrations.
Total RNA was isolated and subjected to RT-PCR; the bands corresponding to
the zeocin and hygromyein resistance mRNAs were detected by Southern
blotting and guantiﬁed with a phosphorimager. The ratio of the zeocin to
hygromyecin signals is shown for transfectants containing zeocin expression
units flanked by 12 different Arabidopsis STAR elements, the Drosophila scs

element, or no flanking element.
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FIG. 24. STAR elements allow efficient and simultancous expression of
two genes from two distinct vectors.

The ppGIZ, ppGIZ-STAR7, ppRIP and ppRIP-START vectors used for
testing simultaneous expression of respectively GFP and RED are shown. The
expression unit comprises (from 5’ to 3) genes encoding the GFP or RED
proteins, an IRES, and a selectable marker (zeo, conferring zeocin resistance
or respectively puro, puromycin resistance gene) under control of the CMV
promoter. The expression unit has the SV40 transcriptional terminator at its 8’
end (t). The cassetbes with the GFP and RED expression units are either
flanked by STAR7 elements (STAR7-shielded) or not (Control). The two control
constructs or the two STAR7-shielded vectors are simultaneously transfected
to CHO-K1 cells. Stable colonies that are resistant to both zeocin and
puromyein are expanded and the GFP and RED signals are determined on a
XL-MCL Beckman Coulter flowcytometer. The percentage of cells in one colony
that are double positive for both GFP and RED signals is taken as measure for

simultaneous expression of both proteins and this is plotted in FIG 24.

FIG. 25. STAR elements improve expression of a functional antibody
in CHO cells.

The different vectors containing the Light and Heavy Chain of the
RING1 antibody are shown in FIG 25. The constructs are simultaneously
transfected to CHO cells. Stable colonies that are resistant to both zeocin and
puromycin are expanded. The cell culture medium of these colonies is tested
for the detection of functional RING1 antibody in an ELISA with RING1
protein as ar;xtigen. The values are dividing by the number of cells in the
colony. The highest value detected in the STAR-less control is arbitrarily set at
100%.
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Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise”, and variations such as "comnprises” and
"comprising”, will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or

5 steps.

The reference in this specification to any prior publication (or information derived
from it), or to any matter which is kmown, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general

10 knowledge in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1 A cell comprising two polypeptide expression units each encoding at least one
polypeptide of interest, charactetized in that said polypeptide expression units each
comprise at least one sequence having the capacity to at least in part block chromatin-
associated repression, wherein said sequence having the capacity to at least in part block
chromatin-associated repression for one of the expression units is chosen from the group
consisting of: (i) SEQ ID: 7 of Figure 6; (ii) a functional equivalent of SEQ ID: 7 of Figure
6; and (iii) a functional fragment of SEQ ID: 7 of Figure 6, and wherein said sequence
having the capacity to at loast in part block chromatin-associated repression for the other
one of the expression units is chosen from the group consisting of: (a) any one of SEQ ID:
1 through SEQ ID: 65 of Figure 6; (b) a functional equivalent of any one of SEQ ID: 1
through SEQ ID: 65 of Figure 6; and (c) a functional fragment of any one of SEQ ID: 1
through SEQ ID: 65 of Figure 6.

2. A cell according to claim 1, wherein said two polypeptide expression units each
further encode a different selection marker.

3. A cell according to claim 1 or 2, wherein at least one of said polypeptide
expression units comprises a monocistronic gene comprising an open reading frame
encoding a polypeptide of interest and wherein said monocistronic gene is under control of
a functional promoter.

4, A cell according to claim 1 or 2, wherein at least one said polypeptide expression
units comprises a bicistronic gene comprising in the following order: (i) an open reading
frame encoding a polypeplide of interest, (ii) an Internal Ribosome Entry Site (IRES), and
(3ii) a selection marker, and wherein said bicistronic gene is under contro] of a functional

promoter,

5. A cell according to any one of claims 1 to 4, wherein at least one of said

polypeptide expression units comprises at least two of said sequences having the capacity
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to at least in part block chromatin-associated repression, arranged such that said
polypeptide expression unit is flanked on both sides by at least one of said sequences
having the capacity to at least in part block chromatin-associated repression.

6. A cell according to claim 5, wherein said at least two sequences having the capacity
to at least in part block chromatin-associated repression are ess entially identical.

7. A cell agcording to any one of claims 1 to 6, wherein at least one polypeptide of

interest comprises an immunoglobulin heavy chain, or an immunoglobulin light chain.

8. A cell according to claim 7, wherein at least one polypeptide of interest comprises
an immunoglobulin heavy chain and the other polypeptide of interest comprises an

immunoglobulin light chain, wherein said heavy and light chain can form a functional
antibody.

9. A method for expressing at least two polypeptides of interest in a cell, said method
comprising culturing a cell according to any one of claims 1-8 under conditions wherein

said polypeptide expression units are expressed,

10. A polypeptide cxpression unit comprising:

- 4 bicistronic gene compdsiné in the following order: (i) an open teading
frame encoding a polypeptide of interest, (ii) an Intersl Ribosome Entry Site
(IRES), and (jii) 2 selection marker, and wherein said bicistronic gene is under
control of a functional promoter; and

- at least one sequence having the capacity to at least in part block chromatin-
associated repression, wherein said sequence having the capacity to at least in part
block chromatin-associated repression is chosen from the group consisting of: (a)
SEQ ID: 7 of Figure 6; (b) a functional equivalent of SEQ ID: 7 of Figure 6; and (c)
a functional fragment of SEQ ID: 7 of Figure 6.

11 A polypeptide expression unit according to claim 10, comprising at least two of
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said sequences having the capacity to at least in part block chromatin-associated
repression, arranged such that said polypeptide expression unit is flanked on both sides by
at least one of said sequences having the capacity to at least in part block chromatin-

associated repression.

12, A polypeptide expression unit according to claim 10 or 11, wherein said
polypeptide of interest comprises an immunoglobulin heavy chain or an immunoglobulin
light chain.

13. A polypeptide expression unit according to any one of claims 10 to 12, wherein
said selection marker encodes the zeocin-resistance protein,

14. A method for obtaining a host cell expressing two polypeptides of interest, the
method comprising:
a) providing host cells comprising:
(©  a first polypeptide expression unit comprising a bicistronic gene
comprising a promoter functionally linked to a sequence encoding a first
polypeptide of interest and a first selectable marker gene, and
(i)  a second polypeptide expression unit comprising a bicistronic gene
comprising a promoter functionally linked to a sequence encoding a second
polypeptide of interest and a second selectable marker gene,
wherein said second selectable marker gene is different from said
first selectable marker gene, and
wherein said first polypeptide expression unit, or said second
polypeptide expression unit, or each of said first and second polypeptide
expression units com prise at least one sequence having the capacity to at
least in part block chromatin-associated repression, wherein said sequence
having the capacity to at least in part block chromatin-associated repression
is chosen from the group consisting of: (a) SEQ ID: 7 of Figure 6; (b) a
functional equivalent of SEQ ID: 7 of Figure 6; and (c) a functional
fragment of SEQ ID: 7 of Figure 6; and
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b) selecting a host cell by selecting for expression of said first and second

selectable marker genes.

15. A method for expressing two polypeptides of inferest, the method comprising
culturing a host cell selected by a method according to claim 14, to express said first and
second polypeptide,

16. A method according to claim 15, wherein the two polypeptides of interest form part
of a multimeric protein.

17. A method according to claim 15 or 16, wherein at least one of said two
polypeptides of interest comprises an immunoglobulin heavy chain, or an immunoglobulin
light chain.

18. A method according to claim 17, wherein at least one of said two polypeptides of
interest comprises an immunoglobulin heavy chain and the other polypeptide of interest

comprises an immunoglobulin light chain, wherein said heavy and light chain can form a
functional antibody.

19. A method according to any one of claims 14 to 17, wherein at least one of said

bicistronic genes comprises an internal ribosome entry site (IRES).

20. A set of two polypeptide expression units, said set comprising:

1) a first polypeptide expression unit comprising a bicistronic gene comprising
a promoter functionally linked to a sequence encoding a first polypeptide of interest
and a first selectable marker gene, and
(i} a second polypeptide expression unit comprising a bicistronic gene
comprising a promoter functionally linked to a sequence encoding a second
polypeptide of interest and a second selectable marker gene,

wherein said second selectable marker gene is different from said first

selectable marker gene, and wherein
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said first expression unit, or said second polypeptide expression unit, or
both of said first and second polypeptide expression units comprises at least one
sequence having the capacity to at least in part block chromatin-associated
reprossion, wherein said sequence having the capacity to at least in part block
chromatin-associated repression is chosen from the group consisting of: (a) SEQ
ID: 7 of Figure 6; (b) a functional equivalent of SEQ ID: 7 of Figure 6; and (c) &
functional fragment of SEQ ID: 7 of Figure 6.

21, A cell according to any onc of claims 1 to 8, a method according to any one of
claims 9 or 14 to 19 or a polypeptide expression unit according to any onc of claims 10 to
13, or a set of polypeptide expression units according to claim 20, substantially as

hercinbefore described with reference to the Figures and/or Examples.
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FIG1

Schematic diagram of the invention
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FIG 2
Vector for testing STAR activity
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FIG 3A
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FIG 3B
Vector for testing STAR activity
with IRES and GFP
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FIG
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The PP family of plasmids
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FIG 6

SEQ ID:1

>STARL

ATGCGETEEEEECECECCAGAGACTCETGGEAT CCTTGGCTTGGRTGTTTGGATCTTTCTGAGTTGCCTGTGCCGCGARAG
ACAGGTACATTTCTGATTAGGCCTCTGAAGCCTCCTGGAGGACCATCTCAT TAAGACGATGGTATTGGACGEAGAGTCACA
GAARGBRACTGTGGCCCCTCCCTCACTECAAARCGGAAGTGATTTTATTTTAATGGGAGT TGGAATATGTGAGGGCTGCAGG
AACCAGTCTICCCTCCTTCTTGGTITGCARARGCTGGGGCTGGCCTCAGAGACAGET TTTTTGGCCCCGCTGGECTGEGCAGT
CTAGTCGACCCTTTGTAGACTGTGCACACCCCTAGARGAGCAACTACCCCTATACACCAGGCTGGCTCAAGTCAARGGGGL
TCTGECCTCCAGTCTGEGAAAAT CTEETGTCCTGEEGACCTCTGGTCTTGCTTCTCICCTCCCCTECACTEECTCTRGETEC
TTATCTCTGCAGRAGCTTCT CGCTAGCAAACCCACATTCAGCGCCCTGTAGCTGAACACAGCACARAARAGCCCTAGAGATC
AMAAGCATTAGTATGGGCAGT TGAGCGEGAGGTGAATAT TTARCGCT T IG I'CATCAATAACTCETTGGCTTTGARCCTGT
CTGAACAAGTCGAGCAATAAGGTGARATGCAGGTCACAGCGTCTAACAARTATGARRATGTGTATATTCACCCCGETCTCC
AGCCBEGCGCGECCAGGCTCCC

SEQ ID:2

>STAR2

GGETGCTTCCTSAATTCTTCCCTGAGARGGATGET GGCCEETAAGGTCCETGTAGGTGEEGTGCEECTCCCCAGECCCCGE
CCCGTGETGETEGCCECTGCCCAGCEGCCCEECACCCCCATAGTCCATGECGCCCGACCCAGCGTEEEEEAGGTGAGTTAG
ACCABAGAGGGCTGECCCGGAGTTGCTCATEGECTCCACATAGCTGCCCCCCACGAAGACGGGGCTTCCCTGTATCGTETIGE
GGTCCCATAGCIGCCETTGCCCTECAGGCCATGAGCETGCEEETCATAGTCGEGEGETGCCCECTGCGCECGECCCCTECCGL
CGTGTAGCGCTTCTETEEEEGTCECCEEEETGCGCAGCTGGGCACGGACGCAGEGTAGGAGECGGEEGEECAGCCCETAGET
ACCCTGGGGGEECTTGGAGRAGGECEGEGECEACTGEGECTCATACGGGACGCTGTTGACCAGCGAATGCATAGAGTTCAG
ATAGCCACCGGCTCCGEGEEECACGEEECTECCACTTGEACACTEGGCCCCCCEATGACGTTAGCATGCCCTTGCCCTTCTG
ATCCTTTTTGTACTTCATGCGGCGATTCTGEAACCAGAT CTTGATCTGGCGCTCAGTGAGGTTCAGCAGATTGGCCATCTC
CACCCGGCGCGECCGGCACAGGTAGCGETTGAAGTGGAACTCTTTCTCCAGCT CCACTCAGCIGCECECTCETETAGECCET
GCGCBCGCECTTGGACGAAGCCTECCCCGECEEGECTCTTGTCECCAGCGCAGCTTTCGCCTGCCAGGACAGAGACAGGRAG
AGCGGCGTCAGEGECTGCCGUGGCCCCGCCCAGCCCCTGACCCAGCCCGECCCCTCCTTCCACCAGGCCCCAR

SEQ ID:3
>STARI

-161-




WO 03/106684 PCT/NL03/00432
8/64

FIG 6 (Cont.) 1

SFQ ID:4

>STARY

GATCTGAGTCATCTTTTAAGGGGAGGATTCTTTTGGCTCCTCGAGT TGAGATTAGCT TGAGCGTAGTGAAGGTARAGGCAGT
GAGACCACGTAGGGGTCATTGCAGLAATCCAGGCTGGAGATGATGCTGET TCAGTTGGARTAGCAGT GCATGTGCTGTAAC
ARCCTCAGCTGEGARGCAGTATATGTGGCCTTATGACCT CAGCTCCAACAGCAATGCATGTGETEETGTARTGACCCCAGC
TGGGTAGEGTGCATGTGETGTAACGACCTCAGCTGGGTAGCAGTGTGTGTGATGTARCRACCTCAGCTGGETAGCAGTGTA
CTTGATAARATGTTGGCATACTCTAGAT TTCT TATGAGGGTAGTCCCATTAAATTICTCCACRART TGGTTGT CACGTATG
AGTGARARGAGGAAGTGATGGAAGACTTCACTGCTTTTGGCCTGAATAAATAGAAGACCT CATTTCCAGTTAATGGAGACA
GGGAAGACTAARGGTAGGGTGGGATT CAGTAGACCAGGTGT TCAGT TTTGAATATGATGAACTCTGAGAGAGGARARACT T
TTTCTACCTCTTAGTTTTTGTGACTGCACTTAACGAAT TARAGTGACATAAGACAGAGTAACAAGACARAAATATGCGAGGT
TATTTAATATTTTTACTTGCAGAGGGGAATCT TCAARAGAAAAATGAAGACCCARAGARGCCATTAGGGTCARRAGCTCAT
ATGCCTTITTAAGTAGAAAATGATAAATTTTAACAATGTGAGARGACARAGGTGTT TCAGCTGAGCGCANTARATTGTGGE
ACAGTGATTARGARATATATGGGEGARATGAAATGATAAGT TATTTTAGTAGATTTATTCTTCATATCTATT TTGGCTTCA
ACTTCCAGTCTCTAGTGATAAGAATGTTCTTCTCTTCCTGGTACAGAGAGAGCACCTT TCTCATGGGARRTTTTATGACCT
TGCTGETAAGTAGARAGGGGARGATCGATCTCCTGTTTCCCAGCATCAGGATGCARACATTTCCCTCCATTCCAGTTCTCAA
CCCCATGGCTGGGCCTCATGGCATTCCAGCAT CGCTATGAGTGCACCTTTCCTGCAGGCTGCCTCGGGETAGCTGETGCACT
GCTAGGTCAGTCTATGTGACCAGGAGCTGEECCTCTGGECAATGCCAGT TGGCAGCCCCCATCCCT CCACTSCTGEEEECC
TCCTATCCAGAAGGGCTTGGTGTGCAGAACGATGGTGCACCATCATCATTCCCCACT TGCCATCTTTCAGGEGACAGCCAG
CTGCTTTGEGCECEGCARBAAACACCCAACTCACTCCTCTTCAGEEGCCTCTGGTCTGATGCCACCACAGGACATCCTTGA
GTGCTGGGCAGTCTGAGCACAGGGAAGGAGTGATGACCACAARACAGGAATGGCACCAGCAGTGACAGGAGGAAGTCARAG
GCTTGTGTETCCTGGCCCTGCTEAGGECTGGCEAGEECCCTGEGATGGCGCTCAGTGCCTCGETCOGCTECARGAGGCCAGT
CCTCTGCCCATGAGGGEAGCTGECAGTGACCARGCTGCACTGCCCTGGTGGTGCATTTCCTGCCCCACTCTITCCTTCTAA
GATCC

SEQ ID:5

>STARS
AGCAGAGATCTTATTTCCCGTATTCCCTTGTGGCACAGCACCTCCCACGCCARAGCARAACCARAGCARAGGAGCCCTTGAT
GAGGAGGGEGCCTTCCCCCAACCTGGTCTCCCACAGGTCCTACATACGTACCCACCCCAGACACACAGAGCTCCTTCCTGCT
CTCACACCAGACTGAGCTGETGCCCAGACATTTCCCCTAGCACTAACCAACTCTTTCARAARATACATTITTCTCTAARAAGA
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FIG 6 (Cont.) 2

ACAAGTTTAARCAARGTTGACTCATTTTAAGAACTGTTTAGAAGATAACCTTGTGITTATTAATTATGTATTTGCAGARAT
TGGAGGCAGARGGTTACCAACATTGCCTGGETGTCCAGCCAGGAGGTAGAGCETGGTGGCATCCAGBACCTTCCTCCAACTC
CTGCCTGECGTGETTTTTATTCATCTTTGTATTCCCAAGAAACTTCTCAGTGT CTCAGGAGTGT TAGGCACTCAGTACETG
TPTGETAGTTACATGAATGAATGCATAATGACTAAGTGAGTTAATGGATGAAGCTAATTGT CTCTCCCTTTTGCTTTTCCA
GAGCTTZCCAAGGTGARAGTGTTGGACACTCTTTCTTCATCTCAGATTTAATCAACTAAGAATGCTGCAARTTGAACACCA
GTCCRACAAAACTCAGGAATACATGAAAAGCATTGTGCCTTATTTTTAACTAACT CARATTCTATGTCAGTCTCCCTTTTAT
GCTGEATGTTGGCGCTARATCTCAGTEGGTTCCTCATTCTGCCAGACCTGTGT CCAGTTTGGGEGCTTCACATAGRAGCCAC
CCCATCACAGGAGAGGGRAGGGTCTTGCTCTTGETTGCCATCACTCCACCCTCTTGTCTTCCGAGCTTTGATGT TCACTTT
CCTTTTCACCACTCGGARGCTTCCTGCCATGATACATTGAGACCTCAATGTTAATGCCAATTGGGETTTGEEGTTCTCATA
ARCTCAGBAGTCCAGGAARATCGCCTGCTGCCTCCCACRACACTCTGAGGGCAT TCTGGAATCCTACCACTTACCTGGRGC
CTGCTGGCCTCAACTGTTT TGARGT CTGTGTCTEGGCCATGCAGGTAAATGGGAGGATGT TCTGTGGCCATARRRATACCC
GARGTCCCACCTARAGTTGATGCAGGGTCTTCTGCATTTCATTGCARAATTGT TCTATCATTTCTATAGTTTTCAGCCTAC
AGTCAGGGGCCAGGACTTTGCACCCTTGGTAAACCTCAATCTCTTCTCCTTCCTGGCTTCTACTCCTTTCTCCCTCAATCC
CAAATCAAGGCCCTTGATTGTCTGGAGGTAGGARAGCCTCCTTCTGGCTCATGATATAGT CTACATCATAGCCTTTGTCAT
CTCATGGATTCACTCAACAACCETGTETGGATGEGGCCACCCARTATGTGCCAGGAGT TGAGGACACGCAGGCT TATGATG
ATGARATAGATAMGGGGCCCACACTCACGGACCCTGCAGGACAGTGEAGCTGTGGRCCCAGCATGCGAGTARAGRCCCAGT
GAGCTCACCAGACAGATCATTTARATCAGGTG

SEQ ID:6

>STARG
TGACCCACCACAGACATCCCCTCTGGCCTCCTGAGTGGTTTCTTCACCACACCTTCCAGAGCCAAATTANACGT TCACTCT
ATGTCTATAGACARARAGGGTTTTGACTAAACTCTGTGTTTTAGAGAGGGAGTTARATGCTGTTAACTTTTTAGGGGTGGG
CGAGRGGGATGACAAATAACAACT TGTCTGAATGTTTTACATTTCTCCCCACTGCCTCAAGAAGGTTCACAACGAGGTCAT
CCATGATAAGGAGTAAGACCTCCCAGCCEEACTGTCCCTCGGCCCCCAGAGGACACTCCACAGAGATATGCTAACTGGACT
TGGAGACTGGCTCACACTCCAGAGARRAGCATGGAGCACGAGCGCACAGAGCAGGECCAAGGTCCCAGGGACAGAATGTCT
AGGAGGGAGATTGGGGTGAGGGTAATCTGATGCAATTACTGTGGCAGCTCAARCATTCAAGGGAGGGGCAAGRBAGRAACAG
TCCCTGTCAAGTAAGTTGTGCAGCAGAGATGGTAAGCTCCAARATTTGAAACT TTGGCTGCTGGAAAGT TTTAGGGGGCAG
AGATAAGAAGACATAAGAGACTTTGAGGGTTTACTACACACTAGACGCTCTATGCATTTATTTATTTATTATCTCTTATTT
ATTACTTTGTATAACTCTTATAATAATCTTATGRARACGGAAACCCTCATATACCCATTTTACAGATGAGARRAGTGACAA
TTTTGAGAGCATAGCTAAGAATAGCTAGTAAGTAAAGGAGCTGGGACCTAAACCARACCCTATCTCACCAGAGTACACACT
CTTTTTTTTTTTCCAGTGTAATTTTTTTTRAAT TTTTATTTTACTTTAAGT TCTGGCATACATGTGCAGAAGGTATGGTITG
TTACATAGGTATATGTGTGCCATAGTGGATTGCTGCACCTATCAACCCGTCATCTAGGTTTAAGCCCCACATGCATTAGCT
ATTTGTCCTGATGCTCTCCCTCCCCTCCCCACACCAGACAGGCCTTGGTGTGIGATGTTCCCCTCCCTGTGTICCATGTGTT
CTCACTGTTCAGCTCCCACTTATGAGTGAGAACGTGIGETATTTGET I ICIG I ICCIGTGTTAGTTTGCTGAGEGATGATG
GCTTCCAGCTTCATCCATGTCCCTGCAAAGGACACGATC

SEQ ID:7

>STAR7
ATCNTGCCAGCTTAGGCGACAGAGTGAGACTGGACATAATAACARTAATAATAARAATAAATARAATARAACAATTATCTGA
GAGGRAAAAATTTGATTCATAATAARAGAGAATARAGGTTTTTGECGTGTTTGTTTTCTTTITCACCTAAGARACAGCTGTTCCC
CTCATTGGGTTAGTTTTATTTGCAAGCAGAAATCATCTCCGCATGAT T TCCAGGGTGATGGAARACTGAATATGARTCCAC
CTTCTGCCATCTATTCACTTGTCACAT TTAATARGACACTCATGCCTATTTTAGCATGTTTTCTTCCCTACCRAAATGAGTT
AGTAACATCAAGAGATTAARATAACACAAARTARGARCATTGARGGTATTCARATGTTACATACARATATTAAACACAATAT
TATTATAATTATTCCTGGARATGACATTGCCTCTACTCTCAAGGTARAGGTCATTTTTCTTGAT ITAAACTT TTTTCTCAA
GTTTGAAATCTCTAAGTTTCAACCCGTAATCTATTTGCAAGTTTGTGCAAATTTTAGGGAT TGAATCCATAGTAATTAGTG
ATTTATTGTGCGTGTAGGGAGACAAGT CARAAGRAT CAGGACTGCTAGGTAGATGACTARGGARAGGATGGTTCACGAGGTG
ACATAARGCACTCAGAAGARARAAGGTCAGGAAACGGAGGACAGAARAAAACCTAACTTCTGCTGGGTGATGCTGAATTTGT
CATCACAARATCTGCATTGTGGAAGCTTTAGCTATTGAGGAGATTGCT CAAGTGTAGARACT GAGARCAATAGGCAGTGAAC
CCGRGAGAACATCAAGAGACTGAGAGAAAATGAACCAGACTTCCAGGTGCTCCATGTTCCAACCRACATTTTIGTATTGTICA
GAAGGAATTGAGAGGCAAAAGGAAACCCAATARAARATAARACAGGAARGGGCATACATGAT TACCACCCCTTTTCTCACC
ABCTGCTCATGGACCAGCTTTCTCCTAGTGCTATTTTCTTGGTCACTGCATCACTCTGCTARCATAGTTTCCCCACTAGCT
CTGAGGCTGTCCCAGAGGGGARGCCAGCTETCATCTCCTTCTTCCACACTCTGTTGGAGGARCCTGTCATTAGCAGCTCCC
TACTAAACGCATTTATGACAAACAGGCAGGAGATARTTARCTAGAAAGTGAACAAACTCAAACTTCAGAGCCTCTCATITG
TATGRATGCCCTTETAAGGTCTTGGGCCTATTTTAATATTTATARATGTGTTATTTTCTTCTARAGAAAACCACCARATTG
TATAAGCTACACAATCTGCAANACTGAGGTCCATCCATECACTCAGGATACATTCATAGCATCTCTGAGCTGGAARATATC
TTAAAGGTCATATATGTCCTCCAACACTGCAAGAATCTCTCTGGCAGCATTCTTTTARAATCATCAT CTAAAAGAGGGAAA
TCCCCAGCTGTGTTTGGATTTTGCTCIGTCACTTGTCCAGTTTCCCCATCCATAARAGGGCARCAATATGARTTTCCTGAT
AAGGTAGTTGTTAATATAAATACRAAGTGCCTAGCCACTTCCCTAAGARARATATCGGGT TTCIGCTTCACAGT CTAGGGA
GAGGAAAMARANGGGGGEETCAGAAGTGATTATTATTATCATTCTATATTGGRAATGT TTTCAGACATARRAAGCT CACCACG
TCTTAGGCCAGACAGATGCATTATGARAGT TARGCTAAGT CTTCCTCATCATGAGCTGCACCTATATCCCCATTACTTCTT
CTAGARACTGCATAATTTATTTATTCTTTCTTCARAAGT TTGAGAGAGCCATTCTTGTCCTCTAAGATTTTTTTTTTTTTTT
TTGGAGACAGAGTCTCCGTCTGTTGCCCACGCTGGAGTGCAATGGCACTATCTCAGCTCACTCCARCCTCTGCCTCCCAGA
TTCRAGTGATTCTCCTGCCTCAGCCTCCCGAGTAGCTGGGATTACAAGCACGCACCACCACRACCAGCTAATTTTTCGTAT
TTTTTAGTAGAGACGAGGTTTTACCATGTTGGCCAGGCTGETCTTGAACTCCTGACCTCGGGTGATCCACCCACCT
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SEQ ID:8

>STARB

GAGATCACCTCGAAGAGAGTCTAACGTCCGTAGGAACGCTCTCGGGT TCACAAGGATTGACCGRACCCCAGGATACGTCGC
TCTCCATCTGAGGCTTGCTCCAAATGGCCCTCCACTATTCCAGGCACGTEGETGTCTCCCCTAACTCTCCCTGCTCTCCTG
AGCCCATGCTGCCTATCACCCATCGGTGCAGGTCCTTTCTGAAGAGCTCEGGETGGATTCTCTCCATCCCACTTCCTTTCCC
AAGARAGARGCCACCGTTCCAAGACACCCAATGGGACATTCCCCTTCCACCTCCTTCTCCARAGTTGCCCAGGTGITCATC
ACAGGTTAGGGAGAGAAGCCCCCAGGTTTCAGT TACAAGGCATAGGACGCTGGCATGARCACACACACACACACACACACA
CACACACACACACACACACGACTCGAAGAGETAGCCACARGGGT CATTARACACT TGACGACTGTTTTCCARAAACGTGGA
TGCAGTTCATCCACGCCARAGCCAAGGGTGCAAAGCARACACGGAATGGTGGAGAGAT TCCAGAGGCTCACCAARCCCTCT
CAGGAATATTTTCCTGACCCTGEEGECAGACGTTGGAAACATTGAGGACA ' I CTTGGGACACACGGAGAABCTGACCCAC
CAGGCATTTTCCTTTCCACTGCARATGACCTATGGCEEEGECATTTCACTTTCCCCTGCAAATCACCTATGGCCAGGTACC
TCCCCBAGCCCCCACCCCCACTTCCGCGAATCGGCATGGCTCGGCCTCTATCCGGGTGTCACTCCAGGTAGGCTTCTCAAC
GCTCTCGECTCARAGARGGACARTCACAGGTCCAAGCCCARAGCCCACACCTCTTCCTTTTGTTATACCCACAGARGTTAG
AGAARACGCCACACTTTGAGACARATTAAGRGTCCTTTATTTARGCCGGCGGCCARAGAGATGGCTAACGCTCARAATICT
CTGEGECCCCCAGGAAGGEGCTTGACTAACTTCTATACCTTGGTTTAGGARAGGGGAGCGCAATTCARATGCGGTAATTCTAC
AGAAGTARAAACATGCAGGAATCAAAAGAAGCAAATGCT TATAGAGAGATAAACAGTTTTARAAGGCARATGGTTACARAR
GGCARCGGTACCAGGTGCGGEGCTCTAAATCCTTCATGACACTTAGATATAGETGCIATGCIGGRCACGAACT CAAGGLYY
TATGITGTTATCTCTTCGAGAAARATCCTGGGAACTTCATGCACTGTTTGTGCCAGTATCTTATCAGTTGATTGGGCTCCC
TTGARATGCTGAGTATCTGCTTACACAGGTCAACTCCTTGCGGAAGGGGGT TEGGTAAGGAGCCCTTCGTGTCTCGTARAT
TAAGGGGTCGATTGGAGTTTGTCCAGCATTCCCAGCTACAGAGAGCCTTATTTACATGAGAAGCAAGGCTAGCTGATTAAA
GAGACCAACAGGGAAGATTCAARGTAGCGACTTAGAGTARARRCARGGTTAGECATTTCACTTTCCCAGAGAACGCGCARA
CATTCAATGGGAGACAGGTCCCGAGTCGTCAARGTCCCAGATETGGCGAGCCCCCEEGAGEGAAAAACCCTGTCTTCCTTAG
GATGCCCGGAACAAGAGCTAGGCTTCCGGAGCTAGGCAGCCATCTATGTCCEGTGAGCCEGCEEEAGGEAGACCGCCEGEAG
GCGARGTGGGGCGGEGGCCATCCTTCTT TCTGCTCTGCTGLTECCEEEEAGCTCCTCGCTGGCETCCARGCGECAGGAGECT
GCCGETCCPGCAGGECGCCETAGAGTTTGCEGTGCAGAGT

SEQ ID:9

>STARY
ATGACCCCCCAAARATGATCCTCTGGCTTATCGACAACCTGATGCAGCCCAGGAAATGCCTGCAACATGCCCACTAGCAGCT
GGGRACCCCTCTGTGAGGAAGAGAACETTTTACATTAAGRAARACCCTTTGT TTTGCAGCAGAGACTATTCAGGTCACACATG
PGTGECCTCTCAGTTCTTTCAGCCATITGANGTTCTCTATCCTTGCTGEGAGGCTCAGCT CTCCATGGARACCTGGTCCGA
TAGTGAGAGGAGCAGACCCTCTGGAARCACCTTTTTACACCTGACCAARGCAGCCAGTCATGGGCCAGTCGATGCRACRRGE
TCAACCGGTGCATTCTGGCCCCTCAGAAAAGCAGCCCCCEGGARGGTCAGGAGGACGCTGCTGACTCCCTCTTCCCCTECA
GCCGCCCCAAGCACACCCAGGAGCCCTGCAGGTTTGECT TCACCAGGTGCCAGCACCETCCCACGATGCTIGCATTICTTACG
AGCTCCTGGAGGALGCAGATGGTCCTGGTCAGAGGCTGCATTCTGAGTAT CAGGAGCCATGEGGCARCGTTTCTGCGATTG
AGGRARGGGGCATTTCTGGGETGECCACAACAARAGGTCTTTGGCTGAGCTGGAGCATCCGCCTCCATCAGTGTTTTCCGGCA
ACTGTACTATCCALCGTCTTCCCTTCCCACAGCTGACCATGGCTTTGGRAAAATGCTCTGARACTTTCTTTTCAGARGAGTT
GACTCCCAACTCCACACTTAGGEGAAGTCAAGCCTACTTCTCAGAATT CAGAGANGGCATARAAAAAGAATT CATTTCTAAA
GGCCCTTTAGAAGTARACT TCAGGTCTGACAGCGGCCAGCTAATTTCTGGTCGCCTICCAGGAATCT TCTGACTGCAAARAR
AAAGCATTTACCACCTGAACACAAACCCAGTTACAGATAGARRAACATAGTCATTTARATAGAATATAAGCATCTGGCCTC
TGCCCATCATAATGGAGTAACACAAAAATCTATTTTCARRAGGAAACTAAATATTATTGACCAARACATCGAATGGGGAGAC
CTCAGGGTGATACAGCTCTTGCCTGGATGGAATTTGTAAT CARGAGGATGAGACACGATTGTAACTTGTGCCAATGTGRAA
GGGTTTGCTCAGGTATCATTCATTTTGCTTAAATGCATGGGTAATTTCCAAAGTTCTT TGGAGCTGAATTTCACAATTTAG
TGCAGGTCCTGGTGAGCCCACCTTGACTTATCT CACAGTACAATGCAGTGGCETGCCTACAATGCTGGGCARGAGRAGCCA
ATGTCAACAGCCCAGGAGTGGCTGGETCCTTACCAGGCT CCCAGGCATGCT TCATGGTGGGCCCTGGECTGGGAGCAACAG
CACCTTTGCCTGGTCCATGAGTATCTGGGTCAAACTCTCCTGTGGACACAGAAGGCCATGGCGACAGGCATTCCCAGGAAA
AGAMAAGGGCAGCAGCTGARATCGTCAGGTGGAGAAGGCAGTCATCCTTGCTCAGTCAACTCTARTCCGGCTGCCTCCTCC
TCAGCTTCAGGGTGAACCTCTCCTAAGCTGTGTCTTTGGTATCTGATGGGCATTACGTGCTGGTGAARAAGCTGEAGGETC
CTTTGGGATATTACAGBAGCCCAATCTAGCCTTGTATTCAATATCTAGGCACTY CLCACCCCTGARGTTCTACGTITCCAGA
TTTCTGARARCATCGGABAGCATGTGTGTEATET CTGAGGTCCCCCTCAGCCTCTGGTGTAGGETTAGGAGGGCTCTARAG
GGTGECAGCTCCAGTGTCCCAGTGGGGCCTGARGTTGGTCCCIICCCTTCCCAGCTCCCATCCATGGTITAGCCCRATCCC
TTCCGTACCTAAGAGTACTGCACATGGATGCT CCACCGCAGAGCCT CTGCTCCACTCCCAGGAAGTG

SEQ ID:10 !

>STAR10
AGGTCAGGAGTTCAAGACCAGCCTGGCCAACATGGTGARACCCTGTCCCTACAARRAATACARAAATTAGCCGGGCGTGGT
GGGGGGCICCTATAATCCCAGCTACTCAGGATGCTGAGACAGGAGAATTGTTTGARCCCCGGAGGT GGAGGTTGCAGTCAA
CTGAGATCGCGCCACTGCACTCCAGCCYGGIGACAGAGAGAGACT CCG L CTCARCAACAGACAARCAAACAAACARACAAC
AACRAAAATGTTTACTGACAGCTTTATTGAGATAARATTCACATGCCATARAGGTCACCTTCTACAGTATACAATTCACTG
GATTTAGIATGTTCACRAAGTTGTACGTTGTTCACCATCTACTCCAGARCATTTACAT CACCCCTAARAGAAGCTCTTTAG
CAGTCACTTCTCATTCTCCCCAGCCCCTGCCARCCACGAATCTACTNTCTGCTCTCTAT TCTGAATATTTCATATAAAGEAG
TCCTATCATATGGGECCTTTTACGTCTACCTTCTT TCACTTAGCATCATGT TTTTAAGATTCATCCACAGTGTAGCACGTGT
CAGTTAATTCATTTCATCTTATGGCTGGATAATGCTCTAT TGTATGCATATCCCTCACTTTGCTTATCCATTCATCARCTG
ATTGACATTTGGETTATTTCTACTTTTTGACTATTATGAGTAATGCTGCTATGAACATTCCTGTACCAATCGT TACGTGEA
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CATATGCTTTCAATTCTCCTGAGTATGTAACTAGCGTTGGAGTTGCTGGGTCATATGTTAACTCAGTGTTICATTTTTTTG
AMGARCTACCARATGGTTITCCAAAGTGGATGCARCACT TTACATTCCCACCAGCAAGATATGARGGTTCCRAATGTCTCTA
CATTTTTCCCAACACTTGTCGATTTTCTTTTATTTAT TTAT TTATTTATTTATTTTTGAGATGCAGTCTCACTCTEGTCACCC
AGGCTGGAGTGCAGTGECACAAT TTCAGCTCACTGCAATCTCCACCTCTCGGGCTCAAGCGATACTCCTEGCCTCRACCTICC
CGAGTAACTGGGATTACACCCECCCACCACCACACCAAGCTAATTT TTGTATTTTTAGTAGAGACGGGCTTTCATCATGT
CGGLCAGGENTGTACTCGAACTCTGACCTCAAGT

SEQ ID:11

>STARLL

GATTCTGGGTGGGTTTGATGATCTGAGAGTCCCTTGAATARAAAGAAT TCTAGAARAGCT GTGARACTTCACCT TTCCCCT
ATTCTTAACCTTACTTGCCTTTEGEAGGCTGAGGCAGGAGGATGACTTAAGGCCAGGAGT TTGAGAATGTAGTGAGCTATG
ACCACACCGETTACACTCAAGCCTGCGCGAGACCACARCARARACCTTACCTGCCAACTGCT CCATGCTGGARATTTATTT
CETTTCTTGEATTGTGGARAGAACTGGCTTACTGAAAACCACACTTCTCTARARCCCT TCTTCCAGTTAGGTGTTAAGATT
TTAACAGCCTTTCCTATCTGAATAAANACTGCACACARAGAARCT TAAGAGATGTCARCARCTCATCTGTTTGTTACARG
ATGAGTCTCCATGCTTCATCGCCTGTGEEGART CCTCATCAGCGTCTAGTCGCAARGACTCCTGTGTGCTCACCGAARCGT
TCCCOTTCCTCCAGGGCACACAGTCACATGGAT T TCCCATGCACCCTEGCAGCTCAGCAGGAGT CCATGACT TAAGARGGC
CAATGGACTGTGGGTGAAGTCTGTGGACGGEGAAGCCACATGCGTCACT TCCAGGLCTEEECETGTGCATCCTCCACTCTC
TPCCCCTETGEETCCAGARGGCGGEECAGAGGGCCCTGAAACCTTGGAGGT CECTGGAGCCCARAATGAAGGAGCCTGGEC
CTCTGGGTCTTCATGTAAATTTAGGTAACACTGAACTCT CAGGTGAACAAGAAATARACGTCAAATGTAT 'CAGTCGATTA
GATTTGETGATGETTGI ' ACAGCGETTACCCTCCCTCARCATAATAAAT TTTCAARCAACTCATAATGGCTCACTCATGTA
TAAMATATTCCATATGAAATCCCGGGATALCATGCT TATTCTAGCTCAAGCT TAATCAGAGTAGT CCATCTGAGGGAGGAG
ATAGTAGAGEGCAGCAAGGEGGTTGTCACTGAAGATAACTAGCCTTGCTARAAGAATGGTTGAAGAAGTGAGCTACAGATAG
GGTAAATCCACATCTCAGACATTCTGTGATGGTCCTGATATTATCCTAAAGTARARTGTAGAGTTGAACCATTTTRAATTAG
ATTCTAGAATTCTATTAATTTATAAGATGGGCATTTCCACAAAGGACTARACARAGTACAAGAGGATTARATARTCATCCA
CATGGGACGCACCECCTTGCACTTTAAAATGATGGAGCT TALCAAGACTGGCTGTGGATATCTGTCCCTGGGAGGET TTTT
TCCCCCATTTTTITCCTTTTTGAGACATGTTCTCGCTATGTTGCCCAGGCTGETCTTGANCTCCTEGGCTCAAGTGATCCT

SEQ ID:12

>STARLZ
ATCCTGCTTCTGEGAAGAGAGTGGCCTCCCTTGTGCAGGTGACTTTGGCAGGACCAGCAGRARCCCAGGTTTCCTGTCAGE
AGGAAGTGCTCAGCTIAT CTCTGTGAAGGCTCGTGATAAGCCACGAGGAGGCAGGGGCTTGCCAGGATGT TGCCTTTCTGT
GCCATATGEGACATCTCAGCTTACCTTCTTAAGAAATAT TTGGCAAGRAGATGCACACAGAATTTCTGTAACGARTAGGAT
GGAGTTTTAAGGGTTACTACGAARAAAAGAARACTACTGGAGAAGAGGGAAGCCAAACACCACCAAGT TTGARAT CGATTT
TATTEGACGAATCTCTCACTTTAAATTTARATGGAGTCCARCT TCCTTTTCY CACCCAGACETCGRGRAGGTGGCAT TCAA
AATGTTTACACTTGTTTCATCTGCCTTTTTGCTAAGTCCTEETCCCCTACCT CCTTTCCCTCACTTCACATTTGTCGTTTC
ATCGCACACATATGCTCATCPTTATATTIACATATATATAATT T TATATAT GGCTTGTGARATATGCCAGACGAGGGATG
AAATAGTCCTGARAACAGCTGGAABATTATGCAACAGTGGEGACAT TGGGCACATGTACATTCTGTACTGCARAGT YGCAC
BACAGACCAAGTTTGTTATAAGTGAGGCTGEGTGGTTTTTATT TTTTCTCTAGGACAACAGCTTGCCTGGTGGAGTAGECC
TCCTGCAGARGGCATTTTCTTAGGAGCCTCARCTTCCCCARGARGAGGAGRAGCGCEAGACTEGGAGT TGTGCTGECAGCACA
CAGACARGEEGGCACGECAGGACTGCAGCCTGCACAGGGGECTGGAGRAGCGGAGGCTGECACCCAGTGECCAGCEAGGLCC
AGGTCCAAGTCCAGCCAGGTCGAGGTCTAGAGTACAGCAAGGCCAAGGT CCARGETCAGTGAGTCTARGGTCCATGGTCAG
TGAEGCTGAGACCCAGGETCCAATGAGGCCAAGGT CCAGAGTCCAGTARGGCCGAGAT CCAGGGTCCAGEGRGGTCAAG

SEQ IN:13

>STARL3

CTGCCCTGATCCCTTAATGCTT TTGGCCCAGAGCACCCCGCTAAGTCCAACCCCAGAGGGGCCTCATCCGCRAAGCCTCGE
GARGAGGACRAGTGACGEAGGLGGCTGCCCTGTGAGCTGCACGGGGCAGAATGTCCITTTEGCGT CATGTTGGATCTCCACA
CATCCATATGGGGTCAGTTCTATTAGGAT T CCTTCGGGANGACGTAGAGGGTAGGAGGGETTAAGCCACGAGACGRAGGCAT
GCAGAGGGETGGCCTGGATGGGTCTGCACTGCTGTCCATGCACACGGGGAGCETTGCARAT TGTGCTTCCCAGCCCATAGT
GCCCCCACAGAGGAGCCCGGEAGTCCCTEETGEECGTCTGIGTTCCTGCAAGGAGCCAGTGEGAGATGGCCCCGTERACTCT
CATCCCCCTTGCCTTGGTGGGGTCTCTGECAGGTTTATGGAGCCGTACATCTTTEGEAGCCGCCTGGACCACGACATCATC
GACCTGGAACAGACACCCACGCACCTCCAGCTGEGCCTTGRACTTCACCGCCCACATEGCCTACCGCARCGGCATCATCTTG
TPTATAAGCCGCAACCGGCAGTTCTCGTACCTGATTGAGAACATGGCCCGTCACTGTGGCCACTACCGCCCACACTCGCTAC
TPCAGCGGCGGCATGCTCGACCAACGCGLGCCTCCTCTTTGGCCCCACGGTCCECCTGCCGEACCTCATCATCTTCCTGCAC
ACGCTCAACAACATCTTTGAGCCACACCTGGCCETGAGAGACGCAGCCAAGATGAACATCCCCACACTGEECATCETGGAC
NCCAACTGCAACCCCTGCCTCATCACCTACCCTGTACCCEGCAATGACGACTCTCCGCTGGCTGTGCACCT CTACTGCAGG
CTCTTCCAGACGGCCAT CACCCGECCCAAGGAGARGCGGCAGCAGGTTGAGGCTCTCTATCGCCTGCRAGEGCCACRAGGAG
CCCGGGGEACCAGGEECCAGCCCACCCTCCTEEEECTGACATGAGCCATTCCCTGTGATGTTCACTCTCCTCCCARAGCARR
CCACAGCCAAGCCTGTCTGAGCTGEGAGTCCCCTTCCCCAGCCCTEGGTCAGCGGCATCCTCAGTCGTTGTTACTTACTCA
GCTGATGTCACAGTGCAGACATCCACCGTTCCACCACAGAACCAGTGECTGAGCGGACCARCGTTGCCATGTGCETTTGCT
CTETGEGEAACAGAGCACAGAGGETGAGCEACATGTGCAGRACEGCCCCTTGEUTGCAGT TAGGACCTCAGTGGCT

SEQ ID:14
>STAR14
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AGCAAGGACCAGGGCTCTGCCTCCCCAGTCAGCATGAGCAGAGCAGACTCCITTGAGCAGAGCAT CAGGECAGARATAGRA
CAGTI'ICIGAARIGAGAAAAGACAGCATGAGACCCAARARTGTGATGGGT CAGTGGAGRAGAARCCAGACACACATGAARAT
TCGGCGARGTCACTCTCGARAT CCCACCARGACCCGECTACAANGETGGTGCACCGGCAGEGCCTGATGECCGTCCAGRAG
GAGTTCGCCTTCTGCAGACCTCCCCCGETTAGCARAGACARACGTGCAGCCCAGRAGCCT CAGGTCCAAGGTCACGACCAC
GACCACGCAGGAGAAGGAGGGCAGCACAARGCCAGCAACCCCCACCGCCCTTCAGAAGCAGACAGARTARAAGTGGGATT
ARAAGGAACGCCAGCACCGCAAGGAGEGEAAAGCGAGT CACGAGCECCETACAGECGCCCGAGECGTCCGACTCCAGCAGC
GACGACGCCATTCAGCAGGCCATCCAGCTGTACCAGGTGCAGAARACACACRAGCAGGCCEACGGGGACCCGCCCCAGAGGE
GTCCAGCTCCAAGAGGAAAGAGCACCTGCCCCTCCCGCACACAGCACAAGCAGCGCCACARAARGTGCCTTGCCAGAGNCC
CRCAGGRARAACACCCAGCARGAAGAAGCCAGTGCCCACCAAGACCACGGACCCTCETCCAGGG

SEQ ID:15

>STARLS

CAGTACATGCAGAACTGAGTCCARACGAGACGGACAGCAAACCCGGCAGTGGGCTCCCAGACATTCCT GGGGEARAGGGAT
CCTAACCACAGGCAGTTAAAGTCATCTCCTCCAACCCT CTATGACRCAGGCTGTGCGCTGTCALTTARRAGCTGAGTGRAAA
TTTAACCCT TTTCCCATTTAGARAANCAAAGCGCAGCTGGCTGCCAGCACTCATTTAATTT TACATAARCGTGCTCTTTGA
GGCTGAAGCAAATCTGACTGATTTTCAATGTGAAARTARAATGTARAAACTGTTCTTGGAATTATTTCTAAACAGARCATC
AGAATCGTCTGAATCATCAGAATCGECTATTTTGGAAAAAT CGGATTCATCARACGAATCTTCGGCCAACAACTGTTAGAG
AACGATGTTAACACCACGCATAGGAATGTTACATTTTCTAGAATTTGACATTTTCATTGACGGAAAATTACTGTATCTTGT
ATATGGAAATACCACTACTAAAAACATAATGCTATAAATAGAATGATGTCTTTTGTTTCCAAAGTCAATATACTCGAGCRR
TGCARAAAT ARTAATAAAAGTGAGATACTTCATGGCARAGCTGCCGCAGGATARACAT TGCAGCCACAAGTGCCCCCAGTA
TTCTCGGEGCARACT GRARAAGGGCTAACAGGCAACAT I T TCATGT TAT TCTACTGAGTGCAGTAATTATTTTTARARATA
TACATGAATAATGAAAAAACTGTGGTATGGTTTTARAGARATTTCCATAACCTGGTGARACT CTTCACACAGGGTAATAGG
TTCATAAAGCCTTCGTCCTCTGCARMACARGCATCAACT TGACAATGACTAAARCARGCAACAGCARAACYGTCACGCATT
TGGAGCCATGGCCTGGETTGGGCCEETGTARAGCTCTCCGCCCTCTGGAGCARGTCTGEGCCCCAGCGECTGGCATGTGEE
CACTGCAGGGCCTGGETTGGECAGETCTGCAGCT CTCCGTCATCTGAGCCTAGTCTGAGGCCTGE GGLLGGCACETGGEGC
CCTGCAGGGCCTCTACTTCTCACCCCAGCTCCACTTCCCTCCCTGCCCT CACTGGGTCTCACAGAGCCAATGRACACT GGG
GTCAGATTCAGGGCCCAGCATCCACTGCAGTGGGCACTGCCCTTCCACAAGGCCTGECTCCAGGRAGCAACCCCCACCTCA
GCCACACAGTAGGGCARCAGGAAATCCCATTCCCCCATGCCAGTGACTACACCAGGGARGGGGCTCACGTGAGGCTGGCCC
CAGGCCIGCTETGAGACCECET LG ICIAYGAGCTTEGATTTARGGRACT TGGGAGCRAAGRAGCTTTCTTTCATTACGGGCC
ACCAGCAGGGAARAAAGTTAGCCCARCGCACT TGACAGTCACACCCCCACCAGGACCCCAGGGCACAGARGCGAGGGAAGRG
GACAACAGAGGATGAGETGGGECCAGCAGAGGGACAGAGAAGAGCTGCCTGCCCTGGAACAGGCAGARAGCATCCCACGTG
CRAAGAAARAGTAGGCCAGCTAGACTTARAATCAGAACTACCGCTCATCAARAGATAGTGTARCATTTIGGECTGCTATAATT
TTAACATGTCCCCCARRAGGCATGTGTTGGAAAT TTAATCCCCAARCARACCAGGGCTGGGAGGTGGAGCCTCATGAGAGGT
GETGAGGCCATGAGGCTGCAGT GAATGCATGAATGCCATTGTCTCGGGAATGGGCCTCTTCTACRAGGATGAGT TCAGCCT
CCCTTTCTCTTGCTCACCCTCTCTTTGCCCTTTCGCTAGGGAGT GACGTARCARGAAGGCCCTCACAAGATGCTGGCACCT
TGATCTTGGACIC

SEQ ID:16&

>STARL6

CGCCCACCT CGGCTTTCCARAGTGCTGGGAT TACAGGCATGAGTCACTGCGCCCATCCTGAT TCCARGTCT TTAGATAATA
ACTTAACTTTTTCCACCAATTCCCAATCAGCCAATCTTTGAATCTGCCTATGACCTAGGACATCCCTCTCCCTACAAGTTG
CCCCGECGTTTCCAGACCARACCAATETACATCTTACATGTATTGATTGAAGT TTTACATCT CCCTARARCATATARAACCA
AGCTATAGTCTGACCACCTCAGGCACCTGTTCTCAGGACCTCCCTGEGGCTATGGCATGGETCCTGGTCCTCAGAT T IGGC
TCAGRATAAATCTCTTCAAATATTTTCCAGAATTTTACTCT TTTCATCACCATTACCTATCACCCATAASTCAGAGTITTTC
CACAACCCCTTCCTCAGATTCAGTARTTTGCTAGARTGCGCCACCARACTCAGGARAGTAT I'I''ACT TACAATTACCAATTT
ATTATGAAGAACTCARATCAGGAATAGCCAAATGCARGAGGCATAGGGAAAGGTATGGAGGARGGGECACRAAGCTTCCAT
GCCCIGTGTGCACACCACCCTCTCAGCATCTTCATGTGTTCACCAACTCAGRAGCTCTTCARACT T TGTCATTTAGGGGT T
TTTATGGCAGTTCCACTATGTACGCATGGT TGATARATCACTGGTCATCGGTGATAGAACTCTGTCT CCAGCTCCTCTCIC
TCTCCTCCCCAGAAGTCCTGAGGTGGGGCTGARAGTTTCACAAGET TAGTTGCTCTGACAACCAGCCCCTATCCTGRAGCT
ATTGAGGGGTCCCCCARAAGTTACCTTAGTATGETTGGRACAGGCT TATTATGAATAACARANGAT GCTCCTATTTTTACC
ACTAGGGAGCATATCCAAGTCTTIGCGGGARCARAGCATGCTTACTGGTAGCAAATTCATACAGGTAGATAGCAATCTCAATT
CITGCCTTCTCAGAAGRAAGAATTTGACCAAGGGCCCATAAGGCAGAGTGAGGGACCAAGATAAGT T TTAGAGCAGGAGTG
ARAGITTATTAAARAGTTTTAGECAGGAATGARAGAAAGTARAGTACATTTGGAAGAGGGCCARGT GGECGACAT GAGAGA
GTCARACACCATGECCTGTTTGATGTT TGECT TCGCCGTCTTATATGATGACATGCTTCTGAGGGT TGCATCCTTCTCCCCT
GATTCTTCCCTTGGGGTGGECTGTCCGCATGCACARTGGCCTGCCAGCAGTAGGGAGGGGCCGCATG

SEQ ID:17

>STARLY
ATCCGAGGGGAGGAGGAGARGAGGARGGCCAGCAGEGCGCCGGAGCCCEAGGTGTCTGCGAGAACTGTTTTARATGGTTGG
CTTGAARATGTCACTAGTGCTAAGTGGCTTTTCGGATTGTCTTATTTATTACT TTGTCAGGT TTCCT TARGGAGAGGGTGT
GITGGGGETCCGECAGGAGCTGCACTGEGGARACCTCTGCCTTTCTCCTCCTCEGCTGCACAGGGTGAGTAGGAARCGCCT
CGCTGCCACTTAACAATCCCTCTATTAGTAAATCTACGCGGAGACT CTATGEGAAGCCCAGARCCAGTGTCTTCTTCCAGG
GCAGAAGT CACCTGTTGGGRACGGCCCCCGGETCCCCCTGCTEGECTTTCCGGCTCTTCTAGGCGGCCTEATTTCTCCTCA
GCCCTCCACCCAGCGTCCCTCAGEGACTTTTCACACCTCCCCACCCCCATTTCCACTACAGT CTCCCAGSGCACAGCACTT
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CATTGACAGCCACACGAGCCTTCTCGTTCTCTTCTCCTCTGTTCCTTCTCTTTCICTTCTCCTCTGTTCCITCICITTCTIC
TGTCATAATTTCCTTGGTGCTTTCGCCACCT TARACAARAAAGAGARARAARATAAAATARAAAAAACCCATTCTGAGCCAR
AGTATTTTAAGATGAATCCAAGAAAGCGACCCACATAGCCCTCCCCACCCACGGAGT GLGCCARGACGCACCCAGGCTCCA
TCACAGGGCCGAGAGCAGCGCCACTCTGGTCGTACTTTTGGGTCARGAGATCTTGCAARAGAGG

SEQ ID:18B

>STAR1S

ATCTTTTTGCTCTCTARATGCTATTCATCCGT TCTGTTTTTTTTCCCACCTGCTAATARATAT TACATTGCAACATTCTTCC
CTCAACTTCARRACTGCTGAACTGAARCAATATGCATARAAGAARATCCT TTGCAGAAGARRAARAGCTATTTICTCCCAC
TGATTTTGAATGCGCACTTGCGGATGCAGTTCGCAAATCCTATTGCCTATTCCCTCATGAACATTGTGAAATGARACCTTTG
GACAGTCTGCCGCATTGCGCATGAGACTGCCTGCGCAAGGCARGEGTATGGT TCCCAAAGCACCCAGTGGTAAATCCTARC
TTATTATTCCCITARAATTCCAATGTAACAACGTGGGCCATAAARGAGTTTCTGAACAARAACATG I CATCITTGTGGARAG
GIGTTTTTCGTAATTAATGATGGAATCATGCTCAT TTCAAAATGGAGGTCCACGATTTGTGGCCAGCTGATGCCTGCARAT
TATCCT

SEQ ID:19

>STARLY
TCACTTCCTGATATTTTACATTCAAGGCTAGCTTTATGCATATGCAACCTGTGCAGTTGCACAGGGCTTTGTGTTCAGARA
GACTAGCTCTTGGTTTAATACTCTGTTCTTGCCAT CTTGAGATTCATTATAATATAATTTTTGAATTTGTCTTTTGAACGT
GATGTCCAATGGGACAATGGAACATTCACATAACAGAGGAGACAGGTCAGCTGGCAGCCTCAATTCCTTGCCACCCTTTTIC
ACATACAGCATTGECARTGCCCCATGAGCACARRATT TGGGGGAACCATGATGCTARGACTCARAGCACATATAAACATGT
TACCTCTGTGACTAARAGAAGTGGAGGTGCTGACAGCCCCCAGAGECCACAGTTTATGTTCAAACCARAACTTGCTTAGGG
TGCAGAAAGARGGCAATGECAGEETCTAAGANACAGCCCAT CATATCCT TET T TATTCATGT TACGTCCCTGCATGAACTA
ATCACTTACACTGAAAATATTGACAGAGGAGGARATGGARAAGATAGGGCAACCCATAGTTCTTTTZCCTTTTAGTCTTTCC
TTATCAGTAAACCAAAGATAGTATTGGTAARATGTGTGTGAGT TAATTAATGAGTTAGT TTTAGGCAGTGTTTCCACTGTT
GCGGETANGANCNAAATATATAGGCTTGTATTGACGCTATTARATGTAAATTGTGGAATGTCAGTGATTCCARGTATGAATTA
AATATCCTTGTATTTGCATTTARAATTGGCACTGAACAACAAAGATTAACAGTARAATTAATARTGTAARAGTTTARTTTT
TACTTAGAATGACATTAAATAGCAAATAAANGCACCATGATARATCAAGAGAGAGACTGTCGANAGAAGCAARACGTTTTT
ATTTTAGTATATTTAATGGGACTTTCTTCCTGATGTTTTGTTT TGTTT TGAGAGAGAGGGAT GTGGEGGCAGEEAGETCTC
ATTTTGTTGCCCAGECTGGACTTGAACTCCTGGGCTCCAGCTATCCTGCCTTAGCTTCTTGAGTAGCTGGEGACTACAGGCA
CACACCACAGTGTCTGACATTTTCTGGATTTTTTTTTTTTTTTTATTTTTTTTGTGAGACRGETTCTGGCTCTGTTACTCA
GGTTGCAGTGCAGTGGCATGATAGCEECTCACTGCAGCCTCAACCTCCTCAGCT TAAGCTACT CTCCCACTTCAGCCTCCT
GAGTAGCCAGGACTACAGTTGTGTGCCACCACACCTGTGGCTAATTTTTGTAGAGATGGGETCTCTCCACGTTGCCGAGGT
TGGTCTCCAACTCCTGETCTCAAGCGAACCT CCTGACTTGGCCTCCCGAAGTGCTGGEATTACAGGCTTGAGCCACTGCAT
CCAGCCTGTCCTCTCTCTTAAACCTACTCCAATTTGTCT T TCATCTCTACATARACGGCTCTTTTCARAGTTCCCATAGAC
CTCACTGTTGCTAATCTAATAATARATTATCTGCCTTTTCTTACATGGT TCATCAGTAGCAGCATTAGATTGGGCTECTCA
ATTCTTCTTGGTATATTTTCTTCATTTGGCTTCTGGEGCATCACACTCTCT I TGAGT TACTCAT TCCTCATTGATAGCTTC
TTCCTAGTCTTCTTTACTGGTTCTTCCTCTTCTCCCTGACTCCTTARATATTGTT TTTCTCCCCAGGCTTTAGTTCTTAGTC
CTCTTCTGTTATCTATTTACACCCAATTCTTTCAGAGTCTCATCCAGAGTCATGAACTTARACCTGTTTCIGTGCAGATAA
TTCACATTATTATATCTCCAGCCCAGACTCT CCCGCARACTGCAGACTGATCCTACTG

SEQ ID:20
>8TAR20
GATCTCAAGTTTCAATATCATGTTTTGGCAARACATTCGATGCTCCCACATCCTTACCTAARAGCTACCAGARAGGCTTTGG
GAACTGTICAACAGRGCTACAGAAAAGTCAGTARAGACCAATGGACCCCTCARACAARARCAGCCRAGCTTTTCTGCCAAAR
AGATGACTGAGMAGACTGTTARAGCARAAAACTCTGTTCCTGCCTCAGATGATGCCTATCCACARATACAARAAT TAT TTC
CCTTCAATCCTCTAGGCTTCGAGAGT TTTGACCTGCCTGAAGAGCACCAGATTGCACATCTCCCCTTGAGIGAAGTECCTC
TCATGATACTTGATGAGCGAGAGAGAGCTTGAARAGCTCTTTCAGCTGGGCCCCCCTTCACCTTTGAAGATGCCCTCTCCAC
CATGGARATCCAATCTGTTGCAGTCTCCTTTAACCATTCTGTIGACCCTGGATGTTGAATTGCCACCTGTTTGCTCTGACA
TAGATATTTAAATTTCTTAGTGCTTTAGAGT TTCTGTATATTTCTATTAATAAAGCATTATTTGTTTAACAGAAAARARAGA
TATATACTTAAATCCTARAATAARATAACCATTAARAGGRAARACAGGAGT TATAACTAATAAGGGAACARAGGACATARA
ATGGGATAATAATGCTTAATCCARAATARAGCAGAARATGAAGARAAATGARAT GAAGAACAGATARRTAGARAACAAATA
GCAATATGAARGACAAACTTGACCGGSTGTGGTGGCTGATGCCTGTAATCC

I
SEQ ID:21
>STAR21
GATCAATAATTTGTAATAGTCAGTGAATACAAACGGGTATATACTARATGCTACAGAAATTCCATTCCTGGGTATAAATCC
TAGACATATTTATGCATATGTACACCAAGATATAT CTGCAAGAATGTTCACAGCARATCTCT TTGTAGTAGCARAAGGCCA
BARGGTCUATCAACAARGRAAAATTAATACATTGTGGCACATAATGGCATCCTTATGCCAATAAAAATGGATGARATTATAGT
TAGGTTCAAAACGCAAGCCTCCAGATAATT TATATCATATAAT TCCATGTACAACAT TCAACARCAAGCAAAACTAAACAT
ATACAAATGT CAGGGAARATGATGAACAAGGTTAGAAAATGATTAATATAAAAATACTGCACAGTGATAACATTTAATGAG
AMDRANAGAAGCANGGGCT TAGGGAGEGACCTACAGGGARCT CCARAGTTCATGGTAAGTACTARATACATAATCARAGCA
CTCAAAATAGARRATATTTTAGTAATGTTTTAGCTAGTTAATATCTTACT TAAAACAAGGTCTAGGCCAGGCACGETGGCT
CACACCTGTAATCCCAGCACTTTGGGAGECTCAGGCGGGT
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SEQ ID:22

>STAR22
CCLCTTGETEATCCACCCGCCTTGEGCCTCCCARAGTGCTGGEATTACAGGCGTGAGTCACTACGCCCGGCCACCCTCCCTGTA
TATTATTTCTAAGTATACTATTATGTTAAAAAAAGTTTARAAATATTGAT TTAATGAATTCCCAGARACTAGGATTTTACA
TGTCACGTTTTCTTATTATAARAATARAAATCAACAATAAATATATGGTAARAGTAAARAGAAAARACARRARCRARRRGTG
AARRAARATARACAACACTCCTGTCAAARAACAACAGTTGTCATAARACTTAAGTGCCTGARAATTTAGARACATCCTTCTA
AAGAAGTTCTGAATAAAATAAGGAATAAAATAATCACATAGT TTTGGTCATTGETTCTGTTTATGTGATGGATTATGTTTA
TTEATTTGTGTATGTTGAACTTATCTCAATAGATGCAGACAAGGCCTTGATAAAAGT I TT' TAACACCTTTTCATGTTGAAR
ACTCTCAATAGACTAGGTATTGATGARACATATCTCAARATAATAGAAGCTATTTATGATARACCCATAGCCAATATCATA
CTGAGTGGGCAAARGCTGGAAGCAT TCCCTTTGAARACTGGCACARGACAAGGATGCCCTCTCTCACCACTCCTATTAART
GTAGTATTGGAAGTTCTGGCCAGAGCAATCAGGCAGGAGAARGAARAGGTAT TAARATAGGAAGACAGCAAGT CARATTGT
CTCTGITTGCAGTARACATGATTGTATATT TAGAARACCCCATTGTCTCATCCTAAAARCTCCTTAAGCTGATAAACRACT
TCAGCARAGTCTCAGGATACAAAATCAATGTGCAARAATCACARAGCAT TCCTATACACCGATAATAGACAGCAGAGAGCCA
BATCATGAGTGAAGTCCCATTCACAATTGCTTCAAAGAAAATARAATACT TAGGAATACAACTTICACGGGACATGRAGGA
CATTTTCAAGGACAACTAARRACCACTGCTCAAGGAAATGAGAGAGGACACARAGAAATGGRARRACATTCCATGCTCATG
GAAGAATCAATATCATGAARRATGGCCATACTGCCCAAAGTAATTTATAGATTCARTGCTAACCCCATCAAGCCACCATTGA
CTTTCTTCACAGRACTAGAARAAAACI'ATTTTARAACTCATATGTAGTCAAAAAGAGTCGGTATAGCCARGACAATCCTAA
GCATARAGAACAAAGCTEGATGCATCACGCTGACTTCARACCATACTACAAGGCTACAGTAACCAAAACAGCATGGTACTG
GTACCRAARCAGATAGAI'AGERCCGATAGARCAGAACAGAGGCCTCGGARATAACACCACACATCTACAACCCTTTGATCTT
CAA

SEQ ID:23

>STAR23
ATCCCCTCATCCTTCAGEGCAGCTGAGCAGGGCCTCEAGCACCTCEGEEAGCCTCACTTAATGCTCCTGEGAGEECAGCCA
GEGAGCATEGGETCTGCAGGCATGGTCCAGGGTCCTGCAGGCGECACGCACCATGTGCAGCCGCCCCCACCTGTTGCTCTG
CCTCCGCCACCTGGCCATGEGCTTCAGCAGCCAGCCACAAAGTCTGCAGCTGCTGTACATGGACAAGAAGCCCACAAGCAG
CTAGAGGACCTTGTGTTCCACGTGCCCAGGGAGCATGECCCACAGCCCARAGACCAGTCAGGAGCAGGCAGGGGCTTCTGE
CAGGCCCAGCTCTACCTCTCTCT TCACACAGATEGEAGAL P CIGIIGIGAL I GACTGATGTCCCCCPITGETGACALC
CAAGATAGTTGCTGAAGCACCGCTCTAACAATGTGTGTGTATTCTGAARACGAGRACTTCTTTATTCTGARATRATTGATG
CARRATAARTTAGTTTGEATTTGAAATTCTATTCATGTAGGCATGCACACARAAGTCCAACATTCCATATGACACAAAGAR
AAGAARAAAGCTTGCATTCCTTAAATACAAATATCTGTTAACTATATTTGCAARTATATTTCAATACACTTCTATTATGTTA
CATATAATATTATATGTATATGTATATATAATATACATATATATGTTACATATAATATACTTCTATTATGTTACATATAAT
ATTTATCTATARGTAAATACATAAATATAANGATTTGAGTAGCTGTAGAACATTGTCTTATGTGTTATCAGCTACTACTAC
ARRAATATCTCTTCCACTTATGCCAGITIGCCATATARATATGATCTTCTCATTGATGGCCCAGEGCARGAGTGCAGTGGE
TACTTATTCTCTGTGAGBAGGGAGGAGAAAAGGGAACARGGAGARAGTCACARAGGCARAACTCTGGTGTTGCCARRATGT
CAAGTTTCACATATTCCEAGACGGARAATGACATGTCCCACAGAAGGACCCTGCCCAGCTARTGIGTCACAGATATCTCAG
GAAGCTTABRATGATTTTTTTAAARAGAAAAGAGATGGCATTGTCACTTGT T CTTGTAGCTGAGGCTGTGGGATGATGCAGA
TPTCTGGARGGCARAGASCTCCTGCT ITTTCCACACCGAGGGACT TTCAGEARTGAGGCCAGGGTGCTGASCACTACACCA
GGAARTCCCTGGAGAGTETTTTTCTTACTTA

SEQ ID:24

>STAR24
ACGAGGTCACGAGTTCGAGACCAGCCTGGCCAAGATGGTGAAGCCCTGTCTCTACTARAAARTACRACRAGTAGCCGGGCGE
GGTGACGEGCGCCTGTAATCCCAGCTACTCAGGAGGCTGAAGCAGGAGAAT CTCTAGARCCCAGGAGGCGEAGGTGCAGTG
AGCTGAGACTGCCCCGCTGCACTCTAGCCTGGGCAACACAGCAAGACTCTGTCTCAAATAAATARATAAATARATARATAA
ATAAATARATAANIAAAIAGAAAGGGAGAGTTGCAAGTAGATCAAAGAGAAGAAAAGAAATCCTAGATTTCCTATCTGAAG
GCACCATGRAGATGAAGGCCACCTCTTCTGEGCCAGGTCCTCCCGTTGCAGGTGAACCCAGTTCTGGCCTCCATTGGAGAC
CAARGGAGATGACL'1" GECCTGECTCCTAGTGABGAAGCCATECCTAGT CCTG T TCTET T TEGGCTTGATCCTGTATCACT
TGATTGTCTCTCCTGGACTTTCCATGGATTCCAGGGATGCAACTGAGAAGTTTATTTTTAATGCACT TACTTGAAGTRAGA
GTTATTTTAAAACATTTTAGCAAAGGAAATGAATTCTGACAGETTTTGCACTGAAGACAT TCACATGTGAGGAAAACAGGA
AARACCACTATGCTAGARAAAGCARATGCTGTTGAGATTGTCTCACAAACACAAATTGCCTGCCAGCAGGTAGGTTTGAGCC
TCAGGTTGGECACATTTTACCTTARGCGCACTGT TGGTGGAACT TAAGGTGACTGTAGGACT TATATATACATACATACAT
ATAATATATATACATATTTATGTGTATATACACACACACACACACACACACACACAGGGTCTTGCTATCTTGCCCAGGGTG
GTCTCCAACTCIGEGTCTCARGCGATCCTCTGCCTCCCCTTCCCARAG

SEQ ID:25

>S1UAR25
ATAARAARATAAARAACCCTGCTCTAATTTGCAAAGCCTCTATCTTTCCTCCCAACCACCTCARATTT TAGTGARARCGGEG
GCTTCCTGTAGGAAGGAGTAGCTAGCTATCCCGGTCCGCTACAGGTTATCAGTGCGTGAATACCCTGACTCCTAAGGCTCA
GGATTTGACTGGGTCGCCTCGTCCGACTGCCCCGCCCCCAACGCEGGACCCACGTCACCECGCGCCAGCCTGCGGCCETCCT
GACCTCGCGGGAT TTGAGCTTCGGTGCCAACABACACTCCCACCGCGECTGCGTCCACT TTACCTGCCGGLGGCGACCAGT
TTCTGAAGAARAGTGTCCACCATGGTGTCGAGGAGCT TCACCCTCGARATGGTAGTGCCGEGTGECACAGATTCCGAAGAC
GACCCCTCATGCCTTTTTTCCT CACAGCCGCTGCCTAGATTGGCGCTACTTGCTTCGGCCATGT TGAAGTTGARCCTCCRA
ATCTAACTGGCCCGGCCTCCCCGCCTGCCEGAGCTCCCGATTGGCCGCTCCCGCGAAGGGTGCCTCCGATTGGAAGTAGTA
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GAACGTCTGETCACCCAGCAGGECGEEEECEEEGAAGT CATCGGAGECTGAGGECAGCGEGGAGGCEGAGGCTCTGCGLEGETE
GGATGTCCGUGACCGGAARAAT ACGCGCAAGCCARAGCTCGGGEGCTCAATARANACT TTTAATTACAT TTCAGAGACTTC
GTACAGTGCAACAGTGAATATTCACTETTAATTTTCACAAGAGTCCAT T TCATCARACGT TCAGAGAGT CTGCCTTTTCAT
PCCCTTGTTCCTCAGTGCTCCAATCAGGTTTCCAGT CTCCCAGAGETTTCTTITAGTTTTGATTACCGACCARAACTCCAG
TPTTAGGGAGAATGEAAGTCCACCGTCCCATCCCCACCARAACATATTT CAGTCARACCCAATCCCAGTCCCTARAGARTTA
GGAAAGTATGGGCCAAGGGTCCTTTTAATTATACACACATCACCCTTARAACTGCGTGTGTGTACGAGAAARTAAAGARARA
CACAAGAGGGGCTG

SEQ ID:26

>STAR26

CCCCCTGACAAGCCCCAGTGTBTGATGT TCCCCACTCTGTGTCCATGCAT TCTCATTETTCAACTCCCATCTGCTGAGTGAG
ARCATGCAGTGTTTGGTITTCTGTCCTTGAGATAGTTTGCTGAGAATGATGET TTCCAGCTTCATCCATGTCCTTGCARAG
GAAGTGAACTTATCCTTTTTTATCGCTTCATAGTATTCCATGGCACRTATGTGCCACATTTTTTTAATCCAGTCTATCATT
GATGGACATTTCCGTTGCTTCCAAGTCTTTGCTAT TGTGRAATAGCACCACAAT TAACATATGTGTGCATGTATACATCTTT
ATAGTAGCATGATTTATAATCCTTCCEGTATATACCCTGTAATGGEAT CGCTGEETCARATGGTAT TTCTAGTTCTAGATC
CTTGAGGARTCACCACACTGCTTTCCACAATGGTTGAACTAATTTACGCT CCCACCAGCAGTGTAAARGCATTCCTATTTIC
TCCACGTCCTCTCCAGTATCIGTIGTITCCTGACTTTTTAATGATCATCATTCT

SEQ ID:27

>STAR27
CTTGGCCCTCACARAGCCTGTGGCCACGGAACAAT TAGCGAGCTGCT AT TTTGCTTTGTATCCCCAATGCTGGGCATAAT
GCCTGCCATTATGAGTARTGCCGGTAGAAGTATGTGTTCAAGGACCARAGTTGATARATACCARAGAATCCAGAGARGGGA
GAGAACATTCAGTAGAGCGATAGTGACAGAAGAGATGGGAACTTCTGACAAGAGT 'GLGAAGATGTACTAGGCAGGEGGAAC
AGCTTAAGGAGAGTCACACAGGACCGAGCTCTTGTCAAGCCGGCTGCCATGEAGGCTGGGTGGEGCCATGGTAGCTTTCCC
TTCCTTCTCAGGTTCAGACTGTCAGCCTTGAACT TCTAAT TCCCAGAGGCATTTATTCARTGTTTTCTTCTAGGGGCATAC
CTGCCCTECTETGEAAGACTT TCTTCCCTGTGEGTCGCCCCACTCCCCAGATGAGACGGT TTGGGTCACGECCAGGIGCAC
COTTGEETETGTGCT TATGTCTGATGACAGTTAGTTACTCAGTCATTAGT CAT TGAGGGAGGTGTGGTARAGATGGAGATG
CTGGGTCACATCCCTAGAGAGGTGT TCCAGTATGGECACAT GGGAGGGCTGGAAGGATAGETTACTGCTAGACGTACAGAA
GCCACATCCTTTAACACCCTGGLTTTTCCCACTGCCARGATCCAGRAAGTCCTTGTGETTTCGCTGCTTTCTCCTTITTTT
TPTTTTTTTTTTTTCTGAGATGGAGTCTGGCTCTGTCGCCCAGGCTGCAGTCCAGTGECACGATTTCGGCTCACTGCAAGT
TCCGCCTCCIAGGTTCATACCATTCTCCCACCTCAGCCTCCCGAGTAGCTGGGACTACAGECGCCACCACACCCAGCTAAT
TTTTTGTATTTTTAGTAGAGACCCCGTTTCACCATGTTAGCCAGGATGGTCTTGATCCGCCTGCCT CAGCCTCCCARAGTG
CTGGGATTACAGGECGTGAGCCACCGCGCCCEGCCTGCTTITCTTCTTTCATGAAGCATTCAGCTGGTGARAAAGCT CAGCCA
BGCTGATCTGCAACTCTTGACCTCAAGTGATCTGCCTGCCTCAGCCTCCCARAGTGCTGAGATTACAGGCATGAGLCAGIC
CGARATGTGGCTITITTTGTTT TGTTTTGARACAAGGT CTCACTGTTGCCCAGGCTGCAGTGCAGTGSCATACCTCAGCTCC
ACTGCAGCCTCEACCTCCTEGECTCAAGCAATCCTCCCAACTGAGCCTCCCCAGTAGCTGEGGCTACARGCGCATGCCACT
ACGCCTGECTATTTTTTTTTTTTTITTTTTTTTTGAGAAGGAGTTTCATTCT TGTTGCCCAGGCTGGAGTGCAATGGCACA
GTCTCAGCTCACTGCAGCCTCOGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGACTAGCTEGGAT TATAGGC
ACCTGCCACCATGCCTEGCTAATTTITITGTATTTTTAGTAGGGATGGGGTTT CACCATGTT

SEQ ID:28

>STBR28
AGGAGGTTATTCCTGACCAARATGGCCAGCCTAGTGAACTGGATARATGCCCATGTAAGATCYGTITACCCTGAGAAGGGCA
TTTCCTAACTCTCCCTATARARTGCCAACTGGAGCACCCCAGATGAAATAGCTGATATGCTTTCTATACRAAGCCATCTAGG
ACTGGCTTTATCATGACCAGGATATTCACCCACTGAATATGGCTATTACCCAAGT TATGGTAAATGCTGTAGT TARGGGEG
TCCCTTCCACATGGACRCCCCAGGTTATAACCAGAAAGGGTTCCCAATCTAGACTCCAAGAGAGGGTTCTTAGACCTCATG
CAAGAAAGAACTTGGGGECAAGTACATARAGTGARAGCAAGTTTATTAAGABAGTARAGAARCAAAARARTGGCTACTCCAT
AAGCAAAGTTATTTCTCACTTATATGATTAATAAGAGATGGATTATTCATGAGTTTTCTGGCARAGGGGTGGECAATTCCT
GGAACTGAGGGTTCCTCCCACTTTTAGACCATATAGGGTATCTTCCTGATATTGCCATGGCATTTGTARACTGTCATGGCA
CTGATGGGAGTCTCTTTTAGCATTCTAATGCAT TATART TAGCATATAATGAGCAGTGAGGATGACCAGAGGET CACTTCTG
TTGCCATATTGGTTTCAGTGGGGTT TGETTGGCTTTTTITTTTTTTTAACCACAACCTGTTTTTTATTTATTTAT TTATTT
ATTTATTTATTTATATTTTTTATTTTTTTTTAGATGGAGT CTTGCTCTGTCACCCAGGTTAGAGTGCAGTGGCACCATCTC
GGCTCACTGCAAGCTCTGCCTCCTTGGTTCACGCCATTCTGCTGCCT CAGCCTCCCGAGTAGCTGEGACTACAGGTGCCTG
CCACCATACCCGGECTAATTTTTTCTATTTT TCAGTAGAGACGGECTTTCACCGTGTTAGCCAGGATGGTC

SEQ ID:29

>STAR2%
AGCI'I'GEACACTTGCTGATGCCACTTIEGATGTTGRAGGGCCGCCCTCTCCCACACCGCTGGCCACT TTTAAATATGTECC
CTCTGCCCAGAAGGECCCCAGAGGAGCEGCTCGTGAGGGTGACAGGAGTTGACTGCTCTCACAGCAGGEGGTTCCGGAGGG
ACCTTTTCTCCCCATTGGGCAGCATAGARGGACCTAGAAGGGCCCCCTCCAAGCCCAGCTGEGCGTGCAGGEGCCAGCGATT
CGATGCCTTCCCCTGACTCAGCTGGCGCTGTCCTAMGGTGTGTGTGTTTTCTGTTCGCCAGEGGETGECGEATACAGTGE
AGCATCGTGCCCEAAGTGTCTGAGCCCETGGTAAGTCCCTGGAGGGTGCACGGTCTCCTCCGACTGTCTCCATCACGTCAG
GCCTCACAGCCTETAGGCACCECTCGGEEEAAGCCTCTGGATGAGGCCATGTGGT CATCCCCCTGGAG T CCTGGCCTGECCT
GARGAGGAGGGGAGGAGGAGGCCAGCCCCTCCCTAGCCCCAAGGECCTECGAGGCTGCAAGCCCGGCCCCACATTCTAGTCC
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AGGCTTCECTATGCAAGAAGCAGATTGCCTGGCCCTGECCAGECTTCCCAGCTAGGATGTCGTATGGCAGEGETGEGGGAC
ATTGAGGEGCTGCTGTAGCCCCCACAACCTCCCCAGGTAGGGTGGTGAACAGTAGGCTGGACRAGTGCACCTGTTCCCATC
TGAGATTCAAGAGCCCACCTCTCGEAGGTTGCAGTGAGCCGAGATCCCTCCACTGCACTCCAGCCTGEECARCAGRGCAAG
ACTCTGTCTCAARAAAACAGAACAACGACAACAAARARCCCACCTCTGECCCACTGCCTAACT TTGTAAATAAAGTTTTAT
PEGCACATAGACACACCCATTCATTTACATACTGCIGCGGCTGCTTTTGCATTACCCT TGAGTAGACGACAGACCACGTEE
CCATGGARGCCARAAATATTTACTGTCTGGCCCTTTACAGAAGTCTGCTCTAGAGGGAGACCCCGECCCATEEGECAGGAC
CACTGCGGCETCEGCAGRAGEGAGGCCTCGETGCCTCCACGGECCTAGTTGGETATCTCAGTGCCTGTTTCTTGCATGGAGC
ACCAGGEGTCAGGECARGTACCTGGAGGAGGCAGGCTETTGCCCGCCCAGCACTGEEACCCAGGAGACCTTGAGAGECTCT
TAACCAATCGCAGACAAGCAGGACCAGGGCTCCCATTGECTGEECCTCAGTTTCCCTGCCTGTAAGTGRAGGGAGCECAGCT
GTGRAGGTGAACTGTGAGGCAGAGCCTCTGCTCAGCCATTGCAGGEGCGECTCTGCCCCACTCCTGTTGTGCACCCAGAGT
GAGGGGCACGGGETGACATGTCACCATCAGCCCATAGGEGTGT CCT CCTGETGCCAGGTCCCCAAGGGATETCCCATCCCC
CCTGECTGTGTCEGGATACCAGRAGTCCCTGGEECTGEEAGGECTCCACACTGTTTTGTCAGTGETTTTTCTGARCTGTTAA
ATTTCAGTGERAAATTCTCTTTCCCCTTTTACTGARGGAACCTCCARRGGAAGACCTGACT GTGTCTGAGARGTTCCAGCT
GGTGCTGEACCTCGCCCAGAAAGCCCAGGTACTGCCACEGECGCIGECCAGGGETGTGTCTGCGCCAGCCATGEGCACCAG
CCAGGGGTETGTCTACGCCEGCCAGGEGTAGETCTCCECCEECCTCCGCTGCTECCTEEEEAGGECCGTGCCTGACACTEC
AGGCCCGETTTETCCGCGETCAGCTGACTTGTAGTCACCCTGCCCTTGGATGGTCGT TACAGCAACTCTGGTCET TGGEGA
AGGGGCCICCTGATTCAGCCTCTGCEEACGETGCECGAGGETGEAGCTCCCCTCCCTCCCCACCGLCTCTGECCACGETTE
AACGCCCCTGGGAAGGACTCAGGCCCGGGTCTGCFGTTGCTGTGAGCGTGGCCACCTCTGCCCTAGACCAGAGCTGGGCCT
TCCCCGGCCTAGGAGCAGCCGEGCAGGACCACAGEGCTCCGAGTEACCT CAGGGLTGCCCEGACCTGEAGGCCCTCCTGECE
TCGCEGTGTGACTGACAGCCCAGGACCGGGGGCT BT TGTAATTGCTGTTTCTCCTTCACACAGAACCT TTTCEEGAAGATE
GCTGACATCCTGGAGAAGATCAAGARGTAAGTCCLGCCCCCCACCC

SEQ ID:30

>8TAR30

CCTCCCCTGEAGCCT TCAGAAGGAGCATGGCATAGGAGTCTTGATTTCAGACGTCTGGTCCCCAGAATGATGGGAGAATGA
ATTTCTGTTATTTAAGCCACCCAACCTGTGGTGCTTTGT TATAGCAGCCTCAGGARACTAACACACTGCACGTGCCCACTA
PTCCCTTTTCCAGTATCTTTCAGGACTTGCTEGCTTCCTTTGTTCTGGCGTACACCCATGCATGGCCCCATTCCCCACTTC
CTAAAACAACAACCCTGACTTAGTCTGTTTGGGCTCCTACANCARARTACTATAGACTGECTGACT TATAARCAACAGARA
TTCATIICT CACATTCTGGAGGCTGGGAAGT CCAATATCGAGGCACCATCACAT TTGGTCTCTGCTGAGGCCCCCTTCCTA
GCTCCTCACTGTGTCCTTACATGGCAGAAGGEGCAAGGCAGCTCTCTEGGETCCCTTTTCARGGCCACARATCCCATTCAT
TAGGGCTGATGACTTCATGACTTAATCACCT CCTARTGGCCCCACCTCCTAATCGCATTGGGCGT TAGGATTCARCATAAN
TTTTGCCCCCACACACATATTCAGACCATAGCARACCCCAACAATARAARACCT TCACTTTARGGT TCCAAATGEACTGGC
AGTTAAATCATGTTCATATTTACATAARAGAAGGAGTAAGTCAACARATTGATAARCGCGTGGAGATTTGTTCGEATCCAT
GTTCACCARARATECTGGCCTTARAGAGTGAGATGEGARATGGGAACTAT TACATTCTTCTTCATACTTTTTGGTACTGCCT
GCATTGTTAAAAARAAAAAAAAAGAGCACAGAGCATTTTTACAAT CAGGANAAAARCAARTGAGGT TATCTTCATTCTGGAR
ARAAATGGAAAATGAAACAGTGGAGTCACATCATGGAAAATGCTTATCGTACAATTTCATGTGACATAARACRATAGAATA
GAGGACCTGTTTTATGACTAAAGCACTGTAARAATGACAGGCCTGGAAGGAGAGATGARAACCACICATTTGTTAAGGTAG
TCAGGTGGCAGCTGATTTCTCTTCTTTTGARAATTTCCATTTTCATTATATCGCAGT Y TGTGCATTTACTARAACTTTCGG
TTGGTACACATGCATAAATAGATAGATARATAAGT AGATAGATGATAGATARATAGACGGTAGGTAGATAGATAGATAGAT
ATGAGARATAAGTCCCCTGTACTTGGCCTTGCAGCCATAACTAGT CATTCCCCTTCCTCTGTCCATTGCTATCCCTGATGE
ACARGCCAGTCTGTGCCCTCTGECCCCAATTCCAATGTGCCCTCTGCTCCTGECTGT TAGTCCCTTTCCACCCCRATACAR
TTGCTCCGAGGTCACTTCTAAGTGTGAAGCCCCCAGATCAGATGGCTTCTTCTGTETCCTTACCTTACCCAATTTCTAATT
ATAACTAARACACAATGAGGCTCTAGLAAAATACCATGAGACTTCAGGCCCTCTGTATAACTTCACTCATTTARACCTAAC
AAGGAARACCTACCATGAATCCGAGGCACAGAGCAGCTAAGGAACTCACCAAGGTCACGCAGCTATTGGTGATGGRACCAT
GRAGTCARGCTTCACAGCCTGTTGGCTCTAGAATAGGGTTTCCCAACCTCAGCACTGTGGACAT T TTCAGGCTGGATAATTC
TCTETTETGEGEEECTGTTCTGTECCTTCTAGGATATTAGCAGCATCTCTGECCTCTACCCACTAGACECAGCAGCACTCC
CATGCCCAGTTGTGACAACARGCAATGTCTCCCACCATTGCCARGTGT CCCCTGGETGGARATGCACCC

SEQ ID:31

>STAR3L
CACCCGCCTTGGCCCCCCAGAGTGCTGGGATTACAAGTGTAAACCACCATTCCTGGCTAGATTTARTTTTTTARAAAATAR
AGAGARCTAGGAATAGTTCATT TTAGGGAGAGCCCCTTAACTGGEGACRGGGGCAGGACAGGGGETGAGGCTTCCCTTANTTC
AAGCTCACCTCARACCCACCCAGGACTGTGTGTCACAT TCTCCAATARAGGARAGGTTGCTGCCCCCGCCTGTEAGTGCTE
CAGTGGAGEGTAGRGEGCCGTGGGCAGAGTGCTTCATCGACTGCTCATCAAGARAGGCTTCATGACARTCGGCCCAGCTGE
TGTCATCCCACATTCTACTTCCAGCTAGGAGRAGGCGECTTGCCCACAGTCACCCAGCCEGECAAGTGTCACCCCTGGGTTG
GACCCAGAGCTATGATCCTGCCCAGGGGTCCAGCTGAGAATCAGGCCCACGTTCTAGGCAGAGGGGCTCACCTACTGGGAC
TCCAGTAGCTGTAGTCCATGGAGGCATCATGGCTGCACCAGCCTGGACCTGGTCTCACACTGGCTGTCCCIGIGEGECAGGT
CATCOTCAATGCCAGGT CAGGCCCARGCATGTATCCCAGACAATGACRATGGEGTGGAATCCTCTCTTGTCCCAGRAGCCA
CTCCTCACTGTTCTACCTGAGCARCGCAGEEGCATGGTGEAAT CCTGAAGCCTGCTGTGREGGTCTCCAGCGARCTTGCAC
ATGGTCAGCCCTGCCTTCTCCTCCCTGAACTAGATTGAGCGAGAGCARGAAGCACATTGAACCAGCACCCARAGRATTTTG
GGGAACGGCCTCTCAT CCAGGTCAGGCTCACCT CCT I TT TAAAATTTAAT TAATTAAT TAAT TAATTTTTTT TTAGAGACA
GAGTCTTACTGTGTGGCCCAGGCTGTAGTGCAGTGGCACARTCATAGTTCACTGCAGCCTCAAACTCCCCACCTCAGCCTC
TGGATTAGCTGAGACTACAGGTGCACCACCACCACACCCAGCTAATATTTTTAT T TTTGTAGAGAGAGGGT TTCACCATCT
TGCCCAGGCTGETCTCARACTCCTGGGCTCAAGTGATCCCGCCCAGETCTGARAGCCCCCAGGCTGGCCTCAGACTGTGEE
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GTTTTCCATGCAGCCACCCGAGEGCECCCCCAAGCCAGTTCATCT CGGAGTCCAGGCCTGECCCTGGGAGRCAGAGTGARA
CCAGTGGTTTTTATGAACTTAACTTAGAGTTTARAAGATTTCTACTCGATCACTTGTCAAGATGCGCCCTCTCTGGEEAGA
AGGGAACETGACTGCATTCCCTCACTGTTGTATC TTCAATARACGCTGCTGCT TCATCCTETGEEEECCETIGECCCTGTCC
CTGTGTGEGTGGEECCTCTTCCATTTCCCTGACT TAGARACCACAGTCCACCTACARCAGGGTTTGAGAGGCTTAGTCAGC
ACTGGGTAGCGTTTTGACTCCATTCTCGGCTTTCTTCT T TTCTTTCCAGGATTTTTGTGCAGARATGGTTCTTTTGTTGC
CGTGTTAGTCCTCCTTEGARGGCAGCTCAGAAGGCCCGTGARATGT CGGGEEACAGGACCCCCAGGGAGGGAACCCTAGGL
TACGCACTTTAGGETTCGTTCTCCAGGGAGGECGACCTGACCCCCENAT CCGTCGGNGCGCENNGNNACNARNNNNTTCCC

SEQ ID:32

>5TAR32
GATCACACAGCTTGTATGTGGGAGCTAGGATTGGARCCCCAGRAGTCTGECCCCAGGTTCATGCTCTCACCCACTGCATAC
ARTGCCCTCTCATAATCAATCCAGTATARAACATTAGAAT CTGCTTTAARACCATAGAAT TAGTAGCGTARGTARTARRT
GCAGAGACCATGCAGTGAATGGCATTCCTGEARAARGCCCCCAGARGGAATTTTAAATCAGCTTTCGTCTAATCTTEGAGCA
GCTAGTTAGCAAATATGAGAATACAGTTGTTCCCAGATAATGCTTTATGTCTGACCATCTTAARCTEGCGCTGTTTTTCAA
ARACTTAAAAACAAAATCCATGACTCTTTTAAT TATAAAAGTGATACATGTCTACTTGGGCAGGCTGAGGTCGTGECRGEAT
GGCTTGAGTTTGAGGCTGCAGTATGCTACTATCATGCCTATAAATAGUCGCTGCATTCCAGCTTGGGCARCATACCCAGGC
CCTATCTCAAARARATAARAAGTAATACATCTACATTGARGARAATTAATTTTATTGCETT T T TGCATTTTTATTATAC
ACAGCACACACAGCACATATCARARAATGGGTATGAACTCAGGCAT TCAACTGGAAGAACAGTACTAARTCARTGTCCATG
TAGTCAGCGTGACTGAGGTTGGTTTETTTTTTCT TTTTICTTCTCTTCTCTTCTCTTTTCL I T TTTTGAGACGERGCTT
TGCTCTTTTTGCCCAGSCTTGATTGCARTGGCGTGATCICAG

SEQ ID:33

>STAR33
GCTTTTATCCTCCATTCACAGCTAGCCTGGCCCCCAGACTACCCAATTCTCCCTARAAAACGGTCATGCTGTATAGATCTG
TGTCGCTTGETAGTGCTARAGTGGCCACATACAGAGCTCTGACACCARAACCTCAGGACCATGTTCATGCCTTCTCACTGAG
PTCTCGCTTGTTCOTGACACATTATGACATTATGATTATGATGACT TGTGAGAGCCTICAGTCTTCTATAGCACTTTTAGAR
TGCTTTATARAAACCATGGGGATGTCATTATATTCTAACCTGTTAGCACTTCTGTTCGTATTACCCATCACATCCCAACAT
CRATTCTCATATATGCAGETACCTCTTGTCACGCGCCTCCATGTANGGAGACCACARAACAGGCTTTGTTTGAGCAACAAG
G PTATTTCACCTGEGTECAGGTGGGCTGAGT CTGAAARGAGAGT CAGTCARGGCAGACAGEGET GGETCCACTTTATA
AGATTTGGGTAGGTAGTCGAAAATTACAATCARAGGGEET TCTTCTCTGGCTGGCCAGGCTGEGEETCACAAGGTGCTCAG
TGGEAGAGCCTTTGAGCCACGATGAGCCAGARGGAATTT CACAAGGTAATGT CATCAGT TAAGGCAGGGACTGGCCATTTT
CACTTCTTTTGTGCTCCAATGTCATCAGTTARGGCAGERACCGGCCATTTTCACTTCTTTTGTGATTCT TCACTTGCTTCA
GGCCATCTGGACGTATAGGTGCAGGTCACAGTCACAGGGGATAAGATEGCAATGGCATAGCTTGEECT CAGAGGCCTGACA
CCTCTGAGARACTAAAGATTATARRAATGATGGTCGCI ICTATTGCARATCTGTGTTTAT TGTCARGAGGCACTTATTTGT
CAATTAAGAACCCAGTGGTAGAATCGAATGTCCGRATGTARRACAAAATACAANACCTCTGTCTGTGTCICTCTGTGAGTG
TGTETGTATETGTGTGTGTGTGTATTAGAGAGGARAAGCCTGTAT T TCGCAGGT GTGATTCT TAGATTCTAGGTTCTTTCCT
GCCCACCCCATATGCACCCACCCCACAARAGAACARACAACARATCCCAGGACATCTTAGCGCAACAT 'ICAGTTTGCATA
TTTTACATATTTACTTTTCTTACATATTAAAARACTGARAATTTTATGAACACGCTAAGT TAGATTTTARAT TARGT TTGT
TTTTACACTCAAAATARTTTAATATTTGTGARGAATACTAATACAT TGGTATATTTCAT 'l TCTTAAAATTCTGARCCCCT
CTTCCCTTATTTCCTTTTGACCCGATTGETGTATTGGTCATGTGACT CATGGAT TTGCCT TAAGGCAGGAGE

SEQ ID:34
>STAR34
ACTGEGCACCCTCCTAGGCAGGGGAATGTGACRACTGCCCCTGCT CTCGGEECTGGECGCCATGTCACAGCAGCAGGGAGGA
CGETGTTACACCACGTGGGEAAGGACT CAGGGTGETCAGCCACARAGCTGCTGETGATGACCACEGECT TGTGTCTTCACTC
TGCAGCCCTAACACCCAGGCTEEGTTCGCTAGGCTCCATCCTGGEGETGCAGACCCTGAGAGTGATGCCAGTGGGAGCCTC
CCECCCCTCCCCTTCCTCEAAGGCCCAGGGGTCARACAGT GTAGACTCAGAGGCCTGAGGGCACATGTTTATTTAGCAGAC
ARGGTGGGGCTCCATCAGCGEEETGECCTCCEEAGCACCTGCATGGETGGCACTGTGGGGAGGETCT CCCAGCTCCCICAA
TGETETTCEGGCTGGTGCGGCAGCTGGCGGCACCCTGGACAGAGCTCGATATGAGGGTGATGEET GECEARATGGGAGGECA
CCCGAGATGEGGACAGCAGARTARAGACRGCAGCAGTGCTGGGECECAGGEGEATGAGCAAAGGCAGGCCCAAGACCCECA
GCCCACTGCACCCTGECCTCCCACARGCCCCCTCGCAGCCGCCCAGCCACACTCACTGTECACTCAGCCETCGATACACTG
GTCTGTTAGGGAGARAGTCCETCAGAACAGGCAGCTGTGIETGTGT STGCETGTATGAGTGTCTGTGTGTGATCCCTGACT
GCCAGGTCCTCTGCACTGCCCCTGGE

1

SEQ ID:35

>STAR35

CGACTTGGTGATGCCEGCTCTTTT TTGGTTCCATATGAACTTTARAGTAGTCTTTTCCARTTCTGT GAAGARAGTCATTGE
TAGETTGATGGGGATGECATTGARTCTGTARATTACCTTGEGCAGTATGGCCATT TTCACAATGTTGATTCT TCCTATCCA
TGCATGATGGAATGTTCTTCCATTAGTTTGTATCCTCTTT TATT TCCTTGAGCAGTGGTTTGTAGTTCTCCTTGARGAGETC
CTTCACATCCCTTGTAAGTTGGATTCCTAGGTAT TTTAT TCTCTT TGAAGCARAT TGTGAATCGGAGTNCACTCACGATTT
GGCTCTCTGTT TGTCTGCTGGETGTATARANAATGTNGTGATN ' TNGTACAT TGATT TNGTATCCNTGAGACT TNGCTGAR
TTTGCTTNATCNGCTTNNGGGAACCTTTTGGGCTGARACNATGGCATTTTCTAAATATACAATCATGTCGTCTGCAAACAG
GGARCAATTTGACTTCCTCTTTTCCTAATTGAATACACTTTATCTCCTTCTCCTGCCTAATTGCCCTGGGCARARCTTCCA
ACACTATGNTNGNAATAGGAGNTGGTGRGAGAGGGCATCCCTGTTCTTCTTGCCACNTTTT CARAGGGARTGCTTCCAGTT
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P'TEGCCCATTCAGTATGATATGGGCTGTGGGINGTGTCATAAATAGC ' CTTATNAT " 'GAAATGTGTCCCATCAATACCT
AATTTATTGAAAGTTTTTAGCATGAANGCATNGT TGAATTTGGTCAARGGCTTTTTCTGCATCTATGCAAATAATCATGTG
GTTTTTGTCTTTGGCTCNTGTTTATATGCTGGATNACATTTATTGATTTGTGTATATNGAACCCAGCCTNNCATCCCAGGE
ATGAAGCCCACTTGATCCAAGCTTGGCCCGCNGNCTAGCTCGAGGCAGGCARAAGTATGCAAAGCATGCATCTCAATTAGT
CAGCACCCATAGTCCGCCCCTACCTCCGCCCATCCGCCCCTAACTCNGNCCGTTCGCCCATTCTCGCCCATGGCTGACTAA
TNTTTTTANNATCCAAGCGGNGCCGCCCTGCTTGANCATTCAGAGTNNAGAGNNTTGGAGCGCCNAGCCTTGCARAACTCCE
GACNGNTTCTNNGGAT TGACCCCNNTTAAATATTTGETTTTTTGTNTTTTCANNGGNGA

SEQ ID:36

>STAR36 )
GATCCCATCCTTAGCCTCATCGATACCTCCTGCTCACCTETCAGTGCCTCTGGAGTGTGTGTCTAGCCCAGGCCCATCCCC
TGGAACTCAGGGGACT CAGGACTAGTGGGCATGTACACT TGGCCTCAGGGGACTCAGGAT TAGTGAGCCCCACATGTACAC
TTGGCCTCAGTGGACT CAGGACTAGTGAGCCCCACATGTACACTTGGCCTCAGGGGACTCAGGATTAGTGAGCCCCCACAT
GTACACTTGGCCTCAGGGGACT CAGGATTAGTGAGCCCCACATGTACACTTGGCCT CAGGEGACTCAGGACTAGTGAGCCC
CACATGTACACTTGGCCTCAGGGCACTCAGAACTAGTGAGCCCCACATGTACACTTGGCTTCAGCGGACTCAGGATTAGTG
AGCCCCACATGTACACTTGGACACGTGAACCACATCGATGTGCTGCAGAGCTCAGCCCTCTGCAGATGAARTGTGGTCATG
GCAM'CCI"I'CACAGTGGCACCCCTCGTTCCCTCCCCACCTCATCTCCCATTCTTGICLGYCL I CAGCACCTGCCATGTCCA
GCCGGCAGATTCCACCGCAGCATCTTCTIGCAGCACCCCCGACCACACACCTCCCCAGCGCCTGCTTGGCCCTCCAGCCCAG
CTCCCGCCTTTCTTCCYIGGEGAAGCICCCIGGACAGACACCCCCICCI'CCCAGCCATGGCTTTTTCCTGCTCTGCCCCAC
GCCGGACCCTGCCCTGGATGIGCTACAATAGACACATCAGATACAGTCCTTCCTCAGCAGCCGGCAGACCCAGGGTGEACT
GCTCGGGGCCTECCTGTGAGETCACACAGGTGT CGTTAACT TGCCATCTCAGCARCTAGTGAATATGGGCAGATGCTACCT
TCCTTCCGGTTCCCTGGTGAGAGGTACTGETGGATGTCCTGTRTTGCCGGCCACCT TTTGTCCCTGEGATGCCATTTATTTT
TTTCCACAAATATTTCCCAGGTCTCTTCTGTGTGCARGGTATTAGGECTGCAGCGGGGECCAGGCCACAGATCTCTGTCCT
GAGAAGACTTGGATTCTAGTGCAGGAGACTGAAGTGTAT CACACCAATCAGTGTARATTGTTAACTGCCACAAGGAGRARG
GCCAGGAAGGAGTGGGGCATGGTGGTGTTCTAGTGT TACAAGAAGARGCCAGGGAGGECTTCCTGGATGARGTGGCATCTG
ACCTGGGATCTGGAGGAGGAGAARRATGTCCCARARAGAGCAGAGAGCCCACCCTAGGCTCTGCACCAGGAGGCAACTIGET
GGGCTTATGGAATTCAGAGGGCAAGTGATAAGCAGAAAGT CCTTGGEGGCCACAARTTAGGATTTCTGTCTTCTARRGEGCC
TCIGCCCTCTGUTGTGTGACCTTGGGCAAGTTACT TCACCTCTAGTGCTTTGGTTGCCTCATCTGTARAGIGGLIGAGGATA
ATGCTATCACACTGGTTGAGAATTGAAGTAATTATTGCTGCARAGGECTTATAAGGGTGTCTAATACTAGTACTAGTAGGT
ACTTCATGTGTCTTGACAATTTTARTCATTATTATTTTGTCATCACCGTCACTCTTCCAGGGGACTARTGTCCCTGCTGTT
CTGTCCARATTAARARCATTGTTTATCCCTGTGGGCATCTGGCGACGTGGCTAGGARAGCCTGGAGCTGTTTCCTGTTGACGT
GCCAGACTAGT

SEQ ID:37

>STARIT
ATCTCTCTCTGCCAAAGCAACAGCGGTCCCTGCCCCAACCAGACTACCCCACTCAGTGEGGGETTACGGATGCTGCTCCAGCA
TCCIrAACACTGCCCAGCTGGTGCCTGCCTGTGCTCACCCACAACCCCCAGGCCGGCCTTCCCTGCAGTCT GGG IGECCA
CCTTGGCCTGATTGAGCACTGAGGCCTCCTGGGCACCCAGCCCCATCACTGCACCTGCTGCTTCCAGCCCCACCCCACCGG
CTCAGGGETTCTTCCCAGCGGCGCTGATCATGAAGTCRACATGCACGCARGTCGTCTCAGGABACTTTITARTGARAGTGT
CGGCCACCCTGETGTGTAGGTCGCTGAGCT CAGATTGCAGCTGCTAAGACACCAGCCACT TACCAAGACAAAGCCAGGCTG
CTTCAAACCCAGGGCCGGAGGCARARARGCATCACTTCCAGCCGGGGAGTCTGGRAGCCACGCCTTGTCGGRAGGTCACACT
GGCATCTAGGCCTTCGCCTGCACTGCAGAAGGAGAGCCGGGETCCCCCTCCTGGAGAACGCTGCGTTCCCCAGCCCCACACT
GGCTTTGCCACCACACAGGCTGTTGAGGCAGGAGGCGEGTARGACGTAGCTGTAGACCCARAGCAACCACCAGCCCTEGGA
CCCTGCGGGAGAGGAGCACTTT TAGAACATGGAARAATGTGGTCAT CCCATCATTAGACAGCACACATCCTACATAAATAA
AARGTCGTATGGGGAAGGAGET TGCGGAGGGAATAAARAAT TGGCACAGACATTGATAGACTGGTTTCCAGTTTCAAGGTA
ACAGATGCACATCATGAGACCAGACGAGGCAGAGACAAGGGCTGAATT TGGCTTTTCTARGCAACATGTGTTCCTGCGCAG
GGCTGAATGGTCGCTGAGACAGAGATGGAAGCCAGGACAAGGGAGCCCACCGGGCCCAGATAGGTACAGAGAGCAGAGGCT
CCTGTTCTGTCCYCGCCACCCATGAGGETGACACTGCTTGTARATGETGGCTGTGLTCTCCCAGCARGAARRAATGCACAAC
TAAATCCACACTGCACACAGACGCAGACAGAAAGCCTTCAAGTGGCTCTGTTTTCTGCTCCCTGCCTTGCCAGGTCCACAA
GCAGAGAGGAGTGTCAGGCACATGGCCCCGCTGTCAGGCT CCCCAGTGAGCTGTAGGCTCAGCAGGAGLTGCCCACTGACA
CACRGGGGACACCCACTCCTGCCACCTTGGGAGCGGTTGCCAGACAGAGCCGCACTGGETGCTGGTGTCATCCAGEGACCC
CACACACTTCCTTARATGTGATCCT

SEQ ID:38 1

>STAR38

GATCTATGGGAGTAGCTTCCTTAGTGAGCTTTCCCTTCAARTACTTTGCARCCAGGTAGRGAAT TTTGGAGTGAAGGTITT
GTTCTTCGTTTCTTCACAARTATGGATAIGCATCTTCTTT TGAARATGTTARAGTARATTACCTCTCT TTTCAGATACTGTC
TTCATGCGAACTTGGTATCCTGTTTCCATCCCAGCCTTCTATAACCCAGTAACAT CTTTT TTGAAACCAGTGCGTGRAGARA
GACACCTGGTCAGGAACGCGGACCACAGGACAACTCAGGCTCACCCACGGCATCAGACTAAAGGCARACRAGGACTCTGTA
TARAGTACCGGTGGCATGTGTATNAGTGEAGATGCAGCCTGTGCTCTGCACACAGGGAGT CACACAGACACTT TTCTATAA
TTTCTTAAGTGCTTTGAATGTTCAAGTAGARAGTCTARCATTARATTTGATTGAACRATTGTATATTCATGGAATATTTTG
GAACGGAATACCAAAAAATGGCAATAGTCGTTCTTTCTGGATGGAAGACAAACTTTTCTTGTTTAAAATAAATTTTATTTT
ATATATTTGAGGTTGACCACATGACCTTAAGGATACATATAGACAGTAAACTGGTTACTACAGTGAAGCAAAT TAACATAT
CIACCATCGTACATAGTTACATTTTTTTGTGTGACAGEAACAGCTANAATCTACGTATTTAACAARAATCCTARAGACAAT
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ACATTTTTATTAACTATAGCCCTCATGATGTACATTAGATCGTGTGGTTGTT TCTTCCGTCCCCGECACGCCTTCCTCCTG
GGATGGEGGATTCATTCCCTAGCAGGTGTCCGAGAACTGECGCCCTTGCAGGGTAGGTGCCCCEEAGCCTGAGGCEGGNACT
TTAANATCAGACCCTTCCEEGCCGECTGCECARAANCTGGCGGAAARATATTATARCTGNACTCTCAATGCCAGCTGTTGTAG
ARGCTCCTGGGACAAGCCGTGEAAGTCCCCTCAGGAGGCTTCCGCGATGTCCTAGETGECTGCTCCGCCCGCCACGGTCAT
TTCCATTGACTCACACGCGCCECCTEEAGCACCAGGCTGCECTGEACACGCCEETIEECECCTTTGCCTCEEEERGCCCAGE
CTGGAGCTCTEGCGECAGCGCTGGEAGCEEEECCTCEGAGECTGEGCCTGGGGACCCAACGTTCEGCGEGGCECAGGAGGT
GGGCTCACGETTCTCCAGAGART CCCCATGAGCTGACCCGCAGGECEECCGGGCCAGTAGGCACCEGGCCCCCECEETEAC
CTGCGEACCCGAAGCTGGAGCAGCCACTGCARATGCTGCGCTGACCCCARATGCTGTGTCCTTTAAATGTTTTART TARGA
ATAATTAATAGGTCCEGETETEGAGECTCARGCCTTARTCCCCAGCACCTGGCGAGECCGAGGAGGGA

SEQ ID:39

>STAR39
TCACTGCAACCTCCACCTCCCAGGTTCARGTGATTCTCCTGCCTCGGCCTCCCGAGTACGCTGGGACTACAGGTGCATGACA
CCGCACCTGGCTAGTTTTTGTATTTTTAGTAGAGACAGGEL I CACTATGT TGGCCAGGTTGET CTCGARCTCCTGACCTT
GTGATCOGCCCACCTCGGCCTCCCARAGTGCTGGGATTACAGAGT GAGCCACTGCGCCTGGCCTGCACCCCITACTATTAT
ATGCTTTGCATTTTCTTTTAGATTTGAAGAACCTCATTATARACT CTAGCACTAATCTTATGTCAGTTAAATGCATAGCAR
ATATCTCCTGACGTGGGAGAATATATATTTGCAAGTCTTCTTGTGAACATATGTTTTCACGTTCTACCGCACCCAGACGCCTA
TGAGTGAAAAGCCTAGTCATCGTGGAGAAGTGCATTCAACT TTGTARGAAACTGCCAAACCTTTATTCATAATGGTTGTAT
AAATTTTACATTACCACCAATAATGTATGAGAGTTCCAGTTGCTT CACATCCTCACCAGCATTTTCTTTTGTCTGTCTTTT
TTCCTTIGGTTATTCTAGTGGGCATAAGATATARTAGTATCCCTTGTGGT TTAATGTAAATTCCACTGARGACTAATAACA
TTTGCATATTTCTAATTAATAAGCCTTTTTAAGTGACTTTTCAAGT CTTTGCTCATT P T TATTAGATATTTGCCTTCTTAT
TATTGATTTGAARGRATTATATTTATATGCT TATAT TCTGGTTATARGCCCTTTGTCATTATT TTCCAABACAATATTTGE
TTGTITCTGTACTACTTTCCTTGCTCCTTTGAATTGACTTGGTGCC TTGGCCAARAA ' CAATTGACCACATACATGTGGGT
GCATCTCCAGACTACCACATTCCGTTTATCTATTTGTCTCTCCTTGTGT CAATAACACTCTGTCTTGATAATGGTAAGTTT
TGAGATCAGETTGTETAAGTCCTCCTAATTTTTCCTGGGT I I CAATALIGCTTTGCTTTTTARARAT T TTGTATTTTCAT
TTACATTTTAAAATARACTTGTTAGTGGEATTTTGATTGECATTGCACTGAACTCGT GGAT CAATTTGCGGAGATTGGACA
TTCTTATATATGGATCCCGTGET CATCAACT TTAAGAACTCTTTCTCATCCATTAGTARCTCAATCTAGGTTCAGATGCTA
CTCGTTTTCTGCTCAGTCTGTETCTGAGCCCCTTATGCTCTTCATTTTGTCATCCAATTAACCTCAGCT TTGCATCAATAC
TATTTCTTGCT TTGGTECCTGTTACCTCTCCTCTAATCACCARTCCACAACT TACCT CCRAATTCAGGECTTGTCTCATTC
TTCCCAGGAGGAGTGCTGCTCAGTCTATCTACTTAGTATTATAAT TTCTCTGGCTTGGTATCAAGGCACTCCCATTTCCGE
CTTCCATGAGATGTCTCAGAGEGCATGCTGCCCGETGTAGCTGCATGGTCAAGCTTCTTCATATCTCTTGCCTCATCACTT
AARCTCACTATTTTGTACTCCTGCTTCAGCTATAGGGAGCTACTGT TAGTTTCTTGAAGACATATGCTCTCTCTCTCTCTC
ACATCTGGACCTGAGCACATCCTGTTACTGCTGCTTGAAACAATGTGATCCCCAGGCACACACCATTAGCTTAGRAGCCTC
CCCTGATTCTTCARGGCTGGTTGAGTCCCTTCTCTGTGCTCTCATGACAACAGTTEGCAA T CCTCGTTGCAGCACCTAGT
CCATGATGCTCTTTGCAGGCAGAGACTGAGTCTTTCTCACTATTGAATTTCCAGCATTCATCACAGACCCTCGCATATATA
AAGCCCTCCATCATATGTATTAAGTGAATGGATARATGAAAAAARGTTATATATATGTACATATATGTGTATATATGTATA
TGTATATATGTGTATATATCTGTGTATATGTGTGTGTATATATGTACATATATATGTATCTATGTACATATATGTATATAT
GTATATATATGTGTGTGTATATGTETGTGTGTATGTATATATATTACAATGARATACTAT TCAGCCTTAAAAAGGCAGGGA
ATCCTGTCATTTAACACAATATGGATARACCTAGAGGACTCTARAGGCAAATACCACATGTTCTCACTCACRARATCTARA
CARGTTGAACTCCTACARGTAGAGAGTAGGAT GATGGT TACCAAGGEGCT GGEGEACGEEAGRGGATGGEGARAGCATAGCT
GTCCATCARAGGGTAGARAGTTTCATTTAGACAAGAGGAATCAGCTTTAGTGATCTATTTCAC

SEQ ID:40

>STAR40

GCTGTGATTCARACTGTCAGCGAGATAAGGCAGCAGAT CAAGRAAGCACT CCGGECTCCAGAAGGAGCCTTCCAGGCCAGC
TTTGAGCATAAGCTGCTGATGAGCAGTGAGTGTCTTGAGTAGTG T TCAGGGCAGCATGTTACCAT TCATGCTTGACT TCTA
GCCAGTGTGACGAGAGECTGGAGTCAGGTCTCTAGAGAGTTGAGCAGCTCCAGCCTTAGATCTCCCAGTCTTATGCGETGT
GCCCATTCGCTTTETGTCTECAGTCCCCTEECCACACCCAGTAACAGT TCTGCCATCTATGEGAGTAGCTTCCTTAGTGAG
CTTTCCCTTCAAATACTTTGCAACCAGGTAGAGRATTTTGGAGTGARGETTTTGTTCTTCGTTTCTTCACAATATGGATAT
GCATCTTCTTTTGAAAATGTTAARGTAAATTACCTCTCTTTTCAGATACTGTCTTCATGCGRACTTGGTATCCTGTTICCA
TCCCAGCCTTCTATAACCCAGTAACATCTTTTTTGAAACCAGTGGGTGAGAAAGACACCTGGTCAGGRACGCGGACCACAG
GACAACTCAGGCTCACCCACGGCATCAGACTARRGGCAARCAAGGACTCIGIATARAGTACCGGTIGGCATGTGTATTAGTG
GAGATGCAGCCTGTGCTCTGCAGACAGGGAGTCACACAGACACT TTTCTATAATTTCTTAAGTGCTTTGAATGTTCAAGTA
GAAAGTCTAACATTAAATTTGATTGAACAATTGTATATTCATGGAATATT T TGGAACGGARTACCARARRATGGCAATAGT
GGTTCTTTCTGGATGGAAGACAAACTTTTCTTGTTTAAARATAAATTTTAT T TTATATAT TTGAGETTGACCACATGACCTT
AMGGATACATATAGACAGTARACTGGTTACTACAGTGAAGCAAATTAACATATCTACCATCGTACATAGT TACATTTTTTT
GTGTGACAGGAACAGCTAAAATCTACGTATTTAACAAAAATCCTARAGACAATACAT TTTTATTAACTATAGCCCTCATGA
TGTACATTAGATCTCTAR

SEQ ID:41

>STARAL
TGCTCITGTTGCCCAGGCTGCAGTGCAATGGCGCTGTCTCGEGCTCATCGCARCCTCCGCCTCCCAGATTCARGTGAT TCTC
CTGCCTCACCCTCCCARG!'AGCTGGGATTACCAGTATGCAGCRACACGCCCEGCTARTTTTGTATTTGTAATAGAGACGGG
GTTTCITCATGTTGGTCAGGCTGCTCTCARATTCCTGCCCTCAGGTGATCTCCCCACCTTEGCCTCCCARAGTGCTGGGAT
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TACAGGCATGAGCCACTGTGCCCGGCCTEEGCTEEEGCT TTTAAGGGGACTGGAGGGTGAGGGGCTGGAAAATTGGGAGAG
TTGATTGGTGGGECARGGGGEATGTAATCAT CAGGGTGTACAAACTGCACTCTTGETT TAGTCAGCTCCTCGTGGGGTCCT
TCGCAGCAGCTCAGTCAGTAGCTCCATCAGTATACAGGNCCCARAGGARTATCT CARAACCGANANCAGCATTTCCTANGGT
TCAAGTTGTGATCTACGGAGCAGTTAGGGGAACTACAATCTTGTGACAGGGTCTACATGCTTCTGAGGCAATGAGACACCA
AGCAGCTACGAGEAAGCAGTCAGAGAGCACGCCGACCTAGTGACTGATGCTGATGTGCTGCCAGCTGEGETTCATTTTCATT
TCTCCCCTCCCCCTGCCCTCATTAATTTTGTAAAGTTTATAGGGAACATTTCACCCACTCTGCTGTGGATCCCTGTCACTT
ACGGAGTCTGTCATCITGGCTGTATGEGCTGTGECCT CTGCGETGCCCATTCTCAGGAGGTGTGAGACCCATGAGGACCGG
AGGTGGACAAGGCTAGAGACCACACCCCCCCGCTCCATCCAATCATGTTTTCCTGGETGCTTEETTTCTATGCAGGCTGCA
TEICCITAGTCCCTGCATGGGAACAGCTCCTGTGETEAGCAGECCCUTGAGGAAGECCTTGAGCEGEAATGEAGCCTAGGT
TTAGGCTGCCTGETAACAGCTCGAGGGAACCAGCCGAGGCTTGTGCTACT I TTTTTTCCAGAATGARATACGTGACTGATG
TTGGTGTCCTGCAGCGCCACGTTTCCCGCCACAACCACCGGAACGAGGATGAGEAGAACACACTCTCCGTGGACTGCACAC
G

SEQ ID:42

>STAR4Z

ARGEGTGAGAT CACTAGGGAGEGAGGAAGGAGCTATAAAAGAAAGAGGTCACTCATCACATCTTACACACTTTTTAARACC
TTGETTTTTTAATGTCCGTIGTTCCTCATTAGCACGTAAGCCCTETGGAAGCAGGAGTCTTTCTCATTGACCACCATGACAAG
ACCCTATTTATGARAACATAATAGACACACAAATGTTTATCGGATATTTATTGAAATATAGGAATTTTTCCCCTCACACCTC
ATGACCACATTCTGGTACATTGTATGAATGAATATACCATAATTTTACCTATGGCTGTATATTTAGETCTTTTCGTGCAGSE
CTATAARAARTATGTATGGGCCEGT CACAGTGACTTACGCCCGTAGTCCCAGAACT TTGGGAGGCCGAGECGGGTGGATCAC
CTGRGGTCGGCAGTTCAAAACCAGCCTGACCAACATGGAGAAACCCCGTCTCTGCTAARAATACAAARATTAACTGGACAC
GGTGGCGTATGCCTGTAATCCCAGCTACTCGGGRAAGCTGAGGCAGGAGARCTGCTTGAACCCAGGAGGCGGAGETTGTGGT
GAGTCGNAGATTGCGCCATTGCACTCCAGCCTCGCCAACARGACCCANATTCCATCTCAAAAANAAGAANANAGTATGACTG
TATTTAGAGTAGTATGTGGATTTGAARAATTAATAAGTGTTGCCAACTTACCTTAGGGTTTATACCATTTATGAGGGTGTC
GGTITC

SEQ ID:43

>STAR43
CARATAGATCTACACAARACAAGATAATGTCTGCCCATTTTTCCAAAGATAATGTGGT GAAGTGGGTAGAGAGARAT GCAT
CCATTCTCCCCACCCAACCTCTGCTARATTGTCCATGTCACAGTACTGAGACCAGGGGGCTTATTCCCAGCGGGTAGRATG
TGCACCAAGCACCTCTTGTCTCAATTTGCAGTCTAGGCCCTGCTAT TTGATGGTGTGARGGCT TGCACCTGECATGGAAGS
TCCGTTTTGIACTCTTGCTTTAGCAGTTCAAAGNGCAGGGAGAGCTGCGAGGGCCTCTGCACCTTCACATGGATCTGCTC
AGCTTGTTCGAGGCGCCTTCTGTGGTCCATTATCT CCAGCCCCCCTGCGGETGTTGCTGTTTGCTTGGCTTGTCTGGCTCTC
CATGCCITGTTGGCTCCAARATGTCATCATGCTGCACCCCAGGAAGAATETGCAGGCCCATCTCTTTTATGTGCTTTGGGC
TATTTTGATTCCCCGTTGEGTATATTCCCTAGGTARGACCCAGAAGACACAGEAGGTAGTTGCTTTGGGAGAGTTTGGACC
TATGGGTATGAGGTAATAGACACAGTATCTTCTCT TTCATTTGGTGAGACTGTTAGCTCTGECCECCEACTGAATTCCACA
CAGCTCACTTGGGARAACTTTATTCCAARACATAGTCACATTGAACAT TG TGGAGAAT GAGGGACAGAGAAGAGGCCCTAG
ATTTGTACATCTGGGTIGTTATGTCTATARATAGRATGCTTTGGTGGTCAACTAGACT TGTTCATGTTGACATTTAGTCTTG
CCTTTTCGGTGETGAT T TARARATTATGTATATCT TGT TTCGAATATAGTGGAGCTAT GGTGTGGCATTTTCATCTGGCTT
TTTSTTTAGCTCAGCCCETCCTGTTATGEGCAGCCTTGARGCT CAGTAGCTAATGAAGAGGTATCCTCACTCCCTCCAGAG
AGCGGTCCCCTCACGGCTCATTGAGAGTTTCTCAGCACCTTGARATGAGTTTAAACTTGT TTATTTTTAAAACATTCTTGG
TTATGAATGTGCCTATATTGAAT TACTGAACAACCTTATGGT TGTGAAGAATTGATTTGGTGCTARGGTGTATARATTTCA
GGACCAGTGTCTCTGRAGAGTTCATTTAGCATGARGTCAGCCTGTGGCAGGTTGEETGGAGCCAGGGAACAATGEAGAAGC
TTTCATGGGTGG

SEQ ID:44

>STAR4A4

TGAGTTGCGGTCCTAAGCCAGRAGT TAACTATGCTTTCATATATTCTTGCAAGTAGAAGTACAGTGTTGETCTARATTCCC
CTTAGATGGRATAGCTAAGCCCAGAGGARATAATGCETAATTGGAACCATATGACCETATGCAAT TCATGTGCATATTTATAT
CNAAGANMGAACATTATAGGTCGCETGAGACCCTATTTTGTTCTGACAATGTCATCTGTAT TTACATGTCTGTTTCGGGAG
TTTGGATGTCAAGGGATTCTGTGCTGGATTGTARAGCATGTGCTTCTGCTTGATGTAGCTACTCAATTTTGTATTCTTGAC
TAATAAAGTCATAAACATAATTCAACCTCTGIGCTGCGIGCTCTCCTTCCATTAATTTATACT T TAGCARAAAGTATTGAAT
GTGTGTGTTATGTAACAATTTCCTATARATTATATTARATGATTTATTAGCTTTATTCAATARAGT TTTAAGTGTITTCTT
CTATGACTACATTATTTGTTAACAAGAAATTTCTTTAACTGAAAACTTCAAGGAAGACTATCTGGGTAACT CTYTCAAAAR
GARTTGTCCCTGTATTTTGGGRAT TGAATATAT TAAT TTCTTGTACTGTTTTAACAGCACATAAT TTTACAAGACARGCCAC
TTTTTCAAAGCCTGCTTCTCCTCCCATTTTCCCTAT CTCTGTGATTGACACCTCCAACCCCTGTAGCCTGCCTCTGCTCTC
TCTTAACCAGTCCTACTGATACTACTTCCTAAGTAT TTTTCAGCCCTGTCCTTCCTCTCCATCATGATGGATTCACTTCCA
GTTGARATCCTTATGGTACCCTCCCTGGAT TATGECAGTAATCAGAGAGCTGGTCTCCT TAACT CAGGATTCACTTCTTCY
CATCTGTTGTTCACAGTGACATCAGARAGATATTTTAAAATGATGAACTAGAATTART TATATAARRCACACATACACACA
TAARATAATACTTAAATTTTTCAATGATGTTCCARTTATGTAAAATATAATATAGGAGGCACTTTATGTTCTGGCCTCAATC
TTTCAATTCAAACTTAT CTCCTGCCACTATCTCCTTTGAACATTGTATTCCAGCTACT T TAGAATAATAATAATACATAAT
ATTCATAGAGCCCTTCCTGGGTTCCTATCACCGTACRAAATACTTCACATATAACATTTAATCTTTGACARCTTTATTAGG
CATGCACAATTATTATCTATCTATATATCTATATCTATATATATAARATCTATATTTTATAGATAAGARAATAGRGGGTAR
AAACTTGCCRAAATTACAAAGCTTAGARGTCTAGCAGT TGGGATTTGRATCTAGGCATCCTGCCTCTATAGTCTACAGTGG
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CTTTCTTGTGCCARMAGCOTTGCAGTTCCCTAGACTTARCATTTCTCRARAT CTGTGTCTTTCACATGCT CTTCCAATTIGT
CTGGABARTCT I ICCCAACCTCAGTCTAACT GTGGTACT CATGTTCACCCCACARGRATTGACT CCATCTET! CCCCTCTCC
ATGAAAATTTCTTTGAATCTCAGCACTTTGGCAGECTGAGECAGETE

SEQ ID:45

>STAR4S
CACGCCCCAGCGTGCCCTGGACTACTGCTCCGCAGGACTCCTGTTCTGCTGCACCCTGGACTACGGCACCAGAGGACCCAG
CTCCCGCCEGCCTGAGCTATGECACCAGAGEACCCAGCTCCCGECAGCCTGGACTATEGCACCAGAGGACCCAGCCCCCCE
CTTCCTGGECTARGECACAGTAGGACCOTGCCTCATCGTETACTCCTGCTCAGGAGEACCCTCGCAGEGLEE CGCACTGGA
CTARGCTACTGARGGAGCCCCACCCCTGCCTAACCCTGGACTARGGCACTGGRGAACTCTTGCT CCGCAGAGCCACGGACT
CTTECACARGAGAACCTCAGCCCAGCCGTECCCTGGACT ETGECACAGTAGGECCCACACCACGCCATCGACTCCTGTATT
GGAGGARGAGTAGTGATAAATGT CCAGGTTTACAACTTGRAAAGTAGCAATCAATGT GCCACAATAGATGGATGIGATCTA
AAATTATAAATGATGAAAACATTATGTGTAATTGCCTAGCCAGAACAGTTACRCARCACAAAGACGTAAAAGAARTCCACA
TAGGGAAGGAAGACCTAAGATTGTTTCTGTL T TTTGARARTATAATCT TARGATAGAGAARRTCTTARRGATTC CACCAAA
ATARATGGTTATAGCTGATGRAGARATT CAATAAAGTTAATAGTTACAAAATCAACATACARATATCATTATTGTTTCTAT
TAACTAATGACAAACTATTACCTGAARAATAAAGGCAATTCAATTTATAATAGAAT CARAACAGATATATARATATATAAA
AGACAGGAGTAAATTTAATCARAACCATARAAGATTTACATACTGANANCTATAGCACRT TCALGARAAAAATTAARATGE
CATAAATAAATGGAGAAACATCCTTCATTGATGGATTCARARATTAGTAT TGTARRAGTGTCAATGC TACCCARAGCRATC
TACAGATTAAATGCAACCACTATCAAATTCCAATGTCATTCTTCACAGARATAGAARRAT TACTGCTARAATTTGTATGGA
ACCACAAAARGACCTGGACCAACCARAGCAATCTTGAACARAARGAACARAGCTGGAGGCATCAGACTACCTGACT CCRAAC
TCTATTACAAAGCTATACGAATTAAAACAGCATAGCARTGGCATARAAACAGACATGTARAACACTACARAGGGATATAGA
ACCIGTAAATAAATCCETGTGTCTGTGGTCAATTGATTT T TTGATAAAATAACTARARATACACAGT GAAGAARGRRRATT
ATTTTCAATAAATCETGTAGACARAACTGACTATCCACATACAGAAGAATARARTTTGACTTTTATTTTGCTCTTTATACA
AGCATCAAATCAAMATTAAAGTTTAAATGTARAACTACTACARGGARATATAGAAGGAGACTGTATCACATTGGCCTGAGC
PATGATTTTCTCTAGATTATTCCAAAAGGCAACAARAGCAARACACACAAATGAGACTGCATARAACT TARAACT TTTCCA
CAGGAAAAGARGCAATGATAGAATTAAGAGAACCCACARATGCGATAATATTTTTARACCATACATCAGGTARGGGGCTCA
CATAATAATATATAAGCAACTCAACCTACTCARAARTANGARAARAACTATGCT TATTAAAAAATAAGCARAGAATCAGRAA
TAGACATTTCCTACATCATACARAAGECCAACCAGCTACATGAANARATCATARACATT CCTANT IATCAGAGRAGTGCRA
ATCAATGCCACAATGAGATATCACCTCACACATTT TACTAGGGCTAT TATARARAAAGATGGARGATAAGTGTTCCTGACG
ATGTGGAGAAAAAGAAACCCTGTACACTGTTGGTAGGARTGGARATTAGTACAGCCATCT TGGARARCAGTACGAAGCTTT
CTCARGABRALIATAAATTTATTTACCCTATGATCCAT

SEQ IN:46

>STAR46

ATTGTTTTTCTCECCCTTCTGCATTTTCTGCARATICT GTTCAATCATTGCAGTTACTTAGGT TTECTTCETCTCCCCCAT
TACARACTACTTACTGEGTTTTTCAACCCTAGTTCCCTCATTTTTATGATTTATGCTCATTTCTTTGTACACTICGICTTG
CTCCATCTCCCAACTCATGGCCCCTEGCTTTGGATTAT TGT TTTGETCTTTTATTTTTTE  CTTCTTCTACCTCAACACTT
ATCTTCCTCTCCCAGT CTCCGETACCCTATCACCARGETTGTCATTAACCTTTCATATTAT TCCTCATTATCCATGIATTC
ATTTGCAAATAAGCGTATATTAACAAAATCACAGGTTTATGGAGATATAATTCACATACCT TARART TCAGGCTTTTARAG
TGIACCTTTCATGTGETTTTTCGTATATTCACAARGT TATGCATTGATCACCACCATCT GATTCCATAACATGTTCAATAC
CTCARAARGAAGTCTGTACTCATTAGTAGTCATTTCACATTCACCACTCCCTCTGGCTCTGGGCAGTCACTGATCTTTICTG
TOTCTATGGATTTGCCTAGTCTAGGTATTTTTATGTAARTGGCATCATACRACATGTGACCTTT TGT TTGGCTTT TTTCAT
PTAGCAAAATGTTATCAAGGTCTGTCCCTGT G I AGCATGTATTAGCACT TCATTTCTTATATGCTSARTGATATACTTTA
TTTGTCCATCAGTTGTTCATGCTTTATTTGTCCATCAGT TEATCAACAT T PGCGTTTTTGCCACTTTGGECTAT TAAGRAT
AATGCTACTGTGAACAAGTGTGTACAAGTICCTCTACARATTTTTGTGTGGACATATCCTTTCAGTTCTCTCAGGTGTATA
TCTGGGAAT TCAATTGCTGGGTCGTGTACTACCTATCT TAAACACT TTGAGAAACTGC TATAATGT I'CTCCAGAGCTGTAC
CATTTTARALTCTGTGTATGAGGATTCCACGTTCTCCACTTCCTCACCAGTGTATGEAT TTGGGGGTATACTTTTTAAARA
GTGGGATTAGGCTGGGCACAGTGGCTCACACCTGTAATCCCAACACTTCAGGAAGCTGAGGTGGGAGGAICACTTGAGCCT’
AGTAGTTTCAGACCAGCCTGGGCAACATAGGGAGACCCTGTCTCTACAAAAAATAATTTARARTARATTACGCTGGECETTG
TGGCACACACCTGTAGTCCCAGCTACATGGGAGGCTGAGGTGGAAGGAT TCCCTGAGCCCAGAAGTTTGRGETTGCAGTGA
GCCATGATGGCAGCACTATACTGTAGCCTGEETGTCAGAGCAAGACTCCGTTTCAGGGAAGARAARARARAGT GGGATGAT
ATTTTTGACACTTTTCT T CTTET TTTCTTAAL T CATACTTCTGGARRTTCCAT TARAT TAGCTGETACCACTCTAACTCA
TTETGTTTCATGGCTGCATAGTAATATTGCATAATATARATATACCATTCATTCATCAAAGTTAGCAGATATTGACTGTTA
GETGCCAGECACTECTCTAAGCGTTAARGAAAAACACACARAAACT TTTGCATTCT TAGAGT TTAT T TTCCART GGAGGGG
CTGGAGGGAGGTAAGAAT TTAGGAAATAAATTAATTACATATATAGCATACGGGTTTCACCAGTGAGTGCAGCTTGAATCGT
TGECAGCTTTCTTAGTAGTATARATACAGTACTARAGATGAAATTACTCTAARTGGTGTTACTTARATTACTGGAATAGGT
ATTACTATTAGTCACTTTGCAGGTGAAAGTGGARARCACCATCGTAAAATGTARAATAGGAAACAGLT GG ARTGTT

SEQ ID:47

>STARLT
ATCATTAGTCATTAGGGAAATGCAAATGARARACACAAGCAGCCACCAATATACACCTACTAGGATGATTTARAGGARRAT
AAGTGTGARGAAGGACGTAAAGAAATTGTAACCCTGATACATTGATGGTAGAAAT GCATARAGT TGCAGCCACTGTGAARR
ACAGTCTGCACTGECTCACAAGGTTARATATAGAACCCCTGTTGGACCCAGGAACTCTACTCTTAGGCACCCCARAGAATA
GAGRACAGARATCAAACAGATGTTTGTATACTAATGTTTGTAGCATCACT T TCACAGGAGCCARAAGETGGAANTAATCC
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AACCATCAGTGAACAAATGAATGTAATAARAGCARGGTGGTCTGCAT GCAATGCTACATCATCCATCTGTAARRAACGARC
ATCATTTTGATAGATGATACAACATCEGTGGACAL TGAGRACATTATGCTTAGT GARATAAGCCAGACACARAAGGAATAT
ATTGTATAATTGTARTTACATGAAGTGCCTAGAATAGT CAAATTCATACAACAGARACTGGGATAGGAATCACCATGGGCT
GGAAATAGGGGGAAGGTGCTATACTGCTTATTGTGGACAAGGTTTCGTAAGAAAT CATCAAAATTGTCGGTGTAGATAGTG
GTGTTGGTTATGCAACCCTGTGAATATATTGAAT GCCATGGACTGCACACTTTGG I TARAAGGTTCARATGATAARTATTG
TGTTATATATATTTCCCCACGAT'AGAAAACACGCACAGCCAAGCCCACATGCCAGTCTTGTTAG CTGCCTTCCTTTACCTT
CAAGAGTGGGCTGAAGCTTGTCCAATCTTTCAAGGTTGCTGAAGACTGIATGATGGAAGT CATCTGCATTGGGAAAGARAT
TAATC—GAGAGAGGAGAAAACTTGAGAATCCACACTACTCACCCTGCAGGGCCAAGAACTC‘I‘GTCTCCCAT GCTTTGCTGLC
CTGTCTCAGTATTTCCTGTGACCACCTCCTTTTTCAACTGAAGACTTTGTACCTGAAGGGGTTCCCAGGTTTTTCACCTCG
GCCCTTGTCAGGACTGATCCTCTCAACTA

SEQ ID:48

>STAR4B

ATCATGTATTTGTTTTCTGAATTAATTCTTAGATACATTAATGTTTTATGT TACCAT GAATGTGATATTATAATATARTIAT
TTTTAATTGCTTGCTACTGTTTATARGARTTTCATTTTC TGTTTACTTTGCCTTICATATCTGAAAACCTTGCTGATTTGAT
TAGTGCATCCACARATTTTCTTGGATTTTCTAT GGGTAATTACARATCTCCACACAATGAGGTTGCAGTGAGCCARGATCA
CACCACTGTACTCCAGCCTGGGCGACAGRGTGAGACACCATCT CACAAAAACACATAAACAAACANACAGARACTUCACAC
AATGACAACGTATGTGCTTTCTTTITTICTTCCTCTTTCTATAATATTTCT TTGT! CCTATCTTAACTGAACTGGCCAGARR
CCCCAGGACARTGATAARATACGAGCAGTGTCAACAGACATCTCATTCCCTTT CCTAGCTTTTATARAARTAACGAT TATGC
TTCAACATTACATATGGTGGTGT CGATGETTITGTTATAGATAAGCTTATCAGGT TAAGAAATTTGTCTGCGTTTCCTAGT
TTGETATAAAGATTTTAATATAAATGARTGTTGTATTT TATCATCTTATTTTTTTCCTACATCTGCTAAGGTARTCCTGTG
TTTTCCCCTTTTCARTCTCCTAATCTGGTGARTGACAL TARARTACCTT CTATTGTTAAAATATTCTTGCARCGCTGTATA
GAACCAATGCCTTTATTCTGTAT TGCTGATCGATTTTTGARARATATGTAGETGGACTTAGY TTTCTAAGGGGARTAGAAT
PTCTAATATATTTANAATATT TTGCATGTATGT TCTGARGGACATTGGTGT GTCATTTCTATACCATCTGGCTACTAGAGE
AGCCGACTGAARGTCACACTGCCGEAGEAGGGEGAGAGETGCTCTTCCGTTT CTGGTGTCLGTAGCCATCTCCAGTGGTAGC
TGCAGTGATAATAATGCTGCAGTGCCGACAGTTCTGGAAGGAGCARCAACAGTGATT TCAGCAGCACCAGTATTGCGGGAT
CCCCACGATGGAGCAAGGGARATAATTCTGGAAGCAATGACAATATCAGCTGTGGC TATAGCAGCTGAGATGTGAGTTCTC
ACGGTEGCAGCTTCAAGGACAGTAGTGATGGTCCAATGGCGCCCAGACT TAGRAATGCACATTTCCTCAGCACCGGCTCCA
GATGCTGAGCTTGGACAGCTGACGCCT

SEQ ID:49

>STAR49
AAACCAGAAACCCZ\AAACAATGGGAGTGACATGCTAAAACCAGAAACCCAAAACAATGGGAGGGTCCTGCI‘AAACCAGAAA
CCCARAACAATGGGAGTGARGTGCTARAACCAGAAACCCRAARCAATGGGAGT GTCCTGCI'ACACCAGARACCCAARACGA
'l‘GC—GAGTGACGTGATAAAACCAGACACCCAAAACAATGGGAGTGACGTGCTAAACCAGAAAC CCAARACAATGGGAGTGAC
GTGCTAAAACCTGGAAACCTAAARCARTGCCAGTGAGGTGC TAACACCAGARTCCATAACAATGTGAGTGRCGTGCTAAAC
CAGAACCCAAAACAAT GGGAGTGACGTGCTAAAACAGGAACCCARRACAATGAGAGTGACGTGCTAAACCAGAAACCCARA
ACAATGGGAATGACGTGCTAAAACCGGAACCCAAAACAATGGGAGTGATGTGCTAAACCAGAAACCCAAAACAATGGGAAT
GACATGCTAAAACTGGRACCCARAACAATGGTARCTAAGAGTCATGC TAAGGCCCTACATTTTGGTCACACTCTCARCTAA
GTGAGAACTTGACTGAAAAGGAGGATTTTTTTTTCTAAGACACAGTTTTGGT! CTGTCCCCCAGAGTGGAGTGCAGTGGCAT
GATCTCGGCTCACTGCAAGCTCTGCCTCCCGGGTTCP.GGCCATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGAA’T‘ACAGG
CACCCGCCACCACACTTGGCTARTITTTTGTATTTTTAGTAGRGATGEGGTTT CACCATATTAGCAAGGATGGTCTCRATC
TCCTGACCT! CGTGATCTGCCCACCTCAGGCTCCCAAAGTGCTGEGATTACAGGTGTGAGCCACCACACCCAGCARRARGGA
GGARTTTTTAANGCAARATTAL GGGAGGCCATTGTTTTGAACTAAGCT! CATGCAATAGGTCCCRACAGACCARACCRAACC
ARACCAAMATGGAGTCACTCATGCTAAATGTAGCATAATCARA

SEQ ID:50

>STARS0 .
CAACCATCGTTCCGCAAGAGCGGCTTGTTTATTAAACATGAAA”SAGGGAAAAGCCTAGTAGCICCATTSGATTGGGAAGA
ATGGCAAAGAGAGACAGGCGTCATTTTCTAGAAAGCAATCTTCACACCTGTTGGTCCTCACCCATTGAATGTCCTCACCCA
ATCTCCAACACAGAAATGAGTGACTSTGTGTGCACATGCGTGTGCATGTGTGAAAGTATGAGTGTGAATGTGTCTATATGG
GAACATATATGTGATTGTATGTGTGTAACTATGTGTGACTGGCAGCGTGGGGAGTGCTGGTTGGAGTGTGGTGTGATGTGA
GTATGCATGAGTGGCTGTGTGTATGACTGTGGCGGGAGGCGGAAGGGGAGAAGCAGCAGGCTCAGGTGTCGCCAGAGAGGC
TGGGAGGAAACTATAAACCTGGGCAATTTCCTCCTCATCAGCGAGCCTTTCTTGGGCAATAGGGGCAGAGCTCAAAGTTCA
CAGAGATAGTGCCTGGGAGGCATGAGGCAAGGCGGAAGTACTGCGAGGAGGGGCAGAGGGTCTGACACTTCAGGGGTTCTA
ATGGGAAAGGAAAGACCCACACTGAATTCCACTTAGCCCCAGACCCTGGGCCCAGCGGTGCCGGCTTCCAACCATACCAAC
CATTTCCAAGTGTTGCCGGCAGRAGTTAACCTCTCTTAGCCTCAGTTTCCCCACCTGTAAAATGGCAGAAGTAACCAAGCT
TACCTTCCCGGCAGTGTGTGAGGATGAAAAGAGCTATGTACGTGATGCACTTAGAAGAAGGTCTAGGGTGTGAGTGGTACT
CGTCTGGTGGGTGTGGAGAAGACATTCTAGGCAATGAGGACTGGGGAGAGCCTGGCCCATGGCTTCCACTCAGCAAGGTCA
GTCTCTTGTCCTCTGCACTCCCAGCCTTCCAGAGAGGACCTTCCCAAECAGCACTCCCCACGCTGCCAGTCACACATAGTT
ACACACATACAATCACATATATGTTCCCATATAGACACATTCACACTCATACCTTCACACATGCACACGCATGTGCACACA
CAGTCACTCATTTCTGTGTTGGAGATTGGGTGAGGACATTCAATGGGTGAGGACCAACAGGTGTGAAGATTGCTTTCTAGA
AAATGACTCCTGTCTCTCTTTGCCATTCTTCCCAATCCGATGGAGCTACTAGGCTTTTCCCTCATTTCATGTTTAATAAAC
CTTCCCAATGGCGAAATGGGCTTTCTCAAGAAGTGGTGAGTGT:CCATCCCTGCGGTGGGGACAGGGGTCGCAGCGGACAA
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GCCTECCTGEAGGERACTGT CAGGCTGATTCCCAGTCCAACTCCAGCTTCCARCACCTCATCCTCCAGGCAGTCITCATTC
TTEGCTCTRATTTCGCTCTTGTTTTCTTTTTTATTTTTATCGAGAACTGGGTGGAGACCT TTTGETGTCATTGGGGATTGC
TTTCARACCCTTCTCTGCCTCACACTGGGAGCTGGCTTGAGTCAACTGGT CTCCATGGAATTTCTTTTT TTAGTGTGTARR
CAGCTARGTTTTAGGCAGCTGTTGTGCCGTCCAGGGTGGARAGCAGCCTGTTGATGTGEAACTGCTTGGCTCAGATTICTT
GGRCARACRGATGCCGTETCTCTCAACTCACCARTTAAGARGCCCAGARAATGTGGCTTGGAGACCACATGTICTGETTATG
TCTAGTAATTCAGATGGCTTCACCTGEGAAGCCCTTTCTGAATGT CAARGCCATGAGATARAGGACATATATATAGTAGCT
AGGGTEETCCACTTCTTACGEGCCATCTCCGEAGETGETGAGCACTARGT GCCAGGARGAGAGGRAAACT CTGT TTTGGAGC
CARAGCATAAAMAAACCTTAGCCACARACCACTGANCATTTGTT TTGTGCAGGTTCLGAGTCCAGGEAGGGCT TCTGAGGA
GAGGGGCAGCTGGAGC TSGTAGGAGTTATGT GAGATGGAGCAAGGGCCCT T TAAGAGGTGGGAGCAGCATGAGCARAGGCA
GAGAGGTGGTAATGTATAAGCTATGTCATGGGARAGAGTTTGGCTGGAACAGAGTTTACAGAATAGRAARATTCAACACTA
TTAATTGAGCCTCTACTACGTGCTCGACAT TGT TCTAGTCACTGAGATAGGTTTCCTATACAANRCARBATCCATCCTCTA
TGGACATTTTAGTGACTALCAACAATATARATARTAARAGTGAACARARGCTCARAACATGCCAGGCACTATTAT TTATTT
ATTTATTTATTTATTTATTTATTTTTTGAAACAGAGT CICGCTCTETTGCCCAGGCTGCAGTGTAGTGETGCEATCLCGGL
TCACTG

SEQ ID:51

>8TARSL

TCACAGGTGACACCAATCCCCTGACCACGCT TTGAGAAGCACTGTACTAGATTGACTTICTAATGT CAGTCTTCATTTTCT
AGCTCTGTTACAGCCATGGTCTCCATATTATCTAGTACAACACACATACAAATATGTGTGATACAGTATGARTATAATATA
AARATATGTGTTATAATATAAATATAATATTARAATATGTCTTTATACTAGATAATAATACT TAATAACGTTGAGTGTTTA
ACTGCTCTAAGCACTTTACCTGCAGGAAACAGTTTTTTTTT TATTTTGGTGARATACAACTAACATAAAT TTATT TACAAT
TTTAAGCATTTTTAAGTGTATAGT TTAGTCGAGT TAATATATTCAARATGT TCTGCAGCCGTCACCATCATCAGTCTTCAT
AACTCTTTTCATATTGTARMAATTAARAGTTTATGCTCATTTARAAAATGACTCCCAATTTCCCCCCTCCTCAACCTCTGGAR
ACTACCATTCTATTTTCTGCCTCCGTAGTTT TGCCCACTCTAAGTACCTCACATAAGTGGAATTTGTCTTATTTGCCTGTT
TGTGACCGECTGA L TCATTTAGTATAATGT CCTCAAGT TTTATT CACGT TATATAGCATAT GTCATAAT TTTCTTCACTT
TTAAGCTTGAGTAATATTTCATCGTATCTATCTCACATTTTGCTTATCCAT TCATCTCTCAGTGGACACTTGAGTTGCTTC
TACATTTTAGCTGTTGTGAATACTGCTGCTATGAACATGGGTGTATARATATCT CAAGACCT TTT TATCAGI TTTTTAARA
TATATACTCAGTAGTAGTTTAGCTCGATTATATGGTAATTTTATTTTTAAT TTT TGAGGAACTSTCCTACCCTTTTAT TCA
ATAGTAGCTATACCAATTGACAATTGGCATTCCTACCAACAGEGCATAAGGETTCTCAATTCTCCACATATTCCCTGATAC
TTETTATTITCAGETGTTTTT T TTTTTE I TTTTTTTTTAT GGGAGCCATGTTAATGEGTGTAAGGTGATATTTCATTATAG
TTTTGATTTGCATTTCCCTAATGATTAGTCATGTTAAGCATCTCTTCATGTEGCCTATTGGCCATTTGTATATCTTCTTTAA
AAATATATATATACTCATTCCTTTGCCCATTTTTGAATTATGTTTATTT T TTGTTATTGAGT TTCARTACTTTTCTATATA
ACCTAGGTATTAATCCTTTATCAGACTTARGATTTGCARATATTCTCTTTCATT CCACAGGTTGCTAATTCTCTCTGTTGG
TAATATCTTTTGATGCTG GTETCCAGAAT TEGATTCAT TCCTGTGGETTCITGETCTCACTGACTTCARGARTAARGCTG
CGEACCCTAGTGGTGAGTGTTACACTTCTTATAGATCGTGTTTCCGGAGT TIGTTCCTTCAGATGTGTCCAGAGTTTCTTC
CTTCCAATGGGTTCATGGTCT TGCTGACTTCAGGAATGAAGCCGCAGACCTICGCAGTGACGTTTACAGCTCTTAAAGGTG
GCETGTCCAGAGTTGTTTETTCCCCCTGETGGGTTCETEETCITGCTGACL ICAGGARTGAAGCCGCAGACCCTCGCAGTG
AGTGTTACAGCTCATARAGGTAGTGCIGACACAGAGTGAGCTGCAGCAAGATTTACTGTGAAGAGCAAARGAACAAAGCTT
CCACAGCATAGAAGGACACCCCAGCGEGTTCCTGCTGCTGGCT CAGGGGCCAGTTATTATT CCCTTATTTGCCCTGCCCA
CATCCTGCTGATTGETCCATT T TACAGAGTACTGATTGGTCCATTTTACAGAGT GCTGAT TGGTGCATTTACARTCCTTTA
GCTAGACACAGAGTGCTGATTGCTGCATTCTTACAGAGTGCTGATTGGTGCATTTACAGT CCTTTAGCTAGATACAGAACE
CTGATTGCTGCGTTTTTTACAGAGTGCTGAT TCGTGCATTTACAATCCTTTAGCTAGACACAGTGCTGATTGGTGGETTTT
TACAGAGTGCTGATIGETGCETCTTTACAGAGTGCTGATTGGTGCATTTACRATCCTTTAGCTAGACACAGAGTGCTGATT
GGTGCGTTTATAATCCTCTACCTACACAGARAAGTTTTCCAAGTCCCCACCTGACCGAGRAGCCCCACTGGCTTCACCTCT
CACTGITATACTTTGGACATTTGTCCCCCCARRATCTCATGTTGARATGTARCCCCTAATET TGGAACTGAGGCCAGACTG
GATGTGGCTGGGCCATGGECA

SEQ ID:52

>8TARS2
CTTATGCCATCTGGCGGTGCCATGTGEARCT TCGCTGARGAAGCTARAT TTACTGACCAT CTGTGCCTAGAGCEGGTTTCT
CCAAGGARAGGCTCTGTAAATCTCGTCCTTTTGARATCTAGGGGARAACAGCCTCCTTCACTGACCATTAAT TTARAGARA
GGGGGAARTAGGARAATTCCATGCGTTGEARGTCCATTTAGATTTCTACATGAACCATCATATATGTGCACTACATAATTC
TPATTTTTTTATT T TAAAAAAGCGATAAT T TATATTCCAGTGACRAGT TTGGGARAGGCCAAGECAAGCAATTGAGTTGA
ACATTATGTAGCGTTTATATAGACCTTGCAGACGTCTGTGCAATATCCACCACTGARCACGTGAGGTCGTACTCAAGTCTC
TCTGECCCCTEGTAATGTGACT CCCTTCCTTTAT TTGCATGAATCGCCTGGRATTGEETGTCAGGTTTTTARAACGT CAAGG
TTTACGCCTATTGTTGTCAACCAATCAGCATCCTACT TTGACGTGATTGGCTTCTACTGTAGGTGTCAATCATCCARRATT
TGCATACTACTCCTCAGGCCGCCEGEAGCCTGTCAGTCEGCTCTCECACCTGGARGAGAAGGAAT CGGACGGAGAAGAATG
AARAATCACTTTGCT TTCGCAAAGCGRAAGARRAGTATTCTTTTCCTCAT TATTT T TARATAAATTTCATTGTATATTTAC
CTAATAARATAAACAT TCAATTAAACAAAAATAAGCAACTATCARAGATTTGTTTACTAATTT TCGTAATGT TTACTGTTT
CAATAAGTAGCCAAAGGAATATTAAAACACARAAATATGAATGCTGATAATTTTATGTCATAARGACCATTTTAAAACTAA
ABGTGRACATGGGGT I TCTAAATAAAATTACCGTCGTASCGTAAAARCACTGCTTTCAATACT TGGGCATGCTGRARGTGC
TGCATCCTAAGATAAARAATACACCARGGGGGGCATTTCAARGAACAT TATTTTGCTTTTAATAATCCTGTATTTCTGTCA
CTTTECCCITTTTAT T TATTTACCGTGAACTCACAGACAGAATATTACT TGGAGT TTCTGAARTACTTGTGTTTGTACATT
TCTCATCTTACACGTACCCACACACCCCAARATANAAANNCAAAGAAGAG
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SEQ ID:53

>8TARS3

CCCTGAGGARGATGACGAGTAACTCCGTAAGAGAACCTTCCACTCAT CCCCCACATCCCTGCAGACGTGCTATTCTGTTAT
GATACTGGTATCCCATCTGTCACTTGCTCCCCARATCATICCCTTCTTACAATT TTCTACTGTACAGCATTGAGGCTGAAC
GATGAGAGATTTCCCATGCTCTTTCTACTCCCTGC COTGTATATATCCGGGGATCCTCCCTACCCAGGATGCTETGEGETC
CCAARCCCCAAGTAAGCCCTGATATGCGGECCACACCTT TOTCTAGCCTAGGAATTGATAACCCAGGCGAGGAAGTCACTG
PGGECATGAACAGATGGTTCACTTCGAGGARCCGTGGAAGGCETGTGCASGTC CTGAGATAGGGCAGRAATCGGAGTGTGCAG
GGTCTGCAGGTCAGGAGEAGTTEGAGATTGCCTTGCCAC GTGGTGGGAACTCACTGCCACTTATTTCCTTCTCTCTTCTIGE
CTCAGCCTCAGGGATACGACACATGCCCATGATGAGAAGCAGAACGTGGTGACCTTT CACGRACATGGGCATGGCTGCGEA
COCCTCETCATCAGGTGCATAGCAAGTGARAGCAAGTGTT CACARCAGTGRAAAGTT! GAGCGTCATTTTTCTTAGTGTGCC
AAGAGTTCGATCTTAGCETTTACGTTGTATTTTCTTACACTGTGTCATTCIGT! TAGATACTAACATTTTCATTGATGAGCA
AGACATACTTAATGCATATTTTGGTTTGTGTATCCATGCACCTACCT TAGARAACANGTATTGTCGGTTACCTCTGCATGGE
AACAGCATTACCCTCCTCTCTCCCCAGATGTGACTACTGAGEGCAGT! TCTGAGTGTTTAATTTCAGATTTTTTCCTCTGCA
TTTACACACACACG CACACAAACCACACCACACACACACACACACACACACACZ\CACACACACACACACACACACCAAGTA
CCAGTATAAGCATCTGCCAT CTC—CTTTTCCCATTGCCA’IGCGTCCTGGTCAAGCTCCCCTCACTCTGTTTCCTGGTCAGCA
'T.‘GTACTCCCCTCATCCGATTCCCCTGTAGCAGTCACTGACAGTTAATAAACCTTTGCAAACGTTCCCCAG‘TTGTTTGCTCG
‘I’GCCATTATTGTGCACACAGCTCTGTGC'ACGTGTGTGCATATTTCTT'I‘AGGAAAGATTCTTAGAAGTGGAATTGCTG‘i‘GTC
ARAGGAGTCATTTATTCAACAAAACACTAATGAGTGCGTCCTCGTGCTGAGCECTGTT CTAGGTGCTGGAGCGACGTCAGG
CANCAAGGCAGACAGGAGTTCCTGACCCCCGTTCTAGAGGRGGATGTTTCCAGTTET TCEETTTIGTTTGTTTGTLITCITC
TAGAGATGGTGETCTTECTCTGTCCAGECTAGAGTCCAGTGGCATGATCATAGC

SEQ ID:54

>STARS4

CCATAAAAGTGTTTCTAANCTCCAGAAAAATCCCCCTACAGTCTTACAGTTCAAGRAT TTTCAGCATGAAATGCCTGETAG
ATTACCTGACTTTTTTTGCCAAAAATAAGGCACAGCAGCTCTCTCCTGACTCTGACTTTCTATAGTCCTTACTGAATTATA
GTCCTTACTGAA’L’TCATTCTTCAGTGTTGCAG‘I‘CTGAAGGACACCCACATTTTCTCTTTGTCTTTGTCAATTCTTTGTGTT
GTAAGGGCAGGATGTTTARAAGTTGAAGTCATTGACTT GCAAMATGAGAAATTTCAGAGGGCATTTTGTTCICTAGACCAT
GTAGCTTAGAGCAGTGTTCACACTGAGGTTGCTGCTAATGTTTCTGCAGTT! CTTACCAATAGTATCATTTACCCAGCRACA
GGATATGATAGAGGACTTCGARARCCCCAGAAAATGTTTTGCCATATATCCARAGCC CTTTGGGARATGGARRAGGAATTGC
GGGCTCCCATTTTTATATATGGATAGATAGAGACCARGARAGACCRAGGCAACT CCATGTGCTTTACATTAATAARGTACA
AAATGTTAACATGTAGGAAGTCTAGGCGAAGTT TATGTGAGARTTCL TTACACTAATTTTG CAACATTTTAATGCAAGTCT
GAAATTATGTCAAAATAAGTARRAATTTTTACAAGT TAAGCAGAGAATAACRAT GATTAGTCAGAGAAATAAGTAGCARAA
TOTTCTTCTCAGTATTGACT TGGTTGCT TTTCAATCTCTGAGGACACAGCAGTCTTCCCTT CCAAATCCACAAGTCACATC
AGTGRGEAGACTCAGCTGAGACTTTGGCTARTGT TGGGEGETCCCTCCTGTET CPCCCCAGGCELAGTGAGCCTGCAGGCC
GACCTCACTCGTCCCACACAACTAAATCTGGCEAGARGCAACCCGAT! GCCAGCATGATGCAGATATCTCAGCGTATGATCG
GCC

SEG ID:55

>STARS5

CCTGAACTCATGATCCGCCCACCTCAGCCTCCTGARGTECTGEGAT TACAGGTGTGAGCCACCACACCCAGCCECARCACA
CTCITIGAGCARCCARTGTGTCATAAAAGARATARARTGGAAATCAGARAGTATCTTGAGACAGACAARARTGGAARCACAR
CATACCAAAATTTATGEGACACAGCARAAGCAGT TTTAGGAGGGAAGTTTATAGTGATGAATACCTACCTCARAATCATTA
GCCTGATTGGATGACACTACAGTGTATARATGAAT TGAAAACCACATTGTGCCCCATACATATATACARTTTTTATITGTT
AATTAAAAATAAAATANIACTTTAAAAAAGARGARAGAGCTCARNTAAACAACCTARCT TTATACCT CAAGGARATAGARG
AGCCAGCTARGCCCAMAGTTGACAGAAGGAARAARATATTGGCAGAARGAARTGARACAGAGACTAGARAGACRATIGARG
AGATCAGCARRACTA

SEQ ID:56

>3TAR56

ACACAGGAARAGATCGCAATTGTTCAGCAGAGCTTTGAACCGGGEATGACGGTCTCCCT CGTTGCCCGGCAACATGGTGTA
GCAGC CAGCCAGTTATTTCTCTGGCGTAAGCAATACCAGGAAGGAAGTCTTACTGCTGTCGCCGCCGGAGAACAGGT‘I‘GTT
CCTGCCTCTGAACTTGCTECCGCCATGARGCAGATTARAGAACTCCAGCGT CTGCTCGGCAAGARARCGATGGARRRTGRA
CTCCTCARAGAAGCCGITGAATAT! GGACGGGCAAAARAGTGGATAGCGCACGCGCCCTTATTGCCCEEGGATGECGAGTAR
GCTTAGTCAGCCGTTETCTCCGGETETCECETGCECAGTTIGCACGT CATTCTCAGACGAACCGAT GACTGGATGGATGGCC
GCCGCAGTCGTCACACTGATGATACG GATGTGCTTCTCCCTATACACCATGTTATCGGAGAGCTECCARCCTATGGTTATC
GTCGGGTATGEECGCTGCTTCGCAGACAGGCAGRACT TGATGGTAT GCCTECGATCRATGCCARACGTGTTTACCGGATCA
TGCG CCAGAATGCGCTGTTGCTTGAGCGAAI—\ACCTGCTGTACCGCCATCGAAACGGGCACATACAGGCAGAGTGGCCGTGA
AAGAAAGCAATCAGCGATGGTGCTCTGACGGGTTCGZ\GTTCTGCTG'J.‘GATAACGGAGAGAGACTGCGTGTCACGTTCGCGC
TGGACTGCTIGTG

SEQ ID:57

>5TRARST

TCCTTCTGTARATAGECARARTGTATTTTAGT TTCCACCACACATGTTCTT TTCTGTAGGGCT TGTATCTT GGAARTTTTA
TCCAATTATTCAATTAACACTATACCAACAATCIGCTAATTCTGGAGATGT GGCAGTGRATAAARAAGT TATAGTTTCTGA
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TTTTGTGGAGCTTGGACTTTAATGATGGACAAAACAACACATTCTTAAATATATATTTCATCAAAATTATAGTGGGTGAAT
TATTTATATGTGCATTTACATGTGTATGTATACATAAATGGGCGGTTACTGGCTGCACTGAGAATGTACACGTGGCGCGAA
CGAGGCTGGGCGGTCAGAGAAGGCCTCCCAAGGAGGTGGCTTTGAAGCTGAGTGGTGCTTCCACGTGAAAAGGCTGGAAAG
GGCATTCCAAGAAAAGGCTGAGGCCAGCGGGAAAGAGGTTCCAGTGCGCTCTGGGAACGGAAAGCGCACCTGCCTGAAACG
AAAATGAGTGTGCTGAAATAGGACGCTAGAAAGGGAGGCAGAGGCTGGCAAAAGCGACC ACCAGGAGCTCARAGEAGCGA
GCGGGGAAGGCCGCTGTGGAGCCTGGAGGAAGCACTTCGGAAGCGCTTCTGAGCGGGTAAGGCCGCTGGGAGCATGAACTG
CTGAGCAGGTGTGTCCAGAATTCGTGGGTTCTTGGTCTCACTGACTTCAAGAATGAAGAGGGACCGCGGACCCTCGCGGTG
AGTGTTACAGCTCTTAAGGTGGCGCGTCTGGAGTTTGTTCCTTCTGATGTTCGGATGTGTTCAGAGTTTCTTCCTTCTGGT
GGGTTCGTGGTCTCGCTGGCTCAGGAGTGAAGCTGCAGACCTTCGCGGTGAGTGTTACAGCTCATAAAAGCAGGGTGGACT
CAAAGAGTGAGCAGCAGCAAGATTTATTGCAAAGAATGAAAGAACAAAGCTTCCACACTGTGGAAGGGGACCCCAGCGGGT
TGCCACTGCTGGCTCCGCAGCCTGCTTTTATTCTCTTATCTGGCCCCACCCACATCCTGCTGATTGGTAGAECCGAATGGT
CTGTTTTGACGGCGCTGATTGGTGCGTTTACAATCCCTGCGCTAGATACAAAGGTTCTCCACGTCCCCACCAGATTAGCTA
GATAGAGTCTCCACACAAAGGTTCTCCAAGGCCCCACCAGAGTAGCTAGATACAGAGTGTTGATTGGTGCATTCACAAACC
CTGAGCTAGACACAGGGTGATGACTGGTGTGTTTACAAACCTTGCGGTAGATACAGAGTATCAATTGGCGTATTTACAATC
ACTGAGCTAGGCATAAAGGTTCTCCAGGTCCCCACCAGACTCAGGAGCCCAGCTGGCTTCACCCAGTGG

SEQ ID:58

>STARLS
AAGTTTACCTTAGCCCTAAAITATTTCATTGTGATTGGCATTTTAGGAAATATGTATTAAGGAATGTCTCTTAGGAGATAA
GGATAACATATGTCTAAGAAAATTATATTGAAATATTATTACATGAACTAAAATGTTAGAACTGAAAAAAAATTATTGTAA
CTCCTTCCAGCGTAGGCAGGAGTATCTAGATACCAACTTTAACAACTCAACTTTAACAACTTCGAACCAACCAGATGGCTA
GGAGATTCACCTATTTAGCATGATATCTTTTATTGATAAAAAAATATAAAACTTCCATTAAATTTTTAAGCTACTACAATC
CTATTAAATTTTAACTTACCAGTGTTCTCAATGCTACATAATTTAAAATCATTGAAATCTTCTGATTTTAACTCCTCAGTC
TTGAAATCTACTTATTTTTAGTTACATATATATCCAATCTACTGCCGCTAGTAGAAGAAGCTTGGAATTTGAGAAAAAAAT
CAGACGTTTTGTATATTCTCATATTCACTAATTTATTTTTTAAATGAGTTTCTGCAATGCATCAAGCASTGGCAAAACAGG
AGAAAAATTAAAATTGGTTGAAAAGATATGTGTGCCAAACAATCCCTTGAAATTTGATGAAGTGACTAATCCTGAGTTRTT
GTTTCAAATGTGTACCIGTTTATACAAGGGTATCACCTTTGAAATCTCAACATTAAATGAAATTTTATAAGCAATTTGTTG
TAACATGATTATTATAAAATTCTGATATAACATTTTTTATTACCTGTTTAGAGTTTAAAGAGAGAAAAGGAGTTAAGAATA
ATTACATTTTCATTAGCATTGTCCGGGTGCAAAAACTTCTAACACTATCTTCAAATCTTTTTCTCCATTGCCTTCTGAACA
TACCCACTTGGGTATCTCATTAGCACTGCAAATTCAACATTTTCGATTGCTAATTTTTCTCCCTAAATATTTATTTGTTTT
CTCAGCTTTAGCCAATGTTTCACTATTGACCATTTGCTCAAGTATAGTGACGCTTCAATGACCTTCAGAGAGCTGTTTCAG
TCCTTCCTGGACTACTTGCATGCTTCCAACAAAATGAAGCACTCTTGATGTCAGTCACTCAAATAAATGGAAATGGGCCCA
TTTACTAGGAATGTTAACAGAATAAAAAGATAGACGTGACACCAGTTSCTTCAGTCCATCTCCATTTACTTGCTTAAGGCC
TGGCCATATTTCTCACAGTTGATATGGCGCAGGGCACATGTTTAAATGGCTGTTCTTGTAGGATGGTTTGACTGTTGGATT
CCTCATCTTCCCTCTCCTTAGGAAGGAAGGTTACAGTAGTACTGTTGGCTCCTGGAATATAGATTCATAAAGAACTAATGG
AGTATCATCTCCCACTGCTCTTGT

SEQ 1D:59

>STARS9
GAGATCACGCCACTGCACTCCAGCCTGGGGGACAGAGCAAGACTCCATCTCAGAAACAAACAAACACACAAAGCCAGTCAA
GGTGTTTAATTCGACGGTGTCAGGCTCAGGTCTCTTGACAGGATACATCCAGCACCCGGGGGAAACGTCGATGGGTGGGGT
GGAATCTATTTTGTGGCCTCAAGGGAGGGTTTGAGAGGTAGTCCCGCAAGCGGTGATGGCCTAAGGAAGCCCCTCCGCCCA
AGAAGCGATATTCATTTCTAECCTGTAGCCACCCAAGAGGGAGAATCGGGCTCGCCACAGACCCCACAACCCCCAACCCAC
CCCACCCCCACCCCTCCCACCTCGTGAAATCGGCTCTCGCTCCGTCAGGCTCTAGTCACACCGTGTGGTTTTGGAACCTCC
AGCGTGTGTGCGTGGGTTGCGTGGTGGGGTGGGGCCGGCTGTGGACAGAGGAGGGGATAAAGCGGCGGTGICCCGCGGGTG
CCCGGGACGTGGGGCGTGGGGCGTGGGTGGGGTGGCCAGAGCCTTGGGAACTCGTCGCCTGTCGGGACGTCTCCCCTCCTG
GTCCCCTCTCTGACCTACGCTCCACATCTTCGCCGTTCAGTGGGGACCTTGTGGGTGGAAETCACCATCCCTTTGGACTTT
AGCCGACGAAGGCCGGGCTCCCAAGAGTCTCCCCGGAGGCGGGGCCTTGGGCAGGCTCACAAGGATGCTGACGGTGACGGT
TGGTGACGGTGATGTACTTCGGAGGCCTCGGGCCAATGCAGAEGTATCCATTTGACCTCGGTGGGACAGGTCAGCTTTGCG
GAGTCCCGTGCGTCCTTCCAGAGACTCATCCAGCGCTAGCARGCATGGTCCCCAGE

SEQ ID:60

>STARG0
AGCAGTGCAGAACEGGGGAAGAAGAAGAGTCCCTACACCACTTAATACTCAAAAGTACTCGCAAAAAATAACACCCCTCAC
CAGGTGGCATNATTACTCTCCTTCAITGAGAAAATTAGGAAACTGGACTTCGTAGAAGCTAATTGCTTTATCCAGAGCCAC
CTGCATACAAACCTGCAGCGCCACCTGCATACAAACCTGTCAGCCGACCCCAAAGCCCTCAGTCGCACCAAECCTCTGCTG
CACACCCTCGTGCCTTCACACTGGCCGTTCCCCAAGCCTGGGGCATACTNCCCAGCTCTGAGAAATGTATTCATCCTTCAA
AGCCCTGCTCATGTGTCCTNNTCAACAGGAAAATCTCCCATGAGATGCTCTGCTATCCCCATCTCTCCTGCCCCATAGCTT
AGGCANACTTCTGTGGTGGTGAGTCCTGGGCTGTGCTGTGATGTGTTCGCCTGCNATGTNTGTTCTTCCCCACAATGATGG
GCCCCTGAATTCTCTATCTCTAGCACCTGTGCTCAGTAAAGGCTTGGGAAACCAGGCTCAAAGCCTGGCCCAGATGCCACC
TTTTCCAGGGTGCTTCCGGGGGCCACCAACCAGAGTGCAGCCTTCTCCTCCACCAGGAACTCTTGCAGCCCCACCCCTGAG
CACCTGCACCCCATTACCCATCTTTGTTTCTCCGTGTGATCGTATTATTACAGAATTATAIACTGTATTCTTAATACAGTA
TATAATTGTATAATTATTCTTAATACAGTATATAATTATACAAATACAAAATATGTGTTAATGGACCGTTTATGTTACTGG
TAAAGCTTTAAGTCAACAGTGGGACATTAGTTAGGTTTTTGGCGAAETCAAAAGTTATATGTGCATTTTCAACTTCTTGAG
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GGGTCGGTACNTCTNACCCCCATGTTGTTCAANGGTCAACTGTCTACACATATCATAGCTAATTCACTACAGAAATGTTAG
CTTGTETCACTAGTATCTCCCCTTCTCATAAGCTTAATACACATACCT IGAGA GCTCTTGGCCATCTCTACTAATGACT
GAAGTTTTTATTTATTATAGATGTCATAATAGGCATAAAACTACATTACATCATTCGAGTGCCAATTTTGCCACCTTGACC
CTCTTTTGCAAAACACCAACGTCAGTACACATATGAAGAGGAAACTGCCCGAGAACTGAAGTTCCTGAGACCAGGAGCTGC
AGGCGTTAGATAGAATATGGTGACGAGAGTTACGAGGATGACGAGAGTAAATACTTCATACTCAGTACGTGCCAAGCACTG
CTATAAGCGCTCTGTATGTGTGAAGTCATTTAATCCTCACAGCATCCCACGGTGTAATTATTTTCATTATCCCCATGAGGG
AACAGAAACTCAGAACGGTTCAACACATATGCGAGAAGTCGCAGCCGGTCAGTGAGAGAGCAGGTTCCCGTCCAAGCAGTC
AGACCCCGAGTGCACACTCTCGACCCCTGTCCAGCAGACTCACTCGTCATAAGGCGGGGAGTGNTCTGTTTCAGCCAGATG
CTTTATGCATCTCAGAGTACCCAAACCATGAAAGAATGAGGCAGTATTCANGAGCAGATGGNGCTGGGCAGTAAGGCTGGG
CTTCAGAATAGCTGGAAAGCTCAAGTNATGGGACCTGCAAGAAAAATCCATTGTTTNGATAAATAGCCAAAGTCCCTAGGC
TGTAAGGGGAAGGTGTGCCAGGTGCAAGTGGAGCTCTAATGTAAAATCGCACCTGAGTCTCCTGGTCTTATGAGTNCTGGG
TGTACCCCAGTGAAAGGTCCTGCTGCCACCAAGTGGGCCATGGTTCAGCTGTGTAAGTGCTGAGCGGCAGCCGGACCGCTT
CCTCTAACTTCACCTCCAAAGGCACAGTGCACCTGGTTCCTCCAGCACTCAGCTGCGAGGCCCCTAGCCAGGGTCCCGGCC
CCCGGCCCCCGGCAGCTGCTCCAGCTTCCTTCCCCACAGCATTCAGGATGGTCTGCGTTCATGTAGACCTTTGTTTTCAGT
CTGTGCTCCGAGGTCACTGGCAGCACTAGCCCCEECTCCTGT

SEQ ID:6l

>STARGL
CAGCCCCCACATGCCCAGCCCTGTGCTCAGCTCTGCAGCGGGGCATGGTGGGCAGAGACACAGAGGCCAAGGCCCTGCTTC
GGGGACGGTGGGLL1bbbATGAGCATbbLL1lbbLCTTCGCCGAGAGTNCTCTTGTGAAGGAGGGGTCAGGAGGGGCTGCT
GCAGCTGGGGAGGAGGGCGATGGCACTGTGGCANGAAGTGAANTAGTGTGGGTGCCTNGCACCCCAGGCACGGCCAGCCTG
GGGTATGGACCCGGGGCCNTCTGTTCTAGAGCAGGAAGGTATGGTGAGGACCTCAAAAGGACAGCCACTGGAGAGCTCCAG
GCAGAGGNACTTGAGAGGCCCTGGGGCCATCCTGTCTCTTTTCTGGGTCTGTGTGCTCTGGGCCTGGGCCCTTCCTCTGCT
CCCCCGGGCTTGGAGAGGGCTGGCCTTGCCTCGTGCAAAGGACCACTCTAGACTGGTACCAAGTCTGGCCCATGGCCTCCT
GTGGGTGCAGGCCTGTGCGGGTGACCTGAGAGCCAGGGCTGGCAGGTCAGAGTCAGGAGAGGGATGGCAGTGGATGCCCTG
TGCAGGATCTGCCTAATCATGGTGAGGCTGGAGGAATCCAAAGTGGGCATGCACTCTGCACTCATTTCTTTATTCATGTGT
GCCCATCCCAACAAGCAGGGAGCCTGGCCAGGAGGGCCCCTGGGAGAAGGCACTGATGGGCTGTGTTCCATTTAGGAAGGA
TGGACGGTTGTGAGACGGGTAAGTCAGAACGGGCTGCCCACCTCEGCCGAGAGGGCCCCGTGGTGGGTTGGCACCATCTGG
GCCTGGAGASCTGCTCAGGAGGCTCTCTAGGGCTGGGTGACCAGGNCTGGGGTACAGTAGCCATGGGAGCAGGTGCTTACC
TGGGGCTGTCCCTGAGCAGGGGCTGCATTGGGTGCTCTGTGAGCACACACTTCTCTATTCACCTGAGTCCCNCTGAGTGAT
GAGNACACCCTTGTTTTGCAGATGAATCTGAGCATGGAGATGTTAAGTGGCTTGCCTGAGCCACACAGCAGATGGATGGTG
IAGCTGGGACCTGAGGGCAGGCAGTCCCAGCCCGAGGACTTCCCAAGGTTGTGGCAAACTCTGACAGCATGACCCCAGGGA
ACACCCATCTCAECTCTGGTCAGACACTGCGGAGTTGTGTTGTAACCCACACAGCTGGAGACAGCCACCCTAGCCCCACCC
TTAICCTCTCCCAAAGGAACCTGCCCTTTCCCTTCATTTTCCTCTTACTGCATTGAGGGACCACACAGTGTGGCAGAAGGA
ACATGGGTTCAGGACCCAEATGGACTTGCTTCACAGTGCAGCCCTCCTGTCCTCTTGCAGAGTGCGTCTTCCACTGTGAAG
TTGGGACAGTCACACCAACTCAATACTGCTGGGCCCGTCACACGGTGGGCAGGCAACGGATGGCRETCACTGGCTGTGGGT
CTGCAGAGGTGCG

SEQ ID:62
>STARG2
AGIGTCARATAGATCTACACARAACAAGATAATGTCTGCCCATTTTTCCAARGATAATGTGGT GRAGTGGETAGAGAGARR
TGCATCCATTCTCCCCACCCAACCTCTGCTAAATTGTCCATGTCACAGTACTGAGACCAGGGGGCTTATTCCCAGCGGGCA
GAATGTGCACCRAGCACCTCTTGTCTCAATTTGCAGTCTAGGCCCTGCTAT TTGATGETGTGARGGCT TGCACCTGGCATG
GAAGGTCCGTTTTGTACTTCTTGCTTTAGCAGTTCAAAGAGCAGGGAGAGCTGCGAGGGCCTCTGCAGCTTCAGATGGATG
TGGTCAGCTTGTTGGAGECECCTTCTETGGTCCAT TATCTCCAGCCCCCCTGCGGIGTTGCTGTTIGCT TGGCTTGTCTGE
CTCTCCATGCCTTGTTGGCTCCAAAATGTCAICATGCTGCACCCCAGGAAGAATGTGCAGGCCCATCTCTTTTATGTGCTT
TGEGOTATTTTGATTCCCCETTGEGTATATTCCCT AGGTAAGACCCAGARGACACAGGAGGTAGTTGCT TTGGGAGAGTTT,
GGACCTATGGGTATGAGGTAATAGACACAGTATCTTCTCTTTCATTTGGTGAGACTGTTAGCTCTGGCCGCGGACTGAATT
CCACACAGCTCACTTGGGAAAACTTTATTCCAAAACATAGTCACATTGAACATTGTGGAGAATGAGGGACAGAGAAGAGGC
CCTAGATTTGTACATCTGGGTGTTATGTCTATAAATAGAATGCTTTGGTGGTCAACTAGACTTGTTCATGTTGACATTTAG
TCTTGCCTTTTCGETGETCATTTAARAATTATGTATATCT TGT TP GGAATATAGTGGAGCTATGGTGTGGCATTTTCATCT
GECTT I TETTTAGCTCAGCCCETCCTGTTATGEGCAGCCT TGAAGCTCAGTAGCTAATGAAGAGGTAT CCTCACTCCCLC
CAGAGAGCGGTCCCCTCACGGCTCATTGAGAGTTTGTICA

1

SEQ ID:63

>STARG3
GCGTCTGAGCCGCTGGGAACCCATGAGCCCCGTCCATGGAGTTGAGGAAGGGGGTTCGCCCCACGGGGTGGGCGCCCTCTA
CACAGCGCGCTTCCTCTTCTCTCGTTAGCGCCGCGGGACCAGCCTCTGGTTCTGCACCTCGCGCTCTGGGAGCAGCGCCCG
GCTTTGGCGAGCGCTTCCCCGGGGCTGCCCAGCCTCTGCTCCGCTCGCCCCGCCAGGCCCGGCTCCGCGAAGCCCCCAGGG
TCCAGTCCAAGGCCCCGATTCCCCAAGGCCAGGGCCCCGGGGCAGCATTGGAACAGGGCGCGGACGCCAGTCCTCCGAGCA
TGGAGTAACTGCAGCTTTTGAGAAAAGAAAGCGGACCCCACCCCATCGAGAACGCGGCGCCTTCTTTAGGGACGTTCCTGG
GCCGTCACGGAGTGTCGCCGGCTCCTCGGCCCCTCCCTCCTCCAAGCCCCCACCCCCGACAGCGGCCTCCCTGGGGACCTC
CCCTCGGGCTGCGCTTTCAGCCCAAACACAGGGAGGTCTTCCAGGAGCCTGCCCAGTCCCCACAGCAGCCCAGAGACCCCC
ACTCCCACCTGTACCTGCCAABCCTTCAGAGAGEGLGELCTEGACATGCCCCGCACGGEAGGAGCCCCGCCTCAGCACCCE
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TGCAAGTGGCAGCAACCCAGAACACCCGTGAGAGECCT CTGAGCAGCCCAGEARGTGGCTGEARGACECATAGGCAGCTCA
CTCCTCTGTAAGAGCAAGGACCGGAGAACACATGCTGACCCCTGCT TTTGCAGAGGGGCGATGCTTCAGGACAGECECECT
CAGCAGETGTCCATCTTATTTCACACCTTTGTGTTTATATCATCTTAT TTTGCATTTTATGTCTAATTAACAATATGCAGC
TGGCCAGGCGCAGTGECTCAAGCCTCTAATCCCAGCACTTTGGEAGECCCAGECAGGTGTATCACTTGAGGGCAGGAGTTC
GGGACCGGCCTGGGCAACATAGCARARCCCCATTGCTAATAARRAATACAAARATTAGCCAGCCATGETGGCGEGCACCTGE
AGTCCCAGCTACTCCGGAAGCTGAAGCAGGAGARTCACTTGAACCCAGGAGGCGEAGGTGGCAGT GAGCTATCAAGCCATT
ACACTCCAGCCTGGGCARCAGAGARAGACTGTCTCARARARAAAT TAATACCCAGCAGRATATTATGTGGTCAGCCCAAGC
AGTCCCCCCCACTCAGCCCTCTGTCCCTACAGCTCCAGGCACTCCCCCAGCCCCTCCCCTGEACAAGAGGTARTGCCIAGA
GGGTGARARTCCACCAAGGTTAAGCCAGAAACARAARGCTCARAGCTTCGECATCTCCCTCCGCTCAGACCCTTAGAGCAG
ATTCCTCTCATCGACAGCACGATCAGGCTGTGG

SEQ ID:64

>STAR6S4
AGAGATCTTTTAAGGGCTCARAAGACCCTGCGECTCCCCTGCCAATAGCTCTGCCATCGTCCCCAGAGCTTTCGAGGACCC
TCCACCATCGGCGCCAACCCCAGCTGAGCTGGGTGCTCCTCTGCAGECCTCTGCTCCATCTCAGCCTGAGCATGAGGCTCY
GCTGTGCTECTTCCAGCAGCAGGGACAGGGCTGATGAGCCTGGCCCTTGCARGCATCTTCCTGTGCCGARTACRATTCCAC
AGACAGAGGATTTARAATCCAAGTGGAGGTGACACCAAACAAAGGAAANCCTCCAGGTAT CAGAAGAAAGEAGCGEETGTE
BAGACAGTATGGGAGGAAGGTCAGGCTGGGECT CAGCTCTGGGAAGTGCCAGCCTGAACAGGAGT CACGCCCGGEGTCCACA
TGCAAGGGAATGAGGACCGAGCCCCTGCATGTGECAGGGCCTTCCGCAGGCTGCCCCGTCTGTGRACAGGACACCAGAAGA
BGTCTGCCT'TCCAGCCTGGCARRGTGECARGGAACCT CTGEGTGGGRAAACAAATCAACARACARATTGT CAGTARRAARC
AGAAACCTCACACTTTCCTTTCTCTTGACCTCTTGAARAAAGCARATCCACTGCAGCTCACCARRGGCARAGAGAARACCT
TAAGAATACCCAGAGAGAARAGACACGTTACTTGCAAAAGAACATCTAATGCAGGGAGATAATGAAARATACAGACTCTTCA
AAGGGCTGRAGGARAARBRACCGTCCACCTAGAATTCTATCCCCAAACTGT CATCTGAGAGCAAGGGCAARACARACGCTTT
CTCAGACAGGCTGGACGAGGTCGCTCACGCCTGTAATCCTAGCACTITGGGACGCCAAGGTGGGAGGACCGCTTTAAGCCA
GAAGTTI'GAGACCAGTGTGGETAACATAATGAGACCCCATCT CTAAGARAARGAARTTARAATANGACAAGACT TTTTCAGA
CAACRAGTGCTCTGAGAGCTGGCCTATCTTGCCTGTCTTGTAAAGAAT TGCTGCGAGACACCTCATTAGGAARGAGACTGA
ATCTAGAAGGAAAGAGCAGAGCATGAGGTACAATGAGGAGCARATAAACAGGT CACCATATAAGCAAACCCARATACACAT
TCACTATACGARACAATAARAATCACTCATTTGEGGGGTTAAAACACTGTTGAACTARAATCCTGGATARCAGCAGCATGA
AAGGTGGGETGETGETCCCAGGARAGCATTCAARGGTCCATGTCTCATTTGGGACGAGCGTAGGGAGACTCATGAACT TGA
GGCTCCCTTCAGGCAAGCACAGTGCARAAARATTATAATAATGEGARACAGATACAGTAGACTGTGATGTACARCTCTCAG
AGCAGTAGAAGGGAGGGETATAARACARATCTGATCCA

SEQ ID:65

>STAR6S
TCGAGACCAGCCTGGCCAACATGETGARACATTGTCTCTATTACAAATACANANATTAGCCAGGTGTAGTGGTGCATGCCT
GCRGTCCCAGCCATTTGGGAGGCTGAAGTTGGAGAAT CGCTTAAACCTGGGAGGTGGAGGTTGCATTGAGCCGAGAAGCAC
TCCAGCCTGGATGACGGAGCAAGACTGTCTCARAAAGANAAAARARAGAAGCAGCAGCAARTATCCCTGTCCTGATGGAGG
CTATATARCAACCAAACAAGTGAATGCATAAGACAAT TTCAAGGTTATGGTAGATACCATAAGTGGGAGATGAACARTGAG
AACACATGGACACAGGGAGGAGAACATCACACACTGEGECCTCTCGEEEGETGEGGARATAGGGEGGTGATAGCAT TAGGAG
AAATACCTAATGTCGATAACAGGTTAGTGGGTGCAGCARACCACCATGGCACGTGTATATCTATGTAACACACCTGCACGT
TCTGCACATGTATCCCAGAACTTAAAGTATAATAARAARAGACATTAAAAAATTATGATATAARATCCCAATTCAAGT TGT
TTTAARARGAGAAAACAATTATCTTTATATAATAGCGGAAAATATAGATGGCGGAATTAARGCCTCETCATATTTTCTAAC
AGAACTTTCTGATAAACI'GATTAAATARAAATTTTAARTATCACTAAACACATAGARGAAATARATT TARACCTTCACAA
ARAATAARGTACAATGAATGAAGACRAGGTGTACTTGARAAAACAACTGAATAAATATTCTACATATAAARAAMATCTGAT
GATATTGIGGTGATTCTTTACTTTGCTACTAGTTTCTCTTTTTTTCTTCTGAARAATTTCTTGGGATGTATTICGTTTCAT
TAGTAARATTCTAAGTTTCTTTCCAATCTGAACAT TGGAGCT TCATCCATAGCCAGTATGCCCTAACATTATCTTTGGACA
ACTGTAAAATTAGAACACTGCCAGACATATT TAATGTATGATCTATAT CARCACTGGGACACAT TTTATACTATCTTTATT
CCAARATCAAATGATTCACTGTGGTTTATAAATGTACATGGATATATCTCTACCTAAGCAGATAGTTAGGAGAGTTAGTAR
AAATGAGGTGGAAAATAGGAGTCACTGTCCCTTCACAGGGAGAGAATTCTGCT TT TCTCCTARTATACCCTTIGCTTGAAC
AGACTCCAACCCCTCATCTTTTGTCCTTTARATGACCACATTTATTTTAACT TTGATAAACAACACAGARAGATATTTGAT
CCATCAACATTCAC

SEQ ID:66

ST2F (STARGEF)

GCAGGTTGGATGGTGCTGACCCCTCCTCGGETTGGCT TCCTGTCTCCAGCTGCACGTCCTGTACTCCAGGGTCTGCARGCC
TAARAGGAGGGACCCAGGACCCACCACAGACCCGCTGEACCCCARGGGCCAGGGAGCCATTCTGGCCCTGGCEEGTGACCT
GGCCTACCAGACCCTCCCGCTCAGGGCCCTGGATCTGGRCAGCGGCCCCCTGGAAAACGTGTATGAGAGCATCCGGEAGCT
GGGGGACCCTGCTGGCAGGAGCAGCACGTGCGGGGECTGEGACGCCCCCTGCTTCCAGCTGCCCCAGCCTAGGEAGEEECTG
GAGACCCCTCCCTGCCTCCCTGCCCTGARCACTCARGGACCTGTGCTCCTTCCTCCAGAGTGAGGCCCGTCCCCCGLCCCG
CCCCGCCTCACAGCTGACAGCGCCAGTCCCAGGTCCCCGGGCTGCCAGCCCGTGAGETCCGTGAGGTCCTGGCCGCTCTGA
CAGCCGCGGCCTCCCCEGGCTCCAGAGAAGGLCCGCGTCTARATARAGCECCAGCGCAGGATGAARGCGECCAGCCTCGCA
GCCTGCTCTTCTTGARRGCTGEGCEEETTGEEGECEEGEEGCTTCTCTGGARGGCTTGEAGCTETCCCCTCTGGCCTTGEGEG
GACTGGCTGCCCCCGGEGCECCCEGGLCTAGCCEAGGCGEGTECT CCTGCCGGCCAGACTCTCGGTCAGTGCGGECACGEEG
TCCCAGCCACTCLTAGGGGGCAGCGCAGCCGGECAGEGTEGCCELCCCCCEETGGGACTTGEACCCTGGACTCCACGEEAGE
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GCTCCGCCACCCAGCCTGGTGTTACATAAGGGGTGGTGGAGGTGGGCAGTCGAGCGTTAAAGAGTAACCTGCTGCCGGGAA
GCCCGCCAAGCAATCGCGGCCCCTTCCCCGGCTCTGGCAGCTCTGCGAGCGCGCCCGTGGGGAACGGGCCCTCCCCGGCGG
GSCGCGCGGGCGCGCGAGGTGGGCGGAGGCCTCGGAGCTGTGCCGGGCCGGGCCTCCCTCCCTAGGCCAGCGCGGGAGCGA
CCCGGAGGGGGCGGGCCCGGGGCGGGGCCTCGAAGCGCTGGCCGGCGGGAGCGCGGCCGGCCGGGCCCGCCCGCCTGCGGT
GTGGACGCCGCGCGGCCAATGCGCGCGCCGGGACGGGACGGGACGGGGCGGGGCGGGGCGGGACGAGACGGGGCGGGGCGG
GGCGGGCCGGGCAGCCTCCGGGCGGCGCGGCGCGGGCGGCGGCCGGATCCAGGGCGGGGGTCGGCGGCCCGGCCAGCCCGG
CCCGGCCCGGGGCCGCGTCCTGAGAGTCAGCCCTCGCCGCTGCAGCCTCGGCGCCCGGCCGGCCGGCCATGGAGCGCCCCC
CGCCCCGCGCCGCCGGCCGGGACCCCAGTGCGCTGCGGGCCGAGGCGCCGTGGCTGCGCGCGGAGGGTCCGGGGCCGCGCG
CCGCGCCCGTGACGGTGCCCACGCCGCCGCAGGTACCGGGCGCCGGTGGGCGGGGGCGCCGACCAAGTTTCTCTCGCTGCA
AAGATGGCGTCAGTGCTGCCCAAACTTCGGGCCCCCGGGGGCGGGGCAGCGGGGAGGGCGGCCGCGTCGGTCCGCGCGTGT
CCGTGGGTCCCGCCGGGGCTGCGCCGGGCGGCCGGGGAGCCCTTCCCGCCGCGCCGGGCTGGGGGCGGGGCCGGGGGCGGG
GCCGCGCCGTCCACACCGGCCGCAGCCGGTTTTCGAGGCGGGCGCCGAGCGGATCCGCGGCGGAGGTTGAGGGACCCCCCT
CCCCCGGCCACCGCCTCCGCTGAGTCTGCCCCCTCCCCATCCGCAGGGCTCTTCCGTGGGCGGCGGCTTCGCGGGCTTGGA
STTCGCGCGGCCGCAGGAETCGGAGCCGCGGGCCTCGGACCTGGGGGCCCCCCGGACGTGGACGGGGGCGGCGGCGGGGCC
CCGGACTCCGTCGGCGCACATCCCCGTCCCAGCGCAGAGGTGAGCGGGAGGCCCGGTGCCTCGGGACTCGGTGTGCGCAGG
GGCGGTGGGTGGGGTGCGGAGACACCGGCCCCGACGGAGGCCAGGTCAGGGCCCCAGGTTTGTAATTACCAGCCACCCCCA
AGCTCTTCAGCCCTGGAGGAGCTGAGCAGAAATGATCGATGACTGGGAGTCCCTACACCTCCCTCCACCGCAGTTCCTCGG
GGCTAGAGCTCAGAACCCGGAGCGGGTGGCTGTGCGTCTCTGTGCAGAAGAGGCTGCGCGGTCGGCATGGGGCGACTGTCC
AGGAATCCCTGGGGCTCCTGACCGCCACCTCCCAACCCCTGCCAGGCCGGACACCTCGGTCTGGCTGCCAGGGCAGGGGCG
GGCCCTGGCCTGGCTCGCTGGGGCCTGGGGAGCTGCCCGTGCTTCCAGCCCAGTCTCCCCCTGGCTGCTGCCGGCTGCTGG
CCACTCCCACCTCCCAGGCCTGGCGTGAGGCPFAFAFFTGCTGTTGPAPAACCCTGGTTAATGTGTGATG

SEQ ID:67

>T2R (STRRE6R)
GTTTGGGGTAGAGAGAAEATACTGATTATGGGACTTTGCTTTGCAGCTTAGTGCTGTCCTGTCAGTGGGAAGCAACASGGG
GCAGAACTCAGCTTGTGCCCATAGAGGGAATGTTTATACTAGGCCTGTCCAGAGGCAAATCATCCATCCTAGCAATTGGAA
CCTGACTTTTGGCAAGTCCTGCCACCATGGGCTAAAGTGTTCTGGGGTTCTAAATAAACATGAAAGGCAACCTAGACCACA
AGGACTGCAATTCCTGCACAAGTCCTGGTGCTGTGTTGGGCTTGGAGCCAGGGAACTTGGAGTGCATGGAACCTAGTGAGA
TACCAGCTGAGACAACCAAGGAAETGCTTGTGTCACCCCICCACCAACCCCAGGCAGTACAGAITGTACCTCCAAGACCCC
TTCCATCTGCTTGAGGAAGGTGGAGGGGAAGAGGACTTTGTTTTGCAACTTGGAITCCAGCCCATCCACAETAGAATBAGG
CAACGGGCAGACTCCTAAGGCCCCCATCCCAGACCCTAGCTCCTGGATGACATTTCTAAACACACCATGGGCCAGAAGGGA
ACCCATTGCCTTGAAGGGAAGGGCCCAGTCCTGGCAGAATTTATCATGTGCTGAATAAACAGCCCTTGGGCCCTGAATAAT
TAGTATTGGTAGCCAGGCAGTATTTACCACAGGCCTTGGGTGAGACCCAGAECCATGTTGGCTTCAGGTGTGACCCAGCAC
ATTCCCAGCTGTGGTAACTTTGGGGAGAGACCACTTCTGCTTGAGAAAAGGAGACAGAAGAGTAAAGGGGTCTTTATCTTG
CAGCCTGGTACCAGCTTGGCCGCAGTGGGGTAGAGCACCAAGAGAGCACCTGGGATAAACAAAATCAAAAAACCTTTAGCT
AGACTAAGAGTAAAGAGAGAAGACCCAAGTAAATATAATCAAAGACAAAAAAGGAGAGACATTACAACCAATACCTCAGAA
ATTCAAAGTATCATTAGCAGCTACTTTGAACAACTATATGCCAGTAAATTGGAAAACCTAGAAGAATTATATAAATTCCTA
ACATATACAACCTACCAAGATTGAACCATGAAGAAATTTAAAGCCTGAATAGGCCAATAACAAGCAATGAGATTGGAGCCC
TAATACAAAGTTTACAATGAGAAACATTGCTCAAACAAATCATAGATGACACAAACAAATGGAAAACATCCAWIGCTCATG
GACAGGAAAAAATATTTAAATTTCTATACTGCCCAAAGCAGTTTATACATTCAATGCTATTCCTGTCAAAATACCAATCTT
ATTCITCACAAAAAAAAAATTAAAAATTACACAGAACCAAAAAAGAGCCCAAATACCCAAGGCAATTTTAAGCAAAAAGAA
CAAAECTGGAGGCATCACGTTACCTGTGATCCACACTATAGGGCTACAGTAAATGAAACAGCAAGGTGCTGGTATACAAAC
AGACACATAAACCAATGGAATAGAATAAAGAGCTTAGAAATAATGCTCCACACCTCCAGCCATCCGATGTTTGAGAAAGTA
GACATAAACAAGCAATGAGGAGAGGACTCCCTAETCATTAAATCAACTCAAGACGGACCAAAARCCTAAATGTAAAACAAA
CAAACAAAAAAAATAACTGCTAAAACCCTGGGAGATGACCTAGGAAATACCATTCTGGACAGTACCTGGTGAAAATTTCAT
GCTGAAGACACCAAAAACAATTGCAGCAAAAGAAAAAATTGACATATGGGATCAAATTAAACTTTAGAGCTTTTGCACAGC
AAAATAAACTATCAACAGAGTAAATAGGCACCCTACAGGAAGGGAGAAAATATTTTCAATCTGTGCTCTGACAAAGTCCTA
ATATCCAGAGCCTATAAGGAACTTAAACAAATTTACAAACAAAAAACAAACAACACTATTACGAGTTGGAAAAGGACATGA
ATCGACACTTTTCAAAAGAAGACATACATGTGGCTAACAAGCATATGAAAAAAATGCTCAACATTACTAATCATTAGAGAA
ATGCAAATCAAAACCACAATGAGATACCATCTCAACCAGTCTGAATGGCTGTTATTAAAAAAATCAGAAAAAAACAGATGC
TGGCAAGGTTGTGGAGAAAAGGAAACACTTATACATTGTTGGGGGGAGTGTAAATTAATTCAGCCATTGTGGAAAGTATTG
TGGTGATTTTCTAAAGAACTAAAAAGGAATTACTATTTTACCTGGAAATTTCATTATTGGGTATATACCCAAAGAAATATG
AATTATTTTACTATAAAGACAGRTGCATGCATGTGTTCATTGTAGCACTATTCACAGTAGCAAAGACATGTTATCAACCTA
AATGCCCATTAACAGTAAACTGGATAAGGAAAATATGGTACATATACACTGTGGAATACTATGCAGTCATAAAAAGAATGA
GATAATGTTCATTGCAGCAACATGGATGGAACTGGAGACCATTATCCTTGGGAAACTAACAAAGCAACAG

SEQ ID:68

>T3F
AGATTTGCCCTCAAGATTACARCTGCTGGGGCTAAAGTGGTACAGASCCTGAGTTCAGTAGGCTTCCATAGTCTCACTCAA
GAATGCAAGTTTACCTCTCAATCTTTCAATCATCACAATTATAACAACTTTAAAAAGAGCCAACATGATATTTGCTTATCA
CTTTTCTACTCACATTCCAGTATTAACTCAAAAGTGTCAACACAACCTTCGTGATAAATACTATTAACGTCATCATTCCTA
CTGTACAGATGATGATAGTGACACATAGGTTAAGTTGCCCAAGGTCTTATTATTAAGGGTCATAGCCAGGATTTGATCTCT
TCAGTAAAGTTCTAGTCAATGCTCTTAACCATTAAGCCATGCAACACACCCAGAGCCAACTGGGTTGTGTTGATGATTATA
ATATTTGTTTTAACBAACAATAATTTTTCCTAAATATAATATAGATTTTCCATAAATACCATAAATTCTTGATTATTTATT
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TCACTTTATTCCAAAAGGAAGTTGAATTCTGAGATTTAAATGAATAGCAAACMCAGTTGCTTAATTT CACTACTTTTGTIC
ACTTGTAGCCAGTACTTAAAAAGAGATACATAATTTATTTTTGTTGAT TTGCATTTCACATATAATTGTAAGATCCTGEAG
AATARAGRCTAT, ATGTGTTATACCATTTTACTCTCTCACACAG’Z‘GTGTAGGCCTAGGCTTTGTGCATAGCAAGT GTTARAA
AGTAATGTGACTCGTGATAGTTATTAGATI‘TATTGAAATTCAGAAATTTAGGGAAATGCACAATAAAATGTACATTTTGTG
ATTCOGGTCAAATTACTTARARATTATATTTTTCCTATGAATAATTT TTALYT CACTTAAATTATGTATAACAAAATARCA
TGCATZ\J\TTAAACATTTACCACAAAGAAAATATTTGTACTATTGTTATCACAATAAAGAACTTGCTACATAAATTCAAT TA
CACTTTTGTGGAAAGTATCTTCAT TATATAAARACAATCTACATTTAGAATAGGAARATTGTACAAAACATGAARATATAR
ACARATTAAGCGAGARTTAT! CTAAMAAGCAACTCTTCAGAATTTAGARGAAT TGTCTAGAATARARAGAATTTAGAAGRAT
TATCTAAGARACAACCATAAATATTCTGATGTATTARGACTCATATTCTAGARTCCT GACTATTATTTTTTATACTTCTA
TGGCTAATCTCAAGTTTAGCTTTATT TTTCTAARGCARTGAGGCCTGTAGAATATT TTITCAGAATTCTCTGAGGTTTTTT
CTTTTTTGTCTTTCCTGTCATAGTATGCCAATTATT! CATGGGTTTATAGAATATGTATGCACTGCTAAGAGCAGCARAACA
ARAGATATATGTGCTATTTATTAATTCATGTTGCTTTATTTAAATTACTTGAARAT GATARAGAAAAARACTATTGTATTTA
CAACAGCAACCAAATATAGACTACCTGTAACTACATCTAA(‘AGAATAAATAAAATATAACATACAATATGTAGTAAATATA
TTTATAATATATATGTTCACTAAATAGTTAACCTGTAACTTACTTACAGTAAATATATATAATATCTACTGAGATAGTACC
ACATTTTATTAAGGAT TAAACTTTTAATAATTCAGAAGAATAAATATAATAAATTTCATTTGTTCTCAAACTAATTTGTTT
TTATTTGTTTGTTTTT’1‘GTATT'1‘TAATTTGACAGTAGT‘I‘CCAAGA’I‘ATTTTGGGGTATATAAT GAGGTGATRATTGCAARG
ABAATTCTGARAAGGAARAGACTARGCGTGAATTGARRGTAAAATTCGTTAAAAC CTATAATAAARCTGTGATACTGTAACA
ATARTTGAAAATAGATAARGAAAANGGTAACATCAATAAATAGTCTATTATATAT GTGAATTATGTTAATAARAGTGACAT
TTTATTTTCAATCCACAATTTCTGAAATATATATGGCAATAT TTTTCTGTTTTATTILL TCAACCLCTGATTACTTTATTA
CATTTTTTTCTTTTTCTAGAATTTACT TG ATTTTCTCTGTGTCTARTATATGATTAT TTCTGAACTAGCATCATTGGTCC
TGGAACCAGACTATATTATTCCCAAGGTAGAGCATCAARATATAACAAT TAAATAAATACTTTTAGTTACTTTARCAACCT
PTTGTCTTTCATTATAATTTTGGAATTATAGT TTAGTACART ACAGATAGT TTTAATATCT GTTAGAGTGAAGATATATAT
ATATGTGTGTGTGTTTTTGAGATGGAGTCTCACTCTGTTGCCCAGGCTEEAGTACAGT GGTGCCATCTCGGCTCACGECAR
CCTCTGCGTCCCAGGETTCARGCARTTCTCCTGCCTCAGCCTCCCGEETAGCTES GACTACAGGCGAGTGTCRCCACGCCTG
GCTAATTTTTTGTATTTTTAGTAGAGACAGGGTTT! CACCATATTAGCCAGGATGGTCTCGGTCTCCTGACT

SEQ ID:69

>T3R
CTTTTGGTGCCCTGTCCCTTATAI\TTTCCTCGTGTG‘L‘CCTTTCCCATTTGCTTATCCGATGACTTGCTTCTCTCACCCATT
GGATTGTGAGCCTCTTGTGGT CAGGGGCAGTGCTCTGTARGCTGCTGTET CCCCAGAATCTGGCCCAGTGTAGGCACTCAG
CAGCTATAGACTGATGTTAAGAGAAAATGCACAL" ! I'CATCTCAGCCT! CAGAGCAGTTCTGGGAAACAGATAGGAAACTAAR
GCTCTGCARGAACGTGGEACTCTCTCAGGGCCAT! CACAACACTGTTGTTGGTCTCATGTTTGGTGACTGGETCTCCTATTC
CTPGETCTCTTTCCTAGGCATAATGCTTTTATATAAAGTCCCTTCCATTGTTTTTTTGTIT GTTTTCTTTTTTCAGCCTAAR
TAACTTAGTTTCT CTAAACTT'I‘TC’I‘CCCAGGGACTCTTTI'l‘TAACCCTTTGAA'l“J.‘ATTGCTGATTAT TATCTTAATAACTT
TTATTTTITTTCCATTTTGCAT GTCATATTTTAGCAAAGCATTAAAAGGAACACGGCACAAZ—\GCACACCCATATTTTTGGA
"GCTGTGEATTTCATCATCCTGCTTATTCCATTATAT CTAGTCAGTACCTCCAAGGCATTAATGCTGCCTTACCTCCITCA
TPCGARGACTTCCCTGTGCARGGTGGAATATACGTAAGGAGGCARACAGACTGGGT TATATGCCTGCTCLGCTTTACAGAG
GCCTCTTCCACGAGTGTAATACGGGEET TGCTCATACTCTGARGARGATAGTGGCAGGCTAT TACTGTCATGAGAGCCAGA
ACGTGGCTGGCTTCTTACAGACATGGCTTCATAGGGGCATGCCACGTGATTCCTGAGTAAGCCTTC'l‘GGTGT GAATTCCCT
GCTCACTGGGETEATTCTTCACTTCCCACAGT TCAACCTGCTGTATTATCCTCT TACCTATGCTTTTCTGTGATCCATAGA
GGTAATTTAATTTTCAGTCCATGTACCTACCCTGCCTACT TAGTTTCT TCTCAGT GCCACACTTAATTCCTTCACATTTAC
TGATTAATTARATGAGAAGACTATGCCAGGTGARGGTTCAGCATCTTCAGAACTCTACAT GATGCATTCCCTGAGGCTGCC
TTTCAATAACTGACGGTGATAT TCTTTGAGCAGTGTGACCTGTTAGAGGTGCCCAGTCAGGT CCGATGAARAGCCCTCTGAT
TTGTIGAAA‘J.‘AGTC—CATTAGTAAAGTATTATAGTTI‘ATTTTCACAAAGCTAC—ATTAGTTGTTZ\CAT GTTGGTTTTTGTTTT
GCCTAGCCCTAACAAGTATGGAGGTGACCTTGI-\TGTGTCTATAGAATATCAGGAATATCTGGCTGGGTGGGT GGCTCACAC
CTGTA'A'[‘CCCZ—\ACAATTTGGGAGGCCGAGGTGGGCGGATCACCTGAGGTCAGGAGTTTGAGAGAGGCCT GGCCRACATGGET
GAACCCCCGTCTCTACTAARARTACAAARATIAGCCAGET GTGGTGGCAGETGCCTGCAATCTCAGCTACTCCGGAGGCTG
ATGCRGGGGAAT! CACTTGAACCCGGGAGGTAGAGGTTGCAGTGAGCCAAGATTGTGCCACTGCACTCCAGCCTGGGCAACA
GAGCGAGA‘Z‘TCTGCCTCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAATATCAGGAATATCCATTTTATGTCTCAACT
CACATACCT CACAGTTTTCI‘GGTCCAATTTTTAGGCACTTTA’I‘CAGGCCCTCATATGTTTTCAAAAA‘I‘AA‘T‘TGCTAATGAC
TTTGAT GAAGCTAGGCAAGATATTTTT’[‘GG’I’TTTAGGGCAGTTTGGGCTATAGT‘I‘TGCAGCCTTCCTACTTTAATAGAAGA
ATTTTTAAA:TAGATTCTCCCCCTTCTCAGGGTGGCTTTCTGCCTTTCCATTCTAGTGCTTCACACAGAAATGACAAGCTC
ACAGGGGACTTATCTAGARAAGGCCEAGATARAARTAAGTACAAT! GTTAAAAAAATCTATCTTATAGTATCATTTATTTAG
AGCTTCCTCTCCTITTCTAATGAAACGCTGCTGTAGT TTCCTTTIGTGCTITTTT TGCTGAAGGCTTTTCAGTAATATTCC
CGTGTGTCCCCTETGATGCTARAAGCATGAGCTTGEGGGCACGTTGACTGECATTCAGGT! CTTTGCTCAGCCTCCAGCCGC
AAGACARGGCGAATAATATTGATCTCATCGAGCTGRAAT GARAATTAACTTTTCTAATCTGTGAARATGCTTTGTTATAAT
CCTTAAATACATGAATACATAGGTTGAAATAGCARGTACCAAGTGCT GACATTATGTCCACBATTGCCACATGCCAIGICC
TPATGATTTTTGCCAGATGT TTAATAAGATTATARATGAATAGGTTATTAAATGGG CATCTCCTACTCTCTAGGTGTTTCT
GTTTC’I‘GCTTC‘I‘CTGTTTTCTGTTTG’I‘ATCTCCA‘I‘TTATTTTAATGCCTACCATTATGTGAAGTCTGCCACCTTCCTATAC

SEQ ID:70

>T5F
GAACTCAATAGGGGTCTTGTACGGAGCAGGGGCTTGGTCCCTCGTACCTCTGGCCATACCTATGGAGCCCAGGGGA‘TGCTT
GGCAGCACCTGEGAGETECCARCCCCGEETGECARGGEEAGEECCGETCCCACGCTCACATTGTCTICTETTCTCTCTCTCT
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CTTTATCTGTGTCEATGTCTCTCTCTCTTCCCCCETGCCCGTGCCATCCTCTCCACCCCTGGAT FCCTGTCTCTGCTTGEC
PTTCACCCACTTCICCTCCCCACCCACGGCTGCTCCTCCTCCTGTCCCCACCTCCTCCCCGEGTGCAGGACGGECCTCTTC
ACACCTGACCTCGCT T GAMGCCACAGTCAAARRGCAGGTGCAGAAGCTCARAGAGCCCAGTAT CAAGTGTGTGEATATG
GTAGTCAGTGAGCTCACAGCCACCATCAGARAGTGTAGCGARARGGTATGACGECCECCTGGECEEEGCTGEECCTGECCE
PCCATTCCTTGTEECCACAGCCTCCOGTGEECAGARGGAT CTGCIGAGCCGGCCTCACGECTACCCGCAGGEACCCAGCCT
TAGTGTTTCCTGCCAGTTTCTAACCCTGGGTACTTGCACTCATGACCCCTCCAGGCCCCCATCCCAGARGACT TGACTCCA
ACCCAAGCCTCCTTGGTCCCACCTATGCTAGTGATGARGATGATGT TAAGGAGATGECAGCTGT TTACTGAGCACCTACTA
TGTGCCARGCACACGCTAAGTGCTTGCCCTTACTATCTGACTCAGTCCTCTCAACCACCCTARGACGTCGGTAGTGTTGTT
ATTCCCATTTTGCAGATGGCAAAACAGAGTCTCAGARRAGAGARGCAGAGTGTGATICACT TTTAGGARGGACAGRGCRAG
GGGTCTGAGETCAGEGCCTCCTGEECAGGGEGAGCTCTCCTAGTTCCTCARAACCART TTGCCTGAARGCATATTGGATTA
CTCACTTTACAGTARLCCETGCGTGAGAGACAGGGGCGETCTCTTTTGAGT TGTCTGTGACTTTTTAGRTGCCT TTTTCCT
ATTTGTCTGCTTTTGCGCAT T TTCAGGATT TTTAGCCAGETTGTCTARAGCAGTTCTTCCCAGGGGAGTGCGAGAGRATCA
GTTECCOTGCAGGAGCTTCTCCAGCAGGCTARATCAGAGGTGCCAGGGETGAGCCCACCCTCACCTATATCTGAAGGACTTC
CCTATGCTGETCEGTECAGGCACATCCACCTTAGCATTGAGT T CAARTARGCATCAATCATCTCCATTCCTTTTTTTTTT
TTTTTTTTTTTTGAGATGGAATCTTGCTCTGTCGCCCAGECTGEAGTGCAGTGGCACCATCT TGECTCACTGCARCCTCT
GCCTCCIGGETTCAAGTATTCTCCTGCCTCAGCCICCCEGRTGRCTGEGATTACTAGCATGTACCACCACACCTGECTAAT
TTTTGTATTTTTAGTAGAGATGGGGTTTTGCCACETTGGCCA

SEQ ID:71

>T5R
GATTACAGGCGTEAGCCACCACACCTGGCCCAGTGEGETCCTTCTARAATGCAAAGCTGATCATGTCTCTTCTTCCAGGCT
PARAGCCCTCCCATGGECTTCCTGCAGCCCTGETGCACGCCTTACGCCAAGCCTGARAACACTCTGCACACCCACCCCTTCC
CTGCACARACGGSCCTCTGCACACTACCTGCCCCGECCATGCCCCCGCARCCAGCCCTCTCTGCTTATCTACCTTGGCCTT
CTCTCTGGTCAAGCCCCAGGCCCETCCCTGCCCCTAGGCCT TCACTTAGAGCCTCAGARGCACTTCTTGCAGGARGCCCTC
CAGACTCCAGAATGGGTCCAGRACCTACTTCCTTTTCETGGCAL Y PCTGTATTCTTTTTTTTTTTCTTCCATAGRCGCCAGG
GTCTCACTGTGTITCCTAGGCTAGTCTCGARCTCCTGGGCTCAACTGATCCTCCTGCCTTGGCCTTCCATAGTGCTGEEAT
TACAGGCATGAGTCATTGCACCCGGCCTCCACAGTCTTART TAAT TGGT TGGAGCATTATTTGCATTARTATCTCTCACCA
CCOTCCCCATTCCTGTCCARGACCTCAGGGAGGGCCAGGCCAGATGTATCATCTGCACCAGGGAGTCCCCLGCAGEEGLTT
CCAGAIGICLGCTAAATGARCACACAGCTCTCTCTGGCCAGTCCARGGCACCCCAGGAGGCCACCRGARGCCTGCAGCCTC
CCTCCCTCCCTCCTGCTARGCCCARGGAATGAGCACTGAGCAGGGAATGGT AATCTGGACACATCCATACTCTGCCCTTCA
GAAACTACCTAGCTGTCACCCTGCACGARACAGGCACCAGCCTGAGAGT CAGGAGGCCTGGGCTCTGGGTCCACCTAGACA
GCTGTGEGGCGCAGGACCAACCGCACCCCAATCTCTAAGCCTGGGTTTTTCCATACGTARARAAATGAGGGCAGCGCGGET
TAGACACTAGACCAGATCTGTGATGACAGGCCCGTTGGARGGCTGEAGECEEEGCCCCTCGCTGAAGGAAAATECCTTACC
TCCAGAAGTGGCCCECCCTGEAGTGECCAGCAANGGGGECATTGCCCCTGLGCTGEAATACACCCAGARGCAGGETETCAG
CAGGAGCTGCGGAGACCTTCAGGEACAGGACAGTCTAGCGAGGGGGTGAGCCCTTTGCAGATCT CCTGCTTATGCCAGGAG
AARGGTAAACACCTCTCARACACACAACGAGCCAGGEGECTCTGGECTGGAACCTATAGCCGECAACAGCGTATAGCTTAG
GATTTTATAGCATTGTTCTACCCTAGTTATGTTTCCTATACTTTTGTTTGTTTGTTTGTTTGTTTGTTTGTTIGITTGARA
TGGAGTCTCACTCTGTCECCCAGGCTGEAGTGCAATGGCACGATCTTGGCT CACTGCAGCCTCTGTCTTCCAGGTTCAAGT
GATTCTCCTACTTCAGCCTTCCTGAGTAGCTGGAATTACAGG

SEQ ID:72

>T7 :
CCATCTTATARATATATCATAATTTACTGAAAAATATTTCAGTAATGT'GARAGGCCT CTGTGCCATTTCCAGCTTGRGEC
TATTCCTARRAATCCTTGCACATGTCTTTCAGTGCACACATGTATACATTTCGGTTCGGTATGCCTAGGAGTGGARTCACT
GGTTATAGGGTACACTTACGTTGAGCTTTGETAGATACTACCRACIGCCAGTTTTCCARAGT TGTACCAATTTACATICCT
ACCACCAGTACATGAGEGTTCCAGATGCTGAARCGTCCTCACTAATGCTTGGTAATCTCTGCCTTITTCATTTTAGTCATTC
TGEAGGTAGTGLGALAALATCTCATCETGGTTATTTGCTTTAGCCTGATGATTAACGATCCTGACCATT TTTTGGAACATT
TGGAGATCATCTTTTGTGAAGTARCTACTCAAATATTTTGCCCATTTTGCTACTGGGT TGTTCAAAAGAT TCATTAAARGA
ACTTCTTITATATATGGGETTTGTAGTIGTTATTTAGATATTCTAGAGACTAGCCAGATCCCTATACTACAARTACTTTCTC
CTACTTTGTAGTTTGCCTTTT TACT TECTT TTATATACATATAATTTT'FCCCCCTCCARAAGACAGGGTCTTGCTCTGTTG
CCCAGGCTCGAGTGTAGTCGTGCAATCATAGCTCACTGCAGCCTTGRACTCCTARGCTCARGCAATCCTCCTTCCTCAGAC
TCTGEAGTAGTTGGAACAATAGECACATGGCATTATGCGCAGT CARCT ' TAAAARAAAARRRRAT TGTAGAGATGAGGTCT
TACTATGTTGTTGCCCAGGCTGATCTTTAACT CCTGGTCTARAGCARTCCTCCTGCCTCAGCCTCCCTCCCARGTAGCTAR
GAATACAGGTGTGFACCACCACATCTAGCTTTACT TTCTTAATGGCGTCT T TTAATGARCRGATAATTCCTARGTTTGATG
TAGTCRARTCATCATTTITTCCTTTATAGTCAGCATTTATATCCAGTTCAAGTARAGRATATCATGARAACATTCTTCTTT
GTPTTCTTTTAGAAACTTTCATAAAGTAGCATTTARAATCTGAAT TTT CCTATAATCCTAGCACTTCAGGAGGCTGTGCCA
CCGCACTCTAGCCTGGECAACAGAGCGAGACCTTGTCTCAAAATAARARATTAAAAARARRAANT

SEQ ID:73

>TOF
TGAGCATCTCTGARCTATTGCGCCATCTATTTCCAAT T TTCATATTGTGTATTTGTATAT TTTATATGTARTAGTATAGET
GTAATATGTARATATATTTTATATGTAT TTAAAATCTTTATATTTTGAAGGGT TTTGTTTCAACTATTACTTGTTARTTTC
ACAGTCCCTTTCTTTGATGTTACCAAATAGTACCT TCATGAARCCTCAGAGGAC I TGGATCTGARTGTGCARTGCCCTCTAG
TATTTCARATAATAGTTCAGTTGETATAGTATTT T TTTAATCTGCAAAAAACAATACTTGCTARTATAGCTATGTTAGAGT
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AAACAATAARAT CGAGAATAAATTTATAGCCTTTGAAACAAAACAARCCARARATTTTACTCCTTTTTGGCTTTCATCCCTG
CACTGGTATCT! PAACTTCTGTTTGTATABAAGAATACCATT T TCACAGARGACAARGRACAAT CAGCCARTCTAATAAT
TATTTTATGGCCATGCTCTGAAATACAATTARAAT TATGATTET GGACAATATCCCTITTCGGGACCTGGCTGATGETATT
TCTGETCTCACCCCAACTTTCCAGTCACT TCAGGGCAATAARCATTGGATACAG GACAGCTTTGGGGATGAARTAGAATTA
AATTTAGTGTAGTTTTTGCCACTTTTAGCTGGATGCCTGGCGAGGGGTTTTGTGCCCTCTGAGZ-\GCC'J.'CCC—TCTTCTCAAC
TGAGGEGTGETTGTGACT TTTGGETCARATGCTTGETGTTTAGTAGAT GCTTGGAGCTTCCATGAARCATGCAACCACGGC
GTTGCTGCTATTTGTTCAGATGCGAGAGCAACATGACTTTTGGCTCCCTGAGTGT TCTCATAGCAT CTGGGCCTTCCTTGT
GAGATCGTCAGAAAGTGTTTCCTECACAAAGCCTGTACTECEGECCCTGECGT GGGGCTGATTGTCCCCCTACTCTGCTGIG
ATGGCTGAATTCARAGAGTGGCCCATAGGAGCACGTATGETGEGTCCCTTGTTARCAGCT CATAGCAGARACGTGACAAGC
GGGAGAGGGCTTTGEGTTGTCCTGARCTTCARACACCT GTARCTGCTGCGCCAAGAGCEGCACGTGGATGARACGGACACA
GAGGGGGAATAGGCAGGAAAGGACCCGGGCTCTTTTCGAAGCAGCAGGTCT CARGGCGGCCAGCCACTGGCGCAGCTGCRG
CTGABGCCACGGCAGAGTCTCCATCCTTCCCACTATCT GCTGAATCAGAGAAAGTGGCAGGCAACATTTTTAGTGCCTTAA
ATTTAGAACGCTTGCTCAARATCAGACCCTACT TARAATAAGGAGCGATACCCTCATTTCTTARATAGTARARATGCCCTC
AGCAGAATTAARCGGGAGTATCTTCCARCTTCATATCCTGARTGGARAAGT CTGTCCACCATCCCGAGGACGTGTTTGAAGC
GCAGTGTCAAAATCCAGCACGTCGTGGACCGET CAGACCCCTGTGCCGTGAGAGGCEGEECEGCEECECCETEGEECECTC
GCACTCCCGAGCT CATCGTGGCATGCGCTGAGCCGAARACCACGAGCTAGAGGEAATGAGRATC

SEQ ID:74

>TSR

GAGCTTGATTETCTGGCCGCGARRACACEGECAGECC! CGTGTCCAACATGATAGTGACCAGGGAGACGACCACATCCATETA
GEECCTGEGEAGAGACAGGAGGGAGCGETGGECTGAGGCCAGCCTAGGTGGTEECCCTE CCTGTAGTCCTGTGEACTGECT
GATECCARCAGCCTCAGGTETGGECTCCTGCCACCCACCTCGCCTGCCACATCTTGCACATC CCCGAGGCAACTTTCGATC
TGECTGCACTCEGTCACCCGTACTGCCCAGGCAAGEGCTGCCCATACGCACTCTGGACAGECT GAGTGTCCTGCCCTGTCCC
CCACATANGGCTGECCGECCATGGCTTCTGCACCTGGGTGGGATGCAGRCACGCTGACCT! GCCTTTCTCTGCGGGGCAGTEE
CGATGAACCCAGGTTGGACTGTGGCCTTGGCCAAGTGACCTGTATATCAAACTGGGACARAGCCCATCTT TGGCACGTAGC
CTGTCCGETEECAGETECTCAGGC I TTGETGACAAGGTGCATGEGATGCCCAGRAAGGGAGAGCCCATGGCT! GABRGGCGTG
GGCAGGATTGTGGCCAAGSTGETTGGAATTAGATGCCCAGAGCAAGART TTATTGGCACAGGTGGGCAGACAGAGGTGACC
ARAGGACAGETGTAGGT CAGCAGGTGGCTGCTAGCACCTACCTCACTCT CTGEAACCCGATTCCCTTCATC CTARAGGGGR
TCTCAGRACGTTCCACACACCCCCTCCECCTCCACCCTGGCCCTCACCCAGGLLCACCGCACAG CCAGGTAGCCTGGACAC
ACAT CTCCATGAACCACTTGARGGGTGTGGCCTCCATCTTGCCCCCCATGATCATCACCATCT CATCCGTCAGCTTGATGT
CGGETTCCCAGCCCACATTGCCGCCCGECEAGCTTTCARACAT GAAGCCAAAGT CTGCARARCCCCARAGAGCT GCCTGTG
ACTGGGTAGGAGCCAGGGCGEGCARGGACGAGTEG CTGTTTTGAGGAGTGGAAARGCACT CTTCAACAGEAGCACCCCCT
CCACCCCCAAAAGGCAGGTTGTGTTTTCTTGGAGACAGTGATGGGGTGEET! GETCGEGCAGCAGGCAGAGAAAGRGAAGEG
AGCAAGTGGAGGRACGAGCCARGCTGGEETACTGARCCTEGACCAGCCCCACTCCGCCCAGTTCCAGCT ICTGACTCAGRG
CAMTGGCGBCTCTCGCCCCAGC CCCTEEEECCEEEGCCAGGCACCCTCTACAGCAGAACAGCTTGGTGGCCGACAGTTCG
GACCTCAGRGCTGGACCCTGACACTCCTGECAGEETGGTCCTGEGCATTCTCCTCT CTETGGGGETGEGGATCCCTATCCAC
CCCTGEETECCGEEETGARGGGAGAGGAGGGTEGCGCTETGGCTGECTGRCCGATGTGEGATGATATGGCCCTTCTTGTCCA
GCATAATGTTGCCGTTGTGTCTCTCCTTGATCTGCAGCAG GAACAGCAGGAGGCTCTAGGCGGCCATGCTTCGGATGRACT
TGETAGCGGECCTGTECAGAGAGCGCCCTGEECTCAARARGECCCTGEGECCTETGGGCATTCT

SEQ ID:75

>TLOF
AATCRAACTGGACCCTTATCTTCCACCATATACAAARATTAATGCAAGGTGEAT TAAAGAT TTART TGTAAGGCCTCARAC
TATAARATCTTAARAGGRARCCIAGGARATACCATCTGGACATCAGC CTTGGGACATAATTTATAACTAAGTCCTCAARAG
CAATTGCAACARAAAACAAANACTGACAAGTGAGACCTAATTAAACTAAAGAACTTTTGCACAGCARAAGAAACTATCARC
AGAATAAACAGACAACCIACAGAATGEGAGAARATACTTGCARACTATGCATCCAACAAAGGTTTAATATCCAGAATCCAT
ARGGCACTTAAACAACTCAACARACAARAALCAAATAACT TCATTTARAAARAGACATGARCAGACACTTCTCRARAGRAG
ACATACARGTRGACAAARARCATAGGAARRAAATACTTACCATCACTAATCATCAGAAARATGCARAT CTAAACCATAATG
AGATATCATCTCACACCAGTCCAAATGGCCATTAATARAAAGACAAAARACRACAGARGCTGGCARGGCTGT GGAGRARRA
GGAACACTTATACACTTTTGGTGEGAAAGTAAATTAGTTCAGCCACTGTGGARAG CAGTTTGGRGATTTCTCAAAGAACTA
AAAATAGAACTACCATATGACCCAACAATTCCATTACTGGT TAGATACCCAGAGGARAATAAATTGTTCTACARAARRGAC
ATGTGCACTTGTATGTTCATTGCAGCACTATTCACAATAGCARAGACATGARATCAACCTAGGTGCCTGTCAGCAGTGART
TGGATAAAGAAAATGTGGTACATATACACCATGGAATACTACACAGCCATAATAGARGAATGAAAT CATGTTCTTTGCAGC
AACATGGATCCAGCTGGACGCCATCATCCTARGCGAATTAACAGAGGAACAARAAACCAARTACCACATGTCCT! CACTTGC
AAATGAGNGGTATATATAGACATAAACATGGGAACRATGGACACTGGGGACTCCT GGAGGAGGGAAAGARGTGGCAGGCAA
AGGGTTGARARACTACTTATTGEGTACTATACTCACTACCTCGETAATCCGCTAGTAGGGATCAT TTGTTCCCCARACCTC
AGTATCACATAATATACCCATGTAACRAACCTGCACATETACCCCCGAATCTARAATAAAAGT TGCART TATTARARTAAR
ATAAAAATAAAGCTAGCAATGAGCCCTATACATGAAANTCRAATARRACATAATCATGGCTGTATAGAGGGGCTTGTCATTT
ATAGC

SEQ ID:76

>T10R

AATTTTACACACACACACACACACACACACACACACACACACAATATCGCT CAGCCTTAARAACATGCTACTAATCGGCTT
TAAGARANGAAGARAATTCIGTCATTTCTGACACCATGGRAAGARCTTCAACATTACGTTAGGTGAACTAATTCAGGTACAG
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AAGAATACTACAGTATCTCACTTATATATGGAATGTAAAAATGTTGAACTCAAAAGTAGAGAATGGAATGGTGGTTACCAG
GCOTTGAGAGAGAGGGGETARAGETTEGTCAAARGATGCAAAATTTCAGT TAAGAGGRAGGAGTACAAGAGATTTATTGTAC
ATCATGGTGACTATAATTGATARCAATGTGCTTTT TTCTTGACAAT TGCTAAGAGTACGAATTTGT TTATGGGCACCAAGCT
TGATTCCAACTCTTTGCTATTGTGAATAGTGCTGCCATGAACATGCARATGCGTGTGTCTTI TTTGGTAGAATGATTTGTTT
TCTTTTGGATATATACCCACTAATGGGATTGCTGGGTCAAATGGTAGT TCTAAGT TCTTTGAGRAATCTACARACTGCTTT
CTGTGGTGGCCABACTAATTTACACTCCCATTAACTGTGTCTAAGTGTTCCCTTTTCTCCATGTCCTCACCAGCATCTGTT
GTTTTTTTGACTTTTTAATAATAGCCATTCTGACTGGTGTAAGGAGGTATGCCATTGTGGTTTCATTTGCATTTCTCTGAT
TAGTAAAATGAACCATTTTTTETATGT TTGTCAGCCATGTAYATGTCTTCTTTTGAGARATATCTGTTCATTTATTITGCC
CACTTTTAAATGAGETTATTTGGTTTTGCTTGTTCAATTGTTTARATTCTTTATCGATGCTGTATATTAGRCCTTIGT IGA
ATGTCTACTTTTGAGAATATTTTCTCTCCTTCTGTAGGTTGTCTETTTACTCTT TTGATAGTTTATTTTGCTGTGCAGARA
CTCTITAGTTTAATTGGCCCTCATTTGTCAATTTTTGCT TTCCTTGTACT TGCTTTTGGTGACATTGTCACAAATTCTTTC
CTAAGGTCAATGTTCARAATGGTGTTTCCTAGGTCTTCTTCTARAAGTCT TATAGTTTGAGGGT TTACATTTARATCTTTA
ATCTATCTTAAGTTAATATTTFTATATGGT"“F“”“““"FPFTCCAGTTTAATTCTTTTGCATATGACTAGCCAGCTATCC
CAGCACTATTTATTAAATAGGGAGTACTITCCTCATTGCTTATTTTTGT CGACTTTGTTCARGAT CAGATGGCTGTAGETG
TGTG

SEQ ID:77

>TL1F
TCTTTGEECTATGATTATATGTCTAGGTARARCT CT TTTAAGAAGATCAAGCAGAGAGGATTGAATTGACARAGACAGCTC
TTTAAAAATTAAGGTTATTTCAAGACTARGARCATAACTGCTTAATTCCACGTAATAACAGARARRACT IGGRARTARACA
TCCCATTATTTGACCTCCAAGGCAGAAGACTGGCACCAAGGAAATGECAGCT TCETCCCTT TCCTETCITGEGCATTGGTA
ABAGGAGTTGTCTACACATGTPTGATTTCTGTTTCAGCCCTTATTACTAGT TATGCCATGGCAAAT TATTCAATTTCTCTG
ACTCAGTTTCCTTATTCAGAARATGGAAGCATAATTCTTGCCT CATAGGGCCATGAAGATTARATGAGGGCTGTCTTGAAG
TGTCTGGGACATAAATCTTCAATAAAAGCTAATTCCTTTTTTTTACAGTTATCTCAAACCTTTTAGTGAATTGGTGCTTAT
CAGTGAGCTTTTTAGGTGATGCARAGACCCTGCTTTGCTCATTTTAAGGAACAGT TATTTTTCTTTCTCCATTTTGAAGTT
TCTTCTTTGCTGCCTGGTTGATATGCTTTGGCTGLGT CCCCACCCATATCTCATCTTGAATTGTAGTTCCCATAATCCCCA
CATGTCATGEGACGGACCTGGTGGEAGGTAATTGAACCATGGGGGTEGT TACCCTCATGCTGTTCITGTGATAGTCGAGTGA
GTTCTCACAAGAGCTGATGGTTTTATAAGEGGCTTCCCCCTTCGCTIGGCACTCATTCTCTCTCCTGTTACCCTGTGARGA
GETETCTCCTGCCGTGATTGTAAGT TTCCCEAGGCCTCCCGECCATGTGARACTGTGAGTCAATTAAACCTCTTTTCTI A
TARATTACCAAGTCTTGGGTATTCCTTCAAAGCAGCATGAGAACAGACTAATACATTGGTTTAAATTAGAATGCCAARATT
TAAATARTTTTTATCTTGAATAGTAGATGEAATTAACT TTCTCTTGARAGATATATTTTAAARAATTGAACITACACAGAL
AGTTTTGAAATGGTCTTATTTTAGT TTTATPTATTTAT TTATTT TGAGACAGAGT CTCACAGTGTCGCCCAGGCTGGAGTG
CAATGGCACAATCTCGGCTCACTGCAACCTCCACCTCCAGGGTCARGCGATTCTCTTEGCCTCAGCTTCCTGAGTAGCTGRE
ATTATAGGCGCCCACCACCATGCCCAGCTAATTTTTGTGTTTTIAGTAGAGACGGEGTTTCACCATGTTGGCCAGGCTGGT
CTCGAACTCCTGACATCETGATT CTCCCACCTCGGCCTCCCARAGICTCAGGATTACAGGCATGARCCACCGCGCCTGECT
GABATTGTTTTTATTATAGATGTTGCTTGTGCAGT TTTGTTAGAAGTTCGTGACT TTTAACAGTGATGAAAATACTTCGTC
ATTCAACAGETTATTTTTCTGCTGETTGTAGGT TATT TGTAAGGAACTGTTAGTCT CCTATCTGGGTGGACATGTAATAGT
ATCAGTTACTGAACCAGAACTTTARACACCTTTCTGATACTCACACTCCCAGGTCACCARGTATCTCAGAATAARATGTCC
CAAACTGAACCTACCATGTTCCCAGARACCCAGCCCTTCTCARAT TCCCAGACTTGGTGAATGGEAGCCTGTCCTTGCAGT
CTTGTAGCCCAAAACCTACGGCTTAAGAACACCTTCTTCCTTACTCCCATATGCAACCCAT CAAGT TCCATGCATTTCATC
TCCTAATCTCAAATCCCTTCACCCATCTCCACAGCCACCCCGCTAGTCCGEECTGCCATTGTCTCTCACTTARARTGTTGT
TATTCTCTAACTGACCTTCCTGARCCCTTTCTTECCTCTTTCCAGTTTATTTTCCACACTACAGCCAGAARAAGCTTTTCA
AAATACGCATCTGGTCACCTGCATACCTGTCTCCAGACCACATACAATAAGCCTTCA

SEQ ID:78

>T11R
TCTGCCAGCGECTCCCGCGCCAGETCCTCEAAGCGCACCAGECCGTAGCGGCCECGCAGGARGGETGGCGGCTTGAGTGIG
GCGGCCTCEECGATGCGCACGTGECTECGGCACACCTCGCGAATCAGGCGCAGGTGAGGGTCEGCCTCCACCCACTTGCCE
TTEGTGCCCAGCACGATECCGTTGTCGCETCGCCAGTAT CECECCCGCCGCCTCCCGEEAGCGCABCACGGLCCECEEETCG
CGCACCAGGTGCACGATECGCAGETTGAGCGCEGGETCGCTGAGCAGCGGETAGAGCACCTGCAGGTTGAAGRAGCGCACC
TCCTTGAGCACCACCTGECTGTACCAGCGGCAGGCCTCCCEEECCAGGCTGAATGGCTGCCGCETGCACAGTGTCTTGCAT
ACETCCTGCT TCCTGATGGTECCTCGGGEARAGECGCTGCAGGCEEECEECGAGCACAGCGCGCGGCTCEITGCCCAGTTE
AAAAAGGCGGACAGETTTCGECTCTGTGECATGTAGGCATCARACACGT CCATGTCGCACARAAAGRTAGAGCGCATCAGG
TCGCGCACGGCCATGTGCAGCGTTGCCGCECTGCCCTGCGACAGEETEGT CCACACATGCCACGCGGECTCCATCAGGTAG
ARGACGTCGGEETECTGECTGAAGAGCTGECCCAAGAAGGATGAGLCCGAGCECCACGAGGACRGCACCASCACGTGCACA
CEATCCTCECCGCCEECTGEECATGAGGGCCCTGGCCGEGAGRAT GATGAAGAGCAGGACCCAGETGETCTSTGCCAGGAGE
AGCACTGTCACTGTCTTGCTGGAGARCCGIGGCAGCCACATGCGEGCGGCTGGEGGCCTTCGEETGGAGTGGGCAACT TTA
GGGACCCGEECCCTCATGCCCATCCCATGCCCCAATTACTGCCCACTGCCCTCACCGATCAGCCCTCAGATTCGECTACCC
TACCCATTGGACTTCCCAAGACTCCCAAGGTCTCAGTCGAGCACTT TCCCAGGAATACCGAGT CRAAGACATAGGCCAGART
ATAGTCTCTGCTCACAGCAGAAGTCCAGTTGCAGAATAATGTGGGATATCATCARACTGTCTACCTACCCACCCACCCACC
TACTTACATACCTACAGGCTATCTATCTGTAGAGAGARATACTATGTTTCARAGAGAACTCCTGTCTTTTGCTTCAGGATA
CCTCTTAGAGAGACCCTPTITTAGETTGTGGAGCTAARAGEGCTTGATGGGCECTTCGETGEATETCAGRGCACCACCAGGCT
CGCCGAGGTTGAATCCTGGCT CTGCCACTTCCTAGCCTATGATCTTGCT TATGAAGATCACT TAAATCTCTCTCTGACGGA
TCACTTTACCCGTGT GTGAAAGAGGGATAATTCCGGTACCTGGCTCACAGGAT CTGGEGEEATTGGEECETTATTATAATG
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AAGATGGGGGAAGGGAACACGCAGTCATGCCCATAACTGAGGATTGCALbl11LACAAGGTGihbllblblATTATATAAT
TTTTTTAACAGGCAGGTATAAAACTTTTGTCAGCCAGGCGCGGTGGCTCACGCCTGTAATCCCAGCATTATGGGAGGCCGA
GGCGGGCGGATCACGAGGTCAGGAGATCGAGACCATCCTGGCTAACACAGTGAGACCCCATCTCTACTAAAAATACAAAAA
ATTAGCCAGGCGTGATGGTGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGBGGCAGGAGAATGGCGTGAACCTGGGASG
CAGAGGTGGCAGTGAGCTGAGATTGCGCCACTGCACTGCAGCCTGAGTGAAGAGTGAGACTCCGTTTCAAAAAAAAAAAAA
AAAACAACAAAAAAAAAACTTTTGTCATTAAAGATAAACAAGTAAATAAAGTGGACAAAGAACAGCAACTGTTGTCATCAC
TGGTGGGGAGTGAAGTGCTGTAGGCAGCATGGGCTCCAGAAGGAGGGTGTCCTGGAG

SEQ ID:79

>T12
TGGCATCCAGCATGGAGCCCACAGCTTCCCTTTGTAGAATTGCCCAGTTGTTGCAGAGTGCTTTGGTCTCAATGGETCTAA
AGCTCTTGATGATATAAGAGCTTCAACTTCCTTTTCCCTCTCCTCCCCGCAGGCTGCACAATGTCCTGGTGAATCACCTGG
GACTTCAGAGCTCTGCCACCCTGGGTGTGAAGCTCAGGTCTGCTCTTGGTAGCTTGGTCAGTGTGAAGTACACCGTGATTT
TGGGCAAGCTGCTTAACCTCCCTGGCCCTCCGTTTCCTCATCTGTAGAATGGGGATATTCACAGAACCTACTTGTAGGGCC
ATGGTGAGGATTAAATGATGAACAGTGCTGGCAAACAGGAAATGCTATATAAGTGTCCCTAGCAATATACACACCGCACAT
CCTCAGTCACCACGTGTGTTCACTGAGGTATGGGCCATGTGTGGGTGGAATTGTGTTCCCTAAAAAGATATGTTGATGIGC
TAACTTGAGGTCCCTGTGAATGCAGGAAACCAAAATATTTCTTCTCAAAATAGTGAGGATTGTTAAGTTAAAGACACTGAA
AATGCAGGGGAACACTGCCTTGGCCTCTACTTGCCTGATGACAGGCACGAATCCTTCCTTACTTAAGACAEATCACTTGCT
TATCAGCCCAGAGAAAGCACCTGCAGGCACCAGGAAAATCTAGGAACAGATTTTACTCTCTTCCCACATTTTCCCACTTTT
TCAAACACTGAAACTGCTCTCTCCTTTGTCTTGTCACTAGATAGGATTTATGGCTCTTTGTTAAAATATTGTTTAAGCAAG
GCTTCTACGCCACTAGCTTGAGAGAGAAATACTTTTGAACTGAGGCCTCTTCCGCATGATAGGCAGAGCATGCATTAATAC
ATTTLLbLleLTTCTLLLllbl1HATCTGACTTTTGTTTTCCAGAGTGTCTCAAATAAGAACATAAAAGGGAGGGGAGAA
ATTATAGTTTCTCCCCTACATGAACTTATTCGGATATAEGGTCTTTGCAGATGTAATCAAGTTAAGATGAAGTCATATTTG
ATTAGGATAGGCCCTAATTAAATATGGTTGCTGTCTTTATAAAATGAGAAGAAGAGACCAGGTGTGGTGGCTCACACCTAT
AATCCCAGAACTTTGGGATGCCAAGGCAGGAGGATTGCTTGAGGCCAGGAGTTTGAGACTAGCCTGGGCAACACAGCAAGA
CTCCATCTCCAAAAAAATTAAAAATTAGCTGGGCATGGTGGCATGCACCTGTAGCCCCAGCTACTTGGTGGGCTSAGGCAG
GAGGATCAATTGATCCCAAGAGTTCAAAGCTGCAGTGAGCTATGATGGCACCACGGCAACCTGGGTGACAGAGCGAGACCC
TGTCTCTTAAAGAAGAAAAAAAGAGGAGAAAAAAACAGAGACACAGAAAAAAGTCCTTGGGATGATAAATGCAGAAATTGG
AGCCATATATCCACAAGACAAGGAACCACCAGGATTCTTGGGAACTCCAGAAGCTAAGAAGAGGGCATGGAACAGGTTCTA
CCCTAGGGCCTTCAGAGGGAGCGCAGCCCTGCAGACACCCTGAGTTCAGACTTCTGGCCTCCAGAACTGCGAAAGAATAAC
TTTCTSTTGTTACASCAGCCCTAAGGCACTAGTACAGGTGACATGTATTGCTCTTCTGAAGAGCAGGGTGTCTACAGCGGC
AGAGGTCTGGGTCCTGGCACGTGCCCTTTAGGATTCCAATATCCTTAGGGGCCTGCTGGTGCTGACAGTTCCAGAACCATA
AGACAGAATTCCTGCGGGCCAGTTTGGAAGCAGAGACAGGAAACTGGAAGAGCCCTTAGCCTGTGCTTGGGCTTAAAGCCC
TTTAGCTTGTGGCTTTAACTCTGAAACTTCTAGAGGGCATCTTGCAGGTCAGTGTGAGGTACAGAAGTTGTCACAAGCTTC
CTGGCTCAAAGAAAGTGAGACTTCACGAACTTTTCTGGACATCACACCAGCACTTATGAAGTTATCTTGTTAAGCACAGAT
GAAATCAGAAATACAGGCATTCACCATCACTTAAACAAASCTCAGATTGTAGAGTGCGAGGAAGAATCGGTGGGA

SEQ ID:80

>T13F
CAGATCTCTAAAGTATTGGGTGTGGACTAGAGCTCTGGACGGCCTAAAGGAAAGGAAIGTGCCGGTTCACAGGGACCCGCG
GCTAAGCTCAAGGGTAAAATACAGCTTTACAAAGCATCTTTAGGCTGTTCCTTCCCAAACGTGCTTAGAAGGGAACAGGGA
AAGGCGGGTGTGTTTTCTCACTGAGGTTCTTCTAGTGGCTGGAATCTGATAGAGTACCAAGTTGTAGGGATATGGATATAT
TTTCCCTTTGGCACTCCATAAAGCTAAATGTTGGGCTGAAAAAAGGATGCAGCCTATAAACAAGTATTTTTCCTGAAACCA
ACTGCATGAGGAAACGCTGCGCTCCCCCTCAGGGAGCAGTTTCTGAAGCCAGCTGAGCACAGCTGGCACTGGCCAGAGGGA
GCCCTCCACCCTCCCACCACGTATGCCCACCTGCAAACCTGGGTTCTGAGTCCCCATGCAGGGGACAGACCTGAAAATTCC
AGTTTGTGTCCTTTCAGGTCATCGACAGGAATGACAGCCTGGCAAGCTGCAGTGACTGCACACAGCTACCCTGTGAGCTCC
ACTTGTGTGGGTGCAGGTGGGCGACAGGAGTGTGTGACACAGACAGGCACTCCACCAGGAGGARACCCACAGCAGACGTCA
ACCATCGCTTTATTAAGGCTGCGAGTCGGGGGGCTGAGTCATGCACTCCACAGACACCCCCACTGCTCCCAAGGTCCACTT
TTGGATGACCCTGAAGGCAGAGACTCCTGAGATCTGGGCCACAATCTAGGGTGAGCCACCCACAGTGCCCTGCTGGACAGG
GGGGTATGCGGACTGCACGGGGGGGCCCTCAGCAGGGGTCTTCCTGCCTAGGGTGGGGCTGGCTCCAGTGGGTCCTGGGCT
CAGGCAGGGGGGGTGGCAGGGAGGCAGGGBCATCCCCCCGCCCTCTGGCCTATGGCITTGTTGCCCTATTGCCACCAGCGC
AGAAGCAATGTGCTATACCGTGAGETGATGARGARGAGCCCCH! GAGGGAGCAGGCAGCTCTGTGCCTGEEECCTGGCCAG
ACCTCAGGGGTGCTGTGGCCCTGCTCCTGTTCCCCCTCAGCTCCTCCCAGCAATGGGTCTCCTCCAGTGGAGGTCAGTCAC
TCAGAAGTGGACCCGCAGCACGTCTTGGCTAGCAACCGGCCGCTGGCAGGCTGTGCACGTCATGGGCAGGGAGCGTTGCTT
CTCACCCAGGCAGGGTCGGCACAGGAGGTGGCCGCAGGGCAGCTGGTACACCGGCTCCTTTTTGAAGTAGGGAGAAAATAC
TCTTTTGCAGGAGGCACATTCGGGGCCCAGGATGCTCCCAGGCTGCTCTGGTAAATCAGGAAGGAAAACAGGCCAGGGTTA
GGAAAGCTGCTCCATGGTCCAGGCTGCTCTGAGGGGCAGAGCCTTCCCACCGTGCTGCTGCAGCATCTGGCTTCATCCCTC
CCGAGTCCATCCCAGTCTGATCAGGTAGGGGAGTGGAAGCGGGAGAGGGAGCCTGGGAACCCGGGAGGCCTCTTCTCTATC
ATCTTTGACCAAATCTCAGTGCCTCTACGAATGCTTGAGAAGAGCTGGCTTCTGAGGGCAGCAGGCAEGACTGGGCCCTTC
CTCCTGGTCTCCCAGCAAGGTTTACTTTCCCCTGCGATAGGTGGCCAAGGCTGGAGCAAGGCACAGCTCACTCTGACAAG

SEQ ID:81
>T13R
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GAATCTGACCACTCAGTCCCACATCCCAGGATTCAGAGAAAAAGAATTCCAGTGAGGGCTCTGGACCCCACACAGCTRAGG
CTTCCAGGGTTTAGGCAAGCCCTGAGGGACACCCATCATAATTACCCAGACGGGGGCCCAGCATCCCGCCCCAGCATTCTG
CCTTGCAAGGAGCTCCCTCACCAGGGCTCAGGGAAGGGACAGCCTGCAGTTCCAGCAAGGGAGGCCTGCAGAGTCAGCCAC
AGGTGGCCACTATCGGTTGCTTGGTGCCAACTTAGTGTGAGGGGGCAGGGCCCAGACTCGAGGGTGCCATTACCGTCCCCC
ATCGTGTACTTCTTTTCCTCGTAGCTTGAGTCTGTGTATTCCAGGAGCAGGCGGATGGAATGGGCCAGCTGGGAGAGATGG
CCCACAGCTCGGGTCAGAGATGGAGGGTCCCTGACTTTGTGACGACTCTGCACAAGGGGAGCCCCATCTCCTCCTCTCGTT
CCTGCCTCACCCGCCCCCACCCCGCACGCCCAGCCACACGCACAGACAGCGGCAAGCACAGACCCCGCTGTCAGGGACAGC
CCTGAAGAGGAACCGTCCCTAGAGCCCGTCCTGCAGCTGCTCCACACTTCCCCGCCCCCACGCACCCCCGTCCCACCGCCC
AGCGGACCCTGGCTCACCCCGCGGATGTTCCRGTACCCCAGTGTCATGGGCATGGTGCTGGTTGCTGTGGATTCTGCAGAC
AGGCCTCAGCGGGSCGGGGCTCAGCGTTTGTGAGAGGCCCAGAGAGGGTAGAGGGGAAGCCTTGCTGCGACCCCGCCCCAC
GGCCCGCCCTGCCCCGGAAACGGGCCAATCTGGAGGCCTGGAGCGCGCTCATGGGGCTAGGAGTAGGATCTCCTCCCACCT
CCCAGCCCCGTGGGTTTCAGGAGAGAGATCAGGACGCCCAGAAGCCCAGGGCGGGGGAGAACTGGTTGAGTCCAGGGGTTC
AAGACTGAACTGAGCTATGATCGCGCCGCTGCACTCTAGGTTAGGCAAGAAAGAAAGGCTCTCTCTAAAACAGAGAGATTC
TGAATAAAGTAATAATAGCCTAATAAAGAAAAATAACACAAAAGAACATTTGGTGCTCAGGGATTCACTGGATAAGTTTTC
AAAACTTTTCAATGTATGATAGAGATTGTTATAAACTGCGGACATACGTGGCATGACAGACCTAACGTGGGAAGGACAACA
CAGGCAAGGATGATTATAACTCACTGTCACTTATCAGCCTAAATCCAAACGTCAGGAATACCGCCTCAGAGAAAAGAAAAT
GATCTTTTTGTCATAAGTGGTGCTGTGCTCCTAGGGAGCTTGCTGGGTGGGAAGAGAGACAGAAAGGTGGGGAGCAGGGGC
TGGTGGACTTGGGGAGGGAGGAGAAAGCCCATGTGGAAACGTTAEAATCTGGGGTAATCAGAGGTCTTTGTATTCATTCGT
TTTGTAAATTTCTCAAACTCTCATGTTAAATCAAAATAAAAAGTTAAAAAAAAAAAACTACCAGGACAGACATACACAAAT
ATTATTAACTGAAATAAATGTTCCATCAAAAAGGACTTACCTTAACTACATGAGTTATATTATGATTTCTATTATTATTAT
TATTATTATITTAATATTAGTATCCATCCAGCACACCACTGGTCTTCAAGTGGAGGTAACTTTGCCCCTCASGGGACATGT

SEQ ID:82

>Ti4
ATCAGCCCCCACATGCCCAGCCCTETGCTCAGCTCTGCAGCGGEECATGETEUGCAGAGACACAGRGGCCAAGGCCCTGCT
TCGGEGACEGTEEECCTGEEATEAGCATEGCCTTEGCCTTCGCCGAGAGTNCICT TGTCAAGEACGCET CACGACGGECTG
CTGCAGCTGGGGAGGAGACCCATGGCACTGTGGCANGARGTGARNTAGTGTGEGTGCCTNGCACCCCAGGCACGECCAGCT
TGEGGTATGGACCCGEEGECCNTCTGTTCTAGAGCAGGARGGTAT GETGACGACCT CARAAGGACAGCCACTGGAGAGTLICC
ACGCAGAGGNACTTGAGAGECCCTEGEGCCATCCTGTCICTTTTCTGGETCTGTGTGCTCTEGECCTGEEGCCCTICCICTG
CTCCCCCEEGCTTGEAGAGEGCTGGCCTTGCCTCGTGCARAGGACCACTCTAGACTGGTACCAAGTCTGGCCCATGECCTC
CTGTEGGTGCAGGCCTETGCGEETGACCTGAGAGCCAGEECTGGCAGGTCAGAGT CAGGAGAGGEATGECAGTGGATGCCC
TGIGCAGGATCTGCCTARTCATGETCAGGCTGEAGGAATCCARAGTCGECATCCACTCTGCACTCATTTCT T TAT TCATGT
GTGCCCATCCCAACARAGCAGEGAGCCTGGCCAGGAGGGCCCCTGGEAGAAGGCACTGATGGECTETGTTCCATTTAGGARG
GATGEACGETTGTGAGACGGETARGT CAGAACGEECTGCCCACCTCEGCCGREAGEGCCCCRTGETGEGTTGECACCATCT
GGGCOTGEAGAGCTGCTCAGEAGGCTCTCTAGGGCTGEETGACCAGENCTGEGGTACAGTAGCCATCEGACCAGETCCTTA
CCTGEGECTGTCCCTGAGCAGGGECTGCATIGEETGCTCTGTGAGCACACACTTCTCTATTCACCTGAGTCCCNCTIGAGTG
ATGAGNACACCCTTGTTTTGECAGATGAATCTGAGCATGGAGATGTTAAGTGECT TGCCTGAGCCACACAGCAGRTGEATGEE
TGTASCTGGGACCTGAGGGCAGGCAGTCCCAGCCCGAGGACTTCCCRAGGT TETGGCARACT CTEGACAGCATGACCCCAGG
GAACACCCATCTCAGCTCTGETCAGACACTGCGEAGTTGTGT TGTAACCCACACAGCTGGAGACRGCCACCCTAGCCCCAC
CCTTATCCTCTCCCARAGGAACCTGCCCTTTCCCT TCATTTTCCTCTTACTGCAT TGRAGGGACCACACAGTGTGGCAGRAG
GAACATGGGTTCAGGACCCAGATGGACTTGCTTCACAGTGCAGCCCTCCTGTCCTCTTGCAGAGTGCGTCTTCCACTGTGA
AGTTCGEACAGTCACACCAACTCAATACTGCTGEGCCCGTCACACGGTGGGCAGGCAACGGATEGCAGTCACTCGCIGTEG
GTCTGCAGAGGTGGGATCCAAGLT

SEQ ID:83

>T17
GGCGCCACTACGGGATTAAGCCTCAAACCCGAGCGGCCCCGGCCCCCGCCACGGCCGCCTCCACCACCTCCTCCTCCTCCA
CTTCCTTATCCTCCTCCTCCAAACGGACTGAGTGCTCCGTGGCCCGGGAGTCCCAGGGGAGCAGCGGCCCCGAGTTCTCGT
GCAACTCGTTCCTGCAGGAGAACGCGGCAGCGGCGACGGGGGGAACCGGGCCTGGGGCAGGGATCGGGGCCGCGACTGGGA
CGGGCGGCTCGTCGGAGCCCTCAGCTTGCAGCGACCACCCGATCCCAGGCTGTTCGCTGAAGGAGGAGGAGAAGCAGCATT
CGCAGCCGCAGCAGCAGCAACTTGACCCAAGTAAGTGCAAAAGAAATTGCCCCCTGATTTATTGCTGAAACCTGTAAGGCT
CGAATGTGCAAAACTGATAGTTTTACTAACCTATAAAAACGTCTAGACGCCTACCCAAGCCTAGGCGAACAACATGCATCC
ATAAAAAGAGCTTCCCATAACCACCTACCCTGGGCGCTCAGTTAGTACGGTAAACAGAGCGCGAGCATTAAGGCTTTTTAT
SATAATTCCCCACAAGTTGTGAAAAGCGACCATCCTTGGTGAAATTAATTTAACGACCTCTCTTCCCCACCCTGTGGTCTC
TCCCTGCCTCCCCTCCTCTCCTCTCTCCCCGTCTCCAAACCTCCCTCTTTGTAGACABCCCCGCCGCGAACTGGATCCACG
CTCGCTCCACCCGGAAAAAGCGCTGTCCCTACACCAAATACCAGACGCTTGAGCTGGAGAAAGAATTCCTCTTCAACATGT
ACCTCACCCGGGACCGGCGCTACGAGGTGGCCAGGATTCTCAACCTAACAGAGAGACAGGTCAAAATCTGGTTTCAGAACC
GTAGGATGAAAATGAAAAAGATGAGCAAGGAGAAATGCCCCAAAGGAGACTGACCCGGCGCGGTGCTGGCGGGAGCGCTCA
AGGGCAGCGGATTTGTTGTTGTTGCTGTTTTCCTTTGTGGGTGTTTGGTGCTTGATTTCCAGAAACTCTCCAGCGACTTGG
ACTTCTTCTTCTTITTTTTTTTCTT TTTAGATAGAAGTGACTGTGTGETTGGTCTCTGAGGTIATTT GGGGACTCTGTATT
TGCTCGTTTACGTGTTGGAAARACCAAGTGGCTTTGGGGTTTCGCCCTATCCCACTCCCTCTCTTTCCTGCTCCATTGGTT
CCTTAAGAAATGCTATATTTTGTGAGTGCAAGCTGGCTTGGGGAGCCCTCTCTTGTGTAAATGTCCCCCATGTTTCTGAAA
AGTGCTGTAGTTTAGTCCCCTCACCCCCAGCACTGCCCAAACAGGGGCCAAGTGCGCCCCAATTCCAAGAATGAAGGCAGA
GCGACAACAGTGCGGACACCCCGGCTGCTAGCCCACGGTGAAGCCCGGCGGGGTTGCCCACCAGTTGCGAAAGCCCCCTTT
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CCTCAGGGAGCACGCGEGACCTCEETGGAGATCT! CCAGTGAGGCTTACAGGAGCCCAGGGCCTCEEECEEETTEEGETTITE
TCCTCAGTGCATTGGACGCGCTGCTCTCTCCCC‘I‘GAAGGC‘I’GGGCTCGCGTGGGCGGCCGCGGGTGGTGGCCCTCCCGGTT
CCTGCCCGAGGACCAGTTGTAAATG’T‘TACTGCTTCCTACTAATAAATGCTGACCTGATCA

SEQ ID:84

>T18

GATCATCTACTAGGTTGAAAGGAGAGAATATCACTTCCAGARCAGCACTGAT GCTTARARAGGATGCCTCTGGAAGARARG
GAGGAAGAGGAGCAAGTGATGGGAGAATACAGT GGGACTTTGGECACCATAGGGTCATCCTGAGTTTTTCACCARARTCAG
CARCAGCGECAAAACTGGTTTCACTGARCAAGACACACCTTTGGAGACAT GTGTAGTCTCCAAGGATTCTCACTTAACARR
GCCTATTTCTGT’I’GTTAAAAACCCCTGCATAATGCACCCACACACAAACACAAGGCTTGGTCT GTGTTCCTGGCCACCTAA
AGARACTGATTCCCAGTAAGTITAAACCTIGAATGRARTGTTYCTGCARATTCAGCCT CAAAATTCCTCCTCTACCTGGCAT
CCCTGGCTTGTARACTATGTGTCTCATTAGTTCATARACARAGCAGCCCTGACTT TGCCTTGTACTCAACCACRGCCCTAG
GAGCCAGTAGAATTTCTCCAGRGETGCTGEGCTTIGGAGCCCAAGTGGACARAGT CAGACCCCCTTTCCTCRAGGECARAGC
CUI'CCCACAGGGCTGEGACCCCARAGGCTATGCTGGAAGCAGGT TCAGCAGCAGGATAT CARGGGGCAAAGCTCCTAATTC
AAAATCTTCCTGGCTTCTGARCAAC CATTAGCATGGACAGAGARAACTTTTECCCTGCTCTGAGAGGETCCCACRGGGCTT
TTGEAAGCAGAGCCACCATTGAGAAATCCCTTTCARCCTGACTAG TAATTCAGATTTTTCTCCCACTCCTGCACRACTTAR
TTTCCTCANTGGAAARTTCACCCAGARGTGATGEECTGCTTGARAT CAACAAAACTTGACACATTCTTCCCATTTTCATYT
TACTTTATTCTTAAACACATAATTGATC

SEQ ID:85

>STAR Al

GATCAATAGAAGARTGGAGTTTCTGTTTGCTAGCCALAGTTTTGACCTGTGEGA AGTTGGAGTCTAGAAGETTCTCTCCA
CGAA’I‘GTCGGC'I‘TGTTAACTGCAGGAATTCCTCTGTAAGTCTCTGTCCTTACAGAAAA‘I‘GGCCCGAAATTGAAAAACCCTA
CTTCTTGGI\Z\Z\I\CAGAAATAATTTGTGTAATGAATGTTGCAGGCGGTGTTGGACGTTCGTGTGGAGATATTGGCAATGGTA
GGAGACGATGGTATCACACGTTGGATCGATTAAPAAGAAAAACAGAGTCTCTCCAT’L"l‘GTGAG'[‘ITCTCTCTTTTAATTAC
TTTTGTTACTTTAACATCCTTAGGAT‘J‘CACAGACGAAAAACAGAGACACCCAATTTTTGTGTTTCGAGACI‘GTGTCGTGTG
TTGTGTAGTTGG’I‘ATCAACCAACTTATATCTGTP.ATCATI‘GTTTCTTTTTATTTAT’I‘CTCGGTTTGCAGAAACATCCGATG
AGC'I‘TGTCTTAGAGGGACGTTTG‘J.'TGTTGTTTTCTGGGTCTGGTCGIGATGAACTCGAAAGCATTGTGTGTTTGGTTAGTA
GTTTGAAATAGGTGTGTG‘I‘A‘TTGTATTTGTATATGCTGCGTTTGTGTTTTAGAGATCATCGTACATAAAACACATCATCGT
ACATAACTAAAATTTGAGCTAAACTACAAAAGAHAGTAACCTTCA’I‘TTTTAGTCGAACCAGGCCCCAGCTAGGCAGCTATC
TCGTAAATAAGATTGCTGGCTTACGATCGTATTCCACGTGGCAATTTATGTGCCGTGGATTTAAATTTGTACGTGGCATGA
GTGTTAGGAGAATGTCCACA'I‘GGCTTC—TAGTTGTTAGTCCCACGCTCTGAI\CCAGAGCAACCGGCTCCTTACACGTGT’I"CG
GCTTAAATCCATTTTTCGAATGAGATTACACTTCTAACCTTGTCTCCCTCTCCCGCTTATACCACCACCACTCTCACACAA
GTCTCTCARGTCACABACTCTGTTTCARACCAARAGGGRACTTTGTGTGTGTTGT CGAGT' I TATGGTGACTGTARACCCT
AGCCAAGC'I‘CATTGTTTGCCTATGAAAA’I‘GAGTCTACCGGGTTTCAATACTCTTCCCCACACGGCAACAACGATACCGGTT
TCCATACGGAGCAATAGGACGATGTCGTTTTTTGAGGATC

SEQ ID:86

>STAR A2

GATCARRATTTTGGTTTCTTCGCTTTGATTTTCTTCTTCITCTTCTY CTTCTTCCCTCAAGTTCCTTAGRAATATCTTTCTC
ATCCATTTTTTTTGGTTCTTGTTTTGT TAAGTGAACATTTTAGTTCATTTTAAAGTGCTARACTTAARTGCAGCATTTTAC
TAATATAAAATTACGCTCCATTATTGACCTTATATACATAGARCARAATARTGT TATAAT CTTCGACTTTTTTCTARCARA
TATTAACCAATCATGTCACTARGARATTAAAAAATACTAGTATATAGGAATCTAGTCCALT GTATATATCGTAAACATGGA
CACTTCACCN\CGAACATGCATC—GGG’I‘CTTTTTATAAGGTTCTTTATACCGAAI—\CCATTGTTTTGGTTTTTATGATAATTG
AGTTACTTTTGTGECTTTTCCGTTCAACTAAAAGT CTCATTATGTCARCTGCTAT “ARACCGGCGCACATGECAT GTTTTA
TGARATTAAGGTCAATTGGACTCCAACT TTTCARTTAT TARAAARARAAGARAAAT GATTGTTCTATGCCITGGCGAAGARG
AAAAGCCGCTAGCTTTATTCATTATCAAACGARACAAAAACAACRACACATCACTRAGAAT CTTAARACTCTTAACCTTACA
TCARAGTAACTTTTATTACATTGCATACAAGAARAGAACARACCAGCATTAT TAGGTTTGAGATTARACCTETTCCCACAC
ATATACATAGAGATATGAACT! CTACAATTTCAAACCAGAGCCITGAAGTTTCTCCTCAACAATCATGTCGATTTTGTTITC
CATTTCAGGAGT CATATAACTCTTCCAATCACCAACTTCCCCTTTACCGAARAAACTCT TGARACTTACTCCITCCGACAA
GCTTCCTGTTTTGTTGATC

SEQ ID:87

>STAR A3 1
GATCZ\’I‘TZ‘J\TCGCAGATTTTTACAAGACAGCAGCTTGGAGAGCAACTTACP.AGTGTGTTATAAACTCTGAACTCAACTTGG
AAGATGTTGACGTTCCAAATGAAATTGGAAGACAAI\CTATCTTCCCACCAAGGACAAGAAGGCCGTCTGGGAGGCCAAAAA
GGCTACGTATCAAATCCATTGGCGAATATCCGGTTCGTAT'I‘TGTAGGAGTCCCAT‘I‘TTTTCGACTTTATCTTTATTCCGTA
TTTAATTTTCAATTTTATGTGGT'I‘TAACACAAATCAAAGAGCG‘EGAAGGTGAAGATTAACAGGTGTGGCAGATGCPAAAAG
ACTGGACACAACAGGACAAGCIGTAGTAATCCAATCTGAAGATGTTTTARAATCGECTATATTGATAGAACGRT GRCCATT
TTATTA'I‘TGTTTTTGTGTTTGGAAATGGTTATTTTTGGATAAAATATGTTGCATTCTATTTTA’IAATTTTAGTTTCGACTT
1—\'[‘TACATATAAATCTAGTAAGGTAATATATTAGCAAATTACAGATAATGA’I’GAAAAACATGGACAGGTATAGGTGGATAAG
ATATAAATAAGGTAGGACTGAATTGTTACCCGTTAATAATGAAAGAATATACGAAATACTAAACATTAAATAAGGAAGTTA
CTAATTATTGGACAACAAAAAGTTTAATTCCTTTAAAAAGAABTTGGAATACAGACAGTTTCATTGACCTAATTAAGTACT
TCTTTGAAAAAAATCAAACTAGGAGBATAGAAGTTGTP_AATAATTGAAGGGAAACGTCGATTCGGTGAAAAGGTTTTTTAA
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TTAGTATTTAARGGGAAATATCTTCTCTTATACAGAATATCTTGCCC CAGAACAAATCGCCTCARATACTARARGTGIGTA
CATCTTCTCTTGATC

SEQ ID:88

>STAR Al

GATCAAATTCATATGCTTATTTGTGATTATACTTTGCTTTGATTCAGGI-\AATCAAAGAAGATAGCT CCACCTTACAGGGTG
ATACTACACAATGACARCTTCAACAAGAGGGAATATGTGGTTCAGET GTTCATGAAGGTAATACCCGGCATGACTGTAGAC
AACGCGGTTAACATTATGCAAGARGCTCATATCARCGGTT TGGCAGT TGTGATTGTTTGT! GCTCAGGCTGATGCAGRAGCRA
CACTGTATGCAGCTGCGCGGTAACGGCCTTCTCAGTTCTGTTGAACCTGATGGTGGAGGCTGCTGAAACTAAT TAAACTCA
GTATAGATTTTCCCACCTTCCAGGACICTCTATTTAGT! CAARRACATTIGTTGTTTTAATGTATATAATATCAGARATTIG
GTACAAGACTGTTACTATATGCAATGAACCTTGCCCCTACATAGRTCT! GTTGTGAGTTTTARGTGTTTTCATTTGGARCTT
CAGAATGCAAATAMACAAAACTTTATTGAAGT CAARTGCTGTTACAGATGRAT CTTTCTGATTCTGTAATCACTARTGTAA
ATGTATCTAAGCAATTGTARGGGAGTGACCTGTTTCEGTTTCAT CTCGCCCAARARAGCATTCAAACCCAAGAAACCTGCA
GTTTCAAGACATTGATGEGATACCATATAGAT GTATCAAGCATCAACCGGAGTANGRAGCGACT GARATGCCGAAGATAATG
AAAAGCATTCCACCGGAAAGAGCCACCTGCARCAACATARGAGCTATTTGATC

SEQ ID:8%

>STAR A3

GATCCTGTARAACATARAGTTAGAGATAATT GTCCGATTTGTTTGCCCTTTTAATTTGGAGAGATATGAACCAAAAACATA
TTTCEGAATGGETCCCTTTTTCATCGTGTGTARCAGTTT TACCAAACAGT ARTACTTT GTGARAGTTTTGATTAATTAATG
CAAAAAGATTAGAAAAAAGCGAAACTAATTTTTGGATTACACTAGAAAAAGGTTAAAAT CAATAACCARAAAAAGAARAAG
GTTAAAGTTACAAAACACACCGGTTTATAGAGT! GCAAATGATTATTGTTCYGTTGAATTGACGTGCCAGCTTAGCAT CACCT
TACTA‘L"J.‘A”_‘CAGTCACCTATATATCACAATTCACAGGCTTCTTGCT'I‘TCTCTCATTGGCTCGTCTTCTTCCCTTTCTTCTC
CAATCACCTTAGCTTGCTGATCAGGTARACTAGATTGETGTTTCGTGTTGTTTTCTTCT CRACTTAGGTGTTTGATTTGAG
AAGTTTTTCTAT GTATGTTGGCATGTTGCGTTCGTAGCATTGCATATCAACGGATAGG‘I'TTGAATAGGTAGAATTAATTTG
ATTGATATAT GAAAGAATGTTTGTATATATACTCTAGGT! CTAGGTTATTGAATATTGAGARATTTATTTTGTTAGGTTTAG
ATGAATTATTCTTCGATGAGTGETTCARAGTTCARTTGGCAAGTCITTT CAATGATTGTAGTATTTTGGTGATGATARGTA
AGTTGTTAATGACTCTCARGTCTGARTTCATGTTTTGETTTTGTTTCCLT GTAAAAATGTGAACGTTTTTCTTACAGRAGC
TTTCACAAACAAAGTATGGTTAATTGAG’IGACTAATCCACTAATTCTCTTT".‘GTTGTTTTATAT CGTTTATTAGGTAATGT
TTTTTTTTTITGGGTGTGTARARTATGATACTGACT CAAGATTTTATCATATTTCTGAATCCATAAGCTAAAGTACA’L‘TTG
AGAGAAGCARGAGAGATAGAATGEGCECETGEAGTTAGTGCAGGTCCAGGACAARGTTCTTT GGGATATCTTTTTGGGAGCG
CAGAGGCTCCARAGCTAGCAGCCGTTARCARARACTCCAGCT GAAACTGAGTCTTCTGCTCATGCTCCACCTACTCAAGCTG
CTGCTECARACGCTGT TCGATAGCATCAAACRAGTTCCTGCTGGTICTCAA TAGCAACTCTGCAAACAATTACATGCGTGCAG
AAGGACAAAACACAGGCAATTTCATCACGGTATGTCTTTAATTCTTTCECT! GAATCGAGTCCTGTGTGCTGETTATCGGAT
AGCAAAAACATCTCTATCITTACTTTTCTTAGATTAGTTGTCTGARRATGARAGARGATC

SEQ ID:9)

>STAR A6

GATCGACTGGTACAATGCTAGAAGCCCTAGAGGTTGTAGGTGATAGCCACGATACATCCTTAG GTGATGTARGTCAACTGA
ATATARATGECCATTTACCTAGACTTCATGTCCTAGATGATCCCTCCTATTATARCGTGAATCTCEGTTT CTTGGTGTGGA
ABACGAAAIGATTGATATGTTTTTGTCAGEEATTTGAGCTGGTGAACAGT CCTTATATGACTAGTTATGATGATGAAGATA
CACCGCCAGGAAGTGGATTCAGGACAAAACTANGAGAGTTCCATARGAGGTAAATGACGCATTARCT CATGCCTCTCAACA
TTTTGTCGGCATTCARACAGATGCATTCARGTCTCT TTTAATAAACACAAGAAT CCCATTTGTTTAT!GTTTTGT TTETAT
GCAGTGCGGCATCATTCACAGAACTAGATAGGAATTACCTARCACCGTT! CTTCACAAGTAACAACGGAGATTATGATGATG
AGGGTAACATGGACCAACACCATGGTAACAACATARTTCTICTEATCTCTTGTTTCACTATTATTTTTG I TGTTATTCCGCA
CCCARRACCATGARATTTACAATTGGEGTTATTGCAGAAGAACGART CCCATTTACTAGARGAGGARATCTARATARCCGC
GGCTAAGTTTCCGAGATGAGAAATCTAATAGTGT TTTTTCAGCGGCATATATATGIACATARRACARACTGGAT GTATGGG
AGCACGTAGTGACAAAGGATTTGTTCTAAGCTAGGTTTCTCTATAATATGGTACTGTGTTGTIGGTGTARAC CTGARTGGA
TATTGTTAGGTTGAAACTAATTACATTCACACARAGAAAGARARRAACT TGAAGAAGGCCATGGCTGETTTATACTGRACC
ACGAATU'IMTGTTAGTTTTARACTCTTAGGGARARTGCTATAATGCCTTTITTGTCTTGTAGTCETETTTGETTT GAATTAA
AAAAAAAATAGAGAACGTCACGGCACGCTAAARGTGTGEACCTTGTTTATTCG CCGGAAGTARGTAACCABRARACGCTTCT
AATCTTTCGTTTACAACARATATCTCTCTCTCTCT CGCTCTCTCICGCTCTCTCTTTCTTCTTCTTCATCITCTTTCATEG
CTGTTACTGGCTGGGCAATCACAATCTGAA’TTCTTTCTTCCTCCT’]‘GTCTCTC’I'GATTTTCGCCGAGTT’I‘I'GGGGGCTCTT
GITGTTACACGATEAGTCTGGTGGTTGGTCAGTCTCTGGGETT TAACTCTAGTCGGTGATGETCTTTCGTTACGCARTTCCA
AAATAAATGTCGGAAARTCAAAGTTTTTCTCGGTARAT CGGRAGGAGATTGGCGCGTGCGGCCCTGGTACAAGCTAGCCCTA
AGGAAGACGGAGCGGCGGCAAGTCCTTCCCCATCGTCCACACCGECGTCAGT TGTGCAGTACCGACGAGCTGATC

SEQ ID:81

>STAR A7

GATCTATCTTATATTGTTAGTTCATCTTTGTTTTTAAAGACTGTTTT TATGTTTCAATGGTATATTACTGACTGGGGCAGT
AATATTGITGAAGTCTGTAGATTATGGTCGCATGGCTGARATACTGETGCAGAGGCCTGCTTCTCCTGATGRAT ICACTCG
ATTAACAGCCATCACGTGGGTARGCAGAATARAC CATGCTTCTECTTGGCETCTTCCAGT TATATAGATTGGTACTATTTT
GACTTCTCGEGAGATTCATATACTAAGAATATCTGCTTTTTAT TRAATGTTGTAGATAARCGAGT TCGTARAACTTGEEEG
AGACCAGCTCGTGCGTTATTATGCTGACAT TCT TGGGGCTATCTTGCCT TGCATATCTGACAAAGRAGAGARARTCACLGT
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GGTAAGTTTGC‘I’TCTCCTCCTCAGTGATGGAAACTGTAGGTTTTGTATGCATC‘TTTTTACTTTCTTTGTTTTTTGATTTTT
ATTTGCATAAGGTTGCTCGTGAAACCAATGAAGAACTTCGTTCAATCCATG PGRACT CTCAGATGGTTTTGATGTTGGCE
CAATTCTCTCTGTTGCARSGAGGTTAGTTTTTCTCTATTGTTGTTTT TATATCCGTTTCAATATTATTARATCGCGCCTGT
PTATTTGTGAGTTTTTGCATTGAGCAGGCAGCTAT CAAGTGAGTTTGRGGCTACTCGGATT GAAGCATTGAARTTGGATATC
AACACTTTTAAACARGCATCGTACTGAGGTGARGAAACTGGTTTTTGCTTGGECAT CATTCTTTTCTAGTIAGCCTTITTTG
TTTATCGCGTTATACGCTAAAT TGGTAATGCIGCARCAGETCT TGTECTTCCTGART GACATATTTGACACCCTTCTARANG
CACTATCTEATTCTTCTGATGACGTARGTTCTAT CTCCCTGACTGTTCGTTTCATTGGT TGGTGRACTTTATAATATAARG
GTTTGETTTTGTCTAGTAATARACTTAT I TGATATTTGAACTAT CTGGACTTGGARATATACTTTAGGTGGIGCTCTTGET
TCTGGAGGTT CATGCTGETGTAGCAARAGATC

SEQ ID:92

>8TAR A8

GATCATCTTTTTCTAGGTAGGGAARTTGCTTATCTCGGTAAG CTARGAATGTTAGAAACARAGARCTAGGACAGAACGGGRA
ATGGAGAAGGAGGTTAGRAT CAARGAACAGTARAT GGAGAAGGAGETTAATGTGTATTTCATTCTATC TACATTTTAACTA
ATTGAGTETATCCAGTCTTATCCATTAATGTAAT TACANGAAGARTAGTACCAAG CATGTAGGTTATAGTTTTCACITTAC
PGGGTGARGETTTCTGTAGT TCARGTCGETCAAAAGTGGT TTGCGGAAACATATCTCTAATAATTT GATTGAGAGGCTCCT
CGCACTCACATGGACTTAAACTTTTGTGTATTATA CAAACATGATTCACATACACATCTCGTGTATATTGCAATACATTTIG
GTAARTTATCTGAAAATAATAATGAAGGTTTCTTCAARAGAGGTCCAGEGAGCTAT TTCCATTAACACTGTTATACTGAACA
GTATACARAAGAAGACTGCAGTECGAGAATTTATGGAGGATGATARTGCAT TTGAGATATTCITCT GAACACTTTCATATC
TTTTATGTAAAACATTTTTGATGAGAAAATCACCAGTAGTATCCARACACTTTARTCCAGAT GATGEGAARATGCTTTGTT
TAAACCTACTACGAAGTATGCTTAATACTTCATTATTACCAGTTGATC

SEQ ID:93

>STAR AS
GATCTGGTT’I.‘CGGTAA‘ITGTTGTTTCCGGGAATTGAGTATAGAAACACAAATACATATTTAACCCTGATGAAAGAGGGTGT
AAAC’l"I‘GTGCAGATAGRTGCGAAAACAACGCACGACAAACTTGTGAAGTTGGTGCTCGATGATAAAGTTAGACGAAATGTT
GTATC’T‘CTTATTGTTTTGCGACAAAI‘TTACATGTCACGGCTGAGTTATATGCTTAAGGGAAGATGAAAAGTTCAGTCAATT
TACATGTCACCACTGAGTTATACGTTCCAGGAAAGACGAAAGGTTCGATAGZ-XATTACATTACGGTTGAGTTATATGCTI‘Z\A
GGGAGAACGAAACGTTCAGT CAATTTACATGTCACGGCTGAGTTATATGTTCCAGGGARGACGAARGGTTCGETAARRATTA
CATTACGGATGAGTTATA‘I‘GTTTAAGGGAAGACATCTATAAATTTACATGTCACGGC'TGAGTTATATGTTCAAGGGCAAAC
GAAAGATGAGTGTAAATTATATGT’I‘ACGGCTGAGTTATATGC‘I‘TCAAGGAAGACGAAAGGTTCGGTAAATTACATGTCACG
GCTGAG'I‘TATCATTCAGGGAAGACGAAAGGTTGTGTAAATTATATG‘I‘TACGGCTGAGGTACZ\TCACGTTAAGGCTGAGTTA
TAATACAGATCGGAAAACN\CATTTTTCTGGGGAAGACAATATGAAATTTATTGGCCAAAGAACAACAATCAAA‘I‘TAAGAA
ACGTAAGAATATGTTTGAGGGATACATAGGAGGAAGA GAAACTATATGAATCAAAACATTGATAGAAGTAGRRATATCTC
TAAATAGATCGATTGZ\GAGGAAAACTAAACGAGAEACATATAAAATCAAAGTAAAAGAGTAGTTATTCTTGAT’L’CAACTCA
ARCCTGTARCAARTCATATARAATTCTATAGATC

SEQ ID:9%4

>STAR AL0

GATCTGAATGAGATGTGTTGGCGARCGCATATAGT TITTGTTTCTTGCT G TCATAACTTTGCTTATGGAATTTTATTTAT
GLCTTTCTCTATACCTCTTT uuACCAGTGTTCCA’ITTGCAATAGAGAGTCACTCGTGAAAAAAACAAATAATGTGTGTGTA
TCAATTATTCCCTCTCGGCCTTATATTTTGTCTTCTTTTTGCTAATTATATACTATTGATTTAGATATTTACTTATATTCA
TGACGTCTTCTTCTTATATTCTTATTTAAT TTGAAGT TAGAARATTAACGTTACAACT TACAACTATTAARI''ATTGITAA
TTGGTTTTATAATARGTATCGCTCTTGTCTCCATTCACTTGT CTTTTATTGTCCCCAGTACCAARCTACCAAATACAATTC
ATATTCACTAATTAATTAGTTTGATGCARAGGATGATGCAATGT! TAAGAAAATTGAAACTCTACCACATTCIARAATGARG
CAACTCTACCATATTTAATTTCTTTAGACT TGGRATAGTCACRATATGAARTGCT TAGGTAGTTACGGTTAGTTAGCAGTAT
CACACAGAATTGAAAATACCARACCACAATTTTAATCAGGTGATTCGGTACTAATT I TAT TAATGAATAAAARCATAACC
GRACCRACT CAAAGCAGATATTAACCTGAAAATGAACTCACCAAAACAATAATAGAAAGACTCAAATCGAGCCG GAAACCR
GATTSAGCAACGAACTCATGGGAATATCATATCTATTTI\'I‘G'I‘CCAGACTATTAA‘I‘A‘DACATACCI‘ATGACAAAATACTATG
CATGCAATGCAAGI—\CTGAAGTAACCATATTTTTTTGGGTAAACCATTGATAAGCTAAACTTGAATATCCATAGTACTTCAT
CGTACTATGTATCAATAGTATAGTAAGTTTGACACAATTACATTCAGTTTGATTTTTATCATATAAACCTCCCAACAATAT
TTAAAACCGTATCTATATATAAATTTATTTGATTAAA’I‘CAGCCTAGAAGTTTATAG'I‘TCAGTGCZ—\GATAAATTCAAATTTT
GATATATATCTTAATTGAATTAACCGTCTTTTGGTTAAAT TATTGTTACAAGCTTACRAARTCCACTATACACCAAGTTEE
ACTTAGATATCAT,ATATGAGATTAACAGCCGATTACACTTGTACATTGACC’IGACCTATACAAACGACTACAACTTTATGT
AIA‘I’ATATTTCTCTATTTTTGGAAACTCGTTTGATTTGTTTTCACATGTCGTGAAATTTACAGCTTTGTTTCCTACTCTCA
ARAATAGAGCATAGAGCTGGCTGATCACACTTCARATTAARACCAACAACGTATATARACTATARCCCATGTGAACACARA
AATTTAGACCTTTTITTCAAAACCATTCCAATTTCTAACRAARACARAAT TAGARATCCTAAAATCTGCAAGGTGTATGGAA
GGCAAAARAGGCTAACAGGATTARARACAGTTTACATTAGT TATTCT CTTTAAAARTAGARRGAAGATTTTCGATAARAACG
TCGTCGTAT CTTCGTCGACGTCICCGTCTTTAAT GGEGCAGCAARGGGCARGCGGTECTTCCTCCTCCACCGACTCATATT
CRACTCCTTCGCCGTCTGCETCACCETCTCCATCTCCGECTCCACGTCAACATGTCACGT TACTCGAACCATCTCATCAAC
ACARGAAGARAAGCARRAAAGTCTTCCGAGTTTTTCGTTCGGTTTTCCGATC

SEQ ID:95
>STAR All
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GATCTCACTCARGCTCATGCTCACGTTCAAGGACTTTCCARCCE! CAAGGTTATCTTCAACTTGTACTCATTAAGGCCICLC
BATATTCATGTGTTATGTTCATGTAGATGT CCGGTCCAGTTCAACAACTGTTTCATTGCTTTAGT TGTCACGAGRAATATT
TGTA‘I‘ATATTA‘I‘TATGGTGTGCAAAACATAGTAAAA‘I‘G’I‘TGTTCZ\ATTGGCAGATGATGAT GATGAARATGGARAGTGART
GEGTTGEAGCAAATCCAGAAGCAGAGAAGGCAAAGACGAAGGGTTTAGGACTACAT GARAGAGTTAAGGACTGTTCCTICGG
GACCTGACCCGTTGCACCATCATGTGARCCCACCAAGACAG CCBAGAAACAACTTTCAGCTCCCTTGACCTARTCTCTTGT
TGCTTI‘AAA‘I"I’ATTTCZ\TATTC—'L‘AAATTACTTTCTGCTTTATCGGTTTTACCATTTCGGGAGTCTTTTTTGTGTGCI\Z—\TCT
GTTT CGTTTGGTAAGCTTGTAGTTTCATGAAAGTGAATGTAAGATATGCATTACGTTTGTTGCTGAAGTGAATGTAAGATA
CGCACTAT TATATCTCATGATT T TCTAAGAAAACCCTCTTARAACCAAGATGTCTATAGCAT TACGTTTCTATTT! CCATAT
AATACGTTARARTTTATGGTTTTTACCTATARAATGCARAATARAGACRCAAGTATATCT! CCARRGCAATCTACCGTTGGG
AMAATTTATTAGTACGTTTTCAATTGTCARTGCAARTAATTARTGGAT GTGATAGTCACAATTAAACATACAATAATARRR
ATGATGATGATGATTCGATGATCTGCTG GGAAGGATAAATTAAACCGACTTTGGGGCAGTGACAGGCAGTGTCAGTGTCAA
AGACAXCCATTTGTAGTCACTATTTCTAT CGAAGGTTGCAAATTCAATGGTGGAGGAGTATCARAACGACACACATACTTG
AARAGATATTTTAATAATATARARAAATTGGTGAT GGCGTAATAACARACCTAGAGCTAATTATTATCCTTAATGATACCA
ABTCTATATGATACGATATTTGTTTTAAARAGAGTARAGACTGACACTTGAGAT GTGACACTGGCGATTTCGCTCACGTCA
CCACTTTTCCCACCTCARATARCGCTTACGGCTTTATCCAT TARTTCTAAGTATAATTTTAAGTGTATTTTTTCTTGCCAA
ATTCAAATATATCTTACTARATGCATGARCATTATAARAT T GT TATCAAAAC CATTAAATGTTCTTATARTTTCTTTCGTT
CCTCCAATGTCATCCCABGACTTTTTGRACCTARTATAT GATATATCTAACTTGCTTTGGAATCGTATGACATATATCTTCA
AATACATATTTCGTATTTTTTTTTCACGANARCTAATTTAGARAGTAGRARAC CAGCTATTTTAARGARAATARAGTGTGT
TTATATATATTCTAAAACAATGCTATAAGAACATAAGACCAAGATATATACAA‘I‘GTTATTTTA‘I‘ATT TATTATTAAGCATT
AACATTGAAATTAAAAATATTARACAT GTATACCABAGTAATCAACATTGTAGITATTACTACTCTCTCTGTTCATTTTTG
PITGATTETTTAGAARRAACACACATATTAAGAARACATATTAARTATTGAT TATARATGTAT TATTTTTAATGTTTTACA
GTTTTCTATAACTTTAAACCAATGATAATTAACTATT TTTTTAARARRTTACCATT CACCTATACTAACCARATARAGATTA
CATAGAAAACTAAAAAAA’I‘TAATCTTTTAAAAACAAAT’1‘TTTTT'I‘CTNACAATCAAACAAAAAGGAACAGAGGGGGAATA
TTATTTTAATTTAATTTAGATTACCATTGTAGT TAGTAATTGATC

SEQ ID:96

>STAR Al2

GATCTATTGCTGTTTATGGCAGGCTETCAT TTCAGAAAAGAATGET! GETTTGGCATCTAATGTTGCTGARGATGGTGGTCT
TGCTCCAGATAT CTCGAGGTACATATATTTTTCCTCTCTGALGCTAATCTGCTTGCATCTGTAGAI TGTCGARACTCAGAA
BACCATGTITATGGTTTGAT! GGCTTAGTGCCTAATATGTGTAATTGCAACTGTATGCAGCCTCAAGCARGGTTTGGAGCTTE
TAAAAGRAGCTATCAACCGAACAGGGTACAATGATAAGATAAAGATAGCCAT TGATATTGCCGCCACTAATTTTTGTTTAG
STAAT‘I‘TTCTGCTTCCTGGCTAACTGATTTTTTWGGCTTCTTGTAGTCATGGI\TZ—\GTCTTGGTTTGGTTCTCGGCATTGT
CATTCACAATTGGCTAGTSAGACGAATAAGATGT TAAATCATCARATCTGTAGCCTAT CAATAT CTTGCTCTTGCAAGTTT
CAACTATGTTATACGTTTITGTGTATTATT TCTTACCTTGTGGAACTGTTCTTTCCT! GAACAGGTACCAAGIATGATTTAG
ATATCAAGTCTCCAAATARATCIGGGCAARATTTCAAGTCAGCGGARGATAT GATAGATAT GTACAARGARATTTGTAATC
GTAIGTCTGGCTCGTCTGAACAATATTTTT’I‘GTGTCTATCTTAGTACTCTTGCAGTATTGTAACGACCAGATTCTCTGTTT
GGTCTCCTTGTGEGTTTAGATTATCCAAT TGTGTCTATAGAAGACCCT T TTGACARGGAGGACT GGGAACACACCAAGTAT
T’I’TTCGAGTC'I‘TGGAATATGTCAGGTCCAACTCGGT'I‘CCCCTACTA‘I‘TAACGGTTCACATZ—\GATTTTGTGTTCTTTCAGAT
CACACTGTCTTCTGATTCTTTTC TCAGAGTCAAATATCTARAGAGAGAGACCCTTAAATCTTCTTGTACAATCATTTTCCT
TGTCTAAATTCTCAGTGTTAAACTCTTGTAGG I GGTAGGTGACGAT TTGTTGATGT CARATTCAARACGAGTTGAGCGTGC
CATACAGGAGTCTTCTTETAATGCTCTTCTTCTCAAGGTAT TTCGTCCGTCCTATTTTGTTTATTAC TATGTATTACCTGT
GCACATATTGTATGTTTACTGCCTAAGAACGACARAGACATAATGTGCATACCGT GATACAGGTGARATCAGATTGGTACAG
TARCAGAAGCCATTGAAGTAGTGAAAATGGCAAGGGATGCCCACTEEGGTGTGGTGACATC L CATAGAT! GTGGAGARACAG
AGGACTCTTTPCATCTCTGACT TATCTGTGGGTCTCGCARCAGGTGTGAT TAAAGCTGETGCTCCTTGCAGAGCGAGARCGTA
CTATGAAGTATAACCAGGTCTGGATC

SEQ ID:97

>STAR AL3

GATCCATTTCATATACATATTACCAATTTTGGCT TTTATAG GTTTGTATCCAGARGGCCTTTTCGTGGCTACGATTARGGA
AAATACGAARACAAAAGTGAATTTTACTACTTTTGTAGCATCGTTTATTCTACTTTATATACCTAAGAAATATGAGCAACA
ATTACTTC’I‘GTAATGACTTTTTACTACT‘I'CGTAC-TTGGTACAAACTACAAAAGATTGI‘GTTGTTTTTACATGATAC TTTAT
AATATCTATATTAATATATTTAGTCGTGTTTAATCARARRAGCACCAGTGGTCTAGTGGTAGARTAGTACCCTGCCACEET
ACI-\GZ—\CCCGGGTTCGI-\TTCCCGGCTGGTGCATTGAGCTATGATGATATAGGCTTCAGCATTGGTTGGGTCCATTGCATTCT
TCTGAACTATCAG';‘TGATGTATGCCACACC‘I‘CTGAGCTCTTCTTTT’I"I‘TTTCCTCGTCAATTAATTTTTTAAAGTTTTGI‘C
TECCTAARRACTTTC P TCTTT TTGATTAATCATAT TAAGCATCTCGGCTATARAAACCACGGTCTACTAACT TAACATGCA
TTGGACTAGTTTTAGTGGAGAGTGTTCGAGTTAAAATGAGAAC—CTCACGATTGCATAACGGAACATTTGATTCC—CTAGGCA
TCTCCATTTGTARAAGTAGCCACTCCAATACAARATGGTCGATGATGGTGAGT GGGTGAGACARACCCACCACCACCTCAA
GAAGATATATTTCTCTGGTTAAGAATTTGAATGGTTGACAAAGARACGETCACTCTATATACT TAGRARATATAGICATAC
ATAGACACCATCGGTCTAGTTATAATAATAACCACTGGAT TARTGCCCAGTGAAAATAATTGAGTASCCRARACATGARTA
TAACAATATCCCAATTTACATACAACAACACAARGGAGGT TTTACACGATTCTATAGTACAAACTCATAACAACAAARAAT
CACACTTTTGTTTAACAGTTGCCTTTATGGCT TTACTACAGTATCTTGTCCACCCT TTTCACACATAACAATCACAGTAAR
TCGTTTCCTTTTCT I TECATCTTCCATTCCTTITGTACACGTAACATCTCCGGCT T CCCGRACCATCAGCTARGAACCAGAT
GCGATC
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SEQ ID:98

>STAR Al4
GATCCAGCAACTAAGICTTATGCTCAAGTGTTTGCTCCCCACCATGGATGGGCTATACGGARAGCIGTTTCTCTTGOGATG
TATGOTCTTCCOACAAGGECTCACCTACT TAATATGCTCARAGAGGATGGTGAGT TCATCARCTACTTRATATGCTCARAG
TEGATGETGTGTTTGATARACTAGTAGTTTAAGTAGTCAGATTAGT TT CAAGGTCTTCACAGGATTAGGTAGATATCACGG
CAATATTTGGCCTGTATAAGTCCTCETATCATAAGAGAGAACTCT TTGAGAT TCACATTGGTTTTRAGTTCATTTGGCACT
AGCATATTAGATTTTGARTTTTCCARTACTATCTCTGT TTGAGAT TTCATAAATCGAGTTTCTTCT TCATTATGTTCECTG
ACGATATTGTTTTTTICATTTATTTATGAATGT TG T TACAGAGSCGGCGECTAAGATACATATGCARRGCTATGTCARTTC
ATCCGCACCATTAATCACGTATCTTGATAATCTATTCCTCTCCAAGCAACT CEGTATTGATTGETGAAGAGCCTGAARARA
AGGCATAACTATTGTTACTCTTTAGACARAATAACCTATGT TCTCACATCARGCTATGTARTGTCATAACARCAGCGACGA
AATACATTGEAATARATTGAGTATGTCCTTAATCTGTCGTTTTATCTCTTCTTT TAATARACACAGT TTATCTCATAGTAR
GCACAACAACCTTTACACGEGTTGTACGAACGTATTARACGGTTTGTTTCAATTTCACTCTCTTIGGTTT TGARATTCTAG
TATAAACCARAGTAGTTEGTGCTTCARGTTGTGTTACTTATTCAACAARARNATATATTATTTTTAATTT TTART TTTCGT
AGGTARGATTACATAGTAACAAAATGTTARATTTARCAATGTARGAT TACTATGTAAATGCATGEGCACCAGTAAT CACGT
ATCTTGATGATATATATCCCTAATCCAAGCEAGTCEGCAT TTAT TGETGAAGAATCTCARGACTCATAGTCATCECTAGTT
AACAATCTTTTTCGGACARAAGCETCTTCETTARARTTCGGCATTAT TAACCT TTT TGCCCT TTTAAAATCAGARRATTTC
TGITTTACTGETATTITTCTTTGACGATTCAATT T TT TAGT TGTAT TATAT ATATGARAGAAGCTTARCTCTCTCTCACAG
CTTGALATGTCAGTATCTAARACAAGCAATACAT AATTTAATTAATT TATCATAAAATATTTATGATTARAAAGY ARAGAA
GATARRTATTAAAAAGCTARATGTCTCTTATAATTTARAAATARAAATTARARACGATTGAARAGTARAGRAGATARATAT
AARGARACTATTAGTATCTTATARATAAATAAATARACTAAARATTGAAATATAAT TATT TTAGT TTTGAATTAAGARRAT
ATTAAATATAMARAMATTAAACATANAGARACTATATATATCT TGTARTTAAAARATTARRAARARATGRARRATCACAA
ARAAAATATARACTCTTCATCATATANITAATGAARTTTAARRACTTATTGCTTTTARTT T T TTGTACAATART TAAGGAR
ATTTAGAANTTAATTATTAAT TTTAGAAGARRAAT GTTARAATAGT TTAATAGTTTTCATTCACTARATACATGTGTACAT
ATATGATGETATGAGGATCAAGARAGTCCCCTAAANTGTAARACTCCAATGTTCCTTASTGARARATGTTAACTTTTCTG
TTGACAAGACETGTATATARACATCACCTATACCGGAGAAGAAGAAGACACAAAACAAAGT TAARARGAAGARATTTTTGE
TGCAGTGAATTCGARGAGCAATATCAAGAATATTGETTACATTATTATAGCCACCTTECTTGTTGGTCTCCTCCTCATCAT
GECTCIAGTEGCGAGTTTCTATTGGECCAAACGACATCTCARATGTTGTGGCEGAGAGGGACTETCETCARAGGATETGTT
CANTTTACTTATACAATTGGTTGCTTITATTCTGCTTTGTGET TTAT TTGCT TAT T TGGTAT T ITTGGTTTAGAT TAGTAA
CCI'ABAGCCATAGCAGATC

SEQ ID:99

>STAR ALS

GATCAGCARTTACAGTTGGATGCAARARGAGAGACGAGAAT GTATCTECTGCTGGTGACTTTAAGCTAGGCTGAGTACCAA
ATTGCATTCTGACTGTTCTTACCTCGACCACCTTTCTTACTTTCCCTAGCTCTAATCTTGCTA‘TTACTAGATTGAATCTGG
TGGACTCCGAGCATCACCTCGTTATACTCGTARACTTTCATCCARAAT! CTCATGGTCECATTGTGGGTAGRATCGGAAGGTA
TETTTTATTGACAATCCCGAGCAACCTARTGTATGATGTGCGAGAGGATAGAAATCATTTTTTAAGT TGTCTITACATGTE
TEGCGCARTCATTGTTCTCATTTTACTTTGGAATTTTTTTTTTAACT TATT CAGCRATGCTCTTGAGATTGAGCTCGGETGE
TGGAAGGCARATTTCTGAGTTCAGTACAGTAAGAATGATGTATACAGTAGGACTCARGGTARACTACTCTTTAARAC TTTC
GGAGCCATCTTAGCCATTATGCAATCTGCTTAT TTCCGGTACTCT TATACTTTGTTTGTAGGETATTTTCT GGARAGTAGA
GOTACACCGTGGTAGCCAAAAGCTGATTGTTCCCETGAGTGTTACT TTCTTCCTTTCTTT TCTTGTGGTGTCATGTCTECT
GTCTTCGGATAAGARCC! GAACAGATTGTGTCTTAATCTGTGGAGTAGAATATATTAAAAAAGCATAAACCAATAGRACCAR
AGACCAATCOTARAAGCCTAGEGATGCATTCTAGAGCATTATCCT TGACTCTCTGARACCT TTACCCARCTCAATTATGGA
CAARGACARACATCCGTATTACTCTGGGGAAGTCTTTCACTTTTGACACCTTCATGAT GATTATCTTTGAAACGTGCAGAT
TCTACTCTCCGCACATTTAGCTCCAGTATTTGCARCTGGAGCATT CAT'TGTTCCARCATCTCTTTACTTTTTGTTARARGGT
GBGTGATTGGACCCTCTARATATAAT CTACTTTTGGTCTATTGTTATAAGCTGTTTACCTTATTARACATTTTCACTGTTC
CACGCAGAAATTTGTGGTGAAGCCATATTTGCTTAARAGAGAAAAACAAAAGGCCTTGGAGRATAT GGAGARAACTTGGGG
CCAGGTGATTGTTACTTCCGAGT TTECGTAGCCARGCGAGATTCCTTGTAAT TGTAGATGATC

SEQ ID:100

>STAR AlS

GATCGCTTTCAGTCTATCATGTTTTGAGCCT TATT TTGGGAGCGATGTAT TAATAT TTTGCCTGTTCTTTATTTIT?GTGT
TGCAGACATACAATGAAGTGCAGCGGTGTTTTCTGACTGTTGEGCTTGGTT TACCCTGAGGATTTGTTTACATTTCTTCTTA
ACGTAAGGACATCTTTTGTTTTATGATTATCGCTCTAGTTATTCTTTGTAIATGTAACGCARRACGGTGGCAATACCTAGT
ACTCATATTAGACTCAAGRAACTATTCCTTGCCACACATCIGTGTGATATTTATATGGGCT TTTTATCTTACATATTTGARR
TCCCTGTCTTCCT,TGTATACTTTCACCAGAAATGCAAGTTGAAAGAAGACCCTTTGACGTTTGGTGCTCTTT GCATCITGA
AACATCIGCTTCCGAGGTGTATTCTTTTATCCTTCAT CAGTATAACTTAT CAT TCAGACT TAATTTACCATCCTAACT TRAA
TGATGTTCCATTGTCT TCEARGGTTGTTTGAAGCATGECACT CAARACGGCCTCTTTTGGTGGATACTGCARGTTCTTTGT
TAGATGAGCAAAGTTTAGCTGTTCGARAAGCCCTTTCAGAGGTACTGAGCTGGCGTAGAT TTTCT TATTTACTACTARAART
ATGCATGCTTTAGCATAGTGCTTCYACTTTAATGACAGTTGATC

SEQ ID:101

>STAR Al7
GATCACGATAATTTTCCTTAATTATCTAATTCTAAGATAGTCTAACCATGAATATTCTTATAATATCTTARCTGTATAGGA
GATTCTATTTTCATCCCTAAATTATATTCGTAATTTTATTCGGATATACT'J.‘GCTTTTATTTTCGTCAACAGATA‘TATATAT
ATATATATATATATATTATTTATTTTTAATTTTCATTARAATTAGTGATTTAATTCTCTATTATTTGTGTACTATATAARR
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CAAACARATGAATCTTATAATGTTTGCTTTTT CGTCCATAAATATTTCCGGGARRAATCGT TAGATATAAATCGRACCTAG
TGETGAGTEACTCACACACATETGACAATCCCARAATAAGT CCCCCRACGTACGCTAT GTCTGTTTTAGTGTGCATGTAGT
AACTATTATTTACTGATTTAGAATATAACTAGCAITTGGCCCCTATTTAGGGATAACA.L TGTTTTAGATTATATCTGTTAC
AACTTTTARCTAAARATTTTARAATARAGCAGACRGTATTAATATACAACAARTT TATTATCATTGATCGAAGAATATACA
BAGAT TAAGAAAAAGATATAAAGAAGGTACAACTTTTCTACCCAATGAATCAATTGCGATAGGCAATAACTAACPAATCAA
GAGTTTAGAAATATAAGAGAGTATARGTACGARRAT TATGCTGEGTATATACATGTCCECTTATTTCATCATTAGCTCCAR
CCBATTGTAATGIGTTCTTCTTCTCATCAT CAGTAATTCAGTTTACARACATTCGTTGRCACCCAAAGCTTGGAAGTCTAR
AAAAAAATG’l‘AAAATG’L‘GCACAAATAAGTAAC‘I‘ACATGACGCAGACGCTGCCTTTGAAACAATATCAAAGATATTGCAGAT
ATARAGAAGTAAAATAAGAGAT GI\CTTTAAAATTGAAGTATTTGTATTAATACAAAAATCTTGCGTGAAAATACAATTGCA
GTTTAATACAAAAAAGAAATTGCAGATATAAAGAAGTAAAATAAGAGATGAAAGAAGAATAGTAAAAAGTATGAGAATTAA
TTTACCATCAAAAARACACTTGAGCTTCGAT TAAGATATTAAACTCACCCTTGTTTTAAGGCARCTGTTCAGATGAGRAGC
CAABRATTTGTCGTTGTTCCT TGACTGTTTGTGAGACGGEAGAATCATAGGCATTGATTGTAT TARAGAATAATCCTATGGA
ARAATGGAGAT! GTATGAGAGAAATCGAAT'[‘CAGTCAAATAAAGCAGAAACAAAGCAAAAAAAAAAAAAAACCATAGAPA‘I‘C
TAGAAGAAGGATATATGATTTTCGGATCTATGGAARATTTCTATATATATARARCA ABATTACARACAGARATAGARGATG
CTAMTTGGTTCATTGAGATGAACARAGTACCT! GATTTCTGACTAATCGATTAATGATGTTGAGRAACCCATTTTTGAGAT
PTTACACAGTAGTCATGEAGTTTTTGGAAGAGAGAAAGT SGAGATGET GGAGATCGTCECGATGARAGRGARAATCATTTGA
GAAAGAAACARAGITARATARARACGACACATACTATGCGTARARAT! GAAAAAATARARAATAGIACTARGCTGATGTGTC
AATCACTGAATGCATTAGTTAT TGEAAAAGTGACTGCTGATTTAGTATATTTAGAT TAGAGAARATARATACTTGTAATCA
2PTTTCTTATTAGCAATGTTGAAGT GARARAARPAAGANGAARRARGTCTATATTTATCATACLICATAGTGGEARATTGAT
AATTCABAATTGCTGATAAACGTTATCARAGARGGTGGRGGATC

SEQ ID:102

>STAR ALB

GATCTGTTGATTGETTARATCGACGATCTCAACG GCGGRAGGAAGTGACGATGAAGGCECGECAGAGAGCACAATTAGAGTG
AGATTTCAACCAAGTATCAATACAAGGAACGTGARACGCGT! GGTTGCATTTAGETARCAATCTCARGCTCTCGTTCICTTG
AAACTCGCTTARACAAACAGAGCAATCTGRAGATT CAACAARATCCATCCATCTTT CTGTATTTGTAARCAGTITATCGATTT
AATCAGAGATTCATCGAGTCCATCGCCACCACCACCACCAATCGTTTGZ—\TTCGGATTCGTAGCTCCGTTGTTGTTGTTGTT
GITGETTCCTIGCCAGCTGTAATCTGATGAGATT CTGTTTATAGCTGCCGCGGAGGTAGAGGAGGAGTIGTGECEACGECE
GTGGCAGTATTTGGAGAT GAGAGTGTAGTAGCIGACGAGCATGAAGGCGCTAGCGAGGATTCCGAT GAGAGCGATGAGEAG
AGGAGAGAAATCAGAGGAGGRAGAGTCGTCTTCGTCGT CGAGATAGARGGAAGGAGGAGGAGGGAAGATGACCTAACACCA
TTGAGGGCAATAGACACTGCATACTCCTTGAGAACAGTCT CTGTATGARTCGTATGET TGTACCCCATGGATTAGGGTITTCC
TGTTGAACCCATTATTTGATTGIT GGAGRAAGATAGACAGAGAGAGCARGGAAGARGATGGAGGTGTCARGTGT CTCTCTC
CTTTTTCTTTGGGCTCTGCTTT‘I’GTCTGGTAAGTGTCTATTTTTTTA’[‘TTCGAGTTPA‘T‘TGGTATTATTAGAGGAGA‘I‘AAT
GAATAARTATATATGTTCATGAAAGCTTTTGCATGATGETGTTAATACTAATTGAAT GATGTTTATAGTGAATGTTCTACT
PTATCAAACTTTTATTTCTAGTATGAATAARGETGTAGAATTTGCTTTATTCATTTTTATTCTT TAGCTTTCTCTTTATGC
TTCCATTTTTTTTARAGATAAAT TARTACAT TAGTARRATARATCGAGTTCATTTTTT TTTTTTTTGATTTTATTTTGAGA
ANTGAGAACGTAACATAAGAAGTGTTTTAGTGTTGACGAAATARAAAGAGAGAGAGGGTTTAGT CTATTTCAAGGCATARA
ARARTGGTTCGTGAACTGTTGACGARGETGGAATACTATARCATGGGCCACGTGEAT GACARATTTACTCCTCGACCTATC
TATTARAGTTGTGGTCAGAAATACAGTACAATTTACCGACTACCTACRTGGARGARGARTALLTT CATTTCATTTCARACTA
CAGTAGTATRACATTCACGTTATACGATTTTTCATTTTTGTTTTGTAATCAAAGTAAT GATTTTCCAARAANATCATTGCT
ATGATTCGAATACATACAGTTTTATATTACT TTACATATTTATGACAACTATAATACARAATT TTAATAGTTGTTCAAGGE
ACGATTCATGTGAACTCGCCARCCATATGCCCTACGTACARARTAACATATTTACAT! GTAGAAGTTGAAAATAATARTAAT
ARACTGTGATTAAARACAATTATACARATGCTAACAATAGGCTACGAGATC

SEQ ID:103

>8TAR Al9

GATCTTGA’I‘GTGTGTTTTGTGTTTTTGTTATTGCAGGATGTA’I‘G'T‘TTCATAGTGAGACAGGGCT TAAGAGCTTTGACCATC
CGACTAATAT GATGAAGGCAATGCCGAGGATTGATAGTGAAGGTGTTCTTTGTGGAGCTAGTTTCAAAG'I‘TGATECTTGTT
CTAAGATCAATAGTATCCCTAGAAGAGGAAGT GAAGCTARCTGEGCGCT GGCTAATTCTCGTTGATTTTGCTTCTAGTTTC
GTTAACTCTTGCTTCT T TGTTGCETTTICTTTTTATGTACTCTTIGTTTAT GTAAATATAGCCTTATGAAGACGATAAAGAA
ATAAAATTGATTTGCTTCTTCGT GACATAGCAGTCTTTACTTAGACAACTGTGTGATARATTCCCAATCT CACTCT T TGAT
AGATARGAGGGAGGGAAGAAAGCAGTGGTARAGACAANACTGTGT TGAT TTTGTGAATTTAGA AGTTTACAATAGCARAAA
AGAAACTTTGGTCGACTITTAT CATTCATCGTTCCACATETCTETARATTCATCAGGCTCCAATGGETTTGAGAGTTCATG
CATCTTTCTTCTT,GTT'[‘TTGCC’I‘TTATTTTCTTAGCAAATTTCCCAGCTTTATTTCTTTTCTCCAAAGCTCGAATCTAAAA
GGCAGEAARTTGGAATATATGAGARCTCTGACAGATARTCATATATAGCAATGTGATC

SEQ ID:104

>8TAR A20
ATCGTTTCAAAGCATGGTCTAATGATGATCCTGATCTCCGACTGATCCAATAACGGTTAAGCAACGCTGTTTTTGATCCTC
CATTGTTGTTTGCCATCGATCAACACTCAGAAATAAGGTAATTAACGCATCTCGAGACTCATTGTTTTAACAATCTTTGTT
TTGTTTCTTCCAAATTATTCICGTGAATATCCGIAATCTCTCCGTCT’1‘TTAATGAACAACACATATCA‘TA’PGCTTTTGTTT
GTT‘I‘TGTTTTGTTT’I"I‘TCAACATTTCAATAATTTTGTCT’ITTTTTCTTCGA'I'TTAA’L‘TTGTTTATTTCCTGCTATAATAAA
CGAAAACTATAATTCCATGTAATGTTCGTTG'I‘TGTTCATAGTC-ATTTATCATAACGAGCAACAACATAAAAATCAAGAGAA
TAAGAAATTAGAGTTATGCTGCTTATTTGAATTAGACAAAZ\CCTACTTTTACTTGTTZ\AGGAAATGAAAAGATG‘I’TAATAA
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AGATGAGCACATCGTACGTGGCGCACGTGGAAGCACTTCTGI‘ACGACGGACCCZ—\GTCCAACTCGAACCCCACACACATAGC
AAAGGTTGTTAAGTTGGCTCGTAGGTGAATTTAATACCTGTTATTTCCTTTA’[‘AGCIGGCTAATTACCTAAATTCGZ\TCCA
‘l'AATAACACATTCCTACTATGCCAACATTTAACCCTAGTCAAACTI\ATTAAAACGTTTCTTACTTTTTGGCCTATTAAAAC
GTTTCATTATGTTCCGCAAATAGTATGAAATATATAAAGATTTTCTAACAAAAAATTACTAAGAACAGTTAGACTGATTGA
C—ATTGTTTTTATTTCCTTTTATTTAATTTTCTTT‘I‘ATTATACTCTGTTTATTTG'l'G’I"I‘TAATAATTAGGATTCTATTTGTC
TTGTC'I‘TG'I"ITGCTATAGTTGGAGTTTTGTTCATAAAGAATGGCGTTTAATACGGCTA‘I‘GGCGTCTACATCTCCAGCGGCG
GCAAATGACGTTTTAAGAGAACATATTGGCCTCCGTAGATCGTTGTCCGGTCAAGATCTCGTCT‘I‘AAAAGGCGGTGGTATA
CGGAGATCGAGTTCCGACAATCACTTGTGTTGTCGCTCCGGTAATAATAATAA’I’CGCATTCTTGCTGTGTCTGTTCGTCCG
GGGATGAAAACGAGTCGATCTGTGGGAGTGTTCTCGTTTCAGATATCGAGTTCTATAATCCCAAGTCCGATAAAAACGTTG
CTATTTGARACGGACACGTCTCAAGACGAGCAAGAGAGCEATGAGATTGAGATT GAGACAGAGCCAAATCTAGATGGAGCC
AAGAAGCCAAATTGAGTCGACAGGCTECTTGACATAAGGRGACAGTGGARGAGAGAG ARAAAACAGAGAGTGCARACAGT
GACGTI‘GCAGAGGAAAGTGTTGACGTTACGTGTGGTTGTGAAGAAGAI\GAAGGTTGCATTGCGAATTACGGATCTGTAAAT
GGTGATTGGGGACGAGAATCG’I'TCTCTAGATTGCTTGTGAAGGTTTCTTGGTC‘I‘GAGGCTAAAAAGCTTTCTCAGTTAGCT
TATTTGTGTAACTTGGCTTACACGATACCTGAGATCAAGGGTGAGGATTTGAGAAGAAACTATGGGTTAAAGTTTGTGACA
TCTTCATTGGAAAAGAARGCTAAAGCAGCGATACT TAGAGAGAAACTAGAGCAAGATCCAACACATGTCCCTGTTATTACA
TCCCCGGATTTAGAATCCGAGAAGCAG’I‘CTCAACGATCAGCT'I‘CA'I'CTTCTGCTTCTGCTTACAAGATTGCTGCTTCAGCT
GCGTCT'I‘ACATTCACTCT‘l‘GCAAAGAGTATGATCTTTCAGAACCAATTTATAAATCAGCTGCTGCTGCTCAGGCTGCAGCG
TCTACCATGACCGCGGTGGTTGCTGCGGGTGAGGAGGAGAAGCTAGAAGCGGCAAGGGAGTTACAGTCGCTACAATCATCT
CCTTG’l‘GAGTGGTT’T'GTTTGTGATGATCCAAACACATACACTAGGTGCTTTGTGATTCAGGTAATATGTG'L’TCAAAGTTAC
TACTTTCAAGCAAATCCTCTGTTTCCTCACATCALGATC

SEQ ID:105

>STAR A21

GATCTTCTTCTATATATACCGGTATARGTCRACTGGCGGCTGAACRAAGGTCGT! GAGGTAACAAAATATGAGACARRTCTA
CAGGTCAGATTGGGTTCTGAAT TCTGATAAGETCT TAAARAGGAGCT CACCAACCCACAABACCATGGATTGAACAAGTAC
AGGTCATTGCCTTCATTT' AT CTTTACTTTTCTAAGGCTCAAGCTTC CTTTATTGCCTTTAATAACAATATACTARTGAG
TATTTTGCACTCAGTAACAAAATTCACGAGAGTAATTTTTTGCCCTAACATGT TACTTT TATGTGTTAAGAGTTTAGAATT
PPGGATCTATGATTTTAGT T T TGTTAGGGAATCATATTCATATARATARAATAT PGCCATTGACTTAATTGTTGTTAITC
ACCTAATTTCTCTCCARATTTGST CATTTACCTCAGT TEAL YCTATAT TATACTTGCTAAGTGTT CTTTGTCTAATTICTCT
ATCATTGTTTGATTTAATAATAACCAAACCTTAAGACTTGGARGCARAGRAAGAGAGRRAAT CCCAATTAATTTTTAATAAT
TCAARGACGACATATTGAGTGACTTCCACTAATACARAGAAAGCT TGGTTTGTGCAATAT TTTGCGGTTAAGCTATTAATTG
CTGAGGCAACACCTTTTCACACTTTGCTTTCCTTCTTCCAAGTTTTCAACTTTTCTTTCTTACTCTTTCTAT‘T‘AATCAAAC
TGCAACACAAAAAT CATTTGGATAATACATGTTTAGAAGATGATTAAGCT TTAGTTTTATT TCAARGATTATCATAATTGTT
ATCTGTTGTTACCTACATTCATATAATCITAT CAAAAACGATAAAGACARAAAGGGGATACAATATAGGT TTTTATTATAA
NGAMACAGGARAGAAAGAARAGGGTTTTCRCCAAACGARATTAGTTCAATCATTTARAT TATCTTTATCCTTATGATTAGT
GTCTTTATATCTGTCATATGCTGCTI‘CTCCTTCCAACTTCCTTTGGATTATATTCTCTTCTCT'ITATTTTAATTTCCATTT
GTGGTAGCTGTTTTATTTTTTGTATTTTCACGC CGTGTCCCTTTAAARATAATATTARCTACACCACTAATGTTGGRACATG
AAAAACATGAATGAGGTAATTATGATGATGAACCARATGTTAAGEACAAGCT! CGGTGTAACTAAGAAGATAATTAGTGAAR
CAGARCAAGTCAATAACTTGTARGCATTTCAGAATTGARAATAAAGATAAGGGRAGGATGAATATGARTTTAGTAAAT GGGT
AATGAAACTGAAAGAAGAAGAGGGAAGEGTTGETTACTGTCTCAAGGGT TTGARATGGAGACEET TGCTTGAGAATGAGGA
AAAAGAGTTAGTAAGTTTTTAACTCTCTCTTTCTCTCTCCCTCTCTCTTTTTCAACGTCAATTCCTTTAAGGAATGGCCTC
TCTCTCTCTCTGARACTGTGTGTGTATATATTAAACGACTCCATTTCICCT CTGCTTAGACCAAAACTCATCTTCTATACT
GCAACAAAGAAGGAGGAGCCGTTGAGACTACAAAATGACTGCAGCAGRARACCCTTTTGTATCTGACACC TCTTCTCTGCA
AMGCCAGCTTABAGG P CTTATTTTTCTTTCTGT TTATTGTTCATCAACCCT TATGAGTRATTTG CTTGATGTTGAGGTTG
TTCTGCTTTCTTTTAATTCCACTCTGCAGAAAAAGAGAAAGAGCTTTTGGCTGC’l‘I-\AAGCTGAAGTTGAGGCTTTGAGAAC
AAATGAAGAGC] CARAGACAGAGT CTTTAAGGAGGTAACATGCATGATGATC

SEQ ID:106

>STAR A22

GATCCATTARGAAGCAGCCGCAAAATCGGATTGACGAACAGGAARAGAGGCGETTARGGCTTATGAT GAAGTCGTTGATGGG
ATGGTTGAAMACCATTGTGCCCTTAGCTATTGTTCARCTARGGAGCACT CGGAGACT CGTGGTTTGCET GGGAGTGAAGAR
ACTTGETTCGATTTARGAAAGRGACGRAGGAGTAAT GAAGATTCTATGTGT! CAAGRAGTTGAAATGCAGAAGACGGTTACT
GGAGANGAGACAGTATGTGATGTGTTTEGTTTGTTTGAGTTTGAGGAT TTGGGARGTGATTAT TTGGAGACGTTAT ATCT
TCTTT TTGACAGAAATACATTGAARACTACCGTTGCTAATTTCATAGGTATACATATATAGACATGTATATATTCTATAAT
TATAT! GTCAAGAT‘{'AT TTATCTATTTTACATTTTTCACAARAARARACGTTRATCTATTTTTCTGTCACAAGTGIGTTTTT
ATTCATACTACATACTACAACGCCAATTTAACATGCCAAATATAAAACATACATGEECAAAGGCCCARCAGCCACTT TAAR
GAACTTTGTCTGAAGAGAAAGTTGTTGTATATATCACAAGGGATATGTGGTAATTGGGAAACATGTTGEGTTGACACGTGG
GAAATTGAAGGAGATGGAGT TTCCGTCACTGCTAGAATCT ICTAACACTAGAGAGCTTCAATT CAGGTTGARATCGT CAGA
AAACTAATGCAGACGGTAGATC

SEQ ID:107

>STAR A23

GATCAAARCTTAGTCAAATCGTTCCTTCCATTTTCT TTCAGTTTGATTCCACTTTARTGGCGTCATART CATCTCTTRAAT
CAAACAATGACTCCACTATCTICGTITTCCGATCTCTTGTTACATAAAGT TTTCTGTAGCAT TGAGATTGTCCTTTT! CGGAAT
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TGCTT‘I‘TATTTGCGCAGCTTGATGGAAACAACAAACAGTGTAGTAGTTTAGTAGAAAGRCTGAGAGATAAAACGAAGAGTC
AAGTTCCTAAGTCCATTACTTGCATTARCCGCT TAGAGATAT! CGCETATAGCACCATTACACGCAACGATGAATAGCCCGA
ARGGATTTGGACCTCCTCCTAAGARARCCAAGAAGT CGAAAAAGCCAAAACCCGGAARCCAAAGTGATGAAGACGACGACG
ATGAAGACGAAGATGATGATGAT! GAAGAAGATGAACGTGAGAGAGGTGTAATTCCAGAGATAGTC—ACCAACAGAATGATAA
GCAGARTGGGATTTACACTGGGGTTACCACTCTT CATTGETCTTTTGTTCTPCCCATTCT T TACTATCTCARAGTGEGAT
TGAAAGTTGA‘I‘GTGCCTACZ\TGGGTTCCGTTTAT'I‘GTTTCGTTCGTCTTCTTTGGTACGGCTTTAGCTGGTGTGAGCTATG
GGATC

SEQ ID:108

>STAR A24

GATCAGACTGAACTCGTGTACTCTGACCCTTGCTTCTTETAGCTCITTTACCTTT! CACATTTTCATCAGTATTCACATCAT
TOCTGALAATTGTGCCAGAAGT CCCACGACTAT CTTGTTGCTCACTAATGETT GCTGCTGCAGATGATTCCATGTTGTCCT
CTTGTGARACCCCAATGCTTCGTCTAGCAACTGTATTTCTTGCACTTCCTGCTTT GCGGTTTTTACATTTGGATGATGCAR
CITTAACTTTAGGTAGCTTCTTTTGAGTARGATCAAPCTCATCTCTACCTAGGACCTGCARATCEAT! GARATTTGAGTTCA
PTTCAACACACTTCATGACACTATCATAGAAARCARARAGACCTTGCTGTACCAGAGT GARGRACAGCCITTACCTTGGCC
TTCACAGGACTAGGTAGAATCTCCGGAGRACAAGGCCTCTGAGTCCATTCARACATTT CGCTATCARACATGTCACCTGGA
PTGGGCTTTTGTTGCTCGTCTTCCTGAAACATT CATCGGAAAAAAAGTAAGATCAAAGGATC

SEQ ID:109

>STAR A25

GATCCARACTCTGCAATGTATATTACGAAGTCGT TTGATATAACACCTCT CTTGATAAAAGATGATTAGAACCTARAGTAA
TTTTAAAATATGGTGARARATTAGACTCTTGGAGTATATABATGGCTCARTCTGTATT GCCCGCACCGCCCARACTCCCAT
GGCAAATCCATTEACGARACCAAGGTARAARTCACATGCTTTGAGCGTTTTTTTARRACAGAAGT GTAAGCTTAARTTITT
TAGTTTAATAGTAGTAACAAATTCAACCTTGIGAAGAGATTTATTARTAATATTARAATCATT CCCCTAATTATTTGCCTT
GAGTTTCGAGCCTTCTACTGTACCACTCACACATTAARARTCATCAGACTATTCARACTT TCTTACATGGTTGATTAGTTC
ATCTCATATATGCTCAGTATCATACTCITGCAGATTAATTTTTCATTTTAATTAT CAACGRATTTTTTATTTAATTATTCA
TGACCAARATACATTTATTTTTTTTAAATAAAACARATARTARAT TTGGAAGTCARARATACAAT CAATAGAAAAAARAGT
ATGACAGTGATACATAATATTTGCAGARTATTATGTGAARGCTATTTTCT! CTGTAACAATAAATGAGAARATCTTTATTAT
TTTACATGAAAGAAAAAGAAARCARAACAGAGATATTTT TCCAGCTGAAAAGARCAAACATCTCTCATTGATGTTCAGTGA
ACTTGCACCARACTTCACTTCTTCTATACTTCTTCATAGCCACARACTCAGTTCTTT GCAAGAAACACRAACTTAAGTATT
CARAATATCGET CATCATGTTCTCAAGATTCCATGCTCTGTTTCTTCICCTTGTTCTTT! CAGTAAGAACATATAAATGIGTA
TCTTCALCITCTTCTT C'[‘TCTTC'I‘TCTTTCTCATTCTC'I’TCATTTTCTTCTTCGTCTTCTTCTCAAACTCTTGTC'T"I‘GCCT
CTAAAGACCCGAATAACCCCAACGGATC

SEQ ID:110

>STAR A28

GATCCTCGA‘I"I‘CTTATCTGGATACAGAAGAAAACACCTTTTTGTCTTTTAAGTACTCGGAGAAATCT GAGGGTATCT1'TT
CTTGAGCAGATGGAGGTGAAGTCCTGAG’TTGGGGAGGZ\GGGGGCTCTGGAAGACTTGGCCACGGTCACCAGTCCAGTCTTT
TTGGCATCTTAAGAAGTARCAGGTTTGTTTTACTTAAT TTCAATATCGTTTTGT CTCTTTCTCAT GCATTTTTTGCY CACA
AGAATTTTCCCATTTCCTCCTTTACTTTATCATGATTCCTTCATAATTTTCTTGTATTGCACTGTAAAGTATCCCCCTGAT
'GCAGTGAGTTTACTCCRAGGCTTATCAAGGAACTTGAGGGGAT CAAGGTAATCTAGTGGTGARSAATAT! CCACCTTGGAT
GAAGAGTTTCTAGTTACCTAGTGGTGGTTTTAATCT TTAGACTTTCATGCTTATGT TTTTCCATTCTITCT GTCGAGCACT
AGGTCACAAATGTTGCTGCT GGTCTGCTGCATTCAGCATGCACTGATGGTATTGATTTACTTTCL TARAAGTATGRATGTT
GTGCCATTTACCCAACTTTATGAGGTTTGT T 'GCAAATGCAGAGART GGCTCTGCTTTCATGTTCGGRGAGARATCTATAA
ACAAGATGGTARGAAAATGTCTTTTTCTTTGATTTCTGTGGTCATATATGTGAAG CTATCTGAIGGGAARATACAGGGCTT
TGGAGGAGTARGARAT GCCACAACACCA'l‘CGATTATCAGTGAAGTZ-\CCATAIGC\AGAAGAAGTTGCATGTGGTGGCTACCA
CACATGT! GTAGTTACAAGTAATI-\CTCTCTTATTATATCGTTCTTTCTTTGATATTGAGTTTGCTTGTATACTGCAAATGCC
TGTCCTGCTCAAATTTCTTTTTGTTATT CTT TATAGAGGCCCARAACTGCTCTTTAGTTT CTGCTARATTTATGAACATAT
TGTGTTTGTAAGATGETCGATAACAACTCATCCTTTGATCTTTCCTTCGTT I TTGGAAGGAGGTGGGGAGCT TTACACCTG
GGGCICAAACGAAAATGGETGCCTTGGARCAGAGTARGT TACATACCCCGRARAAATAGAAT! GTTTCCCCATARGATGAAR
ACAAGGTTCTTGAACTGTACCTATACTCT! TATTTCAAARAATTCAGTTCAACGTATGTCTCACACTCCCCTGTGAGAGTTE
ARGGTCCTTTCTTGGACTCTACTGTAT CTCAGGTATCTTGTGGETGGAAGCACACTECAGCTATTT CAGGTAGCATCTCTT
TTGAGTAARAACATATTTGTTTCCTCTCTCATTG TATAAGTTAATTCAACTCAATTTCTGAAACTTGTTTGCAGATAACAAT
GTCTTCACCTGEGE CTGGGGAGGATCTCACGECACATTCTCTGTTGATGGACATT CCTCTGGTGGACAATTGGTTTGTTTC
ATCATCTTATCTTATTGATCAAATCTCT GARACAACATTTTCARGTGTCGAAGAGAATAAATATGGTATGCTTAATATCT2
GGGCCATGGTAGTGATGTAGACTATGCARGACCAGCAATCGTCGACTTGGGARAGAATGTAAGAG CAGTGCATATATCITC
TGGCTTCAATCATACAGCAGCAGTTCTTGAACATTTTTGARGACTCGGTCT! CAAGTTAATATCATATACAGATGTTTAGTT
TA‘I‘TCTTGCTTAAACATCTA’I‘AGACTAAAAAAA‘E’AATAAGAAATTTACACTATTGAATAGCGATCAAT TACACCATTGGTT
CTAACTTGAACAATTTAGTRAATAG STGGAATATTCTTGTCCTGTAAATTATTGATTTTAT TTATTTATTTTTGARARCTE
CAACARACGATAGAAGAGTTGAGGARATCTCTTTGTAATCATARTTATGAGARAATTAAGATC

SEQ ID:lll
>STAR A27
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GATCGGAATCATTTTGGGAGT TTGARGGAACTARACATAATATGCATGTCGAAGT CAACTTATTGCAAATAATTTTGARAT
GATTCTCAATTGGAAATTCATGAAGCT TAATTATTTTAT! CTAAATAAGTTTAATATAGGTTTGAGTGAGATATCGAGATTA
AATGATARGAGT! CTTTCTTCGACGAGACATTAGAATTCTACACAAAAATCGAAATTARTCTAGTCCTTGACRATCAGITTT
CAATTAATCAAAAACCTATAAAATTCAACTCAAAACCAATCGTATGAAACTTCATTATACCATATAATCTGGTTACTTAGC
TTAAAT CTCTACCCGGCGATGTTTCATGCTTGAGAGACTAGGTACATAGGACACTAGGAGTACTGCATATATGGTTACCTC
ATGAGTTCTCATCGTAAAATCATCCAATAARAAATGGT TTCCTGCTTAGGTATACGGTATAC CATCTTGTATCGTTARAAT
TTATAGCTCAGTTCGTTGCTAACAGTCAAATACGTCTTTCCAGGGTAAAAAATGTGGAAATTTGTTCCACTGTAAAAZ—‘-CCT
AATAATTTTTGACATTAATAAT TARAAGGGATTATAATGTAATATATACARAGATAGCGGAGACAGAGACGAAGGCCCACA
CATCT! TTAACAAAAGAACAACAAGCCCGTGACCCCARAATARRACTAGCTT TCAGATTTATTATTTTT! CATCTGACATAAT
TECAACCGTTAGATTTCATTTCTCAGGTCCCAT TCTGACTCAGATCCAACCGTCCATATTCCTCTAGT GTCTTCAATAGTT
GGGCCCCTTTT CTTTTTCCTC']‘CGCCGTACACTCTCCTTCCAGCGCCAACGCCACCGCCCGAGCCACTTC’I’TCCGCCGGCG
CCACCGCGATTTCCTCGCCGGAATCCCCTCCTTCGCCGCCTTTCCCGTAGAC CACGGABAGGATGCTTATGGCGTATTCTC
’I‘CCCTCTACCAGCCAATC‘I‘CGCCATCACCGCTACCATCGCCGGCACCGTCATCGCGTGAGCGCGAACCTCCGCCGC‘ICCTT
CTGCCGTTGTACACATTAGCTCARGAGCAGCTARGGCTCGCTCCACCGCTGAGALT

SEQ ID:112

>STAR A28

GATCGAACTTTGGTAACATGCT TGCTTACTGCTTTCTATTGTCTGCARAAACCTCT GTTCTGGGTGACCTTCTGGCCCCTCT
CTCTCGAAG! CTTCAGAACTATGGAGGAGAGAT TGGATAAAGGAGACAARAGGTGTGETGTGGCCAAAT GTTAGGGTACCGG
CAATTGTGTATGTATGAGTTGATTTTGTTCIT TTCTCATAARGAGGATTTAACAAAGGATGAGAARACARATCCAACTTGA
GTACTACGAGGAGATAAAAGCTTTTATTGGCTATTCACTAT TGACACGTTGTTGAAAGT! CTGATACATTTTAGACTTTTAC
TGCATATGTCCAAATATTTAGATTTTT T TCGTTTCT! CARARRAGTAACTTGTTTARCAARARAAAATCGTTATTGGGCT
TTTCGTTTCTTTTATATTGGGCCTTGAGCCTTTTTAGCTTTTGTATTTTTAGTCCTTITCGEETTT ATTTATTTATTAATA
AGATACCAAABACATAACARAAATGTAGTTTTGTATTTTTAACCTAGT CTTTTAAATATTTARACTTAATTAGAARAATTC
TATTTAARATATTATARAARARACATGATTTTGTGATTTTCCCATATTTTGT GTAACTATTTTTGACARAGCTTTTGARACA
ACAAAGACAAAATCCA‘lGTGA‘I‘AAGGTCGGTCAAAAATCTTGCGTAGTAGAGGAGTIAAAGATTTTTGGZ&TGGTTACAATG
GTATACTCTTATTTGATATCCCATCAATGGTATATAG CTTTGAATGGTAGGACAAGTGAGAGTAARATTTTCTCATCATITG
CTAAGTTITATTT'I'AGGTTCTACA’I'TGTTTCACCCTTCTTAAGTATCCTACTCTCAACTAGAAAA. TTETGAGGELG
STTTTATCGGCTGGAARTGCAGCTCATGTAGCTCCCAC GACGGAGTTTTCTGGCTARGAAACTCGGACACAACGTTGGCCTC
CAATATCTTCAAGGCTTCTTCATTCETCACCGACCTCGGTGT! CTTATACTGACTCACAGAAGAGCCTCTAGACAGAAAGAR
GTTCA’I‘GAGCTTGTCGAAAGCGCCAGGC!ETAACAACCTTAATCTCAAGTGGTCCAATGTTCTTATCATTCTTTCGTCCTTT
TCTGTAAACCGCGTCCAGAGACTCCTCAZ—\TGGTGAAGCAGCZ—\TTCCTCCAAAACATTCTGGTCAAGCTCAAGCTTGGCGTC
CTTEACTTTTCTCCCGAGTTCCCAGTAGAGCACGTAGTGACCTCGATACGAGEAG GAATCCACACGGCTAGTGARATCCAT
CAGCATTAGETCATGTGGCTCAAGCAGGAGACTCCCGTTAGTCACTGCCTTGAGGAGEY C'"TCGTCGTAGGTCTTGTCCAT
GTCGATGCTCAGARCAACTTTCTGTCTTCCCACGRAAT! GAAACTGTGGCGCATTGTTGTAGAAACCAGTCACTCTTARARC
GTCCCCTARACGGTACCTATACAAACCTGTATARAGAATTTTGATACACAT TAAGAAR ATTATTAACATGTCATTTAGTTT
TGAAATTGAGAGAGTAAACAAGAAAAAACACTTACCAGCAAACGTTGTGACAACAGGTTCATAATCAT GACCGATTTTAAC
BTCCACAAGATCGACTACARCAGGATTCTCTGCGGGATT

SEQ ID:113

>STAR RA29
GATCAGAGTCACAACCATAGGAGTCGGAGACGGCCATGCATGTGTCTTGATAGAAGAATTAACCGGTTCTAAATC’I‘GAAAA
CGAATCCGG‘TCGTCTCGAACCGAAATCAATAACCGGTCCGGTCAAAGAAACGGTTGCACGAGTGAAGGAAACGGTTACGAA
AACGGAGCCGT'J.‘AATATGCGATGACGGAG'Y‘GAC‘AAAGGGGAAGCTGACGATGTGCTACGAGGTAGACGTTGACG’I‘TGACGG
TGGGAGGTGTGTTAACGGAGATTTAACGGCAGTTAGCTACGGAGGAGGTTTGGGTAATTGTGGCGGGGATTGGTGGGAGAA
ATGGGATGGAGTGGTGAGGATGAGAAATGGTGAIGACAGTTGGTACCGTTACGTGGATTTAACGGTGA’I‘TAATSGAAATG‘]‘
GGTAAGGTTATGGGATGACAACI\AAACACTAGTAACGGCGGCATGTGTCTAAATTAGAGAAG’I‘TTCATATTTCGGAAAGTT
TTTAAATCTTGAGAAGCT'I‘TC'1'TGGTTTGAAGTGTTTTTTTTTTGTTGGTTGATTAAGTTGTAATTTGTAAATAATI‘TTCA
CACAAGAGACCAAGAAGGI\ACGCTTAAATCAATRTCAATTGGTGTTGATTCCCAGCTTTTTCTAGTCGAACTTAGGTAACA
CGTCCATTGCGATGATGAATICGTGACAAGGGGTCAACTATTTGAACACAACAAACAAGTGCGTTTTCTTGTTAAGGCCCA
TC'IAAAATTGACTACACACATTTACT’I'TTAGGCCCATTTTAAACT’IGACTGTAGCCTGTAGGCATGTATTTGTTCGTGTTA
CTCCCAGCCTCARACCCGCAAAATCCACGAATTCTTCTTACTTAGTCTAGNCTCTGETICTGATC

SEQ ID:114

>STAR A30
GATCTGGCTARTCCGTTTAGCACACAACCAGATGTAACAT TGGTTGCARAGAT TATTGAAGAGTCT CGATCTAATGTAACA
CACCTCTGCGCATTCAGGAGTGCTTACGTCARCACAT TCCGGGARCGAAARACTGTTAGCGTATGTGTATTTTAAAGTATT
ACCATATTTCTTTATATCTTCTAGCACCTCCTCACRARIGICACGTGCGTCCTCOGATTCCARRGCATARTGGTTGCTTCC
GAAGAGCCGAAGGTAGACACCACCCATGTGAGCATTACCAGCACATATGTARAGAATTGCGCATGCRAGGGTTGCAGCEGE
GTTCCTTCGEGCEATTCGCTCTAAGTGTAGGATAGCTCCCTGGATGTCAGRCT CATGTGTARCGAGACGCAGTCCTTCATG
GTAAATAGCCGTGGGETTACCAGCTTGTAAGCACCGTTTGRAGAAGGETCTATAGCGRCCTTCGGAGTTGATCTCATTIGE
ATCGTGGCCTGCCGCGTAGAAGTCATCGAGATCGTCGCACATGCTGAAARTGT TTGCAT T TTIGAGGACATCCGEACAGTA
GACARTGTCTCTTCCACGACGACCGEATTTCAACATAGGTCCGAGGTACCACCAACATTTGTCAGCCATTTTCTTGGCTAT
CTTCGCAAGCARATCGTCAGGARTATTTGEET TTETCATAT TTAGGAGTAAGEICTTTCGAGARARTGARAT TTGAACACT
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TANATARGCATCATTGAAGATATGGTTGGCTARGTTATGGTTGTATTTATTGCARAGETAT TAAGTGATGATGTGTATICA
TATTGTCARATCAAAGTAATAGTATTCCATATATAATTTGTTATCGTTGT TATGAGCAACCTCTTTTTATTAACAGCTTAA
AACTAGACGTGTACGTTTTACTGACGGTCTTAGTGTACGTCCACATTTACATTTCTACATTTACTCARCRAACAGT GTACGE
TTGTAGTGTATGTTTTAGTGAACGTCCACATTTACATTTCTACAT TTGCCCAACARACAGTGTACGTTGTAGTGTACGTCC
ACATTTACATTTCTACATTTGCCCARCARRCAGTGTACGTTGTAGTGTACGTTTAAGTGTACGTCCACATIACATTTCTA
CATTTGCCCAACARACAGTGTACGTITGTAGTCTACGT TTTAGTGTACGTCCATATTTACATTTCTACAT TTACT CARCAGA
CAGTETACGCTGTAGTGTACTATTAGTGTACGTCCATTCATARATAT CACCAT T TATGAGACARACCARAGACCTCATACG
TTTGCATGTGTTAT Tl TAGTGTACETTAGAGT TGATATCTCATGC TAGTGAACGTCCATATCTAGTTTTCCCAGACARA
GAARAAACCTCTAAGTATTATTTGETAGATGCACGTETACGGAGTTGTGGACGCTTAGAT TTTARTAT CCAARTTTACATT
FACTGCAGTGTCTAAATATCATATGTGAATTTGGCTGARAAATATTCAACTIGAGAAACATAACACACCTTGCAAATTTCT
TAAGCAATAATATAATTTCARCATARACATARACARCATAGTAGAAGGCTTATCATAATTTGARACATGACATAGCGGRTA
ACATAAACAAACATATAAAGTAGAATGGAATAACTATAGCATTTGACTAACACGCCTCGCACACGACCAGAGGTAACAGCS
GTTGCAAACGTTTTGGARAGCTCCTGATACCATGTARCAATATAAGGCGCARGGAGECATACTRATTCCATGGCTCETAG G
ATAAGAGAACGTAGGACCATATGTATTGCTGTATGGAGGGTCARACTTCT TTATTTCCTCEATGAACTCATCACCCRARAC
POGAGTEECARCCEAGTCCAATGGATAATGGT TGCGGETGAAGAGCTGTAGARACARGCCGCCCATATARTCATACCCAGC
ACATATGAATACAATGECGCATGCAAGTGTTGCATTTGCTCGTACTGGAGCAT GRCGCTGTAAGRGCCTGATGGCTCCATT
GATGTTTCCTTCATGCETTAGAACACGAATACCT TCGTAAT ACACGGCCGTGECATTAT TAGCTGCARARCACCT TAAGAA
AAATGTTCGATGTCGGCCTTCATCAGCGERTC

SEQ ID:115

>STAR A31
GATCAAAAGAATCCTACTTGARATATTTAGTGGARCGCATATGTCAGAGTTACAGATATGGTTTARCTCTTTTTATCTCCT
PTTTTTAATGGTGT T TCTCTTTTTATCTCCTATAATCTTT TGGGAATTT T T TAT TAT TAAATAT TAAT TARARAGATARAT
TCTTAGAGARRATCCCAACTGACTTETTAACTAGTGAGACATATCTTATTTAT TCTCTGCT TAT CTAARARAAGARAATGARA
ARGARAAAARAAGTATATATTAGAAGATTARTATAAGTTTAGGEGGAARAT GATTATTATTACTATTTATARAATTAGTAT
ATTTCAARATTGTACAATTAATTACTAAGCCTTAAAATAARAATGTARAAGARGATTAT CATCAAGARTAGTATACCATCT
TTGTTTCAARAGAAARGTTTACTAARAGAARRAACTTTTGTTTAATT TCTACTAARGCTGAARGGARARTGATTGTCAATT
TGTTATTA TATTATTTATATGATAGATTTCTTAAGARACGTATAGACTTAGTTACRAATTCTAAATTARRRATTGTATCA
TAAGATTATCTTAAGAAAGTTATACAATATATTCCTAATTCTARAAGAARALGGTTATTTTTTTGGARTAGATATACACAA
CAAAACRAATTTAGTATAAGAAGATATGTTAGATTAACTAAATARACAT CTCAGGCATGARACTGGATTAGGTTARCCAGA
GGTCCAGAGACCTATATATCTCTAGGCATTAGGGTTTAACTACGGAGCARAGCCTCATAAT CARGTTTATATCTTGCGCAT
CTTTAGCAACCAATCAATTATCTAAGAAGCCATGACTAATACTAATGTTGCTGCTACARAGCCTCTTTCTACTATGGTCGA
TGAATCTCCTAGCCTTCTCCGTGATTGETGETGAGACTCTAGATCARTGAT P T TTCTTACTTTTTTCCCATTACTATGTTA
TGTTACGTAACATAAGATGGATTARACTGAATCTGATCCTCTTARATTATATTGCTTGCAGTATGRACARGAACCTACAAT
ACAACTTTGCGATGAACTTCG ICATGATAATCATCARCAT TGAAGCAAT CTTGTCTAT CAGARACCACGARAATCACGTAR
GCGRAPAGATTATTCAACGATTTTGATAATTT CCGETATGTTCTTCCCTTTCGCCTATTAAGTTGCETTTET TGGETTECCGE
AATCAGGGATGTEACATTATGTGAACTCGCCTACATCTTCGGACGCATCAGTCACAACATAGGCTTTATTTTCTTCCTAGA
ACTCCTCTATTGTATTTCTCCCTACTTEGCTCTACTCGTTGGTCTACATGTACGGCCAATGGTAT CTARCTTCCATGATTGG
ACTGTCTCTATGGGAAGGAATGCAAGCATTACGAACTGATATT TARCCT CGTTTAATAGTARAATCTAAACT TATTTAGCT
GCATATTTTCGTTTAAGCCAATCGAGAATGTCTTAGCATCIAAAGCTTACTTCGTGEGACGCATCTGTCACACGT TCEGCT
TTTGTATTTTCETCCACCTCCTCTATTCGGTTT CTCCTCACTTGGCTCTATACTTCGETCTCCCTTGTTTGCTAGGTTTCG
TACCCETCATGATTGCACCARGTTGTCCGTATCAATGGARAGGCCTATGCARCARAGTGCAAGAGT TACGAGACTGGTGGA
AGCATGTGAATCGACCACARATCCTCGGITGTTATTGTTCAAGGATCTCCATTTCTAAGATGTGAATTTTAGGACTCTTTTA
TCCCTTTTGCCTT T TAAATTGGAATACCAACGTTTATTATGTCGGTTAGT TATGTGTGTATATGATATACABATCARACAA
CATATATAAGGAGAAGAGATATTGAATGTTGATTCT TAATTTACAGGAACATGARGCTCGGETCTTTCCGGCARTGCCATC
AATATCCGAGGCGGETGCAGT T TCTTCGTCAGACGAGRAACCAGAGAGTCTAGTATCCTAATT TTCAACARATAGAGCATAR
AGGAACAAGTTATATAGCTTCACATANCCCGAARCATGTTTTARGTTTCAATAT CAAAGACAAGATC

SEQ ID:116

>STAR A32
GATCTAGACATATGTGTGAGACGTTTCATTGTAGGTATCTGAATGTAARGCTCARAGCTTTAACCTTTGAACCEATARACC
TCTAAAGCTCTCTCTT TTCCTTGGATCAGTCTCACAAGTTAAGAACTTCAGTGARATAAT CTGACT TTATTGARCCCAARC
TTEGETATCACTGTTTATCTTAGCATTACRGAGT TTTGTTTTTGT TATGTACAT TGEATTTGARGTCTACAATGTTTTTCC
AGGT TTATAAACCFGAAGAATATAGCCGGGTTCTAGCTAT CTGTGETCCTGEGAACAATGCTGETGATGGTTTGGTGECEE
CGAGECATTTGCACCACTTTGGATATAAACCGTTTATTTGTTATCCCARACGTACAGCCAAGCCACT TTATACTGGACTGG
TCACTCAGGTTTGTGTAACCAGTGCTTAATTTATGEGGGATCTTTGTTAGCT TTCTCCGTTTCTT TACTGCCTGCTGAATT
TGCCTCTTTTTGTAGTTGEATTCACTCTCAGTCCCTTTTGTTICCGTTGAGEATCTGCCGEATGACT TGTCARAGEACTTT
GATGTTATTGTAGATGCAATCT TTGGCTTTTCATTCCATGGTAACTAT TTTTGTGCATGRATCGT TAGAATTCTTCARAGC
ATGAARCAATTATAAGAAGTAAATTCATCAAACTTTTGAACAGCAAGTTTTGGAATCARAGT CTCAGAGATGCACCTTATT
CATTTIGCATCATGTTTCAGTTGCCCTTTGARAATCCATTTTTTGCACAT GTAGGAGCTCCCAGGCCTCCTTTTGATEACCT
CATCCGGCGATTAGTATCGTTACAGAACTATGAGCAGACTCTTCAAARACACCCAGTCATTGTCTCTGTGEATATTCCCTC
TCETTGECACCTTCARGAAGGAGACCATGAAGATGGAGGAATTARGCCTGATATGTTGGTAAGTCTTAGCCGARATGCTTG
TGTTTCTCTTTTTCTCTTGTACTCATTTGTTACTATCTGATATAATGAARACTACTTTATARATTGAACATATTTACTCTT
PPTAGETATCTTTGACTGCCCCAAAATTATGTGCARAGAGATTCCGTGGCCCT CATCACT I T TTAGGTGEGAGATTTGTAC
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CACCTTCTGTTGCAGARARGTATAAGCTGGAGCTCCCTAGT TACCCAGGGACAT! CTATGTGIGTTAGAATTGGTAARCCTC
CCAAAGTTGACATATCTGCTATGAGAGTGARCTATGTCTCTCCAGRATTGCTT! GAGGAGCAGGTTGRAACTGATC

SEQ ID:117

>STAR A33

GATCCCGITCATGTATTTTTGCCAGTTCGAGTTGGEETTGGTTCTGT TTACTTT TTCTAGTCCATGTATTTTGCAGACCTA
TTAAAACCATTCTGTTTTTTTTTTGEACCARCARAACCCATCCGTTT T TAGATAC GAAAATAAAATTTTATTAAAACCATT
ATTTTTCTTGEACCATCARAACCCATCCGTTTARAGATACGARATGARAT TCGAT TGATARATACAAAATAAAGTTCACCA
AACTTAAATAAAARGGCATAGATGGGACCAATGAGARARGARATTTCTTITCTCCT CABTTTCCCCARAARTATATAACCT
TAAGTTTACTTTTTTGTTGCAAGGARAAACATTAATCTTTTTCAACTTTCTAARARCAATCATTT CAAACGTTAARGGAAC
CTCCTCCTTTCTTTACGCGTTTGCAATATAACCCAAGARGACCGCTT GTTTGTACAACTTTCCAAAAACCABACAGTAGTG
TAATAAACCTCTGACTTCTTTI‘TTCTTCTCTATTTTTGTGGGTGATAATCAATTCACTCGGTT‘T‘GAAATTTCGTCCACTTT
TCAARGATGAGTGBATGAARARGCCACGARACTTTCCATTTCTTCCT CTGTGTATARCTCTCACTGAGTACGACTTGCCAT
TTTCTCATCCARAAAAAATGTTTATCCARATACATATTTGTGRACTTTGCTTTTARACCACT CARGATTCTTCCCCATGGC
TTCTTCGTCTTCTTCTTCTCGGTCTCGCACCTGGAGATACCGCCTCT TCACGAACTTCCATGGACCTGACGTCCGTABAAC
ATTCCTCAGCCATTTACGTAARCAGTTTAGCTACAACGEGATTTCGATGTTTARTGATC

SEQ ID:118

>STAR A34

GATCCATGCTTTTGAGTTTAAGTGATTTATTTAAGATCCTCTARACTTTTTTTTCTT CACTTAGTGGTGGTTCCAGTCAAT
TTAGCAAGTAAGATGTTGTATGTGTCAATGC TATAACTGTGAATTTTCAGCTAT TGTAGT TTGATTTTTGT CTTTGTTAGC
TTCAGGTCTCTTGAATCTGAATC GTGGCTATATTTGCTGCTCGGTGETGAG CAGGAAGGGAGGGGGATATTGTCAGGETT
TTAATGTACGT CAGATGAATAGAGCAACTAATGTTAC’I‘GGCAGTAGAAGGAGGGGGTTTATTCTCAGCG‘I‘CCGCG‘I’CTGGG
TATAGTAAGGGATTGACCCTTCTTTTCTCTGGTGATAAAGACGTAGATAGGCCCATGAGAGTTGTCCCGTGGAATCACTAC
CAGGTGG’I’TGACCAAGAGCCTGAGGCTGACCCTGTTCTTCAGCTGGAT‘.[‘CTATTAAGAACCGAGTTTCCCG CGGITGCGCT
GOTTCCTTCAGTTGTTTTGETGECGCTTCCGCEEEACTTGAGRCCCCTTCT CCTCTTAANGTTGARCCTGTGCAGCAGCAG
CATCGTGAAATATCATCACCAGAGTCTGTTGTTGITGTT TCTGRAARGGGTARAGAC CARATAAGTGARGCTGATAATGGC
AGCAGCAAAGAAGCTTTCAAACTCTCGTTIGAG GAGTAGCTTGAAGAGGCCCTCTGTTGCGGAAT CACGCTCTCLAGARGAT
ATAAAAGARATACCAGACGTTGAGTGTGGAL GETAGCGATCTCACTGETGACATGGCAAGGCGGARAGTTCAGTGECCTCAT
GOTTGTGGTAGTGARCTCACTCAAGTTAGAGAATTTGAGCCGAGGTACGTGT GATATGTTTTCCTCTTATTGAGTTGCTTA
AATCCCAATACGAGTTAATTTAAGLAGATC

SEQ ID:119

>STAR A3S
GATCCATTTC'A‘J.‘A‘I‘ACATATTACCAATTTTGGCTTTTATAGGTTTGTATCCAGAAGGCCTTTTCGTGGCTACGATTAAGGA
AAATACGAAAACAAAAG'I.‘GAATTTTACTACTTTTGTAGCATGGTTTATTCTACTTTATATACCTAAGAAATATGAGCP.ACA
ATTACTTCTGTAATGACTTTTTACTACTTCGTAGTTGGTACAAACTACAAAAGATTGT‘GTTGTTTTTACATGA‘l’Z—\CTI‘TAT
AATATCTATAT TAATATATTTAGTCGTGTTTAATCARAARAGCACCAGTGGTCTAGTGGTAGARTAGTACCCTECCACGET
ACAGACCCGGGTTCGATTCCOGGCTGETGCATTGAGCTATGATGATATAGGCT TCAG! CATTGGTIGGGTCCALTGCATTCT
TCTGAACTA'TCAGTTGATGTATGCCACI-\CCTCTGAGCTCTTCTTTTTTTTTCCTCGTCAATTAATTTTTTAAAGTTTTGTC
TGCCTARAAACTTTCT TCTTTTTGATTAATCATATTAAGCATCT CGGCTATAAARACCACGET CTACTAACTTAACATGCA
TPGEACTAGTTTTAGTGGAGAGTGT TCGAGT TRARATGAGAAGCTCACGAT TGCATAACGGAACRATTTGATTCGCTAGGCA
TCTCCATTTGTARAAGTAGCCACTCCAATACAAARTGGTCCATGATGETGAGT GEETGAGRCARACCCAC CACCACCTCRA
GAAGATATAT' I CTCTGGTTAAGAATTTGAATGET TGACAAAGAAACGGT CACT CTATATACTTAGARARATATAGTCATAC
ATAGACACCATCGETCTAGTTATAATARTAACCACTGGATTARTGCCCAGTGRARATAAT! TGAGTAGCCAAAACATGAATA
'I‘AACAATA‘I’CCCAATTTACATACAACAACACAAAGGAGGTTTTACACGATTCTATAGTACAAZ&CTCATAACAACAAAAAA‘T
CACACTTTTGTTTAACAGTTGCCTTTATGGCTTTACTACAGTATCTTGT CCAGGGTTTTCACACATAACARTCACAGTARA
TCGTTTCCTTTTCTTTGCATCTTCCATTCCTTTTGTACACGTAACATCTCCGGCTTCCCGACCATCAGCTAAGAACCAGA’l‘
GCGATC

-199-




WO 03/106684 PCT/NL0O3/00432
46/64

FIG7
Vector for testing STAR activity
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FIG 13

STAR element orientation

A. pSelect vector with cloned STAR element:

lexA | [STAR—p| [ ZeoR ———P |

B. pSDH vector, STARSs in native orientation:

STAR )| [Reporter ——Jp | (€—uvisS|

C. pSDH vector, STARs in opposite orientation:
[€=uvis] [Reporter ——P | [STAR = |
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FIG 15

PCT/NLO3/00432

STAR copy number dependency
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Clone Number

FIG 16
STAR copy number dependency
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FIG 21

PCT/NLO3/00432

Schematic Diagram of STAR Element
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Arabidopsis STAR clone

FIG 23
RT-PCR assay of Arabidopsis STAR strength
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