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CHARACTERISATION OF GENE FUNCTION
USING DOUBLE STRANDED RNA INHIBITION

The present invention is concerned with
characterization or identification of gene function
using double stranded RNA inhibition (dsRNAi) and
methods of identifying DNA responsible for inducing a
specific phenotype in a cell and a method of assigning
function to known gene sequences. '

It has recéntly been described in Nature Vol 391,
Pp.806-811, February 98, that introducing double

‘stranded RNA into a cell results in potent and

specific interference with expression of endogenous
genes in the cell and which interference is
substantially more effective than providing either RNA
strand individually as proposed in antisense
technology. This specific reduction of the activity
of the gene was also found to occur in the nematode
worm Caenorhabditis elegans (C. elegans) when the RNA
was introduced into the genome or body cavity of the
worm.

The present inventors have utilized this
technique and applied it further to devise novel and
inventive methods of assigning functions to genes or
DNA fragments, which have been sequenced in various
projects, such as, for example, the human genome
project and which have yet to be accorded a particular
function and for use in identifying DNA responsible
for conferring a particular phenotype.

Therefore, according to a first aspect of the
present invention there is provided a method of
identifying DNA responsible for conferring a phenotype
in a cell which method comprises a) constructing a
cDNA or genomic library of the DNA of said cell in an

orientation relative to a promoter(s) capable of
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promoting transcription of said c¢cDNA or.DNA to double
stranded (ds) RNA upon binding of an appropriate
transcription factor to said promoter(s), b)
introducing said library into one or more of said
cells comprising said transcription factor, and c)
identifying and isolating a desired phenotype of said
cell comprising said library and identifying the DNA
or cDNA fragment from said library responsible for
conferring said phenotype.

In a preferred embodiment of the invention the
library may be organised into hierarchical pools as
described in more detail in the examples provided,
prior to step b) such as to include, for example, gene
families.

According to a further aspect of the invention
there is also provided a method of assigning function
to a known DNA sequence which method comprises
a)identifying a homologue(s) of said DNA in a cell, b)
isolating the relevant DNA homologue(s) or a fragment
thereof from said cell, c) cloning said homologue or
fragment into an appropriate vector in an orientation
relative to a promoter(s) capable of promoting
transcription of dsRNA upon binding of an appropriate
transcription factor to said promoters, d) introducing
said vector into said cell from step a) comprising
said transcription factor, and e) identifying the
phenotype of said cell compared to wild type.

In each aspect of the invention, the nucleotide
or DNA sequence may either be provided in a sense and
an antisense orientation relative to a single promoter
which has the properties defined above, or
alternatively it may be provided between two identical
promoters. In both embodiments_dsRNA is provided from
the transcription initiated from the promoter

following binding of its appropriate transcription
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factor.
- The cell according to the invention may be

derived from or contained in an organism. Where the

.cell is contained within an organism, the organism may

be adapted to express the appropriate transcription
factor. The organism may be any of a plant, animal,
fungus or yeast but preferably may be the nematode
worm C. elegans, which may be any of a wild type, a

nuc-1 or pha-ts mutant of C. elegans or a combination

of said mutations. In an alternative embodiment the

DNA or cDNA library or the DNA homologue or fragment
thereof may, advantageously, be transfected or
transformed into a microorganism, such as a bacterial
or yeast cell, which may be fed to the organism, which
is preferably the nematode worm C. elegans. In this
embodiment of the invention the microorganism may be
adapted to express the appropriate transcription
factor. Preferably, the microorganism is E. coli.

In each aspect of the invention, the DNA library,
DNA homologue or DNA fragment may be constructed in a
suitable DNA vector which comprises a sequence of
nucleotides which encode said transcription factor.
Alternatively, said transcription factor is encoded by
a further vector. 1In an even further alternative, the
cell or organism may express or be adapted to express
said transcription factor. Preferably, any of the
vectors-used in the method according to the invention
comprises a selectable marker which may be, for
example, a nucleotide sequence encoding sup-35 or a
fragment thereof. .The nucleotide sequence may be
orientated relative to a promoter such that binding of
a transcription factor to the promoter initiates
transcription of the DNA into double stranded RNA. J
Figure 10 illustrates the vectors and the orientation
of the DNA sequence which enable double stranded RNA
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production in C. elegans. Thus in one embodiment the
DNA is located between two promoters on a vector
capable of expressing dsRNA upon binding of -an
appropriate transcfiption factor.to said promoters.
Alternatively, the vector comprises two copies of the
DNA sequence organised in a sense and antisense
orientation relative to the promoter and which marker
is selectable when contained in a'pha—l mutant C.
elegans. Preferably, the promoters are any of T7, T3
or SP6 promoters and the transcription factor
comprises the appropriate polymerase.

Preferably, the selectable marker comprises a

nucleotide sequence capable of inhibiting or

- preventing expression of a gene in said cell and which

gene is responsible for conferring a known phenotype.
This nucleotide sequence may be part of or identical
to said gene conferring said phenotype, and which
nucleotide seguence is itself oriented relative to a
suitable promoter(s) capable of initiating
transcription of double stranded RNA upon binding of
an appropriate transcription factor to said
promoter(s). Alternatively, the nucleotide sequence
may be a part of or identical to said gene sequence
conferring said phenotype, and which nucleotide
sequence is such as to permit integration of said
suitable or further vector by homologous recombination
in the genome of said cell and following said
integration said nucleotide sequence is capable of
inhibiting expression of said gene sequence conferring
said phenotype. In this embodiment said nucleotide
sequence comprises stop codons sufficient to prevent
translation of said nucleotide sequence following its
integration into said genome.

Compounds can, advantageously, in said method be

added to said cell or organism for the purposes of
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. .8screening ;for desired phenotypes;-such as for example,

resistance or sensitivity to the:compound when
compared to wild type. The promoters are preferably
inducible. The transcription factor may in some
embodiments be phage derived, such as for example, a
T7 polymerase driven by a phage promoter. However,
when C. elegans is utilised a worm specific or tissue
specific promoter can be used, such as for example,
let858, SERCA, UL6, myo-2 or myo-3. Preferably, the E.
coil strain is aﬁ RNAageIIl and even more preferably
an Rnase negative strain.

A further aspect of the present invention
provides a method of generating a transgenic non-human
organism comprising an exogenous transcription factor
and a transgene comprising a promoter operably linked
to DNA fragment which is expressed upon binding of
said transcription factor thereto, the method
comprising a) providing a first transgenic organism
comprising a first construct incorporating DNA
encoding an exogenous transcription factor and a
second transgenic organism comprising a second
construct including at least one promoter operably
linked to a desired DNA sequence which is expressed
upon binding of the transcription factor of said first
transgenic organism thereto b) crossing said first and
second transgenic organisms and selecting offspring

expressing said desired DNA sequence. In one

‘embodiment said first and second transgenic organisms

are generated by transforming said first and second
constructs into respective microorganisms for
subsequent feeding to the respective organism.
Preferably, said second construct comprises said
desired DNA sequence in an orientation relative to
said promoter so as to be capable of initiating

transcription of said DNA to dsRNA upon binding of
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said transcription factor thereto. In this embodiment
said second construct comprises two promoters flanking
said desired DNA sequence which promoters can initiate
transcription of said DNA sequence to dsRNA upon
binding of said transcription factor to said
promoters. Alternatively, said DNA sequence is
provided in a sense and an antisense orientation
relative to said promoter so as to produce dsRNA upon
binding of the transcription factor to the promoters..
In each of these embodiments the first and/or second
constructs may preferably be provided with a reporter
gene operably linked to a promoter which is capable of
initiating transcription of said reporter upon binding
of said transcription factor thereto. Preferably, the
reporter gene encodes any of Luciferase, Green
Fluorescent protein, B galactosidase or B-lactamase.
The present invention also includes a method of
validating clones identified in yeast two hybrid
vector experiments which experiments are well known to
those skilled in the art and which experiments were
first proposed by Chien et al. (1991) to detect
protein - protein interactions. The method according
to the invention comprises providing a construct |
including the DNA encoding a protein identified in a
two hybrid vector experiment, which construct is such
that said DNA is provided in an orientation relative
to one or more promoters capable of promoting
transcription of said DNA to double stranded RNA upon
binding of an appropriate transcription factor to said
promoters, trénsforming a cell, such as a bacterial
cell or alternatively transformirig an organism
comprising said transcription factor with said
constructs and identifying a phenotypic change in said
cell or organism, which may be C. elegans or the like,
compared to wild type. Preferably, the transcription
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factor is inducible in the cell or organism. Once
again the DNA sequence may be located between two
promoters or in both a sense and antisense orientation
relative to a single promoter, as described above.
Preferably, the promoter is a phage polymerase
promoter and said transcription factor is a RNA
polymerase, and preferably T7 polymerases. Also
encompassed with the scope of the present invention
are vectors used to transform said cells or organisms
and the cells or-organisms themselves.

In a further aspect of the present invention
there is provided a method of alleviating pest
infestation of plants, which method comprises a)
identifying a DNA sequence from said pest which is
critical either for its survival, growth,
proliferation or reproduction, b) cloning said
sequence from step a) or a fragment thereof in a
suitable vector relative to one or more promoters
capable of transcribing said sequence to RNA or dsRNA
upon binding of an appropriate transcription factor to
said promoters, and c¢) introducing said vector into
the plant.

Thus, advantageously, the method according to the
invention provides a particularly selective mechanism
for alleviating pest infestation, and in some cases
parasitic infestation of plants, such that when the
pest feeds on the plant it will digest the expressed
dsRNA in the plant thus inhibiting the expression of
the DNA within the pest which is critical for its
growth, survival, proliferation or reproduction. In a
preferred embodiment, the pest may be any of
Tylenchulus ssp. Radopholus sspﬁ, Rhadinaphelenchus
ssp., Heterodera ssp., Rotylenchulus ssp.,

Pratylenchus ssp., Belonolaimus ssp., Canjanus ssp.,

‘Meloidogyne ssp., Globodera ssp., Nacobbus ssp.,
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Ditylenchus ssp., Aphelenchoides ssp., Hirschmenniella
ssp., Anguina ssp., Hoploiaimus ssp., Heliotylenchus
ssp., Criconemellassp., Xiphinemassp., Longidorus
ssp., Trichodorus ssp., Paratrichodorus ssp.,
Aphelenchs ssp. The DNA sequence or fragment thereof
according to this aspect of the invention may be
cloned between two tissue specific promoters, such as
two root specific promoters.

A further aspect of the invention concerns the
vector used in each of the methods of the invention
for constructing said library, which vector comprises
two identical promoters oriented such that they are
capable of initiating transcription of DNA sequence
located between said promoters to dsRNA upon binding
of an appropriate transcription factor to said
promoters. The DNA sequence may, for example, include
a multiple cloning site. Preferably, the expression
vector comprises a nucleotide sequence encoding a
selectable marker. In one embodiment the nucleotide
sequence encoding said selectable marker is located
between two identical promoters oriented such that
they are capable of initiating transcription of DNA
located between said promoters to double stranded RNA
upon binding of an appropriate transcription factor to
said promoters. Preferably, the selectable marker
comprises a nucleotide sequence encoding sup-35, for
introduction into C. elegans having a pha-1 mutation.

Preferably, the transcription factor comprises
either a phage polymerase which binds to its
corresponding promoter or a C. elegans specific

promoter and even more preferably T7 polymerase.

‘Preferably, the vector includes a multiple cloning

site between said identical promoters.
In a further aspect of the invention there is

provided an expression vector for expressing an
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. appropriate transcription factor for use in a method

according to the invention which vector comprises a
sequence of nucleotides encoding said transcription

factor operably linked to suitable expression control

.sequences. Preferably, the expression control

sequences include promoters which are inducible,
constitutive, general or tissue specific promoters, or
combinations thereof. Preferably, the transcription
factor comprises a phage polymerase, and preferably
T7, T3 or SP6,.RNA polymerase.

A further aspect of the invention provides a
selection system for identifying transformation of a
cell or organism with a vector according to the
invention which system comprises a wvector according to
the invention wherein said selectable marker comprises
a nucleotide sequence capable of inhibiting or
preventing expression of a gene in said cell or
organism which gene is responsible for conferring a
known phenotype. Preferably said nucleotide sequence
corresponds to a part of or is identical to said gene.
conferring said known phenotype, and which nucleotide
sequence is itself located between two identical
promoters capable of initiating transcription of
double stranded RNA upon binding of an appropriate
transcription factor thereto. Alternatively, the
nucleotide sequence comprises a nucleotide sequence
which is a part of or identical to said gene sequence
which confers a known phenotype on said cell or
organism, and which is such that following integration
of said vector by homologous recombination in the
chromosome of said cell or organism said sequence
inhibits expression of said gene sequence conferring
said known phenotype. Preferably, according to this
embodiment the

nucleotide sequence comprises stop codons sufficient
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to prevent translation of the hnucleotide sequence
following integration into said chromosome.
Preferably, the known gene sequence comprises a sup-35
gene or a fragment thereof which is selectable by
identifying offspring growing at a temperature above
25°C following introduction in a pha-1 etl123ts mutant
C.. elegans worm.

In a further aspect of the invention provides
said known gene sequence comprises a sup-35 gene or a
fragment thereof which is selectable by identifying
offspring growing at a temperature above 25°C
following introduction of said vector in a pha-1
etl23ts mutant C. elegans worm. An even further
aspect comprises a method of assigning function to a
DNA sequence of a multicellular organism which method
comprises a) providing i) a construct comprising said
DNA fragment cloned between two promoters capable of
promoting.trénscription in said multicellular '
organism, in a multicellular organism capable of
initiating transcription from said promoter; b)
identifying the phenotype of said multicellular
organism compared to wild type.

The present invention may be more clearly
understood by the following examples which are purely
exemplary with reference to the accompanying figures,

wherein:

Figure 1 is a nucleotide sequence of plasmid PGN1 in

accordance with the present invention.

Figure 2 is a nucleotide sequence of plasmid PGN100
in accordance with the present invention.

Figure 3 1is a schematic representation of the vectors
used and the transformation regime used in

the methods according to the present
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invention.

is an illustration of an expression vector

used in accordance with the invention.

is a schematic illustration of the T7 RNA
polymerase expression vectors used for
transforming C. elegans.

is an illustration of plasmid PGN1.

is a diagrammatic representation of an
enhanced vector for dsRNA inhibition

encoding sup-35 dsRNA.

is an illustration of a wvector for

integration into the genome of C. elegans.
is an illustration of the position of a DNA
sequence (s) relative to a suitable promoter
to initiate expression of dsRNA from the DNA
sequence (s} .

is a representation of plasmid pGN108.

is a representation of plasmid pGN10S5.

is a representation of plasmid pGN400.

is a representation of plasmid pGN401.

is a representation of plasmid pGN110.

is a representation of plasmid pAS2 with

forward and reverse T7/T3/SPé promoters.
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Figure 16 is a representation of plasmid pGAD424 with
forward and reverse T7/T3/SP6 promoters.

Figure 17 is a representation of plasmid pAS2-cyh2-
HA+, both T7-final.

Figure 18 is a representation of plasmid pGAD424-
without-FULL-ICE-BOTH-T7.

Figure 19 (a) is a representation of plasmid pGN205
and(b) is a representation of plasmid
pGN207.

Example A: Construction of an ordered and
hierarchical pooled cDNA library and applications

thereof.

A random ordered and pooled library:

The vector is an E. coli vector harboring two T7
promoters, with a multiple cloning site (MCS) in
between. The two promoters are orientated towards
each other, and towards the MCS. In the presence of
T7 RNA polymerase, expressed in E. coli, C. elegans or
any other organism, RNA will be produced, starting
from the two T7 promoters. As these are oriented in
the opposite sense, both strands of RNA will be
produced from the DNA inserted (cloned) into the MCS

in between the two promoters which results in the

generation of double stranded RNA (dsRNA) upon binding
of the T7 RNA polymerase thereto.
A C. elegans cDNA library is constructed in the

- MCS using standard molecular biological techniques.

The library is transformed into E. coli, and the
resulting E. coli are grown in culture and stored in

96 multi-well plates. At this stage, plasmid DNA can
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‘be isolated and stored in 96-multi-well plates

corresponding to those of the E. coli colonies.
Approximately 100,000 colonies are scored. In this
way, the library will harbor approximately 5 times the
total expressed cDNA variation of C. elegans, which
gives the opportunity for low expressed sequences to
be present in the library. This will result in
approximately 1041 96-well plates. The plates are
hierarchical pooled as necessary. For the present
pooling of the ciones is arranged in a range of 10 to
100. If the hierarchical pooling is per 8 or 12
(numbers are more convenient as 96-well plates have a
8 to 12 grid), this will result in approximately 87
multi-well plates and approximately 8352 wells. If

‘hierarchical pooling is per 96 wells, which is a full

plate, this results in approximately 11 plates and -
approximately 1041 wells. At any stage of the
hierarchical pooling, plasmid DNA can be isolated, -
which would be less elaborate as less plates are used,

but will result in a loss of complexity although this

.should not be the case in the pooling per 12. The

pooling of the DNA can also be carried out with the
original DNA.

The experiments below describe how the
hierarchical pooling should be performed, both for the
DNA and for the E. coli library.

An ordered library for RNAi technology, harboring
every gene of the C. elegans genome, with

applications thereof.

_ As the genome-sequencing project is coming to an
end, this information can be used in the application

of T7 RNA inhibition technology. Every gene of the C.

" elegans genome can be cloned using PCR technology. In
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preference, exons will be cloned with a minimal length
of 500 bp. If the exons are too small, smaller
fragments will be isolated with PCR, or even parts of
introns and neighboring exons will be isolated with
PCR technology so that at least a sufficient part of
the translated region of the gene is cloned. For
this, at least 17000 PCR reactions need to be
performed. This collection of PCR products will be
cloned in a T7 vector as described (two T7 promoters
oriented towards each other with a multiple cloning
site in between). Every PCR product  is cloned
independently, or can be used to generate a random
library, analogous to the described cDNA library. If
every PCR product is cloned individually, the
resulting bacteria and plasmid DNA can be pooled in
various ways. Firstly, this collection of individually
cloned PCR products in the T7 RNAi vector can be
pooled randomly, as described in the random library.
This pooling can also be done in a more rational way.
For instance, the genes of the C. elegans genome can
be analyzed using bioinformatic tools (in silico
biology). Various genes of the

genome will belong to a gene famiiy, or will have
homologues in the genome. These members of the gene
family will be pooled, or the members, being
homologues will be pooled. In this way the total
number of about 17000 clones is reduced to a more
useable quantity. This library can be used to screen
for phenotypes in the methods according to the
invention. The resulting phenotype gives a functional
description to the gene or gene family or gene
homologues of the C. elegans genome. As the library
consists of a part of every gene in the genome, this
method enables description of the full genome in

functional -phenotypic terms. For this the double
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stranded RNA (dsRNA) needs to be introduced in the
worm. This introduction of clones alone, or pooled
clones, being random pooling or rational pooling can

be achieved in several ways. as described.

Example of a vector for the expression of double
stranded RNAi

Any vector containing a T7 promoter may be used,
and which contains a multiple cloning site (there are
many commercially available). Primers containing the
T7 promoter and a primer with the reverse
complementary strand, both with the appropriate ends
are designed. These primers can be hybridized, and if
well designed, cloned in the vector of choice. The
minimal sequence for a T7 promoter is
TAATACGACTCACTATAGGGCGA. Although any vector can be
used for the construction of a T7 expression vector
there follows an example of how to achieve this with
the vector pGEM-3zf (-).

- Vector pGEM-3zf (+) (PROMEGA) was digested with
HindIII and Sall

- Primers oGN1 and oGN2 were mixed together at a final
concentration of 1 ug/30 ul boiled and cooled slowly
to room temperature.

- The primer was ligated into the vector using
standard ligation procedures. The resulting vector is
pGN1l (shown in Figure 1) and contains two T7 promoters
oriented towards each other, and harbors a multiple
cloning site in between.

Sequences of oGN1l and oGN2 are:

- oGN1l: AGC TGT AAT ACG ACT CAC TAT AGG GCG AGA AGC TT
- OGN2: TCG AAA GCT TCT CGC ATA ATA GTG AGT CGT ATT AC
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Example of the construction of a library

RNA may be isolated from every organism that is
sensitive to RNAi. In general the isolated RNA is then
copied into double stranded cDNA, and subsequently
prepared in suitable vectors for cloning. Several
procedures exist and molecular biology kits can be
purchased from various firms including promega,
clontech, boehringer Mannheim, BRL, etc which enable:

- isolation of RNA,

- eventually polyA RNA can be isolated (several
techniques and kits available) '

- first strand synthesis with AMV reverse
transcriptase, random hexameric primers and/or
oligo (dT) primer

- second strand synthesis with Rnase H, DNA
PolymeraselI,

- flush ends with T4 DNA Polymerase

- addition of an adaptor with T4 DNA ligase.

- eventually treatment with T4 polynucleotide Kinase
- cloning of the cDNA into the vector.

The resulting ligation mixture can be considered
as the cDNA library. The ligation contains all cDNA of
the procedure ligated into the vector of interest.

To order the library, the ligation needs to be

transformed into E. coli strains.
Application of this E. coli or DNA library

T7 RNA producing strain:

- a standard strain is BL21 (DE3): F-ompT[lon]hsds(r-
m-; and E. coli B strain) A (DE3). Eventually
variants of BL21 (DE3) can be used, although BL21
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(DE3) pLysS..is used. I
- any other E. coli strain which_produces the T7 RNA

polymerase, which may be available needs to be
constructed. This can be generated'easily using a
phage, which is commercially available, in this case,
the ACE6é vector (provided by Promega) is used. Almost
every E. coli strain can be transfected with this
phage and will produce T7 RNA polymerase.

- a RNAselIlIl mutant E. coli:

Various strains are in principle available, we chose

in a first experiment to use strain AB301-105: rna-19,

'suc-11, bio-3, gdhA2, his95, rnc-105, relAl, spoTl,

metBl. (Kinder et al. 1973 Mol. Gen. Genet 126:53),
but other strains may suit better. This strain is
infected with ACE6 and so a T7 producing variant will
be constructed. |

Wild type C. elegans worme can be grown on the
bacteria pools. The bacteria is expressing the T7 RNA
polymerase. This results in large quantities of dsRNA
in the gut of the C. elegans, which will diffuse in

~the organism and results in the inhibition of

expression. This library can now be used for the
screening of several phenotypes. This technique has
the advantage that it is a much faster to detect
relevant genes in certain pathways, than the known C.
elegans technology. Moreover, if an interesting
phenotype is found, the responsible gene can be cloned
easily. ‘

Using the hierarchical pooling one can easily find in
a second screen the relevant clone of the pool. The.
inserted DNA of this clone can then be sequenced.
This experiment results in genetic and biochemical
DATA in one step. .

Wild type C. elegans strains can be combined with

compounds to screen for phenotype, drug resistance and
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or drug sensibility. The C. elegans strain can be a
mutant strain, screening for an enhanced phenotype,
reduced phenotype, or a new phenotype. The C. elegans
strain can be a mutant strain, and the library screen
can be combined with compounds. So one can screen for
drug reSistance,'drug sensibility, enhanced phenotype,
reduced phenotype, or a new phenotype. The E. coli
strain may be any T7 RNA polymerase expfessing strain,
like BL21 (DE3), for example, but the formation of
double strand RNA'may'be enhanced by using a special
E. coli strain that is RNAseIII negative. RNAseIII
recognizes specific loops in dsRNA. Eventually, an E.
coli strain can be used that is deleted in RNAses
other than RNAselIII or an E. coli can be used that is
deleted in one or more RNAses. The expression of the

T7 RNA polymerase in most known E. coli strains and -

constructs which are available to generate T7 RNA

polymerase producing E. coli strains, generally

comprise an inducible promoter. 1In this way the

.production of the T7 RNA polymerase is regulated, and

thus the production of the dsRNA. Advantageously,
this feature can be used to “pulse” feed the C.
elegans worms at specific stages of growth. The worms
are grown on the non-induced E. coli strains. When
the worm has reached the stage of interest, the T7 RNA
production in the bacteria is indué¢ed. This allows
the studying of the function of any gene at any point

in the life cycle of the animal.

Screening the library for homologués 6f putative
interesting human genes, and assign function to

these genes

Hundreds of genes have been isolated in various

projects, being genomic projects, differential
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expressed arrays, hybridization studies, etc. The
described cDNA library can provide a way to validate
and or assign function to these genes in a fast and
efficient manner. First of all the worm homologue or
homologues or the genes need to be identified by
biocinformatic tools (in silico biology). PCR primers
are developed and the cDNA fragment is isolated using
PCR technology. PCR can be performed on the
hierarchical pools. The positive pool or individual
wells harboring the bacteria that has the appropriate
cDNA is fed to C. elegans and the phenotype is scored.

PCR can be performed on cDNA isolated from C.
elegans. The resulting DNA can be cloned in the T7
vector and transformed in the dsRNA producing E. coli
on which the C. elegans worms are then fed. Depending
on which way is faster and more reliable .a choice
needs to be made.

If the gene belongs to a gene family, the worm
may need to be fed on a mixture of bacteria. Each of
them harboring a part of the member of the gene
family. E. coli strains, growth conditions,
combinations with compounds can be performed as
described abové.

If the library rational is used, in which all the
genes of C. elegans are cloned in a organized and
structured way, the C. elegans homologue and
eventually the other homologues, orthologues, and
members of the gene family can be traced back easily
in the library using a silico biology. No PCR is
involved in this step, and the bacteria and or DNA can

be isolated on which the worm will be grown.
Examples

The idea of the series of experiments was to test



WO 00/01846

10

15

20

25

. 30

35

PCT/EP99/04718

- 20 -

both the RNAi vector and the various E. coli strains
that were constructed. '

1)  Construction of a test plasmid

‘Any cDNA that gives a clear phenotype in the worm
when knocked-out, or used in a RNAi experiment can be
used. It is known that unc-22 is a good candidate,
but may other genes are possible. We opted for a

- sensitive system that can be used at a later stage.

The system was tested with sup-35 in a pha-1
background. Exon 5 of the sup-35 was isolated by PCR
and cloned in the T7 promoter vector pGNl. The
resulting vector was designated pGN2. pha-1 (e2123)
mutant worms cannot produce offspring at temperatures
higher than 25°C. This is due to a developmental
problem in embryogenesis. When sup-35 is knocked-out,
or inhibited in this strain, offspring may grow at
this temperature. Combination of pha-1 mutant worms
and sup-35 RNAi is a good system to validate the

various options.

2) Testing the RNAi using an E. coli strain
that produces dsRNA. '
- pGN2 was introduced in E. coli strain BL21(DE3) and
T7 RNA polymerase was induced with IPTG. C. elegans
worms (pha-1 (e2123)) were inoculated on this
bacteria, and grown at the restricted temperature of
25°C. As this mutant is an embryonic mutant at this
temperature, no offspring will be ocbserved. If the
sup-35 gene is efficiently inhibited by the dsRNA
present in the E. coli, offspring will be observed.
- PGN2 was introduced in E. coli strain AB301-105 (DE3)
and T7 RNA polymerase was induced with IPTG. C.
elegans worms (pha-1 (e2123)) were inoculated on this

bacteria, and grown at the restricted temperature of
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25°C. As this mutant is an embryonic mutant at this
temperature, no offspring will be observed. 1If the
sup-35 gene is efficiently inhibited by the dsRNA
present in the E. coli, offspring will be observed.

3) Improving the worm strain for better uptake
of dsRNA.

Before plating the pha-1 C. elegans on the E.
coli strain that produce the double stranded sup-35
RNA. The worm was mutagenised with EMS (Methane
sulfonic Acid Ethyl). The offspring of this

mutagenised worm is then plated on the bacteria. The

worm that feed on this bacteria give larger offspring
which has a mutation that results in an improvement of

dsRNA uptake, and can be used for further experiments.

Stable integration of the dsRNA producing vector
into the genome of the T7 RNA polymerase

producing worm

An E. coli vector can be constructed harboring
the following features; Two T7 promoters directed
towards each other, with a restriction site or a
multiple cloning site in between. Furthermore, the
vector may contain the C. elegans sup35 genomic DNA,
engineered in such a way that it contains several
stopcodons at various intervals, so that no full
length protein can be expressed form the sup35 genomic
DNA fragment as illustrated in Figure 8. . Any cDNA or
cDNA fragment can be cloned in the multiple cloning
site between the two T7 promoters. When this vector
is introduced in a C. elegans strain which expresses
T7 RNA polymerase, the cDNA or DNA fragment cloned
between the two T7 promoters will be transcribed,

generating dsRNA from the cloned fragment.
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‘The vector is designed to be used in pha-1
(e2123) mutant worms expressing T7 RNA polymerase.

The expression of the T7 RNA polymerase may be
constitutive or regulated, general or tissue specific.
These pha-1 (e2123) worms cannot produce offspring at
temperatures higher than 25°C, which is due to a
development problem in embryogenesis. When sup-35 is
inhibited or knocked-out in this stain, offspring may
grow at this temperature;

When the vector is introduced in the worm, the
vector may integrate by homologous recombination
(Campbell-like integration). It has been shown that
homologous recombination occurs in C. elegans,
although at low frequencies (Plasterk and Groenen,
EMBO J. 11:287-290, 1992). Homologous recombination
at the sup35 gene will result in a knock-out of ‘the
gene as the two resulting sup-35 genes will harbor the
stopcodons. The resulting worm, and its offspring, if
this recombination happens in the eggs, will have a
copy of the vector integrated in the genome. This can
be selected as only the worms for which the sup-35 has
been knocked-out will have offspring at temperatures

higher than 25°C. Furthermore, the resulting worm

'will stably produce double stranded RNA from the DNA

fragment cloned between the two T7 promoters. This
worm can now be considered as a stable transgenic worm
strain with a reduction of function of the gene, from
which a fragment has been cloned between the two T7
promoters.

The DNA may be delivered to the worm by several
techniques, including injection, ballistic
transformation, soaking in the DNA solution, feeding
with bacteria. New and other methods that increase
the transformation efficiencies can be considered.

The target C. élegans strain may in addition,
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- have other mutations than the pha-1 (e2123) mutation,

and may express other genes than T7 RNA polymerase.
EXAMPLE B: a Yeast two-hybrid-RNAi vector

A yeast two hybrid vector can be constructed
harboring the two T7 promoters. The vectors can be
designed to replicate both in yeast and in E. coil.

In general cDNA libraries for the yeast two hybrid
system are made in the Gal4 or LexA vectors. The
library is constructed in vectors having the
activation domain of one of these genes. A vector can
be constructed that can still perform in the

yeast two hybrid screen but which also contains two T7

promoters orientated towards each other, with a

‘cloning site therein between. The order of the

sequences in the plasmid will then be “plasmid
backbone, (GAL.4-T7), MCS, T7, backbone”. A C. elegans
cDNA library constructed in this vector can be used as
a standard yeast two hybrid library in an experiment
to isolate interacting proteins with a given protein.
Once a clone is isolated, the plasmid can be
introduced in an E. coil strain expressing the

T7 RNA polymerase, and hence will produce dsRNA of the
cloned fragment. The bacteria producing this dsRNA
can be fed to the worm and phenotypes can be scored.
As in the previous example, this validation procedure
for a newly isolated yeast two hybrid clone is

remarkably shorter than the standard procedure, which

requires PCR and/or cloning steps, RNA experiments

and/or knock-out experiments. In most cases isolated

clones are sequenced first, and on the basis of the

sequence, a decision is made to continue with further

experiments. In the present invention every isolated

clone can easily be introduced into the appropriate E.
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coli and fed to the worm. Validation is then performed

by phenotype analysis.

To apply this procedure a yeast two hybrid was
performed using a known gene as bait and the newly
constructed library as the target. Proteins coded by
the clones in the target that interact with the bait
protein, will result in positive yeast clones
expressing the reporter molecule such as can be
observed by LacZ staining with X-gal. The plasmid
coding for the térget protein is isolated directly
from the yeast strain and introduced in E. coli. The
E. coli is T7 RNA polymerase producing E. coli. In
this case, double stranded RNA is produced from the
DNA cloned in the multiple cloning site of the vector.
When this dsRNA is fed to the worm using the methods
described previously, the gene has inhibited in the
worm, resulting in a particular phenotype.

- This yeast 'two hybrid vector can advantageously be

used to construct an ordered and hierarchically pooled

- library as described in the previous example.

- A yeast strain can also be constructed that
conditionally produces T7 RNA polymerase. After yeast
two hybrid experiments, the expression of the T7
polymerase could be induced, resulting in the

- production of dsRNA in the yeast cell. Consequently

the yeast could be fed to the worm. Evidence is
available showing that the C. elegans worms can feed

on yeast.

Construction of a T7 RNA polymerase producing

strain, and applications thereof

A C. elegans strain can be constructed that
expresses T7 RNA polymerase. The expression can be

general and constitutive, but could also be regulated
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under a tissue specific promoter, an inducible

promoter, or a temporal promoter or a promoter that

~harbors one of these characteristics or combination of

characteristics. DNA can be introduced in this C.
elegans strain. This is done either by injection, by
shooting with particles, by electroporation or as
aforementioned by feeding. If the DNA is a plasmid as
described in the previous examples, i.e. a plasmid

- harboring a cloned cDNA fragment or a PCR fragment

between two flanking T7 promoters, then dsRNA of this
cDNA or PCR fragment is formed in the cell or whole
organism resulting in down regulation of the
corresponding gene. The introduced DNA can have an
efficient transient down regulation. The introduced
DNA can form an extrachromosomal array, which array
might result in a more catalytic knock-out or
reduction of function phenotype. The plasmid might

also integrate into the genome of the organism,

‘resulting in the same catalytic knock out or reduction

of function phenotype, but which is stably
transmittable.

- Plasmid DNA harboring a cDNA or a part of a cDNA or
an EST or an PCR fragment of C. elegans cloned between
two T7 promoters as described in Examples A) and B)
can be introduced in the T7 RNA polymerase worm, by
standard techniques. Phenotypes can be analysed -DNA
from an ordered and pooled library as in Example A)
can be introduced in the T7 RNA polymerase worm, by
standard techniques (injection, shooting). Phenotypes
can be analysed. With the hierarchical pool, the
original clone can be found easily.

- The same procedure can be performed with a mutant
worm expressing the T7 RNA polymerase. Screening for
enhanced, reduced or new phenotypes.

- The procedure can be used to enable screening of
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compounds. Screening with either a Wild-type strain or
a mutant strain for enhanced or new phenotypes.

- The DNA could be introduced in the worm by new
methods. One of which is the delivery of DNA by E.
coli. In this case the hierarchical pooled library is
fed to the animal. To prevent digestion of the E. coli
DNA in the gut of the nematode, preferentially a DNAse
deficient C. elegans will be used, such as nuc-1
(e1392) . This procedure would be one of the most
interesting as it would be independent of
transformation efficiencies of other techniques, and

generally faster and less labourious.

2) Putative enhancements of the method. _
- A vector is designed, so that it harbors the sup-35
cDNA or a part of this cDNA, cloned in between two T7
promoters. The rest of the vector is as described in
Examples A) and B). This vector can be introduced into
a pha-lts mutant C. elegans. A temperature selection
system exists in this case and only those worms which
have taken up the DNA and express the double stranded
sup-35 RNA will survive at restricted temperatures.
The hierarchical pooled library can be delivered by
any method described above.
- The vector can be used to construct a library that
is introduced in a T7 RNA polymerase expressing E.
coli. In this case we have an analogous screening as
in part A)with an additional screening for worms where
the dsRNA of sup-35 is active.
- The DNA and or dsRNA of sup-35 could be delivered on
a different plasmid. For the feeding, both DNA feeding
(Example C) or dsRNA feeding Example A) and B), this
means that the two plasmids could be present in one
bacterium, or that the worm is fed on a mixture of

bacteria, one of which harbors the sup-35 construct.
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Example of the comnstruction of a T7 RNA producing

C. elegans

To produce T7 RNA polymerase in the worm, several
possibilities are possible. The T7 polymerase can be
expressed under various promoters, being inducible
promoters, constitutive promoters, general promoters
and tissue (cell). specific promoters, or combinations
of those. Examples of these promoters are the
heatshock promotér hsp-16, the gut promoter ges 1, the
promoter from cet858, but also the promoter of dpy 7
and the promoter element GATAl. In this example the T7
RNA polymerase is expressed under the control of the
hsp-16 promoter that is available in the pPD49.78
vector. The T7 RNA polymerase is isolated as a PCR

product using the primers of GN3 an GN4.

The resulting PCR product is digested with NheI
and NcoI, as is the vector in which we want to clone,
being the Fire vector pPD49.78. The resulting vector
is pGN100 illustrated in Figure 2 oGN3: CAT GGC AGG
ATG AAC ACG ATT AAC ATC_GC oGN4: ATG GCC CCA TGG TTA
CGG GAA CGC GAA GTC CG pGN10O is included.

The vector is introduced into the worm using
standard techniques, such as micro injection, for

example.’
The following strains were then constructed:

-Wild-type (pGN100)

-nuc-1 (el392) (pGN100)
-pha-1 (e2123) (pGN100)
-pha-1; nuc-1 (pGN100)

All of these strains are able to produce T7 RNA

polymerase when temperature induced or alternatively
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by metals such as application of heavy cadmium or
mercury. The procedure for temperature induction is to
shift the animal to a temperature of 30-33°C for at
least one hour, then the animal can be shifted back to
standard

temperatures (15-25°C).

The wild type strain producing T7 RNA polymerase
can be used for the production of any RNA in the worm.
More specifically, the plasmids from the described
libraries can be introduced in these worms, and
phenotypes can be scored.

The nuc-1 mutant worm will be used to introduce
DNA via bacteria on which the worm feed. As the nuc-1
worm does not digest the DNA, the plasmid DNA can
cross the gut wall. If taken up by the cells that
produce the T7 RNA polymerase, dsRNA will be produced
thus inhibiting the gene from which the RNA was
transcribed.

The pha-1 mutant strain that produced T7 RNA
polymerase can be used to enhance the procedures as
described above. DNA can be introduced by shooting,
micro injection or feeding. More specifically this
strain can be used for the vectors that produce dsRNA
from sup-35 and from the gene of interest, the latter
can be a PCR product, a cDNA, or a library as
described.

The pha-1; nuc-1 mutant producing T7 RNA
polymerase can be used for the bacterial delivery of
the DNA. DNA will preferentially be the plasmid that
produce dsRNA from both sup-35 and the gene of
interest. The worm strain will preferentially produce
the T7 RNA polymerase in the gut. Delivery will
preferentially happen by feeding the worm on bacteria

harboring the plasmid.
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~ Application of the RNAi technology in plants

Nematodes are responsible a large part of the

damage inflicted on plants and more particularly to

plants used in the agricultural industry. The RNAiL
procedures according to the invention can be applied
to plants to prevent these parasitic nematodes from
feeding longer. In a first step, a DNA fragment is
isolated from the parasitic plant nematode that is
critical for the animals survival or growth, or to
feed or to proliferate. Any gene from which the
expression is essential is suitable for this purpose.

A part of this gene, an exon or cDNA is cloned.
This DNA fragment can be cloned under the influence of
a tissue specific promoter preferably a root specific
promoter even more préferably between two root
specific promoters. The DNA of the cloned gene under
the control of the root specific promoter can be
introduced in the plant of interest, using plant
transgenic technology. For every parasitic nematode, a
different piece of DNA may be required and likewise
for every plant race, a different promoter will be
needed.

The root will produce RNA or dsRNA from the
introduced piece of DNA when root specific promoter is
utilised. As the nematode feeds on the plant, the RNA
and/or dsRNA will be consumed or ingested by the

. nematode. The RNA and/or dsRNA can enter the cells of

the nematode and perform its inhibitory action on the
target DNA. Depending on the nature of the cloned DNA
piece of:worm,_the nematode will not be able to
survive, to eat, proliferate, etc in any case
preventing the animal of feediﬁg longer on the plant,

and thus protecting the plant.
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Construction of a T7 RNA'polymeraée producing C.
elegans ' '

- To produce a T7 RNA polymerase or other‘RNA
polymerases in animals, and wore particularly in
nematodes and most particularly in C. elegans, several
possibilities can be envisaged. The T7 RNA polymerase

‘can be expressed under various promoters. These

promoters may be inducible promoters, constitutive
promoters, general promoters, tissue specific

promoters, or combinations of those.

Examplel:

Construction of a basic vector for expression of
T7 polymerase in C. elegans

The T7 polymerase coding sequence was PCR
amplified from A CE6 (Novagen, Madison, USA)using the
primers oGN26 (ATGGAATTCTTACGCGAACGCGAAGTCCG) and

OGN4 6 (CTCACCGGTAATGAACACGATTAACATCGC) , using standard

procedures (PCR, A practical A practical approach,
1993, Ed. J. McPherson, et al, IRL Press). The
resulting DNA fragment encoding for the T7 RNA
polymerase was digested with AgeI and EcoRI and
inserted into the Fire vector pPD97.82 digested with
AgeI and EcoRI. The resulting construct encodes for an
open reading frame of T7 RNA polymerase in fusion with
the SV40 large T antigen nuclear localization signal
(NLS) with amino acid sequence MTAPKKKRKVPV. This
nuclear localization signal sequence is required to
translocate the T7 RNA polymerase from the cytoplasm
to the nucleus, where it is able to bind to its
specific promoters, designated T7 promoters. Upstream
of the coding sequence for the T7polymerasefusion

protein is a minimal promoter (myo-2) preceded by a
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multiple cloning site (MCS) in which several C.
elegans promoters can be inserted. This plasmid
(pGN105 shown in Figure 11) is a basic T7 RNA
polymerase plasmid which enables the expression of
T7polymerase in C. elegans. Derivatives of this
plasmid wherein promoters are cloned into the multiple
cloning site, allow for the inducible, constitutive,
general and tissue specific expression of T7 RNA
polymerase in C. elegans, as expression will be
regulated by the'promoter cloned in the multiple
cloning site.

Although not restricted to these examples, for
the following promoters it is known that they induce
expression in the following tissues.

let-858 (ubiquitous expression), myo-2 (pharynx

| expression), myo-3 (body wall muscles), egl-15 (vulval

muscles), unc-119 (pan-neuron).

Example 2:
Construction of a vector for expression of T7 RNA-
polymerase in C. elegans muscle tissue.

The T7 RNA polymerase coding sequence was PCR
amplified from A CE6 using the primers oGN43
(GCCACCGGTGCGAGCTCATGAACACGATTAACATCGC) and oGN44
(CACTAGTGGGCCCTTACGCGAACGCGAAGTCCG) digested with
AgeI/Spel and inserted in the pPGK13 vector digested
with Agel/Spel. (This vector contains the strong SERCA
promoter which drives expression in the pharynx, the
vulval muscle, the tail and the body wall muscle). A
nuclear localization signal (NLS) of SV40 large T
antigen was inserted in front of the T7 polymerase
coding sequence by insertion of two overlapping
oligo’s oGN45 (CCGGATGACTGCTCCAAAGAAGAAGCGTAAGCT) and
OGN46 (CTCACCGGTAATGAACACGATTAACATCGC) into the
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SacI/Agel restriction sites. The resulting construct
was called pGN108 as shown in Figure 10. Introduction
of this plasmid into C. elegans results in the
expression of T7 RNA polymerase in the pharynx, vulva
muscle, tail and body wall muscles.

To test expression and functionality of T7 RNA
polymerase in C. elegans under the regulation of the
SERCA promoter, pGN108, which encodes the T7RNA
polymerase under the control of the SERCA promoter was
injected into C.'elegans; A test vector was co-
injected. This test vector encodes for GFP under the
control of a T7 promoter (pGN401 in Figure 13). The
plasmid pGN401 was constructed by inserting two
overlapping oligo’s oGN41 (CCCGGGATTAATACGACTCACTATA)
and oGN42 -(CCGGTATAGTGAGTCGTATTAATCCCGGGAGCT) in the
SacI/Agel opened Fire vector pPD97.82. generating a T7
promoter. Furthermore a selection marker was co-
injected to select for transformants (rol6, pRF4). The

latter selection vector pRF4 is well known to person

- skilled in the art. Transgenic F1 could easy be

isolated as they display the rol 6 phenotype. These
transgenic C. elegans all expressed GFP in the
pharynx, the wvulval muscle, the tail and the body wall
muscle. This data show clearly that theT7 RNA
polymerase is functionally expressed under the
regulation of the SERCA promoter, and that the
expressed T7 RNA polymerase binds to the T7 promoter
present in pGN40l1l and initiates transcription of the
GFP gene, which is then functionally expressed,
resulting in fluorescence in the muscle tissues where
SERCA is inducing the expression of the T7 RNA

polymerase.
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Example 3:
Construction of a vector for ubiquitous-
expression of T7 polymerase in C. elegans

The NLS-T7 RNA polymerase fusion gene was
isolated from pGN108 with XmaI/Bspl201 and cloned into
the Fire vector pPD103.05 digested with
XmaI/Bspl20I.This results in a vector wherein the T7
RNA polymerase is cloned under the regulation of the
let858 promoter.'This specific promoter enables the
expression of T7 RNA polymerase in all tissues. The

resulting plasmid was named pGN11l0 (Figure 14).

Example 4:
Construction of a vector for T7 RNA polymerase
mediated expression of DNA fragments, genes, and

cDNA's under the control of a T7 promoter.

The Fire vector pPD97.82 was digested with SacI /
Agel and a T7 promoter sequence was generated by
insertion of two overlapping oligo’s oGN41l
(CCCGGGATTAATACGACTCACTATA) and oGN42
(CCGGTATAGTGAGTCGTATTAATCCCGGGAGCT). into the SacI/Age/
restriction endonuclease sites. This construct (pGN400
Figure 12) contains a GFP open reading frame cloned
between SacI and EcoRI restriction endonuclease sites
under the regulation of the T7 promoter. Any gene,
cDNA, or DNA fragment can be cloned in this vector by
deleting the GFP gene as a Agel/ Sacl fragment and
cloning the DNA fragment of interest into the vector.
Preferentially the DNA fragment of interest can be
obtained by PCR amplification, inserting the SacI/Afel
sites in the primers. The resulting DNA fragment after
PCR amplification is the digested and the GFP gene in
pGN400 is replaced by'the amplified DNA fragment.
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Every vector that contains a T7 promoter could be used
for the purpose of T7 RNA polymerase induced

‘expression in C. elegans, such as the commercially g

available pGEM vectors and the pBluescript vectors.
This is clearly shown by the pGN401 vector which
expresses GFP under the regulation of the T7 promoter
in a transgenic C. elegans which expresses T7 RNA
polymerase.

The use of pGN400 has the advantage that the
vector includes é 3'UTR fragment from unc-54 which
enhances the transcriptioh or stability of the RNA.

Generation of permanent, tissue specific “pseudo

knock-out” RNAi C. elegans lines

At present, gene knock outs in C. elegans are
obtained after random, large ‘scale mutagenesis and PCR
base sib-selection. This method is bulky, very time
consuming and tedious. It has been described that
introducing double stranded RNA into a cell results in
potent and specific interference of expression of
endogenous genes. In C. elegans gene expression can be
down regulated by injection of RNA into the body
cavity of the worm, soaking the worm in a solution
containing dsRNA or feeding E. coli that express dsRNA
corresponding to the gene of interest. C. elegans
cells have the ability to take in dsRNA from their
extracellular environment. It has been reported that
mRNA is the target of this ds RNA mediated genetic
interference (Montgomery and Fire 1998). It is also
suggested that the targeted RNA is degraded in the
nucleus before translation can occur. Although the
RNAL mediated reduction of gene expression can be
passed on to the next generations, heritability is

poor and the effect is rapidly lost during further
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offspring. This is probably due to a continued
decrease of the dsRNA pool. We propose here a method

~to construct C. elegans lines with a permanent,

inheritable, RNAi phenotype. The method encompasses
the generation of transgenic C. elegans lines by
introducing plasmids containing cDNA fragments of the

target gene in the sense and antisense orientation

under control of a worm promoter or by transcription
of an inverted repeat of the cDNA from a single
construct. Alterhatively, ds RNA can be transcribed
from a vector harboring a cDNA flanked by two T7
promoters in a C. elegans strain that expresses T7
polymerase. The result is a transgenic worm with an
heritable stable “pseudo knock-out” phenotype. The
expression of the c¢DNA or the T7 polymerase can be
general and constitutive but could also be regulated

under a tissue specific promoter. In contrast to RNAi

-induced by external ds RNAiLI (injected, soaked or

feeded) this method would enable to obtain
conditional, tissue specific inhibition of gene

expression.

Inhibition of unc-22 expression by RNA
interference results in a “twitching” phenotype.

Unc 22 cDNA (exon 22) was cloned in sense and
antisense orientation in pPD103.05. (A. Fire nr L2865)
containing the let 858 promoter that is capable of
expressing RNA sequences in all tissues. The resulting
plasmids were named pGN205 (Figure 19%a) and pGN207
(Figure 19 b). These constructs were introduced into
C. elegans together with a selectable marker (rol-6;
GFP) . Transgehic.Fl individuals (expressing rol-6 or
GFP) showed a “twitching” phenotype indicating that

RNAi could be mediated by endogenous transcription of
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RNA from transgenic DNA. The RNAi'phenotype'co-

segregated with the selectable marker into further
offspring. This resulted in the generation of C.
elegans lines with permanent RNAi phenotype.

Generation of stable lines'T7 RNA polymerase
lines and generation of dual transgenic worms.

An expression system in C. elegans based on an
exogenous RNA poiymerase demands two plasmids. One is
encoded for the RNA polymerase under the control of a
specific promoter, while the other plasmid encodes for
the DNA fragment to be expressed, under the regulation
of the T7 promoter. In the case of semi stable RNAi

- also designated pseudo stable knockouts, the DNA of

interest is cloned between two T7 promoters so that
dsRNA can be produced. '

As the T7 RNA polymerase expreésion system is
known to be a high expression system this will result
in problems to generate dually transgenic animals. If
the gene to be expressed in the C. elegans nematode is
toxic, this will result in lethal effects and hence in
the construction of a C. elegans without highly
regulated stable expression of the gene of interest.
If the gene of interest is essential for the survival
of the organism, RNAi with a DNA fragment from this
gene will also result in lethal effects, so that
pseudo- stable knockouts are not possible.

To overcome this problem the present inventors
have designed a system consisting of two transgenic
animals. The first animal is transgenic for the T7 RNA
polymerase, This T7 RNA polymerase can be expressed in
all cells or specific cells or tissues as has been
shown in previous examples. The second transgenic

animal is transgenic for the DNA fragment of interest.
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This can be a gene or cDNA linked to a T7 promoter, or
if one wants to perform RNAi a DNA fragment of such

gene cloned between two T7 promoters.

Both transgenic animals are viable and do not
show any aberrant phenotypes. This is because the
T7RNA polymerase expressed in the first transgenic
organism is not toxic for the organism, even if
expressed at relative high levels. In the second
transgenic organism, the gene of interest is not
expressed or the dsRNA is not produced as these
transgenic animals do not contain the T7 RNA
polymerase. _ _

_ Expression of the gene or cDNA of interest or
RNAL with a DNA fragment can now be obtained by mating
the two transgenic animals. The offspring of these are
dually transgenic and express the gene of interest or
express dsRNa of the DNA fragment of interest.

To generate sufficient males in such a mating, one of
the transgenic animals males can be a C. elegans
mutant with a phenotype favouring generation of males.
An Example of such a mutant is him-5. Preferentially
such a mutant will be used to make a C. elegans
transgenic for T7 RNA polymerase, while the
hermaphrodite harbors the DNA fragment under the
regulation of the T7 promoter.

.To select efficiently for the dual transgenic
offspring a second transgene can be introduced in the
second transgenic animal. This transgene contains a
reporter gene under the regulation of the T7 promoter.
The reporter gene can be GFP, luciferase, Beta
galmactosidase, or beta-lactamase. an example of such
a ttransgene are the vectors pGN400 and pGN40l.

To obtain inducible, tissue specific expression

of a transgene in C. elegans we can make male stock

. (i.e. him-5) carrying the T7 polymerase construct
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under the control of different C. elegans promoters
that enable tissue specific expression such as). This
males can be crossed with hermaphrodites carrying the
gene of interest under the control of a T7 promoter.
Furthermore, the transgenes can be integrated
into the genome of the animal. Methods to generate
stable integration of a plasmid into the genome of the
animal have been described (Methods in cell biology,
Vol. 48, 1995, ed. by epstein and Shakes, academic
press) and invol%e radiation of the animal.
This can be done for both animals animals, but
preferentially, the animals expressing the T7 RNA
polymerase are subject to such traetment. This result
in a collection of C. elegans nematodes that stably
express T7 RNA polymerase under the control of various
promoters. examples of such promoters are the myo-2
(pharynx expression), myo-3 (body wall muscles), egl-
15 (vulval muscles), unc-119 (pan-neuron), SERCA
(muscles), let858 (all cells) ges-1 (gut).

Construction of RNAi T7 promoter yeast two hybrid

vectors

pGAD424 with forward and reverse T7/T3 and or Spé

In most two-hybrid experiments a cDNA library is
cloned in plasmid pGAD424 (Figure 16) which has been
engineered with additional restriction sites in the
polylinker such as a Ncol site (Clontech). This
library allows for screening of binding proteins in a
yeast two hybrid experiment. We constructed a new
yeast two hybrid vector with the same possiblilities
to perform yeast two hybrid, but which contain two-
addditional T7 promoters, so that the wvector can be
used for T7 RNA polymerase induced pseudo-stable

knock-outs. For this we inserted a forward T7 by using
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a T7- linker (consisting of the following primers
. aattcttaatacgactcactatagggcc and. '
- catgggccctatagtgagtcecgtattaag) into the EcoRI-Ncol site

of pGAD424. The resulting vector was designated
pGAD424 -without-FULL-ICE-both-T7. Care was taken to

. eliminate stop codons and using maximal polylinker

compatible amino acids. We adopted the same strategy
for the reverse T7 (consisting of both primers
gatccgtcgacagatctceccctatagtgagtegtattactgea and
gtaatacgactcactétagggagatctgtcgacg) with BamHl and

Pstl. To avoid loss of Sall, we included this site in

_the primer.

The Sall site is important as most libraries are

cloned in this site, adapters are available. This

-makes the newly constructed vector compatible with

existing wvectors.

pAS2 with = with forward and reverse T7/T3 and or
Spé

An analogous yeast two hybrid vector was
constructed based on pAS2 (Clontech). By partial EcoRV
digestion we were able to remove a significant part of
the cyh2 gene. The right construct can be isolated and
checked by a restriction digest with BglII. this
restriction site is present in the EcoRV fragment of
PAS2 to be eliminated. This elimates the cyh2 gene
which is slightly toxic gene and involved in growth
retardation. This gene is non-essential for the
performing of RNAi and Yeast two hybrid experiments.
After the elimination of the EcoRV fragment, The
EcoRI restriction site which is located between the
DNA sequence encoding for GAL4DB and HA (epitope)
becomes unique for the plasmid, and can be used to

subsitute HA with a T7 promoter containing linker.
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This ensures persistence of all restriction sites,
allowing both in frame cloning and compatibility with
previous vectors and pGAD424. We used the following
linker (prime:s:-aattcttaatacgactcactatagggca and
tatgccctatagtgagtcecgtattaag) using Ecorl and Ndel
cloning sites. We adopted the same strategy for the
reverse T7 (primers:
gatccgtcgacagatcteectatagtgagtegtattactgea
catgggccctatagtgagtcgtattaag and -
gtaatacgactcactafagggagatctgtcgacg) with BamH1 and
Pstl. To avoid loss of Sall we included it in the
primer.The resulting vector was designated pAS2-cyh2-
HA+both T7-final.

Having the T7 promoter (or alternatively the T3,
or SP6 promoter) in pGAD424 allows to go quickly from
interacting protein to RNAi and assigning function to
the isolated DNA fragment. An additional advantage is
the ability to make by in vitro transcription coupled
to in vitro translation (There is an ATG in frame with
either GAL4DB or GAL4AD) labeled protein which can be
used for in vitro controls (e.g. pull down assays) of -
the actual protein-protein interaction.

The sequences of the plasmids produced and the
SP6 and T3 polymerase are identified in the Sequence
Ligting provided below:
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SP6 DNA-dependent RNA polymerase:

swissprot accesion number P06221

protein sequence:

61
121
181
241
301
361
421
481
541
601
661
721
781
841

magdlhaiqlg

keeyegkkgr
fskleghaak
gigttlleil
yapcvipprp
wginkdvlav
wggfinwkge
stlspgsndl
dmcrdiaadp
gighysamlr
sgtelramas
grtankvhpf
eglmytlptg
hdashliltv
eehevrwmvd

leeemfnggi
apralaflqgce
yfekvkkslk
egsviyngep
wrtpfnggfh
jeevirldlg
carlytaetk
gkallrfteg
ltftgqwakad
devgakavnl
awdsigitrs
eddrqdyltp
filegkimat
celvdkgvts
tgievpeqge

T3 DNA dependert RNA polymerase: -

_ svﬁ#sprot accession number P07659

protein sequence:

61
121
181
241
301
361
421
481
541
601
661
721
781
841

mniieniekn
kageiadnaa
kvilasltst
kafmgvvead
dhealglage
hskkglmrye
lppkpddidt
mdwrgrvyav
afiekhvddi
csgighfsam
kdtgeisekl
dsgkglmftg
rhrecavhwtt
pnfvhsgdgs
dvladfysqf

dfseielaai
akpllatllp
nmttigaaag
migrgllgge
yvdvlakrag
dvympevyka
neaalkewkk
pmfnpggndm
lacakdpinn
lrdevggrav
klgtstlagqg
pngaagymak.
pdgfovwqey
hlrmtvvyah
adglhetqld

41

rrfeadqqgrq
venevaayit
asrtksyrha
vimramrtyg

tekvasrirl

vgvpsfkpli

rgsksaavvr

rpvngvealk
apyeflawct
kpsdapqgdiy
ltkkpvmtlp
gaaynymtal
emlrvrtclm
iavihdsfgt
fdlneimdse

pfntladhyg
klttrivewl
mlgkaiedea
awsswdkett
alagispmfq
vnlagntawk
aaagiyrldk
tkglltlakg
twwaeqgdspf
nlipsetvqgd
wlaygvtrsv
liwdavsvtv
rkplgkrldm
ekygiesfal
kmpplpkkgn

N

iaagsesdta
mkvevmdmlnt
hnvavvaeks
gktiyylgts
vkgnrehvrk
dkenkpanpv
mvggarkysa
wfcinganlw
eyaqyldlvd
gavagvvikk
ygstrltcre
iwpsisevvk
gdikmslgve
hadntltlrv
yvfa

SEQUENCE ID NO.

salakeqglal
eeyaskkgrk
rfgrirdlea
mhvgirliem
pcvvppkpwv
inkkvlavvn
arvsrrisile
kpigeegfyw
cflafcfeya
iygivagkvn
tkrsvmtlay
vaaveamnwl
iflggfrlgp
ihdsfgtipa
lnlgdilksd

- -PCT/EP99/04718

SEQUENCE ID NO. 1

wnrrllseli
datlgaiams
vaekdadfdr
esvggwisaf
ltgkgmpkvy
pvefghlrgr
fesiyfvyam
gwdkktfdvr
egradefrth
nalymdadda
svidyivdle
apivamkmir
tdivdeaamm
alkggmvamy

2

ehesyelger
psayaplqgll
khfkkhveeq

‘liestglvel

aitgggywan
eivnwkncpv
fmleqgankfa
lkihgancag
gvthhglsyn
eilkgdaing
gskefgfrgqg
ksaakllaae
tintlkdsgi
dagklfkavr
fafa

apmaegigay
vaeriedqvr
weawpketql
kehvaglspa
kainalgntg
elkenlspeq
dsrsrvyvgs
vsnvldeefqg
lpvhqdgscs
ttftsgsvtl
ekeagkavae
glarfaakrn
gaaapnfvhg
idgnalqgkll

rflkmlerqga
kpeasafitl
lnkrhggvyk

.qrhnagnags

grrplalvrt
adipslerge
skkaiwfpyn
vdkvpfperi
cslplafdgs
tpnemitvtd
vlddtiqgpai
vkdkktkeil
dahkgesgia
etmvityenn
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pGN108: SEQUENCE ID NO. 3

gttgtcgtaaagagatgttittattttactitacaccgggtectetctetetgecageacagetcagtgtiggetgtgtgetegggcteetgecaccggegs
ccteatcticttcticitettcteteetgetetegettatcacticticattcaticttaticetiticatcatcaaactageatticttactttatttattitttitcaattitca
attttcagataaaaccaaactacitgggttacagccgtcaacagatceccgggatiggecaaaggaccecaaaggtatgtticgaatgatactaacataa
catagaacattticaggaggaccctigcttggagggtaccggatgactgetccaaagaagaagegtaagetcatgaacacgattaacatcgetaagaa
‘cgacttctctgacatcgaactggetgetatccegtitcaacactctggotgaccattacggtgagegtitagetcgegaacagtiggecettgageatgag
tcttacgagatggptgaageacgetticcgeaagatgtitgagegteaacttaaagetggtgaggitgcggataacgetgecgecaagecteteatcact
accctactcectaagatgattgcacgcatcaacgactggtitgaggaagtgaaagctaagegeggeaagegeccgacagecticcagticetgeaag
aaatcaagccggaagecgtagegtacatcaccattaagaccactetggettgectaaccagtgctgacaatacaaccgticaggetgtagceaagege
aatcggtegggecatigaggacgaggctegcticggtegtatccgtgaccttgaagetaageacticaagaaaaacgtigaggaacaactcaacaag
cgegtagggeacgtctacaagaaagcatttatgcaagtigtcgaggetgacatgetctctaagggtetacteggtggegaggegtggtcttcgtggca
taaggaagactctattcatgtaggagtacgctgcatcgagatgcteatigagtcaaccggaatggttagettacaccgecaaaatgetggegtagtagg
tcaagactctgagactatcgaactcgeacetgaatacgetgaggetategeaaccegtgeaggtgegetggetggeatetetecgatgticeaaccttg
cgtagttcctectaagecgtggactggeattactggtggtggetattgggetaacggtegtegtectetggegetggtgcgtactcacagtaagaaage
actgatgcgctacgaagacgittacatgectgaggtgtacaaagegattaacattgegeaaaacaccgeatggaaaatcaacaagaaagtectageg
gtcgcecaacgtaatcaccaagtggaagcattgtecggtcgaggacatccctgegatigagegtgaagaactcccgatgaaaccggaagacatcgac
atgaatcctgaggetetcaccgegtggaaacgtgetgecgetgctgtgtaccgeaagacaaggetegcaagtetcgoegtatcagectigagtteatg
cttgagcaagccaataagtttgctaaccataaggécatctggttcecttacaacatggactggegeggticgtgtitacgetgtgteaatgticaaceege
aaggtaacgatatgacéaaaggacgtcttacgctggcgaaaggtaaaccaatcggtaagga‘_aggttactactggctgaaaatccacggtgcaaactg
tgcgggtgtcga&aggmcgtttcctgagcg_catcaagttcattgaggaaaaccacgaga_a'cétcatggcttgcgctaagtqtccactggagaacac
ttggtgppctzageaagatictcegtictgeticettgegtictgctitgagtacgetggggtacageaccacggectgagetataactgetecctticege
tggegtttgacgggtctigetctggeatccageacttcteegegatgeteegagatgaggtaggtggtegegeggttaactigettcctagtgaaacegt
teaggacatctacgggatigttgctaagaaagtcaacgagattctgeaageagacgcaatcaatgggaccgataacgaagtagttaccgtgaccgat
gagaacactggtgaaatctctgagaaagtcaagetgggcactaaggeactggetggteaatggetggcttacggtgttactegeagtgtgactaage
gttcagtcatgacgctggettacgggtccaaagagttcggcticcgtcaacaagtgetggaagataccattcagecagetattgattccggeaagggte
tgatgttcactcageegaatcaggcetgctggatacatggetaagetgatttgggaatccgtgagegtgacgptggtagetgeggtigaageaatgaac
tggcttaagtetgctgetaagetgetggetgetgaggtcaaagataagaagactggagagatictticgcaagegttgegetgtgeatigggtaactect
gatggtttccctgtgtggcaggaatacaagaagcctattcagacgcgcttgaacctgatgttcctcggtcagmcgctmeagcctaccattaacacca
acaaagatagcgagattgatgcacacaaacaggagtctggtatcgetcctaactitgtacacagecaagacggtagecaccttcgtaagactgtagtg
tgggcacacgagaagtacggaatcgaatctittgeactgattcacgactccticggtaccattceggetgacgetgegaacctgttcaaageagtgege
gaaactatggttgacacatatgagtcttgtgatgtactggetgatttctacgaccagticgctgaccagttgeacgagtcteaattggacaaaatgecage
acttccggctaaaggtaacttgaacctccgtgacatettagagtcggacttcgegticgegtaagggeccactagteggecgtacgggecctttegtet
cgegeptitcggtgatgacggtgaaaacctctgacacatgeagetcccggagacggteacagetigtetgtaageggatgeegggageagacaage
cegtcagggegegteagegegtattpgcggatateggegctegctiaactatgeggeatcagageagattgtactgagagtgcaccatatgeggtgt
gaaataccgcacagatgcgtaagpagaaaataccgeatcaggeggecttaagggectegtgatacgectatititataggttaatgteatgataataat
getitcttagacgtcaggtggeactiticggggaaatgtgcgeggaaccectatttgtttattitictaaatacattcaaatatgtatccgeteatgagacaat
aaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtegeccttattceettttttgeggeattitgecttectgttit
tgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatc
cttgagagttttcgccccgaagaacgttttccaatgatgagcacmtaaagtnctgctatgtggcgcggmmtcccgtattgacgccgggcaagagca
actcggtcgeegcatacactatictcagaatgactiggttgagtactcaccagtcacagadaagcatcttacggatggeatgacagtaagagaattatg
cagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttmtgcacaacatgg
gggatcatgmactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaa
caacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttc
tgcgctcggcccttccggctggctggtrtattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggt
aagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaa
geattggtaactgtcagaccaagtttactcatatatactitagattgatttaaaacticattttiaatttaaaaggatctaggtgaagatcctttitgataatctea
tgaccaaaatcccttaacgtgagttticgticcactgagegtcagaccccgtagaaaagatcaaaggatcttetigagatectititttctgegegtaatctg
ctgettgeaaacaaaaaaaccaccgcetaccageggtggtitgtttgecggatcaagagetaceaactettittccgaaggtaactggeticageagage
gcagataccaaatactgtcctictagtgtageegtagttaggecaccacttcaagaactetgtageaccgectacataccicgetetgctaateetgttac
cagtggctgetgecagtggegataagtegtgtettaccpggttgeactcaagacgatagttaccggataaggegeageggtegggctgaacgeegg
gttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaaggg
agaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatcttmtagtc
ctgtegggtttcgecacctetgactigagegtegattittgtgatgetegtcaggggggcggagectatggaaaaacgecageaacgeggectttttac
Egttectggectittgetggectittgetcacatgttetitcetgegitateccetgattctgtgpataacegtattacegectitgagtgagetgatacegete
geegeagecgaacgacegagegeagegagtcagtgagegagpgaageggaagagegeccaatacgeaaaccgectctececgegegtiggeeg
attcattaatgcagctggeacgacaggtticcegactggaaagegggcagtgagegeaacgceaattaatgtgagitageteacicattaggeacceca
ggctitacactttatgeticcggetegtatgitgtgtggaattgtgageggataacaatttcacacaggaaacagetatgaccatgattacgecaagetgt
aagtttaaacatgatcitactaactaactattctcatttaaatittcagagcttaaaaatggctgaaatcactcacaacgatggatacgctaacaacttggaa
atgaaataagcttgcatgcctgeagagcaaaaaaatactgetiticcttgcaaaattcggtgctitcticaaagagaaacttitgaagtcggegegageat
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ttccttctitgactictetctitccgccaaaaagectagceatttitattgataatttgattacacacactcagagttcticgacatgataaagtgtttcattggeac
tcgecctaacagtacatgacaagggeggattattatcgatcgatattgaagacaaactccaaatgtgtgetcatttiggageceegtgtggggeagetg
ctctcaatatattactagggagacgaggagggggaccttatcgaacgtcgeatgagecattetttetictttatgcactctettcactetctcacacattaat
cgattcatagactcccatattcettgatgaaggtetgpetititagctitititcccgatttgtaaaaggaagaggctgacgatgttaggaaaaagagaacg
gagccgaaaaaacatccgtagtaagtcttcctittaagccgacactititagacageattcgecgetagttttgaagtitaaattttaaaaaataaaaattag

_ tttca_amtttttaattactaaataggcaaaagttttncaagaactctagaaaaactagcttaattcatgggtactagaaaaattcttgttttaaatttaamttta
téttaagatgmat_tacgagaagcmtltgaaaattctcaattaaaagaatttgccgatthgaataaaagtcttcaga_aatgagmaaagctcaaattaga
a_gtttg'tttt_t'aaa'ggaaaaacacgaaa_aaagaacactattmtcttttcctccccgcgtaaaathgttgt_tgtga_téawgtgatccgctgtcmmgcact
cggcteticacaccgtgeticetetcacttgacccaacaggaaaaaaaaacatcacgtctgagacggtgaattgecttatcaagagegtegtetcttica
cccégtaacaaaaaaaatttggtttctttactttatatttatgtaggtcacaaaaaaaaagtgat_gc_agttttgtgggtcggttgtctccacaccacctccgc
ctccagcagcacacaatcatettcgtgtgtictcgacgatteetigtatgecgeggicgtgaatgeaccacattcgacgegeaactacacaccacacte
actttcggtggﬁttnc'tacacgtcatcgttgttcgtagtctcccgctctttcgtccct:actcactcctcattattccccttggtgtattgattttttttaaatggta
caccactcctgacgtttctaceticttgtittcegtecatttagatittatctggaaattttittaaaattttaggccagagagttctagtictigtictaaaagtcta
ggtcagacatacatttictattictcatcaaaaaaaaagttgataaagaaaactggttaticagaaagagtgtgtctegttgaaattgattcaaaaaaaaatt
cccacccctcgcttgtttctcaaaamtgagatcaacggattttttccttctcgattcaattttttgctgcgctctgtctgccaaagtgtgtgt_gtccgagcaaa
agatgagagaatttacaaacagaaatgaaaaaaagtiggccaaataatgaagttttatccgagatigatgggaaagatattaatgtictttacggtttgga
ggggagagagagatagattticgcatcaaactccgecttttacatgtetittagaatctaaaatagattittcteateatttttaatagaaaatcgagaaatta
cagtaatttcgcaattttcttgccaaaaatacacgaaatttgtgggtetcgecacgatctcggtettagtggticatitggtitaaaagtitataaaatttcaaa
tt'cMgtgutaamccgcataanggacctaahatgggtttttgtcatcattttcaacaagaaatcgtgaaaatcctgttgtttcgcaattttcttttcaaaaata
cacgaaatatatggtaatttcccgaaatattgagggtetegecacgatticagtcacagtggecaggatttatcacgaaaaaagticgectagtetcacat
_ ttccggaaaaccgaatctaaatagtttttigtcatcattttgaacaaaaaatcgagacatcectatagtttcgeaattttcgtegettttctctccaaaaatga
cagtctagaattaaaattcgctggaactgggaccatgatatctittetceecgtttttcattitattitttattacactggattgactaaaggtcaccaccaceg
ccagtgtgtgccatatcacacacacacacacacacaatgtcgagattitatgtgtiatcectgetigatttcgttcegtigtctetetetetetattcatettitg
agccgagaagcetccagagaatggageacacaggatceeggegegegatgtegtegggagatggegeegectgggaagecgecgagagatatea
gggaagatcgtctgattictccicggatgecaccteatetctegagtttctecgectgttactccctgecgaacctgatatttece
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'pGN105: - '~ SEQUENCE ID NO. 4

 ‘aagctigcatgectgeaggectiggtogactctagacacttttcagctacctagatacatggatateceegecteceaatecacceacccagggaaaaa
gaagggclcgecgaaaatcaaagtiatctecaggetegegeateccaccgageggtigactictotecaccacttttcattttaaccetcggggtacy
- . Bgattggecaaaggacccaaaggtatgtitcgaatgatactaacataacatagaacatiticaggaggaccctigettggagggtaccgagetcagaa
aaaatgactgctcﬁaaagaaga'agc'gtaaggt'accggtaatgaacacgattaacatcgcthagaai;gacttctct_gacatcg_aactggctgctatccc
gttcaacact‘ctgg'ctg’aécattacggtgag"cgttlagctcgcga_acagt_t'g'gi:ét:ttgggc_a_'_tgagtcttacgaga’tgggtgaagcacgcttccgcaa
gatgtttgagcgtcaacttaaagctggt'gaggttgcggataacgctgccgdcaachtctcatcacmcccmctccctaagatgattgcacgcatcaa
cgactggtttgaggaagtgaaagct'aagCgcggcaagCgcc_cgacagccttccagttcctgcaagaaamaachggaagccgtagcgtacatca
ccattaagaccactctgg'ctt’gcctaaccagtgctgacaatacaaccgttbag_gct_gt'a"gca__agc"gc_aatéggtcgggcc'attgaggacgaggctcg
cttcggtcgtatccgtg‘accttgaa'gctaag‘cacttcaagaaaaacgttgaggaacaactcaacaagcgcgtagggcacgtctacaagaaagcattta
tgeaagttgtcgaggctgacatgcicictaagggtctactcggtggegaggegtggteticgtggeataaggaagactctattcatgtaggagtacget
geatcgagatgctcatigagtcaaccggaatggttagettacaccgecaaaatgetggegtagtaggteaagactctgagactatcgaactegeacct
gaamcgctgaggcta‘tcg_caacccgtg‘caggtgcgCtggctggcatctctccgatgttccaq&:ctt_gcgtagtt_cctg:ctaagccgtggactggcatt
actggtggiggctatigggctaacggtegtogteetetggepctggtgegtactcacagtaagaaageactgatgegetacgaagacgtitacatgect
gaggtgtacaaagcgattaacattgcgc'aaaacaccgcatggaaaatcaacaagaaagtcctagcggtcgcca_gcgtaatcaccaagtggaagcat
tgtccggtcgaggacatccctgcgattg’agqgtgaagaactcccgatgaaacpggaag;acatcgac_atgaatcctgaggctctcaccgcgtggaaa
cgtgctgccgctgctgtgncchaaggacag'g'gctcgcaagtctcgccgtatcagccttgagttcatgcttgagcaagccaataagtttgctaaccat
aaggccatctggttcccttacaac’a’tggactggcgcggtcg"tgtttacgccgt_gtcaatgt’;tcaécccgcaaggtaacgatatgaccaaaggactgctt
acgctggegaaaggtaaaccaatcgptaaggaaggtiactactggetgaaaatceacggtgcaaactgtgegggtgtegataaggticegtteccig
agcgcatcaagttcattgaggaaaaccacgagaacatcatggcttgcgctaa'gtctccactggagaaéacttggtgggctgagcaagattctccgttct
gcttccttgcgttctgctttgag’tacgctggggmcagcaccacggcctgagcta'taac'tgctcccttccgctggcgtttgacgggtcttgctctggcatc '
cagcacttct(:cgt':gatgctccgagat'gaggtaggtggtcgcgcggtt_aacttgcttcdtggtgagaccgttqaggacatctac_gggattgttgctaag
aaagtcaacgag'attctacaagcagacgcaatcaatgggaccgata'acg‘aagtagttacc'gtgaccgatgagaacactggtgaaatctctgagaaa
gtcaagctgggcacmaggcactggctggtcaatggctggctcacggtgttactcgcagtgtgactaagcgttcagtcatgacgctggcttacgggtc
Caaagagttcggcettccgicaacaagtgetggaagataccattcagecagetatigattceggeaagggteegatgticactcagcecgaatcaggetg
ctggatacatggctaagctgatttgggaatctgtgagcgtgacggtggtagctgcggttgaagcaatgaactggcttaagtctgctgctaagctgctgg' :
ctgctgaggtcaaagataagaagactggagagattcttcgcaagcgttgcgctgtgcattgggtaactcctgatggtttccctgtgtggcaggaataca :
agaagcctattcagacgcgcttgaacctgatgttcctcggtcagttccgcttacagcctaccattaacaccaacaaagatagcgagattgatgcacaca
aacaggagtctggtatcgetcctaactttgtacacagccaagacggtagecaccttegtaagactgtagtgtgggcacacgagaagtacggaatega
atcttttgcactgattcacgactccttcggtaccattccggctgacgctgcgaacctgttcaaagcagtgcgcgaaactatggttgacacatatgagtctt B
gtgatgtactggctgatttctacgaccagttcgctgaccagttgcacgagtctcaattggacaaaatgccagcacttccggcmaaggtaacttgaacct
ccgtgacatcttagagtcggacttcgcgttcgcgtaagaattccaactgagcgccggtcgctaccattaccaacttgtctggtgtcaaaaataataggg
gccgctgtcatcagagtaagtttaaactgagttctacmactaacgagtaatatttaaattmcagcatctcgcgcccgtgcctctgacttctaagtccaatt '
actcttcaacatccctacatgctmtccctgtgctcccaccccctatttttgttattatcaaaaaaacttcttcttaantctttgttttttagcttcttttaagtca
cctctaacaatgaaattgtgtagattcaaaaatagaattaaticgtaataaaaagtcgaaaaaaattgtgctecctcececcattaataataattctatccca
aaatctacacaatgttctgtgtacacttcttatgttttttttacttctgataaattttttttgaaacatcatagaaaaaaccgcacacaaaataccttatcatatgtt
acgtttcagtttatgaccgcaatttttatttcttcgcacgtctgggcctctcatgacgtcaaatcatgctcatcgtgaaaaagttttggagtamttggaattttt
caatcaagtgaaagtttatgaaattaatrttcctgcttttgctttttgggggtttcccctattgtttgtca_agagtttcgaggacggcgtttttcttgctaaaatca
caagtattgatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagtagaagttgataatttgaaagtggagta
gtgtctatggggtmtgccttaaatgacagaatacattcccaatataccaaacataactgmcctactagtcggccgtacgggccctttcgtctcgcgcg
tttcggtgatgacggtga_aaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtca
gggcgcgtcagcgggtgttggcgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgaaata
ccgcacagatgcgtaaggagaaaataccgcatcaggcggccttaagggcctcgtgatacgcetatttttataggthatgtcatgataataatggtttctt
agacgtcaggtggcacttttcgggga‘aatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccct
Bataaatgcticaataatatigaaaaaggaagagtatgagtattcaacatticegtgtegeccttattcectititigeggeattitgecticetgtttttgetea
cccagaaacgctgglgaaagtaaaagatgetgaagatcagtigggtgeacgagtggpttacategaactggatetcaacageggtaagatcettgag
agttttcgccccgaagaacgmtccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcg
gtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaaltatgcagtg
ctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggat '
catgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacg
ttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgct
cggcccttccggctggctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccc
tcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgatmagcang
gtaactgtcagaccaagtttactcatatatacntagattgatttaaaacttcatttttaamaaaaggatctaggtgaagatcctttttgataatctcatgacca
aaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgctt
graaacaaaaaaaccaccgcetaccageggtggltgtitgeeggatcaagagetaccaactetttitcegaaggtaactggettcageagagegeaga
taccaaatactgtccttctagtgzagcc'gtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtg
gctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggncg
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tgcacacageccagettggagegaacgacctacaccgaactgagatacctacagegtgageattgagaaagegeeacgeticccgaagggagaa
aggcggacaggtaﬁccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtc
gggtitcgecacctetgacttgagegtegatttttgtgatgetegtcaggggggeggagectatggaaaaacgecagcaacgeggectititacggttc
ctggecttitgctggecttitgeteacatgtictitcctgegttatcecctgattctgtggataacegtattacegecittgagtgagetgatacegetegecg
, cagccgaacgaccgagCgcagcgagtcagtgagcgaggaag’cggaagag_cgcccaatacgcaaaccgcthtcccchgcgttggccgattca
) ttaatgcagétggcacgaca‘ggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctca_ctcattaggcaccccaggctt
tacactitatgcttceggetcgtatgtigtgtggaattgtgageggataacaatitcacacaggaaacagetatgaccatgattacgccaagetgtaagttt
aaacatgatcttactaactaactaticicatttaaattttcagagcttaaaaatggctgaaatcactcacaacgatggatacgctaacaacttggaaatgaa

at .
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' aagcttgcatgcctgcaggccttggtcgacmtngacacttttcagctacctagamcatggatatccccgcctcccaatccacccacccagggaaaaa
gaagggctcgccgaaaaatcaaagttatctccaggctcgcgcau:ccaccgagcggttgacttctctccaccacttttcattttaaccctcggggtacg
' ggattggccaaaggacccaaaggtatgtttcgaatgamehacaﬁacatagaacattttcaggaggacccltgcttggagggtaccgagctcccgg
o -gattaatacgactcactataccggtagaaaaaatgagtaaaggagaagaactiticactggagttgtcccaatictigtigaattagatggtgatgtiaatg
ggcacaaattttctgtcagtggagagggtgaaggtgatgcaacatacggaaaacttacccttaaattmmgcactactggaaaactacctgttccatgg
gmagtttaaacatatamtactaactaaccctgatmtttaaattmagccaacacttgtcacmcttbctgtmtggtgttcaatgcttctcgagatacccag
atcatatgaaacggcatgactititcaagagtgecatgcccgaaggttatgtacaggaaagaactatatitttcaaagatgacgggaactacaagacac
gtaagtttaaacagticggtactaactaaccatacatatttaaattttcaggtgctgaagtcaagtttgaaggtgataccettgttaatagaatcgagttaaa
aggtattgattttaaagaagatggaaacattcttggacacaaattggaatacaactataactcacacaatgtatacatcatggcagacaaacaaaagaat
ggaatcaaagtigtaagtitaaacatgattitactaactaactaatctgatttaaatittcagaacttcaaaattagacacaacattgaagatggaagcgttca
actagcagaccattatcaacaaaatactccaattggegatggccctgtecttitaccagacaaccattacetgtecacacaatetgeectttcgaaagate
ccaacgaaaagagagaccacatggtectictigagttigtaacagetgetgggattacacatggeatggatgaactatacaaatageattegtagaatic
caactgagcgecggtegetaccattaccaactigtetggtateaaaaataataggggocgetgteatcagagtaagtttaaactgagtictactaactaa
cgagtaatatttaaattttcagcatctcgegecegtgectetgactictaagtceaattactettcaacatecctacatgetetttetecetgtgeteecacee
cctatititgttattatcaaaaaaacticticttaatttctitgtitittagetictittaagtcaccictaacaatgaaatigtgtagaticaaaaatagaattaattcg
taataaaaagtcgaaaaaaatigtgetccctecceccattaataataattetatcccaaaatctacacaatgtictgtgtacacttcttatgttttttttacttetg
ataaatttttittgaaacatcatagaaaaaaccgceacacaaaataccttatcatatgttacgtitcagtitatgaccgeaatttttatitcticgeacgtetggge
cictcatgacgtcaaatcatgetcatcgtgaaaaagtittggagtatititggaattiticaatcaagtgaaagtitatgaaattaattitcotgetittgctittty
gggstticcectattgitigtcaagagtitcgaggacggcegtitttctigetaaaatcacaagtattgatgageacgatgcaagaaagatcggaagaagg
tigggttigaggctcagtggaaggtgagtagaagitgataatitgaaagtggagtagtgtctatgggptitttgecttaaatgacagaatacattcccaat
ataccaaacataactgtttcctactagtcggecgtacgggecctttcgtetegegegtiteggtgatgacggtgaaaacctetgacacatgcageteecg
gagacggtcacagcttgtctgtaageggatgeegggageagacaagecegtcagggegegtcagegggtattggegggtotegggactggcetta
actatgcggcatcagagcagattgtactgagagtgcaccatatgeggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggegge
cttaagggcctcgtgatacgcectatttttataggttaatgtcatgataataatggtitcttagacgtcaggtggeacttitcggggaaatgtgegeggaacc
cctatttgtitattttictaaatacattcaaatatgtatccgcetcatgagacaataacccetgataaatgeticaataatattgaaaaaggaagagtatgagtatt
caacatttccgtgicgcccttaticectittttgeggeatittgecticctgtitttgetcacccagaaacgetggtgaaagtaaaagatgetgaagateagtt
gggtgcacgagtgggttacatcgaactggaictcaacageggtaagatectigagagttitcgccecgaagaacgttticcaatgatgageacttttaaa
gttctgetatgtggcgeggtattatcecgtattgacgecgggcaagageaacteggtcgecgeatacactattctcagaatgacttggttgagtactcac
cagtcacagaaaagcatcttacggatggceatgacagtaagagaattatgcagtgetgecataaccatgagtgataacactgeggecaacttacttctga
caacgatcggaggaccgaaggagctaaccgctittitgcacaacatgggggatcatgtaactcgectigategtigggaacecggagetgaatgaage
cataccaaacgacgagcgtgacaccacgatgectgtagcaatggcaacaacgttgegeaaactattaactggegaactacttactctagetteccgge
aacaattaatagactggatggaggcggataaagtigcaggaccacttctgegeteggeccttecggetggetggtitatigetgataaatetggagecg
gtgagcgtggetetcgegptatcattgeageactggggcecagatggtaageccteccgtategtagttatctacacgacggggagticaggeaactat
ggatgaacgaaatagacagatcgctgagataggtgcctcactgatiaageatiggtaactgtcagaccaagtttactcatatatactttagattgatttaaa
acttcatttttaatttaanaggatctaggtgaagatcctttitgataatctcatgaccaaaatcccttaacgtgagttttcgticcactgagegtcagaceecg
tagaaaagatcaaaggatctictigagatccttttttictgegegtaatctgetgettgcaaacaaaaaaaccaccgetaccageggtggtitptitgeegg
atcaagagctaccaactcittticcgaaggtaactggcticagcagagegeagataccaaatactgtecttctagtgtagecgtagttaggceaccactt
caagaactctgtagcaccgectacatacctegetctgetaatectgttaccagtggetgetgecagtggegataagtegtgtettaccgggttggactca
agacgatagttaccggataaggcgceagceggicgggetgaacggggggticgtgcacacageecagetiggagegaacgacetacaccgaactga
gatacctacagcegtgageattgagaaagegecacgetticccgaagggagaaaggeggacaggtatccggtaageggcagggteggaacaggag
agcgeacgagggagcltccagggggaaacgectggtatetttatagteetgtegpgptitcgecacetetgacttpagegtegatttttgtgatgetegte
aggggggcggagectatggaaaaacgecageaacgeggectttitacggticetggecttitgetggectittgetcacatgttetticctgegttateee
ctgatictgtggataaccgtattaccgectitgagtgagetgatacegetcgecgceagecgaacgaccgagegeagegagtcagtgagegaggaag
cggaagagcgeccaatacgeaaaccgectctcceccgegegttggecgatteattaatgeagetggeacgacaggtitcecgactggaaagegggc
agtgagcgcaacgcaattaatgtgagttagetcactcattaggeaccecaggetttacactttatgettccggetegtatgtigtgtggaatigtgagegg
ataacaafttcacacaggaaacagctatgaccatgattacgccaagetgtaagtttaaacatgatcttactaactaactattctcatttaaattttcagagett
aaaaatggctgaaatcactcacaacgatggatacgctaacaactiggaaatgaaat
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gatcccggegegegatgicgtcgggagatggegeegectgggaagecgecgagagatatcagggaagategtetgatttctecteggatgecacct
catctctegagttictccgectgttactcectgecgaacctgatatitcccgtigtcgtaaagagatpgtitttattttacttitacaccgggtectetetctetgee
agcacagctcagtgtiggeigtgtgetcgggetectgecaceggeggeeteatcttetteticticticictectgetctegettatcacttetteattcattett

_ attccttttcatcatcaaactagcatttcttacmtttattmttcaattttcaattttcagataaaaccaaactacttgggttacagccgtcaacagatccccg
ggattggccaaaggacccaaaggtatgtticgaatgatactaacataacatagaacatiticaggaggacccttgctiggagggtaccggtagaaaaa
atgagtaaaggagaagaacttttcactggagttgtcccaattcttgttgaattagatggtgatgttaatgggcacaaattttctgtcagtggagagggtga
agptgatgcaacatacggaaaacttacccttaaatitatitgcactactggaaaactacctgticcatggptaagtitaaacatatatatactaactaaccct
gattatttaaatittcagccaacacitgtcactactttctgttatggtgticaatgetictcgagatacccagatcatatgaaacggeatgactititcaagagt
gccatgeeccgaaggttatgtacaggaaagaactatatitticaaagatgacgggaactacaagacacgtaagtttaaacagticggtactaactaaccat
acatatttaaattttcaggtgctgaagtcaagttigaaggtgatacectigttaatagaatcgagttaaaaggtattgatittaaagaagatggaaacattett
ggacacaaattggaatacaactataactcacacaatgtatacatcatggcagacaaacaaaagaatggaatcaaagttgtaagtttazactiggacttac
taactaacggattatatttaaattticagaacttcaaaattagacacaacattgaagatggaagcegticaactagcagaccattatcaacaaaatactccaa
ttggcgatggecctgtectittaccagacaaccattacctgtccacacaatetgecctitcgaaagatcccaacgaaaagagagaccacatggtecttct
tgagtitgtaacagetgetgggatiacacatggeatggatgaactatacaaatageaticgtagaaticcaactgagegecggtegetaceattaccaac
ttgtetggtotcaaaaataataggggcegetgtcatcagagtaagtttaaactgagtictactaactaacgagtaatatttaaatittcagcatctegegece
gtgcctetgactictaagtccaattactcttcaacatccctacatgetetttctcectgtgetcccaccecetattittgttattatcaaaaaaacttcticttaatt
tctitgttttttagettcttttaagtcacctctaacaatgaaattgtgtagaticaaaaatagaattaaticgtaataaaaagtcgaaaaaaatigtgetecctee
ccccattaataataattctatcccaaaatctacacaatgtictgtgtacacttcttatgtttittttacttctgataaattttttttgaaacatcatagaaaaaaccg
cacacaaaataccttatcatatgttacgtttcagtttatgaccgeaattittatttcticgcacgtetgggecteteatgacgtcaaateatgcetcategtgaaa
aagttttggagtatttttggaattittcaatcaagtgaaagtttatgaaattaattttcctgctittgettttigggggtttccectattgtttgtcaagagtttcgag
gacggcgtititctigctaaaatcacaagtattgatgageacgatgcaagaaagatcggaagaaggtttgggtitgagpctcagtggaaggtgagtag
aagtigataatttgaaagtggagtagtgictatggggtititgcettaaatgacagaatacaticccaatataccaaacataactgtitcctactagtcggec
gtacgggcccggtacccagettttgticectttagtgaggpttaattgegegettggegtaatcatggtcatagetgtitcetgtgtgaaattgttatceget
cacaaticcacacaacatacgagccggaagceataaagtgtaaagectggggtgectaatgagtgagctaactcacattaattgegttgegeteactge
ccgetttccagtegggaaacctgtegtgecagetgeattaatgaatcggecaacgegeggggagaggeggtitgegtattgggegeteticegettee
tegeteactgactegetgegeteggtegiteggetgeggegageggtatcageteactcaaaggeggtaatacggttatccacagaatcaggggata
acgcaggaaagaacatgtgagcaaaaggccagcaaaaggecaggaaccgtaaaaaggeegegtigetggegtitttccataggeteegececect
gacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggegtitcecectggaageteectegtg
cgctetectgticcgaccectgecgcettaccggatacctgteegecetttcteecttcgggaagegtggegcettictcatagetcacgetgtaggtatctcag
ttcggtgtaggtegtitcgetecaagetgggctgtgtgcacgaacceceegticageccgaccgetgegecttatecggtaactategtettgagtecaa
cccggtaagacacgacttatcgecactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagtitetigaagty
gtggcctaactacggetacactagaaggacagtatttggtatctgegctetgetgaagecagttaccticggaaaaagagttggtagetetigateegg
caaacaaaccaccgctggtagcggtggttmttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcmtctacg
gggtetgacgetcagtggaacgaaaactcacgttaagggattitggtcatgagattatcaaaaaggatcttcacctagatectittaaattaaaaatgaag
tittaaatcaatctaaagtatatatgagtaaactiggtctgacagttaccaatgettaatcagtgaggeacctatctcagegatctgtetatttcgticatccat
agttgectgactccccgtegtgtagataactacgatacgggagggcettaccatetggececagtgetgcaatgatacegegagacccacgeteaceg
gcetccagatttatcagcaataaaccagccageeggaagggecgagegeagaagtggtectgeaactttatcegectceatccagtctaitaatigttge
cgggaagctagagtaagtagticgccagttaatagtttgegeaacgtigttgecattgetacaggeategtggtgtcacgetegtegtttggtatggcttc
attcagctceggticccaacgatcaaggegagttacatgatceeccatgtigtgeaaaaaageggttagetecttcggtecteegategttgtcagaagt
aagttggccgeagtgttatcactcatggttatggcageactgeataattetettactgtcatgecatcegtaagatgcettttctgtgactggtgagtactcaa
ccaagtcattctgagaatagigtatgeggegaccgagttgetctigeceggegtcaatacgggataataccgegecacatageagaactttaaaagtg
ctcatcattggaaaacgt:ictt‘cggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttc
agcatctittactitcaccagcegttictgggtgagcaaaaacaggaaggceaaaatgecgcaaaaaagggaataagggcgacacggaaatgttgaata
clcatactcttcctitttcaatattattgaagcatitatcagggitattgtctcatgageggatacatatitgaatgtatitagaaaaataaacaaataggggtic
. cgegeacatticcccgaaaagtgecacctaaatigtaagegttaatattttgttaaaattcgegtiaaatititgitaaatcagetcattitttaaccaatagge
cgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtitggaacaagagtccactattaaagaacgtgga
ctccaacgtcaaagpggcgaaaaaccgictatcagggegatggeccactacgtgaaccatcaccetaatcaagtitittggpptegaggtecegtaaa
gcactaaatcggaaccetaaagggagecccegatitagagettgacggggaaagecggegaacgtggcgagaaaggaagggaagaaagegaa
aggagcpggegetagggegetggeaagtgtageggtcacgetgegegtaaccaccacacecgecgegettaatgegeegetacagggegegte
ccattcgccattcaggetgegeaactgtigggaagggegateggtgegggecicticgctattacgeecagetggegaaagggggatgtgctgcaag
gcgattaagttgggtaacgccaggatittcccagtcacgacgtitgtaaaacgacggecagtgagegegegtaatacgactcactatagggcgaattg
gagctccaccgeggtggeggecgetctagaactagte
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gatcctccaaaatcgtcttccg'ctctgaaaaacgaaagtggacctttgacat'ccga'aaaaatgggcgaaaaaatgaaattgagctttttgggtcgaaaa
aaatgimtagaatgctgagaacacgitaaacacgaagateatatttattitgagacceggatgcictgaaaatgtctgacatagatttaaaaaagcatat
atatatttitcattticaacgtgaaagttitgtgcaactitatagaatctcctatiggcacattgtiititatttaactgaggcagtttttgaacacctitttgaaactt
' tgaatctctitgaagtatactgtcgaaaagactgacttgagegticgaaatgccagaagaaaactatatttgaatctcgegcetaaattgagaaatgeaace
gegcteeaciggacaattggaaaaaaaatitaticggaggegacaacggtatiticgaaatigatitictgtgtatittcteatitttataaatictictitgatit
atcgttcgtttgtgagaaatitaatigtattcaaactittttatagtaagataccggtggtaccgctagecgtacgaacecgggattggecaaaggaccea
aaggtatgmcgaatgatactaacataacat'agaacattttcaggaggaCccftgcttgghgggtaccggatgactgctccaaagaagaagcgtnagc
tcatgaacacgatwacatcgctaagaacgacttctctgaca'tcgaactg‘gétgctatcc¢gttcaacactctgg¢tgaccattacggtgagcgtttagct
cgcgaacagttggcccttgagcatgagtcttacgagatgggtgaagcadgcttccgcaagatgtttgggcgmaacnaaagctggtgaggttgcgga
taacgctgccgccaagcctctcatcacmc(':ctactccctaa'gatgattgcacgcatc‘aa‘cgactggmgaggaagtgaaagctaagcgcggcaag
cgcccgacagecticeagticctgeaagaaatcaagecggaageegtagegtacatcaceattaagaccactetggettgectaaccagtgetgaca
atacaaccgticaggctgtageaagcgeaatcggtegggecatigaggacgaggctegeticggtegtateegtgacctigaagetaageacttcaa
gaaaaacgttgaggaacaactcaacaagc'gcgtagggcacgtctacaagaaagchmtgcaagngtcgaggctgacatgctctctaagggtcta
ctcggtggcgaggcgtggtcttcgtg‘gca'taagg_aagactctattcat’gmggag'técgc't'g'catcgagatgctcattgagtcaaccggaatggttag
cttacaccgccaa'aatgctggcgtagt’a’ggtcaagactctg"a'gactatcgaactcgcaéétgaamcg'ctgag'gctatcgcaacccgtgcaggtgcg
ctggetggeatcictecgatgticcaaccttgcgtagticetcctaageegtggactggeattactggtggtggctatigggctaacggtogtegtectet
ggcgetggtgegtactcacagtaagaaageactgatgegetacgaagacgtitacatgectgaggtgtacaaagegattaacattgegcaaaacace
_ gcatggaaaatcaacaagaaagtcctagcggtcgc'caacgta'atcaccaagtggaagca‘ttgmcggtcgaggécatccctgcgattgagcgtgaa
gaactcccgatgaaaccggaagacatcgacatgaatcctgaggctctcaccg’cgtggaaacgtgctgccgctgctgtgtaccgcaagacaaggctc
gcaagtctcgccgtat_cagccttgagttcatgcttgagcaagccaataagtttgctaa’ccataaggccatct'ggttccc_ttacaacatggactggcgcg
gttcgtgtttacgctgtgtcaatgttcaaccc'gcaaggtaacga'tatgaccaaagga"cgtcttacgctggcgaaaggtaaaccaatcggtaaggaagg
ttactactggctgaaaatccacggtgcaadt‘:t‘gtgcgggtgtcgamaggtttcgtttcctgagcgcabcaagttcattgaggaaaaccacgagaacat
catggcttgcgctaagtctccactggaga'a‘cact‘tgg’tgggctg’agcaagattctcCgttctgcncctt'gcgttctgctttgagtacgctggggtacagc
accacggectgagctataactgeteccticegetggegttigacgggtettgetetggeatccageactteteegegatgetecgagatgaggtagetg
gtcgcgcggttaacttgcttcctagtgaaaccgttcaggacatctacggghttgt’tgcmgaaagtcaacgagattctgcaagcagacgcaatcaatg
ggaccgataacgaagtagttaccgtgaccgatgagaacactggtgaaabctctgagaaagtcaagctgggcactaaggcactggctggtcaatggct
gecttacggtgttactegeagtgtgactaagcegticagtcatgacgetggetiacgggtceaaagagttcggettcegteaacaagtgetggaagatac
cattcagccagctattgattccgg'caﬁgggtctgatgttcactcagccgaatcaggctgt:tg‘gatacatggctaagctgatttgggaatccgtgagcgt
gacggtggtagctgcggttgaagcaatgaactggcttaagtctgctgctaagctgctggctgctgaggﬁcaaagataagaagactggagagattcttc
gcaagegtigegetgtgeattgggtaactectgatggtitcectgtgtggeaggaatacaagaagectattcagacgegettgaacctgatgticetegg
tcagttccgcttacagcctaccattaacaccaacaaagatagcgagattgatgcacacaaacaggagtctggtatcgctcctaactttgtacacagcca
agacggtagccaccttcgtaagacigtagtgtgggeacacgagaagtacggaatcgaatcttttgcactgattcacgactecttcggtaccattce 22c
tgacgctgcgaacctgttcaaa’gcagtgcgcgaaactatggttgacacatatgagtcttgtga_tgtactggctgatttctacgaccagttcgctgaccag
ttgcacgagtctcaatt'ggacaa_aatgccagcacttccggctaaaggtaacttgaacctccgtgacatcttagagtcggacttcgcgttcgcgtaaggg
ccctcgtcgagtcg’gtcacaatcac%:tgaaactccaaaggcagccagtga‘ggaacgtgaagaagaagaaaa‘agagtcatctgaacaggtttgamt
ctttctggtcaaaaagatgaaatta_ttgattttcagccagatactcccaaaactagcagcgagaagtctgcaagtcgttcacagtcgcccagagaatcgc
gggaagtgagccaagaggmtgtmtcaaaaatcaataactgatcataatttttattgtttg'gtgaatttaagaaaafaatattt_:gaaaattcctctgaattat
Caagatigcagtattaatitcgagaaaaatigagatattcatagagctatigtaaattitcttgatttcagactgaaacttcggaaaatcaagagaaaatcaa
agaaaaggatgacggggatgatc'agcctggcacaccgaacagctatagaagccgggaa'acttcac‘cagctccaaaaaggtccaaggagaccag
gtitgtcaaaagcticcigegattaaticteatticaattittcagagaatcagagtetectgaaaaatceceggticgttcaagatcteccagaaggtettca
gcacgttccccgtcac‘ga'tctcctagacggcgccgagaaagaagctcaga’aagaa'agcaa_tccgaagagccagcaccgctaccagagaaaaaga
agaaagagccgctggatattctacgaacaag'aaccggaggagcatamttcc'acccgcca'aacttcgacttatgca’acaacagattagtgataagca
aagtgaacagtatcagagaatgaattgggaaagaatgaagaaaaagattcacggattggmhaagagtcéacgcgaagaatcltgttcaaattgtca
gagaacticticaagagaatgtgaticgitcaaagtgagtgagaaaatcgaaggaaaaggaaagaattaatttaatttitcaggggacttctetgeegtg
acattattcaagctcaggctttctcaccaggattctctaacgtctatgcagctttggcggcagttatcaactcgaaattt:cctcatgtcggtgaacttcttctc
cgtcgtctgattgmcagttcaaaagaagtttccgtagaaatgacagaggcgtcacg'gtgaacg'tgatcaaattcatcgcacatttgattaatcaacaag
ttgctcacgaagttcrtgcgctggaaatcat‘gattctgatgcttgaagaaccaactgatgattcagttgaagtcgccattgcgttc'ctgaaagagtgtgga
gcaaagctictggagattgetccageagctettaacagtgtctacgacegtcticgtgeaattetcatggaaactgaaagatcggaaaatgeactggate
gacgtaltcagtatatgattgagactgcaatgcagattcgaaa'ggacaaatttgcggta'aggt'a"gaatatataaatagtttattagaaaaaaataaattag
aataamaaattcctactagccaatcag'gcgacctttttgcgcatagttctattattgaaaaatttg'gagaatttctcatattctcgctcggaaatctggaatt
cgacgagatcticiggetictgigeagetgeategetitgtgetecctttetegettgtettctgtgtacaccaagaaccttgttgagttcatcaactgaatcet
gtgactggcttgttgctcactggatgcactagacgactgattctcgagaaatcagattgagttgégattagggtgacctagaaattgggaataatacgaa
ctittgaaaatattcaggaggattaaaaaaattatictcgacaatcctacaaatttacttattgcaccatgttgetecaacatttitcattaaaagtiaatgaaaa
aatgtagaaaatcggaaattggcaattttcagaccatttttaagcattltcaaaaaaaaattgcag_ctgaaataaatgtcamtcagataaatcgagcgatt
ttctgttgtctgacactagttittagttitaaaaaatgttggaagaacatggtgcaataggtaatticatagaatttccatgtgttttttttcaattaaccaattatc
caaatcttccaaactcacattitgeggagetgggctatcaagaatctgetgeagttitataagacgageatctctgatatcactgaaaattaatttttaatca
aaacttgaatatcaactaaacccacttanaactttctcgatcttctgtcgttcggtacgatgacggtgaagaagccaattgtagtagttgamggttcaagt
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cqtttcggtgttglacgtcagtgtcctgcaatgctatttagmtaacttaggccmagauéaattwatgiagtgaﬁaaatttgttctctgaacctcttaaga
tgatcttttggattagaaacatataagacaggtttacctatctattaaaaaacagatcaaaatagatacgaccaaatcggataatccatgectacetggeat
ctaggaacgtgttcttagaagatttcttacgtaatcgtatgaagaaataacaatitgatcgttggccagcaaaaatagggtittaagtgggatagtgtttitat
* tagctaaccggaaaattttatagtttttttttgcaagaaaccactgaaaaccecctaatigtatacattitttggagcagcettctggtctttttgagcaataaaat
tcgataaaacagaatttaagtgtaaattgttcacatitagttictattttatcaaattitgttgctcaaaaacaticgaagctgctctaaaaaaatgcattaaaaa
aggggttttcagtggtitticacattaaaaaagctaattttaactaaaaatccatcatatttccaactitgtcacaacaataaaatgetggtcaaaatgtgticg
' aaaaaatgtttttttitttaatitttataatttaaaaatagtittctitcgctgggacacatacattittgggcgtaaattitcagttcaaatticcatttttacaaccat
aatcataaagctacgtctgatctetctegeacttacctgegectgaticgaaagaacaaccgtagecaaaagaacaagaagaacaageacgtagttgt
ggtagtggacgttcatcacgcaatactgaccaatggtegtggggtcteactttcegtactattgagagaggggagactgaagatggeaatigaggaca
gtgtettcgacgeacgceatgeatccataageataatccaggagpgatggagagaaaaatettgttictaageccetecctttgtaatacatacacatatet
aataccgaagaatggctaattgaatggacgtcagetgitgetgtagttgccaaggceatcatcgatgaaataactgaaagaaagaattaaataattatige
aggcgtatccggeggtcattgaagacttggacttgattgaggaggaggatcagatcatccatacacttaatttggaggatgcggttgatccggaaaatg
ggcttagtaagtgactgaccacacgegggggpcattaatitaataaattgaattceatttcagatgtgticaaactagatccagaaticgaaaagaacga
ggaggtttatgaggagatccgtaaggaaatcattggaaacgecgatatttcggatgaggatggtggegacgagtitggatgatgaagaagagggtagt
gatgtggaagaggctccgaagaagactacagagattattgataatactgatcagaattgactgcetttcagaaggtattcattitgagtittgggecggcaa
atctgtaagttgceggttgccgaaaatttgetgaatitgccggaaaaaaaaaticcggaatitatitaaaaactttttgtaaaaattaaattaaatttgeaactt
tticagagaagtctacctgacaatgcaatcatcttiggactaccaagaagetgetcacaaattgetgaaaatgaagattccagacagceatgeaggtcage
gatgttgcaaagaaaaatittcgaccaaaaaaaccaaccaatcataaaatttaaaaaaaaactcegttitittcttittttttatacgagaaaaaccaaaaaa
atgtattittgccaaattctaaaatactatccccgadattticaatattttctetttcagaacgaactetgegegatgettgtegattgttgtgetcaacagegta
cctacgagcegattctacggaatgctcatcgaacgtitctgecgacttegectcgaataccageaatactttgaaaagctetgecaggacacgtattccac
gattcaccgaattgacatcacaaaactgcggaatttggcetegecttattgeteatttgetetcgacggatgcetattgactggaagattttggecgatatgaa
aatgaccgaagaggacacaacttcttctggcagaatctatattaaatatatatttaatgaactigtggaggegatgggaatggttaaacticaticgagag
ttactgatccgtgaptttcctagagagagttgttttcgtaticaattttcectattttcagaactitggetcattgetitgtiggattattcccacgaactaatccg
aacagcgcacgatittcgatcaacticttcacaatgattggattggotggtitgacgtiggaacttcgtgaatggetggeaaagggtctcaagaagaaga
agggaatgctggatcagttgaaggccgaatcaagctcagattcategtegteticggattegtcagactegtetgattcttcggatictgacgattcatee
gactcgtcttcagattceteateticttcagaatcagagecagaaccaccgaagaaaaagaagaagaagaacagtgaagagagticcaaaaagaag
gaaaaagagaatattggtcgacgggatcgtggagacaagagagetgaacgtcatcgtgatcaaagtgtggagaacaaggacaaggategtegacg
tcgecaggatictgacgaaaatcgicggecagaacgaggagatgaccgcaaggatcgpagtaaagategtegtegtcaagacteggatgatgagp
atcggaaaggtcgtgaacgtcgpgaagattcaggpgaaagacgicgeggagatcgggatcgacgtgatcgaaacaaggatcaggaggatcaccg
tgaagatcgecgtgaccgaageaaggateptgaggategacgtgategecgtegteatgactetgatgatgatcgtaaaactegtegggatagaagt
gaagagcgaggaggacgtegtcgtgaagtggaatcggatgatcgacgecgacgtegtigaattttcaaattttaaatactgaatatttgttttitttcetatt
atttatttattctetitgtgtitittttcttgetitctaaaaaattaattcaatccaaatctaaacatgageggtittttttctetttcegtetcccaattegtattceget
cctctcatctgaacacaatgtgeaagtttatitatctictcgetttcatttcattaggacgtggggggaatiggtggaagggggaaacacacaaaaggatg
atggaaatgaaataaggacacacaatatgcaacaacattcaattcagaaatatggaggaaggtitaaaagaaaacataaaaatatatagaggaggaa
gpaaaactagtaaaaaataagcaaagaaattaggcgaacgatgagaattgtcctegettggeaaatgegaatceegtatggagaggeacgtttggega
aggcaaatgttcggtatggagatctgtaaaaattittaagttgaaatttggtgttgetctittacaaaattitcegatittcgcitgaaattacggtgecaggict
cgacacgtcttccaattittcaaattcaaaagagectitaatgggetgtagttgctaatttctegtittigaaaatitttcticcgtttaatcgaaatttgatgtatit
tatttatgattticaataaatttcaaagaaactggtgaaaactcggaaaattgtgaactacagtaatccaatecttaaaggegeacaccttttaaatgtcege
cccaatacgatatttttttaagattcgetagageggecgecaccgeggtggagetecaatticgecctatagtgagtegtattacaattcactggecgtegt
fttacaacgtcgtgactgggaaaaccetggegttacccaacttaatcgecttgecageacatccceccttcgecagetggegtaatagegaagaggece
geaccgatcgeccttcccaacagttgegtagectgaatggegaatgggacgegecctgtageggegceattaagegeggeggetgtggtggttacge
- geagegtgaccgetacacttgecagegecctagegeecgetectitcgetttetteccttectitctcgecacgttcgeeggetttccecgtcaageteta
aatcgggggctccctttagggticcgatttagtgctttacggceacctcgaccccaaaaaacttgattagggtgatgpticacgtagtgggcecatcgeect
gatagacggtitttcgeccttfgacgttggagtccacgtictitaatagtpgactcttgticcaaactggaacaacactcaaccctatcteggtctattcttit
gatttataagggattttgcegatttcggectattggttaaaaaatgagetgatttaacaaaaatitaacgcgaattttaacaaaatattaacgtttacaattica
ggtggeacttiticggggaaatgtgcgeggaaccectatitgtitatittictaaatacattcaaatatgtatccgetcatgagacaataacectgataaatge
ttcaataatattgaaaaaggaagagtatgagtattcaacatttcegtgtegeccttattcecttttttgeggeatttigecttcetgtttttgetcacccagaaac
geiggtgaaagtaaaagatgcetgaagatcagtigggtecacgagtggpttacatcgaactggatctcaacageggtaagatectigagagttticgee
ccgaagaacgtittccaatgatgagcactittaaagttctgetatgtggegeggtattatccegtatigacgecgggcaagagcaacteggtegeegeat
acactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggceatgacagtaagagaattatgcagtgctgecataag
catgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcettittticacaacatgggggatcatgtaacteg
ccttgatcgttgggaaccggagetgaatgaagecataccaaacgacgagegigacaccacgatgectgtageaatggcaacaacgttgegeaaact
attaactgpcgaactacttactctagettcccggeaacaattaatagactggatggaggeggataaagtigeaggaccacttetgegeteggeccttee
ggctggctggtttattgetgataaatctggagecggtgagegtgggtetcgeggtatcattgeageactggggecagatggtaageccteeegtategt
agttatctacacgacgggcagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgectcactgattaageattggtaactgtcag
accaagtttactcatatatactttagattgatttaaaacttcattittaatttaaaaggatctagptgaagatcctttitgataatctcatgaccaaaateccttaa
cgtgagttitcgttccactgagegtcagaccecgtagaaaagatcaaaggatcttcttgagatectittttictgegegtaatetgetgettgcaaacaaaa
aaaccaccgetaccageggtggigtigecggatcaagagetaccaactctiittccgaaggtaactggettcageagagegeagataccaaatact
gtectictagtgtagecgtagitaggecaccacttcaagaactetgtagcaccgectacatacctegetetgetaatectgtiaccagtggetgetgecag
tggcgataagtegtgtcttaccgggtiggactcaagacgatagttaccggataaggegeageggtcgggctgaacggggggticgtgcacacagee
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cagctiggagegaacgacctacaccgaactgagatacctacagegtgageattgagaaagegecacgeticccgaagggagaaaggegeacagg
tatccggtaagcggeagggtcggaacaggagagegeacgagggageticcaggggggaacgectggtatetitatagtectgtegggtttegecac
ctctgacttgagegtcgatititgtgatgctegtcaggggggcecgagectatggaaaaacgccageaacgeggcectitttacggttcctggecttttget
- ggecttitgctcacatgtictitcctgegttatcecctgattetgiggataaccgtattacegectitgagtgagetgatacegetegecgeagecgaacga
ccgagegeagegagtcagigagegaggaageggaagagegeccaatacgecaaaccgectetececgegegttggecgatteattaatgcagetg
geacgacaggtttcccgactggaaagegggeagigagegeaacgcaattaatgtgagttacctcactcattaggeaccecaggctitacactitatget
* .. tecggetcctatgtigtgtggaattgtgageggataacaatticacacaggaaacagetatgaccatgattacgecaageteggaattaacecteactaa
agggaacaaaagelggeggge - - : ' : ' ' '
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gatcegtcgacagatctccctatagtgagtegtattactgeagecaagetaatticegggogaatticttatgatttatgatititattattaaataagitataaaaaaa
ataagtgtatacaaattitaaagtgactcttaggtittaaaacgaaaatictigticttgagtaactetitcctgtaggtcaggttgetitctcaggtatageatgaggt
" - cgetettattgaccacacctetaccggeatgeaagettggegtaatcatggteatagetgtttcctgigtgaaatigttatcegctcacaattccacacaacatac
gagccggaagcataaagigtaaagectgpggtgcectaatgagtgaggtaactcacattaattgegitgegetcactgeccgetttceagtegggaaacetgt
cgtgccagetggattaatgaatcggoecaacgogeggggagaggeggtttgegtattgggcgeteticegeticctegeteactgactegetgegeteggteg
tteggetgeggegageggtatcagelcactcaaaggeggtaatacggtiatccacagaatcaggggataacgeaggaaagaacatgtgageaaaaggec
agcaaaaggccaggaaccgtaaaaaggecgegttgetggegtttitcecataggetcegeccecctgacgageatcacaaaaategacgetcaagicagag
gtggcgaaaccegacaggactataaagataccaggegtticceectggaagetecctegtgegetetectgttcegaceetgeegettaccggatacetgte
cgcectitcteccticgggaagegtggegetttctecatagetcacgetgtaggtateteagtticggtgtaggtegticgetccaagetgggetgtgtgcacgaac
cceecgttcagecegacegetgegecttatceggtaactategtettgagtecaacceggtaagacacgacttatcgecactggeageagecactggtaaca
ggatta@agagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggclacactagaaggacagtatttggtatctgcgctctgct
gaagccagttaccttcggaaaaagagtigptagetctigatceggeaaacaaaccaccgetggtageggtggititttgtitgcaageageagattacgege
agaaaaaaaggatctcaagaagatcctitgatcititctacggggtctgacgetcagtggaacgaaaactcacgttaaggpattitggtcatgagattatcaaa
aaggatcttcacctagatccttitaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtasacttggtetgacagttaccaatgettaatcagtgagge
acctatctcagcgatctgtctamcgttcatccatagttgcctgacmcccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgc
aatgataccgcgagacceacgetcaccggeiceagatitatcageaataaaccagecagecggaagggecgagegeagaagtggteetgeaactttatee
gcctccalccagtctattaatigitgecgggaagcetagagtaagtagticgecagitaatagtitgegeaacgtigttgecattgetacaggeategtggtgtea
cgetegtegtttgptatgpeticaticageteeggticccaacgatcaaggegagttacatgateceeeatgtigtgcaaaaaageggttagetectteggtect
ccgategttgicagaagtaagtiggeecgeagtgttatcacteatggttatggeageactgeataattetottactgteatgecateegtaagatgetttictgtgac
tggtgagtactcaaccaagtcattctgagaatagtgtatgcpgegacegagtigetettgeceggegteaatacgggataataccgegecacatageagaac
fttaaaaptpctcatcatiggaaaacgticttcgggpcgaaaactctcaaggatcttacegetgttgagatccagttcgatgtaacceactcgtgeacccaactg
atcttcagcatctittactitcaccagegtitctgggtgageaaaaacaggaaggcaaaatgecgeaaaaaagggaataagggegacacggaaatgttgaat
actcatactcttcetttitcaatattattgaagcatttatcagggttattgtetcatgagcggatacatatttgaatgtatitagaaaaataaacaaataggggticege
gcacatticcccgaaaagtgecacctgaacgaageatctgtgcticattitgtagaacaaaaatgeaacgegagagcegetaatitticaaacaaagaatetga
getgceatititacagaacagaaatgcaacgcgaaagegcetatittaccaacgaagaatctgtgcttcatttitgtaaaacaaaaatgcaacgegagagegetaa
ttittcaaacaaagaatctgagetgeatttitacagaacagaaatgcaacgegagagcegctatittaccaacaaagaatctatacttetttittgtictacaaaaatg
catcccgagagcegctatititctaacaaagcatcttagattactittittctectitgtgegetetataatgeagtetettgataactitttgeactgtaggtecgttaag
gttagaagaaggctactttggtgtctatittcteticcataaaaaaagectgactecacttcecgegtttactgattactagepaagetgegggtgcatttittcaag
ataaaggcatccccgattatattctatacegatgtggatigegeatactitgtgaacagaaagtgatagegttgatgaticttcatiggtcagaaaattatgaacg
giitcttctatttigtctetatatactacgtataggaaatgtttacatittcgtattgtittcgattcactctatgaatagttcttactacaatttttitgtctaaagagtaatac
tagagataaacataaaaaatgtagaggtcgagtttagatgcaagticaaggagegaaaggtgpatgggtaggttatatagggatatagcacagagatatata
gcaaagagatactittgagcaatgtttgtegaagcggtattcgceaatatittagtagetegttacagtceggtgegtttttggtitittgaaagtgegtettcagage
gettitggtittcaaaagegetetgaagticetatactttctagagaataggaacttcggaataggaacticaaagegtticcgaaaacgagegettccgaaaat
geaacgegagcetgegeacatacagetcactgttcacgtegeacctatatetgegtgttgectgtatatatatatacatgagaagaacggceatagtgegtgtttat
gcttaaatgegtacttatatgegtetatttatgtaggatgazaggtagtctagtacetectgtgatattateccattecatgeggggtategtatgettecttcagea
ctaccctitagetgtictatatgetgecactecteaattggattagicteateettcaatgetatcatttcctttgatattggatcatattaagaaaccattattatcatga
cattaacctataaazataggcgtatcacgaggecctitegtetegegogtitcggtgatgacggtgaaaaccictgacacatgeagetcecggagacggica
cagettgtctgtaageggatgecggpageagacaageccgtcagggegegteagegggtetiggegggtateggggetggettaactatgeggeatcag
agcagattgtactgagagtgcaccatagatcaacgacattactatatatataatataggaagcatttaatagacagcatcgtaatatatgtgtactitgcagttatg
acgccagatggceagtagtggaagatattctttattgaaaaatagettgtcaccttacgtacaatcttgatccggagctittetititttgccgattaagaattaattcg
gtcgaaaaaagaaaagpgagagggccaagagggagggcattpgtpactattgageacgtgagtatacgtgattaagcacacaaaggcagetiggagtatg
tetgttattaatitcacaggtagtictpgtecattpgtgaaagtitgeggettgeagageacagaggecgeagaatgtgcetctagattcegatgetgacttgetg
ggtattatatgtgtgcccaatagaaagagaacaattgacceggttatigcaaggaaaatttcaagtctigtaaaagceatataaaaatagticaggcactecgaa
atacttggitggegtptticgtaatcaacctaaggaggatgttttggetctggteaatgattacggcattgatatcgtecaactgeatggagatgagtegtggea
agaataccaagagttccteggtitgecagttattaaaagactcgtatitccaaaagactgceaacatactactcagtgeagcettcacagaaacctcattegtitatt
cccttgtttgaticagaagcaggtgggacaggtgaactittggatiggaactcgatttictgactgggtiggaaggcaagagagecccgaaagcttacattttat
gttagetggtggactgacgecagaaaatgttggtgatgcgcttagattaaatggegtiattggtgttgatgtaageggaggtgtggagacaaatggtgtaaaa
gactctaacaaaatagcaaatttcgicaaaaatgctaagaaataggttattactgagtagtatttatitaagtattgtitgtgcactigecgatctatgeggtgtgaa
ataccgcacagatgcgtaaggagaaaataccgeatcaggaaattgtaaacgttaatattttgttaaaattcgegttaaatitttgitaaatcageteatittttaacc
aataggccgaaatcggeaaaatccctiataaatcaaaagaatagaccgagatagggtigagtgtigttccagtttggaacaagagtecactattaaagaacgt
ggactccaacgtcaaagggegaaaaaccgtictatcagggegatggeccactacgtgaaccatcaccctaatcaagtittitggggtegaggtgcegtaaag
cactaaatcggaaccctaaagggageeccegatitagagettgacggggaaagecggcegaacgtggcgagaaaggaagggaagaaagcgaaaggag
cgggegetagggegetggcaagigtageggteacgetgegegtaaccaccacaccegeegegeitaatgegeegetacagggegegtegegecaticg
ccattcaggctgegeaacigitgggaaggecgateggtgegggecteticgctattacgecagetggegaaagggggatgtgctgcaaggegattaagtt
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gggtaacgccagggttttcccagicacgacgitgtaaaacgacggecagtcgiccaagetitcgegagetcgagateccgagetttgeaaattaaagecttc
gagcgtcccaaaacctictcaageaaggtiticagtataatgttacatgegtacacgegtctgtacagaaaaaaaagaaaaatttgaaatataaataacgttett
aatactaacataacmtaaéaaaataaatagggacctagacttcaggttgtctaactccttécttttcggttagagcggatgtggggggagggcgtgaatgtaa
gcgtgacataactaattacatgatatccttttgttgtttccgggtgtacaatatggacttcctcttttctggcaaccaaacccatncatcgggattccmtaatacctt
cgttggtctccctaacatgtaggtggeggaggggagatatacaatagaacagataccagacaagacataatgggctaaacaagactacaccaattacactg
cctcattgatggtggtacataacgaactaalactgtagccctagacttgatagccatcatcatatcgaagtttcactaccctttttccatttgccatctattgaagta
) ataataggcgcatgcaacttcttttclttttttttcttttctctctcccccgttgttgtctcaccatatccgcaatgacaaaaaaaatgatggaagacactaaaggaaa
aaattaacgacaaagacagcaccaacagatgtcgttgttccagagctgatgaggggtatcttcgaacacacgaaacttttmcttccttcattcacgcacacta
ctctctaatgagcaacggtaMCggccttccttccagttacttgaatttgaaamaaaaaagtttgccgctttgctatcaagtataaatagacctgcaattattaatc
ttttgtttcctcgtcattgttctcgttccctttcttccttgtttctttttctgcacaatatttcaagctataccaagcatacaatcaacbccaagcttgaagcaagcctcct
gaaagatgaagctactgtcttctaﬁcgaacaagcatgcgatatttgccgacttaaaaagctcaagtgctccaaagaaaaaccgaagtgcgccaagtgtctga
agaacaactgggagtgtcgctactctcccaaaaccaaaaggtctecgetgactagggeacatctgacagaagtggaatcaaggctagaaagactggaaca
gctatttctactgatttttcctcgagaagaccttgacatgattttgaaaatggatnctttacaggatataaaagcattgttaacaggattamgtacaagataatgtg
aataaagatgcegteacagatagattggcttcagtggagactgatatgectctaacattgagacagceatagaataagtgegacateatcatcggaagagagt
agtaacaaaggtcaaagacagttgactgtatcgccggaattcttaatacgactcactatagggcatatggccatggaggccccggg
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gatccgtcgacagatctecctatagtgagteptattactgeagagatctatgaategtagatactgaaaaaccecgeaagticacttcaactgtgeategtgea
- . ccatctcaatttctitcatttatacatcgtittgectictittatgtaactatactcctetaagtitcaatettggecatgtaacctetgatetatagaattititaaatgacta
gaattaatgcceatctittititggacctaaattcttcatgaaaatatattacgagggctitattcagaagctttggacticttcgccagaggttiggtcaagtctccaa
tcaaggttgtcggettgtctaccttgccagaaatttacgaaaagatggaaaagggtcaaategttggtagatacgttgttgacacttctaaataagcgaattictt
-atgatttatgattittattattaaataagttataaaaaaaataagtgtatacaaattitaaagtgactcttaggttttaaaacgaaaattcttgticttgagtaactctttce
tgtaggtcaggtigettictcaggtatagcatgaggtegctettatigaccacacctctaccggeatgcecgaaattcecctaccetatgaacatattecattitgt
aatttcgtgtegtitctattatgaatticatttataaagtttatgtacaaatatcataaaaaaagagaatctitttaagcaaggatittcttaacttcticggegacagea
tcaccgacttcggtggtactgttggaaccacctaaatcaccagttctgatacctgcatceaaaacctttitaactgeateticaatggecttaccticttcaggcaa
gttcaatgacaatttcaacatcattgcagcagacaagatagtggegatagggtcaaccttatictitggcaaatctggageagaaccgtggeatggticgtaca
aaccaaatgcggtgttctigictggcaaagaggecaaggacgeagatggcaacaaacccaaggaacctgggataacggaggcettcatcggagatgatate
accaaacatgttgetggtgattataataceatttaggtgggtigggticttaactaggatcatggcggeagaatcaatcaattgatgttgaaccticaatgtagga
aattcgttcttgatggtticctccacagttttictccataatcttgaagaggecaaaacattagetttatccaaggaccaaataggcaatggtggctcatgttgtag
ggccatgaaageggecattetigtgattetitgcactictggaacggtgtattgticactatcccaagegacaccatcaccategtoticettictettaccaaagt
aaatacctcccactaattctctgacaacaacgaagtcagtacctitageaaattgtgpctigattggagataagtctaaaagagagtcggatgcaaagttacat
ggtcttaagttggcegtacaattgaagitctitacggatititagtaaacctigttcaggtetaacactacctgtaccecatttaggaccacccacageaccetaacaa
aacggcatcaaccttcttggaggcticcagegecteatctggaagtgggacacctgtageatcgatagcagceaccaceaattaaatgattttcgaaatcgaac
ttgacattggaacgaacatcagaaatagetttaagaaccitaatggetticggetgtgatitctigaccaacgtggteacctggeaaaacgacgatcticttaggg
gcagacattagaatggtatatccttgaaatatatatatatattgctgaaatgtaaaaggtaagaaaagttagaaagtaagacgattgctaaccacctattggaaa
aaacaataggtccttaaataatattgtcaacttcaagtatigtgatgcaagceatttagtcatgaacgcttctctattctatatgaaaageeggttceggectetcac
ctitcctttttctcccaatitttcagttgaaaaaggtatatgegtcaggegacctetgaaattaacaaaaaatticcagteatcgaatttgattetgtgegatagege
ccctgtgtgttctegttatgtigaggaaaaaaataatggttgctaagagaticgaactettgcatettacgatacctgagtattcccacagttggggatetegacte
tagctagaggatcaattcgtaatcatggtcatagetgtitcctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaagceataaagtgtaa
agcctggegtgcctaatgagtgaggtaactcacattaattgegttgegeteactgeccgetttccagtcgggaaacctgtegtgecagetggattaatgaate
ggccaacgegeggggagaggeggtitgegtattgggcgetettcegettcctegetcactgactegetgegeteggtegttcggetgeggegageggtate
agctcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggecaggaaccgta
aaaaggccgegttgetggegtititccataggetecgececectgacgageatcacaaaaatcgacgetcaagtcagaggtggcgaaaccegacaggact
ataaagataccaggcegtttccccetggaagetecctegtgegetetectgticegacectgecgcettaccggatacctgtecgectticteccttcgggaageg
tggegctitctcatagetcacgetgtagetatcteagttcggtgtaggtegttegeteccaagetgggctgtgtgecacgaacccccegitcageccgacegetg
cgecttatecggtaactategtettgagtccaaccecggtaagacacgacttatcgecactggeageagecactggtaacaggattagcagagcgaggtatgt
aggcggtectacagagttcttgaagtggtgocctaactacggetacactagaaggacagtatttggtatctgcgcetetgetgaagecagttaccticgpgaaaa
agagttggtagctcttgatccggcaaacaaaccaccgetggtageggtggtititttgtitgcaagcageagattacgegcagaaaaaaaggatctcaagaa
gatcctitgatettitctacggggtcetgacgetcagtggaacgaaaactcacgttaagggatittggicatgagattatcaaaaaggatcttcacctagatectttt
aaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgettaatcagtgaggeacctatctcagegatetgtetatt
tcgttcatccatagttgectgactcceegtegtgtagataactacgatacgggagggcettaccatctggecccagtgetgeaatgatacegegagaceeacg:
ctcaccggetccagatttatcagcaataaaccagecagecggaagggecgagegeagaagtggtectgeaactitatccgectecatcecagtctattaatigt
tgccggpaagetagagtaagtagiicgccagttaatagtttgegeaacgtigttgecattgetacaggeategtggtgteacgetegtegtitggtatggettca
ttcagcteeggticccaacgatcaaggegagttacatgateccccatgtigtgeaaaaaageggttagetecttcggtectcegategtigtcagaagtaagtt
ggccgceagtgttatcactcatggttatggcageactgceataattctettactgteatgcecatcegtaagatgettitctgtgactggtgagtactcaaccaagtcat
tctgagaatagtgtatgcggegaccgagttgctettgeccggegtcaatacgggataataccgegecacatageagaactitaaaagtgeteateatiggaaa
acgttcttcgggocgaaaactctcaaggatcttaccgetgttgagatecagttcgatgtaaccecactegtgeacccaactgateticageatcttttactttcace
agcgttictgggtgagcaaaaacaggaaggcaaaatgccgeaaaaaagggaataagggcgacacggaaatgttgaatactcatacteticctttttcaatatt
attgaagcatttatcagggttattgictcatgageggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegeacatttccccgaaaagtgec
acctgacgtctaagaaaccattaitatcatgacattaacctataaaaataggegtatcacgaggecctttegtctcgegegtitcggtgatgacggtgaaaacct
ctgacacatgcagctcccggagacggicacagettgtctgtaageggatgccgggageagacaagecegtcagggegegtcagegggtgttggegagt
gtcggggcetggcttaactatgcggeatcagagceagatigtactgagagtgeaccataacgeatttaageataaacacgeactatgecgttettcteatgtatat
atatatacaggcaacacgcagatataggtgcgacgtgaacagtgagcetgtatgtgegeagetcgegtigeatittcggaagegcetegttticggaaacgcettt
gaagttcctattccgaagttectatictctagetagaaagtataggaacttcagagegettitgaaaaccaaaagegetctgaagacgceactticaaaaaacca
aaaacgcaccggactgtaacgagctactaaaatattgcgaataccgeticcacaaacattgetcaaaagtatetetitgctatatatetetgtgetatatecctata
taacctacccatccacctitegetecttgaacttgeatctaaactegacctetacattttitatgtttatctetagtattactctttagacaaaaaaattgtagtaagaac
tattcatagagtgaatcgaaaacaatacgaaaatgtaaacatticctatacgtagtatatagagacaaaatagaagaaaccgttcataattttctgaccaatgaa
gaatcatcaacgctatcacttictgticacaaagtatgcgceaatccacatcggtatagaatataatcggggatgcctitatcttgaaaaaatgeacecgeagett
cgctagtaatcagtaaacgegggaagtggagtcaggctitttitatggaagagaaaatagacaccaaagtagecttctictaaccttaacggacctacagtge
aaaaagttatcaagagactgcatiatagagcgcacaaaggagaaaaaaagtaatctaagatgcetttgttagaaaaatagegetcicgggatgcatttitgtaga
acaaaaaagaagtatagattctttgttggtaaaatagegctctegegtigeatttctgtictgtaaaaatgcagetcagattetttgtttgaaaaattagegeteteg
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cgtigcattitigtittacaaaaatgaagcacagaticticgtiggtaaaatagegcittcgegtigeatttetgtictgtaaaaatgcagetcagatictitgtitgaa
aaattagcgctctegegtigeatttttgtictacaaaatgaagcacagatgcticgtigettgeatgcaacticttttcttttttittottttetctetceccegtigtigtet
. Caccatatccgcaatgacaaaaaaaatgatggaagacactaaaggaaaaaattaacgacaaagacagcaccaacagatgtegttgticcagagetgatga
. ggggtatcttcgaacacacgaaactititceticeticattcacgeacactactctctaatgageaacggtatacggecticcticcagttactigaatttgaaataa
aaaaagtttgcegetitgctatcaagtataaatagacctgeaattattaatetttigtitcctogteatigtictegttecctitcttcottgtttcttittctgcacaatattt
caagctataccaagcatacaatcaactccaagctitgcaaagatggataaagcggaattaaticccgagectccaaaaaagaagagaaaggtcgaattggg
taccgccgecaattitaatcaaagtgggaatattgetgatagetcattgtecttcactttcactaacagtageaacggtecgaacctcataacaactcaaacaaa
ftctcaagegctitcacaaccaattgectectetaacgticatgataacticatgaataatgaaatcacggetagtaaaatigatgatgptaataattcaaaaccac
tgtcacctggttggacggaccaaactgegtataacgegtitggaatcactacagggatgtitaataccactacaatggatgatgtatataactatctattcgatga
tgaagataccccaccaaacccaaaaaaagagatcgaaticitaatacgactcactatagggeccatggacgaagaatccagttcattettatgtacctatgetg
- agaatcgtgccaataagaagccaatacttccttagatgatgcaataaatattaaaataaaacaaaacagaaggetg
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ccggtggtaccgggccccccctcgaggtcgacggtatcgataagctttcgtcattgaaaagaaggataagaatggacgatgggaagaagctctcgtt
gticcaggagatcagaaaacagcaactgticcaaatcttaaggaggpagaagaatatcaattcagaatttctgetegtaacaaggetggaactggaga
tectictgatcettetgategtgttgtigegaagecaagaaacctigetccaagaattcatcgtgaagatettictgatacaactgicaaggtcggagecac
- tctcaagttcattgttcatattgatggtgagecageaccagatgtaacatggtcattcaatggaaaaggaatcggagagagcaaggctcaaattgaaaa
tgagccatacatctcgagatitgctttgccaaaggeacticgtaagcaaagtggaaaatataccatcactgeaaccaacattaatggaactgacagtgtc
actatcaatatcaaggtaaaaagcaagccaacgaaaccaaagggaccaatcgaggtaactgatgteticgaagatcgtgeaacictigactggaaac
caccagaggatgacggaggagagccaattgagtictatgaaattgaaaagatgaacaccaaggacggaatctgggticcatgtggacgtagtggag
atacccacttcacagtcgaticactcaacaagggagatcattacaagttccgtgtcaaggctgtcaacagegaaggacctictgatccatiggaaactg
_aaacc’gatamtggctaaaaatccatttgatcgtccagatagnccaggtcgﬁccagagccaactgattgggattctga‘tcatgttgatctcaagtgggat
ccactagtictagaagcegetgctaagggggeccicgicgagtcggtcacaatcacctgaaactccaaaggeagecagtgaggaacgtgaagaaga
agaaaaagagtcatctgaacaggtitgatitictitctggtcaaaaagatgaaattattgattttcagccagatactcccaaaactageagegagaagtct
gcaagtcgttcacagtcgcccagagaatcgegggaagtgagecaagagptatgtttttcaaaaatcaataactgatcataatttttattgtitggtoaattt
aagaaaataatattcgaaaaticctcigaattatcaagattgeagtattaatitcgagaaaaattgagataticatagagctattgtaaattticttgatttcag
actgaaacttcggaaaatcaagagaaaatcaaagaaaaggatgacggggatgatcagectggcacaccgaacagetatagaagecgggaaactic
accagctccaaazaggiccaaggagaccaggtitgtcaaaagettcotgegattaattctcatttcaattittcagagaatcagagtctcctgaaaaatee
ceggticgticaagatctcecagaaggtcticagcacgttccecgteacgatetectagacggegecgagaaagaagetcagaaagaaageaateeg
aagagccagcaccgctaccagagaaaaagaagaaagagecgetggatattctacgaacaagaaccggaggageatataticcacccgecaaactt
cgacttatgcaacaacagattagigataagcaaagtgaacagtatcagagaatgaattgggaaagaatgaagaaaaagattcacggattggttaacag
agtcaacgcgaagaatcttgttcaaattgtcagagaacttcttcaagagaatgtgaticgticaaagtgagtgagaaaatcgaaggaaaaggaaagaat
taam'aatttttcaggggacttctctgccgtgacattattcaagctcaggctttctcaccaggattctctaacgtcmtgcagctttggcggcagttatcaac
tcgaaattcceteatgteggtgaacticttctecgtegtetgattgtacagticaaaagaagtttcegtagaaatgacagaggegteacggtgaacgtgat
caaattcatcgcacatttgattaatcaacaagttgctcacgaagticttgegetggaaateatgattctgatgettgaagaaccaactgatgattcagtiga
agtcgccattgegttcctgaaagagtgiggagcaaagettctggagattgctecageagetcttaacagtgtetacgacegtettegtgcaattcteatg
gaaactgaaagatcggaaaatgcactggatcgacgtattcagtatatgattgagactgcaatgcagaticgaaaggacaaattigeggtaaggtagaa
tatataaatagmt!agaaaaaaataaattagaataatttaaattcctactag_ccaatcaggcgacctttttgcgcatagttctattattgaaaaatttggag
aatttctcatattctegetcggaaatciggaaticgacgagatettetggettetgtgcagetgeategetttgtgcteecttictegettgtettetgtgtaca
ccaagaaccttgttgagttcatcaactgaatctgtgactggcttgttgctcactggatgcactagacgactgattctcgagaaatcagattgagttgcgatt
agggtgacctagaaattgggaataatacgaacttttgaaaatattcaggaggattaaaaaaattattctcgacaatcctacaaamcttattgcaccatgt '
tgctccaacattiticattaaaagttaatgaaaaaatgtagaaaatcggaaattggeaattticagaccatttttaagcattticaaaaaaaaattgcagcetga
aataaatgtcattitcagataaatcgagegatitictgtigtctgacactagtttttagttttaaaaaatgtiggaagaacatggtgcaataggtaatttcatag
aatttccatgtgttttmtcaattaaccaattatccaaatcttccaaactcacattugcggagctgggctatcaagaatctgctgcagttltataagacgagc
atctctgatatcactgaaaattaatttttaatcaaaacttgaatatcaactaaacccacttattaacttictcgatctictgtegticggtacgatgacggtgaa
gaagccaattgtagtagtigattiggttcaagtcetitcggtgtigtacgtcagtgteetgeaatgetatttagttataacttaggectaagattcaatttaatg
aagtgattaaatttgttctctgaaccicttaagatgatctittggattagaaacatataagacaggtttacctatctatiaaaaaacagatcaaaatagatacg
accaaatcggataatccatgcctacctggcatctaggaacgtgttcttagaagatttcttacgtaa_tcgtatgaagaaataacaatttgatcgttggccag
caaaaatagggttitaagtgggatagtotttttattagctaaccggaaaattttatagtttttitttgcaagaaaccactgaaaaccccctaatigtatacatttt
ttggagcagcttctggictiitigagcaataaaatticgataaaacagaatitaagtgtaaattgttcacatttagtttctattttatcaaattttgtigctcaaaaa
cattcgaagctgctctdaaaaaatgcattaaaaaaggggttt_tcagtggtmtcacauaaaaaagctaattttaactaaaaatccatcatatttccaactttg
tcacaacaataaaatgctggtcaaaatgtgticgaaaaaatgttittitttttaattittataatitaaaaatagttitctitcgetgggacacatacatttttgggc
gtaaattttcagttcaaatttccatttttacaaccataatcataaagctacgtctgatctctetcgeacttacctgegectgaticgaaagaacaacegtage
caaaagaacaagaagaacaagcacgtagtigtggtagtggacgttcatcacgeaatactgaccaatggtegtggggtetcactitcegtactattgaga
Baggggagactgaagatggcaattgaggacagtgtcticgacgecacgeatgeatccataageataatccaggagggatggagagaaaaatcttgttt
ctaagcccciccctitgtaatacatacacatatctaataccgaagaatggetaattgaatggacgtcagetgttgetgtagttgccaaggeateatcgatg
aaataactgaaagaaagaattaaataattatigcaggegtatccggeggtcattgaagacttggacttgattgaggaggaggatcagatcatceataca
ctmtttggaggatgcggttgatccggaaaatgggcttagtaagtgactgaccacacgcggggggcattaatttaataaattgaattccatttcagatgt
gticaaactagatccagaattcgaaaagaacgaggaggtttatgaggagatccgtaaggaaatcattggaaacgecgatatttcggatgaggatggtg
gegacgagtiggatgatgaagaagagggtagtgatgtggaagaggctccgaagaagactacagagattattgataatactgatcagaattgactgett
tcagaaggtattcatttigagtittgggccggeaaatetgtaagttgecggtigecgaaaatttgetgaatttgccggaaaaaaaaatticcggaatttattta
aaaactttitgtaaaaattaaattaaatitgcaacttiticagagaagtctacctgacaatgcaatcatctttggactaccaagaagetgctcacaaattgetg
aaaatgaagattccagacagcatgcaggtcagegatgtigcaaagaaaaatiticgaccaaaaaaaccaaccaatcataaaatttaaaaaaaaactce
gittttttctittittitatacgagaaaaaccaaaaaaatgtatttttgecaaatictaaaatactatccccgaaattttcaatattttetctitcagaacgaactety
cgegatgettgtegatigtigtgeicaacagegtacctacgagegatictacggaatgctcatcgaacgtttctgecgacticgectcgaataccageaa
tactttgaaaagctetgccaggacacgtattccacgaticaccgaattgacatcacaaaactgeggaatttggetegecttattgeteatttgetetegacg
patgctattgactggaagattitggccgatatgaaaatgaccgaagaggacacaactictictggeagaatctatattaaatatatatttaatgaacttgtg
gaggcgatgggaatggttaaacitcattcgagagttactgatcegtgagiticctagagagagttgtittcgtattcaatittcectatittcagaactttgget
cattgcttigttggattaticccacgaactaatccgaacagcegeacgattitcgatcaacticttcacaatgattggattgggtggtitgacgttggaacttc
gtgaatggetggeaaagggtictcaagaagaagaaggeaatgctggatcagtigaaggecgaatcaagetcagattcategtegtcticggattegtea
gactcgictgattcticggatictgacgaticatccgactegtcticagattecteatcttcticagaatcagagecagaaccaccgaagaaaaagaagaa
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gaagaacagtgaagagagtn:caaaaagaaggaaaaagagaatattggtcgacgggamgtggagacaagagagctgaacgtcatcgtgatcaaa
gtgtggagaacaaggacaaggatcgtcgaegtcgccaggattctgacgaaaatcgtcggccagaacgaggagatgaccgcaaggatcggagtaa
agatcgtcgtcgtcaagactcgg_atgatgaggatcggaaaggtcgtgaacgtcgggaagattcagggg_aaagacgtcgcggagamgggatcgac
gtgatcgaaacaaggatcaggaggawaccgtgaagamgccgtgaccgaagcaagg_atcgtgaggatcgacgtgatcgccgtcgtcatgactctg
atgatgatcgtaaaactcgtcgggatagaagtgaagagcgaggaggacgtcgmgtgaagtggaatcgg‘atgatcgacgccgacgtcgttgaatttt
. caaattmatactgaatamgmtmtcctatmtttattza_ttctctttgtgtntttttcttgcmmaaaaattaattcaatccaaatct’aaacatgagcggtt
. thtttctetitcegteteccaattcgtattcegetectctcatetgaacacaatgtgeaagtttatitatetictegctitcatttcattaggacgtggggggaatt
ggtggaagggggaaacacacaa_aaggatgatggaaatga'aataagga'caCacaatat'gcaacaacattcaattcagaaatatggaggaaggttma
aagaaaa_cataaaaalatatagaggaggaaggaa‘aactagmaaaa_at'a'agcaaagaaattag'gcgaacgatgagaattgtcctcgcttggcaaatg
cgaatccgtatggagaggeacgtitggegaaggeaaatgticggtatggagatctgtaaaaatttttaagtigaaatitggtattgctettttacaaaatttt
ccgattttcgcttgaaattacggtgccag’gtcu:gacacgtcttcc'aattttncaaattcaaa_agagcctttaatg’ggctgtagttgctaattthcgtmtga
aaatttticttccgtitaatcgaaatitgatgtatittatitatgattticaataaatticanagaaactggtgaaaactcggaaaatigtgaactacagtaateca
atccttaaaggcgcacaccttttaaatgtccgccccaatacgatatttttttaagattcgctagagngccgccaccgcggtggagctccaattcgccct
atagtgagtcgtattacaattcactggccgtcgttttacaa’cgtcgtgactgggaaaat’:cctgg’cgtta’cccaacttaatcgccttgcagcacatccccc
cthcgccagctggcgtaaﬁgcgaagaggcccgcaccgatcgcccttcccaaca'gttgcg’tagcctgaatg'gcgaatgggacgcgccctgtagcg
gcgcattaagcgcgg;gggtgtggtggﬂacgcgcagcgtgaccgcta‘cacttgccag'cgccctagcgcccgctcctttcgctttcttcccttcctttct
cgccacgttcgccggctttccccgtcaagctctaaatcgggggctccctttagggtt’ccgaittagtgcttlacggcacctcgaccccaaaaaacttgat
tagggtgatggttcacgtagtgggccatcgccctgatagacggtttttcgccctttgacgttggagtccacgttctttaatagtggactcttgttccaaact
ggaacaacactcaaccctatcicggtctattcttitgatitataagggattttgecgatitcggectatiggttaaaaaatgagetgatitaacaaaaatttaa
cgcgaattitaacaaaatattaacgtittacaatttcaggtggceacttttcggggaaatgtgcgcggaaccectatttgtttatttttctaaatacattcaaatat
gtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtﬁtgégﬁttca’acatttccgtgtcgcccttattcccttmtg
cggcattttgccttcctgtttttgct_cacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgg'gttacatcgaactgga
tctcaacagcggtaagatccttg‘agagttttcgccccgaagaacgttttccaatgatga'gca'cttttaAagttctgctatgtggcgcggtattatcccgtatt
gacgcegggceaagageaactcggtcgecgeatacactattcicagaatgactiggttgagtactcaccagtcacagaaaagcatcttacggatggeat
gacagtaagagaattatgcagtgctgccataagcatgagtgataacactgeggecaacttactictgacaacgatcggaggaccgaaggagctaace
gctttttttcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgat
_ gcctgtagcaatggcaacaacgt_tgqgcaaactattaactggcg'aactactﬁctctagcttéccggcaacaattaamgactggatggaggcggata
aagttgcaggaccacttctgcgc_tcggcccttccggctggctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcag
: cactggggccagatggmagccctcccgtamgmgnamtacacgangggagtcaggcaactatggatgaacgaaamgacagatcgctgagat
- aggtgecteactgatiaagcatiggtaactgtcagaccaagtttactcatatatactitagattgatitaaaacttcattittaatttaaaaggatctaggtgaa
: gatcctttttgataatctcatgaccaaaatcccttaacgtgagmtcgttcca_ctgagc'gtca'gaccccgtagaaaagatcaaaggatcttcttgagatcc
: tttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggt
aactggeticagcagagcgeagataccaaatactgtecttctagtgtageegtagttaggecaccacttcaagaactetgtageaccgectacatacet
cgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagc
ggtcgggctgaacggg'gggttc‘g‘tgcacacagcccagcttggagcgaac’gacctacadcéaactgagataccmcagcgtgagcattgagaaag
: cgccacgcttcccgaagggagaaaggcggacaggtatccggmagcggcagggfcggdac’aggagagcgcacgagggagcttccagggggg
aacgcctggtatctttamgtcctgt(:gggtttcgccacctctga'cttgagcgtcgétttttgtgﬂtg’ctcgtca‘ggggggccgagcctatggaaaaacg
ccagcaacgeggcctttttacggttectggectittgotggecttttgeteacatgttctttectgegttatcecctgattetgtggataaccegtattacegect
ttgagtgagctgataccgctcgccgdagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgc
ctctccccgcgcg‘ttggccgattca'tt_aatgcag'ctggcacgacaggtttcc(:gactggaafagégggcagt’gagcgcaacgcaattaatgtgagtta
cctcactcattaggcaccccaggt:ttta’cact'tmgcttccggcmcmtgﬁgtgtggaaugtgagcgg"ataacaatttcacacaggaaacagctatg
accatgattacgccaagctcggaattaaccctcactaaagggaacaaaagctgggggggatéctccaaaatggtcttccgctctgaaaaacgaaagt
ggacctttgacatccgaaaaaatggg’cga'aaaaatgaaattg'agctttttgggtcga_aaaaa_a_tgmtta_gaatgctgagaacacgttaaacacgaag
atcatatttattttga'gacccggat’gt:tctgaaaat'gtctgacatagatttaaaaaagcatatat%gtatttucattttcaacgtgaaagttttgtgcaactttata
gaatctectatiggeacatigtiitttatitaactgaggcagtttttgaacacctttitgaaactttgaatctetttgaagtatactgtcgaaaagactgacttga
gcgttcgaaatgccagaagaaaactammgaatctcgcgctaaattgagaaatgcaaccgcgctccactggacaattggaaaaaaaamattcgga
ggcgacaacggtattitcgaaattgatittctgtgtatittcteattttitataaaticticttigatitategttcgtitgtgagaaatttaatigtattcaaacttitet
atagtaagata o '
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ccggtggtaccgcmgccgtacgaacccgggttctagaactagtggatcccacttgagatcaacatgatcagaatcccaatcagttggctctggacga
cctggtctatctggacgatcaaatggatmtagccaaaatatcggtttcagtttccaatggatcagaaggﬁccttcgctgttgacagccttgacacggaa
cttgtaatgatctcccttgttgagtgaatcgactgtgaagtgggtatcﬁccactacgtccacatggaacccagattccgtccttggtgttcatcttttcaattt
catagaactcaattggctcicctecgteatectetggtggtttceagteaagagtigeacgatettcgaagacatcagttacctegattggtecctitggtit
. cgtiggettgctitttaccttgatatigatagtpacactgtcagticcattaatgttggtigcagtgatggtatattitccactitgettacgaagtgectttggea
aagcaaatctcgagatgtatggctcattttcaattigagectigetetctecgattectittccattgaatgaccatgitacatetggtgctggetcaccatea
atatgaacaatgaacttgagagtggctccgaccttgacagtigtatcagaaagatcticacgatgaattcttggagcaaggtttcttggettcgcaacaac
. acgatcagaaggatcagaaggatctccagttccagectigttacgagcagaaattctgaattgatattcttctcectecttaagattiggaacagttgetgt
titctgatetectggaacaacgagagcttcttcecategtecaticttatectictittcaatgacgaaagettatcgataccgtegacctcgaggggggec
cctcgtcgagtcggtcacaatcacctgaaactccaaaggcagccagtgaggaacgtgaagaagaagaaaaagagtcatctgaacaggmgattttct
ttctggtcaaaaagatgaaattattgattttcagccagatactcccaaaactagcagcgagaagtctgcaagtcgttcacagtcgcccagagaatcgcg
ggaagtgagccaagaggtatgtititcaaaaatcaataactgatcataatttttattgittggtgaatitaagaaaataataticgaaaattcctctgaattatc
aagattgcagtatmatttcgagaaaaattgagatattcatagagctattgtaaattttcttgatttcagactgaaacttcggaaaatcaagagaaaatcaaa
gaaaaggatgacggggatgatcagcctggeacaccgaacagctatagaagecgggaaacticaccagetccaaaaaggtccaaggagaccaggt
ttgtcaaaagcttcctgcgattaattctcatttcaatttttcagagaatcagagtctcctgaaaaatccccggttcgttcaagatctcccagaaggtcttcag
cacgttcccegteacgatctectagacggegecgagaaagaagetcagaaagaaagcaatccgaagagecageaccgetaccagagaaaaagaa
gaaagagccgciggatatictacgaacaagaaccggaggagcatatattccaccegecaaacttcgacttatgcaacaacagattagtgataagcaa
agtgaacagtatcagagaatgaattgggaaagaatgaagaaaaagaticacggatiggttaacagagtcaacgegaagaatctigticaaattgtcag
agaacticttcaagagaatgtgattcgticaaagtgagtgagaaaatcgaaggaaaaggaaagaattaatttaatitttcaggggacttetctgecgtgac
attattcaagctcaggctttctcaccaggattctctaacgtctatgcagetttggeggeagttatcaactcgaaattcecteatgteggtgaacttettctee
gicgtetgattgtacagticaaaagaagtttccgtagaaatgacagaggegteacggtgaacgtgatcaaattcatcgeacatitgattaatcaacaagtt
getcacgaagttcttgegetggaaatcatgattetgatgettgaagaaccaactgatgattcagttgaagtcgecattgegticetgaaagagtgtggag
caaagcttctggagattgetccagcagetettaacagtgtetacgaccgtettcgtgcaatictcatggaaactgaaagatcggaaaatgeactggateg
acgtattcagtatatgattgagactgcaatgcagaticgaaaggacaaattigeggtaaggtagaatatataaatagtitattagaaaaaaataaattaga
amatttaaattcctactagccaa_tcaggcgaccmugcgcatagmcmttangaaaaamggagaa_tttctcatattctcgctcggaaatctggaattc
gacgagatcttctggcttetgtgeagetgategetitgtgctecctitctegettgtctictgtgtacaccaagaaccttgttgagticatcaactgaatctgt
gactggcttgttgcteactggatgeactagacgactgattctcgagaaatcagattgagttgcgattagggtgacctagaaattgggaataatacgaact
tttgaaaamttcaggaggattaaaaaaattattctcgacaatccmCaaatttacttattgcaccatgttgctccaacamttcattaaaagttaatgaaaaa
atgtagaaaatc ggaaattggcaattttcagaccatttttaagcattttcaaaaaaaaattgcagctgaaataaatgtcanttcagataaatcgagcgatttt '
ctgttgtctgacactagmttagttttaaaaaatgttggaagaacatggtgcaataggtaatttcatagaatttccatgtgttttttttcaattaaccaattatcc
aaatcttccaaactcacattitgeggagetgggctatcaagaatetgetgeagtititataagacgageatetctgatatcactgaaaattaatttttaatcaa
aacttgaatatcaactaaacccacttattaactttctcgatcttctgtcgttcggtacgatgacggtgaagaagccaattgtagmgttgamggttcaagtc
ctttcggtgttgtacgtcagtgtcctgcaatgctatttagttataacttaggcctaagattcaatttaatgaagtgattaaamgttcmtgaacctcttaagat
gatctittggattagaaacatataagacaggtttacctatctattaaaaaacagatcaaaatagatacgaccaaatcggataatceatgectacctggeat
ctaggaacgtgttcttagaagatticttacgtaatcgtatgaagaaataacaatttgatcgtiggecagcaaaaatagggtittaagtgggatagtgtttttat
tagctaaccggaaaattttatagtitttttitgcaagaaaccactgaaaacceectaattgtatacattitttggageagettetggtettittgageaataaaat
: tcgataaaacagaattuagtgtaaattgttcacattmgtttctattttatcaaattttgttgctcaaaaacattcgaagctgctctaaaaaaatgcattaaaaa
aggggttitcagtggtttitcacattaaaaaagctaatittaactaaaaatccateatatitccaactitgtcacaacaataaaatgetggtcaaaatgtgticg
aaaaaatgtitttitttttaatitttataatitaaaaatagttitctticgctgggacacatacatttttgggcgtaaattttcagticaaatttccattittacaaccat
aatcataaagctacgtctgatctctctcgcacttacctgcgcctgattcgaaagaacaaccgtagccaaaagaacaagaagaacaagcacgmgttgt
ggMgtggacgttcatcacgcaatactgaccaatggtcgtggggtctcactttccgtactattgagagaggggagactgaagatggcaattgaggaca
gtgtettcgacgeacgeatgeatccataageataatccaggagggatggagagaaaaatcttgtitctaagecectecctttgtaatacatacacatatct
aataccgaagaatggctaattgaatggacgtcagetgtigetgtagtigecaaggeatcatcgatgaaataactgaaagaaagaattaaataattattge
aggcgtatccggcggtcangaagacttggacttgattgaggaggaggatcagatcatccatacacttaatttggaggatgcggttgatccggaaaatg
ggcttagtaagtgactgaccacacgeggggggcattaatttaataaatigaattceatttcagatgtgticaaactagatccagaattcgaaaagaacga
ggaggtttatgaggagatccg:aaggaaatcattggaaacgccg'atatttcggatgaggatggtggcgacgagttggatgatgaagaagagggtagt
gatgiggaagaggciccgaagaagactacagagattatigataatactgatcagaattgactgetttcagaaggtaticatittgagtittgggccggcaa
atctgtaagttgccggttgecgaaaatttgetgaatitgecggaaaaaaaaattccggaatttatitaaaaactttttgtaaaaattaaattaaattigcaactt
ttcagagaagtctacctgacaatgcaatcatcttiggactaccaagaagcetgcetcacaaattgetgaaaatgaagattccagacageatgeaggteage
gatgttgcaaagaaaaattticgaccaaaaaaaccaaccaatcataaaatttaaaaaaaaactcegtitittictittittitatacgagaaaaaccaaaaaa
atgtatitttgccaaattctaaaatactatccccgaaattitcaatatttictetitcagaacgaactetgegegatgetigtegattgttgtectcaacagegta
cctacgagegattctacggaatgetcatcgaacgtitctgecgacticgectcgaataccageaatactitgaaaagcetetgecaggacacgtattecac
gattcaccgaattgacatcacaaaactgcggaatttggetcgecttattgeteattigetctcgacggatgetattgactggaagatittggecgatatgaa
aatgaccgaagaggacacaacticttctggcagaatctatattaaatatatatitaatgaacttgtggagecgatgggaatggttaaacttcattcgagag
ftactgatcegtgagtitcctagagagagttpttttcgtattcaattticcctattitcagaacttiggeteattgetttgtiggattattcccacgaactaateeg
aacagcgcacgafttttcgatcaacttcticacaatgattggattggotggtttgacgttggaacttcgtgaatggetggcaaagggtctcaagaagaaga
agggaatgctggatcagtigaaggccgaatcaagetcagaticatcgtegtettcggattegteagactegtetgatteticggattctgacgatteatec
gactcgicticagattccteatcttcitcagaatcagagcecagaaccaccgaagaaaaagaagaagaagaacagtgaagagagticcaaaaagaag
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' gaaaaagagaatattggtcgacgggatcgtggagacaagagagctgaacgtcau:gtgau:aaagtgtggagaacaaggacaaggatcgtcgacg

tegecaggatictgacgaaaategteggecagaacgaggagatgaccgcaaggatcggagtaaagatcgtcgtegtcaagactcggatgatgagg
atcggaaaggtcgtgaacgtcgggaagattcaggggaaagacgtcgcggagatcgggatcgacgtgatcgaaacaaggatcaggaggatcaccg
tgaagatcgccgtgaccgaagcaaggatcgtgaggatcgacgtgatcgccgtcgtcatgacmtgatgatgatcgtaaaactcgtcgggatagaagt
gaagagcgaggaggacgtcgtcgtgaagtggaatcggatgatcgacgccgacgtcgﬁgaattthcaaattttaaamatgaatatttgtttmttcctatt
atttatttattctctttgtgttnmtcttgctttctaaaaaattaattcaatccaaatctaaacatgagcggtmmtctctttccgtctcccaattcgtattccgct

cctctcatctgaacacaatgtgcaagttmtttatcttctcgctttcatttcattaggacgtggggggaattggtggaagggggaaacacacaaaaggatg
atggaaatgaaataaggacacacaamtguacaacaﬁcaaﬁeagaamtggagguggmaaagamcamaammmgaggaggaa

ggaaaactagtaaaaaataagcaaagaaaﬂaggcgaacgatgagaattgtcctcgcttggcaaatgcgaatccgtatggagaggcacgtttggcga

: aggcaaatgttcggutggagatctgtaaaaatttttaagttgaaatttggtgttgctctutacaaaattttccgattttcgcttgaaattacggtgccaggtct

cgacacgtcticcaatttitcaaattcaaaagagccittaatgggotgtagtigctaattictegtititgaaaatttitcticegtitaatcgaaatttgatgtattt

' tatttatgammaatttcmgaaactggtgaaaactcggaaaattgtgaactacagmatccaatccttaaaggcgcacaccttttaaatgtccgc

cccaatacgatattttittaagattcgctagageggecgecaccgeggtggagetecaaticgeectatagtgagtegtattacaattcactggeegtegt
tttacaacgtcgtgac'tgggaaaa’ccctggcgttacccaacttaatcgcc_ttgcagcacatc¢ccccttcgccagcnggcgtaatagcgaagaggccc
gcaccgatcgccctthcaacagttgcgtagcctgaatggc'gaatgggacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgc
gcagcgtgaccgcacacttgccagcgccctagcgcccgctccmcgctttcttcccttccmct¢gccacgttcgccggctttccccgtcaagctcta
aatcgggggctcectitaggaticegatttagtgctitacggeacctegaceccaaaaaacttgattagggtgatggticacgtagtgggccategeect

gatagacggtitttcgecctitgacgttggagtccacgttctitaatagtggactctigttccaaactggaacaacactcaaccctateteggtctattetttt

gatttataagggat’tttgt:cgat’ttcggcctattg"gtmaaaaatgagt:tgatttaacaaaaatttaacgcgaaﬁttaacaaaatattaacgtttacaatttca
ggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatmtctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgc
ttcaataatattgaaaaaggaagagtatgagtaticaacatticcgtgtogeecttaticectitittgeggeatttigecttectgtitttgetcacccagaaac
getggtgaaagtaaaagatgcigaagatcagtigggtgcacgagtgggtiacatcgaactggatctcaacageggtaagatcectigagagttticgee
ccgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcat
acactaltctcagaatgacttggttgagtactcaccagtcacagaaaagcathCggatggcatgacagmagagaattatgcagtgctgccataag
catgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgctmtttcacaacatgggggatcatgtaactc g
ccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaact
attaactggcgaactacttactctagcticccggcaacaattaatagactggatggaggeggataaagttgeaggaccacttetgegeteggeecttee
ggctggctggtttattgetgataaatctggagecggtgagegtgggtcicgeggtateattgeageactggggccagatggtaageccteeegtategt
agttatctacacgacgggcagtcagg_caact'atggatgaacgaaatagacagatcgctgggataggtgcctcactgaMagcattggtaactgtcag
'accaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatccntttgataatctcatgaccaaaatcccttaa
cgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaa
aaaccaccgctaccagcggtggmgtttgccggaﬁcaagagctaccaactctttttccgaaggmctggcttcagcagagcgcagataccaaatact
gtccttctagtgtagccgtagttaggccaccacttcaagaactctgmgcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccag
tggcgataagtegtgtettaccgggttggactcaagacgatagtiaccggataaggegeageggteggectgaacggggesticgtgeacacagee
cagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcggacag,

- tatccggtaageggeagggtcggaacaggagagegeacgagggagoticcaggggggaacgectggtatetitatagtectgtegggtttegeeac

ctetgactigagegtegattttigtgatgetcgtecaggggggecgagectatggaaaaacgecagcaacgeggectttitacggttectggectttiget
ggccttttgctcacatgttctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacga
ccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctg
gcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttacctcactcattaggcaccccaggcmacactttatgct
tccggctcctatgttgtgtggaattgtgagcggataacaaﬁtcacacaggaaacagctatgaccatgattacgccaagctcggaattaaccctcactaa
agggaacaaaagcetgggggggatcectccaaaategicticcgeictgaaaaacgaaagtggacctitgacatccgaaaaaatgggcgaaaaaatga
aattgagctititgggtcgaaaaaaatgitittagaatgctgagaacacgttaaacacgaagatcatatttattttgagacccggatgetctgaaaatgtetg
acatagamaaaaaagca&tatatamttcattttcaacgtgaaagtttt_gtgcaactttatagaatctcctattggcacattgttttttatttaactgaggcag
tttttgaacacctttttga’hactttg’aatctctt;gaagtat_actgtcgaaaagactgacttgagt_:gttcgaaatgccagaagaaaactatamgaatctcgc
gctaaaltgagaaatgéaaccgi;'gctccactggacaattggaaaaaaaamattcggaggcgacaacggtattttcgaaattgattttctgtgtamtct
cattmtataaattcttctttgatttatcgttcgmgtgagaaatttaattgtattcaaactntttatagtaagata _
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1. A method of identifying DNA responsible for

conferring a particular phenotype in a cell which
method comprises

a) constructing a cDNA or genomic library of
the DNA of said cell in a suitable vector in an
orientation relative to a promoter(s) capable of
initiating transcription of said cDNA or DNA to double
stranded (ds) RNA upon binding of an appropriate
transcription factor to said promoter(s),

b) introducing said library into one or more of
said cells comprising said transcription factor, and

c) identifying and isolating a particular
phenotype of said cell comprising said library and
identifying the DNA or cDNA fragment from said library

responsible for conferring said phenotype.

2. A method according to claim 1 wherein said
library is organised into hierarchical pools prior to

step b).

3. . A method of assigning function to a known
DNA . sequence which method comprises

a)  identifying a homologue(s) of said DNA
sequence in a cell,

b) isolating the relevant DNA homologue(s) or a
fragment thereof from said cell,

c) cloning said homologue or fragment thereof
into an appropriate vector in an orientation relative
to a suitable promoter (s) capable of initiating
transcription of dsRNA from said DNA homologue or
fragment upon binding of an appropriate transcription
factor to said promoter(s),

d) introducing said vector into said cell from

YRR O




- ‘WO 00/01846 |||I|I

10

15

20

25

30

35

This Sheet Has Been Replaced

step a) comprising said transcription factor, and
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e) identifying the phenotype of said cell
compared to wild type.

4. A method according to any of claims 1 to 3
wherein said DNA library, homologue or fragment is
cloned in a sense and an antisense direction relative

to said promoter.

5. A method-according to any of claims 1 to 3
wherein said DNA library, homologue or fragment is
cloned between two promoters capable of producing

dsRNA from said DNA library, homologue or fragment

upon binding of said transcription factor to said

promoters.

6. A method according to any of claims 1 to S

-wherein said cell is adapted to express said

transcription factor.

7. A method according to any of claims 1 to 6
wherein said DNA library, homologue or fragment is
constructed in a suitable vector which comprises a
sequence of nucleotides encoding said transcription

factor operably linked to a suitable promotér.

8. A method according to any of claims 1 to 6
wherein said transcription factor is encoded by a
further vector independent of the vector including
said DNA library, DNA homologue or fragment and which
sequence encoding said transcription factor is

operably linked to a suitable promoter.

9. A method according to claim 7 or 8

wherein said transéripticn factor comprises any of T7,

T
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.-10. A method according to claim 7 or 8 wherein

T3 or SP6 polymerase. . ;

said suitable promoter comprises any of let 858,
SERCA, UL6, myo-2 or myo-3.

1l1. A method according to any of claims 7 to 10,
wherein said suitable wvector or said further vector

comprises a selectable marker.

12. A method according to claim 11 wherein said
selectable marker comprises a nucleotide sequence
capable of inhibiting or preventing expression of a
gene in said cell and which gene is responsible for

conferring a known phenotype.

13. A method according to claim 12 wherein said
nucleotide sequence comprises a sequence which is a
part of or identical to said gene conferring said
phenotype, and which nucleotide sequence is itself_
oriented relative to a suitable promoter(s) capable of
initiating transcription of double stranded RNA upon
binding of an appropriate transcription factor to said

promoters.

14. A method according to claim 12 wherein said
nucleotide sequence is a part of or identical to said
gene sequence conferring said phenotype, and which
nucleotide sequence is such as to permit integration
of said suitable or further vector by homologous
recombination in the genome of said cell and following
said integration said nucleotide sequence is capable
of inhibiting expression of said gene sequence

conferring said phenotype.

| O A O
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15. A method according to claim 14 wherein said
nucleotide sequence comprises_stop codons sufficient
to prevent translation of said nucleotide sequence

following its integration into said genome.

16. A method according to any preceding claim
wherein said cell is a microorganism suitable for

feeding to, transforming or infecting an organism.
17. A method according to any of claims 1 to 14
wherein said cell is contained in an organism or an

embryo thereof.

18. A method according to any of claims 1 to 17

- wherein said promoters are T7 promoters.

19. A method according to any of claims 12 to 18
wherein said known gene sequence comprises a sup-35
gene or a fragment thereof which is selectable by
identifying offspring growing at a temperature above
25°C following introduction of said vector in the

genome of a pha-1 etl23ts mutant C. elegans worm.

20. A method according'to any of claims 1 to 19
wherein said cell or organism is contacted with a
specified compound for screening for a desired
phenotype, such as resistance or sensitivity to said
compound when compared to the wild type cell or

organism.

21. A method according to any preceding claim

wherein said transcription factor is inducible.

22. A method according to claim 16 wherein said

microorganism is an E. coli strain which is an RNAase

T
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III and preferably an RNAase negative strain.

- 23. A method according to any of claims 17
wherein said organism is selected from the class

nematoda.

24. A method according to claim 23 wherein said

organism is Caenorhabditis elegans.

25. A method of generating a transgenic non-
human organism comprising an exogenous transcription
factor and a transgene comprising a promoter operably
linked to DNA fragment which is expressed upon binding
of said transcription factor thereto, the method
comprising

a) providing a first transgenic organism
comprising a first construct incorporating DNA
encoding an exogenous transcription factor and a
second transgenic organism comprising a second
construct including at least one promoter operably
linked to a desired DNA sequence which is expressed
upon binding of the transcription factor of said first
transgenic organism theretd, _

b) crossing said first and second transgenic
organisms. and selecting offspring expressing said

desired DNA sequence.

26. A method according to claim 25 wherein said
first and second transgenic organisms are generated by
transforming said first and second constructs into
respective microorganisms for subsequent feeding to

the respective organism.

27. A method according to claim 25 or 26 wherein

said second construct comprises said desired DNA

* [ L M s *
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sequence in an orientation relative to said promoter
s0 as to be capable of initiating transcription of

said DNA to dsRNA upon binding of said transcription

- factor thereto.

28. A method according to claim 27 wherein said
second construct comprises two promoters flanking said
desired DNA sequence which promoters can initiate
transcription of said DNA sequence to dsRNA upon
binding of said transcription factor to said

promoters.

29. A method according to claim 27 wherein said
DNA sequence is provided in a sense and an antisense
orientation relative to said promoter so as to produce
dsRNA upon binding of the transcription factor to the

promoter.

30. A method aécording to any of claims 25 to 29
wherein said second transgenic organism further
comprises a reporter gene operably linked to a
promoter which is capable of initiating transcription
of said reporter upon binding of said transcription

factor thereto.

31. A method according to any of claims 25 to 30
wherein said transcription factor comprises a

polymerase.

32. A method according to claim 31 wherein said

polymerase comprises any of T7, T3 or SP6 polymerase.

33. A method according to any of claims 25 to 31
wherein said promoters comprises any of T7, T3 or SP6

promoters.:
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34. A method according to claim 30 wherein said
reporter gene comprises any of those sequence encoding
Luciferase, Green Fluorescent protein, B galactosidase

or B-lactamase.

35. A method according to any of claims 25 to 30

wherein said organism is of the species nematoda.

36. A method according to claim 35 wherein said

nematoda species is C. elegans.

37. A transgenic non-human multicellular
organism obtainable according to the methods of any

one of claims 25 to 34.

38. A method of validating clones identified in
yeast two hybrid vector experiments which method
comprises '

a) providing a construct including the DNA
encoding the protein identified in the two hybrid-
vector experiment, which construct is such that said
DNA is orientated relative to a promoter(s) that is
capable of initiating transcription of said DNA to
double stranded RNA upon binding of an ébpropriate
transcription factor to said promoter(s},

b) transforming a cell comprising said
transcription factor with said construct, and

c) identifying a phenotypic change in said cell

or organism when compared to a wild type.

39. A method according to claim 38 wherein said
DNA sequence is provided between two
promoters capable of initiating
transcription of the DNA sequence to dsRNA

upon binding of the transcription factor to

| VRO R
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40.A method according to claim_38 wherein said

DNA is provided in a sense and an antisense
orientation relative to said promoter such that
binding of the transcription factot to said promoter

initiates transcription of dsRNA from said DNA.

41. A method according to any of claims 38 to 40
wherein said transcription factor is inducible in said
cell.

42. A method according to any of claims 38 to 41
wherein said promoter is a phage polymerase promoter

and said transcription factor is a RNA polymerase.

43, A method according to claim 42 wherein said

~ polymerase is any of T7 RNA polymerase, T3 RNA

polymerase or SP6 RNA polymerase.

44. A method according to claim 43 wherein said

promoters comprise any . of T7, T3 or SP6é promoter

45. A method according to any of claims 38 to 44
wherein said construct is such that it may be used in

yeast two hybrid experiments.

46. A method according to any of claims 38 to 45

wherein said cell is an E. coli cell.

47. A method according to any of claims 38 to 45
wherein said cell is part of an organism or an embryo

thereof.

48. A method according to claim 47 wherein said

A
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organism is of the species nematoda and preferably C.
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elegans.
49. Plasmid pGN1l as illustrated in Figure 1.
50. Plasmid pGN100 as illustrated in Figure 2.

51. The yeast two hybrid vector plasmid
illustrated in any of Figures 4, 15 or 16 (Seq ID Nos 8
10 and 9).

52. A plasmid as illustrated in Figure 7.

53. A plasmid as illustrated in Figure 8.
15

54. A method of alleviating infestation of plant
pests, which method comprises

a) identifying a DNA sequence from said pest
which is critical for its survival, growth,

20 préliferation,

b) cloning said sequence from step a) or a
fragment thereof in a suitable vector in an
orientation relative to promoter(s) such that said
promoter (s) is capable of initiating transcription of

25 said DNA sequence to RNA or dsRNA upon binding of an
appropriate transcription factor to said promoter(s),
and

c) introducing said wvector into the plant.

30 55. A method according to claim 54 wherein said
DNA sequence is provided between two promoters such
that binding of the transcription factor to the
promoters results in transcription of the DNA to
dsRNA.

35
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56. A method according to claim 54 wherein said
DNA sequence is provided in a sense and an antisense
orientation relative to said promoter such that
binding of the transcription factor to the promoter
results in transcription of the DNA to dsRNA.

57. A method according to claim 5S4 wherein said

pest is a nematode worm.

58. A method according to claim 57 wherein said
nematode comprises any of Tylenchulus ssp. Radopholus

ssp., Rhadinaphelenchus ssp., Heterodera ssp.,

-Rotylenchulus ssp., Pratylenchus ssp., Belonolaimus

ssp., Canjanus ssp., Meloidogyne ssp., Globodera ssp.,
Nacobbus ssp., Ditylenchus ssp., Aphelenchoides ssp.,
Hirschmenniella ssp., Anguina ssp., Hoplolaimus ssp.,
Heliotylenchus ssp., Criconemellassp., Xiphinemassp.,
Loﬁgidorus ssp., Trichodorus ssp., Paratrichodorus

ssp., Aphelenchs ssp.

59. A method according to claim 55 wherein said
DNA sequence or fragment thereof is cloned between two

tissue, preferably root specific promoters.

60. An expression vector for use in a method
according to any proceeding claim comprising a

promoter or promoters oriented relative to a DNA

‘sequence such that they are capable of initiating

transcription of said DNA sequence to double stranded

"RNA upon binding of an appropriate transcription

factor to said promoter or promoters.

61. An expression vector according to claim 60
comprising two identical promoters flanking the DNA

sequence.
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62. An expression vector according to claim 60

comprising said DNA sequence in a sense and an

antisense orientation relative to said promoter.

63. An expression vector according to any of
claims 60 to 62 which further comprises a nucleotide

sequence encoding a selectable marker.

64. An expression vector according to claim 63
wherein said nucleotide sequence encoding said
selectable marker is orientated relative to the
promoter (s) such that transcription of the nucleotide
sequence to double stranded RNA occurs upon binding of
an appropriate transcription factor to said

promoter (s) .

65. An expression vector according to claim 64
wherein said nucleotide sequence encoding the
selectable marker is provided between the identical
promoters capable of initiating transcription of the
nucleotide sequence to dsRNA upon binding of the

transcription factor to the promoters.

66. An expression véctor according to claim 64
wherein said nucleotide sequence encoding the
selectable marker is provided in a sense and an
antisense orientation relative to the promoter such
that transcription of the nucleotide sequence to dsRNA
upon binding of the transcription factor to said

promoter occurs.

67. An expression vector according to claim 63
or 64 wherein said selectable marker comprises a
nucleotide sequence encoding sup-35, for introduction

into C. elegans having a pha-1 mutation.

I
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68. An expression vector for expressing an
appropriate transcription factor for use in a method
according to any of claims 1 to 48 and 54 to 59 which
vector comprises a sequence of nucleotides encoding
said transcription factor operably linked to suitable

expression control sequences.

69. An expression vector according to claim 68

‘wherein said expression control sequences include

promoters which are inducible, constitutive, general

or tissue specific promoters, or combinations thereof.

70. An expression vector according to any of
claims 68 to 69 wherein said transcription factor
comprises a phage polymerase, and preferably T7 RNA
polymerase.

71. An organism or cell transformed or
transfected with a plasmid according to any of claims
49 to 53 or an expression vector according to any of
claims 60 to 70.

72. An organism according to claim 71, which is
of the species nematoda and preferentially C. elegans.

73. A method of introducing dsRNA or DNA capable
of producing dsRNA into an organism which method
comprises feeding said organism with a suitable
microorganism comprising an expression vector
according to any of claims 60 to 67 or feeding said
organism directly with an expression vector according

to any of claims 60 to 67.

74. A method according to claim 73 wherein said

microorganism or said organism is adapted to express

A
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75. A method according to claim 74 wherein
either said microorganism or said organism comprises
an expressing vector according to any of claims 66 to
69.

76. A method according to any of claims 73 to 75
wherein said organism is C. elegans and said

microorganism is E. coli.

77. A method according to claim 76 wherein said

E. coli strain is an RNAaselIIl negative strain.

78. A method according to any of claims 73 to 75

wherein said organism is a C. elegans nuc-1 mutant.

79. A selection system for identifying
transformation of a cell or érganism with a vector
according to claims 60 to 63 which system comprises a
vector according to claims 60 to 63 and said
selectable marker comprises a nucleotide sequence
capable of inhibiting or preventing expression of a
gene in said cell or organism which gene is

responsible for conferring a known phenotype.

80. A selection system according to claim 79
wherein said nucleotide sequence comprises a sequence
which is a part of or identical to said gene
conferring said known phenotype, and which nucleotide
sequence is itself located between two identical
promoters capable of initiating transcription of
double stranded RNA upon binding of an appropriate

transcription factor to said promoters.-
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8l. A selection system.acccfding to claim 79
wherein said nucleotide sequence is a part of or
identical to said gene sequénce which confers a known
phenotype on said cell or organism, and which
nucleotide sequence permits integration of said vector
by homologous recombination in the chromosome of said
cell or organism and following said integration said
sequence inhibits expression of said gene sequence

conferring said known phenotype.

82. A selection system according to claim 81
wherein said nucleotide sequence comprises stop codons
sufficient to prevent translation of said nucleotide

sequence following integration into said genome.

83. A selection system according to claim 79
wherein said known gene sequence comprises a sup-35
gene or a fragment thereof which is selectable by
identifying offspring growing at a temperature above
25°C following introduction of said vector in a pha-1

etl23ts mutant C. elegans worm.

84. A method according to claim 74 wherein said

transcription factor is T7 RNA polymerase.

85. A method of assigning function to a DNA
sequence of a multicellular organism which method
comprises:

~a) providing:

(i) a first construct comprising said DNa
sequence cloned in a sense direction under the
regulation of a suitable promoter

(ii) a second construct comprising said DNA
sequence cloned in an anti-sense direction under the

regulation of the same promoter as in step (i),

* c L H )s vl
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to initiate transcription of said DNA fragment from
said promoter,

b) 1dent1fy1ng the phenotype of said
multicellular organism compared to wild type.

86. A method of assigning function to a DNA

sequence of a multicellular organism which method

comprises:
a) providing
i) a construct comprising said DNA fragment

cloned between two promoters capable of promoting
transcription in said multicellular organism,

in a multicellular organism capable of
initiating transcription from said promoter;

b) identifying the phenotype of said

multicellular organism compared to wild type.

87. A method for expressing a gene, cDNA or
DNA fragment in C. elegans which method comprises

i) providing a transgenic C. elegans
expressing an exogenous transcription factor,

ii) cloning said gene or c¢DNA or DNA fragment
into an appropriate vector operably linked to a
promoter capable of initiating transcription of said
gene, cDNA or DNA frégment upon binding of said
exogenous transcription factor thereto,

iii) introducing said vector into said

transgenic C. elegans from step i).
88. A method according to claim 87 wherein
said exogenous transcription factor is a phage

polymerase.

89. A method according to claim 88 wherein

* [ L M s - *
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said phage polymerase is T3, SP6 or T7 RNA polymerase.
90. A method according to any of claims 87 to

-89 wherein said promoter is any of T3, T7 or SP6
5 promoter.
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