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ABSTRACT

The present invention provides ungulate animals, tissue and organs as well as cells and
cell lines derived from such animals, tissue and organs, which lack expression of functional
endogenous immunoglobulin loci. The present invention also provides ungulate animals, tissue
and organs as well as cells and cell lines derived from such animals, tissue and organs, which
express xenogenous, such as human, immunoglobulin loci. The present invention further
provides ungulate, such as porcine genomic DNA sequence of porcine heavy and light chain
immunogobulins. Such animals, tissues, organs and cells can be used in research and medical

therapy. In addition, methods are provided to prepare such animals, organs, tissues, and cells.
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UNGULATES WITH GENETICALLY MODIFIED IMMUNE SYSTEMS

FIELD OF THE INVENTION ,

The present invention provides ungulate animals, tissue and organs as well as cells and
cell lines derived from such animals, tissue and organs, which lack expression of functional.
endogenous immunoglobulin loci. The present invention also provides ungulate animals, tissue
and organs as well as cells and cell lines derived from such animals, tissue and organs, which
express xenogenous, such as human, immunoglobulin loci. The present invention further
provides ungulate, such as porcine genomic DNA sequence of porcine heavy and light chain
immunogobulins. Such animals, tissues, organs and cells can be used in research and medical

therapy. In addition, methods are provided to prepare such anjmals, organs, tissues, and cells.
BACKGROUND OF THE INVENTION

An antigen is an agent or substance that can be recognized by the body as 'foreign’. Often
it is only one relatively small chemical group of a larger foreign substance which acts as the
antigen, for example a component of the cell wall of a bacterium. Most antigens are proteins,
though carbohydrates can act as weak antigens. Bacteria, viruses and other microorganisms
commonly contain many antigens, as do pollens, dust mites, molds, foods, and other substances,
The body reacts to antigens by making antibodies. Antibodies (also called immunoglobulins
(1gs)) are proteins that are rﬁanufactured by cells of the immune system that bind to an antigen or
foreign protein. Antibodies circulate in the serum of blood to detect foreign antigens and
constitute the gamma globulin part of the blood proteins. These antibodies interact chemically
with the antigen in a highly specific manner, like two pieces of a jigsaw puzzle, forming an
antigen/antibody complex, or immune complex. This binding neutralises or brings about the
destruction of the antigen,

When a vertebrate first encounters an antigen, it exhibits a primary humoral immune

response. If the animal encounters the same antigen after a few days the immune resonse is more
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rapid and has a greater magmtude. The initial encounter causes specific immune cell (B-cell)
clones to proliferate and differentiate. The progeny lymphocytes include not only effector cells
(antibody producing cells) but also clones of memory cells, which retain the capacity to produce
both effector and memory cells upon subsequent stimulation by the original antigen. The
effector cells live for only a few days. The memory cells live for a lifetime and can be
reactivated by a second stimuation with the same antigen. Thus, when an antigen is encountered
a second time, its memory cells quickly produce effector cells which rapidly produce massive
quantities of antibodies.

By exploiting the unique ability of antibodies to interact with aﬁti gens in a highly specific
manner, antibodies have been developed as molecules that can be manufactured and used for
both diagnostic and therapeutic applications. Because of their unique ability to bind to aﬁtigenic
epitopes, polyclonal and monoclonal antibodies can be used to identify molecules carrying that
epitope or can be directed, by themselves or in conjunction with another moiety, to a specific site
for diagnosis_or_therapy. _Polyclonal_and monoclonal antibodies can be generated against
practically any pathogen or biological target. The term polyclonal antibody refers to immune
sera that usually contain pathogen-specific antibodies of various isotypes and specificities. In
contrast, monoclonal antibodies consist of a single immunoglobulin type, representing one
isotype with one specificity.

In 1890, Shibasaburo Kitazato and Emil Behring conducted the fundamental experiment
that demonstrated immunity can be transmitted from one animal to another by transferring the
serum from an immune animal to a non-immune animal. This landmark experiment laid the
foundation for the introduction of passive immunization into clinical practice. However, wide
scale serum therapy was largely abandoned in the 1940s because of the toxicity associated with
the administration of heterclogous sera and the introduction of effective antimicrobial
chemotherapy. Currently, such polyclonal antibody therapy is indicated to treat infectious
diseases in relatively few situations, such as replacement therapy in immunoglobulin-deficient
patients, post-exposure prophylaxis against several viruses (e.g., rabies, measles, hepatitis A and
B, varicella), and toxin neutralization (diphtheria, tetanus, and botulism). Despite the limited use
of serum therapy, in the United States, more than 16 metric tons of human antibody are required
each year for intravenous antibody therapy. Comparable levels of use exist in the cconomies of

most highly industrialized countries, and the demand can be expected to grow rapidly in
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developing countries. Currently, human antibody for passive immunization is obtained from the
pooled serum of donors. Thus, there is an inherent limitation in the amount of human antibody
available for therapeutic and prophylactic therapies.

The use of antibodies for passive immunization against biological warfare agents
represents a very promising defense strategy. The final line of defense against such agents is the

" immune system of the exposed individual. Current defense strategies against biological weapons
include such measures as enhanced epidemiologic surveillance, vaccination, and use of
antimicrobial agents. Since the potential threat of biological warfare and bioterrorism is
inversely proportional to the number of immune persons in the targeted population, biological
agents are potential weapons only against populations with a substantial proportion of
susceptible persons. ‘

Vaccination can reduce the susceptibility of a population against specific threats,
provided that a safe vaccine exists that can induce a protective response. Unfortunately,

___inducing a protective response by.vaccination may take longer than the time between exposure
and onset of disease. Moreover, many vaccines require multiple doses to achieve a protective
immune response, which would limit their usefulness in an emergency to provide rapid
prophylaxis after an attack. In addition, not all vaccine recipients mount a protective response,
even after receiving the recommended immunization schedule.

Drugs can provide protection when administered after exposure to certain agents, but
none are available against many potential agents of biological warfare. Currently, no small-
molecule drugs are available that prevent disease following exposure to preformed toxins. The
only currently available intervention that could provide a state of immediate immunity is passive
immunization with protective antibody (Arturo Casadevall “Passive Antibody Administration
(Inmmediate Immunity) as a Specific Defense Against Biological Weapons™ from Emerging
Infectious Diseases, Posted 09/12/2002).

In addition to providing protective immunity, modern antibody-based therapies constitute
a potentially useful option against newly emergent pathogenic bacteria, fungi, virus and parasites
(A. Casadevall and M. D. Scharff, Clinical Infectious Diseases 1995; 150). Therapies of patients
with malignancies and cancer (C. Botti et al, Leukemia 1997; Suppl 2:S55-59; B. Bodey, S.E.
Siegel, and H.E. Kaiser, Anticancer Res 1996; 16(2):661), therapy of steroid resistant rejection

of transplanted organs as well as autoimmune diseases can also be achieved through the use of
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monoclonal or polyclonal antibody preparations (N. Bonnefoy-Berard and J.P. Revillard, J Heart
Lung Transplant 1996; 15(5):435-442; C. Colby, et al Ann Pharmacother 1996; 30(10):1164-
1174; M.J. Dugan, et al, Ann Hematol 1997; 75(1-2):4]1 2; W. Cendrowski, Boll Ist Sieroter
Milan 1997; 58(4):339-343; LK. Kastrukoff, et al Can J Neurol Sci 1978; 5(2):175178; LE.
Walker et al J Neurol Sci 1976; 29(2-4):303309).

Recent advances in the technology of antibody production provide the means to generate
human antibody reagents, while avoiding the toxicities associated with human serum therapy.
The advantages of antibody-based therapies include versatility, low toxicity, pathogen
specificity, enhancement of immune function, and favorable pharmacokinetics.

The clinical use of monoclonal antibody therapeutics has just recently emerged.
Monoclonal antibodies have now been approved as therapies in transplantation, cancer,
infectious disease, cardiovascular disease and inflammation. In many more monoclonal
antibodies are in late stage clinical trials to treat a broad range of disease indications. As a result,
monoclonal antibodies represent one of the largest classes of drugs currently in development.

Despite the recent popularity of monoclonal antibodies as therapeutics, there are some
obstacles for their use. For example, many therapeutic applications for monoclonal antibodies
require repeated administrations, especially for chronic diseases such as autoimmunity or cancer.
Because mice are convenient for immunization and recognize most human antigens as foreign,
monoclonal antibodies against human targets with therapeutic potential have typically been of
murine origin. However, murine monoclonal antibodies have inherent disadvantages as human
therapeutics. For example, they require more frequent dosing to maintain a therapeutic level of
monoclonal antibodies because of a shorter circulating half-life in humans than human
antibodies. More - critically, repeated administration of murine immunoglobulin creates the
likelihood that the human immune system will recognize the mouse protein as foreign,
generating a human anti-mouse antibody response, which can cause a severe allergic reaction.
This possibility of reduced efficacy and safety has lead to the development of a number of
technologies for reducing the immunogenicity of murine monoclonal antibodies.

Polyclonal antibodies are highly potent against multiple antigenic targets. They have the
unique ability to target and kill a plurality of "evolving targets" linked with complex diseases.
Also, of all drug classes, polyclonals have the highest probability of retaining activity in the

event of antigen mutation. In addition, while monoclonals have limited therapeutic activity
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against infectious agents, polyclonals can both neutralize toxins and direct immune responses to
eliminate pathogens, as well as biological warfare agents.

The development of polyclonal and monoclonal antibody production platforms to meet
future demand for production capacity represents a promising area that is currently the subject of
much research. One especially promising strategy is the introduction of human immunoglobulin
genes into mice or large domestic animals. An extension of this technology would include
inactivation of their endogenous immunoglobulin genes. Large animals, such as sheep, pigs and
cattle, are all currently used in the production of plasma derived products, such as hyperimmune
serum and clotting factors, for human use. This would support the use of human polyclonal
antibodies from such species on the grounds of safety and ethics. Each of these species naturally

produces considerable quantities of antibody in both serum and milk.
Arrangement of Genes Encoding Immunoglebulins

—- - —Antibody molecules are assembled from combinations of variable gene elements, and the
possibilities resulting from combining the many variable gene elements in the germline enable
the host to synthesize antibodies to an extraordinarnly large number of antigens. Each antibody
molecule consists of two classes of polypeptide chains, light (L) chains (that can be either kappa
(x) L-chain or lambda () L-chain) and heavy (H) chains. The heavy and light chains join
together to define a binding region for the epitope. A single antibody molecule has two identical
copies of the L chain and two of the H chain. Each of the chains is comprised of a variable
region (V) and a constant region (C). The variable region constitutes the antigen-binding site of
the molecule. To achieve diverse antigen recognition, the DNA that encodes the variable region
undergoes gene rearrangement. The constant region amino acid sequence is specific for a
particular isotype of the antibody, as well as the host which produces the antibody, and thus does
not undergo rearrangement.

The mechanism of DNA rearrangement is similar for the variable region of both the
heavy- and light-chain loci, although only one joining event is needed to generate a light-chain
gene whereas two are needed to generate a complete heavy-chain gene. The most common mode
of rearrangement involves the looping-out and deletion of the DNA between two gene segments.
This occurs when the coding sequences of the two gene segments are in the same orientation in

the DNA. A second mode of recombination can occur between two gene segments that have



CA 02958259 2017-02-17

opposite transcriptional orientations. This mode of recombination is less common, although such
rearrangements can account for up to half of all V, to J, joins; the transcriptional orientation of
half of the human V. gene segments is opposite to that of the I gene segments.

The DNA sequence encoding a complete V region is generated by the somatic
recombination of separate gene segments. The V region, or V domain, of an immunoglobulin
heavy or light chain is encoded by more than one gene segment. For the light chain, the V
domain is encoded by two separate DNA segments. The first segment encodes the first 95-101
amino acids of the light chain and is termed a V gene segment because it encodes most of the V
domain. The second segment encodes the remainder of the V domain (up to 13 amino acids) and
is termed a joining or J gene segment. The joining of a V and a J gene segment creates a
continuous exon that encodes the whole of the light-chain V region. To make a complete
immunoglobulin light-chain messenger RNA, the V-region exon is joined to the C-region
scquence by RNA splicing after transcription.

- A heavy-chain-V region -is encoded in-three-gene segments. In addition-to the V and J
gene segments (denoted Vy and Jy to distinguish them from the light-chain Vi and Ji), there is a
third gene segment called the diversity or Dy gene segment, which lies between the Vy and Iy
gene segments. The process of recombination that generates a complete heavy-chain V region
occurs in two separate stages. In the first, a Dy gene segment is joined to a Jy gene segment; then
a Vy gene segment rearranges to DJy to make a complete Vy-region exon. As with the light-
chain genes, RNA splicing joins the assembled V-region sequence to the neighboring C-region
gene.

Diversification of the antibody repertoire occurs in two stages: primarily by
rearrangement (“V(D)J recombination™) of Ig V, D and J gene segments in precursor B cells
resident in the bone marrow, and then by somatic mutation and class switch recombination of
these rearranged Ig genes when mature B cells are activated. Immunoglobulin somatic mutation
and class switching are central to the maturation of the immune response and the generation of a
“memory” response.

The genomic loci of antibodies are very large and they are located on different
chromosomes. The immunoglobulin gene segments are organized into three clusters or genetic
loci: the x, A, and heavy-chain loci. Each is organized slightly differently. For example, in

humans, immunoglobulin genes are organized as follows. The A light-chain locus is located on
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chromosome 22 and a cluster of V3 gene segments is followed by four sets of J, gene segments
each linked to a single Cy gene. The « light-chain locus is on chromosome 2 and the cluster of
V gene segments is followed by a cluster of J gene segments, and then by a single C, gene. The
organization of the heavy-chain locus, on chromosome 14, resembles that of the x locus, with
separate clusters of Vy, Dy, and Jy gene segments and of Cy genes. The heavy-chain locus
differs in one important way: instead of a single C-region, it contains a series of C regions
arrayed one after the other, each of which corresponds to a different isotype. There are five
immunoglobulin heavy chain isotypes: IgM, IgG, IgA, IgE and IgD. Generally, a cell expresses
only one at a time, beginning with IgM. The expression of other isotypes, such as IgG, can occur
through isotype switching.

The joiming of various V, D and J genes is an entirely random event that results in
approximately 50,000 different possible combinations for VDJ(H) and approximately 1,000 for
VI(). Subsequent random pairing of H and L chains brnngs the total number of antibody
specificities to about 107-possibilities- -Diversity-is-further-increased by the imprecise joining of
different genetic segments. Rearrangements occur on both DNA strands, but only one strand is
transcribed (due to allelic exclusion). Only one rearrangement occurs in the life of a B cell
because of irreversible deletions in DNA. Consequently, each mature B cell maintains one
immunologic specificity and is maintained in the progeny or clone. This constitutes the
molecular basis of the clonal selection; i.e., each antigenic determinant triggers the response of
the pre-existing clone of B lymphocytes bearing the specific receptor molecule. The primary
repertoire of B cells, which is established by V(D)J recombination, is primarily controlled by two
closely linked genes, recombination activating gene (RAG)-1 and RAG-2.

Over the last decade, considerable diversity among vertebrates in both Ig gene diversity
and antibody repertoire development has been revealed. Rodents and humans have five heavy
chain classes, IgM, IgD, IgG, IgE and IgA, and each have four subclasses of IgG and one or two
subclasses of IgA, while rabbits have a single IgG heavy chain gene but 13 genes for different
IgA subclasses (Bumnett, R.C et al. EMBO J 8:4047; Honjo, In Honjo, T, Alt. FW. T.H. eds,
Immunoglobulin Genes p. 123 Academic Press, New York). Swine have at least six IgG
subclasses (Kacskovics, I et al. 1994 J Immunol 153:3565), but no IgD (Butler et al. 1996 Inter.
Immunol 8:1897-1904). A gene encoding IgD has only been described in rodents and primates,

Diversity in the mechanism of repertoire development is exemplified by contrasting the pattern



CA 02958259 2017-02-17

seen in rodents and primates with that reported for chickens, rabbits, swine and the domesticated
Bovidae. Whereas the former group have a large number of Vi genes belonging to seven to 10
families (Rathbun, G. In Hongo, T. Alt. F.W. and Rabbitts, T.H., eds, Immunoglobulin Genes, p.
63, Academic press New York), the Vy genes of each member of the latter group belong to a
single Vy gene family (Sun, J. et al. 1994 J. Immunol. 1553:56118; Dufour, V et al.1996, J
Immunol. 156:2163). With the exception of the rabbit, this family is composed of less than 25
genes. Whereas rodents and primates can utilize four to six Jy segments, only a single Jy is
available for repertoire development in the chicken (Reynaud et al. 1989 Adv. Immunol.
57:353). Similarly, Butler et al. (1996 Inter. Immunol 8:1897-1904) hypothesized that swine
may resemble the chicken in having only a single Jy gene. These species generally have fewer
V, D and J genes; in the pig and cow a single VH gene family exists, consisting of less than 20
gene segments (Butler et al, Advances in Swine in Biomedical Research, eds: Tumbleson and
Schook, 1996; Sinclair et al, J. Immunol. 159: 3883, 1997). Together with lower numbers of J
and D _gene.segments, this results in. significantly less diversity_being generated by gene
rearrangement. However, there does appear to be greater numbers of light chain genes in these
species. Similar to humans and mice, these species express a single k light chain but multiple A
light chain genes. However, these do not seem to affect the restricted diversity that is achieved
by rearrangement.

Since combinatorial joining of more than 100 Vy, 20-30 Dy and four to six Jy gene
segments is a major mechanism of generating the antibody repertoire in humans, species with
fewer Vg, Dy or Jy segments must either generate a smaller repertoire or use alternative
mechanisms for repertoire development. Ruminants, pigs, rabbits and chickens, utilize several
mechanisms to generate antibody diversity. In these species there appears to be an important
secondary repertoire development, which occurs in highly specialized lymphoid tissue such as
ileal Peyer’s patches (Binns and Licence, Adv. Exp. Med. Biol. 186: 661, 1985). Secondary
repertoire development occurs in these species by a process of somatic mutation which is a
random and not fully understood process. The mechanism for this repertoire diversification
appears to be templated mutation, or gene conversion (Sun et al, J. Immunol. 153: 5618, 1994)
and somatic hypermutation.

Gene conversion is important for antibody diversification in some higher vertebrates,

such as chickens, rabbits and cows. In mice, however, conversion events appear to be infrequert
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among endogenous antibody genes. Gene conversion is a distinct diversifying mechanism
characterized by transfers of homologous sequences from a donor antibody V gene segment to an
acceptor V gene segment. If donor and acceptor segments have numerous sequence differences
then gene conversion can introduce a set of sequence changes into a V region by a single event.
Depending on the species, gene conversion events can occur before and/or after antigen exposure
during B cell differentiation (Tsai et al. International Immunology, Vol. 14, No. 1, 55-64,
January 2002).

Somatic hypermutation achieves diversification of antibody genes in all higher vertebrate
species. It is typified by the introduction of single point mutations into antibody V(D)J

segments. Generally, hypermutation appears to be activated in B cells by antigenic stimulation.

Production of Animals with Humanized Immune Systems

In order to reduce the immunogenicity of antibodies generated in mice for human

_therapeutics, various attempts have been made to replace murine protein sequences with human

protein sequences in a process now known as humanization. Transgenic mice-have been
constructed which have had their own immunoglobulin genes functionally replaced with human
immunoglobulin genes so that they produce human antibodies upon immunization. Elimination
of mouse antibody production was achieved by inactivation of mouse Ig genes in embryonic
stem (ES) cells by using gene-targeting technology to delete crucial cis-acting sequences
involved in the process of mouse Ig gene rearrangement and expression. B cell development in
these mutant mice could be restored by the introduction of megabase-sized YACs containing a
human genmline-configuration H- and x L-chain minilocus transgene. The expression of fully
human antibody in these transgenic mice was predominant, at a level of several 100 pg/l of
blood. This level of expression is several hundred-fold higher than that detected in wild-type
mice expressing the human Ig gene, indicating the importance of inactivating the endogenous
mouse Ig genes in order to enhance human antibody production by mice.

The first humanization attempts utilized molecular biclogy techniques to construct
recombinant antibodies. For example, the complementarity determining regions (CDR) from a
mouse antibody specific for a hapten were grafted onto a human antibody framework, effecting a
CDR replacement. The new antibody retained the binding specificity conveyed by the CDR
sequences (P. T. Jones et al. Nature 321: 522-525 (1986)). The next level of humanization
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involved combining an entire mouse VH region with a human constant region such as gamma,
(S. L. Morrison et al.,, Proc. Natl. Acad. Sci., 81, pp. 6851-6855 (1984)). However, these
chimeric antibodies, which still contain greater than 30% xenogeneic sequences, are sometimes
only marginally less immunogenic than totally xenogeneic antibodies (M. Bruggemann et al., J.
Exp. Med., 170, pp. 2153-2157 (1989)).

Subsequently, attempts were carried out to introduce human immunoglobulin genes into
the mouse, thus creating transgenic mice capable of responding to antigens with antibodies
having human sequences (Bruggemann et al. Proc. Nat'l. Acad. Sci. USA 86:6709-6713 (1989)).
Due to the large size of human immunoglobulin genomic loci, these attempts were thought to be
limited by the amount of DNA, which could be stably maintained by available cloning vehicles.
As a result, many investigators concentrated on producing mini-loci containing limited numbers
of V region genes and having altered spatial distances between genes as compared to the natural
or germline configuration (See, for example, U.S. Pat. No. 5,569,825). These studies indicated
that producing_human sequence antibodies_in_mice was possible, but_serious obstacles remained
regarding obtaining sufficient diversity of binding specificities and effector functions (isotypes)
from these transgenic animals to meet the growing demand for antibody therapeutics.

In order to provide additional diversity, work has been conducted to add large germline
fragments of the human Ig locus into transgenic mammals. For example, a majority of the human
V, D, and J region genes arranged with the same spacing found in the unrcarranged germline of
the human genome and the human Cp and C3 constant regions was introduced into mice using
yeast artificial chromosome (YAC) cloning vectors (See, for example, WO 94/02602). A 22 kb
DNA fragment comprising sequences encoding a human gamma-2 constant region and the
upstream sequences required for class-switch recombination was latter appended to the foregoing
transgene. In addition, a portion of a human kappa locus compnsing Vxk, Jx and Cx region
genes, also arranged with substantially the same spacing found in the unrearranged germiine of
the human genome, was introduced into mice using YACS. Gene targeting was used to
inactivate the murine IgH & kappa light chain immunoglobulin gene loci and such knockout
strains were bred with the above transgenic strains to generate a line of mice having the human
V, D, J, Cu, C8. and Cy, constant regions as well as the human Vk, Jk and Cx region genes all
on an inactivated murine immunoglobulin background (See, for example, PCT patent application

WO 94/02602 to Kucherlapati et al.; see also Mendez et al., Nature Genetics 15:146-156 (1997)).
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Yeast artificial chromosomes as cloning vectors in combination with gene targeting of
endogenous loci and breeding of transgenic mouse strains provided one solution to the problem
~of antibody diversity. Several advantages were obtained by this approach. One advantage was
that YACs can be used to transfer hundreds of kilobases of DNA into a host cell. Therefore, use
of YAC cloning vehicles allows inclusion of substantial portions of the entire human Ig heavy
and light chain regions into a transgenic mouse thus approaching the level of potential diversity
available in the human. Another advantage of this approach is that the large number of V genes
has been shown to restore full B cell development in mice deficient in murine immunoglobulin
production. This ensures that these reconstituted mice are provided with the requisite cells for
mounting a robust human antibody response to any given immunogen, (See, for example, WO
94/02602.; L. Green and A. Jakobovits, J. Exp. Med. 188:483-495 (1998)). A further advantage
is that sequences can be deleted or inserted onto the YAC by utilizing high frequency
homologous recombination in yeast. This provides for facile engineering of the YAC transgenes.
_._ . Inaddition, Green et al. Nature Genetics 7:13-2]1 (1994) describe the generation of YACs
containing 245 kb and 190 kb-sized germline configuration fragments of the human heavy chain
locus and kappa light chain locus, respectively, which contained core variable and constant
region sequences. The work of Green et al. was recently extended to the introduction of greater
than approximately 80% of the human antibody repertoire through introduction of megabase
sized, germline configuration YAC fragments of the human heavy chain loci and kappa light
chain loci, respectively, to produce XenoMouse™ mice. See, for example, Mendez et al. Nature
Genetics 15:146-156 (1997), Green and Jakobovits J. Exp. Med. 188:483-495 (1998), European
Patent No. EP 0 463 151 B1, PCT Publication Neos. WO 94/02602, WO 96/34096 and WO
98/24893.

Several strategies exist for the generation of mammals that produce human antibodies. In
particular, there is the "minilocus” approach that is typified by work of GenPharm International,
Inc. and the Medical Research Council, YAC introduction of large and substantially germline
fragments of the Ig loci that is typified by work of Abgenix, Inc. (formerly Cell Genesys). The
introduction of entire or substantially entire loci through the use mtcrocell fusion as typified by
work of Kirin Beer Kabushiki Kaisha.

In the minilocus approach, an exogenous Ig locus is mimicked through the inclusion of

pieces (individual genes) from the Ig locus. Thus, one or more Vy genes, one or more Dy genes,

11
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one or more Jy genes, a mu constant region, and a second constant region (such as a gamma
constant region) are formed into a construct for insertion into an amimal. See, for example, U.S.
Patent Nos. 5,545,807, 5,545,806, 5,625,825, 5,625,126, 5,633,425, 5,661,016, 5,770,429,
5,789,650, 5,814,318, 5,591,669, 5,612,205, 5,721,367, 5,789,215, 5,643,763; European Patent
No. 0 546 073; PCT Publication Nos. WO 92/03918, WO 92/22645, WO 92/22647, WO
92/22670, WO 93/12227, WO 94/00569, WO 94/25585, WO 96/14436, WO 97/13852, and WO
98/24884; Taylor et al. Nucleic Acids Research 20:6287-6295 (1992), Chen et al. International
Immunology 5:647-656 (1993), Tuaillon et al. J. Immunol. 154:6453-6465 (1995), Choi et al.
Nature Genetics 4:117-123 (1993), Lonberg et al. Nature 368:856-859 (1994), Taylor et al.
International Irnmunology 6:579-591 (1994), Tuaillon et al. J. Immunol. 154:6453-6465 (1995),‘
and Fishwild et al. Nature Biotech. 14:845-851 (1996).

In the microcell fusion approach, portions or whole human chromosomes can be

introduced into mice (see, for example, European Patent Application No. EP 0 843 961 Al).

_Mice generated using this_approach_and_ containing_the human Ig_heavy chain locus will
generally possess more than one, and potentially all, of the human constant region genes. Such
mice will produce, therefore, antibodies that bind to particular antigens having a number of
different constant regions.

While mice remain the most developed animal for the expression of human
immunoglobulins in humans, recent technological advances have allowed for progress to begin
in applying these techniques to other animals, such as cows. The general approach in mice has
been to genetically modify embryonic stem cells of mice to knock-out murine immunoglobulins
and then insert YACs containing human immunoglobulins into the ES cells. However, ES cells
are-not available for cows or other large animals such as sheep and pigs. Thus, several
fundamental developments had to occur before even the possibility existed to generate large
animals with immunoglobulin genes knocked-out and that express human antibody. The
alternative to ES cell manipulation to create genetically modified animals is cloning using
somatic cells that have been genetically modified. Cloning using genetically modified somatic
cells for nuclear transfer has only recently been accomplished.

Since the announcement of Dolly’s (a cloned sheep) birth from an adult somatic cell in
1997 (Wilmut, 1., et al (1997) Nature 385; 810-813), ungulates, including cattle (Cibelli, J et a]
1998 Science 280: 1266-1258; Kubota, C. et al.2000 Proc. Nat'l. Acad. Sci 97: 990-995), goats
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(Baguisi, A. et al., (1999) Nat. Biotechnology 17: 456-461), and pigs (Polejaeva, I.A, et al. 2000
Nature 407: 86-90; Betthauser, J. et al. 2000 Nat. Biotechnology 18: 1055-1059) have been
cloned.

The next technological advance was the development of the technique to genetically
modify the cells prior to nuclear transfer to produce genetically modified animals. PCT
publication No. WO 00/51424 to PPL Therapeutics describes the targetted genetic modification
of somatic cells for nuclear transfer.

Subsequent to these fundamental developments, single and double allele knockouts of
genes and the birth of live animals with these modifications have been reported. Between 2002
and 2004, three independent groups, Immerge Biotherapeutics, Inc. in collaboration with the
University of Missouri (Lai et al. (Science (2002) 295: 1089-1092) & Kolber-Simonds et al.
(PNAS. (2004) 101(19):7335-40)), Alexion Pharmaceuticals (Ramsoondar et al. (Biol Reprod
(2003)69: 437-445) and Revivicor, Inc. (Dai et al. (Nature Biotechnology (2002) 20: 251-255) &

. Phelps. et al. (Science (2003) Jan 17;299(5605):411-4)) produced pigs that lacked one allele or
both alleles of the alpha-1,3-GT gene via nuclear transfer from somatic cells with targeted
genetic deletions. In 2003, Sedai et al. (Transplantation (2003) 76:900-902) reported the targeted
disruption of one allele of the alpha-1,3-GT gene in cattle, followed by the successful nuclear
transfer of the nucleus of the genetically modified cell and production of transgenic fetuses.

Thus, the feasibility of knocking-out immunoglobulin genes in large animals and
inserting human immunoglobulin loci into their cells is just now beginning to be explored.
However, due to the complexity and species differences of immunoglobulin genes, the genomic
sequences and arrangement of Ig kappa, lJambda and heavy chains remain poorly understood in
most species. For example, in pigs, partial genomic sequence and organization has only been
described for heavy chain constant alpha, heavy chain constant mu and heavy chain constant
delta (Brown and Butler Mol Immunol. 1994 Jun;31(8):633-42, Butler et al Vet Immunol
Immunopathol. 1994 Oct;43(1-3):5-12, and Zhao et al ] Immunol. 2003 Aug 1;171(3):1312-8).

In cows, the immunoglobulin heavy chain locus has been mapped (Zhao et al. 2003 J.
Biol. Chem. 278:35024-32) and the cDNA sequence for the bovine kappa gene is known (Sce,
for example, U.S. Patent Publication No. 2003/0037347). Further, approximately 4.6kb of the
bovine mu heavy chain locus has been sequenced and transgenic calves with decreased

expression of heavy chain immunoglobulins have been created by disrupting one or both alleles
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of the bovine mu heavy chain. In addition, a mammalian artificial chromosome (MAC) vector
containing the entire unarranged sequences of the human Ig H-chain and x L-chain has been
introduced into cows (TC cows) with the technology of microcell-mediated chromosome transfer
and nuclear transfer of bovine fetal fibroblast cells (see, for example, Kuroiwa et al. 2002 Nature
Biotechnology 20:889, Kuroiwa et al. 2004 Nat Genet. Jun 6 Epub, U.S. Patent Publication Nos.
2003/0037347, 2003/0056237, 2004/0068760 and PCT Publication No. WO 02/07648).

While significant progress has been made in the production of bovine that express human
immunoglobulin, little has been accomplished in other large animals, such as sheep, goats and
pigs. Although cDNA sequence information for immunoglobulin genes of sheeps, goats and
pigs is readily available in Genbank, the unique nature of immunoglobulin loci, which undergo
massive rearrangements, creates the need to characterize beyond sequences known to be present
in mRNAs (or ¢cDNAs). Since immunoglobulin loci are modular and the céding regions are
redundant, deletion of a known coding region does not ensure altered function of the locus. For

_example, if one were to delete the coding region of a heavy-chain variable region, the function of
the locus would not be significantly altered because hundreds of other function variable genes
remain in the locus. Therefore, one must first characterize the locus to identify a potential
"Achilles heel”.

Despite some advancements in expressing human antibodies in cattle, greater challenges
remain for inactivation of the endogenous bovine Ig genes, increasing expression levels of the
human antibodies and creating human antibody expression in other large animals, such as
porcine, for which the sequence and arrangement of immunoglobulin genes are largely unknown.

1t is therefore an object of the present invention to pfovide the arrangement of ungulate
immunoglobin germline gene sequence.

It is another object of the presenst invention to provide novel ungulate immunoglobulin
genomic sequences.

It is a further object of the present invention to provide cells, tissues and animals lacking
at least one allele of a heavy and/or light chain immunoglobulin gene.

It is another object of the present invention to provide ungulates that express human

immunoglobulins.
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It is a still further object of the present invention to provide methods to generate cells,
tissues and animals lacking at least one allele of novel ungulate immunoglobulin gene sequences

and/ or express human immunoglobulins.

SUMMARY OF THE INVENTION

The present invention provides for the first time ungulate immunoglobin germline gene
sequence arrangement as well as novel genomic sequences thereof. In addition, novel ungulate
cells, tissues and animals that lack at least one allele of a heavy or light chain immunoglobulin
gene are provided. Based on this discovery, ungulates can be produced that completely lack at
least one allele of a heavy and/or light chain immunoglobulin gene. In addition, these ungulates
can be further modified to express xenoogenous, such as human, immunoglobulin loci or
fragments thereof.

_ In one aspect of the present invention, a transgenic ungulate that lacks any expression of
functional endogenous immunoglobulins is provided. In one embodiment, the ungulate can lack
any expression of endogenous heavy and/ or light chain immunoglobulins. The light chain
immunoglobulin can be a kappa and/ or lambda immunoglobulin. In additional embodiments,
transgenic ungulates are provided that lack expression of at least one allele of an endogenous
immunoglobulin wherein the immunoglobulin is selected from the group consisting of heavy
chain, kappa light chain and lambda light chain or any combination thereof. In one embodiment,
the expression of functional endogenous immunoglobulins can be accomplished by genetic
targeting of the endogenous immunoglobulin loci to prevent expression of the endogenous
immunoglobulin. In one embodiment, the genetic targeting- can be accomplished via
homologous recombination. In another embodiment, the transgenic ungulate can be produced
via nuclear transfer.

In other embodiments, the transgenic ungulate that lacks any expression of functional
endogenous immunoglobulins can be further genetically modified to express an xenogenous
immunoglobulin loci. In an alternative embodiment, porcine animals are provided that contain
an xenogeous immunoglobulin locus. In one embodiment, the xenogeous immunoglobulin loci
can be a heavy and/ or light chain immunoglobulin or fragment thereof. In another embodiment,

the xenogenous immunoglobulin loci can be a kappa chain locus or fragment thereof and/ or a
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lambda chain locus or fragment thereof. In still further embodiments, an artificial chromosome
(AC) can contain the xenogenous immunoglobulin. In one embodiment, the AC can be a yeast
AC or a mammalian AC. In a further cmbodiment, the xenogenous locus can be a human
immunoglobulin locus or fragment thereof. In one embodiment, the human immunoglobulin
Jocus can be human chromosome 14, human chromosome 2, and human chromosome 22 or
fragments thereof. In another embodiment, the human immunoglobulin locus can include any
fragment of a human immunoglobulin that can undergo rearrangement. In a further embodiment,
the human immunoglobulin loci can include any fragment of a human immunoglobulin heavy
chain and a human immunoglobulin light chain that can undergo rearrangement. In still further
embodiment, the human immunoglobulin loci can include any human immunoglobulin locus or
fragment thereof that can produce an antibody upon exposure to an antigen. In a particular
embodiment, the exogenous human immunoglobulin can be expressed in B cells to produce
xenogenous immunoglobulin in response to exposure to one or more antigens.

__ In another aspect of the present_invention, transgenic_ungulates are provided that
expresses a xenogenous immunoglobulin loci or fragment thereof, wherein the immunoglobulin
can be expressed from an immunoglobulin locus that is integrated within an endogenous
ungulate chromosome. In one embodiment, ungulate cells denved from the transgenic animals
are provided. In one embodiment, the xenogenous immunoglobulin locus can be inherited by
offspring. In another embodiment, the xenogenous immunoglobulin locus can be inherited
through the male germ line by offspring. In still further embodiments, an artificial chromosome
(AC) can contain the xenogenous immunoglobulin. In one embodiment, the AC can be a yeast
AC or a mammalian AC. In a further embodiment, the xenogenous locus can be a human
immunoglobulin locus or fragment thereof. In one embodiment, the human immunoglobulin
locus can be human chromosome 14, human chromosome 2, and human chromosome 22 or
fragments thereof. In another embodiment, the human immunoglobulin locus can include any
fragment of a human immunoglobulin that can undergo rearrangement. In a further embodiment,
the human immunoglobulin loci can include any fragment of a human immunoglobulin heavy
chain and a human immunoglobulin light chain that can undergo rearrangement. In still further
embodiment, the human immunoglobulin loci can include any human immunoglobulin locus or

fragment thereof that can produce an antibody upon exposure to an antigen. In a particular
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embodiment, the exogenous human immunoglobulin can be expressed in B cells to produce
xenogenous immunoglobulin in response to exposure to one or more antigens.

In another aspect of the present invention, novel genomic sequences encoding the heavy
chain locus of ungulate immunoglobulin are provided. In one embodiment, an isolated
nucleotide sequence encoding porcine heavy chain is provided that includes at least one variable
region, two diversity regions, at least four joining regions and at least one constant region, such
as the mu constant region, for example, as represented in Seq ID No. 29. In another
embodiment, an isolated nucleotide sequence is ﬁrovided that includes at least four joining
regions and at least one constant region, such as as the mu constant region, of the porcine heavy
chain genomic sequence, for example, as represented in Seq IDlNo. 4. In a further embodiment,
nucleotide sequence is provided that includes 5’ flanking sequence to the first joining region of
the porcine heavy chain genomic sequence, for example, as represented in Seq ID No 1. Still
further, nucleotide sequence is provided that includes 3” flanking sequence to the first joining
region of the porcine heavy chain genomic sequence, for example, as represented in the 3’ region
of Seq ID No 4. In further embodiments, isolated nucleotide sequences as depicted in Seq ID
Nos 1, 4 or 29 are provided. Nucleic acid sequences at least 80, 85, 90, 95, 98 or 99%
homologous to Seq ID Nos 1, 4 or 29 are also provided. In addition, nucleotide sequences that
contain at least 10, 15, 17, 20, 25 or 30 contiguous nucleotides of Seq ID Nos 1, 4 or 29 are
provided. In one embodiment, the nucleotide sequence contains at least 17, 20, 25 or 30
contiguous nucleotides of Seq ID No 4 or residues. 1- 9,070 of Seq ID No 29.

In another embodiment, the nucleotide sequence contains residues 9,070-11039 of Seq ID No 29.
Further provided are nucleotide sequences that hybridizes, optionally under stringent conditions,
to Seq ID Nos 1, 4 or 29, as well as, nucleotides homologous thereto.

In another embodiment, novel genomic sequences encoding the kappa light chain locus
of ungulate immunoglobulin are provided. The present invention provides the first reported
genomic sequence of ungulate kappa light chain regions. In one embodiment, nucleic acid
sequence is provided that encodes the porcine kappa light chain locus. In another embodiment,
the nucleic acid sequence can contain at least one joining region, one constant region and/or one
enhancer region of kappa light chain. In a further embodiment, the nucleotide sequence can
include at least five joining tegions, one constant region and one enhancer region, for example,

as represented in Seq ID No. 30. Ina further embodiment, an isolated nucleotide sequence is
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provided that contains at least one, at least two, at least three, at least four or five joining regions
and 3’ flanking sequence to the joining region of porcine genomic kappa light chain, for
example, as represented in Seq ID No 12. In another embodiment, an isolated nucleotide
sequence of porcine genomic kappa light chain is provided that contains 5” flanking sequence to
the first joining region, for example, as represented in Seq ID No 25. In a further embodiment,
an isolated nucleotide sequence is provided that contains 3’ flanking sequence to the constant
region and, optionally, the 5’ portion of the enhancer region, of porcine genomic kappa light
chain, for example, as represented in Seq ID Nos. 15, 16 and/or 19.

In further embodiments, isolated nucleotide sequences as depicted in Seq ID Nos 30, 12,
25, 15, 16 or 19 are provided. Nucleic acid sequences at least 80, 85, 90, 95, 98 or 99%
homologous to Seq ID Nos 30, 12, 25, 15, 16 or 19 are also provided. In addition, nucleotide
sequences that contain at least 10, 15, 17, 20, 25 or 30 contiguous nucleotides of Seq ID Nos 30,
12, 25, 15, 16 or 19 are provided. Further provided are nucleotide sequences that hybridizes,
optionally under stringent conditions, to .Seq_ID Nos 30,12, 25, 15, 16 or 19, as well as,
nucleotides homologous thereto.

In another embodiment, novel genomic sequences encoding the lambda light chain locus
of ungulate immunoglobulin are provided. The present invention provides the first reported
genomic sequence of ungulate lambda light chain regions. In one embodiment, the porcine
lambda light chain nucleotides include a concatamer of J to C units. In a specific embodiment,
an isolated porcine lambda nucleotide sequence is provided, such as that depicted in Seq ID No.
28. . In one embodiment, nucleotide sequence is provided that includes 5° flanking sequence to
the first lambda J/C region of the porcine lambda light chain genomic sequence, for example, as
represenied by Seq ID No 32.  Still further, nucleotide sequence is provided that inclodes 3’
flanking sequence to the J/C cluster region of the porcine lambda light chain genomic sequence,
for example, approximately 200 base pairs downstream of lambda J/C, such as that represented
by Seq ID No 33. Altematively, nucleotide sequence is provided that includes 3° flanking
sequence to the J/C cluster region of the porcine lambda light chain genomic sequence, for
example, as represented by Seq ID No 34, 35, 36, 37, 38, and/or 39. In a further embodiment,
nucleic acid sequences are provided that encode bovine lambda light chain locus, which can
include at least one joining region-constant region pair and/or at least one variable region, for

example, as represented by Seq ID No. 31. In further embodiments, isolated nucleotide
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sequences as depicted in Seq ID Nos 28, 31, 32, 33, 34, 35, 36, 37, 38, or 39 are provided.
Nucleic acid sequences at least 80, 85, 90, 95, 98 or 99% homologous to Seq ID Nos 28, 31, 32,
33, 34, 35, 36, 37, 38, or 39 are also provided. In addition, nucleotide sequences that contain at
least 10, 15, 17, 20, 25 or 30 contiguous nucleotides of Seq ID Nos 28, 31, 32, 33, 34, 35, 36, 37,
38, or 39 are provided. Further provided are nucleotide sequences that hybridizes, optionally
under stringent conditions, to Seq ID Nos 28, 31, 32, 33, 34, 35, 36, 37, 38, or 39, as well as,
nucleotides homologous thereto.
In another embodiment, nucleic acid targeting vector constructs are also provided. The
targeting vectors can be designed to accomplish homologous recombination in cells. These
targeting vectors can be transformed into mammalian cells to target the ungulate heavy chain,
kappa light chain or lambda - light chain genes via homologous recombination. In one
embodiment, the targeting vectors can contain a 3’ recombination arm and a 5’ recombination
arm (i.e. flanking sequence) that is homologous to the genomic sequence of ungulate heavy
_chain, kappa light chain or lambda light_chain genomic sequence, for example, sequence
represented by Seq ID Nos. 1, 4, 29, 30, 12, 25, 15, 16, 19, 28 or 31, as described above. The
homologous DNA sequence can include at least 15 bp, 20 bp, 25 bp, 50 bp, 100 bp, 500 bp,
1kbp, 2 kbp, 4 kbp, 5 kbp, 10 kbp, 15 kbp, 20 kbp, or 50 kbp of sequence homologous toc the
genomic sequence. The 3’ and 5’ recombination arms can be designed such that they flank the
3’ and 5’ ends of at least one functional variable, joining, diversity, and/or constant region of the
genomic sequence. The targeting of a functional region can render it inactive, which results in
the inability of the cell to produce functional immunoglobulin molecules. In another
embodiment, the homologous DNA sequence can include one or more intron and/or exon
sequences. In addition to the nucleic acid sequences, the expression vector can contain
selectable marker sequences, such as, for example, enhanced Green Fluorescent Protein (eGFP)
gene sequences, initiation and/or enhancer sequences, poly A-tail sequences, and/or nucleic acid
sequences that provide for the expression of the construct in prokaryotic and/or eukaryotic host
cells. The selectable marker can be located between the 5’ and 3’ recombination arm sequence.
In one particular embodiment, the targeting vector can contain 5° and 3’ recombination
arms that contain homologous sequence to the 3’ and 5’ flanking sequence of the J6 region of the
porcine immunoglobulin héavy chain locus. Since the J6 region is the only functional joining

region of the porcine immunoglobulin heavy chain locus, this will prevent the exression of a
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functional porcine heavy chain immunoglobulin. In a specific embodimerit, the targeting vector
can contain a 3° recombination arm that contains sequence homologous to genomic sequence 5
of the J6 region, including J1-4, and a 3’ recombination arm that contains sequence homologous
to genomic sequence 3’ of the J6 region, including the mu constant region (a “J6 targeting
construct”), see for example, Figure 1. Further, this J6 targeting construct can also contain a
selectable marker gene that is located between the 5’ and 3’ recombination arms, see for
example, Seq ID No 5 and Figure 1. In other embodiments, the targeting vector can contain a 5’
recombination arm that contains sequence homologous to genomic sequence 5’ of the diversity
region, and a 3’ recombination arm that contains sequence homologous to genomic sequence 3’
of the diversity region of the porcine heavy chain locus. In a further embodiment, the targeting
vector can contain a 5° recombination arm that contains sequence homologous to genomic
sequence 5° of the mu constant region and a 3’ recombination arm that contains sequence
homologous to genomic sequence 3° of the mu constant region of the porcine heavy chain locus.

In ..another particular. embodiment,_ the targeting vector can contain 5 and 3’
recombination arms that contain homologous sequence to the 3’ and 5’ flanking sequence of the
constant region of the porcine immunoglobulin heavy chain locus. Since the present invention
discovered that there is only one constant region of the porcine immunoglobulin kappa light
chain locus, this will prevent the expression of a functional porcine kappa light chain
immunoglobulin.  In a specific embodiment, the targeting vector can contain a 5° recombination
arm that contains sequence homologous to genomic sequence 5° of the constant region,
optionally including the joining region, and a 3’ recombination arm that contains sequence
homologous to genomic sequence 3’ of the constant region, optionally including at least part of
the enhancer region (a “Kappa constant targeting construct”), see for example, Figure 2. Further,
this kappa constant targeting construct can also contain a selectable marker gene that is located
between the 5° and 3’ recombination arms, see for example, Seq ID No 20 and Figure 2. In other
embodiments, the targeting vector can contain a 5” recombination arm that contains sequernce
homologous to genomic sequence 5’ of the joining region, and a 3’ recombination arm that
contains sequence homologous to genomic sequence 3’ of the joining region of the porcine
kappa light chain locus.

In another embodiment, primers are provided to generate 3’ and 5’ sequences of a

targeting vector. The oligonucleotide primers can be capable of hybridizing to porcine
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immunoglobulin genomic sequence, such as Seq ID Nos. 1, 4, 29, 30, 12, 25, 15, 16, 19, 28 or
31, as described above. In a particular embodiment, the primers hybridize under stringent
conditions to Seq ID Nos. 1, 4, 29, 30, 12, 25, 15, 16, 19, 28 or 31, as described above. Another
embodiment provides oligonucleotide probes capable of hybridizing to porcine heavy chain,
kappa light chain or lJambda light chain nucleic acid sequences, such as Seq ID Nos, 1, 4, 29, 30,
12, 25, 15, 16, 19, 28 or 31, as described above. The polynucleotide primers or probes can have
at least 14 bases, 20 bases, 30 bases, or 50 bases which hybridize to a polynucleotide of the
present invention. The probe or primer can be at least 14 nucleotides in length, and in a
particular embodiment, are at least 15, 20, 25, 28, or 30 nucleotides in length.

In one embodiment, primers are provided to amplify a fragment of porcine Ig heavy-
chain that includes the functional joining region (the J6 region). In one non-limiting
embodiment, the amplified fragment of heavy chain can be represented by Seq ID No 4 and the
primers used to amplify this fragment can be complementary to a portion of the J-region, such as,
but not limited. to_Seq ID No 2, to produce the 5’ recombination arm.and complementary to a
portion of Ig heavy-chain mu constant region, such as, but not limited to Seq ID No 3, to produce
the 3’ recombination arm. In another embodiment, regions of the porcine Ig heavy chain (such
as, but not limited to Seq ID No 4) can be subcloned and assembled into a targeting vector.

In other embodiments, primers are provided to amplify a fragment of porcine Ig kappa
light-chain that includes the constant region. In another embodiment, primers are provided to
amplify a fragment of porcine Ig kappa light-chain that includes the J region. In one non-
limiting embodiment, the primers used to amplify this fragment can be complementary to a
portion of the J-region, such as, but not limited to Seq ID No 21 or 10, to produce the 5’
recombination arm and complementary to genomic sequence 3’ of the constant region, such as,
but not limited to Seq ID No 14, 24 or 18, to produce the 3’ recombination arm. In another
embodiment, regions of the porcine Ig heavy chain (such as, but not limited to Seq ID No 20)
can be subcloned and assembled into a targeting vector.

In another aspect of the present invention, ungulate cells lacking at least one allele of a
functional region of an ungulate heavy chain, kappa light chain and/or lambda light chain locus
produced according to the process, scquences and/or constructs described herein are
provided. These cells can be obtained as a result of homologous recombination. Particularly, by

inactivating at least one allele of an ungulate heavy chain, kappa light chain or lambda light
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chain gene, cells can be produced which have reduced capability for expression of ungulate
antibodies. In other embodiments, mammalian cells lacking both alleles of an ungulate heavy
chain, kappa light chain and/or lambda light chain gene can be produced according to the
process, sequences and/or constructs described herein. In a further embodiment, porcine animals
are provided in which at least one allele of an ungulate heavy chain, kappa light chain and/or
lambda light chain gene is inactivated via a genetic targeting event produced according to the
process, sequences and/or constructs described herein. In another aspect of the present
invention, porcine animals are provided in which both alleles of an ungulate heavy chain, kappa
light chain and/or lambda light chain gene are inactivated via a genetic targeting event. The gene
can be targeted via homologous recombination.

In other embodiments, the gene can be disrupted, i.e. a portion of the genetic code can be
altered, thereby affecting transcription and/or translation of that segment of the gene. For
example, disruption of a gene can occur through substitution, deletion (“knock-out™) or insertion
(“knock-in”) techniques. Additional genes for a desired protein or regulatory sequence that
modulate transcription of an existing sequence can be inserted. To achieve multiple genetic
modifications of ungulate immunoglobulin genes, in one embodiment, cells can be modified
sequentially to contain multiple genentic modifications. In other embodiments, animals can be
bred together to produce animals that contain multiple genetic modifications of immunoglobulin
genes. As an illustrative example, animals that Jack expression of at least one allele of an
ungulate heavy chain gene can be further genetically modified or bred with animals lacking at
least one allele of a kappa light chain gene.

In embodiments of the present invention, alleles of ungulate heavy chain, kappa light
chain or-lambda light chain gene are rendered inactive according to the process, sequences
and/or constructs described herein, such that functional ungulate immunoglobulins can no longer
be produced. In one embodiment, the targeted immunoglobulin gene can be transcribed into
RNA, but not translated into protein. In another embodiment, the targeted immunoglobulin gene
can be transcribed in an inactive truncated form. Such a truncated RNA may either not be
translated or can be translated into a nonfunctional protein. In an altemative embodiment, the
targeted immunoglobulin gene can be inactivated in such a way that no transcription of the gene
occurs. In a further embodiment, the targeted immunoglobulin gene can be transcribed and then

translated into a nonfunctional protein.
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In a further aspect of the present invention, ungulate, such as porcine or bovine, cells
lacking one allele, optionally both alleles of an ungulate heavy chain, kappa light chain and/or
Jambda light chain gene can be used as donor cells for nuclear transfer into recipient cells to
produce cloned, transgenic animals. Alternatively, ungulate heavy chain, kappa light chain
and/or lambda light chain gene knockouts can be created in embryonic stem cells, which are then
used to produce offspring. Offspring lacking a single allele of a functional ungulate heavy chain,
kappa light chain and/or lambda light chain gene produced according to the process, sequences
and/or constructs described herein can be breed to further produce offspring lacking functionality
in both alleles through mendelian type inheritance.

In one aspect of the present invention, a methed is provided to disrupt the expression of
an ungulate immunoglobulin gene by (i) analyzing the germline configuration of the ungulate
heavy chain, kappa light chain or lambda light chain genomic locus; (i1) determining the location
of nucleotide sequences that flank the 5” end and the 3’ end of at least one functional region of

_the Jocus; and (iii) transfecting a targeting construct containing the flanking sequence into a cell
wherein, upon successful homologous recombination, at least one functional region of the
immunoglobulin locus is disrupted thereby reducing or preventing the expression of the
immunoglobulin gene. In one embodiment, the germline configuration of the porcine heavy
chain locus is provided. The porcine heavy chain locus contains at least four variable regions,
two diversity regions, six joining regions and five constant regions, for example, as illustrated in
Figure 1. In a specific embodiment, only one of the six joining regions, J6, is functional. In
another embodiment, the germline configuration of the porcine kappa light chain locus is
provided. The porcine kappa light chain locus contains at least six variable regions, six joining
regions, one constant region and one enhancer region, for example, as illustrated in Figure 2. In
a further cmbodiment, the germline configuration of the porcine lambda light chain locus is
provided.

In further aspects of the present invention provides ungulates and ungulate cells that lack
at least one allele of a functional region of an ungulate heavy chain, kappa light chain and/or
lambda light chain locus produced according to the processes, sequences and/or constructs
described herein, which are further modified to express at least part of a human antibody (i.e.
immunoglobulin (Ig)) locus. In additional embodiments, porcine animals are provided that

express xenogenous immunoglobulin.  This human Jocus can undergoe rearrangement and
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express a diverse population of human antibody molecules in the ungulate. These cloned,
transgenic ungulates provide a replenishable, theoretically infinite supply of human antibodies
(such as polyclonal antibodies), which can be used for therapeutic, diagnostic, purification, and
other clinically relevant purposes. In one particular embodiment, artificial chromosomes (ACs),
such as yeast or mammalian artificial chromosomes (YACS or MACS) can be used to allow
expression of human immunoglobulin genes into ungulate cells and animals. Al or part of
human immunoglobulin genes, such as the Ig heavy chain gene (human chromosome 414), Ig
kappa chain gene (human chromosome #2) and/or the Ig lambda chain gene (chromosome #22)
can be inserted into the artificial chromosomes, which can then be inserted into ungulate cells.
In further embodiments, ungulates and ungulate cells are provided that contain either part or all
of at least one human antibody gene locus, which undergoes rearrangement and expresses a
diverse population of human antibody molecules.

In additional embodiments, methods of producing xenogenous antibodies are provided,
~ wherein the method can include: (2) administering one or more antigens of interest to an
ungulate whose cells comprise one or more artificial chromosomes and lack any expression of
functional endogenous immunoglobulin, each artificial chromosome comprising one or more
xenogenous immunoglobulin loci that undergo rearrangement, resulting in production of
xenogenous antibodies against the one or more antigens; and/ or (b) recovering the xenogenous
antibodies from the ungulate. In one embodiment, the immunoglobulin loci can undergo
rearrangement in a B cell.

In one aspect of the present invention, an ungulate, such as a pig or a cow, can be
prepared by a method in accordance with any aspect of the present invention. These cloned,
transgenic ungulates (e.g., porcine and bovine .animals) provide a replenishable, theoretically
infinite supply of human polyclonal antibodies, which can be used as therapeutics, diagnostics
and for purification purposes. For example, transgenic animals produced according to the
process, sequences and/or constructs described herein that produce polyclonal human antibodies
in the bloodstream can be used to produce an array of different antibodies which are specific to a
desired antigen. The availability of large quantities of polyclonal antibodies can also be used for
treatment and prophylaxis of infectious disease, vaccination against biological warfare agents,
modulation of the immune system, removal of undesired human ¢ells such as cancer cells, and

meodulation of specific human molecules.
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In other embodiments, animals or cells lacking expression of functional immunoglobulin,
produced according to the process, sequences and/or constructs described herein, can contain
additional genetic modifications to eliminate the expression of xenoantigens. Such animals can
be modified to elimate the expression of at least one allele of the alpha-1,3-galactosyltransferase
gene, the CMP-NeuSAc hydroxylase gene (see, for example, USSN| 10/863,116),>the 1Gb3
synthase gene (see, for example, U.S. Patent Application 60/517,524), and/or the Forssman
synthase gene (see, for example, U.S. Patent Application 60/568,922). In additional
embodiments, the animals discloses herein can also contain genetic modifications to expresss
fucosyltransferase and/ or sialyltransferase. To achieve these additional genetic modifications, in
one embodiment, cells can be modified to contain multiple genentic modifications. In other
embodiments, animals can be bred together to achieve multiple genetic modifications. In one
specific embodiment, animals, such as pigs, lacking expression of functional immunoglobulin,
produced according to the process, sequences and/or constructs described herein, can be bred
with animals, such as pigs, lacking expression of alpha-1,3-galactosyl] transferase (for example,

as described in WO 04/028243).
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the design of a targeting vector that disrupts the expression of the
joining region of the porcine heavy chain immunoglobulin gene.

Figure 2 illustrates the design of a targeting vector that disrupts the expression of the
constant region of the porcine kappa light chain immunoglobulin gene.

Figure 3 illustrates the genomic organization of the porcine lambda immunoglobulin
locus, including a concatamer of J-C sequences as well as flanking regions that include the
variable region 5’ to the JC region. Bacterial artificial chromosomes (BAC1 and BAC2)
represent fragments of the porcine immunoglobulin genome that can be obtained from BAC
libraries.

Figure 4 represents the design of a targeting vector that disrupts the expression of the JC
clusterregion of the porcine lambda light chain immunoglobulin gene. “SM” stands for a

selectable marker gene, which can be used in the targeting vector.
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Figure 5 illustrates a targeting strategy to insert a site specific recombinase target or
recognition site into the region 5’ of the JC cluster region of the porcine lambda immunoglobulin
locus. “SM” stands for a selectable marker gene, which can be used in the targeting vector.
“SSRRS” stands for a specific recombinase target or recognition site.

Figure 6 illustrates a targeting strategy to insert a site specific recombinase target or
recognition site into the region 3’ of the JC cluster region of the porcine lambda immunoglobulin
locus. “SM” stands for a selectable marker gene, which can be used in the targeting vector.
“SSRRS” stands for a specific recombinase target or recognition site.

Figure 7 illustrates the site specific recombinase mediated transfer of a YAC into a host

genome. “SSRRS” stands for a specific recombinase target or recognition site.

DETAILED DESCRIPTION

The present invention provides for the first time ungulate immunoglobin germline gene
sequence arrangement as well as novel genomic sequences thereof. In addition, novel ungulate
cells, tissues and animals that lack at least one allele of a heavy or light chain immunoglobulin
gene are provided. Based on this discovery, ungulates can be produced that completely lack at
least one allele of a heavy and/or light chain immunoglobulin gene. In addition, these ungulates
can be further modified to express xenoogenous, such as human, immunoglobulin loci or
fragments thereof.

In one aspect of the present invention, a transgenic ungulate that lacks any expression of
functional endogenous immunoglobulins is provided. In one embodiment, the ungulate can lack
any expression of cndogenous heavy and/ or light chain immunoglobulins. The light chain
immunoglobulin can be a kappa and/ or lambda immunoglobulin. In additional embodiments,
transgenic ungulates are provided that lack expression of at least one alicle of an endogenous
immunoglobulin wherein the immunoglobulin is selected from the group consisting of heavy
chain, kappa light chain and lambda light chain or any combination thereof. In one embodiment,
the expression of functional endogenous immunoglobulins can be accomplished by genetic
targeting of the endogenous immunoglobulin loci to prevent expression of the endogenous

immunoglobulin. In one embodiment, the genetic targeting can be accomplished via
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homologous recombination. In another embodiment, the transgenic ungulate can be produced
via nuclear transfer.

In other embodiments, the transgenic ungulate that lacks any expression of functional
endogenous immunoglobulins can be further genetically modified to express an xenogenous
immunoglobulin loci. In an alternative embodiment, porcine animals are provided that contain
an xenogeous immunoglobulin locus. In one embodiment, the xenogeous immunoglobulin loci
can be a heavy and/ or light chain immunoglobulin or fragment thereof. In another embodiment,
the xenogenous immunoglobulin loci can be a kappa chain locus or fragment thereof and/ or a
lambda chain locus or fragment thereof. In still further embodiments, an artificial chromosome
(AC) can contain the xenogenous immunoglobulin. In one embodiment, the AC can be a yeast
AC or 2 mammalian AC. In a further embodiment, the xenogenous locus can be a human
immunoglobulin locus or fragment thereof. In one embodiment, the human immunoglobulin
locus can be human chromosome 14, human chromosome 2, and human chromosome 22 or
fragments thereof. In another embodiment, the human immunoglobulin locus can include any
fragment of a human immunoglobulin that can undergo rearrangement. In a further embodiment,
the human immunoglobulin loci can include any fragment of a human immunoglobulin heavy
chain and a human immunoglobulin light chain that can undergo rearrangement. In still further
embodiment, the human immunoglobulin loci can include any human immunoglobulin locus or
fragment thereof that can produce an antibody upon exposure to an antigen. In a particular
embodiment, the exogenous human immunoglobulin can be expressed in B cells to produce
xenogenous immunoglobulin in response to exposure to one or more antigens.

In another aspect of the present invention, transgenic ungulates are provided that
expresses a xenogenous immunoglobulin loci or fragment thereof, wherein the immunoglobulin
can be expressed from an immunoglobulin locus that is integrated within an endogenous
ungulate chromosome. In one embodiment, ungulate cells derived from the transgenic animals
are provided. In one embodiment, the xenogenous immunogiobulin locus can be inherited by
offspring. In another embodiment, the xenogenous immunoglobulin locus can be inherited
through the male germ line by offspring. In still further embodiments, an artificial chromdsome
(AC) can contain the xenogenous immunoglobulin. In one embodiment, the AC can be a yeast
AC or a mammalian AC. In a further embodiment, the xenogenous locus can be a human

immunoglobulin locus or fragment thereof. In one embodiment, the human immunoglobulin
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locus can be human chromosome 14, human chromosome 2, and human chromosome 22 or
fragments thereof. In another embodiment, the human immunoglobulin locus can include any
fragment of a human immunoglobulin that can undergo rearrangement. In a further embodiment,
the human immunoglobulin loci can include any fragment of a human immunoglobulin heavy
chain and a human immunoglobulin light chain that can undergo rearrangement. In still further
embodiment, the human immunoglobulin loct can include any human immunoglobulin locus or
fragment thereof that can produce an antibody upon exposure to an antigen. In a particular
embodiment, the exogenous human immunoglobulin can be expressed in B cells to produce

xenogenous immunoglobulin in response to exposure to one or more antigens.

Definitions

The terms "recombinant DNA technology," "DNA cloning,” "molecular cloning,” or
"gene cloning" refer to the process of transferring a DNA sequence into a cell or orgaism. The
transfer of a DNA fragment can be from one organism to a self-replicating genetic element (e.g.,
bacterial plasmid} that permits a copy of any specific part of a DNA (or RNA) sequence to be
selected among many others and produced in an unlimited amount. Plasmids and other types of
cloning vectors such as artificial chromosomes can be used to copy genes and other pieces of
chromosomes to generate enough identical material for further study. In addition to bacterial
plasmids, which can carry up to 20 kb of foreign DNA, other cloning vectors include viruses,
cosmids, and artificial chromosomes (e.g., bactena artificial chromosomes (BACs) or yeast
artificial chromosomes (YACs)). When the fragment of chromosomal DNA is ultimately joined
with its cloning vector in the lab, it is called a "recombinant DNA molecule." Shortly afier the
recombinant plasmid is introduced into suitable-host cells, the newly inserted segment will be
reproduced along with the host cell DNA.

“Cosmids™ are artificially constructed cloning vectors that carry up to 45 kb of foreign
DNA. They can be packaged in lambda phage particles for infection into E. coli cells.

As used herein, the term “mammal” (as in “genetically modified (or altered) mammal”) is
meant to include any non-human mammal, including but not limited to pigs, sheep, goats, cattle
(bovine), deer, mules, horses, monkeys, dogs, cats, rats, mice, birds, chickens, reptiles, fish, and
insects. In one embodiment of the invention, genetically altered pigs and methods of production

thereof are provided.
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The term “ungulate” refers to hoofed mammals. Artiodactyls are even-toed (cloven-
hooved) ungulates, including antelopes, camels, cows, deer, goats, pigs, and sheep.
Perissodactyls are odd toes ungulates, which include horses, zebras, rhinoceroses, and tapirs.
The term ungulate as used herein refers to an adult, embryonic or fetal ungulate animal.

As used herein, the terms “porcine”, “porcine animal”, “pig” and "swine” are generic
terms referring to the same type of animal without regard to gender, size, or breed.

A “homologous DNA sequence or homologous DNA” is a DNA sequence that is at least
about 80%, 85%, 90%, 95%, 98% or 99% identical with a reference DNA sequence. A
homologous sequence hybridizes under stringent conditions to the target sequence, stringent
hybridization conditions include those that will allow hybridization occur if there is at least 85, at
least 95% or 98% identity between the sequences.

An “isogenic or substantially isogenic DNA sequence” is a DNA sequence that is
identical to or nearly identical to a reference DNA sequence. The term "substantially isogenic"
refers to DNA that is at least about 97-99% identical with the reference DNA sequence, or at
least about 99.5-99.9% identical with the reference DNA sequence, and in certain uses 100%
1dentical with the reference DNA sequence.

“Homologous recombination” refers to the process of DNA recombination based on
sequence homology. »

“Gene targeting” refers to homologous recombination between two DNA sequences, one
of which is located on a chromosome and the other of which is not.

“Non-homologous or random integration” refers to any process by which DNA is
integrated into the genome that does not involve homologous recombination.

A “selectable marker gene” is a gene, the expression of which allows cells containing the
gene to be identified. A selectable marker can be one that allows a cell to proliferate on a
medium that prevents or slows the growth of cells without the gene. Examples include antibiotic
resistance genes and genes which allow an organism to grow on a selected metabolite.
Alternatively, the gene can facilitate visual screening of transformants by conferring on cells a
phenotype that is easily identified. Such an identifiable phenotype can be, for example, the
production of luminescence or the production of a colored compound, or the production of a

detectable change in the medinm surrounding the cell.
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The term “contiguous” is used herein in its standard meaning, 1.e., without interruption,
or uninterrupted.

“Stringent conditions” refers to conditions that (1) employ low ionic strength and high
temperature for washing, for example, 0.015 M NaCl/0.0015 M sodium citrate/0.1% SDS at
50°C, or (2) employ during hybridization a denaturing agent such as, for example, formamide.
One skilled in the art can determine and vary the stringency conditions appropriately to obtain a
clear and detectable hybridization signal. For example, stririgency can generally be reduced by
increasing the salt content present during hybridization and washing, reducing the temperature,
or a combination thereof. See, for example, Sambrook et al, Molecular Cloning: A Laboratory

Manual, Cold Spring Harbour Laboratory Press, Cold Spring Harbour, New York, (1989).

L Immunoglobulin Genes

In one aspect of the present invention, a transgenic ungulate that lacks any expression of
functional endogenous immunoglobulins is provided. In one embodiment, the ungulate can lack
any expression of endogenous heavy and/ or light chain immunoglobulins. The light chain
immunoglobulin can be a kappa and/ or lambda immunoglobulin. In additional embodiments,
transgenic ungulates are provided that lack expression of at least one allele of an endogenous
immunoglobulin wherein the immunoglobulin is_selected from the group consisting of heavy
chain, kappa light chain and lambda light chain or any combination thereof. In one embodiment,
the expression of functional endogenous immunoglobulins can be accomplished by genetic
targeting of the endogenous immunoglobulin Joci to prevent expression of the endogenous
immunoglobulin. In one embodiment, the genetic targeting can be accomplished via
homologous recombination. In another embodiment, the transgenic ungulate can be produced
via nuclear transfer.

In another aspect of the present invention, a method is provided to disrupt the expression
of an ungulate immunoglobulin gene by (i) analyzing the germline configuration of the ungulate
heavy chain, kappa light chain or lambda light chain genomic locus; (ii) determining the location
of nucleotide sequences that flank the 5’ end and the 3’ end of at least one functional region of
the locus; and (iii) transfecting a targeting construct containing the flanking sequence into a cell

wherein, upon successful homologous recombination, at least one functional region of the
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immunoglobulin locus is disrupted thereby reducing or preventing the expression of the
immunoglobulin gene.

In one embodiment, the germline configuration of the porcine heavy chain locus is
provided. The porcine heavy chain locus contains at least four variable regions, two diversity
regions, six joining regions and five constant regions, for example, as illustrated in Figure 1. Ina
specific embodiment, only one of the six joining regions, J6, is functional.

In another embodiment, the germline configuration of the porcine kappa light chain locus
is provided. The porcine kappa light chain locus contains at least six variable regions, six joining
regions, one constant region and one enhancer region, for example, as illustrated in Figure 2.

In a further embodiment, the germline configuration of the porcine lambda light chain
locus is provided.

Isolated nucleotide sequences as depicted in Seq ID Nos 1-39 are provided. Nucleic acid
sequences at least 80, 85, 90, 95, 98 or 99% homologous to any one of Seq ID Nos 1-39 are also
provided. In addition, nucleotide_sequences that contain at least.10, 15, 17, 20, 25 or 30
contiguous nucleotides of any one of Seq ID Nos 1- 39 are provided. Further provided are
nucleotide sequences that hybridizes, optionally under stringent conditions, to Seq ID Nos 1-39,
as well as, nucleotides homologous thereto.

Homology or identity at the nucleotide or amino acid sequence level can be determined
by BLAST (Basic Local Alignment Search Tool) analysis using the algorithm employed by the
programs blastp, blastn, blastx, tblastn and tblastx (see, for example, Altschul, S.F. et al (1 997)
Nucleic Acids Res 25:3389-3402 and Karlin et al , (1 900) Proc. Natl. Acad. Sci. USA 87, 2264-
2268) which are tailored for sequence similarity searching. The approach used by the BLAST
program is to first consider similar-segments, with and without gaps, between a-query sequence
and a database sequence, then to evaluate the statistical significance of all matches that are
identified and finally to summarize only those matches which satisfy a preselected threshold of
significance. See, for example, Altschul et al,, (1994) (Nature Genetics 6, 119-129). The search
parameters for histogram, descriptions, alignments, expect (ie. , the statistical significance
threshold for reporting matches against database sequences), cutoff, matrix and filter (low co
M'plexity) are at the default settings. The default scoring matrix used by blastp, blastx, tblastn,
and tblastx is the BLOSUMS62 matrix (Henikoft et al, (1 992) Proc. Natl. Acad. Sci, USA 89,
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10915-10919), which is recommended for query sequences over 85 in length (nucleotide bases or

amino acids).

Porcine Heavy Chain

In another aspect of the present invention, novel genomic sequences encoding the heavy
chain Jocus of ungulate immunoglobulin are pfovided. In one embodiment, an isolated
nucleotide sequence encoding porcine heavy chain is provided that includes at least one variable
region, two diversity regions, at least four joining regions and at least one constant region, such
as the mu constant region, for example, as represented in Seq ID No. 29. In another
embodiment, an isolated nucleotide sequence is provided that includes at least four joining
regions and at least one constant region, such as as the mu constant region, of the porcine heavy
chain genomic sequence, for example, as represented in Seq ID No. 4. In a further embodiment,
nucleotide sequence is provided that includes 5’ flanking sequence to the first joining region of
the-porcine heavy chain genomic sequence, for example, as represented” in Seq ID No 1. Still
further, nucleotide sequence is provided that includes 3’ flanking sequence to the first joining
region of the porcine heavy chain genomic sequence, for example, as represented in the 3’ region
of Seq ID No 4. In further embodiments, isolated nucleotide sequences as depicted in Seq ID
Nos 1, 4 or 29 are provided. Nucleic acid sequences at least 80, 85, 90, 95, 98 or 99%
homologous to Seq ID Nos 1, 4 or 29 are also provided. Further provided are nucleotide
sequences that hybridizes, optionally under stringent conditions, to Seq ID Nos 1, 4 or 29, as
well as, nucleotides homologous thereto.

In addition, nucleotide sequences that contain at least 10, 15, 17, 20, 25 or 30 contiguous
nucleotides of Seq ID Nos 1, 4 or 29 are provided. In one embodiment, the nucleotide sequence
contains at least 17, 20, 25 or 30 contiguous nucleotides of Seq ID No 4 or residues 1- 9,070 of
Seq ID No 29. In other embodiments, nucleotide sequences that contain at least 50, 100, 1,000,
2,500, 4,000, 4,500, 5,000, 7,000, 8,000, 8,500, 9,000, 10,000 or 15,000 contiguous nucleotides
of Seq ID No. 29 are provided. In another embodiment, the nucleotide sequence contains
residues 9,070-11039 of Seq ID Neo 29.

In further embodiments, isolated nucleotide sequences as depicted in Seq ID Nos 1, 4 or
29 are provided. Nucleic acid sequences at least 80, 85, 90, 95, 98 or 99% homologous to Seq

ID Nos 1, 4 or 29 are also provided. In addition, nucleotide sequences that contain at least 10,
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15, 17, 20, 25 or 30 contiguous nucleotides of Seq ID Nos 1, 4 or 29 are provided. Further
provided are nucleotide sequences that hybridizes, optionally under stringent conditions, to Seq

ID Nos 1, 4 or 29, as well as, nucleotides homologous thereto.

In one embodiment, an isolated nucleotide sequence encoding porcine heavy chain is
provided that includes at least one variable region, two diversity regions, at least four joining
regions and at least one constant region, such as the mu constant region, for example, as
represented in Seq ID No. 29. In Seq ID No. 29, the Diversity region of heavy chain is
represented, for exarnple, by residues 1089-1099 (D(pseudo)), the Joining region of heavy chain
Is rcpresented, for example, by residues 1887-3352 (for example: J(psuedo): 1887-1931,
J(psuedo): 2364-2411, I(psuedo): 2756-2804, J (functional J): 3296-3352), the recombination
signals are represented, for example, by residues 3001-3261 (Nonamer), 3292-3298 (Heptamer),
the Constant Region is represented by the following residues: 3353-9070 (J to C mu intron),
_ _5522-8700 (Switch region), 9071-9388 (Mu Exon 1), 9389-9469 (Mu Intron A), 9470-9802 (Mu
Exon 2), 9830- 10069 (Mu Intron B), 10070-10387 (Mu Exon 3), 10388-10517 (Mu Intron C),
10815-11052 (Mu Exon 4), 11034-11039 (Poly(A) signal).

Seq ID No. 29 tctagaagacgcelggagapaggecagacticetcggaacagetcaaagag
ctetgtcaaagecagateccatcacacgigggeaccaataggecatgeca
gectccaagpgecgaactgggtictccacggegeacatgaageetgeage
ctggcttatcctetteegtggtgaagaggeaggeecgggactggacgagg
gpctagcagggtgtpptagpcaccitgcgecccccacceeggcagaace
agagaccctggggctgagagtgagectccaaacaggatgecccacectic
aggccacctitcaatccagetacactccacctgecattetectetgggca
cagggcceageccctggatetiggecttgpetegacttgeacecacgege
acacacacacttcctaacgtgetgtecgetcacecctecccagegtggtc
catpgocageacggcagtgcgegteceggegptagtpagtpcagagptece
ttccecteccccagpagececcaggggtgtgtgcagatetggagactectg
tceettacaccttcatgeeceteecctecalaceceaccetceaggegggag
geagegagacctitgeccagggactcagecaacgggeacacgggaggeca
geectcageagetiggetcccaaagaggaggigpggaggtaggtccacaget
gccacagagagaaaccctgacggaccccacaggggecacgecagecggaa
ccapcteectegtggptpageaatggecagggececgeeggecaccacgg
ctggecttgegecagetpagaacteacgiccagtgecagggagactcaaga
cagccetglgeacacagecteggatetgeteccatitcaagcagaaaaagg
aaaccgtgcaggceageccteageatttcaaggattgtagecageggecaac
taticgteggeagtggecpattagaatgacegtgpagaagppcgpaaggg
tctetegtgpactetgeggecaacaggecctggcetecacctgeccgetge
cageecgagggacttggpecgagecaggaaccacagtgetcacegggace
acagtgactgaccaaactcceggecagageagecccaggecageeggpct
ctegeectggaggactcaccatcagatgcacaaggpggcegagtgtggaag
agacgtgicgeceggpecatitgggaaggegaaggpaccticcaggtgga
cagpaggtppeacgcaciccaggcaagggactgoptccccaagpectggs
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»caggg&ﬂggnﬂgqagaa\aaag}pggectgﬁﬂctaaaagcangg

Baa ggggtactggcngggggttagcctggccagggaacggggagcgggg
cggggggctgageagagaggacciga cologlppgagcgagscaagticag
gettcaggeageageegcacalcccagaccagea gectgaggCagpagas
getgeagcaegaCEBRgacctacctggctcCRaBRecicolEBessace
ctggctcngmccgtgtcccgcagcacagggccagctcgctgggccta
tpcttaccttgatptetgggeccggapc gtcagggtegtc gtctccteag
gggaga gtcccctgaggctacgctgggg" ggggactatggeagetccace
apgpEcclgpgsaccapggBCCtagaccagactgeagoccagagtacetst
cagggctetggetetecageatet ggccctcggaaatggcagaacccclg
gegggtgagegagelgaga gegggtcagacagaca BERgccppcegaad
ggagaagtigggggcea gagcccgccaggggccaggcccaaggttctgtgt
gecagggcctgggtsg pcacattggtgtggecatggetactta gattegt
ggggccagggcatcctggtcaccgtctc ctcaggtgagectggtptetga
tgtccagetaggepetgpteggecec gggtgggcctgtctcaggcta 228
caggggctgggatgtgtamgtcaaggaggggcaacagggtgcagactg
tgeee ctggaaacﬂgaccaciggggcaggggcgtcctggtcacgtctcc
tcaggtaagacg gccctgtgcccctctcwgcgggactggaaaa pgaatt
ttccaagattecttggtet gtgtggggeectetggggeceee 123414424444
ctcecctectgeccagatggggecte ggeetgtgga geacgggctgggcea
cacagctegagtclagggeeacagaggece gggctcaggpetetgtgteg
cccggcgactggcagggggctcgggttmggacaccccctaatgggggc
cacagcactgtgaccatcttcacagctggggccga ggagtcgaggtcace
gteteeteaggtgagtecte gtecageectete tcactetctggegpattt

Igctgcat‘mgtgggggaaagaggatgcctgggtc(caggtctaaaggt

: ctagggccagcgccggggcccaggaaggggccgaggggccaggctcggct

cggecaggageagagettccagac atctcgectectggepgetgeagica
ggectttggec ggggegstctcage accaccaggccetctiggetcecgag
gtcocecggececggetgecteacca ggcaccgtacgegatggseccgBec
tettggte ggccacccmcttaactgggatcc gggcttapttgtcgcaa
tgtgacaacgggotcgaaa gctggggccaggggaccclagtctacgac ge
ctegggtgegtgteccgeacccetceee actttcacggcactcggegaga
cctggggagtca ggtgﬂggggacacmggaggtcaggaac gggagctg
gegagagggcietgicageggpgleca gagatgpgecgecetccaaggac
geectgegegrggacaagyg gettcttg geetggectggecgeticacttg

BEC gtcagggggggcncccggggcaggcggtcagtc gaggeggettgea
atictgagtetgggitcpgpgtic geegttcggecticatgaacagacag
cccaggegggecgtigtitggece ctggeggectggitggaatgegaggt
ctegggaagtca ggagggagcctggccagcagagggﬁcccagccclgcg
geogagggacctggagac gggcagggcatiggeegicgeaggeccea gece
acaccccccaGG’ITI'ITGTggggcgagcctggagattgcacCACTGTGAT
TACTATGCTATGGATCTCTGGGGCCCAGGCGTTGAAGTCGTCGTGTCCTC
AGgtaagaacggeccticcag ggcctttaatitctgetetc gtetgtpgsc
ttttctgactcigatcetcgggagse gtetgtgecccceccgggpatgag
gccggcltgccaggaggggtcagggaccaggagcctglgggaagnctga
cgggggctgcaggcgggaagggccccaccggggggc gageeccaggeege
tgggcggcaggagacccgtgagagtgcgccngaggagggtgtctgcgga
accacgaacgcece gc'cgggaa ggacttgetgeaatpge ggtcttcagacgg
gaggcg{cnc(gccctcaccg(cmcaagcccttgt gegictgaaaga
geealgicggagagagaagpgaca gacctgiccepacctggecgagageg
ggcageeec BEE2RAagABCESEBCRACEEC ctgggeteigigagpecag
glccangggaggacgtgtggtecte glgacaggigoactigegaaacctt
agaagacggggtatgnggaagcggctcctgatgmaa gaaaagggaga
ctgtaaa gtgagcagaglcctcaagtgtgﬁaaggﬁﬂaaaggtcaaag
tgttttaaacctttgtgactgcagtta geaage gtgcggggagtgaalgg
getgccagpgiggecga gaggcagtacgagggcegtygee glcctetaatt
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iggtgctgapetgptggaggaggcegegggeapcectggeeacclgeage
aggtgpeagpaagcaggtcgpecaagaggctatittaggaagecagaaaa
cacggtcgatpaatttatagettctggtttccaggaggtggttgggcatg
getttgegeagepecacagaacegaaagtgeccactgagaaaaaacaact
cctgettaatttgeatttttctaaaagaagaaacagaggetgacggaaac
tggaaagticetgttttaactactcgaatigapttttcpgtettagctta
tcaactgetcacttagaticattttcaaagtaaacgtitaagagecgagg
caftcctatcctetictaagpegtiaticctggaggcteattcacegeca
geacctecgetgeetpeaggeatigetgteaccgtcacegigacggegeg
cacgatiticagttggecegetteecctegtgattaggacagacgeggge
actetggeccageegtettggetcagtatetgeaggegteegtcteggga
cggagctcagggeaagagegigaciceagitgaacgtgatagtegatace
ﬁgagaggagacccagtcggg'tgtcgagtcagaaggggcccggggcccga
ggccetgggeaggacggecegtgeectgeatcacgggeccagegtecta g
agpcaggactciggtggagagtgigagpatpcctggppccecteeggage
tggagecgigeggtgeagptigpgctcteggcpeggtattggctatitct
gegpgatitggaggaaticticcagtgatggpagtcgecagtgacegege
accaggclgptaagagggappccgecgtcgtggecagageagetgggage
glicggtaaaaggetcgeccptitcctitaatgaggacitttectggagg
geatitagtctagtegppaccgttitcgactcgggaagagpgatpegpag
Bagggeatgigeccaggagecgasggegecgcgeggagaagecca ggect
ctectgteeccacagaggegacgeeactgecgcagacagaca gggecettt
cectotgatgacggcaaaggegecteggetetige gegptactgeeegpg
agtcgecccgaagecgetcacccagaggectga ggegtgagactgaccga
tgectettggeegppectgpggecggaccgagggppactee ptggaggca
gggcgatgglggctgcgggagggaaccgaccctgggccgagcccggcttg
gegaticeegggegagpgecctcagecgaggegagtggptccggepgaac
caccetttctggecagegecacaggpcatetegggactgteeg gggegacg

ctgggcetgecegtgpeaggcc TGGGCTGACCTGGACTTCACCAGACAGAA
CAGGGCTTTCAGGGCTGAGCTGAGCCAGGTTTAGCGAGGCCAAGTGGGGC
TGAACCAGGCTCAACTGGCCTGAGCTGGGTTGAGCTGGGCTGACCTGGGC
TGAGCTGAGCTGGGCTGGGCTGGGCTGGGCTGGGCTGGGCTGGGCTGGAC
TGGCTGAGCTGAGCTGGGTTGAGCTGAGCTGAGCTGGCCTGGGTTGAGCT
GGGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGTTGAGCTGGGTTGATCT
GAGCTGAGCTGGGCTGAGCTGAGCTAGGCTGGGGTGAGCTGGGCT GAGCT
GGTTTGAGTTGGGTTGAGCTGAGCTGAGCTGGGCT GTGCTGGCTGAGCTA
GGCTGAGCTAGGCTAGGTTGAGCTGGGCTGGGCTGAGCTGAGCTAGGCTG
GGCTGATTTGGGCTGAGCTGAGCTGAGCTAGGCTGCGTTGAGCTGGCTGG
GCTGGATTGAGCTGGCTGAGCTGGCTGAGCTGGGCTGAGCT GGCCTGGGT
TGAGCTGAGCTGGACTGG TTTGAGCTGGGTCGATCTGGGTTGAGCTGTCC
TGGGTTGAGCTGGGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGCTCAGC
AGAGCTGGGTTGGGCTGAGCTGGGTTGAGCTGAGCTGGGCTGAGCT GGCC
TGGGTTGAGCTGGGCTGAGCTGAGCTGGGCTGAGCTGGCCTGTGTTGAGC
TGGGCTGGGTTGAGCTGGGCTGAGCTGGATTGAGCTGGGTTGAGCTGAGC
TGGGCTGGGCTGTGCTGACTGAGCTGGGCTGAGCTAGGCTGGGGTGAGCT
GGGCTGAGCTGATCCGAG CTAGGCTGGGCTGGTTTGGGCTGAGCTGAGCT
GAGCTAGGCTGGATTGATCTGGCTGAGCTGGGTTGAGCT GAGCTGGGCTG
AGCTGGTCTGAGCTGGCCTGGGTCGAGCTGAGCTGGACTGGTTTGAGCTG
GGTCGATCTGGGCTGAGCTGGCCTGGGTTGAGCTGGGCTGGGTTGAGCTG
AGCTGGGTTGAGCTGGGCTGAGCTGAGGGCTGGGGTGAGCTGGGCTGAAC
TAGCCTAGCTAGGTTGGGCTGAGCTGGGCTGGTTTGGGCT GAGCTGAGCT
GAGCTAGGCTGCATTGAGCAGGCTGAGCTGGGCT GAGCAGGCCTGGGGTG
AGCTGGGCTAGGTGGAGCTGAGCTGGGTCGAGCTGAGTTGGGCTGAGCTG
GCCTGGGTTGAGGTAGGCTGAGCTGAGCTGAGCTAGGCTGGGTTGAGCTG
GCTGGGCTGGTTTGCGCTGGGTCAAGCTGGGCCGAGCTGGCCTGGGTTGA
| GCTGGGCTCGGTTGAGCTGGGCTGAGCTGAGCCGACCTAGGCTGGGATGA
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CTGAGCTGGGCCTGGAGCCTGGCCTGGGGTGAGCTGGGCTGAGCTGCGCT
GAGCTAGGCTGGGTTGAGCTGGCTGGGCTGGTTTGCGCTGGGTCAAGCTG
GGCCGAGCTGGCCTGGGATGAGCTGGGCCGGTTTGGGCTGAGCTGAGCTG
AGCTAGGCTGCATTGAGCAGGCTGAGCTGGGCTGAGCTGGCCTGGGGTGA
GCTGGGCTGAGCTAAGCTGAGCTGGGCTGGTTTGGGCTGAGCTGGCTGAG
CTGGGTCCTGCTGAGCTGGGCTGAGCTGACCAGGGGTGAGCTGGGCTGAG
TTAGGCTGGGCTCAGCTAGGCTGGGTTGATCTGGCAGGGCTGGTTTGCGC
TGGGTCAAGCTCCCGGGAGATGGCCTGGGATGAGCTGGGCTGGTTTGGGC
TGAGCTGAGCTGAGCTGAGCTAGGCTGCATTGAGCAGGCTGAGCTGGGCT
GAGCTGGCCTGGGGTGAGCTGGGCTGGGTGGAGCTGAGCTGGGCTGAACT
GGGCTAAGCTGGCTGAGCTGGATCGAGCTGAGCTGGGCTGAGCTGGCCTG
GGGTTAGCTGGGCTGAGCTGAGCTGAGCTAGGCTGGGTTGAGCTGGCTGG
GCTGGTTTGCGCTGGGTCAAGCTGGGCCGAGCTGGCCTGGGTTGAGCTGG
GCTGGGCTGAGCTGAGCTAGGCTGGGTTGAGCTGGGCTGGGCTGAGCTGA
GCTAGGCTGCATTGAGCTGGCTGGGATGGATTGAGCTGGCTGAGCTGGCT
GAGCTGGCTGAGCTGGGCTGAGCTGGCCTGGGTTGAGCTGGGCTGGGTTG
AGCTGAGCTGGGCTGAGCTGGGCTCAGCAGAGCTGGGTTGAGCTGAGCTG
GGTTGAGCTGGGGTGAGCTGGGCTGAGCAGAGCTGGGTTGAGCTGAGCTG
GGTTGAGCTGGGCTCGAGCAGAGCTGGGTTGAGCTGAGCTGGGTTGAGCT
GGGCTCAGCAGAGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGCTGAGCT
AGCTGGGCTCAGCTAGGCTGGGTTGAGCTGAGCTGGGCTGAACTGGGCTG
AGCTGGGCTGAACTGGGCTGAGCTGGGCTGAGCTGGGCTGAGCAGAGCTG
GGCTGAGCAGAGCTGGGTTGGTCTGAGCTGGGTTGAGCTGGGCTGAGCTG
GGCTGAGCAGAGTTGGGTTGAGCTGAGCTGGGTTCAGCTGGGCTGAGCTA
GGCTGGGTTGAGCTGGGTTGAGTTGGGCTGAGCTGGGCTGGGTTGAGCGG
AGCTGGGCTGAACTGGGCTGAGCTGGGCTGAGCGGAACTGGGTTGATCTG
AATTGAGCTGGGCTGAGCCGGGCTGAGCCGGGCTGAGCTGGGCTAGGTTG
AGCTTGGGTGAGCTTGCCTCAGCTGGTCTGAGCTAGGTTGGGTGGAGCTA
GGCTGGATTGAGCTGGGCTGAGCTGAGCTGATCTGGCCTCAGCTGGGCTG
AGGTAGGCTGAACTGGGCTGTGCTGGGCTGAGCTGAGCTGAGCCAGTTTG
AGCTGGGTTGAGCTGGGCTGAGCTGGGCTGTGTTGATCTTTCCTGAACTG
GGCTGAGCTGGGCTGAGCTGGCCTAGCTGGATTGAACGGGGGTAAGCTGG
GCCAGGCTGGACTGGGCTGAGCTGAGCTAGGCTGAGCTGAGTTGAATTGG
GTTAAGCTGGGCTGAGATGGGCTGAGCTGGGCTGAGCTGGGTTGAGCCAG
GTCGGACTGGGTTACCCTGGGCCACACTGGGCTGAGCTGGGCGGAGCTCG
attaacctggtcaggetgagicgggtccageagacatgegetggecagge
tggcttgacctggacacgticgatgagetgectigggatggticacctca
gelgagecaggtggcetecagetgggetgagetpgtgaccetgggtgacct
cgptgaccaggttptectpagtceggpecaapgecgaggetgeateagact
cgccagacccaaggectgpgececggetggeaagecaggggeggtgaagg
crgggctggeaggacigicecggaagpagglgeacgtggagecgecegga
cccegaccggeaggacctggaaagacgectcteacteceetitctettct
gtecectetegpgtectcagAGAGCCAGTCTGCCCCGAATCTCTACCCCC
TCGTCTCCTGCGTCAGCCCCCCGTCCGATGAGAGCCTGGTGGCCCTGGGC
TGCCTGGCCCGGGACTTCCTGCCCAGCTCCGTCACCTTCTCCTGGAACTA
CAAGAACAGCAGCAAGGTCAGCAGCCAGAACATCCAGGACTTCCCGTCC
G
TCCTGAGAGGCGGCAAGTACTTGGCCTCCTCCCGGGTGCTCCTACCCTCT
GTGAGCATCCCCCAGGACCCAGAGGCCTTCCTGGTGTGCGAGGTCCAGCA
CCCCAGTGGCACCAAGTCCGTGTCCATCTCTGGGCCAGg gagetgggct
ceccectgtgpetgtppcppgpacpgggecpggtgccgecggeacagtgac
geeeegtteetgeetgcagTCGTAGAGGAGCAGCCCCCCGTCTTGAACAT
CTTCGTCCCCACCCGGGAGTCCTTCTCCAGTACTCCCCAGCGCACGTCCA
AGCTCATCTGCCAGGCCTCAGACTTCAGCCCCAAGCAGATCTCCATGGCC
TGGTTCCGTGATGGGAAACGGGTGGTGTCTGGCGTCAGCACAGGCCCCGT
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GGAGACCCTACAGTCCAGTCCGGTGACCTACAGGCTCCACAGCATGCTGA
CCGTCACGGAGTCCGAGTGGCTCAGCCAGAGCGTCTTCACCTGCCAGGTG
GAGCACAAMAGGGCTGAACTACGAGAAGAACGUGTCCTCICTGTGCACCTC
CAgtgagtpcagececteggpecgpecggeggpECEECEgLagecacaca
cacaccagcetgetecctgageettggcttcegggagtggccaagpeggeg
aggggctgtgcagpgcagetggagggeactgicagetggggeccageace
cceteaccecggeagggeccgggetccgaggggecccgeagicgeaggee
ctgctetigggpgaapecctacttggecccettcagggegetgacgeteee
cecacccacccecgectagATCCCAACTCTCCCATCACCGTCTTCGCCAT
CGCCCCCTCCTTCGCTGGCATCTTCCTCACCAAGTCGGCCAAGCTTTCCT
GCCTGGTCACGGGCCTCGTCACCAGGGAGAGCCTCAACATCTCCTGGACC
CGCCAGGACGGCGAGGTTCTGAAGACCAGTATCGTCTTCTCTGAGATCTA
CGCCAACGGCACCTTCGGCGCCAGGGGCGAAGCCTCCGTCTGCGTGGAGG
ACTGGGAGTCGGGCGACAGGTTCACGTGCACGGTGACCCACACGGACCTG
CCCTCGCCGCTGAAGCAGAGCGTCTCCAAGCCCAGA Ggtaggecctgece
tgceeetgectecgeccggectgtgecttggeegeeggggegggageega
gectggecgaggagegecctcggeccccegeggteccgacecacaceect
cetgeteteeteeccagGGATCGCCAGGCACATGCCGTCCGTGTACGTGC
TGCCGCCGGCCCCGGAGGAGCTGAGCCTGCAGGAGTGGGCCTCGGTCACC
TGCCTGGTGAAGGGCTTCTCCCCGGCGGACGTGTTCGTGCAGTGGCTGCA
GAAGGGGGAGCCCGTGTCCGCCGACAAGTACGTGACCAGCGCGCCGGTG
c
CCGAGCCCGAGCCCAAGGCCCCCGCCTCCTACTTCGTGCAGAGCGTCCTG
ACGGTGAGCGCCAAGGACTGGAGCGACGGGGAGACCTACACCTGCGTCG
T - - - —_— .
GGGCCACGAGGCCCTGCCCCACACGGTGACCGAGAGGACCGTGGACAAG
T
CCACCGGTAAACCCACCCTGTACAACGTCTCCCTGGTCCTGTCCGACACG
GCCAGCACCTGCTACTGACCCCCTGGCTGCCCGCCGCGGCCGGGGCCAGA
GCCCCCGGGCGACCATCGCTCTGTGTGGGCCTGTGTGCAACCCGACCCTG
TCGGGGTGAGCGGTCGCATTTCTGAAAATTAGA2ataaaAGATCTCGTGC

CG

Seq ID No.1

TCTAgAAGACGCTGGAGAGAGGCCagACTTCCTCGGAACAGCTCAAAGAG
CTCTGTCAAAGCCAGATCCCATCACACGTGGGCACCAATAGGCCATGCCA
GCCTCCAAGGGCCGAACTGGGTTCTCCACGGCGCACATGAAGCCTGCAGC
CTGGCTTATCCTCTTCCGTGGTGAAGAGGCAGGCCCGGGACTGGACGAGG
GGCTAGCAGGGTGTGGTAGGCACCTTGCGCCCCCCACCCCGGCAGGAACC
AGAGACCCTGGGGCTGAGAGTGAGCCTCCAAACAGGATGCCCCACCCTTC
AGGCCACCTTTCAATCCAGCTACACTCCACCTGCCATTCTCCTCTGGGCA
CAGGGCCCAGCCCCTGGATCTTGGCCTTGGCTCGACTTGCACCCACGCGC
ACACACACACTTCCTAACGTGCTGTCCGCTCACCCCTCCCCAGCGTGGTC
CATGGGCAGCACGGCAGTGCGCGTCCGGCGGTAGTGAGTGCAGAGGTCCC
TTCCCCTCCCCCAGGAGCCCCAGGGGTGTGTGCAGATCTGGGGGCTCCTG
TCCCTTACACCTTCATGCCCCTCCCCTCATACCCACCCTCCAGGCGGGAG
GCAGCGAGACCTITGCCCAGGGACTCAGCCAACGGGCACACGGGAGGCC
A GCCCTCAGCAGCTGGG

Seq ID No.4

GGCCAGACTTCCTCGGAACAGCTCAAAGAGCTCTGTCAAAGCCAGATCCC
ATCACACGTGGGCACCAATAGGCCATGCCAGCCTCCAAGGGCCGAACTGG
GTTCTCCACGGCGCACATGAAGCCTGCAGCCTGGCTTATCCTICTTCCGTG
GTGAAGAGGCAGGCCCGGGACTGGACGAGGGGCTAGCAGGGTGTGGTAG
GCACCTTGCGCCCCCCACCCCGGCAGGAACCAGAGACCCTGGGGCTGAGA
G
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TGAGCCTCCAAACAGGATGCCCCACCCTTCAGGCCACCTTTCAATCCAGC
TACACTCCACCTGCCATTCTCCTCTGGGCACAGGGCCCAGCCCCTGGATC
TTGGCCTTGGCTCGACTTGCACCCACGCGCACACACACACTTCCTAACGT
GCTGTCCGCTCACCCCTCCCCAGCGTGGTCCATGGGCAGCACGGCAGTGC
GCGTCCGGCGGTAGTGAGTGCAGAGGTCCCTTCCCCTCCCCCAGBAGCCC
CAGGGGTGTGTGCAGATCTGGGGGCTCCTGTCCCTTACACCTTCATGCCC
CTCCCCTCATACCCACCCTCCAGGCGGGAGGCAGCGAGACCTTTGCCCAG
GGACTCAGCCAACGGGCACACGGGAGGCCAGCCCTCAGCAGCTGGCTCCC
AAAGAGGAGGTGGGAGGTAGGTCCACAGCTGCCACAGAGAGAAACCCTG
ACGGACCCCACAGGGGCCACGCCAGCCGGAACCAGCTCCCTCGTGGGTGA
GCAATGGCCAGGGCCCCGCCGGCCACCACGGCTGGCCTTGCGCCAGCTGA
G
AACTCACGTCCAGTGCAGGGAGACTCAAGACAGCCTGTGCACACAGCCTC
GGATCTGCTCCCATTTCAAGCAGAAAAAGGAAACCGTGCAGGCAGCCCTC
AGCATTTCAAGGATTGTAGCAGCGGCCAACTATTCGTCGGCAGTGGCCGA
TTAGAATGACCGTGGAGAAGGGCGGAAGGGTCTCTCGTGGGCTCTGCGGC
CAACAGGCCCTGGCTCCACCTGCCCGCTGCCAGCCCGAGGGGCTTGGGCC
GAGCCAGGAACCACAGTGCTCACCGGGACCACAGTGACTGACCAAACTCC
CGGCCAGAGCAGCCCCAGGCCAGCCGGGCTCTCGCCCTGGAGGACTCACC
ATCAGATGCACAAGGGGGCGAGTGTGGAAGAGACGTGTCGCCCGGGCCA
T
TTGGGAAGGCGAAGGGACCTTCCAGGTGGACAGGAGGTGGGACGCACTC
C
AGGCAAGGGACTGGGTCCCCAAGGCCTGGGGAAGGGGTACTGGCTTGGG
G - Vem .
GTTAGCCTGGCCAGGGAACGGGGAGCGGGGCGGGGGGCTGAGCAGGGAG
G
ACCTGACCTCGTGGGAGCGAGGCAAGTCAGGCTTCAGGCAGCAGCCGCAC
ATCCCAGACCAGGAGGCTGAGGCAGGAGGGGCTTGCAGCGGGGCGGGGG
c

CTGCCTGGCTCCGGGGGCTCCTGGGGGACGCTGGCTCTTGTTICCGTGTC
CCGCAGCACAGGGCCAGCTCGCTGGGCCTATGCTTACCTTGATGTCTGGG
GCCGGGGCGTCAGGGTCGTCGTCTCCTCAGGGGAGAGTCCCCTGAGGCTA
CGCTGGGG*GGGGACTATGGCAGCTCCACCAGGGGCCTGGGGACCAGGG
G
CCTGGACCAGGCTGCAGCCCGGAGGACGGGCAGGGCTCTGGCTCTCCAGC
ATCTGGCCCTCGGAAATGGCAGAACCCCTGGCGGGTGAGCGAGCTGAGA
G
CGGGTCAGACAGACAGGGGCCGGCCGGAAAGGAGAAGTTGGGGGCAGAG
C
CCGCCAGGGGCCAGGCCCAAGGTTCTGTGTGCCAGGGCCTGGGTGGGCAC
ATTGGTGTGGCCATGGCTACTTAGATTCGTGGGGCCAGGGCATCCTGGTC
ACCGTCTCCTCAGGTGAGCCTGGTGTCTGATGTCCAGCTAGGCGCTGGTG
GGCCGCGGGETGGGCCTGTCTCAGGCTAGGGCAGGGGCTGGGATGTGTATT
TGTCAAGGAGGGGCAACAGGGTGCAGACTGTGCCCCTGGAAACTTGACCA
CTGGGGCAGGGGCGTCCTGGTCACGTCTCCTCAGGTAAGACGGCCCTGTG
CCCCTCTCTCGCGGGACTGGAAAAGGAATTTTCCAAGATTCCTTGGTCTG
TGTGGGGCCCTCTGGGGCCCCCGGGGGTGGCTCCCCTCCTGCCCAGATGG
GGCCTCGGCCTGTGGAGCACGGGCTGGGCACACAGCTCGAGTCTAGGGCC
ACAGAGGCCCGGGCTCAGGGCTCTGTGTGGCCCGGCGACTGGCAGGGGG
C
TCGGGTTTTTGGACACCCCCTAATGGGGGCCACAGCACTGTGACCATCTT
CACAGCTGGGGCCGAGGAGTCGAGGTCACCGTCTCCTCAGGTGAGTCCTC
GTCAGCCCTCTCTCACTCTCTGGGGGGTTTTGCTGCATITIGTGGGGGAA
AGAGGATGCCTGGGTCTCAGGTCTAAAGGTCTAGGGCCAGCGCCGGGGCC
CAGGAAGGGGCCGAGGGGCCAGGCTCGGCTCGGCCAGGAGCAGAGCTTC
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C
AGACATCTCGCCTCCTGGCGGCTGCAGTCAGGCCTTTGGCCGGGGGGGTC
TCAGCACCACCAGGCCTCTTGGCTCCCGAGGTCCCCGGCCCCGGCTGCCT
CACCAGGCACCGTGCGCGGTGGGCCCGGGCTCTTGGTCGGCCACCCTTTIC
TTAACTGGGATCCGGGCTTAGTTGTCGCAATGTGACAACGGGCTCGAAAG
CTGGGGCCAGGGGACCCTAGT*TACGACGCCTCGGGTGGGTGTCCCGCAC
CCCTCCCCACTTTCACGGCACTCGGCGAGACCTGGGGAGTCAGGTGTTGG
GGACACTTTGGAGGTCAGGAACGGGAGCTGGGGAGAGGGCTCTGTCAGC
G
GGGTCCAGAGATGGGCCGCCCTCCAAGGACGCCCTGCGCGGGGACAAGG
G
CTTCTTGGCCTGGCCTGGCCGCTTCACTTGGGCGTCAGGGGGGGCTTCCC
GGGGCAGGCGGTCAGTCGAGGCGGGTTGGAATTCTGAGTCTGGGTTCGGG
GTTCGGGGTTCGGCCTTCATGAACAGACAGCCCAGGCGGGCCGTTGTTIG
GCCCCTGGGGGCCTGGTTGGAATGCGAGGTCTCGGGAAGTCAGGAGGGA
G
CCTGGCCAGCAGAGGGTTCCCAGCCCTGCGGCCGAGGGACCTGGAGACG
G - ..
GCAGGGCATTGGCCGTCGCAGGGCCAGGCCACACCCCCCAGGTTITTTGTG
GGGCGAGCCTGGAGATTGCACCACTGTGATTACTATGCTATGGATCTICTG
GGGCCCAGGCGTTGAAGTCGTCGTGTCCTCAGGTAAGAACGGCCCTCCAG
GGCCTTTAATTTCTGCTCTCGTCTGTGGGCTTTTCTGACTCTGATCCTCG
GGAGGCGTCTGTGCCCCCCCCGGGGATGAGGCCGGCTTGCCAGGAGGGGT
CAGGGACCAGGAGCCTGTGGGAAGTTCTGACGGGGGCTGCAGGCGGGAA
G
GGCCCCACCGGGGGGCGAGCCCCAGGCCGCTGGGCGGCAGGAGACCCGT
G
AGAGTGCGCCTTGAGGAGGGTGTCTGCGGAACCACGAACGCCCGCCGGG
A
AGGGCTTGCTGCAATGCGGTCTTCAGACGGGAGGCGTCTTCTGCCCTCAC
CGTCTTTCAAGCCCTTGTGGGTCTGAAAGAGCCATGTCGGAGAGAGAAGG
GACAGGCCTGTCCCGACCTGGCCOGAGAGCGGGUAGCCCCGOHLGGAGAGT
G
GGGCGATCGGCCTGGGCTCTGTGAGGCCAGGTCCAAGGGAGGACGTGTG
G
TCCTCGTGACAGGTGCACTTGCGAAACCTTAGAAGACGGGGTATGTTGGA
AGCGGCTCCTGATGTTTAAGAAAAGGGAGACTGTAAAGTGAGCAGAGTCC
TCAAGTGTGTTAAGGTTITTAAAGGTCAAAGTGTTTTAAACCTTTIGTGACT
GCAGTTAGCAAGCGTGCGGGGAGTGAATGGGGTGCCAGGGTGGCCGAGA
G
GCAGTACGAGGGCCGTGCCGTCCTCTAATTCAGGGCTTAGTTTTGCAGAA
TAAAGTCGGCCTGTTTTCTAAAAGCATTGGTGGTGCTGAGCTGGTGGAGG
AGGCCGCGGGCAGCCCTGGCCACCTGCAGCAGGTGGCAGGAAGCAGGTC
G
GCCAAGAGGCTATTTTAGGAAGCCAGAAAACACGGTCGATGAATTTATAG
CTTCTGGTTTCCAGGAGGTGGTTGGGCATGGCTTTGCGCAGCGCCACAGA
ACCGAAAGTGCCCACTGAGAAAAAACAACTCCTGCTTAATTTGCATTTTT
CTAAAAGAAGAAACAGAGGCTGACGGAAACTGGAAAGTTCCTGTTTTAAC
TACTCGAATTGAGTTTTCGGTCTTAGCTTATCAACTGCTCACTTAGATTC
ATTTTCAAAGTAAACGTTTAAGAGCCGAGGCATTCCTATCCTCTTCTAAG
GCGTTATTCCTGGAGGCTCATTCACCGCCAGCACCTCCGCTGCCTGCAGG
CATTGCTGTCACCGTCACCGTGACGGCGCGCACGATTITTCAGTTGGCCCG
CTTCCCCTCGTGATTAGGACAGACGCGGGCACTCTGGCCCAGCCGTCTTG
GCTCAGTATCTGCAGGCGTCCGTCTCGGGACGGAGCTCAGGGGAAGAGCG
TGACTCCAGTTGAACGTGATAGTCGGTGCGTTGAGAGGAGACCCAGTCGG
GTGTCGAGTCAGAAGGGGCCCGGGGCCCGAGGCCCTGGGCAGGACGGCC

39




CA 02958259 2017-02-17

C
GTGCCCTGCATCACGGGCCCAGCGTCCTAGAGGCAGGACTCTGGTGGAGA
GTGTGAGGGTGCCTGGGGCCCCTCCGGAGCTGGG GCCGTGCGGTGCAGGT
TGGGCTCTCGGCGCGGTGTIGGCTGTITCTGCGGGATTTGGAGGAATTCT
TCCAGTGATGGGAGTCGCCAGTGACCGGGCACCAGGCT GGTAAGAGGGA
G

GCCGCCGTCGTGGCCAGAGCAGCTGGGAGGGTTCGGTAAAAGGCT CGCCC
GTTICCTTTAATGAGGACTTTTCCTGGAGGGCATTTAGTCTAGTCGGGAC
CGTTTTCGACTCGGGAAGAGGGATGCGGAGGAGGGCATGTGCCCAGGAG
C
CGAAGGCGCCGCGGGGAGAAGCCCAGGGCTCTCCTGTCCCCACAGAGGE
G
ACGCCACTGCCGCAGACAGACAGGGCCTTTCCCTCTGATGACGGCAAAGG
CGCCTCGGCTCTTGCGGGGTGCTGGGGGGGAGTCGCCCCGAAGCCGCTCA
CCCAGAGGCCTGAGGGGTGAGACTGACCGATGCCTCTTGGCCGGGCCTGG
GGCCGGACCGAGGGGGACTCCGTGGAGGCAGGGCGATGGTGGCTGCGGG
A

GGGAACCGACCCTGGGCCGAG CCCGGCTTGGCGATTCCCGGGCGAGGGCC
CTCAGCCGAGGCGAGTGGGTCCGGCGGAACCACCCTTTCTGGCCAGCGCC
ACAGGGCTCTCGGGACTGTCCGGGGCGACGCTGGGCTGCCCGTGGCAGGT
CTGGGCTGACCTGGACTTCACCAGACAGAACAGGGCTTTCAGGGCTGAGC
TGAGCCAGGTTTAGCGAGGCCAAGTGGGGCTGAACCAGGCTCAACTGGCC
TGAGCTGGGTTGAGCTGGGCTGACCTGGGCTGAGCTGAGCTGGGCTGGGT
TGGGCTGGGCTGGGCTGGGCTGGGCTGGACT GGCTGAGCTGAGCTGGGTT
GAGCTGAGCTGAGCTGGCCTGGGTTGAGCTGGGCT GGGTTGAGCTGAGCT
GGGTTGAGCTGGGTTGAGCTGGGTTGATCTGAGCTGAGCTGGGCTGAGCT
GAGCTAGGCTGGGGTGAGCTGGGCTGAGCTGGTTTGAGTTGGGTTGAGCT
GAGCTGAGCTGGGCTGTGCTGGCTGAGCTAGGCTGAGCTAGGCTAGGTTG
AGCTGGGCTGGGCTGAGCTGAGCTAGGCTGGGCTGATITGGGCTGAGCTG
AGCTGAGCTAGGCTGCGTTGAGCTGGCTGGGCTGGATTGAGCTGGCTGAG
CTGGCTGAGCTGGGCTGAGCTGGCCTGGGTTGAGCTGAGCTGGACTGGTT
TGAGCTGGGTCGATCTGGGTTGAGCTGTCCTGGGTTGAGCTGGGCTGGGT
TGAGCTGAGCTGGGTTGAGCTGGGCTCAGCAGAGCTGGGTTGGGCTGAGC
TGGGTTGAGCTGAGCTGGGCTGAGCTGGCCTGGGTTGAGCTGGGCT GAGC
TGAGCTGGGCTGAGCTGGCCTGTGTTGAGCTGGGCTGGGTTGAGCTGGGE
TGAGCTGGATTGAGCTGGGTTGAGCTGAGCTGGGCTGGGCTGTGCTGACT
GAGCTGGGCTGAGCTAGGCTGGGGTGAGCT GGGCTGAGCTGATCCGAGCT
AGGCTGGGCTGGTTTGGGCTGAGCTGAGCTGAGCTAGGCTGGATTGATCT
GGCTGAGCTGGGTTGAGCTGAGCTGGGCTGAGCTGGTCTGAGCTGGCCTG
GGTCGAGCTGAGCTGGACTGGTTTGAGCTGGGTCGATCTGGGCTGAGCTG
GCCTGGGTTGAGCTGGGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGCTG
AGCTGAGGGCTGGGGTGAGCTGGGCTGAACTAGCCTAGCTAGGTTGGGCT
GAGCTGGGCTGGTTTGGGCTGAGCTGAGCTGAGCTAGGCTGCATTGAGCA
GGCTGAGCTGGGCTGAGCAGGCCTGGGGTGAGCTGGGCTAGGTGGAGCT
G
AGCTGGGTCGAGCTGAGTTGGGCTGAGCTGGCCTGGGTTGAGGTAGGCTG
AGCTGAGCTGAGCTAGGCTGGGTTGAGCTGGCTGGGCTGGTTIGCGCTGG
GTCAAGCTGGGCCGAGCTGGCCTGGGTTGAGCTGGGCTCGGTIGAGCTGG
GCTGAGCTGAGCCGACCTAGGCTGGGATGAGCTGGGCTGATTTGGGCTGA
GCTGAGCTGAGCTAGGCTGCATTGAGCAGGCTGAGCTGGGCCT GGAGCCT
GGCCTGGGGTGAGCTGGGCTGAGCTGCGCTGAGCTAGGCTGGGTTGAGCT
GGCTGGGCTGGTTTGCGCTGGGTCAAGCTGGGCCGAGCTGGCCTGGGATG
AGCTGGGCCGGTTTGGGCTGAGCTGAGCTGAGCTAGGCTGCATTGAGCAG
GCTGAGCTGGGCTGAGCTGGCCTGGGGTGAGCTGGGCTGAGCTAAGCT GA
GCTGGGCTGGTITGGGCTGAGCTGGCTGAGCTGGGTCCTGCTGAGCT: GGG
CTGAGCTGACCAGGGGTGAGCTGGGCTGAGTTAGGCTGGGCTCAGCT AGG
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CTGGGTTGATCTGGCAGGGCTGGTTTGCGCTGGGTCAAGCTCCCGGGAGA
TGGCCTGGGATGAGCTGGGCTGGTTTGGGCTGAGCTGAGCTGAGCTGAGC
TAGGCTGCATTGAGCAGGCTGAGCTGGGCTGAGCTGGCCTGGGGTGAGCT
GGGCTGGGTGGAGCTGAGCTGGGCTGAACTGGGCTAAGCTGGCTGAGCTG
GATCGAGCTGAGCTGGGCTGAGCTGGCCTGGGGTTAGCTGGGCTGAGCTG
AGCTGAGCTAGGCTGGGTTGAGCTGGCTGGGCTGGTTITGCGCTGGGTCAA
GCTGGGCCGAGCTGGCCTGGGTTGAGCTGGGCTGGGCTGAGCTGAGCTAG
GCTGGGTTGAGCTGGGCTGGGCTGAGCTGAGCTAGGCTGCATTGAGCTGG
CTGGGATGGATTGAGCTGGCTGAGCTGGCTGAGCTGGCTGAGCTGGGCTG
AGCTGGCCTGGGTTGAGCTGGGCTGGGTTIGAGCTGAGCTGGGCTGAGCTG
GGCTCAGCAGAGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGGTGAGCTG
GGCTGAGCAGAGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGCTCGAGCA
GAGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGCTCAGCAGAGCTGGGTT
GAGCTGAGCTGGGTTGAGCTGGGCTGAGCTAGCTGGGCTCAGCTAGGCTG
GGTTGAGCTGAGCTGGGCTGAACTGGGCTGAGCTGGGCTGAACTGGGCTG
AGCTGGGCTGAGCTGGGCTGAGCAGAGCTGGGCTGAGCAGAGCTGGGTT
G
GTCTGAGCTGGGTTGAGCTGGGCTGAGCTGGGCTGAGCAGAGTTGGGTTG
AGCTGAGCTGGGTTCAGCTGGGCTGAGCTAGGCTGGGTIGAGCTGGGTTG
AGTTGGGCTGAGCTGGGCTGGGTTGAGCGGAGCTGGGCTGAACTGGGCTG
AGCTGGGCTGAGCGGAACTGGGTTGATCTGAATTGAGCTGGGCTGAGCCG
GGCTGAGCCGGGCTGAGCTGGGCTAGGTTGAGCTTGGGTGAGCTTGCCTC
AGCTGGTCTGAGCTAGGTTGGGTGGAGCTAGGCTGGATTGAGCTGGGCTG
AGCTGAGCTGATCTGGCCTCAGCTGGGCTGAGGTAGGCTGAACTGGGCTG
TGCTGGGCTGAGCTGAGCTGAGCCAGTTTGAGCTGGGTTGAGCTGGGCTG
AGCTGGGCTGTGTTGATCTTTCCTGAACTGGGCTGAGCTGGGCTGAGCTG
GCCTAGCTGGATTGAACGGGGGTAAGCTGGGCCAGGCTGGACTGGGCTGA
GCTGAGCTAGGCTGAGCTGAGTTGAATTGGGTTAAGCTGGGCTGAGATGG
GCTGAGCTGGGCTGAGCTGGGTTGAGCCAGGTCGGACTGGGTTACCCTGG
GCCACACTGGGCTGAGCTGGGCGGAGCTCGATTAACCTGGTCAGGCTGAG
TCGGGTCCAGCAGACATGCGCTGGCCAGGCTGGCTTGACCTGGACACGTT
CGATGAGCTGCCTTGGGATGGTTCACCTCAGCTGAGCCAGGTGGCTCCAG
CTGGGCTGAGCTGGTGACCCTGGGTGACCTCGGTGACCAGGTTGTCCTGA
GTCCGGGCCAAGCCGAGGCTGCATCAGACTCGCCAGACCCAAGGCCTGGG
CCCCGGCTGGCAAGCCAGGGGCGGTGAAGGCTGGGCTGGCAGGACTGTC
CCGGAAGGAGGTGCACGTGGAGCCGCCCGGACCCCGACCGGCAGGACCT
GGAAAGACGCCTCTCACTCCCCTTTCTCTTCTGTCCCCTCTCGGGTCCTCA
GAGAGCCAGTCTGCCCCGAATCTCTACCCCCTCGTCTCCTGCGTCAGCCCC
CCGTCCGATGAGAGCCTGOTGGLCCTOGOGCTCUCTGGCCCGGGACTTCOT
GCCCAGCTCCGTCACCTTCTCCTGGAA

Porcine Kappa Light Chain

In another embodiment, novel genomic sequences encoding the kappa light chain locus

of ungulate immunoglobulin are provided. The present invention provides the first reported

genomic sequence of ungulate kappa light chain regions. In one embodiment, nucleic acid

sequence is provided that encodes the porcine kappa light chain locus. In another embodiment,

the nucleic acid sequence can contain at least one joining region, one constant region and/or one

enhancer region of kappa light chain. In a further embodiment, the nucleotide sequence can
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include at least five joining regions, one constant region and one enhancer region, for example,
as represented in Seq ID No. 30. In a further embodiment, an isolated nucleotide sequence is
provided that contains at least one, at least two, at least three, at least four or five joining regions
and 3’ flanking sequence to the joining region of porcine genomic kappa light chain, for
example, as represented in Seq ID No 12. In another embodiment, an isolated nucleotide
sequence of porcine genomic kappa light chain is provided that contains 5” flanking sequence to
the first joining region, for example, as represented in Seq ID No. 25. In a further embodiment,
an isolated nucleotide sequence is provided that contains 3’ flanking sequence to the constant
region and, optionally, the 5° portion of the enhancer region, of porcine genomic kappa light
chain, for example, as represented in Seq ID Nos. 15, 16 and/or 19.

In further embodiments, isolated n;cleotide sequences as depicfed in Seq ID Nos 30, 12,
25, 15, 16 or 19 are provided. Nucleic acid sequences at least 80, 85, 90, 95, 98 or 99%
homologous to Seq ID Nos 30, 12, 25, 15, 16 or 19 are also provided. In addition, nucleotide
sequences that contain at least 10, 15, 17, 20, 25 or 30 contiguous nucleotides of Seq ID Nos 30,
12, 25, 15, 16 or 19 are provided. In addition, nucleotide sequences that contain at least 10, 15,
17, 20, 25 or 30 contiguous nucleotides of Seq ID Nos 1, 4 or 29 are provided. In other
embodiments, nucleotide sequences that contain at least 50, 100, 1,000, 2,560, 5,000, 7,000,
8,000, 8,500, 9,000, 10,000 or 15,000 contiguous nucleotides of Seq ID No. 30 are provided.
Further provided are nucleotide sequences that hybridizes, optionally under stringent conditions,
to Seq ID Nos 30, 12, 25, 15, 16 or 19, as well as, nucleotides homologous thereto.

In one embodiment, an isolated nucleotide sequence encoding kappa light chain is
provided that includes at least five joining regions, one constant region and one enhancer region,
for example, as represented in Seq ID No. 30. In Seq ID No. 30, the coding region of kappa light
chain is represented, for example by residues 1-549 and 10026-10549, whereas the intronic
sequence is represented, for example, by residues 550-10025, the Joining region of kappa light
chain is represented, for example, by residues 5822- 7207 (for example, J1:5822-5859, J2:6180-
6218, J3:6486-6523, J4:6826-6863, J5:7170-7207), the Constant Region is represented by the
following residues: 10026- 10549 (C exon) and 10026-10354 (C coding), 10524-10529 (Poly(A)
signal) and 11160-11264 (SINE element).
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Seq 1D Ne 30 GCGTCCGAAGTCAAAAATATCT GCAGCCTTCATGTATTCATAGAAACAAG
GAATGTCT ACAT’I’ITCCAAAGTGGGACCAGAATC’I’I GGGTCATGICTAAG
GCATGTGCAT’ITGCACATGGTAGGCAAAGGACTTT GCTTCTCCCAGCACA
TCTTTCTGCAGAGATCCATG GAAACAAGACTCAACTCCAAAGCAGCAAAG
AAGCAGCAAGTTCTCAAGTGATCTCCTCT GACTCCCTCCTCCCAGGCTAA
TGAAGCCATG'I'TGCCCCTGGGGGA’ITAAGGGCAGGTGTCCATI‘GTGGCAC
CCAGCCCGAAGACAAGCAATTTGATCAGGTTCTGAGCACTCCT GAATGTG
GACTCT! GGAATTTTCTCCTCACCTTGTGGCATATCAGCTTAAGTCAAGTA
CAAGTGACAAACAACATAATCCTAAGAAGAGAGGAATCAAGCFGAAGTC
A

AAGGATCACTGCCTTG GATTCTACTGTGAATGATGACCTGGAAAATATCC
TGAACAACAGCTTCAGG GTGATCATCAGAGACAAAAGTTCCAGAGCCAGE
tagggaaacccicaagectigcaaaga gcaaaatcatgecattgggttct
taacctgctgagtgatttactatatgttactgigggaggcaaa gegetea

aatagcetgg gtaagtatgtcasataaaaagcaaaaglg glgtitctiga

aatgttagacctgaggaa gpaatattgataacttaccaataattttcaga

atgatttatapatgtgcactta gtcagtgietetecacceegeacctgac

aa gcagutagaatt\attctaagaatctaggmgctgggggctacatg

ggaatcagcttca gtgaagagmgttggaatgattcactaaattttcta

tttccagcataaatccaagaacctetea, gactagtttattgacactgctt
ttectecataatceatéteateteegtecatcatggacactttgtagaat

gacaggtcctggcapa gactcacagatgcﬁctgaaacatcctttgcctt

caaagaatgaaca gcacacatactaaggatctcagtgatccacaaattag
tttﬂgccacaatggﬁcﬁatgamaaagtcmcattaaca gcaaatt
gtrttataatagttgttctgctttataataattgcatgcttcacmctt
ftettttctttttttttctittittgctitttagtgccgeaggtgeagea
tatgaaamcccaggctaggggtcaaatcagaactacacctactggcct

acgecacagecacageaactca ggatctaageeatgteggtpacciacac
tacagctcatggcaatgccagatccttaacccaatgagegagpreaggga

tcgaacceatgtecteatggatactagtea gecteattatccgetgagee
ataacaggaactcccgagtttgcmttatcaaaattggtacagccttat
tgtttctgaaaacaacaaaatgaatgtattcacataattttaaaaggtta

aataatttatgatatacaagacaatagaaaga gaaaacgtcattgectet
ttcttccacgacaacacgectccttaatigattigaa gaaataactactg

agcatggttagtgtacticttica gcaattagcectgtattcatagecat
acataticaattaaaatgagatcatgatatcacacaatacataccataca

gectata gggatttttacaatcatcrtccacatgactacataaaaaccta

ccta aaaaaaaaaaaaaccctzcttcatcctcctaﬂggctgcmgtgc

tccattaaaaagctctatcataatta ggttatgatgaggatttccatttt

ctacctttcaagcaacatttcaatgcaca gtcttatatacacatttgage
ctaciittetititctictitttttg g tittittttttttnitt

gptctitttgtctittctaag gctgcatatpggaggticccaggetagetg

tctaatcagaactatagctgetggeetac gecacatccacagceaatacaa
gatctgagecatgtcigeaacttacaccacagetcacageaac ggtggat
ccttaaaccactgagcaaggecagggatcaaacceataacticatggcte

cta gﬁggamgnaaccactgagcca(gatggcaactcctgagcctac
ttttctaatcatticcaaccetaggacacttititaagtitcattittct
ccecceaccoectgttttctpaagtgtgtitgettccactgggtgacttc
actcccaggatcteatctgcaggatactgeagetaa gtgtatgagcetctg

aatttgaatcccaactct gocactcaaagggataggagtttcegatgtgg
cccaatgggatcagtggcatctctgcagtgccaggacgcaggttccatcc

ctggeccagcacagtgggttaa gaatctggeattgctgeagetgaggeat
agatttcaattgtgcetcagatctgatcctiggeccaa ggactgcatatg

ccteaggacaaccanaaas gagaasaaggggggtgatagcattaglitcta
gamgggggataanaaataaagtgatccatgtacaatgtatggcattt
iptagatpelcascanatiicanciattalgpaglicecaicatpgelca

43



CA 02958259 2017-02-17

glggaaggpaatcigattagcatccatgaggacacaggtccaaccecgac
cttgctcaptgggcattgetgtgagetgtggcatggpttacagacgaage
teggatctggeatigetgtgpctgtgptotaagecageaactacagetct
cattcagcccctagectgggaacctecatatgectaaaagacaaaaaata
aaatttaaattaaaaataaagaaatgttaactattatgattggtactgct
tgcattactgcaaagaaagtcactitctatactctitaatatcttagttg
actgtgtgctcagtgaactattttggacacttaatttccactctcttcta
tctccaacttgacaactctetttcetetetictggtgagatecactgetg
actttpctctttaaggeaactagaaaagtpctcagtgacaaaatcaaaga
aagttaccttaatcttcagaattacaatcttaagttctcttgtaaagett
actatttcagiggttagtattattcctiggteccitacaacttatcaget
ctgatctattgctgattitcaactatttattgttggagttitticctttt
ttcectgttcattetgeaaatgtitgetgapeatitgtcaagtgaagata
ctgpactggpccticcaaatataagacaatgaaacatcgggagttctcat
tatggtgcageagaaacgaatccaactaggaaatgtgaggttgcagptte
gatcectgececttgetcaglggettaaggatccageattacegtgagetg
tggtgtaggttgcapacgtggcteagatectgegttgetgtggetgtgge
ataggctggcagetctagetetgaticgaccgetagectgggaaccteea
tgegeccegagtgeagecctiaaaaagcaaaaaaaaaagaaagaaagaaa
aagacaatgaaacatcaaacagctaacaatccagtagggtagaaagaatc
tggcaacagataagagcegattaaatgtictaggtccagtgaccttgecte
tgtgctctacacagtegtgecactigetgaggpgagaaggtetetetigag
ttgagtcctgaaagacatiagtigttcacaaactaatgecagtgagtgaa
ggtgtticcaageagapggagagptitpptaaaaagctggaagtcacagaa
agactctaaagagtttaggatggtppgagcaacatacgctgagatgggec
tggaaggttaagagggaaacaactatagtaagtgaagetggactcacage
aaagtgaggacctcagcatcctigatggpgttaccatggaaacaccaagg
cacacctigatticcaaaacagcaggcacctgaticageccaatgtgaca
tggtgggtaccectetagetctacetgtictgigacaactgacaaccaac
gaagttaagtctggattttctactctgetgatccttgttttigtitcaca
cgtcatctatageticatgecaaaatagagttcaaggtaagacgegggec
tiggttigatatacatgtagtetatettgtitgagacaatatggtpgeaa
ggaagaggttcasacaggaaaatactctctaattatgattaactgagaaa
agctaaagagtcccataatgacactgaatgaagttcatcattigcaaaag
cctteceecececcccaggagactataaaaaagtgcaattttttaaatgaa
cttatttacaaaacagaaatagactcacagacataggaaacgaacagatg
gttaccaaggptpaasaggpagtapgagpgpataaataaggagtctgggett
agcapgatacaccccagigtacacaaaataaacaacagggacctactatat
agcacaggpaactatatgcagtagcttacaataacctataatggaaaaga
atgtgaaaaagaatatatgtatgcptptatptetaactgaateactitpe
tgtaacctgaatctaacataacattgtaaatcaactacagtittutettt
titaagtgcagggtitiggtptttitttttticattittgtttitgtt
titgtittitgctitttagggccacacccagacatatgggggticecagg
ctaggpggtctaattagapctacagtigccggeltgcaccacagecacage
aacatcagatccgagccgeacttgegacttacaccacagcetcatggeaat
accagatccttaacccactgageaaggeccagggategtaceegeaacct
catggttcctagtcagatteatttctgetgegctacaatgggaactceaa
gtgcagttttttgtaatgtpcttgtctitctttgtaaticatattcatec
tacttcccaataaataaataaatacataaataataaacataccattgtaa
atcaactacaatittttttaaatgcagggtttttptittttgtettttgt
tttgtctttttgectittctagggecgetcccatggeatatggaggttee
caggctagggptcgaatcggagetgtagecaceggectacgecagageca
cagcaacgegggatccpgagecgegtetgeaacctacaccacagetcacgg
caacgccggatcgtiaaccecactgageaagggeagggatcgaaccigeaa
cctcatggttcctagtecagattcgttaactactgagecacaacggaaact
cctaaaptpcagtititagatgtgetigtctitcttigtaatttacacte
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aacctacttcccaataaataaataaataaacaaataaatcatagacatgg
ttgaattctaaaggaagggaccatcaggcectiagacagaaatacgicate
tictagtattitaaaacacactaaagaagacaaacatgetctgccagaga
agcceagggectccacagetgetigeaaagggagttaggeticagtaget
gacccaaggclctgttectettcagggaaaagggtttitgticagtgaga
cagcagacagctgtcactgtgGTGGACGTTCGGCCAAGGAACCAAGCTGG
AACTCAAACgtaagtcaatccaaacgticcttecttggctgtetgtgtet
tacggictctgtggeictgaaatgatteatgtgetgactetctgaaacca
gactgacattctccagggcaaaactaaageetgicatcaaactggaaaac
tgagggcacattttctgggcagaactaagagtcaggeactggptgaggaa
aaacttgttagaatgata gittcagaaacttactgggaagcaaageecat
gttctgaacagagetctgetcaagggteaggaggggaacca gittitgta
caggagggaagtigagacgaacceet gtgTATATGGTTTCGGCGCGGGGA
CCAAGCTGGAGCTCAAACgtaagtggctitttccgactgatictitgetg
titctaattgttggttggettittgtecatttitcagtgtittcatcgaa
ttagttgtcagggaccaaacaaatigecticceagattaggiaccaggga
ggggacattgctgcatgggagaccagagggtggctaatttttaacgtttc
caagccaaaataactggggaagggggcttgctgtcctgtgagggtaggtt
tttatagaagtggaapttaaggppaaategetatgGTTCACTTTT GGCTC
GGGGACCAAAGTGGAGCCCAAA Attgagtacattitccatcaattatitg
tgaga tttttgtcctgtigtpteatttgtgeaagtttttgacattitgpt
1gaatgagecattcccagggacccaaaaggatgagaccgaaaagtagaaa
agagccaactittaagcigagcagacagaccgaatigitga gtttgtgag
gagagtagggtitgtagggagaaaggggaacagate getggcttittete

tgaattagcctitctcatgggactgpcttcagaggg ggittttgatgagy
gaaptgtictagagectiaactgigGGTTGTGTTCGGTAG CGGGACCAAG
CTGGAAATCAAACgtaagtgcacttitctactectitttctttctiatac
gggtgtgaaattggggacttttcatgtttggagtatgagﬂgaggtcagt
tctgaagagagtgggactcatccaaaaatctgaggagtaa gggtcagaac
agagttgtctcatggaagaacaaagacctagttagttgatgaggcagcta
aatgagtcagttgacttgggatccagatggecagacttegteigtaacca
acaatctaatgagatgtagcagcaaaaagagatttccattgaggggaaag
taaaattgttaatatt, gtgGATCACC’I'I'I'GGTGAAGGGACATCCGTGGAG
ATTGAACgtaagtattttttctctactaccttctgaaatttgtctaaatg
ccagtgttgactittagaggcttaagtgtcagtittgigaaaaatgggta
aacaagagcatitcatatttattatcagtttcaaaagtaaacteagceic
caaaaatgaatttgtagacaaaaagattaatitaagccaaattgaatgat
tcaaaggaaaaaaaaattagtgtagatpasaaaggaattcttacagetee
aaagagcaaaagcgaattaattttctitgaactitgecaaatctigtaaa
tgatttitgttctitacaatitaaaaaggtta gagaaatgtatticitag
tetgtittetetctictgtctgataaattattatatpagataaaaatgaa
aattaataggatgtgctaaaaaatcagtaagaagtta gaaaaatatatgt
ttatgttaaaptigccacttaatigagaatcagaagcaatgttatittta
aagtctaaaatgagagataaactgicaatacttaaatictgcagagatic
tataicttgacagatatctecttittcaaaaatccaatttctatggtaga
ctaaatttgaaatgatcticctcataatggagggaaaagatggactgacc
ccaaaagctcagatttaaagaaatctgtttaagtgaaagaaaataaaaga
actgcalittitaaaggcccatgaatttgtagaaaaataggaaatatttt
aataagtgtattcttttattitccigttattactigatggtgtttitata
ccgecaaggaggeegtggeacegteagtgtgatcetgtagaccecatgeeg
gectittticpegattgaatgaccitggeggtggstceceagggetetgg
tggeagegeaccageegctaaaagecgetaaaaactgeegetaaaggeca
cagcaaccecgegaccgeccgttcaacigigetgacacagtgatacagat
aatgtcgctaacagagpgapgaatagaaatatgacgggcacacgctaatgty
gggaaaagagggagaagectgatiittatitittagagatictagagata
aaam:ccagtanatatccmtaataaaaaatttctatta ggagatta
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taaagaatttaaagctattittttaagtggggtptaatictitcagtagt
ctcttgicaaatggatitaagtaatagagpctiaatccaaatgagagaaa
tagacgcataaccctticaaggcaaaagetacaagagcaaaaatigaaca
cagcagccagcecatctagecactcagattttgatcagttttactgagtit
gaagtaaatatcatgaaggtataattgctgataaaaaaataagatacagg
tgtgacacatctttaagtitcagaaatttaatggettcagtaggattata
titcacgtatacaaagtatctaagcagataaaaatgcecattaatggaaac
ttaatagaaatatatitttaaattceticattetgtgacagaaattttct
aatctgggtcttitaatcacctacccttigaaagagtttagtaatttget
atttgccatcgetgtitactccagetaatttcaaaagtgatactigagaa
apattatttitggtitgcaaccacctggeaggactatittagggcecattt
taaaactcttttcaaactaagtattttaaactgttctaaaccatttaggg
ccitttaaaaatctittcatgaatticaaacticgttaaaagitatiaag
gigtctggeaagaacttcettatcaaatatgetaatagtitaatetgtta
atgcaggatataaaattaaagtpatcaaggcttgacccaaacaggagtat
cttcatagcatatttccectectitttttctagaattcatatpatttige
tgccaaggctattttatataatctetggaaaaaaaatagtaatgaaggtt
adaaagagaagaaaatatcagaacattaagaattcggtattttactaactg
cttggttaacatgaaggttittattitattaagptttctatctttataaa
aatctgttcecttitctgetgatttctccaageaaaagattcttgattty
tttittaactcttactctcccacccaagggectgaatgeecacaaagggg
acttccaggaggccatetggeagetgetcacegtcagaagtgaagecage
cagttcctectgggeaggtggecaaaattacagttgaccectectggtet
gpctgaaccttgecccatatggtgacagecatctggecagggeccaggte
|teeeteigaageettiipppaggagapgeagaptppctpgocegatoacagy
atgcggaaggggctgactccteaaccggggtgcagactetgcaggptzeg
tetgggeccaacacacccaaageacgeccaggaaggaaaggcagctigat
atcactgeccagagetaggagaggcaccgggaaaatgatctgiccaagac
cegttcttgettctaaactcecgagpgggtcagatgaagtggtttgtiic
ttggcctgaagceategtpttcectgcaagaagepgggaacacagaggang
gagagaaaagatgaactgaacaaagcatgcaaggcaaaaaaggecttagg
atggctgeagpaagttagtictictgeattggetecttactggetegteg
atcgeccacaaacaacgcacccagtggagaacttcectgttacttaaaca
ccattctetgtgettgettectcagGGGCTGATGCCAAGCCATCCGTCTT
CATCTTCCCGCCATCGAAGGAGCAGTTAGCGACCCCAACTGTCICTGTGG
TGTGCTTGATCAATAACTTCTTCCCCAGAGAAATCAGTGTCAAGTGGAAA
GTGGATGGGGTGGTCCAAAGCAGTGGTCATCCGGATAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTCTCGCTGCCCA
CGTCACAGTACCTAAGTCATAATTTATATTICCTGTGAGGTCACCCACAAG
ACCCTGGCCTCCCCTCTGGTCACAAGCTTCAACAGGAACGAGTGTGAGGC
TtagAGGCCCACAGGCCCCTGGCCTGCCCCCAGCCCCAGCCCCCCTCCCC
ACCTCAAGCCTCAGGCCCTTGCCCCAGAGGATCCTTGGCAATCCCCCAGC
CCCTCTTCCCTCCTCATCCCCTCCCCCTCTTTGGCTTTAACCGTGTTAAT
ACTGGGGGGTGGGGGAATGAATAaataaaGTGAACCTTTGCACCTGTGAL
ttctctctectgictgatittaaggttgttaaatgtigtittccecatta
tagttaatctittaaggaactacatactgagttgctaaaaactacaccat
cacttataaaattcacgectictcagttctcecetecectectgtectee
ptaagacagpcctecgtgaaacccataageactictetttacaccctete
ctgggecggggtaggagactttitgatgteccetettcageaageceteag
aaccafittgagggggacagttcttacagtcacat*tectgtgatctaat
gactttagttaccgaaaagccagtcictcaaaaagaagggaacggetaga
aaccaagtcatagaaatatatatgtataaaatatatatatatccatatat
gtaaaataacaaaataatgataacagcataggicaacaggcaacagggaa
tgitgaagtccattctggeacttcaatttaagggaataggatgecttcat
tacatfttaaatacaatacacatggagagettcctatctgecaaagacca

ietpastgecticeacactonciaoanp gitanangaticaltacast
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gitgatcgaggagticcegtigtggctcageaggttaagaacgtgactgg
tatccaggaggatpcpggtitggiccccagectegetcagtgpgatiaagg
atccagtgttpctgecaagatcacggpctcagatccegtgtictatggeta
tggtgtaggctggtagetgeatgeagecctaatitgaceectagectggy
aactgccatatgecacatgtgagpeccttaaaacctaaaagaaaaaaaaa
gaaaagaaatatctiacacccaatttatagataagagagaagctaaggtg
geaggeccaggatcaaagecectacctgectatctigacacctgatacaaa
tictgtetictagggtttccaacactgeatagaacagagpgtcaaacatg
ctaccctcccagggactectcecttcaaatgacataaattttgttgeeca
tctetgggggcaaaacicaacaatcaatggeatctctagtaccaageaag
getctictcatgaagcaaaacictgaagecagatccateatgacccaagy
aagtaaagacagptpttactggttgaactgtatccttcaattcaatatge
tcaatttccaactcecagtcccegtaaatacaaccecctttgggaagaga
gtcettgeagatgtagecacgttaaaaapgagattatacagaaaggcetagt
gaggatgcagtgaaacgggatctticatacatigctggtggaaatgtaaa
atgetgcaggeacictagaaaataatttgecagtittttgaaaagetaaa
caaaatagtttagttpcatictgggttatttatcccccagaaattaaaaa
ttatgtccgcacaaaaacgtgtacataatcaticataacagecttgtac

S eq ID No.12 caaggaaccaagciggaactcaaacgtaagtcaatccaaacgttectice
ttggctgtetgtgtettacggtetetgtggetctgaaatgaticatgtge
tgactctctgaaaccagactgacatictccagggcaaaactaaagectgt
catcaaactggaaaactgagggcacattttctgggcagaactaagagtca
ggcactigggigaggaanaactigitagaaigatagtiicagaaactiact
gpgaagcaaageccatgtictgaacagagetetgetcaaggptcaggape
ggaaccagtttttgtacaggagggaagttgagacgaacccetgtgtatat
getticgpcgcggggaccaagetggagetcaaacgtaagtggctttitce
gactigattctttgetgtttctaattgtig gttggctitttgtccattttt
cagtgtiticatcgaattagttgtcagggaccaaacaaattgecttccea
pattagptaccagggaggggacattgctgcatpggagaccagagggteec
taattttitaacgtticcangccaaaataactggggaagggggcttgetgt
cctgtgaggptaggtttitatagaagtggaagttaaggppaaatcgetat
ggttcactittggetcggggaccaaagtggageccaaaatigagtacatt
ttccatcaattatttgtgagatttitgtcctgtigigtcattigtgcaag
ttttigacatittggitgaatgagecaticccagggacecaaaaggatga
gaccgaaaagtagaaaagagccaactittaagetgageagacagaccgaa
ttgttgagtitgtgaggagagtaggptitglagggagaaaggpgaacaga
tcgetggctititctetgaattagecttictcatgggactggceticagag
geggtititgatgaggpaagtgttctagagecttaactgipegttgtatt
cggtageppgaccaagelggaaatcaaacgtaagtgeacttitetactee
titttctticttatacgggtptgaaattggggacttitcatgtttggapt
atgagttgaggicagttctgaagagagtgggactcatccaaaaatctgag
gagtaagggtcagaacagagtigictcatggaagaacaaagacclagtta
gttgatgaggcagctaaatgagtcagttgactigggatccaaatggecag
acttcgtctgtaaccaacaatctaatgagatgtagcagceaaaaagagatt
tccattgaggggaaagtaaaatigtiaatatigtggatcacctitggtoa
agggacatccgtgpagatigaacgtaagtattitttctetactacettct
gaaattigtctaaatgccagtgtigacttttagaggettaagtgtcagtt
ttgtgaaaaatgggtaaacaagagcatticatatitattatcagtitcaa
aagttaaactcagctccaaaaatgaattigtagacaaaaagattaattta
agccaaattgaatgattcasaggaaaaaaaaattagtgtagatgaaaaag
gaaltcttacagetccaaagagcaaaagcepaattaattticttigaactt
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tgccaaatctigtaaatgatttttgtictttacaatttaaaaaggitaga
gaaatgtatticttagtetgttttctetcttctgtctgataaattattat
atpagataaaaatpaaaattaataggatgtgctaaaaaatcagtaagaag
ttagaaaaatatatgtttatgttaaagttgccacttaatigagaatcaga
agcaatgtiattttiaaagtctaaaatpagagatanactgtcaatactta
aattctgcagagattctatatcttgacagatatctcctttticaaaaate
caatttctatggtagactaaatttgaaatgatcttccteataatggaggs
aaaagatggactgaccccaaaagetcagattt*aagaaaacctgtitaag
*gaaagaaaataaaagaactgcatittitaaaggcccatgaattigtaga
aanataggaaatattttaataagtgtattcttttatittectgttattac
ttgatggtgtttitataccgccaaggaggeegtggeaccgtcagtgtgat
ctgtagacceecatggeggectttittcgegattgaatgacctiggeggty
ggteceecagggctetggtggeagegeaccagecgctaaaagecgetaaaa
actgcegetaaaggecacagcaaccecgegacegeeegttcaactgtgct
gacacagtgatacagataatgtcgctaacagaggagaatagaaatatgac
gggcacacgetaatgtggggaaaagagggagaagectgatttttatttit
tagagattctagagataaaattcccagtattatatectittaatanaaaa
titctattaggagattataaagaatitaaagctatittittaagtggegt
gtaattctitcagtagtctcttgtcaaatggatttaagtaatagaggctt
aatccaaatgagagaaatagacgcataaccctttcaaggcaaaagetaca
agagcaaaaattgaacacagcagccagecatctagecactcagatitiga
tcapttttactgagtttgaagtaaatatcatgaaggtataattgctgata
aaaasataagatacaggtgtgacacatctttaagtticagaaatitaatg
gettcagtaggattatatticacglatacaaagtatctaagcagataaaa

-atgecattaatggaaacttaatagaaatatatttitaaattectteatte

tgtgacagaaatttictaatctgggtetittaatcacctacectttgaaa
gagtitagtaatttgctatttgccategetgtttactccagetaatttca
aaagtgatacttgagaaagattatttttggtttgcaaccacctggeagga
ctattttagggccattitaaaactctittcaaactaagtattttaaactg
ttctaaaccatttaggpccttitaaaaatctiticatgaatttcaaactt
cgttaaaagttattaaggtgtctggcaagaacticcttatcaaatatget
aatagtttaatctgttaatgcaggatataaaattaaagtgatcaaggett
gacccaaacaggagtatcticatageatatttcecetectitttttctag
aattcatatpattttgetgecaagpctatittatataatctctggaaaaa
aaatagtaatgaaggttaaaagagaagaaaatatcagaacattaagaatt
cggtattttactaactgettggttaacatgaaggtttttattitattaag
gtttctatctitataaaaatetgttcecttttctgetgatitctecaage
aaaagattcttgatitgtttittaactcttactctcccacecaagggeet
gaatgcccacaaaggggacttccaggaggecatctggeagetgetcaceg
tcagaagtgaagccagecagticctectggpeaggtzgccaaaattacag
ttgaccectcctggtctggctgaacettgecccatatggtgacagecate
tggccagggcccagg‘lctccctctgaagccmgggaggagagggagagt
ggctggeccpatcacagatgepggaagggpctgactccicaaceggggtae
agactctgcagggtgpglctgggeccaacacacccaaageacgeccagga
aggaaaggcagcttggtatcactgeccagagetaggagaggeaccgggaa
aatgatctgiccaagaccegttcttgetictaaactcegagggggtcaga
tgaagtggtittgtttcttggectgaapeategtgttccctgeaagaage
gggpaacacagaggaaggagagaaaagatgaactgaacaaagcatgeaag
gcaaaaaaggecttapgatggetgcaggaagtiagtictictgeattgge
tcettactggetegtegatcgeccacaaacaacgeacceagtggagaact
tccetgttacttaaacaccatictetgtgetigettcctcaggggetgat
gecaagecateegtctteatetteccgecatcgaaggageagttagegac
cccaactgieictgtpgtgtocttpatea

Seq ID No.15

gatgccaagccatecgtettcatetteccgecategaaggageagttage
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gaccccaactgtetetgtggtgtgettgatcaataacttcttecccagag
aaatcagtgtcaagtppaaagtggatggggtpptccaaageagtggteat
ccggatagtgtcacagagcaggacagcaaggacageacctacagectcag
cagcaccctetegetgeccacgteacagtacctaagtcataattiatatt
cctgtgaggteacceacaagaceetggecteecctetggtcacAAGCTTC
AACAGGAACGAGTGTGAGGCTT. AGAGGCCCACAGGCCCCFGGCCT GCCCC
CAGCCCCAGCCCCCCTCCCCACCTCAAGCCTCAGGCCCTTGCCCCAGAGG
ATCCTTGGCAATCCCCCAGCCCCTCTTCCCTCCTCATCCCCTCCCCCTCT
TTGGCTTTAACCGTGTTAATACTGGGGGGTGGGGGAATGAATAAATAAAG
TGAACCTTTGCACCTGTGATTTCTCTCTCCTGTCTGATTTTAAGGTTGTT
AAATGTTGTTTTCCCCATTATAGTTAATCTTTTAAGGAACTACATACTGA
GTTGCTAAAAACTACACCATCACTTATAAAATTCAcgCCTTCTCAGTTCT
CCCCTCCCCTCCTGTCCTCCGTAAGACAGGCCTCCGTGAAACCCATAAGC
ACTTCTCTTTACACCCTCTCCTGGGCCGGGGTAGGAGACTTTTTGATGTC
CCCTcTTCAGCAAGCCTCAGAACCATTTTGAGGGGGACAGTTCTTACAGT
CACAT*TCCtGtGATCTAATGACTTTAGTTaCCGAAAAGCCAGTCICTCA
AAAAGAAGGGAACGGCTAGAAACCAAGTCATAGAAATATATATGTATAAA
ATATATATATATCCATATATGTAAAATAACAAAATAATGATAACAGCATA
GGTCAACAGGCAACAGGGAATGTTGAAGTCCATTCTGGCACTTCAATTTA
AGGGAATAGGATGCCTTCATTACATTTTAAATACAATACACATGGAGAGC
TTCCTATCTGCCAAAGACCATCCTGAATGCCTTCCACACTCACTACAAGG
TTAAAAGCATTCATTACAATGTTGATCGAGGAGTTCCCGTTGTGGCTCAG
CAGGTTAAGAACGTGACTGGTATCCAGGAGGATGCGGGTTTGGTCCCCAG
CCTCGCTCAGTGGATTAAGGATCCAGTGTTGCTGCAAGATCACGGGCTCA
GATCCCGTGTTCTATGGCTATGGTGTAGGCTGGTAGCTGCATGCAGCCCT
AATTTGACCCCTAGCCTGGGAACTGCCATAIGCCACATGTGAGGCCCTTA
AAACCTAAAAGAAAAAAAAAGAAAAGAAATATCTTACACCCAATTTATAG
ATAAGAGAGAAGCTAAGGTGGCAGGCCCAGGATCAAAGCCCTACCTGCCT
ATCTTGACACCTGAtACAAATTCTGTCTTCTAGGGITTCCAACACTGCAT
AGAACAGAGGGTCAAACATGCTACCCTCCCAGGGACTCCTCCCTTCAAAT
GACATAAATTTTGTTGCCCATCTCTGGGGGCAAAACTCAACAATCAATGG
CATCTCTAGTACCAAGCAAGGCTCTTCTCATGAAGCAAAACTCTGAAGCC
AGATCCATCATGACCCAAGGAAGTAAAGACAGGTGTTACTGGTTGAACTG
TATCCTTCAATTCAATATGCTCAATTTCCAACTCCCAGTCCCCGTAAATA
CAACCCCCTTTGGGAAGAGAGTCCTTGCAGATGTAGCCACGTTAAAAAGA
GATTATACAGAAAGGCTAGTGAGGATGCAGTGAAACGGGATCTTTCATAC
ATTGCTGGTGGAAATGTAAAATGCTGCAGGCACTCTAGAAAATAATTTGC
CAGTTITTTGAAAAGCTAAACAAAATAGTTTAGTTGCATTCTGGGTTATT
TATCCCCCAGAAATTAAAAATTATGTCCGCACAAAAACGTGTACATAATC
ATTCATAACAGCCTTGTACGAAAAGCTT

Seq ID No.16

GGATCCTTAACCCACTAATCGAGGATCAAACACGCATCCTCATGGACAAT
ATGTTGGGTTCTTAGCCTGCTGAGACACAACAGGAACTCCCCTGGCACCA
CTTTAGAGGCCAGAGAAACAGCACAGATAAAATTCCCTGCCCTCATGAAG
CTTATAGTCTAGCTGGGGAGATATCATAGGCAAGATAAACACATACAAAT
ACATCATCTTAGGTAATAATATATACTAAGGAGAAAATTACAGGGGAGAA
AGAGGACAGGAATTGCTAGGGTAGGATTATAAGTTCAGATAGTTCATCAG
GAACACTGTTGCTGAGAAGATAACATITAGGTAAAGACCGAAGTAGTAAG
GAAATGGACCGTGTGCCTAAGTGGGTAAGACCATTCTAGGCAGCAGGAAC
AGCGATGAAAGCACTGAGGTGGGTGTTCACTGCACAGAGTTGTTCACTGC
ACAGAGTTGTGTGGGGAGGGGTAGGTCTTGCAGGCTCTTATGGTCACAGG
AAGAATTGTTITACTCCCACCGAGATGAAGGTTGGTGGATTTTGAGCAGA
AGAATAATTCTGCCTGGTTTATATATAACAGGATTTCCCTGGGTGCTCTG
ATGAGAATAATCTGTCAGGGGTGGGATAGGGAGAGATATGGCAATAGGAG
CCTTGGCTAGGAGCCCACGACAATAATTCCAAGTGAGAGGTGGTGCTGCA
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TTGAAAGCAGGACTAACAAGACCTGCTGACAGTGTGGATGTAGAAAAAGA
TAGAGGAGACGAAGGTGCATCTAGGGTTTTCTGCCTGAGGAATTAGAAAG
ATAAAGCTAAAGCTTATAGAAGATGCAGCGCTCTGGGGAGAAAGACCAGC
AGCTCAGTTTTGATCCATCTGGAATTAATTTTGGCATAAAGTATGAGGTA
TGTGGGTTAACATTATTITGTTITTITTTTITITCCATGTAGCTATCCAACTG
TCCCAGCATCATTTATTITTAAAAGACTTTCCTITCCCCTATTGGATTGTT
TTGGCACCTTCACTGAAGATCAACTGAGCATAAAATTGGGTCTATTTCTA
AGCTCTTGATTCCATTCCATGACCTATITGTTCATCTTTACCCCAGTAGA
CACTGCCTTGATGATTAAAGCCCCTGTTACCATGTCTGTTTTGGACATGG
TAAATCTGAGATGCCTATTAGCCAACCAAGCAAGCACGGCCCTTAGAGAG
CTAGATATGAGAGCCTGGAATTCAGACGAGAAAGGTCAGTCCTAGAGACA
TACATGTAGTGCCATCACCATGCGGATGGTGTTAAAAGCCATCAGACTGC
AACAGACTGTGAGAGGGTACCAAGCTAGAGAGCATGGATAGAGAAACCCA
AGCACTGAGCTGGGAGGTGCTCCTACATTAAGAGATTAGTGAGATGAAGG
ACTGAGAAGATTGATCAGAGAAGAAGGA2AATCAGGAAAATGGTGCTGTC
cTGAAAATCCAAGGGAAGAGATGTTCCAAAGAGGAGAaAACTGATCAGTT
GTCAGCTAGCGTCAATTGGGATGAAAATGGACCATTGGACAGAGGGATGT
AGTGGGTCATGGGTGAATAGATAAGAGCAGCTTCTATAGAATGGCAGGGG
CAAAATTCTCATCTGATCGGCATGGGTTCTAAAGAAAACGGGAAGAAAAA
ATTGAGTGCATGACCAGTCCCTTCAAGTAGAGAGGTgGAAAAGGGAAGGA
GGAAAATGAGGCCACGACAACATGAGAGAAATGACAGCATTTTTAAAAAT
TTTTTATTTTATITIATTTATTTATTTTTGCTTTTTAGGGCTGCCCCTGC
AAcatatggaggttcceapgttaggpptctaatcagagetatagetgeca
gectacaccacagecatageaatgecagatctacatgacctacaccacag
ctcacagCaacgccggatcettaacceactgagtgaggecagagatcaaa
cccatatccttatggatactagicagpttcattaccactgagecaaaatg .
gg2aATCCTGAGTAATGACAGCATTTTITAATGTGCCAGGAAGCAAAACT
TGCCACCCCGAAATGTCTCTCAGGCATGTGGATTATITTGAGCTGAAAAC
GATTAAGGCCCAAAAAACACAAGAAGAAATGTGGACCTT CCCCCAACAGC
CTAAAAAATTTAGATTGAGGGCCTGTTCCCAGAATAGAGCTATTGCCAGA
CTTGTCTACAGAGGCTAAGGGCTAGGTGTGGTGGGGAAACCCTCAGAGAT
CAGAGGGACGTTTATGTACCAAGCATTGACATTTCCATCTCCATGCGAAT
GGCCTTCTTCCCCTCTGTAGCCCCAAACCACCACCCCCAAAATCTTCTTC
TGTCTTTAGCTGAAGATGGTGTTGAAGGTGATAGTTTCAGCCACTTTGGC
GAGTTCCTCAGTTGTTCTGGGTCTTTCCTCCGGATCCACATTATTCGACT
GTGTTTGATTITCTCCTGTTTATCTGTCTCATTGGCACCCATTTCATTCT
TAGACCAGCCCAAAGAACCTAGAAGAGTGAAGGAAAATTTCTTCCACCCT
GACAAATGCTAAATGAGAATCACCgCAGTAGAGGAAAATGATCTGGTeCT
GCGGGAGATAGAAGAGAAAATcGCTGGAGAGATGTCACTGAGTAGGTGAG
ATGGGAAAGGGGGGGCACAGGTGGAGGTGTTIGCCCTCAGCTAGGAAGACA
GACAGTTcacagaagagaagegggtgtccgtGGACATCTTGCCTCATGGA
TGAGGAAACCGAGGCTAAGAAAGACTGCAAAAGAAAGGTAAGGATTGCAG
AGAGGTCGATCCATGACTAAAATCACAGTAACCAACCCCAAACCACCATG
TTITTCTCCTAGTCTGGCACGTGGCAGGTACTGTGTAGGTITTCAATATTA
TTGGTTTGTAACAGTACCTATTAGGCCTCCATCcCCTCCTCTAATACTAA
CAAAAGTGTGAGACTGGTCAGTGAAAAATGGTCTTCTTTCTCTATGCAAT
CTTTCTCAAGAAGATACATAACTTTTTATTTTATCATaGGCTTGAAGAGC
AAATGAGAAACARCCTCCAACCTATGACACCGTAACAAAGTGTTTATGAT
CAGTGAAGGGCAAGAAACAAAACATACACaGTAAAGACCCTCCATAATAT
TGtGGGCTGGCCCAaCACAGGCCAGGTTGTAAAAGCTTTITATTCTTTGA
TAGAGGAATGGATAGTAATGTTITCAACCTGGACAGAGAT*CATGTTCACT
GAATCCTTCCAAAAATTCATGGGTAGTTTGAAITATAAGGAAAATAAGAC
TTAGGATAAATACTTTgTCCA*GATCCCAGAGTTAATEgCCAAAATCAGTT
TTCAGACTCCAGGCAGCCTGATCAAGAGCCTAAACTTTAAAGACACAGTC
CCTTAATAACTACTATTCACAGTTGCACTTTCAgGGCGCAAAGACTCATT
GAATCCTACAATAGAATGAGTTTAGATATCAAATCTCTCAGTAATAGATG
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AGGAGACTAAATAGCGGGCATGA CCTGGTCACTTAAAGACAGAATTGAGA
TTCAAGGCTAGTGTTCTTTCTACCTGTTTTGTTTCTACAAGATGTAGCAA
TGCGCTAATTACAGACCTCTCAGGGAAGGAATTCACAACCCT CAGCAAAA
ACCAAAGACAAATCTAAGACAACTAAGAGTGTTGGTTTAATTTGGAAAAA
TAACTCACTAACCAAACGCCCCTCTTAGCACCCCAATGTCTT CCACCATC
ACAGTGCTCAGGCCT CAACCATGCCCCAATCACCCCAGCCCCAGACTGGT
TATTACCAAGTTTCATGATGACTGGCCTGAGAAGATCAAAAAAGCAATGA
CATCTTACAGGGGACTACCCCGAGGACCAAGATAGCAACT GTCATAGCAA
CCGTCACACTGCTTIGGTCA

Seq ID No.19

ggatcaz\acacgcatcctcatggacaatatgttgggttcttagcctgctg
agacacaacaggaactccectggeaccactitagaggeea gagaaacagc
acagataaaattccctgeccicatgaagettatagtcta getggpgagat
atcatagpgcaagata aacacatacaaatacatcatcttaggtaataatat
atactaaggagaaaaﬂacaggggagaaagaggacaggaartgctagggt
agpaitataagticagatagticatcaggaacact gttgctgagaagata
acatttaggtasagaccgaagtagtaaggaaatggaccgt gtgcctaagt
gggtaagaccatictaggcageaggaacage gatgaaagcactgaggtgg
gtgttcactgcacagagtigitcactgeaca gagtigtgtggggageggt
aggtctigea gactettatggtcacaggaagaattgtttiactcccaccg
agatgaaggttggtggatitigagcagaa gaataattctgectggttat
atataacaggatitccctgggtgetctgatga gaataatctgicaggggt
gegatagggagagatatggcaataggagecttggetaggageecacgaca
ataaticcaaglpaga geteptgctgcattgaaageaggactaacaagac
ctgctgacagtgtggatgtagaaaaagatagaggagac gaaggtgeatct
agggttttctgcctgaggaattagaaa gataaagctaaagcttatagaag
atgcagegctctggpggagaaagacca geagctcagttttgatceatctpg
aattaattttggcataaagtatgageta tgtgggttaacattatttgttt
ttittttticcatgtagctatccaactgtcccagceatcattatittaaa
agactttcctttcccctattggattgttttggcaccttcactgaa gatca
actgagcataaaattgggtc\amctaagctcttgattccattccalga
cctatttgttcatetttaccccagtagacactgectt gatgattaaagce
cctgttaccatgtetgtittggacatggtaaatetga gatgcctattage
caaccaagcaagecacggeccttagaga getagatatgagapceigpaatt
cagacgagaaaggtcagtcctaga gacatacatgtagtgccatcaccatg
cggatg gtgttaaaagccatcagactgcaacagactgipa gagggtacca
agctagagagcatggatagagaaacccaa gcactgagctgggaggtgete
ctacattaagagattagtgagatgaa ggactgagaagatigatcagagaa
gaa ggaaaatcaggaaaatggtgcetgtectgaaaatccaapggaa gagat
gitccaaagaggagaaaactgalcagtigica getagegtcaattgggat
gaaaalg gaccattggacagagggatgtagtgg,g\ca(gggtgaatagat
aagagcagcitctatagaatggeag gggcaaaatictcatetgatcggea
tgggttctaaagaaaacgggaagaaaaaattga gtgcatgaccagteect
tcaagtapapgagptgpaaaagpggaappa gpaaaatgaggccacgacaaca
tgagagaaatgaca geatttttaaaaatittitaititatittattiatt
tatttttgctttﬂagggctgcccctgcaacatatggaggttcccaggﬁ
aggggtctaatca gagctatagetgecagectacaccacagecatageaa
tgeea gatctacatgacctacaccacagetcacagceaacgec ggatcctt
aacccactgaglgaggecagagatcaaacceatatecttatggatactag
tcaggttcattaccactgagccaaaatgggaaatcctgagmatgacagc
atittitaatgtgccaggaagceaanacttgecacceegaaatgictetca
ggcatgtggattattitgagctgaaaacgatiaaggeccaaaaaacacaa
gaagaaatgtggaccttcccccaaca gcctaaaaaatttagattgagggc
ctgttcccagaatagagctattgecagactigictacaga ggctaagppc
taggtgtgstpggoaaacceicagagatcaga ggpacgtttatptaccaa
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gcattgacatttceatetccatgegaatggecttetteccetetgtagee
ccaaaccaccacceccaaaatettetictgtetttagetgaagatggtgt
tgaagptgatagtttcagccactttggegagttccteagttgtictgggt
ctitcctccTgatecacattattcgactgtgtttgattttctectgttta
tetgtctcattggeacccatttcattcttagaccageccaaagaacctag
aagagtgaaggaaaatitcticcaccetgacaaatgetaaatgagaatca
ccgeaptagaggaaaalgatctggtpctgcgggagatagaagagaaaate
getggagagatgtcactgagtaggtgapatgggaaaggggtgacacaggt
ggaggtgttgecctcagetaggaagacagacagticacagaagagaageg
gglgteegtggacatettgectcatggatgaggaaaccgaggctaagaaa
gactgcaaaagaaaggtaaggattgcagagaggtcgatccatgactaaaa
tcacagtaaccaaccccaaaccaccatgtitictectagtctggeacgty
gcaggtactgtgtaggtittcaatattatiggtitptaacagtacctatt
aggectccatcocctectctaatactaacaaaagtgtgagactggtcagt
gaaaaatggtcticttictctatgaatcttictcaagaagatacataact
tittattttatcataggcttgaagageaaatgagaaacagectccaacct
atgacaccgtaacaaaatgtttatgatcagtgaapgggcaagaaacaaaac
atacacagtaaagaccctccataatatigtgpgiggeccaacacaggeca
ggtigtaaaagctitttattctitgatagaggaatggatagtaatgtttc
aacctggacagagatcatgttcactgaatccttccaaaaattcatgggta
gittgaattataaggaaaataagacttaggataaatactitgtccaagat
cccagagttaatgecaaaatcagttttcagactccaggeagectgatcaa
gagcclaaactttaaagacacagtcccttaataactactaticacagttg
cactitcagggcgcaaagactcattgaatcctacaatagaatgagtttag
atatcaaatctctcagtaatagatgaggagactaaatagegggcatgace
tgptcacttaaagacagaattgagattcaaggctagtgtictitctacct
gtttigtttctacaagatgtagcaatgegetaattacagacctcteaggg
aagpaattcacaaccctcagcaaanaccaaagacaaatctaagacaacta
agagtgttggtitaatitggaaaaataactcactaaccaaacgecectet
tagcaccccaatgtcticcaccatcacagtgetcaggectcaaccatgee
ccaatcacc

Seq ID No.25

GCACATGGTAGGCAAAGGACTTTGCTTCTCCCAGCACATCTTTCTGCAGA
GATCCATGGAAACAAGACTCAACTCCAAAGCAGCAAAGAAGCAGCAAGTT
CTCAAGTGATCTCCTCTGACTCCCTCCTCCCAGGCTAATGAAGCCATGTT
GCCCCTGGGGGATTAAGGGCAGGTGTCCATTGTGGCACCCAGCCCGAAGA
CAAGCAATTTGATCAGGTTCTGAGCACTCCTGAATGTGGACTCTGGAATT
TTCTCCTCACCTTGTGGCATATCAGCTTAAGTCAAGTACAAGTGACAAAC
AACATAATCCTAAGAAGAGAGGAATCAAGCTGAAGTCAAAGGATCACTGC
CTTGGATTCTACTGTGAATGATGACCTGGAAAATATCCTGAACAACAGCT
TCAGGGTGATCATCAGAGACAAAAGTTCCAGAGCCAGGTAGGGAAACCCT
CAAGCCTTGCAAAGAGCAAAATCATGCCATIGGGTTCTTAACCTGCTGAG
TGATTTACTATATGTTACTGTGGGAGGCAAAGCGCTCAAATAGCCTGGGT
AAGTATGTCAAATAAAAAGCAAAAGTGGTGTTTCTTGAAATGTTAGACCT
GAGGAAGGAATATTGATAACTTACCAATAATTTTCAGAATGATTTATAGA
TGTGCACTTAGTCAGTGTCTCTCCACCCCGCACCTGACAAGCAGTTTAGA
ATTTATTCTAAGAATCTAGGTTTGCTGGGGGCTACATGGGAATCAGCTTC
AGTGAAGAGTTTGTTGGAATGATTCACTAAATTTTCTATTTCCAGCATAA
ATCCAAGAACCTCTCAGACTAGTTTATTGACACTGCTTTTCCTCCATAAT
CCATCTCATCTCCGTCCATCATGGACACTTTGTAGAATGACAGGTCCTGG
CAgAGACTCaCAGATGCTTCTGAAACATCCTTTGCCTTCAAAGAATGAAC
AGCACACATACTAAGGATCTCAGTGATCCACAAATTAGTTTITGCCACAA
TGGTTCTTATGATAAAAGTCTTTCATTAACAGCAAATTGTITTATAATAG
TTGTTCTGCTITATAATAATIGCATGCTTCACTTTCTTITCITITCITTT
TTITTCTTTTTITGCTITTITTAGTGCCGCAGGTgcageatatgaaattice
cagpctaggggtcaaatcagaactacacctactggectacgecacageca
cagcaacicaggatctaagecatgteggtpacctacactacagetcatgp
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caatgceagatecttaacccaatgagegaggecagggatcgaacceatgt
cctcatggalactagtcaggetcattatccgetgagccataacaggaact
cccGAGTTTGCTTTITATCAAAATTGGTACAGCCTTATTGTTTCTGAAAA
CCACAAAATGAATGTATTCACATAATTTTAAAAGGTTAAATAATTTATGA
TATACAAGACAATAGAAAGAGAAAACGTCATTGCCTCTTTCTITCCACGAC
AACACGCCTCCTTAATTGATTTGAAGAAATAACTACTGAGCATGGTTTAG
TGTACTTCTTTCAGCAATTAGCCTGTATTCATAGCCATACATATTCAATT
AAAATGAGATCATGATATCACACAATACATACCATACAGCCTATAGGGAT
TTTTACAATCATCTTCCACATGACTACATAAAAACCTACCTAAAAAAAAA
AAAAACCCTACTTCATCCTCCTATTGGCTGCTTTGTGCTCCATTAAAAAG
CTCTATCATAATTAGGTTATGATGAGGATTTCCATTTTCTACCTTTCAAG
CAACATTITCAATGCACAGTCTTATATACACATTTGAGCCTACTTTTCTTT
TICTTTCTTITTITIGGTTTITTTTTTTTITITITITITTIGGTCTTITIGTC
TTTTCTAAGgctgcatatggagpttcccaggetagcetgtctaatcagaac
tatagctgetggectacgecacatccacageaatacaagatetgagecat
gtctgeaacttacaccacagetcacageaacggtggatccttaaaccact

gageaaggecapggatcaaacccat AACTTCATGGCTCCTAGTTGGATTT
GTTAACCACTGAGCCATGATGGCAACTCCTGAGCCTACTTTTCTAATCAT
TTCCAACCCTAGGACACTTTTTTAAGTITCATTTTTCTCCCCCCACCCCC
TGTTTTCTGAAGIGTGTTTGCTTCCACTGGGTGACTTCACICCCAGGATC
TCATCTGCAGGATACTGCAGCTAAGTGTATGAGCTCTGAATTTGAATCCC
AACTCTGCCACTCAAAGGGATAGGAGTTTCCGATGTGGCCCAATGGGATC
AGTGGCATCTCTGCAGTGCCAGGACGCaggttccatcectggeccageac
agtggettaagaatctggCATTGCTGCAGCTGAGGCATAGATTTCAATIG
TGCCTCAgATCTGATCCTTGGCCCAAGGACTGCATATGCCTCAGGGCAAC
CAAAAAAGAGAAAAGGGGGGTGATAGCATTAGTTTCTAGATTTGGGGGAT
AATTAAATAAAGTGATCCATGTACAATGTATGGCATTTTGTAAATGCTCA
ACAAATTTCAACTATTATggagticccatcatggetcagtggaagggaat
ctgattagcatccatgagpacacaggtCCAACCCCGACCTTGCTCAGTGG
GCATTGCTGTGAGCTGTGGCATGGGTTACAGACGAAGCTCGGATCTGGCA
TTGCTGTGGCTGTGGTGTAAGCCAgCA Actacagetcteattcagecect
agcctgggaacctecatatgcc TAAAAGACAAAAAATAAAATTTAAATTA
AAAATAAAGAAATGTTAACTATTATGATTGETACTGCTTGCATTACTGCA
AAGAAAGTCACTTTCTATACTCTTTAATATCTTAGTTGACTGTGTGCTCA
GTGAACTATTTTGGACACTTAATTTCCACTCTCTTCTATCTCCAACTTGA
CAACTCTCTTTCCTCTCTTCTGGTGAGATCCACTGCTGACTTTGCTCTTT
AAGGCAACTAGAAAAGTGCTCAGTGACAAAATCAAAGAAAGTTACCTTAA
TCTTCAGAATTACAATCTTAAGTTCTCTTGTAAAGCTTACTATITCAGTG
GTTAGTATTATTCCTTGGTCCCTTACAACTTATCAGCTCTGATCTATTGC
TGATTTTCAACTATTTATTGTTGGAGTTITTITCCTTTTTTCCCTGTTCAT
TCTGCAAATGTTTGCTGAGCATTTGTCAAGTGAAGATACTGGACTGGGCC
TTCCAAATATAAGACAATGAAACATCGGGAGTTCTCATTATGGTGCAGCA
GAaacgaatccaactaggaaatgtgaggttgeaggticgatccetgeect
tgcicagtpggltaaggatccagcattacegigagetgtgptgtaggity
cagacgtggetcagatectgegttpetgtggctgtpgeataggotggeag
ctetagetetgaticgaccgetagectgggaacctccatGCGCCCCGAGT
GCAGCCCTTAAAAAGCAAAAAAAAAAGAAAGAAAGAAAAAGACAATGAAA
CATCAAACAGCTAACAATCCAGTAGGGTAGAAAGAATCTGGCAACAGATA
AGAGCGATTAAATGTTCTAGGTCCAGTGACCTTGCCTCTGTGCTCTACAC
AGTCGTGCCACTTGCTGAGGGAGAAGGTCTCTCTTGAGTTGAGTCCTGAA
AGACATTAGTTGTTCACAAACTAATGCCAGTGAGTGAAGGTGTTTCCAAG
CAGAGGGAGAGTTTGGTAAAAAGCTGGAAGTCACAGAAAGACTCTAAAGA
GTTTAGGATGGTGGGAGCAACATACGCTGAGATGGGGCTGGAAGGTTAAG
AGGGAAACAACTATAGTAAGTGAAGCTGGACTCACAGCAAAGTGAGGACC
TCAGCATCCTTGATGGGGTTACCATGGAAACACCAAGGCACACCTTGATT
TCCAAAACAGCAGGCACCTGATTCAGCCCAATGTGACATGGTGGGTACCC
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CTCTAGCTCTACCTGTTCTGTGACAACTGACAACCAACGAAGTTAAGTCT
GGATTTTCTACTCTGCTGATCCTTGTTITTGTTTCACACGTCATCTATAG
CTTCATGCCAAAATAGAGTTCAAGGTAAGACGCGGGCCTTGGTTTGATAT
ACATGTAGTCTATCTTGTTTGAGACAATATGGTGGCAAGGAAGAGGTTCA
AACAGGAAAATACTCTCTAATTATGATTAACTGAGAAAAGCTAAAGAGTC
CCATAATGACACTGAATGAAGTTCATCATTTGCAAAAGCCTTCCCCCCCC
CCCAGGAGACTATAAAAAAGTGCAATTTTTITAAATGAACTTATTTACAAA
ACAGAAATAGACTCACAGACATAGGAAACGAACAGATGGTTACCAAGGGT
GAAAGGGAGTAGGAGGGATAAATAAGGAGTCTGGGGTTAGCAGATACACC
CCAGTGTACACAAAATAAACAACAGGGACCTACTATATAGCACAGGGAAC
TATATGCAGTAGCTTACAATAACCTATAATGGAAAAGAATGTGAAAAAGA
ATATATGTATGCGTGTGTGTGTAACTGAATCACTTITGCTGTAACCTGAAT
CTAACATAACATTGTAAATCAACTACAGTTTTTTTTTTITITTAAGTGCAG
GGTTTTGGTGTITITITITTITCATITITGTTITITTGTTITTGTITTTITGC
TTTTTAGGGCCACACCCAGACATATGGGGGTTCCCAGGotAGGGGTcTAa
TTAGAGcTACAGITGCCGGCTTGCAccacagecacageaacatcagatee 3
gagccgceacttgegacttacaccacagetcatggeaataccagatectta
acceaclgageaaggeccagggategtacccgeaacctcatggticetag

tcagattcatt TCTGCTGCGCTACAATGGGAACTCCAAGTGCAGTTTTTT
GTAATGTGCTtGTCTTTCTTTGTAATTCATATTCATCCTACTTCCCAATA
AATAAATAAATACATAAATAATAAACATACCATTGTAAATCAACTACAAT
TTTTTTTAAATGCAGGGTTTTIGTITTTIIGTITITIGTTTTIGTCITTTTIG
CCTTTTCTAgggccgctcocatggeatatggaggttcccaggetaggggt
cgaatcggagctgtagccaccggectacgecagagecacageaacgeggs
atccgagecgegtetgeaacctacaccacagetcacggeaacgeeggate
gttaacccactgageaagggeagggatcgaacctgeaaccteatggtice
tagtcagattcgttaactactgagccacaacggaaacTCCTAAAGTGCAG
TTTTTAAATGTGCTTGTCTTTCTTTGTAATTTACACTCAACCTACTTCCC
AATAAATAAATAAATAAACAAATAAATCATAGACATGGTTGAATTCTAAA
GGAAGGGACCATCAGGCCTTAGACAGAAATACGTCATCTTCTAGTATTIT
AAAACACACTAAAGAAGACAAACATGCTCTGCCAGAGAAGCCCAGGGCCT
CCACAGCTGCTTGCAAAGGGAGTTAGGCTTCAGTAGCTGACCCAAGGCTC
TGTTCCTCTTCAGGGAAAAGGGTITTTGTTCAGTGAGACAGCAGACAGCT
GTCACTGTGgtggacgttcggecaaggaaccaagetggaactcaaacGTA
AGTCAATCCAAACGTTCCTTCCTTIGGCTGTCTGTGTCTTACGGTCTCIGT
GGCTCTGAAATGATTCATGTGCTGACTCTCTGAAACCAGACTGACATTCT
CCAGGGCAAAACTAAAGCCTGTCATCAAACCGGAAAACTGAGGGCACATT
TTCTGGGCAGAACTAAGAGTCAGGCACTGGGTGAGGAAAAACTTGTTAGA
ATGATAGTTTCAGAAACTTACTGGGAAGCAAAGCCCATGTTCTGAACAGA
GCTCTGCTCAAGGGTCAGGAGGGGAACCAGTTTTTGTACAGGAGGGAAGT
TGAGACGAACCCCTGTGTAtatggtttcggegeggggaccaagetggage
tcasacGTAAGTGGCTTTTTCCGACTGATTCTTTGCTGTTTCTAATTIGTT
GGTTGGCTTTTTGTCCATTTTTCAGTGTTTTCATCGAATTAGTTGTCAGG
GACCAAACAAATTGCCTTCCCAGATTAGGTACCAGGGAGGGGACATTGCT
GCATGGGAGACCAGAGGGTGGCTAATTTTTAACGTTTCCAAGCCAAAATA
ACTGGGGAAGGGGGCTTGCTGTCCTGTGAGGGTAGGTTTITATAGAAGTG
GAAGTTAAGGGGAAATCGCTATGGTtcacttttggctcgggpaccaaagt
ggagcecaaaattgaGTACATTTTCCATCAATTATTTGTGAGATTTTTGT
CCTGTTGTGTCATTTGTGCAAGTTTITGACATITIGGTTGAATGAGCCAT
TCCCAGGGACCCAAAAGGATGAGACCGAAAAGTAGAAAAGAGCCAACTTT
TAAGCTGAGCAGACAGACCGAATTGTTGAGTTTGTGAGGAGAGTAGGGTT
TGTAGGGAGAAAGGGGAACAGATCGCTGGCTTTTTCTCTGAATTAGCCTT
TCTCATGGGACTGGCTTCAGAGGGGGTTTTTGATGAGGGAAGTGTTCTAG
AGCCTTAACTGTGGgttgtgttieggtagegggaccaagetggaaatcaaa
CGTAAGTGCACTTTITCTACTCC
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Porcine Lambda Light Chain

In another embodiment, novel genomic sequences encoding the lambda light chain locus
of ungulate immunoglobulin are provided. The present invention provides the first reported
genomic sequence of ungulate lambda light chain regions. In one embodiment, the porcine
lambda light chain nucleotides include a concatamer of J to C units.” In a specific embodiment,
an isolated porcine lambda nucleotide sequence is provided, such as that depicted in Seq ID No.
28.

In one embodiment, nucleotide sequence is provided that includes 5’ flanking sequence
to the first lambda J/C region of the porcine lambda light chain genomic sequence, for example,
as represented by Seq ID No 32.  Still further, nucleotide sequence is provided that includes 3’
flanking sequence to the J/C cluster region of the porcine lambda light chain genomic sequence,
for example, approximately 200 base pairs downstream of lambda J/C, such as that represented
by Seq ID No 33. Altemnatively, nucleotide sequence is provided that includes 3° flanking
sequence to the J/C cluster region of the porcine lambda light chain genomic sequence, for
example, approximately 11.8 kb downstream of the J/C cluster, near the enhancer (such as that
represented by Seq ID No. 34), approximately 12 Kb downstream of lambda, including the
enhancer region (such as that represented by Seq ID No. 35), approximately 17.6 Kb
downstream of lambda (such as that represented by Seq ID No. 36, approximately 19.1 Kb
downstream of lambda (such as that represented by Seq ID No. 37), approximately 21.3 Kb
downstream of lambda (such as that represented by Seq ID No. 38), and/or approximately 27 Kb
downstream of lambda (such as that represented bySeq ID No. 39).

In still further embodiments, isolated nucleotide sequences as depicted in Seq ID Nos 28,
31, 32, 33, 34, 35, 36, 37, 38, or 39 are provided. Nucleic acid sequences at least 80, 85, 50, 95,
98 or 99% homologous to Seq ID Nos 28, 31, 32, 33, 34, 35, 36, 37, 38, or 39 are also provided.
In addition, nucleotide sequences that contain at least 10, 15, 17, 20, 25, 30, 40, 50, 75, 100, 150,
200, 250, 500 or 1,000 contiguous nucleotides of Seq ID Nos 28, 31, 32, 33, 34, 35, 36, 37, 38,
or 39are provided. Further provided are nucleotide sequences that hybridizes, optionally under
stringent conditions, to Seq ID Nos 28, 31, 32, 33, 34, 35, 36, 37, 38, or 39, as well as,

nucleotides homologous thereto.
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| Seq 1D No.28

CCTTCCTCCTGCACU TG TCAACTCCCAATAAACCGTCCTCUTTGTCATTC
AGAAATCATGCTCTCCGCTCACTTGTGTCTACCCATTTTCGGGCTTGCAT
GGGGTCATCCTCGAAGGTGGAGAGAGTCCCCCTTGGCCTTGGGGAAGTCG
AGGGGGGCGGGGGGAGGCCTGAGGCATGTGCCAGCGAGGGGGGTCACCTC
CACGCCCCTGAGGACCTTCTAGAACCAGGGGCGTGGGGCCACCGCCTGAG
TGOAAGGUTGTCCACTTTTCCCCCGGGCCCCCAGGCTCCCTCCTCCGTGT
GGACCTTGTCCACCTCTGACTGGCCCAGCCACTCATGCATTGTTTCCCCG
AAACCCCAGGACGATAGCTCAGCACGCGACAGTGTCCCCCTCTGAGGGCC
TCTGTCCATTTCAGGACGACCCGCATGTACAGCGTGACCACTCTGCTCAC
GCCCACTCACCACGTCCTAGAGCCCCACCCCCAGCCCCATCCTTAGGGGC
ACAGCCAGcTCCGACCGCCCCGGGGACACCACCCTCTGCCCCTTcCCCAG
GCCCTCCCTGTCACACGCACCACAGGGCCCTCCGTCCCGAGACCCTGCTC
CCTCATCCCTCGGTCCCCTCAGGTAGCCTTCCACCCGCGTGTGTCCCGAG
GTCCCAGATGCAGCAAGGCCCCTGGGACAACGCCAGATCTCTGCTCTeCC
CGACCCCTCAGAAGCCAGCCCACGCCTGGCCCCACCACCACTGCCTAAC
TCCAAGTGTCCATAGGCCTCGGGACCTCCAAGTCCAGGTTCTGCCTCTGG
GATTCCGCCATGGGTCTGCCTGGGAAATGATGCACTTGGAGGAGCTCAGC
ATGGGATGCGGGACCTTGTCTCTAGGCGCTcCCTCAGGATCCCACAGCTG
CCCTGTGAGACACACACACACACACACACACACACACACACACACACACA
CACACAAACACGCATGCACGCACGCCGGCACACACGCTATTGCAGAGATG
GCCACGGTAGCTGTGCCTCGAGGCCGAGTGGAGTGTCTAGAACTCTCGGG
GGTCCCCTCTGCAGACGACACTGCTCCATCCCCCCCGTGCCCTGAAGGGC
TCCTCACTCTCCCATCAGGATCTCTCCAAGCTGCTGACCTGGAGAGGAAG
GGGCCTGGGACAGGCGGGGACACTCAGACCTCCCTGCTGCCCCTCCTICTG
CCTGGGCTTGGACGGCTCCCCCCTTCCCACGGGTGAAGGTGCAGGTGGGG
AGAGGGCACCCCCCTCAGCCTCCCAGACCCAGACCAGCCCCCGTGGCAGG
GGCAGCCTGTGAGCCTCCAGCCAGATGCAGGTGGCCTGGGGTGGGGGGTG
GAGGGGGCGGGAGGTTITATGTTTGAGGCTGTATCACTGTGTAATATTTIC
GGCGGTGGGACCCATCTGACCGTCCTCGGTGAGTCTCCCCTTTICTCTCC
TCCTTGGGGATCCGAGTGAAATCTGGGTCGATCTTCTCICCGTTCTCCTC
CGACTGGGGCTGAGGTCTGAACCTCGGTGGGGTCCGAAGAGGAGGCCCCT
AGGCCAGGCTCCTCAGCCCCTCCAGCCCGACcgGCCCTCTTGACACAGGG
TCCAGCTAAGGGCAGACATGGAGGCTGCTAGTCCAGGGCCAGGCTCTGAG
ACCCAAGGGCGCTGCCCAAGGAACCCTTGCCCCAGGGACCCTGGGAGCAA
AGCTCCTCACTCAGAGCCTGCAGCCCTGGGGTCTGAGGACAAGGAGGGAC
TGAGGACTGGGCGTGGGGAGTTCAGGCGGGGACACCAGGTCCAGGGAGGT
GACAAAGGCGUTGOGAGGGGGCGGACGUTGUCGGGGACTOCTCOTGGGUC
CTGTGGGCTCGGGGTCCTTGTGAGGACCCTGAGGGACTGAGGGGCCCCTG
GGCCTAGGGACTTGCAgTgAGGGAGGCAGGGAGTGTCCCTTGAGAACGTG
GCCTCCGCGGGCTGGGTCCCCCTCGTGCTCCCAGCC*GGGAGGACACCCC
AGAGCAAGCGCCCCAGGTGGGCGGGGAGGGTCTCCTCACAGGGGCAGCTG
ACAGATAGAGGCCCCCGCCAGGCAGATGCTTGATCCTGGCAETTATACTG
GGTTC**GCACAACTTTCCCTGAACAAGGGGCCCTCCGAACAGACACAGA
CGCAACCCAGTCGACCcaggCTCAGCACAZAAAATGCACTGACACCCAAA
ACCCTCATC e GCCTOGCCGUeAICCCCCCCCAGOACCCAAGGRUCT
TGCCCCCTGGCAGCCCTGGACACGGTCCTCTOTGOGLGHTGGLOG T GG
CTGTGGTGACGGTGGCATCGGGGAGCCTGTGCCCCCTCCCTGAAAGGGCG
GAGAGGCTCAAGAGGGGACAGAAATGTCCTCCCCTAGGAAGACCTCGGAC
GGGGGCGGGGGGGTGGTCTCCGACAGACAGATGCCCGGGACCGACAGACC
TGCCGAGGGAAGAGGGCACCTCGGTCGGGTTAGGCTCCAGGCAGCACGAG
GGAGCGAGGCTGGGAGGGTGAGGACATGGGAGCCTGAGGAGGAGCTGGAG
ACTTCAGCAGGCCCCCAGCTCCGGGCTTCGGGCTCTGAGATGCTCGGACG
CAAGGTGAGTGACCCCACCTGTGGCTGACCTGACCTCA piiGpliACAAGHC
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TCAGCCTGGGACTCTGTGTCCCCATCGCCTGCACAGGGGATTCCCCTGAT
GGACACTGAGCCAACGACCTCCCGTCTCTCCCCGACCCCCAGGTCAGCCC
AAgGCCaCTCCCACGOTCAACCTCTTCCCGUCCTCCTCTIGAGGAGUTOGG
CACCAACAAGGCCACCCTGGTGTGTCTAATAAGTGACTTCTACCCGGGCG
CCGTGACGGTGACCTGGAAGGCAGGCGGCACCACCGTCACCCAGGGCGTG
GAGACCACCAAGCCCTCGAAACAGAGCAACAACAAGTACGCGGCCAGCAG
CTACCTGGCCCTGTCCGCCAGTGACTGGAAATCTTCCAGCGGCTTCACCT
GCCAGGTCACCCACGAGGGGACCATTGTGGAGAAGACAGTGACGCCCTCC
GAGTGCGCCTAGGTCCCTGGGCCCCCACCCTCAGGGGCCTGGAGCCACAG
GACCCCCGCGAGGGTCTCCCCGCGACCCTGGTCCAGCCCAGCCCTTCCTC
CTGCACCTGTCAACTCCCAATAAACCGTCCTCCTTGTCATTCAGAAATCA
TGCTCTCCGCTCACTTGTGTCTACCCATITTCGGGCTTGCATGGGGTCAT
CCTCGAAGGTGGAGAGAGTCCCCCTTGGCCTTGGGEAAATCGAGGGGGGC
GGGGGGAGGCCTGAGGCATGTGCCAGCGAGGGGGGTCACCTCCACGCCCC
TGAGGACCTTCTAGAACCAGGGGCGTGGGGCCACCGCCAGAGTGGAAGGC
TGTCCACTTTITCCCCCGGGCCCCCAGGCTCCCTCCTCCGTGTGGACCTTG
TCCACCTCTGACTGGCCCAGCCACTCATGCATTGTITCCCCGAAACCCCA
GGACGATAGCTCAGCACGCGACAGTGTCCCCCTCTGAGGGCCTCTGTCCA
TITCAGGACGACCCGCATGTACAGCGTGACCACTCTGCTCACGCCCACTC
ACCACGTCCTAGAGCCCCACCCCCAGCCCCATCCTTAGGGGCACAGCCAG
CTCCGACCGCCCCGGGGACACCACCCTCTGCCCCTTCCCCAGGCCCTCCC
TGTCACACGCACCACAGGGCCCTCCGTCCCGAGACCCTGCTCCCTCATCC
CTCGGTCCCCTCAGGTAGCCTTCCACCCGCGTGTGTCCCGAGGTCCCAGA
TGCAGCAAGGCCCCTGGGACAACGCCAGATCTCTGCTCTCCCCGACCCTC
AGAAGCCAGCCCACGCCTGGCCCACCACCACTGCCTAACGTCCAAGTGTC
CATAGGCTCGGGAcCTCcAaGTCCAGGTTCTGCCTCTGGGATTCCGCCAT
GGGTCTGCCTGGAATGATGCACTTGGAGgAgCTCAGCATGGGATGCGGAA
CTTGTCTAGcGCTCCTCAGATCCAcAGeTGCCTGtGAgA cacacacacac
acacacacacacCAAAcaCGcATGCACGCACGCCGGCACACACGCTATTA
CAGAGATGGCCACGGTAGCTGTGCCTCGAGGCCGAGTGGAGTGTCTAGAA
CTCTCGGGGGTCCCCTCTGCAGACGACACTGCTCCATCCCCCCCGTGCCC
TGAAGGGCTCCTCACTCTCCCATCAGGATCTCTCCAAGCTGCTGACCTGG
AGAGGAAGGGGCCTGGGACAGGCGGGGACACTCAGACCTCCCTGCTGCCC
CTCCTCTGLCTGGGCTTGGACGGCTCCCCCCTTCCCACGGGTGAAGGTGE
AGGTGGGGAGAGGGCACCCCCCTCACCCTCCCAGACCCAGACCAGCCCCC
GTGGCAGGGGCAGCCTGTGAGCCTCCAGCCAGATGCAGGTGGCCTGGGGT
GGGGGGTGGAGGGGGCGGGAGGTTTATGTTTGAGGCTGTATICATCTGTG
TAATATHTCGGCGGTGGGACCCATCTGACCGTCCTCGGTGAGTCTCCCC
Ttttctttectecttggggatcegagtgaa ATCTGGGTCGATCTTCTCTC
CGTTCTCCTCCGACTGGGGCTGAGGTCTGAACCTCGGTgGGGTCCGAAGA
GGAGGCCCCTAGGCC*GGCTCcTCAGCCCCTCCAGCCCGACCCGCCCTCT
TGACACAGGGTCCAGCTAAGGGCAGACAT***GGCTGCTAGTCCAGGGCC
AGGCTcTGAGACCCAAGGGCGCTGCCCAAGGAACCCTTGCCCCAGGGACC
CTGGGAGCAAAGCTCCTCACTCAGAGCCTGCAGCCCTGGEGTCTGAGGAC
AAGGAGGGACTGAGGACTGGGCGTGGGGAGTTCAGGCgGGGACACCGGGT
CCAGGGAGGTGACAAAGGCGCTGGGAGGGGGCGGACGGTGCCGGAGACTC
CTCCTGGGCCCTGTGGGCTCGTGGTCCTTIGTGAGGACCCTGAGGG*CTGA
GGGGCCCCTGGGCCTAGGGACTTGCAGTGAGGGAGGCAGGGAGTGTCCCT
TGAGAACGTGGCCTCCGCGGGCTGGGTCCCCCTCGTGCTCCCAGCAGGGA
GGACACCCCAGAGCAAGCGCCCCAGGTGGGCGGGGAGGGTCTCCTCACAG
GGGCAGCTGACAGATAGAC*GgeccCCCGCCAGACAGATGCTTGATCCTIGG
TCag***TACTGGGTTCGCcACTTCCCTGAACAGGGGCCCTCCGAACAGA
CACAGACGCAGACCaggCTCAGCACAgAAAATGCACTGACACCCAAAACC
CTCATCTGggGGCCTGGCCGGCATCCCGCCCCAGGACCCAAGGCCCCTGL
COCCTGGCAGCCCTGGACACGUTCCTCTGTGGGUGOTGGOG T rGGGCTG
TGGTGACGGTGGCATCGGGGAGCCTGTGCCCCCTCCCTGAAAGGGCGGAG
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AGGCTCAAGAGGGGACAGAAATGTCCTCCCCTAGGAAGACCTCGGACGGG
GGCGGGGGGGTGGTCTCCGACAGACAGATGCCCGGGACCGACAGACCTGC
CGAGGGAAGAGGGCACCTCGGTCGGGTTAGGCTCCAGGCAGCACGAGGGA
GCGAGGCTGGGAGGGTGAGGACATGGGAGCCTGAGGAGGAGCTGGAGACT
TCAGCAGGCCCCCAGCTCCGGGCTTCGGGCTCTGAGATGCTCGGACGCAA
GGTGAGTGACCCCACCTGTGGCTGACCTGACCTGACCICAGGGGGACAAG
GCTCAGCCTGGGACTCTgTGTCCCCATCGCCTGCACAGGGGATTCCCCTG
ATGGACACTGAGCCAACGACCTCCCGTCTCTCCCCGACCCCCAGGTCAGC
CCAAGGCCACTCCCACGGTCAACCTCTTCCCGCCCTCCTCTGAGGAGCTC
GGCACCAACAAGGCCACCCTGGTGTGICTA

Seq ID No.32

GCCACGCCCACTCCATCATGCGGGGAGGGGATGGGCAGACCCTCCAGAAA
GAAGCTCCCTGGGGTGCAGGTTAACAGCTTTCCCAGACACAGCCAGTACT
AGAGTGAGGTGAATAAGACATCCTCCTTGCTTGTGAAATTTAGGAAGTGC
CCCCAAACATCAGTCATTAAGATAAATAATATTGAATGCACTTTTITITT
TITATTTITITITTTTITGCTTTTTAGGGCCTAATCTGCAGC Catatggaagt
tcccaggctacaagtcgaaccagagetgeagetgecagectacatcacag
ccacagcaacaccagatccgagecacatetgtgactaacactgeagtica
cagcaacgccagatccttaacccattgagtgaggecagggatcaaaccea
catcctcatggatactagtctggttegtaaaccactgagccaCAAGGGGA
ACTCCTGAATGCAATATTTTITGAAAATTGAAATTAAATCTGTCACTCTIT
CACTTAAGAGTCCCCTTAGATTGGGGAAAATTTAAATATCTGTCATCTTA
GTGCATCTTTGCTCATATGATGTGAATAAAATCCCAAAATCCATATGAAT
GAAGCATCAAAATGTACATGAAGTCAGCCTGACCCTGCACTGCCCTCACT
TGCCTCATGTACCCCCCACCTCAAAGGAAGATGCAGAAAGGAGTCCAGCC
CCTACACCGCCACCTGCCCCCACCACTGGAGCCCCTCAGGTCTCCCACCT
CCTTTTCTGAGCTTCAGTCTTCCTGTGGCATTGCCTACCTCTACAGCTGC
CCCCTACTAGGCCCTCCCCCTGGGGCTGAGCTCCAGGCACTGGACTGGGA
AAGTTAGAGGTTAAAGCATGGAAAATTCCCAAAGCCACCAGTTCCAGGCT
GCCCCCCACCCCACCGCCACGTCCAAAAAGGGGCATCTTCCCAGATCTCT
GGCTGGTATTGGTAGGACCCAGGACATAGTCTITATACCAATTCTGCTGT
GTGTCTTAGGAAAGAaactctecctetctgtgettcagtitccteateaa
1aaaAGGAGCAGGCCAGGTTGGAGGGTCTGTGACGTCTGCTGAAGCAGCA
GGATTCTCTCTCCTTTTGCTGGAGGAGAACTGATCCTTCACCCCCAGGAT
CAACAGAGAAGCCAAGGTCTITCAGCCTTCCTGGGGACCCCTCAGAGGGAA
CTCAGGGCCACAGAGCCAGACCCTGATGCCAGAACCTTTGTCATATGCCC
AGACGGAGACTTCATCCCCCTCCTCCTCAGACCCTCCAGGCCCCAACAGT
GAGATGCTGAAGATATTAAGAGAAGGGCAAGTCAGCTTAAGTTTGGGGGT
AGAGGGGAACAGGGAGTGAGGAGATCTGGCCTGAGAGATAGGAGCCCTGG
TGGCCACAGGAGGACTCTTTGGGTCCTGTCGGATGGACACAGGGCGGCCC
GGGGGCATGTTGGAGCCCGGCTGGTTCTTACCAGAGGCAGGGGGCACCCT
CTGACACGGGAGCAGGGCATGTTCCATACATGACACACCCCTCTGCTCCA
GGGCAGGTGGGTGGCGGCACAGAGGAGCCAGGGACTCTGAGCAAGGGGTC
CACCAGTGGGGCAGTTGGATCCAGACTTCTCTGGGCCAGCGAGAGTCTAG
CCCTCAGCCGTTCTCTGTCCAGGAGGGGGGTGGGGCAGGCCTGGGCGGCC
AGAGCTCATCCCTCAAGGGTTCCCAGGGTCCTGCCAGACCCAGATTTCCG
ACCGCAGCCACCACAAGAGGATGTGGTCTGCTGTGGCAGCTGCCAAGACC
TTGCAGCAGGTGCAGGGTGGGGGGGTGGGGGCACCTGGGGGCAGCTGGGG
TCACTGAGTTCAGGGAAAACCCCTTTITTCCCCTAAACCTGGGGCCATCC
CTAGGGGAAACCACAACTTCTGAGCCCTGGGCAGTGGCTGCTGGGAGGGA
AGAGCTTCATCCTGGACCCTGGGGGGGAACCCAGCTCCAAAGGTGCAAGG
GGCCCAGGTCCAAGGCTAGAGTGGGCCAAGCACCGCAATGGCCAGGGAGT
GGGGGAGGTGGAGCTGGACTGGATCAGGGCCTCCTTGGGACTCCCTACAC
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CCTGTGTGACATGTTAGGGTACCCACACCCCATCACCAGTCAGGGCCTGG
CCCATCTCCAGGGCCAGGGATGTGCATGTAAGTGTGTGTGAGTGTGTGTG
TGTGGTGTAGTACACCCCTTGGCATCCGGTTCCGAGGCCTTGGGTTCCTC
CAAAGTTGCTCTCTGAATTAGGTCAAACTGTGAGGTCCTGATCGCCATCA
TCAACTTCGTTCTCCCCACCTCCCATCATTATCAAGAGCTGGGGAGGGTC
TGGGATTTCTTCCCACCCACAAGCCAAAAGATAAGCCTGCTGGTGATGGC
AGAAGACACAGGATCCTGGGTCAGAGACAAAGGCCAGTGTGTCACAGCGA
GAGAGGCAGCCGGACTATCAGCTGTCACAGAGAGGCCTTAGTCCGCTGAA
CTCAGGCCCCAGTGACTCCTGTTCCACTGGGCACTGGCCCCCCTCCACAG
CGCCCCCAGGCCCCAGGGAGAGGCGTCACAGCTTAGAGATGGCCCTGCTG
AACAGGGAACAAGAACAGGTGTGCCCCATCCAGCGCCCCAGGGGTGGGAC
AGGTGGGCTGGATTTGGTGTGAAGCCCTTGAGCCCTGgAACCCAACCACA
GCApGGCAGTTGGTAGATGCCATITGGGGAGAGGCCCCAGGAGTAAGGGC
CATGGGCCCTTGAGGGGGCCAGGAGCTGAGGACAGGGACAGAGACGGCCC
AGGCAGAGGACAGGGCCATGAGGGGTGCACTGAGATGGCCACTGCCAGCA
GGGGCAGCTGCCAACCCGTCCAGGGAACTTATTCAGCAGTCAGCTGGAGG
TGCCATTGACCCTGAGGGCAGATGAAGCCCAGGCCAGGCTAGGTGGGCTG
TGAAGACCCCAGGGGACAGAGCTCTGTCCCTGGGCAGCACTGGCCICTCA
TTCTGCAGGGCTTGACGGGATCCCAAGGCCTGCTGCCCCTGATGGTAGTG
GCAGTACCGCCCAGAGCAGGACCCCAGCATGGAAACCCCAACGGGACGCA
GCCTGCGGAGCCCACAAAACCAGTAAGGAGCCGAAGCAGTCATGGCACGG
GGAGTGTGGACTTCCCTTTGATGGGGCCCAGGCATGAAGGACAGAATGGG
ACAGCGGCCATGAGCAGAAAATCAGCCGGAGGGGATGGGCCTAGGCAGAC
GCTGGCTTTATTTGAAGTGTTGGCATTITGTCTGGTGTGTATIGTTGGTA
TIGATTTTATTTTAGTATGTCAGTGACATACTGACATATTATGTAACGAC
ATATTATTATGTGTTTTAAGAAGCACTCCAAGGGAACAGGCTGTCTGTAA
TGTGTCCAGAGAAGAGAGCAAGAGCTTGGCTCAGTCTCCCCCAAGGAGGT
CAGTTCCTCAACAGGGGTCCTAAATGTTTCCTGGAGCCAGGCCTGAATCA
AGGGGgTCATATCTACACGTGGGGCAGACCCATGGACCATTTTCGGAGCA
ATAAGATGGCAGGGAGGATACCAAGCTGGTCTTACAGATCCAGGGCTTTG
ACCTGTGACGCGGGCGCTCCTCCAGGCAAAGGGAGAAGCCAGCAGGAAGC
TTTCAGAACTGGGGAGAACAGGGTGCAGACCTCCAGGGTCTTGTACAACG
CACCCTTTATCCTGGGGTCCAGGAGGGGTCACTGAGGGATTTAAGTGGGG
GACCATCAGAACCAGGTTTGTGTTTTGGAAAAATGGCTCCAAAGCAGAGA
CCAGTGTGAGGCCAGATTAGATGATGAAGAAGAGGCAGTGGAAAGTCGAT
GGGTGGCCAGGTAGCAAGAGGGCCTATGGAGTTGGCAAGTGAATTTAAAG
TGGTGGCACCAGAGGGCAGATGGGGAGGAGCAGGCACTGTCATGGACTGT
CTATAGAAATCTAAAATGTATACCCTTTTTAGCAATATGCAGTGAGTCAT
AAAAGAACACATATATATTTAAATTGTGTAATTCCACTTCTAAGGATTCA
TCCCAAGGGGGGAAAATAATCAAAGATGTAACCAAAGGTTTACAAACAAG
AACTCATCATTAATCTTCCTTGTTGTTATITCAACGATATTATTATTATT
ACTATTATTATTATTATTAT Tttgtctitttgeatittctagggecacte
ccacggeatagagaggticccaggetaggggtcaaatcpgagetacaget
gccggcctacgccagagccacagcaacgcaggatctgagccacagcaatg
caggatctacaccacagcetcatggtaacgetggatecttaacccaatgag
tgaggccagggatcgaacctgtaacttcatgpticctagtcggaticatt
aaccactgagceacgacaggaaciccAACATTATTAATGATGGGAGAAAA
CTGGAAGTAACCTAAATATCCAGCAGAAAGGGTGTGGCCAAATACAGCAT
GGAGTAGCCATCATAAGGAATCTTACACAAGCCTCCAAAATTIGTIGTTTCT
GAAATTGGGTTTAAAGTACGTTTGCATTTTAAAAAGCCTGCCAGAAAATA
CAGAAAAATGTCTGTGATATGTCTCTGGCTGATAGGATTTTGCTTAGTTT
TAATTTTGGCTTITATAATTTTCTATAGTTATGAAAATGTTCACAAGAAGA
TATATTTCATTTTAGCTTCTAAAATAATTATAACACAGAAGTAATTTGTG
CTTTAAAAAAATATTCAACACAGAAGTATATAAAGTAAAAATTGaggagt
tcccatcgtggeteagtgattaacaaacccaactagtatceatgaggata
tggatttgalccetpgoctigetcagtgpptigaggatceagtptpetg
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tgagctgtgptptaggtipcagacacag cactctggegttgetgtgacte

tggcgtag gccpgcagetacagetecatttgpacecttagectgggaace

tccatatgectgagatacggecc TAAAAAGTCAAAAGCCAAAAAAATAGT
AAAAATTGAGTG’I'I'TCTAC’ITACCACCCCTGCCCACATC’ITATGCT AAAA
CCCGTTCTCCAGAGACAAACATCGTCAGGTGGGTCT. ATATATTTCCAGCC
CT CCTCCTGTGTGTGTA’I‘GTCCGTAAAACACACACACACACACACACACG
CACACACACACACACGTATCTAATTAGCATTGGTATTAGTTFFTCAAAAG
GGAGGTCATGCTCT ACCTTTTAGGCGGCAAATAGATTATTTAAACAAATC
TGTTGACATTTTCTATATCAACCCATAAGATCT CCCATGTTICTTGGAAAG
GCTTT GTAAGACATCAACATCTGGGTAAACCAGCATGGTTI’TTAGGGGGT
TGTGTGGATTTTTTTCATATTTTITAGGGCACACCTGCA geatatggagge
Htcccaggcta ggggttgaatcagagetptagctgecggeetacaccaca
gccacageaacgecagatecttaacccactgapaaaggecagggattgaa

cetgeatectcatgg ATGCTGGTCAGATTTATTTCTGCTGAGCCACAACA
GGAACTCCCTGAACCAGAATGCTTTTAACCATTCCACTTTGCATGGACAT
'ITAGATTGTI'TCCATITAAAAATACAAATTACAagga gttcecgteptgg
cicagtggtaacgaattpgacta ggaaccatgaggtitcgggticgatce

ctggee ttgcteggigggtiaaggatecageatigatgtgagatatgpty
taggtcgcagacglggetcggateecacgttgetpty getctggeptagg

ceggeaacaacagetecgattcgacce ctagceTGggaacctecatgtge
cacaggagcapccctaGAAAAGGCAAAAAGACAAAAAAATAAAAAATTAA
AATGAAAAAATAAAATAAAAATACAAATTACAAGAGACGGCT ACAAGGAA
ATCCCCAAGTGTGTGCAAATGCCATATATGTATAAAAT 'GTACTAGTGTCT
CCTCGCGGGAAAGTTGCCTAAAAGTGGGTTGGCT GGACAGAGAGGACAGG
CTTTGACATTCTCATAGGTAGTAGCAATGGGCTTCT CAAAATGCTGTTCC
AGTTTACACTCACCATAGCAAATGACAGTGCCTCTT CCTCTCCACCCTTG
CCAATAATGTGACAGGTGGATCTTTTTCT ATTTTGTGTATCTGACAAGCA
AAAAATGAGAACAggagticctgtegtegtgca piggagacaaatetgac
taggaaccatgaaamcgggttcaatccctggcctcactcagtag gtaa
aggatccagpgttgcaglgagctptgggptagetcgca gacacagtgcaa
atttggecctgtigtggetgtegtgtaggecggeagetatagetocaatt
ggacccctageetgggaacctectiatgeegtgggtgaggccctAAAAAA
AAGAGTGCAAAAAAAAAAAATAAGAA CAAAAATGATCATCGTITAATTCT
'I"I’A'I'ITGATCATI‘GGTGAAACTTATI’ITCCTI‘ITATATTI‘I'I‘A’I‘I‘GACTG
ATTTTATTTCTCCTATGAATTTACCGGTCATAGTTTTGCCT GGGTGTTTIT
TACTCCGGTTTTAGTTTTGGTIGGTTGTATTITCTTAGAGAGCT. ATAGAA
ACTCTTCATCTATTTGGAATAGTAATTCCTCATTAAGTATTTGTGCT GCA
AAAAATTTTCCCT GATCTGTTTTATGCTTTTGTTIGTGGGGTCTTTCACG
AGAAAGCCTTTITAGTTTTTACACCTCAGCTT GGTTGTTTITICTTGATTG
TGTCTGTAATCTGCGGCCAACATAG GAAACACATTTTTACTTTAGTGTTT
TTTTCCTATTTTCTTCAAGTACGTCCATTGTITTGGTGTCT GATTTTACT
TTGCCTGGGGTTTGTTTTTGTGTGGCAGGAATATAAACTT ATGTATTTTC
CAAATGGAGAGCCAATGGTTGTATAT'I'I’G’I'I‘GAA’ITCAAATGCAACTIT A
TCAAA CACCAAATCATCGATTTATCACAACTCTTCTCIGGTTTATTGATC
TAATGATCAATTCCTGTTCCACGCT GTTTTAATTATTTTAGCTTTGTGGA
TITTGGTG CCTGGTAGAGMCAAAGCCTCCA’ITATI'I‘I‘CA’I‘I‘CAAAATAG
TCCCGTCT ATTATCTGCCATTGTTGTAGTATTAGACTTTAAAATCAATTT
ACT GA’ITITCAAAAG’ITATTCCT'I’I‘GGTGATGTGGAATACI‘IT ATACTTC
ATAAGGTACATGGATTCATTTGTGGGGAATTGATGTCTITGCT. ATTGTGG
CCATITGTCAAG’I‘TGTGTAATA”ITI'I‘ACCCATGCCAACTITGCATATTGT
ATGTGAGTTTATTCCCAGG GTTTTTAATAGGATGTTTATTGAAGTTGTCA
GTGTI'TCCACAAT’I'I‘CATCGCCTCAGTGCTTACTG’I'I'I‘GCATAAAAGGAA
ACCTACTCACTTTTGCCTATTGCTCTT GTATTCAATCATTTITAGTTAACT
CTTGTGTTAATITIGAGAGTTTTTCAGCTGACT GTCTGGGGTTTTCTTTA
ATA GACTAGCCCT‘TTGTCTGTAAAGAATAA’I‘I'ITATCGAATTTI’I‘CIT AA
CACTCACACTCT CCCCACCCCCACCCCCGCTCATCTCCTTT CATTGGGTC
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AAATCTGTAGAATACAATAAAAGTAAGAGTGGGAACCTTAGCCTTTAAGT
CGATTTTGCCTTTAAATGTGAATGTTGCTATGTTICGGGACATTCTCTTT
ATCAAGTTGCGGATGTTTCCTTAGATAATTAACTTAATAAAAGACTGGAT
GTTTGCTTTCTTCAAATCAGAATTGTGTTGAATTTATATTGCTATTCTGT
TTAATTTTGTTTCAAAAAATTTACATGCACACCTTAAAGATAACCATGAC
CAAATAGTCCTCCTGCTGAGAGAAAATGTIGGCCCCAATGCCACAGGTTA
CCTCCCGACTCAGATAAACTACAATGGGAGATAAAATCAGATTTGGCAAA
GCCTGTGGATTCTTGCCATAACTCTCAGAGCATGACTTGGGTGTTTTTTC
CTTTTCTAAGTATTTTAATGGTATTTTTGTGTTACAATAGGAAATCTAGG
ACACAGAGAGTGATTCAATGCGAGGGGAACGCATTCTGGGATGACTCTAGGC
CTCTGGTTTGGGGAGAGCTCTATTGAAGTAAAGACAATGAGAGGAAGCAA
GTTTGCAGGGAACTGTGAGGAATTTAGATGGGGAATGTTGGGTTTGAGGT
TTCTATAGGGCACGCAAGCAGAGATGCACTCAGGAGGAAGAAGGAGCATA
AATCTAGAGGCAAAAAGAGAGGTCAGGACTGGAAATAGAGATGCGAGACA
CCAGGGTGGCAGTCAGAGAGCACAGTGTGGGTCAGAAGACAGTGGAAGAA
CACAAGGGACAGAGAGGGATCTCCAACTTCACTGGGATGAGGGCCTTGTT
GGCCTTGACCTGAGAGATTTCCAGGAGTTGAGGGTGGGAAGGAGAGGGCT
CCTGCACATGTCCTGACATGAAACGGTGCCCAGCATATGGGTGCTTGGAA
GACATTGTTGGACAGATGGATGGATGATGGATGATGGATGAATGGATGGA
TGGAAGATGATGGATAAATGGATGATGGATGGATGGACAGAAGGACAAAG

" AGATGGACAGAAAGACAGTGATCTGAGAGAGCAGAGAAGGCTTCATGAAA

GGACAGGAACTGAACTGTCTCAGTGGGTGGAGACAATGGTGTAGGGGGTT
TCCACATGGAGGCACCAGGGGTCAGGAATAATCTAGTGTCCACAGGCCCA
GGAAGGAAGCTGTCTGCAGGAAATTGTGGGGAAGAACCTCAGAGTCCTTA
AATGAGGTCAGGAGTGGTCAGGAGGGTCTGATCAGGTAAGGACTCATGTC
CATCATCACATGGTCACCTAAGGGCATGTAGCTCTCAGCATCTCCATCAG
GACAGTCTCAGAATGGGGGCGGGGTCACACACTGGGTGACTCAAGGCGTG
GGTCATGCCTGCCTCGGACGTGGGCCTGGGCATGGGGACACCTCCAGACC
ATGGGCCCGCCCAGGGCTGCACTGGcectctggtgggctagetaceegtee
aagcaacacaggacacagcecctacetgetgeaaccectgtgecegaaacge
ccatctggtteetgetccageceggecccagggaacaggactcaggtget
ageccaatggggtittgticgagectcagtcagegtgg TATTTCTCCGGC
AGCGAGACTCAGTTCACCGCCTTAGGttaagtggttctcatgaatttcct
agcagtcctgeactctgetatgcegggaaagteactttigicgctgggeg
ctgtttccecgtgeecttggagaatcaaggattgeccaactttetetgtg
geggaggtggctggtettpgggtgaccageaggaagggecccaaaageag
gageagetgectccagAATACAACTGTCGGCTACAGCTCAAACAGGAGGC
CTGGACTGGGGTTTAACCACCAGGGCGGCACGAAGCGAGCGAGGCTGGGAG
GGTGAGGACATGGGAGCCTGAGGAGGAGCTGGAGACTTCAGCAGGCCCCC
AGCTCCGGGCTTCGGGCTCTGAGATGCTCGGACGCAAGGTGAGTGACCCC
ACCTGTGGCTGACCTGACCTCAGGGGGACAAGGCTCAGCCTGAGACTCTG
TGTCCCCATCGCCTGCACAGgggattcccctgatggacactgagecaacg
acctcecgtetcteccecgacceecaggteageccaaggeegeccecacgy
tcaacctcticcegecctectetgaggagetcggeaccaacaaggeeace
ctgptptgtctaataagtgacttctacccgAAGGGCGAATTCCAGCACAC
TGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGATGCATAG
CTTGAGTATCTA

Seq ID No.33

agatctttaaaccaccgagcaaggecagggatcgaaccegeatecteatg
aatcctagttgpgticgttaaccgctgaaccacaatgggaactcctGTCT
TTCACATTTAATTCACAACCTCTCCAGGATTCTGGGGGTGGGTGGGGAAT
CCTAGGTACCCACTGGGAAAGTAATCCAAGGGGAGAGGCTCACGGACTCT
AGGGATCGGCGGAGGAGGGAAGGTATCTCCCAGGAAACTGGCCAGGACAC
ATTGGTCCTCCGCCCTCCCCTTCCTCCCACTCCTCCTCCAGACAGGACTG
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TGCCCACCCCCTGCCACCTTTCTGGCCAGAACTGTCCATGGCAGGTGACC
TTCACATGAGCCCTTCCTCCCTGCCTGCCCTAGTGGGACCCTCCATACCT
CCCCCTGGACCCCGTTGTCCTTTCITTCCAGTGTGGCCCTGAGCATAACT
GATGCCATCATGGGCTGCTGACCCACCCGGGACTGTGTTGTGCAGTGAGT
CACTTCTCTGTCATCAGGGCTTTGTAATTGATAGATAGTGTTTCATCATC
ATTAGGACCGGGTGGCCTCTATGCTCTGTTAGTCTCCAAACACTGATGAA
AACCTTCGTTGGCATAGTCCCAGCTTCCTGTTGCCCATCCATAAATCTTG
ACTTAGGGATGCACATCCTGTCTCCAAGCAACCACCCCTCCCCTAGGCTA
ACTATAAAACTGTCCCAATGGCCCTTGTGTGGTGCAGAGTTCATGCTTCC
AGATCATTTCTCTGCTAGATCCATATCTCACCTTGTAAGTCATCCTATAA
TAAACTGATCCATTGATTATTTGCTTCTGTTTTTTCCATCTCAAAACAGC
TTCTCAGTTCAGTTCGAATTTTTTATTCCCTCCATCCACCCATACTTTCC
TCAGCCTGGGGAACCCTTGCCCCCAGTCCCATGCCCTTCCTCCCTCTCTG
CCCAGCTCAGCACCTGCCCACCCTCACCCTTCCTGTCACTCCCTAGGACT
GGACCATCCACTGGGGCCAGGACACTCCAGCAGCCTTGGCTTCATGGGCT
CTGAAATCCATGGCCCATCTCTATTCCTCACTGGATGGCAGGTTCAGAGA
TGTGAAAGGTCTAGGAGGAAGCCAGGAAGGAAACTGTTGCATGAAAGGCC
GGCCTGATGGTTCAGTACTTAAATAATATGAGCTCTGAGCTCCCCAGGAA
CCAAAGCATGGAGGGAGTATGTGCCTCAGAATCTCTCTGAGATTCAGCAA
AGCCTTTGCTAGAGGGAAAATAGTGGCTCAACCTTGAGGGCCAGCATCTT '
GCACCACAGTTAAAAGTGGGTATTTGTTTTACCTGAGGCCTCAGCATTAT
GGGAACCGGGCTCTGACACAAACACAGGTGCAGCCCGGCAGCCTCAGAAC
ACAGCAACGACCACAAGCTGGGACAGCTGCCCCTGAACGGGGAGTCCACC
ATGCTTCTGTCTCGGGTACCACCAGGTCACCATCCCTGGGGGAGGTAGTT
CCATAGCAGTAGTCCCCTGATTTCGCCCCTCGGGCGTGTAGCCAGGCAAG
CTCCTGCCTCTGGACCCAGGGTGGACCCTTGCTCCCCACTACCCTGCACA
TGCCAGACAGTCAAGACCACTCCCACCTCTGTCTGAGGCCCCCTTGGGTG
TCCCAGGGCCCCCGAGCTGTCCTCTACTCATGGTTCTTCCACCTGGGTAC
AAAAGAGGCGAGGGACACTTTTCTCAGGTTTGCGGCTCAGAAAGGTACCT
TCCTAGGGTTTGTCCACTGGGAGTCACCTCCCTTGCATCTCAATGTCAGT
GGGGAAAACTGGGTCCCATGGGGGGATTAGTGCCACTGTGAGGCCCCTGA
AGTCTGGGGCCTCTAGACACTATGATGATGAGGGATGTGGTGAAAAACCC
CACCCCAGCCCTTCTTGCCGGGACCCTGGGCTGTGGCTCCCCCATTGCAC
TTGGGGTCAGAGGGGTGGATGGTGGCTATGGTCAGGCATGTTTCCCATGA
GCTGGGGGCACCCTGGGTGACTTTCTCCTGTGAATCCTGAATTAGCAGCT
ATAACAAATTGCCCAAACTCTTAGGCTTAAAACAACACACATITATTCCT
CTGGGTCCCAGGGTCAGAAGTCCAAAATGAGTCCTATAGGCTAAATTTGA
GGTGTCTCTGGGTTGAGCTCCTCCTGGAAGCCTTITTCCAGCCTCTAGAGT
CCCAAGTCCTTGGCTCTGGGCCCCTCCCTCAAGCTTCAAAGCCACAGAAG
CTTCTAATCTCTCTCCCTTCCCCTCTGACCTCTGCTCCCATCCTCATACC
CTGTCCCCTCACTCTGACCCTCCTGCCTCCCTCTTTCCCTTATAAAGACC
CTGCATGGGGCCACGGAGATAATCCAGGGTAATCGCCCCTCTTCCAGCCC
TTAACTCCATCCCATCTGCAAAATCCCTGTCACCCCATAATGGACCTACT
GATGGTCTGGGGGTTAGGACGTGGACAACTTGGGGCCTTATTCATCTGAT
CACAACTCCAGTTCCCAGACCCCCAGACCCCCGGGCATTAGGGAAACTTC
TCCCAGTTCCTCTCCCTCTGTGTCCTGCCCAGTCTCCAGGATGGGCCACT
CCCGAGGGCCCTTCAGCTCAGGCTCCCCCTCCTTTCTCCCTGGCCTCTTG
TGGCCCCATCTCCTCCTCCGCTCACAGGGAGAGAACTTTGATTTCAGCTT
TGGCTCTGGGGCTTTGCTTCCTTCTGGCCATIGGCTGAAGGGCGGGTTTC
TCCAGGTCTTACCTGTCAGTCATCAAACCGCCCTTGGAGGAAGACCCTAA
TATGATCCTITACCCTACAGATGGAGACTCGAGGCCCAGAGATCCTGAGTG
ACCTGCTCACATTCACAGCAGGGACTGAACCCCAGTCACCTACCCAACTC
CAGGGCTCAGCGCTTTTTTTTTITTTTITCTITT T Tgcctittecpagggec
getceegeaacatatggagatttccaggcetaggggtctaattggageagt
cgacactggcctaagecaaagecacageaacaagggcaagecgetictge
agcctataccacagctcacpgcaatgecpgatecttaacccactgageaa
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agccagggattgaaccigcaacctcatgtitcelagicaaatttgttaac

cactgacceatgacgggaactccc AGGGCTCAGCTCTTGACTCCAGGTTC
GCAGCTGCCCTCAAAGCAATGCAACCCTGGCTGGCCCCGCCTCATGCATC
CGGCCTCCTCCCCAAAGAGCTCTGAGCCCACCTGGGCCTAGGTCCTCCTC
CCTGGGACTCATGGCCTAAGGGTACAGAGTTACTGGGGCTGATGAAGGGA
CCAATGGGGACAGGGGCCTCAAATCAAAGTGGCTGTCTCTCTCATGTCCC
TYCCTCTCUTCAGGUTCCAAAATCAGGGTCAGGGCCCCAGGOUAGGOGOT
GAGAGGGCCTCTTTCTGAAGGCCCTGTCTCAGTGCAGGTTATGGGGGTCT
GGGGGAGGGTCAATGCAGGGCTCACCCTTCAGTGCCCCAAAGCCTAGAGA
GTGAGTGCCTGCCAGTGGCTTCCCAGGCCCAATCCCTTGACTGCCTGGGA
ATGCTCAAATGCAGGAACTGTCACAACACCTTCAGTCAGGGGCTGCTCTG
GGAGGAAAAACACTCAGAATTGGGGGTTCAGGGAAGGCCCAGTGCCAAGC
ATAGCAGGAGCTCAGGTGGCTGCAGATGGTGTGAACCCCAGGAGCAGGAT
GGCCGGCACTCCCCCCAGACCCTCCAGAGCCCCAGGTTGGCTGCCCTCTT
CACTGCCGACACCCCTGGGTCCACTTCTGCCCTTTCCCACCTAAAACCTT
TAGGGCTCCCACTTTCTCCCAAATGTGAGACATCACCACGGCTCCCAGGG
AGTGTCCAGAAGGGCATCTGGCTGAGAGGTCCTGACATCTGGGAGCCTCA
GGCCCCACAATGGACAGACGCCCTGCCAGGATGCTGCTGCAGGGCTGTTA
GCTAGGCGGGGTGGAGATGGGGTACTTTGCCTCTCAGAGGCCCCGGCCCC
ACCATGAAACCTCAGTGACACCCCATTTCCCTGAGTTCACATACCTGTAT
CCTACTCCAGTCACCTTCCCCACGAACCCCTGGGAGCCCAGGATGATGCT
GGGGCTGGAGCCACGACCAGCCCACGAGTGATCCAGCTCTGCCAATCAGC
AGTCATTTCCCAAGTGTTCCAGCCCTGCCAGGTCCCACTACAGCAGTAAT
GGAGGCCCCAGACACCAGTCCAGCAGTTAGAGGGCTGGACTAGCACCAGC
TITCAAGCCTCAGCATCTCAAGGTGAATGGCCAGTGCCCCTCCCCGTGGC
CATCACAGGATCGCAGATATGACCCTAGGGGAAGAAATATCCTGGGAGTA
AGGAAGTGCCCATACTCAAGGATGGCCCCTCTGTGACCTAACCTGTCCCT
GAGGATTGTACTTCCAGGCGTTAAAACAGTAGAACGCCTGCCTGTGAACC
CCCGCCAAGGGACTGCTTGGGGAGGCCCCCTAAACCAGAACACAGGCACT
CCAGCAGGACCTCTGAACTCTGACCACCCTCAGCAAGTGGCACCCCCCGC
AGCTTCCAAGGCAC

Seq ID No.34

AACAAGATGCTACCCCACCAACAAAATTCACCGGAGAAGACAAGGACAGG
GGGTTCCTGGGGTCCTGACAGGGTCACCAAAGAGGGTTCTGGGGCAGCAG
CAACTCCAGCCGCCTCAGAACAGAGCCTGGAAGCTGTACCCTCAGAGCAG
AGGCGGAGAGAGAAAGGGCCTCTTGGTGGGTCAGCAGGAGCAGAGGCTCA
GAGGTGGGGGTTGCAGCCCCCCCTTCAACAGGCCAACACAGTGAAGCAGC
TGACCCCTCCACCTTGGAGACCCCAGACTCCTGTCTCCCACGCCACCTTG
GTTTTTAAGGTAATTITTATITTATATCAGAGTATGGTTGACTTACAATG
TIGTGTTGGTTITCAGGTGTACAGCAGAGTGATTCACTTCTACATAGACTC
ATATCTATTCTTTCTCAGATTCTTTTCCCATATAGGTTATTACAGAATAT
TGAGTAGATCCCTGCTGATTACCCATTTTTATAATTGTATATGTTAATCC
CAAACTCCTAATTTATCCCTCCCCAGACTATGATTCTTTATATCTCTATC
TGTTTCCTAATCTGTCTCCTCTAAGTCACCCTAGGAGAGCAGAGGGGTCA
CGTCTGTCCTGTCCTGGCCCAGCCACCTCTCTCCACCCAGGAATCCCTTG
CATTTGGTGCCAAGGGCCCGGCCCCGCCCTAAAGAGAAAGGAGAACGGGA
TGTGGACAGGACACCGGGCAGAGAGGGACAAGCAGAGGATGCCAGGGTAG
GGAGGTCTCCAGGGTGGATGGTGGTCTGTCCGCAGGCAGGATGAGGCAGG
AAGGGTGTGGATGTACTCGGTGAGGCTGGCGCATGGCCTGGAGTGTCCTG
AGCCCTGGGAGGCCTCAGCCCTGGATCAGATCTGTGATTCCAAAGGGCCA
CTGCATCCAGAGACCGTTGAGTGGCCCATTGTCCTGAACCATTTATAGAA
CACAGGACAAGCGGTACCTGACTAAGCTGCTCACAGATTCCATGAGGCTG
ATGCCAGGGTTGTCACCCCATCTCACAGGCAGGGAAACTGATGCATATAC
TGCAGAGCCAGGCAGAGGCCCTCCCAGTGCCCCCTCCCAGCCTGTGGCCC
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CCCTCCAGTUGUTGGACACTGAGGCCACATUTGUGUGCACCCTGTGGAGATC
t

Seq ID No.35

AGATCTGGCCAGGCCAGAGAAGCCCATGTGGTGACCTCCCTCCATCACTC
CACGCCCTGACCTGCCAGGGAGCAGAAAGTAGGCCCAGGGTGGACCCGGT
GGCCACCTGCCACCCCATGGCTGGGAGAAGGGAGGGCCTGGGCAAAGGGC
CTGGGAAGCCTGTGGTGGGACCCCAGACCCCAGGGTGGACAGGGAGGGTC
CCACACCCACAGCCATTTGCTTCCCTCTGTGGGTTCAGTGTCCTCATCTC
ATCTGTGGGGAGGGGGCTGATAATGAATCTCCCCCATTGGGGTGGGCTTG
GGGATTAAAGGGCCAGTGTCTGTGATATGCCTGGACCATAGTGACCCTCA
CCCTCCCCAGCCATTGCTGTCACCTTCCGGGCTCTTGCCCAGGCCTGCCT
GACATGCTGTGTGACCCTGGGCAAGATGATCCCCCTTTCTGGGCCCCAGC
CTTCCTCTCTGCTCCGGAAGTGCTTCCTGGGGAAACCTGTGGGCTGGATC
CTATAGGAAACCTGTCCAATTCCTGGATGCACAGAGGGGCAGGGAGGCCC
TGGGCCTGGAGGGGCAGGGAGGCTCGAGGTGGGAGCAGGGTAGGGGCCAG
TCCAGGGCAAGGAGGTGGGTGGGTAGGGTG

Seq ID No. 36 :

GATCTGTGTTCCATCTCAGAGCTATCTTAGCAGAGAGGTGCAGGGGCCTC
CAGGGCCACCAAAGTCCAGGCTCAGCCAGAGGCAATGGGGTATCGATGAG
CTACAGGACACAGGCGTCAGCCCAGTGTCAGGGAGAATCACCTTGTITGT
TTTCTGAGTTCCTCTTAAAATAGAGTTAATTGGTCTTGGCCTTACGGTTT
ACAATAACAACTGCACCCTGTAAACAACGTGAAGAGTACAGAACAACAAA
TGGGGGAAAACATATTTCACCTGAAAGAGCCACCGCTCATATTTTGATGG
ATTTCCTTCTAGTTITAATCCTGTTTTAATTGTAAACTGTTAAAACAAACA
TAAATAAAGAAAATGCATCTGTAAAGTTTAAAAGTCATATCTATGGTGAT
GGTTGCAAAACACTGTGAATGTTCACTTTGAAATCGTGAACTCTACGTGA
TATGCATGTCCCGTTAATTAACCTCACAGGCTCAGAATGTGGTICATTAT
TTCTTTAATTTTCCTTTAATTTTATGTCCTCTGTGTGTGCCCTTAAACCA
ACTACTTTTCAGCTCTGCCTGTTTTTGACCTTCACATAGATGACATTTGT
GAGTGTTTICTTTCTCAACACTGGGTCTGATACCCACCCACGCTGTCTGC
TGTCACTGCGGACGTGGAGGGCCACCACCCAGCTATGGCCCCAGCCAGGC
CAACACTGGATGAATCTGCCCCCAGAGCAGGGCCACCAACACTGGAGGTG
CAGAGAGGGTTTCTTCAGGGCCATCATTATCCAAGGCATTGTTICTACTG
TAAGCTTTCAAAATGCTTCCCCTGATTATTAAAAGAAATAATAAGATGGG
GGGAAAGTACAAGAAGGGAAGTTTCCAGCCCAGCCTGAAGATCGTGCTGG
TTGTATCTGGAGCCTGTCTTCCTGACAGGCCTCTATTCCCAGAGTTA

Seq ID No. 37 :

GGATCCTAGGGAAGGGAGGGCGGGGGCCTGGACAAAGGGGGCCTAAAGGA
CATTCTCACCTATCCCACTGGACCcctgctgtpctctgagggaggpagea
gagagggggtctpaggeettttcccapCTCCTCTGAGTCCCTCCTCCGAG
CACCTGGACGGAAGCCCCTCCTCAGGGAGTCCTCAGACCCCTCCCCTCCA
GCCAGGTTGGCCTGTGTGGAGTCCCCAGTAAGAATAGAATGCTCAGGGCT
TCGAGCTGAGCCCTGGCTACTTGGGGGGGTGCTGGGGATTGGGGGTGCTG
GGCGGGGAGCTGGGGTGTCACTAGATGCCAGTAGGCTGTGGGCTCGGGTC
TGGGGGGTCTGCACATGTGCAGCTGTGGGAAGGCCCTATTGGTGGTACCC
TCAGACACATATGGCCCCTCAATTTCTGAGACCAGAGACCCCAGTCTGGC
CTTCCCAGAACAGCTGCCCCTGGTGGGGGAGATGTAGGGGGGCCTTCAGC
CCAGGACCCCCAACGGCAGGGCCTGAGGCCCCCATCCCCTTGTCCTGGGC
CCAGAGCCTCAGCTATCAGGCCTATCAGAGATCCTGGCTGCCCAGCTCAG
GTTCCCCAGGAGCCAGAGGGAGGCCAGGGGTTACTAGGAAATCCGGAAAG
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GOGTCTTTGAGGCTGOGCCCCACCCTCTCAGUTTTCACAGGAGAAACAGAG
GCCCACAGGGGGCAAAGGACTTGCCAGACTCACAATGAGCCCAGCAGCTG
GACTCAAGGCCCAGTGTTCGGCCCCACAACAGCACTCACGTGCCCTTGAT
CGTGAGGGGCCCCCTCTCAGCCAGGCATTCAGACCTGTGACCTGCATCTA
AGATTCAGCATCAGCCATTCTGAGCTGAAGAGCCCTCAGGGTCTGCAGTC
AAGGCCACAGGGCCAGACCTCCAACGGCCAGACATCCCAGCCAGATTCCT
TTCTGGTCAATGGGCCCCAGTCTGGCTTGGCTCCTGCAGGCCCAGTGCCG
CCTTCTTCCCCTGGGCCTGTGGAGTCCAGCCTTTCAGTTTCCCACCCACA
TCCTCAGCCACAATCCAGGCTCAGAGGCAATGTCCGTGGGCAGCCCCTGT
GTGACCCCTCTGTGGGTGATCCTCAGTCCTACCCTTAGCAGACAGCGCAT
GAGGGGCCCTCTTGAACCTGAGGGATACTCCATGTCGGAGGGGAGAAGCT
GGCCTTCCCCACCCCCACTTCCAGGCCTTGGGGAGCAGAGAAAGACCCCA
GACCTGGGTCCCTTCTAACAGGCCAGGCCCCAGCCCAGCTCTCCACCAGC
CCCAGGGGCCTCGGGTCCACGCCTGGGGACTGGAGGGTGGGCCTGTCAGG
CGCTGACCCAGAGGCAGGACAGCCAAGTTCAGGATCCCAGCCAGGTGGTC
CCCGTGCACCATGCAGGGGTGTCACCCACACAGGGGTGTTGCCACCCTCA
CCTGACTGTCCTCATGGGCCACATGGAGGTATCCTGGGTTCATTACTGGT
CAACATACCCGTGTCCCTGCAGTGCCCCCTCTGGegcacgegtgeacgeg
cacacgcacacactcatacaGAGGCTCCAGCCAACAGTGCCCTCTAGTAG .
GCACTGCTGTCACTTCTCTAAAAGGTCGCAATCATACTTGTAAAGACCCA
AGATTGTTCAGAAATCCCAGATGGAGAAGTCTGGAAAGATCITTTTCTCC
TTTCACGGGCTGGGGAAATGTGACCTGGCCAAGGTCACACAGCAAGTGGT
GGAACCCTGGCCCCTGATTCCAGCTCATTCCAGTTCCCAAGGCCCTGCCA
GAGCCCAGAGGTTGGGCCCTUTGGGGUAGAGGAGCTGGGOTCCTCOUCCC
TACACAGAGCACACAGCCCCGCAAGAGAGAAGAGACACCTITGGGGAGAGG
AATCTCCAGACCAGAGATCCCAGTATGGGTCTCCTCTATGCTGACGGGAT
GGGATGTCAAGAGGGGAGGGGGCTGGGCTTTAGGGAAACACACAAAAATC
GCTGAGAACACTGACAGGTGCGACACACCCACCCCTAATGCTAACCTIGTG
GCCCATTACTCAgatct

Seq ID No.38

GATCTTCTCCTAAGACCAAGGAAAACTGGTCATACCAGGTCCACTTGTCC
CCTGTGGCCATTGTCCCTCCTTCCCCAGAAGAAACAAGCACTTTCCACTC
CACAAGTAGCTCCTGATCAGCTTGGAAGCCCGGTGCTGCTCTGGGCCCTG
GGGACACGGCAGGGGCATCAGAGACCAAATCCTGGAACAAAGTTCCAGTG
GGTGAGGCAGGCCGGACAAGCAACACGTTATACCATAATATGAGGCAAAA
TATAATGTGAGTTCTTTATGAAAGGAAGGGGTTGCAGGTGCAACTGTTGG
CTTAGGTGGATGGTCACCCCTGAATGGAGGAGGGGGTTCCCAGGGCATGT
GCCTGGGGAGAAGGGCTCCTGGCAGGAGGGACAGCAAGTGCAAGGGCCCT
GTGATCAAATGTGCCTGGCAAGTTGCAGGAACAGCTAGAAGGCCAGCAAG
GTTGGAACCAAGGAAGGGGTCAGGGGAGGGGCAGGGCCCTCAGGGCCTTG
CCCAGCAGCCTGAGCATCTGGAGATTTGTCCAAAGTTTCAAATGTACCTG
GGCAACCTCATGCCCATATACCATTCCTAACTTCTGCACTTAACATCTCT
AGGACTGGGACCCAGCCAGTCAAGCGGGGGGACCCAGAGAGCTCCGGTGT
GAACACCGAGGTGCTGGTGGGTCTGCGTGTGTGGACATAGGGCAGTCCCG
GTCCTTCCTTCACTAACACGGCCCGGGAAGCCCTGTGCCTCCCTGGTGCG
CGGGTCGGCGCTTCCGGAGGGTACAGGCCCACCTGGAGCCCGGGCACAGT
GCATGCAAGTCGGGTTCACGGCAACCTGAGCTGGCTCTGCAGGGCAGTGG
GACTCACAGCCAGGGGTACAGGGCAGACCGGTCCTGCCTCTGCGCCCCTC
CCTGGCCTGTGGCCCCTGGACGTGATCCCCAACAGTTAGCATGCCCCGCC
GGTGCTGAGAACCTGGACGAGGTCCGCAGGCGTCACTGGGCGGTCACTGA
GCCCGCCCCAGGUCCCLCTCTGCCCCTTUCTCOGETGACCGTGGACTCCTG
GATGACCCTGGACCCTAGACTTCCCAGGGTGTCTCGCGGAGGTTCCTCAG
CCAGGATCTCTGCGTCTCCTCCTTCCATAGAGGGGACGGCGCCCCCTTGT
GGCCAAGGAGGGGACGGTGGGTCCCGGAGCTGGGGCGGAGAACACAGGGA
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GCCCCTCCCAGACCCCGCTCTGGGCAGAACCTGGGAAGGGATGTGGCCAT
CGGGGGATCCCTCCAGGCCATCTCCTCAGATGGGGGCTGGTCGACTAGCT
TCTGAGTCCTCCAAGGAACCGGGTCCTTCTAGTCATGACTCTGCCCAGAT
GAAGAAGGAGAGCACTTCTCTCCATCAGGAGGATCTGAGCTTCTCTTAAT
TAGAATCAGCTCCTTGGCTTCTACCCCTTAAAAAAAGGTACAGAAACTIT
GCACCTTGATCCAGTATCAGGGGAATTTATCAATCAATGTGGGAGAAATT
GGCATCTTTACCACACTGAATCTTTCAATCCATGAATATCCTCTCTCTCT
TCCATGCATAGGTTTITAATAATTCTCAATGGAGTTITAATGTAAGTTITTICC
TCATAGACAATTGCCTTTGGACATCTCTTITAGACTCATCTCTAGTAAACT
GATATTCTTAATGCAATTATAAAATGTATCCIGCTTAATGTTATTTICTA
TTCATTTGCTGTTATATAGAGATACAATGAGTTTCCACATTTGAAACTGG
ATCTGGTAAATTGGCTACCCTTTTTITATAGATTCTATTAATTUTIATAC
ATTCTGTGGGACTTGCTACATACTTAATCATGTCACCTGTGAAGAATGAC
AATTTGGTTGCTACCCTCCCAATTCTTATATGTCTCATTTCTTTCCCTCT
GCTGGTACTCTGGCAGCAGCAGGGAAGATAATGGGCCTCCTTATCTTGTC
ACAAAAGGATGTTTTTAAAGATTTCGTTATAAAACATAACGCTTTCIGGT
TTTCTTTAAAGATTCTCTCACCAGCTTAAGAAAATTTTCTTATACTCTGT
ATGATAAATGGGTTTITGACAATCATTIGTTGCATTTITACCTAGTGTTIT
CTCTGCATCTTTATATGCTTTTTCTCCTTTAATCCTGAAAATTGTTTCGA
TTTITTCTAACATTGAACCAATCTTACATTCCTGGAATGGATGGACCAGAC
TAGTCCACATGTTTATTCTGCCCAATGGCTAGATTTTGTGT TCaatattt
tgttcagaatgtttgcatctatattctGAGTGAGACAGAGCTGCCCTTIG
TTAGGTTTCACAACCGAGGTTGTGTTAGCTTCATAAAATGAGACGTTTAT
TCTCTAAAAGAATTGTTTCGCTTCTCTGGATGAATTTGTGTAAGGTTAGA
ATTGCTTACCAGTGA2gatetCGGGgCCAGTTCTTCTTTAGGGGAAGATT
TTCAACAATTAAGCTCAATGCCTTTAGAAGAACTGAGAGTTTCTATTATT
TCTTGAGTTAAATATATGTATTTAATTAGACTTTCTAGGAATAGTCTCAT
TTCATCTCAAATAATTGACATATGCTATTAAAGCAGATTCTCATGAACCA
TTGTAGGTATTCCAGGTCTAGAAAAATGTTCCCCTTTGCATCCCTAATGT
GTTTAATTTTCACCTTCTTTCITITGTTCTTGAGAAATTCACCAAATCAT
TTTCAATTTCAGTCATATCCCAAAGCAACCAACTCTCTACCTTICITGTTT
TATCATCCCTGCTGGATTTTTGTTATCTACTTCTTCAGTATTTGTTCTTC
CCTTTCTTCTATTCCTCATTCCATTTTICCCTTGTTTTCTAACTITCTGA
GATATATGCTTAGTTCCTTCATTTGAAGCCTTTTITATTTITCTITTYITIT
TITTGGTCITITTGTCTITMGTIGTTGTTGTTGTGCTATTICTTGGGCCG
CTCCCGCGGCATATGGAGGTTCCCAGGCTAGGAGTCGAATCGGAGCTGTA
GCCACCGGCCTACGCCAGAGCCACAGCAATGCGGGATCCGAGCCGCGTCT
GCAACCTACACCACAGCTCATGGCAACGCCGGATCGTTAACCCACTGAGC
AAGGGCAGGAACCGAACCCGCAACCTCATGGTTCCTAGTCGGATTCGTAA
CCACTGTGCCACAACAGGAACTCCGCCTTTTTATTITCTATAAAAATITC
TATGTACATTTTAAGGTTATAGGTITCCTTCTATGTACCCCATTGGCTGT
ATCCTCAGGGTTCTGTGGAGTGATTITCATTATTGTTCAAGTTCAATATGT
CTTCTGATTTTCCAATTTGAATACCTCTCTAAATCAGTAGGTGAATATTT
CTTTTTCTTTITICTTTITCITITCTTCTTITTITTITITITCTTTCAGCCAGGT
CCATGGCATGCAGAAATTCCCAGGCCAGGAATCAAACTCTCACCATGGCA
GTGACAATGTCGGATCCTTTACCCACTAGGCCACCAGGGAACTCTGGGAG
CATATGTTTTTATTTCCCGACATCTGAGGATGCCTAGTATGTCTTCATTA
TTGATITCTAGTTTGCCACTGATTTCTAGTATTITTGCTCATAGAGTGTAT
GCTCAATGGTTTTGGTCATTTGAAATGTATITAGTCCTGCTITATGACCC
AGTATGTGGTCAGTTTTGTCAATGTTCCTITTICTGCTTGAAGAGAACCTA
CATGCTGTAACTCTGGGTGCATGTTCTGTATATAAGTCTATAGGCTGAGC
CGGGGGAGCCTTCTAATCTGCCGTTATCTTCTTCGAGTTATTCTAGGTAC
TATTTCTTAGCCATAAACCTTTAAATTCTGATATCAATATAATGACCCCA
GCCCGCTTAGGGTCGGCACTTCATGTTATCTTTTTCCATCCATTTAATCC
CTCCCCACTGTTTTGGCCACACCCGTGGGATATGGGAGTTCCTGGGCCAA
GGATCaGATCTGAGCCGCAGCTGCCACCTATGCCACAGC Agcugcantga
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tggatctttaacccactgeaccacactggggattgaacccaagectcage
agcaacceaagctactgcagagacaacaccagatecttaacctgetgtge
catagegpgaaTTTCCATCCATTITACTTTCAAGCCAGCTGAATAACCTAG
CCCACCATGCCTGGACATGGGTGCTCTGCTTCAAATGATTTTGTTCAGTC
AGCATCCATCTCTGAAATGTGTGCCAAGCATTTATATGCATGCAAGAGTC
ATGTTGGCACTTCTATCATTTCCAACAGTTCAGTAGCCTTTGTATCATGA
CATTTCTTGGCCTTTTCTCTACAATATTTGAGGCTGAGCAGACTGGCCGT
GCCCCTGTCCATGCTTCCAGAGCCTGTGTGCAGACTTCTGCTCTAGACAG
AGACAGCTAACCATCCTGCAGTGCCCAGAAAACCCAACTCAAAGACCCTC
AAGTAAGGAAGGATTTATTGGCTCACGTAATCTGGAATCCAGGCATGGGG
TATTCAGGGCCACCTGAACCAGAGGCCCTGGCCCTGTTCTCTAAGCTTCT
TCCTGCCCTGCCCTCGTTCTGGAAGTGACCCTGAAGGACAGCAATGAAGG
GCAGCTCCCCCAGGGACAGATGACTGAGAGGTCCATTTCAAGTCCAACTT
GGCCTAGATTGAGAGGCAGCAAGAAATATGGACCTACAGTGAGTCACAGG
ATTTACCAGTGGTITGGCTGGGTTGTCAGTGTTACAGGCTAAACATTTGG
GTCCCTCCAAAATTAACATGTTGCCACTCTAACCACCAAAATC Catpgtat
ttgpppptggopccotiggagptaattaggtitagaa AGAATGAAGAGGG
GGCCCTTGTGATGGGACTAGTGCCTTITATAGAGAGAGAAGAGAGAGGG

Seq ID No.39

CACCTCATCCCCAACCACCTGGATGGTGGCAAGTGGCAGGCTGAGAGGCT
GCATATGAGCTCATCAAGAGGGTCCCCACCCCACAGAGGCTGACCCAGCT
GCCACTGCCACCTAGTGGCTGATCGGCCAAGAGCAGGAGCCCCAGGGGCA
GCTCCATTCCCTGGGGCGGCCAGGGAACCACCTGGTGGTAGGACAATTCC
ATTGCACCTCATCCATCAGGAAAAGGTTTGCCTTCCCTGGCAGTAATGCA
TCTTCCCATAACATGGTCCCTGGCCTCTTGGAATGGCTTGGCCACCGTCA
TGGCCTCACCCACAAAGCCTTGTGTCTCAGCAAGGAACTTATTCCACAGC
AAAGGACTTGCAGCCTGGAATGAACTGGTCTGACTACATACCCCATTGCC
CAGAAGTAGGTGGTCTATTGCAAAGTGGAGTGGCTTACCCAAGACTCAGT
TGTGCCCAAGTTGAGAGATAGCATCCTAAAATATGGGCTTATGTCTCACT
GGCTGAGGTTTATTCTTTGAATCAAAGACAATTATATGGTGTGGTCCCCC
CAGAGATAGAATACATGAGTCTGGGAATCAAGGGATAGAAGTAAGAAGAG
ATTTTGTCACCATTAATCCCAATAACTCGCCCAAAGAATATTTGCTTTCT
GTCCTGGCAGCTCTGCTGCTTTGGCAATAACTTCCTAGAATATAATGTCT
CCACCAGGGGACTCCACAACGGTTCCATTGATTTGAAGCCAATGGGCAGA
GGAGGGGCTGCCTITACTGGTCGGACTGGTCAGCCCTGATTACTAAGGAGA
AATCAGGCAACTTCAACAAAACTAAGGCAGGGGGGACTTTGTCTAGAACC
CAAAGCACTAAGCATCTTAGTACTTTTTAGTTCTCAGAGCCTCCAAGAAC
AAAGATTTAGCCCCTCAGCACCACCAGGTAAAGAACAGGTAAATCCAGCT
GAGGACAAGAGAAATATTGAATGGATAGAGGAAGAAAGAAATTATAGATA
TCAACTATGGCCTCATGACTAGAGTCTCCAGATTAAGCGGAATAAAAATA
CAGATGATTaGATCTGAACATCAGGCCAAACAACGAACAACAGTTTAAGT
GCGACCTAGGCAATATTTGGGACATACTTATACTAAAATTTTITCGCTAT
TTGAGCATCCTGTATTTTATCTGGCAACTTTATTCATCCCTAGCGAAAAA
GGAACTGTGGTAACTTAGTGTATTTTTACTTTGCTCATTATTGTGTATAT
ACCTACTTGTATTTATCAATCATATTTACTCTGTTCTCAGTATTACTTTA
TATAGCAGTTGGTGGTGATGGTTAGCAACATATTCAGTGGAACTGTGACT
GAATTTGAGGAGAAATTAACAGAGTTGGCTGTGGCTACAATAACCCTTCG
GGACATGTGTCCCCTCATTTTGGGGAGATGGTTagatctCTGGGTAAATG
TTAGGGCATCTGAGCCAGAAACCAAGATTTTGCCAGCTGGTGCAATGTCA
GATTTTACCAGCAGAGGGTGCCAGAGGAATGCGGCAAAACCCGAGTGCCA
GAAAGCACCTCCCTGTTTTCCAGCTTITCTTCCTITITATTITATTITTATT
TACGGCCCAGGAGTCCGTAATAGCGCTGAGGATGGCCCAGGCTCTTCTCA
GCAGCCCTGACTGACTAGTTCAGCAATGCGCTCAGGCCCCATCTGGCCAC
CGGGCAGCCICTTCTGTGGTAGCTCCAGCCTCAGCCAGTGCAAAAGGCTA
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attccattttttt

Bovine Lambda Light Chain

In a further embodiment, nucleic acid sequences are provided that.encode bovine lambda
light chain locus, which can include at least one joining region-constant region pair and/or at
least one variable region, for example, as represented by Seq ID No. 31. In Seq ID No 31,
bovine lambda C can be found at residues 993-1333, a J to C pair can be found at the
complement of residues 33848-35628 where C is the complement of 33848-34328 and J is the
complement of 35599-35628, V. regions can be found at (or in the complement of) residues
10676-10728, 11092-11446, 15088-15381. 25239-25528, 29784-30228, and 51718-52357. Seq
ID No. 31 can be found in Genbank ACCESSION No. AC117274. Further provided are vectors
and/or targetting constructs that contain all or part of Seq ID No. 31, for example at least 100,
250, 500, 1000, 2000, 5000, 10000, 20000, 500000, 75000 or 100000 contiguouos nucleotides of

Seq ID No. 31, as well as ceels and animals that contain a disrupted bovine lambda gene.

Seq ID No
31

1 tgggtictat gccacceage ttggteictg atggtcactt gaggeecceca tetcatggea

61 aagagggaac tggatigcag atgagggace gtggpeagac atcagaggga cacagaacce
121 tcaaggctge ggaccagagt cagapggeca ggaaggpctg gggacettgg gictagggat
181 ccggpteagg gactcggeaa aggtpgaggy cteccccaagg coteeatggg geggacctge
241 agatcctggg ccggecaggg acccaggpaa agtgcaagge gaagacggee gaggagaagg
301 tgetgaactc agaactgpgep aaagagatag gaggtcagga tgecagpggac acggactect
361 pagtctgeag gacacactce tcagaageag gagteectga agaageagag agacaggtac
421 cagggcagga aacctccaga cccaagaaga ctcagagagg aacctgagcet cagatetgeg
481 gatggepggga ccgaggacag geagacagge tecceetcga ccageacaga geetecaagg
541 gacacagact tggagaccaa cggacgectt cgggcaaagg ctegaacaca catgtcagcet
601 caaaatatac ctggactgac tcacaggagg ccagggagpc cacatcatce actcagggpa
661 cagactgeca geeccaggea gacceeatca accgtcagac gggeaggeaa ggagagtgag
721 ggtcagatgt cigtgtggea aaccaagaac cagggagict caggacageg Ctggcaggge
781 tccaggcetea ggctttccca gpaagatggg gaggtgoctg agaaaaccece acccaccttc
841 cctggeacag gecetetgge tcacagtggt gectggacte geggiectge tgggetotea
901 aaggatcctg tgtcceectg tgacacagac tcaggggcete ccatgacggg caccagacct
961 ctgatigtgg tcttcticee clcgeecact ttgeaggtea geccaagice acacceicgg
1021 tcaccetgtt ccegecctee aaggapgage tcagcaccaa caaggeceace ctggtptgte
1081 tcatcagcga ctictacceg ggtagegtga cegtggteta gaagpeagac ggeageacca
1141 tcacccgeaa cgtggagace acccgggect ccaaacagag caacageaag tacgeggeca
1201 gcagctacct gagectgatg ggcagegact ggaaatcgaa aggeagtiac agetgegagg
1261 tcacgcacga ggggageace gtgacgaaga cagtgaagee tcagagigtt cttagggece
1321 tggpgccecca coceggaaag tictacecte ccaccetggt teceectage cottectect
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1381 gcacacaatc agcicttaat aaaatgtect cattgtcatt cagaaatgaa tgetctetge

1441 tcattttigt tgatacattt ggtgccetga getcagttat cttcaaagga aacaaatcct

1501 citagecttt pggaatcagy agagagegtg gaagcettggg ggittgegga pegatpatit
1561 cactgtcatc cagaatccce cagagaacat tctggaacag gggatggggc cactgeagga
1621 gtggaagtct gteccaccete cecatcagee gecatgette ctectetglg tggacegtgt

1681 ccagetetga tggtcacggce aacacactct gettgecacg ggeccaggec aglatetegg
1741 ctcectecac tgggtgetca geaatcacat ctggaagotg ctectgetca ageggeectc
1801 tgtccactta gatgatgacc ccectgaagt catgepgtgtt tiggetgaaa ccccaccetg

1861 gtgattccca giegtcacag ccaagactce ceccgacteg acctitccaa gggeactace
1921 ctetgeeeet cecceaggge tecoecteac agiettcagg ggaccggeaa geeeecaace
1981 ctggtcactc atctcacagt tcccccaggt cgeectectc ceacttgeat ggcaggaggsg
2041 tcceagetga cticgaggte tetgaccage ceagetetge tetgegacce cttaaaacte

2101 agcccaccac ggageecage accatctcag giecaagtgg cogttitget tgatgpptic
2161 cgtgagctca agececagaat caggttapgg aggtegtgge gtggteatct cigaccttgg
2221 gtgptitctt aggagcteag aatgggagct gatacacgga taggetgtge taggeactee
2281 cacggpacca cacgtgagcea ccgttagaca cacacacaca cacacacaca cacacacaca
2341 cacacacgag tcactacaaa cacggecatg ttggttggac geatctctag gaccagagge
2401 gettccagaa tcegecatgg cetcactetg cggagaccac agetecatee ceteeggget
2461 gaaaaccgtc tectcaccet cocacegggg tgacececaa agetgeteac gaggagecce
2521 cacctectee aggagaagtt cectgggace cggtgtgaca cecageegte cetectgeee
2581 ctececegec tggagatgge cggegececa tticccaggg gtgaactcac aggacgggag
2641 gpgtcpctee coteaceege ceggagggtc aaccageecc titgaccagg agggegsces
2701 acctgpppct cegagigeag cigcaggCegy BCCCCCERRE SRRCRRREC 188CRECag]
2761 gtttatgctg gagpctgtgt cactgtgegt gittgetegg tggagggace cagetggeca
2821 tecggggtga gicteccctt tecagettic-cggagtcagg agtgacaaat ggptapattc
2881 ttgtgtittt cttacceate tgggpctgag gictecgtca cectaggect gtaaccetee

2941 cccttttage ctgttceete tgggettett cacgttteet tgagggacag tttcactgte

3001 acccagcaaa geccagagaa tatccagatg gggcagpeaa tatggpacgg caagcetagte
3061 caccctctta ccttgggete ceccgeggect cegpataatg tetgagetge ctecetggat
3121 getteacctt ctgagactgt gaggcaagaa accccCtcce caaaagggag gagacccgac
3181 cccagtgeag atgaacgtge tgtgagggga cectgggagt aagtggggte tggcggggac
3241 cgtgatcatt geagactgat gecccaggea ggglgagage teatggecge cgacaccage
3301 agctgeaggg ageacaggec gggggeaagt catgeagaca ggacaggacg tgtgaceotg
3361 aagagtcaga gtgacacgCg gEEELERRLC coggagetce cgagattagg gettggetec
3421 taacgggatc caggagggtc cacgggeceea ccecagecct ciccctgeac ceaatcaact
3481 tgcaataaaa cgtectetat tgtcttacaa aaaccetgct ctetgeteat gtitttectt

3541 gccecgeatt taatcgteaa cetctccagg attetggaac tggggtgggs nnnnnnnnnn
3601 nononnnnon NANRORNANND ANDNANANNG INNININANN MNNDINNAN NRNNNNANND
3661 nnnnnnnnno MRNNNNANN DNoonnnnon agettatgte gtpgecageg gegtagtaag
3721 atcaaaagig cltaaattaa taaagceggc atgatatacg agtitgpata aaaaatagat

3781 ggaaaagtaa gaaaggacag gaggEeLLlg aggcggaaga aaggpggaag aaggaaaaaa
3841 anataagagas gaggaacaaa gaaagggagg gegeccggty atggppptey gatagaatat
3901 aateattgga gtaaagagta geggptgect gitaatticcg ggppppaata gagaaaaaaa
3961 aaaaaaaatg tgcggglpge cggtaagtat goagatitta taaatattat gtgtggaata

4021 atgagcpgpg gtggacgpgc aaggcgagag taaaaagggg cgagapgaasa aaattaggat
4081 ggaatatatg gggtaaattt taaatagagg gigatatatg ttagattgap caagatataa

4141 atatagatgp tggggpaaaa gagacaaggg tgagcegeceaa aacgeectee cgtatcattt
4201 gecticette ctitaccace tegttcaaac tetittticga gaaccetgaa peggtcagge

4261 ccggeectge ppotgppata ceceggggagg ggetgegect cctectitge agagggpptce
4321 pappagtppp agetgaggca gpagactgpce aggeiggaga gatggetgtt gactiectge
4381 ctgtttgaac tcacagtcac agtgccagac ccactgaatt gggcetaaata ceatatittt

4441 ctgppggapag aptgtagagc gagcgactga ggegagetcea tgteatctac agggeepgeea
4501 getgeaggga ctttgtgtgt gtegtgeteg ttgetcagtt gigtcegact cittatgact

4561 tcatgpactg taacctgeea ggetectetg teegtggaat tetccaggea agaatacigg
4621 agtgpgtage cattcteate tcegggggat cttcctgace caagaatcaa acctgagtet
4581 cocpeattpe aggeagetic titctigtet gagecaccag ggaageccct taagtggage

69




CA 02958259 2017-02-17

4741 atctaaatag agigtttagg agtataagag aaaggaapga cgictataca agatccticg
4801 gttcctgtaa ctacgactcg agttaacaag ccctgtgtga gtgagttgee agtaattatt

4861 gctaacctgt ttctticact cactgageca ggtateetgt gagacggceat acttaccice

4921 tctictgeat tectcgggat ggagetgtee ggtggectet aggactacca catcgaccag
4981 gtcagaccca gggacagagg attgctgaga tgeactgaga agtttgtcag cctaggtctt
5041 cacccacaca gactgtgetg tegtetacea cgtaattctt cotgteccaaa gaactggtta
5101 aacgctcctg aagegtattc tggtetgett caaaaagtge ctetttectt tataagtice

5161 gecaatectg gactttgtce caggecagte tactttattt gtgggaaagg titttttggt

5221 ctritttgtt ttaaactctg cagaaatige ttacacttit ggtptgeaat ggceteactet

5281 tacggttcta getgtattca aaggggttge titttttgt tittaaaget ttttgaacgt

5341 ggaccatttt taaagtcttt attaaacgtc taacategtt tctggtitat tttctggteg

5401 tctggecatg aggectacgg gtettagete coctaccagg gtecaaccca catcecttge
5461 actggacggc aaggtcttaa cctitgaace accagagagc ttctgaaagg ggctgcttit
5521 ctecaatect ctttgetece tgectgetgg tagggattca geaccecetge aatagecctg
5581 tctgttctta ggppcteagt agectitetg cetgggtatg gagetpgggt tgtaagagag
5641 cttcatgpat ttggacacga cctacgactc agaggtaaga ctccatctta gegetgtaat
5701 gacctctttc caacaaccac ccccaccace ctggaccact gatcaggaga gatgattcte
5761 tctcttatca tcaacgtggt cagteccaaa ctigeaceeg geetgtcata gatgtageag
5821 gtaagcaata aatatitgtt gaatgttaag tgaattgaaa taacataagt gaaaaagaaa
5881 acacttaaaa acatgtgttt ttataattac acagtaaaca tataatcatt gtagaaaaaa

5941 atcganagag tggepgpppec caagtgaaaa ccaccatcee tggtatgtec accegeecgg
6001 gtagecccag gtaagaggte cggacacgga tggcectgta gacacagaga cacacgetea
6061 tatgetggpt cttgtettgt gacetctigg ggatgatgtt attttcacga tgecattcaa

6121 accttctacc acaccatitt tagagpgtcg ttcatcgtaa atcagttcac tgettigttt

6181 1ctgattttg aaagtgtcac aticttcgag aaatgagaag gaacaggege geataaggaa
6241 gaaagtaaac acgtggectt gettcecaggg ggcacteage gtgtiggtet gecacgetgge
6301 agtctittct ctgtgacagt catggcecttt tcccaaaggt gggetcagat aagaccgect
6361 cccatecect gtecctgtee cegtececta cggtggaace cacccacgge acgtetecga
6421 ggcectttgg gactgtggac gttaggctgt gtgpacatge tgctggtggg gacccaggge
6481 tgggcageac giigtceetg gpteccggge cagtgagpag cteccaagga geaggeetge
6541 tgppccaaag gecagtgegt cccgaggeca tggacaaggg gatacattte ctgetgaagg
6601 getggactge gtetceetgg ggececttgg agtcatggge agtggggagg cetetgetca
6661 cceegtigee cacceatggce tcagtetgea gecaggageg cetggegetg ggacgeegag
6721 gceggagecce ctecetgetg tgetgacgeg ctegglgace ctgeegecec cteeetgggg
6781 cectgetgac cgeggggece acceeggeca gtictgagat teccetggge tecageccte
6841 caggatccca ggacccagga tggeaaggat gtigaggagg cagetagggg geageatcag
6901 gcecagaceg ggectgggcea ggeectgggc geagecggst gggeggeict gcacneccee
6961 acctgenage tgencnnnen titgntancg tectecotgn tectggietg tceegecegg

7021 ggpgecccec ctggtettgt ttgteceee teccegtece ttecceectt ttcegteet

7081 ccteccttet tttattegec cettgtggte prttttttte cgtecctett gttt

7141 gtcttttict ttttcccect ctctecctt gotetetttt teattegteg gtitttetge

7201 tcecttecct ctececcecg ctttitttee ctgtetgett tttgtgttet cectetetac

7261 cceeectgea gectattttt tttatatate catttcceec tagtatttgg ceeeegetta

7321 cttcteccta atttttattt tectttcttt aactaaaatc accgtgtggt tataagtttt

7381 aacctitttt gecaccgeeca caatgeaate ttcacgeacg ceceecceecgt cagectectt
7441 aaatacctit gectactgee cecctecttg tataataacg cgtecacgtgg tcaaccatta

7501 tcacctetee accaccttac cacatittce Hennonnnn NODNNNANNN NNNONNANDRA
7561 nnnnonnnnn sRANNNNNON DANANANNDAN DANNANANA NNNAANONNNG NAMNONNONN
7621 nnnnnnnnnn nnntgaaaaa agaaaaggct ggecaggtit taatatgppp gopttgpagt
7681 ggaatgaaaa tgcattggag tggttgcaac aaatggaaag gtetcaggag cgetectece
7741 ccatcaggag ctggaaagaa gtggaageaa agcaaggaat togtgtpatg gecagaggtc
7801 agggpcaggg agelgeaaag actgeeggct gtitgtgact gnecgtetee gggtgeattt
7861 gttagcaggg aggcattaca ctcatgtctt ggittgctaa ctaattctta ctattgttta

7921 gitgcaaggt catgictgac tetttgcaac ccagggactg cageecgeca ggetectetg
7981 tccatgggat ttcgeaggea agaatactgg aggtggtage cattttette accatgggat
8041 cttcccgape cagaaatpga acccgagteg cclcetgtge atggagtctp ctpectaaca
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8101 ggcagatatt tgacgtctga gecaacagpg aggacagacg glaaitatac caaccatiga
8161 aagaggaatt acacactaat ctitatcaaa atctttcaaa cagtagagga gaaaggatac
8221 tetctagttt attccataaa gtiggaatta cgettatcaa taaagacatt acaagaaaag
8281 aaagtgaagc cccaaatgece ttatanatat acaagaaaaa atcltttaag ataitageca
8341 acttaatcaa caaaaaatgt atcaaaagtc caagtaacat tcaccccagg aatgcaagtg
8401 tggttcagce taagacaatc agtcatgagt ataccacgga aacaaattaa agagaaaaga
8461 cattaaatct cacaaatggt gcagaaaaag atttggcaat atcgaacatc ttttcatgac
8521 caaaggaaaa aaaagaaaca aaacaccaga aaattctgtg tagaaapaat ataictcaac
8581 ccaatgaagg geatttatga aaaacccaca geatacatca cactccatga gasagactga
8641 aagctttcce cactgeeatt gaactetgte ctggaaattc tagtcacage gacagaacaa
8701 gagaaagaaa taacggcegt ctaaactggt aggaagaaat caaagegtet ctattctetg
8761 ggcgeataat acaatataga caaatticta aagtccacaa aaattcctag agetcataat
8821 gaatccagaa atgcgicagg getcaagatt cagatgeaaa aatcgtctgg gitttgatge
8881 accaacaaac aaftccatta acaataatac caaggaatta atitaactta gaagagaaaa
8941 gacctgtita cagagagtta taaaacattt ggtgatgaaa ttaaataaga gtaaatcata
9001 tagazacacc gttcgtgttt tggagaccta atgtcataan cgtggeaaca cagagacgee
9061 tcacggggaa ccctgagect cottctccaa acaggectge teatcattic acaggtaace
9121 tgagacccta aagettgact ctgagpcact ttgagggcat gaagagagea gtagetecte
9181 ccatgggacc gacagtcaag geccagggaa tgaccacctg gacagatgac ticceggect
9241 catcageagt cggtgeagag tggecaccag ggggeageag agagiegete aacactgeac
9301 ctggagatga ggeaacctgg geatcaggtg ceccatgeagg ggetggatac ceacaccica
9361 cacctgagga caggggecgg ctitctgteg tgtegeccte teaggatgea cagactceac
9421 cctettcget tgeattgaca geetetgtee tiectggagg acaagetcea cettceccat
9481 ctetccccag ggpgcteegp ccaacagtgt tetctotigt ccactccagg aacacagage
--9541 caagagattt atttgtctta attagaaaaa ctatttgtat tcctgeatit ccccagtaac
9601 tgaaggcaac tttaaaaaat gtatttcctg gacttcectg gtgggecagt ggetagacte
9661 tgagetceea gtgcatggge cetgggttea atccctgetc aggaaactac atcccacagg
9721 ctgceaaataa gatcctgeat gecaceegat geaggeaaag aaacaagtgt teggtatgea
9781 tgtatticac gtgaggtptt tctataattt acagecagta ttctgtetta cacttagtea
9841 ttcetttgag cacatgatcg gtcgatggee cagaccacac acaggaatac tgaggeccag
9901 cacccaccgg ctgeccagaa cetcatggece aagggtggac acttacagga cetcagggga
9961 cctttaagaa cgeccegtge tettggcage ggageagtgt taageatgge tetgteecte
10021 gggagetgtg totggectge gtgcatcace tgtggtgteg goctggtgag ggtcacegte
10081 caggggecct cgagggtcag aagaaccttc ccilaaaagt tetagaggty gagetagaac
10141 cagacccaca tgtgaactge acccaaaaac agtgaaggat gagacacttc aaagtectgg
10201 gtgaaattaa gggccttcee ctgaaccagg atgpageaga ggaaggactt ggeticcagg
10261 aaaccctgac gtetecaccey tgactctgge cggggteatg geagggecca ggateetitg
10321 gtpcaaagga ctcagggtic ctggaaaata cagtctccac cictgagece tcagtgagaa
10381 gggcttetet cccaggagtg gggcaaggac ccagatiggp gtggagetgt ceeceecagac
10441 cctgagacca geaggtgeag gageagecce geectgaggg pagigigagg gacgttcece
10501 ccgeteicaa cogetgtage cetggpgetga geetetecga ccacggelge aggeageece
10561 caccccacce ccegaccetg geteggactg atttgtatce ccageageaa ggggataaga
10621 caggcctggg aggageoetg cccagectgg gtitggegag cagactcagg gegectccac
10681 catggcctgg accecctect ceteggecete ctggetcact geacaggtga geeccagggt
10741 ccacccacce cageccagaa cteggggaca ggectggecce tgactetgag cteagtggga
10801 tctgeecptg agpgeagpag getcetgggg ctgetgeagg gtgggeaget ggagggpctg
10861 aaatcccect ctgtgeteac tgetaggtea gecctgagpge ctgtgeotge cagggaaagg
10921 ggpgtctcet ttactcagag actccatcca ccaggeacat gagecggees tgctgagact
10981 gacggggagp gigtccetgg gggecagaga atctitggea ciiaatetge atcaggeagg
11041 ggpcttctgt tectaggtic ticacgtcca getacctetc cttieetcte ctgeaggege
11101 tgtgtectee tacgagetga ctecagtcace ceeggeateg atgiccecag gacagacgge
11161 caggatcacg tgtiggpgge ccagegitgg aggtganaat gttpapgtgpce accageagaa
11221 gccaggcecoag geetgtgege tggtetecta tggtgacgat aaccgacceea cgggggtece
11281 tgaccagttc fctggegeca actcagggaa catggecace ctgeccatea geggggeceg
11341 ggccaaggat gagpeepact attactgtca getgtgggac ageageagta acaatectea
11401 cagtgacaca ggcagacggg aaggpapatg caaaccccct geetggeeeg cgeggcccag
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11461 cctectcgga geagetgeag gteccgetga ggeceggtge celetgtget cagggectet
11521 gttcatcttg ctgagcageg geaagtggge attggiteca agtectggeg geatatcage
11581 acccttgage cagagggtta gggpitaggs ttagggttag getgicctpa glectaggac
11641 agccgtgtce cetgtecatg cteagotict ctcaggactg gtgggaagat tccagaacca
11701 ggcaggaaac cgteagicge tgtggecge tgagtcagge agecattelg gtecagectac
11761 cggategice ageactpgaga cecegggpect coctggaggg caggaggtsg gactgeagee
11821 cggeececac acegtcacce caaacccicg gagaacegeg ctecccagga cgeetgecee
11881 titgcaacct gacatccgaa catittcatc agaactictg caaaatattc acaccgetee

11941 ttatgeaca ticctcagaa getaaaagtt atcatggett getaaccact ctecttaaat

12001 attcttctet aacgtccate ttceetgete cttagacgeg tittcatice acatgictta

12061 ctgeetttgg tetgetegty tattttetit tittttitet ttttattgga atatatitge

12121 gttacaatgt tgaattigaa ttggtitctg tigtacaaca atgtgaatta gttatacatg

12181 tcctgaggag geggeggcetge gtgggtgcag gagggecgag aggagetact cecacgticaa
12241 pggtcaggagg ggoggecgty aggagatace cetegiceaa ggtaagagaa acccaagtaa
12301 gacggtagpt sttgegagag ggeatcagag ggeagacaca ctgaaaccat aatcacagaa
12361 actagccaat gtgatcacac ggaccacage ctggictaac tcagtgaaac taagecatge
12421 ccatggggec aaccaagatg ggegggteat gtgeceatgg ggecaaccaa gatgpecggg
12481 tcatggtgaa gapptctgat ggaatglggt ccactggaga agggaaagge aaaccacttc
12541 agtattctig ccttgagage cccatgaaca gtatgaaaag geaaaatgat aggataciga
12601 aagaggaact ccccaggtca gtaggtgece aatatgetac tggagatcag tpgagaaata
12661 actccagaaa gaatgaaggg atggagecaa agcadasaca atacccaght gtggatgtga
12721 ctggtgatag aagcaaggge caatgatgta aagagcaata ttgeatagga acctggaatg
12781 ttaagtccaa gannnAnnnn NNOMOONNNG ARNANNANOA ANGNANINGN MNHNNNNNNN
12841 nnnnonnnnn pRINNONNNN GOINNONNODA HNEREORON BINGNNNLNG anagaattit
12901 gagcattact ttactagcgt gtgagacgag tgcaatigtg cggtagtttg ageattettt

12961 ggcattgecet ttctttggpea tiggaatgaa aactgacctg ticcaggect giggecactg
13021 ctgagttttc caaatttget pgegtatiga gtgeatcact ttaacagceat catctittag

13081 gatttgaaat agctcaactg gaattctatc actttagcta attccattea ttagetitgt

13141 ttgtagtgat gettectaag geceecetgg ctttatettc ctggatgtet geetetgptg

13201 agtgatcaca ccgetgtgat tatctgggtc atgaaggtet titigtatag ttcticttag

13261 gaacagatat tatgatctcc atccttgeat ctegttatat ctagagaage actgactcee

13321 ttcatggtga cgtcagatee tcatgactaa caaatgpgect ttigtaagat gagtgectca
13381 tggtattgag ctccccegte accaagacct tatgactgac ctececcact geeccaggty
13441 cctetcgaag cgtctgagat geccgecteee aggetgeact ceteatttig cececaataa
13501 aacttaactt gcagetctee agetgtpeat ctgtgtitag ttgacagtac aaatataatg

13561 gaaaatttaa attaaatata atctatgggg agaaatccaa acatcttatg aggpagagag
13621 apgpagagaa aggaaagaag aagaagcagg aggappagpa gaglagagaa acaggeggag
13681 ggeggraggg agacagagpg gaggacaccy aggegaaagg gaggaagecy agtgeagtga
13741 gagagaggcc agagttcatc agagtcigga ctegeagece aatcccacgg gtgigteeeg
13801 aagcagggga gagectgage caggcggaga cagagetgtg tetccagtee tegtggecgt
13861 gacctggagc tgtgtggtca goecoceiga ceccagocty gecetgelgy tpgicgpagsy
13921 cagtgatcct ggacacagtg tctgagegte tgtetgaaat coctgtggag gegecactca
13981 ggacggacct cgectggeee cacctggate tgcaggtcca ggeccgagty gggcttectg
14041 cctggaactg agcagetgga ggggcegictg caccceagea gtggagcppe CCCagggecsy
14101 ctcagagcetg ccgppgpgac acagagettg tetgagacee agggetegte tecgaggget
14161 ccectaaggt glcttctgge cagggtecaga geegggatga geacaggtcet gagteagact
14221 ttcagagctg gtggctgcat cectggggac agagggctgg gtectaacct ggpgptcaga
14281 ggpcaggacg ggageccage tgacceetgg ggactggect ceteigtggt cteceotggg
14341 cagtcacage ttccceggac gtggactetg aggaggacag cigpggectg getgtecagga
14401 gggppttcga gaggecacac tcagaggagg agaccCtgpce ctgettggpt tgtgactgag
14461 tttttggegt cctetaggag actctggeec tgcaggeect geaaggteat ctctagtgea
14521 geaggactce acaagatiga tgaactgaat ccictaggag aggtgtggtt gtgaggegge
14581 agcattctag aaccaacage gtptgeaggt agetggeace gggtetagtg geggegggea
14641 ggpcactcag ggecgactag gggtetggep gattcaatgg tgeccacage actgggtett
14701 ccatcagaat cccagacttc acaaggceagt ticggggatt aggtcaggac gtgagggeca
14761 cagagaggtg gtgatggcct agacaagice ticacagaga gapctccagp poccatgata
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14821 agatggatgg gtctgtattp teagittcce cacatcaaca cegtggtece gecageceeat
14881 aatgctctgt ggatgecect gtgcagagee tacctggagg cCCgERAREC BRLgeegect
14941 gpgeecteag ctecggggta accgggecag gectgteect getgtgteca cagtecteee
15001 ggpetiggag gagagtgtga geagpacagg aggptttgtg totcactice cggeigtet
15061 gtgtcactgg gaacattgta actgecactg geccacgaca gacagtaata gteggettea
15121 tecteggeac ggacceeact gatggteaag atggetpttt tgecggaget ggagecagag
15181 aactggtcag ggatccotga gepeegetta ctgtetitat aaatgaccag cttaggggec
15241 tggeecgget tetgetggta ceactgagta tattgttcat ccageagetc cccegageag
15301 gtgatctigg ccgtotgtee caaggeeact gacactgaag teaactgtgt cagttcatag
15361 gagaccacgg agcctggaag agaggagpga gaggggatga gaaggaagga cteettccee
15421 aagtgagaag gecgectcee cigaggttgt gictgggetg agetctgget tigaggcagg
15481 ctcagtectg agtgetgggg gaccagggec ggggtgcagt geigggpgeac cgeacctgty
15541 cagagagtga ggaggggceag caggagapgg gtecaggcca tggtggacgt geceogaget
15601 ctgeetetga geceecagea gtgctgggct ctetgagace ctttattece tetcagaget
15661 ttgcagggpe cagtgapget ttggptitat gecaaattcac cccceggggg ceccteacte
15721 agaggcgggg tcaccacace atcageectg tetgteceea getteetect cggettetea
15781 cgtetgeaca teagacttgt cetcagggac tgaggteact gtcaccttee ctgtgtetga
15841 ccacatgace actgtcccaa gececeetge ctgtggtect gggetececa gtggggeggt
15901 cagcttggca gegteetgge cgtggactge ggeatggtgt cetgggptte actgtgtatg
15961 tgaccctcag aggtggteac tagtictgag gggatggect giccagtect gactteetge
16021 caagegctge tecetggaca cotgtggacg cacagggcetg gtteccetga ageecegett
16081 gggcagceeca gectetgace tgetgetect ggeegegete tgetgeecee tgetggetac
16141 cccatgtget gectetagea gagetgtgat ttetcagceat aactgattac tgtetecagt
16201 actttcatgt ccctgtgacg ggctgagtta geatttetca cactagagaa ccacagtect
16261 cctgtgtaaa gtgatcacac tectetetgt gggacttitg taaaagattc tgcagecagg
16321 agtcatgggt gatcttaget gagaaatget ggatcagaga gacctgataa ccgatgtgaa
16381 gaggggaacc tggaagatct tcagitcapt tcatttcagt cattcagtig tgtecgactg
16441 tttppgatce catggactge cacacgeeag teetecetgt ceatcaccaa ctictgaage
16501 ttgttcaaac tcatgtccat caagttggag atgectttca accatcteat cctetgteat
16561 ccccttetee tecegectic aatcticect ageattaggg tettttcegt gagteagtte
16621 ttcgeatcag gtggecaagt titggagtit cagtticage atcagtectt tcaatgaata
16681 gtaaggactg atttccttta ggatggactg gtttgatate cttgeagtic aagggactct
16741 caagagtctt ctccaacact geagttaaaa gecatcaatt cticggtget cagettiett
16801 tttggtacaa ctctcacatt catacatgac taccgaaaat acattagteg tgtagaacca
16861 gtitggpect teccacgtgg ctetagtget aaagaatatg cetgecaact cagaagatgt
16921 aagagatgcg gttcaatcte tgggteggga agatcccclg gagaagggea tgacaaccea
16981 ctecagtatt titgectgga gaatcccatg gacagagaag cetggtggac tgeagtceat
17041 ggagtctcac agagtcagac acgactgaag caactiaget actiggaaaa gageatgeac
17101 gaagctgtct aaaaaacagg tcaagaagtc ttgtgttttg aaggtttact gagaaagttg
17161 atgcactgct ccaacacttc ctetcagttg aaaagatcag aagcgttaga tcaaatggtg
17221 gtcaatacct tggatgeget ccaacaggtt atatctgeag atggaaatga aggeagtita
17281 tggggtaact ggagpacaag atgagatcat acacttggaa cactgtctgp catcaaagge
17341 gtgtacapta aacatiagct gttattagca aaataaatic agctigaatc acccaaatea
17401 gatggcattc ttaaagceac tgagtggtaa aatcaggggt gtgecagecaa aacgtecatt
17461 ttgactcatt atgatttcca tgtcacaaga ctagaaagte actttcteet cagcagaaga
17521 gaagptagaa cattttaacc tttttttgga gtgtcaaggg aatittgttt acactgtaaa
17581 glcagtgaaa atattgaagc ttticatttg tggaaaatat taaatatgta aaattgaaat
17641 tttaaaattt attcctgppt agiitgtit ticcaptagt catgeatgga tptpagaptt

17701 ggactataaa gaaagctgag cgetgaagaa ttaatgettt tgaactgtgg cactggagaa
17761 gactcttgag agtcecttgg tetgecaagpa gatcaaacca giccatecta aaggaaatca
17821 gtectgaata ttcactggaa pgactgatge tgaagetgaa actccaatac tttggecace
17881 tgatpgtgaag aactgactca tatgaaaaga ctcagatpct gggaaagatt gaaggtggga
17941 ggagaaggpg acgacagagg atgagatggc tgaatgpcat caccgactcg atggacatpa
18001 gtcigaataa getctgggag tigtigatgg acaggpaggce cctggagtgc tgeagtecat
18061 gpgattgcaa agagitggac atgactgagt gactgaacty aactgapttt gptaacagat
18121 atgagaatta tataatttaa atctaaactc ttpgtattic titctttgge geticcaaaa
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18181 gagctgtce tictgitaac tatataaatc ctitttgaga attactaaat tgataatgtt

18241 cacaagttat ccaatitctc attactctta gttgtcagta taagaaatcc catttgatit

18301 alcatgttat agtatctgea actictaatag ticagttctg acaaattttt attttatita

18361 aaaatattgg catacagtaa aatttcaaac aatatacaat tctcectitc agtttaaaaa

18421 acaaaacaaa acaaaagtaa tattagttaa aaaaatccgg gaagaatcca ageatitaaa
18481 attgcatcac atttctatge tagacaagcet gatataaagt tataattaat aaaggatigg

18541 actattaaac tctttacata tgaggtaaca tggcteteta geaaaacatt taaaaatatg

18601 ttgtgggtaa attattgtts tccttaaaga aataaaaaga cataagegta agcaattggn

18661 nnnnnannnn MINONINORG BMANDONNN DONONRIRQRN MMNANILNN MMnnanoong
18721 nnonnnnnnn AANNNNNAND NONMINNNON NDNNDNOGNa aaatggataa ggegegagea
18781 catgpgtapg pgagcgegat ppagpaagta agglggicga gpgagipsy ERaELaataa
18841 gtgggtaaan ggpaagcegg CEEAZEARE BELAILCARE aRagagRELt SEECHcaga
18901 tcggpgpgag gegtatzagy gagagggaat ggtagacgpg geptgpgang cataaaggaa
18961 aagatagggg gggaaaagt tagaagaaga atgaggpgat aggeggaaag ggaagagaaa
19021 tgggagaaga acagaaaaat agggggagey BegECcEtaaa gaggeesses saggscagst
19081 ptpgagatga cagatacggg gaatgeeceg gtataaaaga gtatatggeg tggpgegaga
19141 aggctgtcat cctgtgggag ggpegacgcy gagaaccett cgggctatag ggaggattcg
19201 gggggatcgt tcgggaagge agicageaca geaccecacea agggtgeagg gatggatetg
19261 ggpteccaaa gaagaggeec aatcCCgegt cttggeagea aggageectg gagactggpa
19321 agtgtccagg acactgacce aggggticga ggaacccaga agtgtgtctg tgaagatgtg
19381 ttttgtgggg ggacaggtce agagelttga gecagaaaage ggocalgpec tgtggaggsc
19441 caaccacget gatctttttt aaaaggtitt tgtittgatg tggaccattt ttaaagtett

19501 cattgaattt gctacaatat tgtitctggt ttatgetctg gtttcttegg ctgeaaggtt

19561 tgtgtgatcg tatctectea accaggactg aacccacage ccetgeactg gaaggegaag
19621 tcttaaccea gatcgecagg aacgteccte cecteactga tetaatecaa gaccctcatt
19681 aaggaaaaac cgagaticaa agctcceeea ggaggactcg plggpgagga gagagecaag
19741 cactcagcac tcagtccage acggegeeet cectgiceag ggegaggget cggecgaagg
19801 accaccggag accctgtegg attcaccagt aggattgtga ggaatttcaa cttacttitt

19861 aaatctgtct ctcaaggetg ttacaagegg actttaccag taacttaaaa gtigaaaggg
19921 acttcccagg cggeactige ggtgaagaac ccgecggcetg gtittaggag acataagaga
19981 tgtpppttag atcectggtt caggaggatt cococtggaga aggaaatggc aacceactce
20041 agtattcttg cctggaaage ctcacggaca gaggaggctg gegggctaca gtecacgpgg
20101 tcgcacacga ctgaatcgac ttageticaa gitgagacag gaagagpcag tgactggteg
20161 caaaacaccg cacccatget cccaggggac ctgeageget ctggticatg agetgtgeta
20221 acaaaaatca acccaacgag aggeccagac agagggaage tgagttcate aaacacggee
20281 atgatgtgga ggagataatc caggaaggga cctgecaage ccatgacaga ceggigtect
20341 pictgaggpc cglcctppcea gageagtgcea ggpgecciceg agacegeecg ageiccagae
20401 ccggetgggg getacagggt ggpgctgage tgcaaggact ctgetgigag ceccacgtea
20461 gggaggatca cottglitgt titctgagtt tctcttaaaa tagectttat gggtectggt

20521 ctttggtttt aaaataacaa ctgttctccg taaacaacgt gaaaaaaaac aaacaggagg
20581 aaaacaacgc ageecgggea tttcaccegg aagagecgec tetaacactt tgacggptts
20641 ccttctattt taaccctgtt ticatigtaa actgtaaaaa ccacatcata aataaattaa

20701 aggtctotgt gaagtitaaa aagtaagcat ggeggtggeg atggcetgtge cacaccgtga
20761 acgctcgttt caaaacggta aattctaggg acccectggt ggteccagtgp gtgapgattit
20821 gcettecattg caggageegt geptitgate cetggttegp gaactaagat cecacatget
20881 gtatpgagtg pccaaaaapa attttttgta aatggtgapt tttaggtgac gtgaatttce

20941 cattgatgea cttcacagge tcagatgeag ccaggeecte aggaageccg agtecacegg
21001 tectitactt ttcettagag tittatgget totgtttetg cecttaaacc caccatgttt

21061 caaccteatc tgattttgga ctttataata aagttaggct gtgtticagg aaactttget

21121 cagtatictg taataatcta aatggaaaga atttgaaaaa agagcagaca ctigtacatg
21181 cataactgaa tcactttggt gtacacctga aactcgagtg cagcecgetea gtegtgteeg
21241 accctgegac cecacggact geagcacgeg ggetteectg cecateaccea actceeggag
21301 ttcactcaaa cacatgteceg tegacteggt gatgeegtec aaceptctea tectetgteg
21361 tceecttete ctecegectt caatctttte cageatcagg gictttcaa atgagtcagt

21421 tcttcacacc aggtggecag agtattggag tttcagettc ageatcagec cttccaacga
21481 ccecccatac ctgaagetaa cacagtgcta atccactgtg clpeaacatg asagaaaaac
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21541 acatttttta agtttaggct gtgtgtptct tecttotete aacactgegt ctgaccceac

21601 ccacactgee cageactgea ttcccoptgg acaggaggee coctgeceea cageigegty
21661 ccggeeggte actgecgage agacctgece geecagagtg gggeceetgg cactgggpac
21721 aaggcaggeg ccictecagg gecggteact gtecactgtt cotactggtt tgtittcaa
21781 aaptpggagge agegtaatat ticectgatt ataaaaagaa glacacaggt etccacaaa
21841 taazacaggg gaaaagtata aagaatggaa gitcceagea cageeiggag atcacgeegg
21901 gtgcacctgg getgtectic caggetggac cteacattic acgcagacat cagaaggctg
21961 cgagatctac ccagaaggct gggtagatgg gggataggtc agtgacaaac agtagacaga
22021 gagatataca gacagatgat ggatagacag acgetaagac accgagegag §8gacagacg
22081 gatggaagac accatcctit gteactgace acacacceac atgggtgtgg tgageegget
22141 gtcatacttg tgaacctget getetcacaa caccagelgg glecctecag ceccagegic
22201 ccacacagea gactcccgge fecatcecca ggcaggaate ceaccaccaa ciggggigga
22261 cectceccge aggaaggteg tgetgtetaa ggeettgaga geaagttaca gacctactic
22321 tgpgaapaca gegeacaace gectaccceg cagageccag gaggaccect gagtectagg
22381 gaagggacca CRCgECCigE acggEgageg gecccaggac getgecceea acetgtecca
22441 ccteactect getctpetct gaggepgpec geagagaggg geeetgagee ctetteccag
22501 tictigpgag cacceactgg gectgaacea ggeeagaage ceectectea aggtgtecee
22561 agaccactce cctecaccte cggttgetet gicteetgge agecagggage cecagtgaga
22621 agapacagct ccagpetglg afcttggeee ctggetgetc tggeapttg ggeaizees
22681 ptegctggga ggecatgagt getgggggte ggggetgtga aageaccteg aggteagegg
22741 getgttggte gggcetetgeg aggtcecgeac gggtagaget gtgecaggac acaggagece
22801 tggtcagtgg tecccaagagt cagggecaaa ggaaggpptt cgggecccte tggticctea
22861 gettctgagg coggggacce cagtetggec ttgglaggee ggegatigga gggtacaacg
22921 atccaaaaga aaacacacat ctacgaggga agagtcctga ggaggagaga getacacaga
22981 gggtctgeac actgeggaca ctgettggag tetgagagcet cgagtgeggp geacagtgag
23041 cgaagggagg acggaaccic caaggacacs ggacgecgat pgecagagac acacgeacgt
23101 cccatgaggg ccggetgete agacgeaggg gagetectea ttaaggecte tegetgaata
23161 gtgaggagaa ctggeecegt gtgtggggaa acttagecca paagaaacge tgecctggee
23221 ccaaggatca nNNNNNINNN IMNANNNANN NOLOODANAN INNONNOONT ANNDINnNNn
23281 nnnnnnononn DNNOARnNnm INONARNNON HENMNRNIGG INNnoono tgecctitge
23341 ctccapggag ggaggaageg tggatctigg gtitgeettg ggtttaaagp atccacceac
23401 tccctittta gecacteoct gtgetggeaa tticttaaga ciggaggteg caaagagttg
23461 gacacactga gcgagigaac tgeactgage claapgaaaag {ctttgaatt cciccaaaca
23521 aaacacactt gictigggla ctitccttgp ttttgttaca aatgtctggt ccetetgtte

23581 tectggecag ctectgpptg teattttgac ctgacgaagt caaagggage ctggacecte
23641 aaaatctgta ggacccagea cecctecatt acaccietgt tcccecgega acgggceacgt
23701 ptttcgecgt ctggeptaat gtgtaagega cggtgtgata ctegggagtce ttactcigtt
23761 tettitictt ctgggptgac accaccatee geacgactet gictgaatgt gaacatitgg
23821 ptgatttgat gtggcccaga ctcccecaac gaatgtacct teaggtiggt titcricttt

23881 tatatttige titigtgaat agacacagga tcceatcagt tgtatgtagt gagaaagtaa

23941 aaacccacte agecttaget ggatggagat ctagtagtaa patageacgt tagccggaaa
24001 tggaaatttc agccagaate tgaaaagogt gtectggaag gagaagaggg actcaggece
24061 gagcacactg ctccacgetg gageotcagg ctetgacage tgtacctgee ggggtctica
24121 1gggacagge catgecaggec acgatcccgt tgagaagttt ctigectite catcacattg
24181 geaattgeac getttgetct tgcttctaca tggagtitta ctittatcce agacagtttg

24241 gtticticte tgattttcge caattgtaca gatcgttaca gtattictta accacataga

24301 attcggcaps pSBEIBERE Bacagata RELigEnEts 282R1ganEs BagReescts
24361 caccgagcag catctpgggt cgtageteec tgacggpggat agacctegtg ccectgeagt
24421 pacagcacag agtcetcete tetgaactge cagggacget cetgeaattg acttaatgaa
24481 aggcatctaa ttaggaattt tggggteaca titacattt aagtgtgtea geagtgatta

24541 tagticatat cattttatag titcgtgatt ttactagett aaagpgtitt tgggpttict

24601 ttttgtitta aaagctaaaa tetgttittt aaticcatgg aatacaaaaa aaaaaagtct

24661 gtagaatatt ttaaagagtg aaggctttgt tcggaatgtg agegetitge tecactgaac
24721 cgaacggtaa taacattigt agaagagacg cagagtgaaa ggtaccictt thatigapt
24781 gacatgacag cacccatcge gtgagttatt ggetggagtt tagagacagg ccatgtiggg
24841 ctaaactcct tattpctgtt ctcagecttt gagtaataat capaagcttt ctctpaagag

75




CA 02958259 2017-02-17

24901 agtggggtca getgtcagac tectagptpt ctacctgeag cagggetggg attaaatgea
24961 gcagccagta gatacgggat ggggcaagag gtcaccttgt cectitgtig ctgetgggag
25021 agaggcttgt cctggtgeca gtggppccaa agetgtgact ttgtgaccac aggatgicte
25081 tgaccetgee ttgggtteee tgagggtega gggacageag geteteeceg gttcettgge
25141 cggagaagga cccocecacee ctigetetet gacatcceee caggacttge cccggagtag
25201 gttctteapg atgggeatee gggecceace ctgacteety gagetggeeg petagagett
25261 getgeagaat gaggceettgg ceattgegpe cetgaaggag ctpecegtea apetetteee
25321 gaggctgttt acggeggect ttgecagpag geacaccoat geegtgaagg cgatggtgea
25381 ggeetgpecc tteceetace teccgatgge ggecctgatg aaggactace agectcatet
25441 ggagaccttc caggetgtac ttgatggect ggaccteetg cttgetgagg aggtecgeeg
25501 taggtaagpt cgacctggea gactggtggg gectggpety tgagcaagat geagecagec
25561 caggaagatg aggggtcacc tgggaacagp cettgggtgt acaggactgg ttgaggetea
25621 gaggggacaa aaggcacgtg ggecteecee ceagtgtece ttaaagtggg aaccaagggg
25681 geececggaag ceggaggage tgtggtgtet ggagtgcaga geectegegp ggtectgatg
25741 ceegteggac tetgeacage tcagegtgtg cecccgeggec cggtaggegg tggaagetge
25801 apgtgetgga cttgegeegg aacgeccace agggacttct ggacctigtg gtecggeate
25861 aapgccageg tgtpcteact getggageee gagicagece ageccatgea gaagaggage
25921 agggtagagg gttccagppg tggEEectga agectgtgee gggecctity gaggtectgg
25981 tcgacctgtg cctcaaggag gacacgetgg acgagaccet ctgctacetg ctgaagaagg
26041 ccaagcagag gaggagectg ctgeacctge getgecagaa getgaggate ttegecatge
26101 ccatgeagag catcaggagg atcetgaggc tggtgoagcet ggactccate caggacctgg
26161 aggtgaactg cacctggaag ctggelgggce cggatgggca acetgegegg ctgetgetgt
26221 cgtgeatgeg cctgtigeeg cgeaccgece cegaccggga ggageactge gttgpgecage
26281 téaccgeeca gitcctgage ctgececacce tgeaggaget ctacctggac tecatetect
26341 tcetcaaggp cecgetgeac caggtgetea ggtgaggegt ggegeeaget ccaaagacea
26401 gagcaggcct ctetigttte gtgeccgetg gggacatige cagggtgeee ggecactegg
26461 aagtcctcac gatgecaceg ctctgaccct gggeatcttg teaggteact tecetggtta
26521 gggtcagagg cgtggectag gttaaatgcet gicaaagpgg actecttict gggagtecge
26581 atagtggepg ctiggtgtga tgeccttggp aatictttce gagagaglga tgtcttaget
26641 gagataatga cagataacta agcgagaagg acggtccate aggtgtgagg tttgaagtce
26701 aaagctctgt ctctccctee cacctgecec ttetgteetg agetgttita ggetccaggt
26761 gapctgtgpg aagtgggtea tictggagat pacaagaagg gatcaggagg geaaaattgt
26821 ggctcctaag cagtccagag aagagaaaaa gicaaataag cattattgtt aaagtggcte
26881 cagtcictit aagiccaaat tataattata attttcctct aagacttctg aatacatagg

26941 aaatcctcag taacaggtta ttgetctgec ttgaacacag tgataaaage tgggaggatg
27001 cagcctaatc tgtctgtgtg aatgagttgt attgattece tttttggeag ctgeaaacte
27061 caagcatiag paataaatat gttcactgag aaccccgaag aaagaaagaa agaaaaaaaa
27121 aaagaattgt aggigttgat ggacggtttg tggeeectga atatclgggg gatgtteace
27181 cagggatcac gtgtaactge tgggacccec ageeceatgt cecactgeate cagectgotg
27241 ttgaattccg cggatcnnnn nNINNNNRNN NRNOONNNONN AOMOADNANN AINOINNOND
27301 nononnnnnn NNONLONNNA NNANKANNON MMOANNONNN NHNDORONNG NEnnnncaat
27361 tcgagctegg taccecaaag gtecgictag tcaaggctat ggtttitcca gtgpteatgt
27421 atggatgtpa papttggact gtgaapgaaag ctgagtpgcca aagaattatt ctittgtact
27481 gagtptigga gaagactctt gagagtecct tgaactgeaa ggagatceaa ceagteegtt
27541 ctaaaggaga tcagtcetga atgttcattg gaaggactga tgctgaaget gaaactccaa
27601 tactttggee acctgacgtg aagagttgac tcattggaaa agaccatgat getgagagga
27661 attggggeca ggaggagaag gggacgacag aggatgagat ggetggatgg catcaccaac
27721 tcgatgngac atgagtiigg ttaaactcca ggagiiggty atgpactigg aggectggtg
27781 tgctgggatt catgggptcg cagagtcpga catgactgag cgactgaact gaactgaact
27841 gapctgaaga getcacctgt accagagete cteaggteet cotgeaggec tgpctgtaat
27901 ggcccccagg teaccgtcet geetecttea teecatectt tcacgacagg ctgggagtsg
27961 ggtgaggtga gitgtcttgt atctagaatt tetgeatgeg accctcagag tgcaatitag
28021 ctccagagaa ctgagetcea agagttcatt ttttccttit cttctttatg atactacect

28081 cttctgagca gagacctcat gtcaggpaga aggggactct gecttectea gectittgtt
28141 cctccaagac ccacacgpgg agpgtcgect gettcactga geeggaaggt teaattgete
28201 atptectoca pagacacece CUCLECCARE RACCECCana aataugipea acagoaccht
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28261 gtttcccaga caagtgggac acacgttatg aaccacctca gigattaaaa tagtaaccic
28321 tgigtatgtg tatttacigg agaaggaaac ggcaacctac tecactatte ctgectagaa
28381 aattccatgg gagagaagec aggeaggeta cagtccacgg ggtcacagag actgaacata
28441 cacaagcaca tggaagtgta ttttgcagta tttttaaatt tgticagtic aacatggagt

28501 acaagaattc aaatcgtgaa gicaattgac caagaaacca gaagaaatca cigtgitgtp
28561 atctetgtgg aggtaacatg ggtacctgtg ctetgaccct cacagectet ggetetetct
28621 ctacatgtac atacacatat atttccatgt atgtatgtat tcggaagatt tcacatacgt

28681 ctcaccagte cacageecee gepttcectg atgeecagaa catetgtgat agetgigapt
28741 attgtcacca gataagatct tccaggtice tgeacteaca ttggtiatca ggtetetetg

28801 atccagcatt tctcagetaa gattecttgt gactectgge tgeagaatet tetgoaaaag
28861 tcccacagag aggagigtga teactgtaca caggagggcec giggttetct agigtgagaa
28921 aagctaactc ageecgicac agggacgtpa atgtacctga gacagtaate agtiatgetg
28981 agaaatcaca getctgetag aggceageaca tggggtagee agcagggggc agcagageac
29041 ggecaggage cgeaggteag aggetgggct goeccaagegg ggeticaggp gaaccagoee
29101 tgcpggteca caggtgteca pggageageg cttggeagga agtcaggace ggacaggeca
29161 tceccteagg actagtgace acctetgagg gtcacatcea cagtgaacec cagageacea
29221 tgecteagte cacgpecagg acgetgecag getgaccpec ccactgggga gtecagggga
29281 paccacaggc cpggegectt gggacagtga tcatgtggtc agacacagag aaggtgacag
29341 tgacctcagt ccctgaggac aagtctgatg tgcagacgtg agaagecgag gaggaagetg
29401 gggacagaca gggctgatgg tgtgptgace cegectctea gigagggecec cocggegsty
29461 aatttgcata aacccaagec cteactgece ccacaaaget ctgagaggpa ataaaggggc
29521 tcggagagee cageactget gogggctcag aggeagaget cggegegegt ccaceatgge
29581 ctgpgccect ctegtactge cectecteac tetetgegea ggtgeggece cecageeteg
29641 gteeccaagt gaccaggect caggetggec tgtecagetca geacaggggc tgetgeaggg
29701 aatcggggee getgggagga gacgetctte ccacactece ctteetetee tetetictag
29761 gtcacctgge ticttctcag ctgactcage cgectgeggt gteeptgtee tigpgacaga
29821 cggccageat cacctgecag ggagacgact tagaaageta ttatgeteac tggtaccage
29881 agaagccaag ccaggeeccc tgtgeigptc atttatgagt clagigagag accetcaggg
29941 atcectgacc ggtictetgg ctecagetca gggaacacgg ceacceclgac catcageggg
30001 gccecagactg aggacgagge cgactatiac tgteagtcat atgacageag cggtgatect
30061 cacagtgaca cagacagacg gggaagtgag acacaaacct tocagtectg cteacgetet
30121 cctecagece cgggaggact gtgggeacag cagggacagg cCtpgeccpg ttccceegga
30181 getgageece caggeggeee cgoctecegg cectecagpe aggetotgea cagggeegtt
30241 agcagtpgac gatgggetgg caggeeetge tgtgtegggg tetgggctgt pgagtgacet
30301 ggagaacgga ggectggatg aggactaaca gagpgacaga gactcagtgc taatggecec
30361 tgggtgtcea tgtgatgetg getggacect cageagecaa aatctectgg attgacceca
30421 gaacttccca gatccagatc cacgtggctt tagaaaggcet taggaggtga acaagiggeg
30481 tgagggctac catggtgacc tggaccagaa ctcetgagac ccatggeace ceactccagt
30541 actcttccct ggaaaatcee atggacggag gageotggaa gecttcagee catggggteg
30601 ctaagagtca gacacgactg agcgacgtca ctitcccttt tcactttcat geattggapa
30661 aggaaatgge aacccagtce agtgttcctg cetggaaaat cecagggaca ggggagecty
30721 gtgggetgee atccatggpp ccacacagag tcagacacga ctgaagceaac ttagcageag
30781 cagcagcage ccaataaaac tcagettaag taatggcate taaatggace clattgecaa
30841 ataaggtcea ctcgegtgea cictgtttag gacttcagtt cotgattgtg gagggttece
30901 acaagacgtg tgtgtatalt gptgtipccg gaaaacagtg tcaatgtgag catcecagac
30961 tcatcaccet cctactecca ctattccatt gtetetgeag gtattaagea taaaggttaa

31021 gggtcttatt agatggaaga ggagtgaata ctegictgtg cttaacacat accaagtace
31081 atcaaggtcc ttcctatita ttaacgtgtg tittaatcag aaatatgeta tgtagaagea

3114] tccggacgat ageccatgtt acagacgggg aagetgaggc atgaagtict cageaccttg
31201 tttcacgtca gacctgaaac ggggcagage cggeageaaa Caaggiicct ctcccaage
31261 geeegetett caccegette ctatggetic teactgtget tectaaacta agetctecee
31321 aaccctgtgg agacaggatt agagacttta ggagaaaaga ccaggaacat cccacacceg
31381 acccgagtga gecactaaga caaggettig taaggacaga accageaggt gtectcageg
31441 agccagggag agaccicgea ccaaaaacaa tatiglagea tectgaccet ggacttetga
31501 cctccagaaa tgtgaaaaag aaacgtgtgg pgtttaatca actcacepgt ptiattiggt
31561 tatpactpcc tpagttaaga aggagtigep aacacttgap igtaggtptt tatppaacat
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31621 aagtcttgtt tctetgaaat aaattcccaa ggptataatt cetaggttpt agggtaactg

31681 ccacaaatct aggcagetta ttaaaaaaca aagatatcac titgecagea aaggticata
31741 tagtcaaatt atggtitita tagtagtcat gtatggatgt aaaagtigga tcataaagaa

31801 ggctgapgcac cagagaattg atcccticaa atcgtggtge tggagaagac tetigagagt
31861 cccttggaca gcaaggagat ccaaccagtc aatcctaaag gaaatgaact gtgaatattc
31921 actpgaagga ctgatgeiga agetgaagat ccaatacttt ggecacctga tgegaagagt
31981 tgactcattg gaaaagaccc tgatgetgga aagettgapg geaggaggag aagaggecgg
32041 cagaggatga gacggttgpea tggcatcact gactcaatgg acatgagtit gagccaacte
32101 tgpggagacag tgaaggatag ggaaggctgg cgtpptacag tgcatgeggt cacaaagagt
32161 ctgacacalc ttagtgactc aacaacgaca geaacacagg catcacacgc ttagtgtgat
32221 aageggeaga actgittice aggggticcgn nnnnnnonnn NINNNNNINN INMOnnnnnn
32281 nnnnnnnnnn NNNNNNONND OADNONNNND MNINNNNONN NNRONONNI ARG
32341 nnonnnnnng tacgattcga getcggaccec tgacattgtg agtcacgtca tgageagetp
32401 ttecpgte ttcagggatt giggacgatt tetgittggg ttigcetcatg ataatttagt

32461 tacagcettag gttcttictt tccaggcecac. gagegacatg tttcaggtg agatgacgtg
32521 gtggeggatg ggepgecaag ceeccactgp ggpgegagg attetgitpt ggpeagpagt
32581 tggcagcatc cctgaactga tgacctgega tccaggtgac aagaaccggg geatattatt
-32641 cctetgectt cteatgteat gtecteggtt cticatgalg aaaacatatg acaatacagg
32701 ggagttagat tiggpcggge acaactctgg gtgggggace cggtggeatt gtgeccagea
32761 gggccateaa gatgagggeg acctgpgteg tececticte coctpgggtic ttagttitee
32821 cctcatggaa atgggatcag geagcageea tggaacaccg cgaccggge tetctcace
32881 tccteptetg tgattttggg tegggatace aggeatgaag acciggggecg gggggacate
32941 actcctctge ageagggagg ccgeagagle cteegtecat gaggactteg tecctggget
33001 gaccctgegg actgetggag getgaagetg gaggeacagg cgggetgega ggecagggte
33061-ctgaggacga cagagccagt ggggetgcag ctetgageag atggecocte gececegggce
33121 ctgagcttgt gtgtccaget geaggttege tcaggtgage cactacgtta tgggpgagpe
33181 gecetgggea gggategggg gtgctgacte ctecgagatt cegacctiet gpgageacte
33241 tggecacact ctaagectgg caagagetgg gttcatcagt ctaactetee tectgaagic
33301 caatggactc tctccatgeg geagtcactg gatggectct ttatcccega tggtgtectt
33361 ttcegetgac ctggetetee tgaccaccte ccagecccce accatacagg aagatggeac
33421 ctggtecctg capagetaag tccaccectg gectggette agatgectac agtectectg
33481 cgggaggcce cgetececac taggecccaa geetgeegtg tgagtetcag tetcacctgg
33541 aacccteetc attteteece agtecteage teceaacece agaggtatee cetgeeectt
33601 1tcaaggecct tgteecttee tggggpgatg gegtgtatgg gagggcaage ctgateecee
33661 gagccetgtge cgetgacaat gicegtetet ggatcatege tecectgget cteagagete
33721 cctggtecct ggpgatgggt tgcggtgatg acaagiggat ggactetcag gicacacctg
33781 tcecticect aaggaactga cocttaacce cgacaclcgg ccagacceag aaageactte
33841 agacaigtcg getgataaat gagaagglct ttattcagga gaaacaggaa cagggaggga
33901 ggagaggccec ctggtgtpag gegacctggg taggggctca gegetecatg gagagptgpg
33961 ggaggpppts tgggccagag ggcceccgag gEtggeggic cagggeccta agaacacget
34021 gaggtcttca ctgtcttegt cacggtgete occteglgeg tgacctegea getgtaactg
34081 cctttcgatt tccagteget geccgteagg ctcagtaget getggecgeg tatttgetgt
34141 tgetetgttt ggaggecegg gtegicteca cgttgeggpt gatggtgcotg cogtetgect
34201 tccaggeccac ggtcacgeta cccgggtaga agtogetgat gagacacace agggtggect
34261 tgttggepct gageteeteg gtpgegeece ggaacagggt gaccgagegt geggacttgg
34321 getgaccegt gtgpacapag pagapgptgt aagacgecgg ggaggtictg acctigtece
34381 cacggtagec ctgtttgect tetetgtgee cicegacect tgeectcage cectggeegg
34441 cagacagcec ctcagaagec attgcaatec actctccaag tgaccageea aacgtggect
34501 cagagteece ggetgegace agggetgete tecteegtec tectggecee gggagtetgt
34561 gtetpetett ggeactgace cettgagece tcageccetg ccagaccect cegtgacett
34621 ccgcteatge ageccagglg cetecteegt gaaccegggt cceceegece acctgecagg
34681 acggtectga tgggapgatgt ggggacaage glgctagggt catgtgogga geegggeeeg
34741 ggecteeete teetegeeea geecagecte agelctcctg gecaaagece ggpgetecte
34801 tgaggtcetg cetgtctace gtecgeectg cotgagligea ggpecccteg cotcacetge
34861 cttcagggga cggtgeccce acacageacc tccaaagace cogattctgt gggagtcaga
34921 gecctgtica tatctectaa giccaatget cpcticgage coagCpgapg ccgacceteg
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34981 gacaggtgtg accectggpt cccaggpeat caggtetcoe agactgacga gtttctgeee
35041 catgggacce gotcctttct gaccgetpte ctgagatect ctggteaget tgeccegtet
35101 cagetptgte caccoggece cteageccag agegggegag accectelct ctetgeecte
35161 cagggecttc cotcaggetg coctctgtgt tectggggec tggteatage cecegeegag
35221 cceccaagct cotgtetgge ctecoggetg gggeatggag clcacageac agagecegeg
35281 gettggagat gecectagte ageaccagec tetggecege accecagegt ctgecctgea
35341 agagggpaac aagtccctge attectggac caaacaccag ceecggegee cegactggee
35401 ccattggacg gtcggecact pgatgetect getggttace ccaagaccaa cecgecteee
35461 cteccgpeec cacggagaaa ggtggggate ggecctiaag pecpgppggga cagagaggaa
35521 getgeececa gageaagaga agtgactitc ccgagagage agagggtgag agaggetggg
35581 gtagggtgag agccacttac ccaggacggt gacccaggte cegeegecta agacaaaata
35641 cagagactaa gictcggace aaaacccgec gggacagege ctggggectg teceeeggeg
35701 gggctgggee pageppgaac Cigotgggeg tgacggECEe agpactgcag copptegaae
35761 tgtgtcctee getgagegegt gttgtgpage cagecttcca gaggecaggg gacettgtgt
35821 cctggaggtg ccctgtgece agecceotgg ccgaggeage agecacacac geeetiggeg
35881 tcacccagtg cececteact cggaggetgt ceiggecace actgacgect tagegetgag
35941 ggagacgtgg agcgeegegt ctgtgegpgp cggeagagga gtaccggect gecttggace
36001 tgcecageeg ctectggect cactgtaagg cotetgggte ttecttcece acagtectea
36061 cagtccagee aggeagcetic cttectgggg cigtggacac cgggetatte cteaggeece
36121 aaptgpggaa ceetgecett titctccace cacggagatg cagttcagtt tgitcictte
36181 aatgaacatt ctctgetgic agatcactgt ctitctgtac atctgttigt ccatccateg
36241 atccaacatc catccatcea tecatcacee agecatecat ctgteatcea acatccatee
36301 ticcatccat tgtecateca totgtecate ttgeatctgt ctgtecaaca gtggecatea
36361 agcaccegte tgecaagece tgtgtcacac getgggactt ggtgggegea gecctegece
- 36421 tcceacccte ceatctetee-tgaaactict ggggteaagt ctaacaaggt cecatcecgt
36481 ctagtctgag gitccceeege agectectet tocactetet ctgettetga cecacactgt
36541 geactcggac gaceacccag ggeectigea tocctgttte cticctgace tetitttttt
36601 ggctctggat ttatacacat teigectect ggaggegtet cagettgagt gtoecacaga
36661 cgcctcagac tcageatctt ccatcgaaac tgeteccagg tecttgeaga cetggteece
36721 cacattgttc tcaattcggt agatttctce acaagecaga ggectggact catcecataa
36781 tgcotgeece teattgagte ageetetgtg tectaccata accaaacate cecttaaaaa
36841 tctcagaaga acaaaaaaag cacccagatg geactgtcag agtttatgat gacaagaatc
36901 ctcagttcag ttcagtcact cagtegtgte cgactetitg cgaccccatg aatcgeagea
36961 cgecaggect cectgteeat caccaactce cggagtteac tecagactcac gtocattgag
37021 tcagtgatge catccageca tetcatecte tetegteccece ticteeteet geecccaate
37081 ccteccagea tcagagtttt tccaatgag teaactcttc gegtgaggtg accaaagtac
37141 tggagtttca gettcageat caticcttce aaagaaatce cagggetgat ctecttcaga
37201 atggactggt tggatctcct tacagtccaa gggactctca agagtctict ccaacaccac
37261 agttcaaaag cctcaattct ttggegetea gecttctica cagtceaact cteacateca
37321 tacatgacca caggaaaaac cataaccttg actagatgga cctitgttgg caaagtaatg
37381 tetetgettt ttaatatget atctaggttg ctcataactt tecttccaag aagtaagtgt
37441 citttaattt catggetgca atcaacatct geagtgattt tggageccca aaaaataaag
37501 tetgeeactg tticcactgt ticcecatet atttcceatg aagtgatggg accagatgee
37561 atgatctttg tttictpaat gttgagcttt aagccaactt ttcactctce actticactt
37621 teatcaagag gettittagt tectcticac titctgecat aagggtggtg teatetgeat
37681 atctgagptt attgatattt ctectggeaa tettgattee agtttgtgtt tettccagte
37741 cagtgtttct catgatgtac tctgeatata agttaaataa gecaggptpat aatatacage
37801 cttgacgtac tccttttcct atttggaace agtctgttgt tccatpteca gictaactg
37861 ttgettcctg acctgeatac agattictca agaggceaggt caggtggtct ggtattccea
37921 tcictttcag aattitccac agttgatigt gatccacaca gtcaaaggct ttggeatagt
37981 caataaagca gaaatagatg fitttctgaa actctcttge tttttccatg atccageaga
38041 tgttggeaat tigatcictg gltecictge cttttctaaa accagettga acatcaggaa
38101 gttcacggtt catgtattge tgaageetgg ctiggagaat titgageatt cetitgctag
38161 cgtgtgagat gagtgcaatt gtgcggeagt ttgageatic titggeattg cétttctitg
38221 ggattgpgaat gaaaactgac cigttccagg cctgtggeca ctgtigagtt ttcccaattt
38281 gctggcatat tgaptgcage actitcacag catcatctit caggatttga aatcgeteca
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38341 ctggaattce atcacctcea ctagetttgt ttgtagigat getctctaag geecacttga

38401 cticacattc caggatgtct ggcictagat gagtgatcac accatcgtga ttatctgggt

38461 cgigaagatc ttttttgtac aghictictg tgtattcttg ccaccicttc ttaatatctt

38521 ctgettctgt taggeceeata cogitictgt cetcgectat cgageccteg cetecetacg

38581 tagagactct aagcaggaag gtgaccegty ctgeactggg tccageatgc ttttaattca
38641 geagtggaac tictpggtca tgattptgtt taagggatge geatacgatt ttgaageaa
38701 aatttaacag gacagcagtg taaagtcagpt acttatttct gattaaagaa agcaaatatc
38761 cagectgtta ctaagttaat taactaaapa aacatctica acttaataaa cagtatctce

38821 tgaaacttac agcatgctic acatttaaag gcaaaaccat titagaggcc agggttceca
38881 cgcttacptt tattatttaa tatatgetac agaticaage ccatgacaca aaatggepgp
38041 aagagtgtga gtgttaggaa aaatgagata aaattggtit ttgcaggtga tgggctagit
39001 tactttaaaa aaaaaaacaa aacaagclca agatgaactg aaggactatt agaactggta
39061 caagagttaa cctgtgatcg aatacaagea ggetgggcaa aactcageag gttitcttct
39121 atacagpcag taatgatipa gaatacgaaa cpgeggaage getiacaace togataacag
39181 ttctattaaa agccetagga atgaacttaa cacggnnnnn nnnonnonnn NNNANNnNn
39241 pnnnnnnnnn NONRNNNRAN HANDARANID NONAGONRAN BRI ROOHIRann
39301 nnnnnnnnnn MNNNOEELCE CCECAccete cectecteee ceoccaccac cagtgeeeca
39361 ggtctegige ccagagaget gaagatgeca geaggceocge tgectgeete getegegigg
39421 ccegggeteg ctgeeggtet geetgeceag cacacagatg cagecccage tetegetgee
39481 acccgectee ceccaggeapg actctecccac aacaccaagg gegtetetgg gttcaggatg
39541 gecctegttg aggtgtaaag tgettcccpg ggetpagacg aatgggecgg agatccaaac
39601 gaggccaagg ccgecacgge geetggegea gggeacceat ggtgeagage ggeecagete
39661 ccteceteec tecctecete cetgettett tatgeteecg gotatgtota titttactet

39721 gcaatttaga aatgataccg aaggacaaac accgttccec ctgtgtgtet getetaaace
39781 ctttatctac ttatctatta gegtgtecaa gttttgetge taagtgaatg aaggaacact

39841 acccacaage agcaacgtce ccacgacect cgectgtica actgggaatg taaatgtgct
39901 ttcaaaggac ctaagttict atgticaaaa ccgligtgtg titctittgg gagtgaacct

39961 aggccacteg ttgtictgee tticaaagca ttcttaacaa ctctccagaa cccagggctt
40021 ggcttacgtt tccagaaatt ccaaagacag acactiggaa acctgatgaa gaaggeotgt

40081 gagcacagca ggggecgpep tacctgagpt aggtpgpgge cieggtaetg atggacacgg
40141 cctigtactt ctcatcgttg cegtccagga tetcetecac cteggaggct ttcageaggg

40201 tcacgetggt ggecaggpte gigtatecat gatctgecaac cagagacggg getgeggtea
40261 geecgepgge gggeageage caggageage caggagacee ageacacega ggiectcaca
40321 tgcapgaggt gggpgaageg getgiggace tcacgactge cegatgtggp cetcticcaa
40381 agggccggee tggaceetgg ctttctccag aggeectget gggecgteeg cacaggctee
40441 agccacaggg cctettggga caggagggct ccagagigag ccggccggcy ggaagaggte
40501 tgacaccget geagtecaca acacgaageg agglggagat gggatgaggs atgagaaaca
40561 ctitictttt aaaacaagag cccagagagt tggaaagage tgctgcacac geaacatgaa
40621 ctectggeee cgglgecage ggegetggga geecgagttc teggeaatee gaccacaget
40681 tgcctaggga geepggigga gacggageg! taggggaagg cggetececa gggagegega
40741 ggceoggegt cgecaagpet cgecagggpe aagegeaget agggpegeag gettagtgac
40801 cggcactgea cccggegeag gagggccagg gageggctga aaggtcacag cagtgtgtgg
4086) acaagaggcet ceggetectg cgttaaaaga acgeggtpga cagaccacga cagegecacg
40921 gacacactca taccggacgg actgcggagt gcacgegege geacacacac acacacacca
40981 cacacacaca cacacggecc gggacacact cataccggac ggactgegga gtgecacgege
41041 acacacacac ccaccacaca cacacccacc acacacacac ccaccacaca cacacacaca
41101 cacacacacc cccacacaca cccacacaca cccacacaca cccacacaca cacacccaca
41161 cacacacaca cacacacaca cacacacacg geecgglgpc cecaggegea cacageacgg
41221 agcaaacatg cacagagcac agagcgageg ctagcggace ggetgecaga ceaggegeea
41281 cgcgatggat tggegpcgEy gaCEEELage ECLLLALCA AaCZENNNNN NONNNNNDAN
41341 nnnnnonnnn DOOANNNNNN DANONANNND MNMNGNONNN MMNNNNNHNT DNDORDDNND
41401 nnonnnnnnn nononnnnnn annongtatt aaagaagecg ggagegagaa tatgacggea
41461 agaggatgta ggtgpgggcg gggcaagagt aaagagageg gacggtagag ggpatgegat
41521 tgteatgcgg aagegagacg aggagtgalg ccgtattaga tigatagcaa gaggaacagt
41581 aggagegegs gge2gagga gEELLALEE BERELIBR!E BEI8EEAagE paactttaaa
41641 aaaaagaggg pagagtipgga popggopaata aacggpcget aaaaaapaac aatttgaaat
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41701 taccagggtg gggeggecag gegpgetgatt cattcligga ggggecaaca tatggpgeat
41761 ggctgtegeg gattaggaga aaataaatat caggggtgat taagtgtitg gepttggpga
41821 ataatgaapt aagaatcaaa tatgaatcge gitggeatcp ttagccatcg ggggaaacat
41881 ttcccatgea aggaacaagg atgtgagaat geglecgtet gaaccaccgt cecgggetee
41941 cagtaggact cgcegagcetg atagttgeeg gageaacagt taagpgagea gaagetgeta
42001 caaaaccacc acctgccaaa gtaggptete caattacgga gtgegeetce tgpptgtegg
42061 tccaaacctt tggaaaggac ciggaaataa gtgetaccca ccagatatta atataaacce
42121 acctggecag gagaggcagg cgctgetgge acaggaagtg tccccagact cagtcatcaa
42181 pptaaataat attitgggac ctccetggaa atccagtpgt taggactctg cggtteaate
42241 cctggteggg gaactaagat cccacaagtc acaagacatg gecaaatita aaaaagaaaa
42301 aaagagagag aaatatttag tgcaataggt tttagaattg aaattaagct cctgeceace
42361 cccacceecc aatctggatg aataaageat tgaaatagta agtgaagtca ggctctgaca
42421 tgcactgatg tgactcacct taagcaacce ccaccetagg actggicggp gticcaggag
42481 titcaggpgt gecaggaaga tgpagtcecag cecetgeeet cteeccccac cacgiectce
42541 actggageeg cctaccecac cteceaccee tecgeacect getacceeee accectgece
42601 ccaggtctee cetgicetgt ptetgagete cacactttet gggeagtgte tecctetaca
42661 getggtttet getgeceget accgggeeeg teecctetgt tecagticagt teagtegete
42721 agtcatgtct gactctitgt gaccecatgg actgeageac accaggecte cetggecate
42781 accaacccce agaacttact caaactcatg teccatcgage cagtgatgee atccaaccat
42841 ctcatcetet gtegacecct tetectggec teaatcttte ccageateag ggtettttee

42901 aatgagtcag tictttgcat caggtageea aagtatlgga gtttcagcett cageatcatt

42961 tcttccaatg aatattcagg actcatttce titggpatga actggttgga tctccttgea

43021 gtccaaggga cteteaagag tettctecaa caccacagtt cazaageatc aattettcag
43081 tgctcagete tetttatagt ccaactctea catceatacg tgaccactgg aaaaaccata
43141 gectegacta gatggaactt tgtgggcaaa gtaatgtctc tgettttgaa tatgetgtet

43201 aggtiggtca taactitict tccaaggage aagegtettt taatttcatg getgeagtea

43261 ccatctgcag tgatttttgg agcccaagaa aataaagict gteactgttt ccactgtttc

43321 cccgtetatt taacggaggg aaatttccca gageceecag gttccagget gggeeccace
43381 ccactcccat gteccagaga geetggteet ceccaggetee cggetggege tggtaagiee
43441 caggatatag tctitacatc aagtigetgt gtgicttagg aaagaaacte tecetcictg

43501 tgeetetgtt cectcatceg cagaagtgac tpecaggteg gggagtetgt gacgictcea
43561 gaagcepgag gatttictee ceatttgetg aaagagaget cpgeptegps gaagetictg
43621 cacccctagg atcaccagag gagecagggt cttcagggtt ccecggggace cetcagtgeg
43681 ggctcaggaa ccacagagee agaccctgat tccaaaaace tggteacace tecagatgac
43741 cctitgtece tiggeteege ctcaaatget ccaageecea acagtgaage gettaagaga
43801 aggatccace aggcttgagt ttagpgagea gggaagtpgg gagetggess ageecctpgs
43861 cctgggagac aggaatceac catggcettca ggeagggtet ctggggectg cggggtggag
43921 agcgppcagg agcagacaga ggtgactgga cacgacacac ceetccactc caagggaggt
43981 ggpcagggec ggggcacaga ggaacaagag accctgagaa ggggtecace gageagactg
44041 ctggacccag acatctctga gecagelgga atccagetet aagecatget cageccagge
44101 agpptatagg geaggactga gtggagtggc cagagetgea getgeatggg ctgggaagge
44161 cctgeeegte ceetgagggt cecccagggt ctagecagac tccaattice gaccgeagea
44221 cacacaggag gaagtggtcg gegtggagit ggeccapagg tetgpgeagp tgcagesteg
44281 gppaaggppe geagetggag tcacccgety aattcaggpa cagtcecttt tictcectga
44341 aacctggggce tgtcccgggg gocaccgeag cotccaggea geggggggac ccagecceca
44401 atatgtgaga agagcaggtc ccaggetgga gagagegaag caccatggtg gpgagaagtt
44461 agactggatc ggggeoccta ggggetecee cggacctgea cggeagecgt cagggeacce
44521 gcaccccatt getgttcagt getgpecagt gteccaaggee aggpatgtpt gigtgtptgt
44581 gigegtgegt gogtgegtat gtgtgtacst gigtgegegt gogtgegtgt gigtptgtgt
44641 geptgeptpt gegtpegiag acglgtgegt SCSIECRRe gtgegtpept gatgtgege
44701 acgegegeag cecagectca geactggace aggeagectg ggattectee aaaactgect
44761 tgtgagtttg gtcaaaccgt gaggctctga teacegecat ceattegeee cetectgeee
44821 cccteatcac cgtggtigit gteatiatcg agagetgtgg agggtetggg aggteatece
44881 acctgecagce taaaccgtga ggetgeegea ategeactga tgegggeaga cccgagacge
44941 1gtgecggag acgaaggeea gettglcace cocgecagage ggeagteggg ccacaageat
45001 catccaagea gtpgtictct gagceepacp gogtgatgea aapgapcecag gagacacclg
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45061 cgegtecaag ctgggggace ccaggtetgt tatgecggac agtaaacacg ticagctecg
45121 gagggagagg gttccectac cttccagggt ttctcattece acaaacatce aaagacaatce
45181 cataccgaag gegateegtg cetitgetee tgagacgige ggaageacag agatecacag
45241 acactgtctc ccaggatect atgtatgtaa aggaaccgaa gteccagget gtgtgtetgg
45301 taccacatcc cacggaacag getggactga tittcaccaa atgtagcaga aacgttaagg
45361 agtatcagct tcaanatatg aggpccagac atgtctgaga agtcecttce agaaaagtce
45421 ctttggggte cttececaga gttgetgaaa cagagaaccg gaagggclpc agagetgaac
45481 ttaaacaact ggatcgcaaa ggtecgtete atcagagega tggtitttce agtggtcatg
45541 tatgpatgag agagttggac cataaagaaa gctgagegee gaagaatcga tgctitigaa
45601 ctcrgptgtt ggapaagact cttgagagte ccttggactg caaggagatc caaccagtca
45661 atcctaaagg aaatcaatee tgaatatica tgggaaggac tgatgetgaa getgaaactc
45721 caatactttg gccacttgat gcaaagaact gactcactgg aaaaaccclg atgetggpaa
45781 aggttgaagg caggaggaga aggggicgac agaggatgag atggitgest ggcatcacce
45841 acccatggac tcaatggaca tgggtttgag taaactctgg gaptiggtga tggacagaga
45901 atcctggceat getgeggtee atggggicat agagagtcag acacaactga gegactgaca
45961 gaactgaage aactggcaag ccggagggta ggtgceggct gegatgageg ggaacgtgea
46021 acctgccacg tggagctctt cctacaccca gagtectgac ggeactggga ceetageect
46081 ccacggecete tecagggeca cgagacacee tcacagagea gagaagegga acagagetgg
46141 tgtgcagaac caggeccegg geetegeecs gegetggteg geaggettita gtgagaagee
46201 cttgagecct ggaaccagag cagageagaa cagttggeag aggeeccect gggagaggcce
46261 ccccgeccag agtaccggec ctgggecctg ggggagaggg cggtgetggg gpcagggaca
46321 gaaggcceag geagaggatg ggeeecgigg gacggggege accaaaacag cecctgeecag
46381 caaggpgaag ctggggcact ttcgacceec tccaaggagg ageecacace agegeatelg
46441 cccaaggtge ccttggeect gggggeacat gaggeccagg ccaggecagg gpgeecatga
46501 ggeeeccagg ggteagtgea gtgtccceag geageeetgg ceteteatee tgetgggect
46561 ggcctettat ccegtgggeg cccacggect getgeeccecg acageggcege cleagageac
46621 agccceccge atggaapgeec cptecaggaaa gageeettpg agectgeagg acaggtaagg
46681 gcegaggpag teatggtgea gggaagtgpe gettcectic gatgggacee aggggtgaat
46741 gaccgeaggg gogeppaacg agaagggaaa ccagetggag agaaggagec tggecagacg
46801 tggctgcacg cacagegetg accctgggee cagtgtgect ttgtgttgee tittattttt

46861 aaftttgtat tgagatgcta titatctcgt ggagetittg cogecctgag attitgtace

46921 cgtggcetgpt giecetcttg cetcacceeg geotetgtag cagggeagac acggegeaac
46981 ggggcaggpce gtpeccagga ggeactgtca tittggpepe ageggeecca caaggeaggt
47041 ctgecttcet cecctettac aggeagegac agaggicecag agapggtgagg caagetgeee
47101 aatgtcacac agcacacggg cgeagtccca ggacigtaga aatcceggga ctagacagge
47161 accagagtgt cctgtgtttt taaaaaaacg geccaagaga agaggeaagt Ctgcaaggcg
47221 tccegggaag peageagggg ctiggetegg totcccccaa ggagpecage tectcagega
47281 ggticctaag tglctaacgg agccaagect gaaccaaggg ggteacgtige agetatggga
47341 cactgacctg ggatgggpga getccaggea aagggaglag ggaggecaag gaggagagag
47401 gggigcacag gectgeaggg agettccaga getggggaaa acggggtica gaccacgggg
47461 tcatgtccac ‘ceetecttta tectggpate cggggeagpt attgagggat ttatgigegg
47521 ggctgtcagg gtecagiteg tectptggaa aaattgtttc agatcagaga ccagegtgag
47581 gtcagpttag aggatggaga agaagetgtg aaaaggtgat ggagagegeg gggacggtcc
47641 tcggtgatca ggecaccgaga tcgeccatgg aatccgeagg cgaatttaca gtgacgtegt
47701 cagagggctg tcgpggagga acaggcactg tcatgaactg petacaaaaa tetaaaatpt
47761 geaccctttt cggeaatatg cageaagica taaaagaaaa cgeatttctt taaaattgeg
47821 taattccpet tttagpaatt catctggpge cgggpgaaca atcaaaaaga tgtgaccaaa
47881 ggtttacaag ccaggaagtc aactcgttaa tgatgggaga aaaccggaaa taacctgaat
47941 atccaacaga aagggtgtga tgaagcgeag catggeacat ccaccgeaag gaatcctaac
48001 acaaacticc aaaacaatat ttctgacgtt gggtttttaa agcatgeptg cactttcaaa

48061 agcttgtcag aaaacataga aatatgccaa taatgtgtct ctagccaaat titttaattt

48121 ttgcttiata attttataaa gttataattg tatgaaatat aatgataaaa ttataaacta

48181 taaaaaagtt atgaaaatgt tcacaagaag atatacatgt aattttatct tctacaatac

48241 ttitaatac cagaataacg tpctittaaa aaagattgag cacagaageg tataaagtaa
48301 aaattgagag tttctgctea ccaaccacac gtettacctt aaaacccatt ctecagegag
48361 apacapglyic atptppetct placactiol proctitete clappealgt atpleoctpa
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48421 aaactcacac acacggctaa tggtgetggg attttapttt tcaaaacgga cteatactct
48481 gectatgage ctgcaactat tattcagtc tgttgagatt tictatatca geccacatgg

48541 atccepeatg tictctgaat ggelctgtat gaattcaaag tttggaagaa geagegtgic
48601 tttaatcatt cgectatiaa tggacgtitg gggtgtttce actacaaaan nnunnnnnnn
48661 nonnnnnunn NONNNNDIAN MMINNNNNRR NNANRINNAT OANMONNNNN INGAONNNAN
4872 nnonnnonon ANnoannonn nonnannnng atacaatteg agetcggtac cctggettga
48781 actatatgaa cagagaacga tgagaacagt ttctcaaact tggaacagtt aacattttgg
48841 gctaaatgat tctttttigt gtgpgagttep cotatpaata gaggatatta geageatcat

48901 ttaaccttta cteactacat acctgtagcea actacatect ciecattigt gteaatcaaa

48961 actgtctceg gacatggaca agigtgeece tggpatgggt ggaatgaccet titgtiaaga
49021 accactgggt cagagattca tagatititg tettgtigac tttttaaaaa tacatctigg

49081 titttatttt attggtttct getettatet ftatgattac cttcetttta cttggggett

49141 ccctgataga ttttcecttc tggetcaget ggtaaagaat ctgectgeaa tgcaggagac
49201 ctgggttcag tccctgpgtt gggaggatee cotggagagg agaagggcta cccaccecag
49261 tattctggcc tggaggatic catggagtgt atagtccatg gggicgeaga gicggacatg
49321 actgagtgac tttcacacac acatatgtcc ctggtagctc agetagtaaa gaatcccace
49381 cgeaatgeag gagacecegg tccaattect gggiecggaa gatteecttt tgtttactee
49441 ataagatctt atctggggac aaaactaaca getatgecag accttetgga catcagggaa
49501 cgtpagggst gtggactgga cagatgtgtg tgtictccca aacacaaaca tacatcigta
49561 tacatgtaca tggagagapg gegaggeags cigtgagtct ccaggpgace gtgeaaccat
49621 gtgacattca tggaggcgtt tgegggtgat cactacacag tttcttette tggtticttg

49681 gtcaattgac ttcacaatic caattcctat acticattit agactgaggg aatittacac

49741 tattgtaaga catatgtata catgagttat gttcagegcece atgagggcte attttgtgtg

49801 tccactttge ctggaaacaa agttggactg atitacttct aggggtgcct gggpgtgttt
49861 ctggaggaca ggagcatttg aacccaaggg cteggtgaag catgagectc tetgeaggtg
49921 gacccaggag gaacpcaagg cCgaggaagg cagactetce tecteectaa ceegaggtet
49981 ctgctcagaa aagpgacaat ataatgacta gaagaaaaga aagaacatca getgtgggag
50041 gtttgttcte tggageagat tcacacgtig aggetcatgt geaggaattc taggtgaaac
50101 agagcagtca cceatgtgtg ttggaaaatt ttaaattaca tttgcagtta cgactttgit

50161 taagccagac agggtageac agcaaagtca ccatgtggtc acctgtgttt tgtaaaggag
50221 agagaacttg ctggcacatt caggaaaggc cgtgtetcag ctttggagge acactgagag
50281 gceacaagea gatggigagg accagggict cgggeagagg gatcaattca ctgctettca
50341 ctittgecac atetgtgtge tgtecateet ggccagagta gttcagtett cagatgetgy
50401 agttcccatt ggtagaaatc caatctgggt catitttaaa cctetetigg tictacttaa

50461 tggttitaaa atctctitgg ctcaagaaaa aaaataaaca taattttaaa gggtpgtttg

50521 gggcettgac tatazagtac attatctggg ccatttcaga geatggttga attaatacat
50581 ttegtgetta ctatagetee tattttcttg attetitaca ggtaattitt gitaggaate

50641 ggptactgtg aatattitct tgttgaatac gggatctitg tattitttce taattttitt

50701 tttettttca titttggttt taccttcagg aaagtcacta ggactcagga aagtectttg

50761 tecgectgtt atttcagtet cttacctggg gecagggeag cgtttectet gggetaagtt
50821 tccccacaac cggggecagt tetectcact cticacectg aggecttaat gaggagetee
50881 cctgegtctg agcagecgpe ceteetgtga cgtgegtgtg tetetggeca teggegteeg
50941 gtgtecttgg aggttcegte cteecttege teactgtgee cogeactega getetcagge
51001 tccaagcagt glccgeagtg tpcagaccct cigtgtaget ctetcctect caggactctt
51061 ccctetagat gtgtgtttte tittggetee ttggacctee getctgaacg caggectggt

51121 gctgagtgte atctetgpag ggaagectgg gaggetggac gggtecgece tgeggtgtgg
51181 tgacagptgt gggetcgggg cggggectge acgicgtect gaccegagee gggactgggce
51241 tecpggectc aggeatcact gactgaatct ccetcacaga gggpteaggg cCtgggcpeg
51301 ggaaccgtct ctgeaatgac agecectcce agggagggea cageggggag ctgecgagge
51361 tccageecta gtgggaggtc ggggageeca gEREagegec cigacggeee cacaccggcec
51421 cagggctggt tegttetgit tetcgagete aacagaaget cegaggaget gggeagttct
51481 ctgaattcgt cceggagttt tggetgctga gtgtectgte ageaccgtat ggacatccag
51541 agtccattag cagiggtcte tgteceictg tetgiectic atcaggetcet tigtccagpt

51601 caccacacgg ccaacaccag pacagtctgg tecegecage ceategtece tgeggacgee
51661 cctgtgeage ctgecgaagg gecgggagec CgERRLaacc gggecaggcee tgiceetget
51721 gtgtccacag tcetcceggg getggageag ageglaaged ggacppouge piiietetol
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51781 cacttcceeg tetgtotgty teactgtgag gattatcact getgteaget gactgacagt
51841 aatagtcgpc ctegtecteg gtetgggeee cgetgatggt cagegtggct pttttgectg
51901 agctggagece agagaaccgg tcagagatee ctgagggecg cteactatct ttataaatga
51961 coctcacagg geectggece ggcttetget ggtaccactg agtatattgt tcatccagea
52021 ggtcecccga geaggigate ttggecgtct gteccaagge cactgacact gaagteggct
52081 gggtcagttc ataggagace acggagecgy aagagaggag ggagagggea tgagaaagaa
52141 ggaccecttc ccegggeate ceaccetgag geggtgectg gagtgeacte tggettcggg
52201 geaggececea geeccagggte clgtgtggee ggagectgepy ggcagggccy gegsgccgea
52261 cctgtgcaga gagtgagpag pggeageagg agaggggice aggecatpgt gatgegeoe
52321 cgagctetge ctetgagece geageageac tgggetctet gagacccttt attcectete
52381 agagctttge aggggecagt gagggtitgg gtitatgeaa attcaccece gggggeeect
52441 cactgagagg cggggtcacc acaccatcag ceetgtetgt ccccagette ctectegget
52501 tetcacptct geacatcaga cttgtectca gggactgage tcactgtcac cticcecgte
52561 tetgaccaca tgaccactgt cccaageeee ceggectgtg gtetecectg gactececag
52621 1gpggeggte agectggeag catcetggee gtggactgag geatgptect ctggeettca
52681 ctgtggatgt gaccetcaga gptpgteact agtcctgagg ggatggectg tecagtectg
52741 acttcetgee aagegetget cettggacag ctgtpgacee peagggetge ticccctgaa

..52801 gcteecettg ggeageecag cetotgacct getgetectg gecacgetot getgeeeect
52861 gcetggtegag pacgatcagg geageggctc cecteeegea ggtecaceeea aggeeectgt
52921 cagcagagag pgtptggace tgggagteea geectgectg geccageact agagpecgee
52981 tgcaccggga agttgetgty ctgtgaccet gtetcaggge ggagatgace gegeegteee
53041 titggtttpt tagtppagte gagggtcegg gatgactcta geogtaaact gecaggetee
53101 gtagcaacct gtgcgatgee cceggggace cagggetect tgtgetggty taccaaggtt
53161 ggcactagtc ccaccccagg agggeacttc getgatggtg ticctggeag ttgagtgeat

- 5322]-ttgagaactt acatcatitt catcatcaca tcitcatcac cagtatcatc accaccatca
53281 ccattccatc atctcttctc tctttttctt ttatgtcate tcacaatete acaceectea
53341 agagtttgea ttggtageat atttacttta geacagtgtg cotctttita ggaaactggg
53401 ggtetectge tgatacecct gggaacceat ccagaaattg tactgatgge tgaacecetg
53461 cgtnigpatt cttgeegagg agacectagg gectcaaagt tetctgaate actcccatag
53521 ttaacaacac tcattgggec ttittatact ttaattigga aaaatatcct tgaagttagt
53581 acctacctce acattttaca gcaggtaaag ctgcttegea tttgagagcea agiccccaga
33641 tcaataaaga gaatgggatg aacccaggat ggggcccagg ggtectggat tcagacteca
53701 gecgtttagg acagaacttg actaggtacg aagtgagegg pgtegegeeg caatcigegg
53761 ggaactgtgg cacccecagg geteggggee atceccacca catceigget ticatcagta
53821 geccccteag cotgegtgtp paggaggcca gggaagetat ggtecaggtce atpetggaga
53881 atatgtpgge ctpggptsct getgggtect aggggtotgg ccaggteotg ctgectotge
53941 1gggeagtga taattggtce tcatcetect gagaagteac gagtgacagg tgtctcatgg
54001 ccaagctatt ggaggaggea gtgageacte ccaccectge agacatctet ggaggeatca
54061 glggtectgt aggtggtect ggggetiggg ccgpgggacc tgagatteag coattgactc

54121 tcagagggge cagetgtgpg tgcageggea pgectegecy gtggaggata cetcaccaga
54181 gccaaaataa gagatcacce aacggataga aattgactea caccctitgg totggeacat

54241 tctgicttga aatttcttgt ggacaggaca cagtecctgg ataaagggat ttetatettg
54301 cgtgtgeaat agagetgtcg acacgcetipg ctgggacatg taatcetitg aacatggtat
54361 taaattctgt tcactaacat ctgaaaggat tittpcatca ataaacctaa ggtatattge
54421 cctgteattt cottgtettg tagtgtetet gagtaggetg gaaggggtaa ceagettcac
54481 aaatcgagtt aggaaatice cttattcttc cactgictaa tagactttea taagattapt.
54541 gtiaaticct ctitaaatcg ctgetataat calcactgtg gecaccggta ctgaattttt
54601 tgttaggatg atttttaaac aagcatttta atgatttttc ctittatttt cggetgtget

54661 gggtctegtt getgtgtgee ggepttetet cgetgtggee agtggggecg ctgctetege
54721 gttgcgaage tegggcettct gactgeagte gettetoteg ttgecagageg cgggetecag
54781 ggcgeteagg clcgegtgge tgegpcacgt gggcteagta gtectgggec acaggtgcag
54841 cagcctetea ggacgttitg tteccagatg gtgggteggt cgaaccggtg tecectgegt
54901 tgcaagglgg attcttcacc getggaccac cagepacgtt coetggaggt ttttaattat
54961 ggatttaagc tcteattaga tgtctectca catttectat ticttittga gteagtttga

55021 tacttigttt gigtctgtaa gtitgtccat titatccaag teatctaatg tgttgataga

55081 caattattgg ttagtcatct aattgttg ot ttacaattit gagagcattp tectgcaatt
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55141 ccttctatct gcaagattgg taataatatc tcccaagagg agtcacaaac tgaaatgaga
55201 ttanatacag gettittttt taaaagaatg aacttatgtt gtigecttic tcatagatct

55261 tacttcttag catgactgta cttactgact ggggeptitt catgtotpty tggagageta
55321 ccattagtac ticttatcge ccaaagacat cgggeteetg ggeacagtga aaacacicet
55381 tictgtgget atttigeaaa atatggecta geetagegle ataaggpatc acagetgaca
55441 actgctggaa cagagggaca tgepgaagcaa cgigagggcet ggaacctgga gggtectele
55501 tgggpacagt ttaaccaget ataatggaca ticcageatc tgggacatgg agetgtgaac
55561 tggaccaatg actgtcattt ttggaagaga aatcccagga gagaagggtc cagpggaate
55621 tgaggeegea tgeagtgect caggacagpp gacaccitct coageagage agpgggecece
55681 gcecaggeeg cetgeagtyga ttecaccagg aggagatgea tecotgeapga cetctgacag
55741 cacggcecte tectgagaca cagggteaca ceeggggecc tggaaccctt tgagacecta
55801 aacctttcet tteetgacea cectgacage agtetagele agaacagaca teticatitt
55861 cagcaggaaa atcctittee tegtitgagg gagegactgg caccggagga getgagtctt
55921 ttaaacacag getgecetgaa cotcagggat gacctgeage tgetcagagg aggetggagt
55981 gtpatagctc actctaatgt tactaaaagp aacatattgg acaccecctic tetgaaaaat
56041 ttecctectg ccteteatet citagtecac titatcgeeg tittactget titctattta

56101 ctactcttaa cgecaaccta tettattice cetcccagtt taacacggtt tteccliccac

56161 cepcetetett taatctcaga agattctgec tattcctcta ttatcacacg ceectactit

56221 ttattttttt tettaccege cttttattce ctéecctect cactetetat ttaattacat

56281 cttaactaca ccgectgege tatcttcgaa tgtatccaaa tatttitcec ttatataaca

56341 ctccaggeeg ageggetaac ttattataat tictttatag cgectaceta atttcecttt

56401 atttctaatt atctatatat acccatgcaa titcgnnomn nnonnnonnn nONMNNGRON

56461 nnnnnnnnon MINNNNBONGD QINONNNNNR IMINNNAANA DRRNNONONN BOMENRIET
56521 nnonnnnnun nonnntgget gtacgtiata gagtaaacge geatgaagaa giggetcaat

- 56581-ctatggctgt gagaggcaga aaataatatt atcatatata atttatgtta taacacactg

56641 aggtgptegg ctcgtagaat agtgeggacg gggagaaagy tpggaaggag aagacacaag
56701 agagagatgt tcgectegeg ggatggatge geggaggpeat agaagaataa aaagaggaga
56761 gotatagagg gEgceEEpy goataacglyg tggtgpgpta aatagtagge petaatiatg
56821 aaaaaaagaa agacgggegg gecggtaaca tagaatacge aaaaaagica tatactgaac
56881 pgegattagg gagaagaggt SEEERECEE SERtRcEREs garagagelp igtgtataat
56941 tggtatggag tgttatttga atatatatta atgtaatagg gagtgtaatt agtgaaattg

57001 tgggagtatt atattggggt ptgggggaca tggeaaagtg atgatcggga taaaaaaagt
57061 aaagcaagag gggagpggaa aataaggeee gogagaagpt cgaapaaaat aagaggaaga
57121 agaaagaacg gggetegcEs SCegLgeegg cgecgctett gtatetgget titttgttpt
57181 gtegptgptt gttegegtet tgttgggtec gpggcgppte tgcggaaaaa aaaaaaggeg
57241 ggaggecegg ggeccgglea cgeggeacce cegegggtee ctggcticte ctteggeage
57301 tccggeggete ggtgagectg cgeectccgg gocgeeggee cgagetgtgt gegeectgga
57361 gaatcggage cgetgtggea geacgeggag RECcECEegca agggeeacgg gacggacctt
57421 caaaggecge gECEEARCEC SECaagccga accgagegcg getggegat cggecgagee
57481 ctgcteccce cteccgegty gecccagggt cgegggtgga ctggggegay tacaaageac
57541 tcaccececgt ceegecccea gaaagectee caggactctc acagapcace cgecagpagg
57601 catccpgttc ceccotcgge tcagttcagt tgctcagteg tgtecaacte tttgegacee
57661 catggactge agcaccecaa getteeetgt ceatcaceaa cteccggagt ttactcaaac
57721 tcatctattg agtcagtgat gecatccaac cgtctcatee tetgttgtee cettetecte

57781 ccactttcaa ictticccag catcagpgtce ttitcttatg agccagtict tcacatcagg

57841 tggtcagagt attggagttt cagcttcage atcagtectt ccaatgaaca ctcaggactg
57901 atttecttta ggatggactg getggatgea gegecagaca cegaccgegt ttaccecgty
57961 tgtcctttee aatggetgte cectgegggc ctaggggcat tggtgcggpt ttgaatcetg
58021 tggccttgaa tittacgect tagitccagg tccagggeag ggccatecgg attcaggatg
58081 cttcccagee cttcaggaat ggeaggtttt catggtectt tetgagtpag tictgagtgg

58141 tcatattggt gceettggea gggagggete ctgacitice tatcttcaca tcactgteec

58201 caacccccaa gagaggectc ttggcccagg gactgcaggg agpatgaagt caggagcaga
58261 agcatggggt agggggctca ggtgggeaga ggaggceccct cigtgaggag gaacggcaag
58321 cgaggagggea acaggggcac cggeagtgec tggeaagetg gptgatgtea cgactacgte
58381 ccgaccacac agtcctetea gecageecga gaageaggge ccteccctga cecceatetg
58441 ppectgpgct teagtittct ccicectpea atgppptpac tptttgectc caggagagge

85




CA 02958259 2017-02-17

58501 gagcatgtaa aggtggccac tetettetgg cagacatgec aggectggge cagectecac
58561 ccctttgete ctgeageece tgetgaccetg ctoctgtttg ccacacegge cectectgpe
58621 ctgatcaggg ccceectect geaggaagec ctetgggaca ageccagett getgtaactg
58681 tggctttcca cigtgaccetg caacgtggga ggetgttact taaaactccc atgactggtg

58741 gattgcepggt ccccagaaca aggecacgea tecetggagg cectcgagac catttaaggt
58801 agttaaacat tittacttta tgcattttca tgtgtatcag aaagaaaaaa aatgtatcat

58861 cagttcatca aatccatgat ttcttgacca atattgetaa gatgaggcelg aaataggceat

58921 ttccattttt aaaaaactga atcactctga agaaacagat ggeaggcttc cotggtggte

58981 cggtggttaa cagtccatge ttecagtget gggggeatgg gttegateee tgaaaatttt

59041 aaaaaggaag aazaagatgg ctecccegtc cotgggattc tccagpeaag aacactggag
59101 tggettgeea tticettctc cagtgcatga aagggaaaag ggaaagligaa gtegetcagt
59161 cgigtgegac tcttageaac cccatggact geagectace agactectce gtecatggga
59221 ttttccagge aagagtactg gagtgeggtg ccattgectt ciccaggeaa acggecetget
59281 actgctactg ctgctaaate gottcagteg tgtccaactc tgtgegaccee catagacgge
59341 agcccaccag getceccegt ceetgggatt ctccaggeaa gaacactgga gtggggtgec
59401 attgccttca gectgetget getgetgeta agtegettea giegtgteeg actetgtgtg

59461 accgcataga cggeagecea ceaggeteee ceglecctgg gattetccag geaagaacac
59521 tggagtpgpet tgccatttce tictccaatg catgaaagtg aaaagttaaa gtgaaattge

59581 tcagtegtgt ccgactetta gtgacccaat ggactgeage ctaccagggt ceiccateca
59641 tgggatttic caggeaagag tactggagty gggtgecatt cgpectapgp aptgagaaat
59701 cacggctgte ttecctette tegececteta ggggtetetg tggagectee ctggagaggce
59761 cgeggegget ceggggactg gagggegagg gepgpttgag tcageeggtg geectecect
59821 cgetgeeegt ctecteectt titaggeaca agetggpege cetttttagg cgeagectea
59881 ccetgeggpe cactgeeegt gttteggete cccggagata aaacagattg cetgeaceee
59941 gggteatcac aaggattgta tgaccgtite ccagtgtget caccacecte cetetgatte

60001 tcagagacge gecctegect caggaggetg cteatcecag gecaaggpec ggegtgggpt
60061 ccccagepee cogeacagac actgectict gaccacctee teccaacage ttacctgeea
60121 agaaggcctce ctgaccecte atcetgeecg gtggtttgga gaaagectca tetggecect
60181 cctteteggg geetcagttt coeccctetgt gaactggegg attetgecaa getgacgtee
60241 1ggccageeg ceteecogtg gecagtgiee cocogggacac agetgaatgt cectgetegg
60301 gatgcacctt cccaapttgg cctgtcagga ggeggggecg agcagggaaa ceegactect
60361 ctcagacgge ccatcgeatt ggggacgetg aggecoggag cageggeace ciectggeca
60421 gggtcatict ccegeecege cecgteccte cgggectecy agaccgeage coggecegee
60481 ccgggaagga ccggatecge ggEecggEce acceecctic cetggecgeg gecgeggesc
60541 gaptgcagaa caaaagcgey BEECRERRCC BLEECEBERE CBERECEEAR gatataaggy
60601 geggeggeeg geggeaccce ageaggecct geaccecegg gggggatgec tegggeegee
60661 ggeetecgeg gggeggecte gegegecttt ttgtitttpp tgapgptpat ggpggeggtc
60721 gecggggtact attttttcat ttataattgg gtattageta gegagtggaa ccacaccctt

60781 attccactat agccaattit tgegggggcea teftacatta cagactcgee cgectettat

60841 ttcgptacag catatcagat cgtetcttta ctcagacact agtgatiatt gtctatagta

60901 cacaaaaaga acggttgtgt cggegtaatg gttgeatttt cectectegt tictectgac

60961 cacctcaatt acaccaacac tctactattt aaatcacgta ttgtacgeca ceetecgeee

61021 gecgaactaaa agaatgtgca galattctga agataaaate gitcattgtt acgececgeg
61081 cgcttcgept atattactct tagaactict tattcgeeceg agceagttatt cacceccege

61141 aactagatgt cgecttaata tttgttctaa cegttttgga tictaacgat aggegggaaa

61201 ggtagacatt cgaccgetac gacaactaaa atcgacgage acaggetatt tatatcgega
61261 ccacacgege geggtataca naccgtaaaa ttatctaaca tcgagagtaa gggeacagag
61321 cgaaatacaa geggegtgpt ggpaggtpte tetgtagtga attegeacct cgegeegeeg
61381 cctetgtgeg tcgnonnunn NNRNINNNN NNOANNANNN NONNNNONNN IDARNNNDN
61441 nnnnnonnnn MNonNNNNnn NENNANNNND MNNOINNNNNN DNIMDINNNND Nnngatataa
61501 tattaataaa cagcggatag atgtgtgtaa gggaggaggt geataagaga ttaaagagag
61561 gepggcpgag agaratagag tagaggagga tgagagaaaa aagaaageaa gegtaggtac
61621 aacggegggt gpptagtatg ataaagtgag tgtatatatt tgagtaaagg aagggtapat
61681 ggagtataaa gaagtaagga gaggagaggg CgLCLgagag agagagtgca aagaaaataa
61741 gtggpcaaag gegppelgeg tgapaageag tagaagagaa gatagagaag gggpaaaaag
1801 spyaaaatpy ggattagaac aagtaggaca ggatapatgt paaaaatgap atcaggtcaa
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61861 pgtggagaaa aagtagaaac tgpgacptga ttgtaaaaaa ggeaggCcec gatggeecag
61921 caccataagc gaagagatga attaatgaaa gcaaggcagg gagaatcaaa tgagtigget
61981 ggaggaagga ggeigtgact tecticgetg ceggaaagag aactagaata geetegpgct
62041 gtgpepgpag gtaangataa agtgacttct gggecctggg ggaggeecag gagtitctac
62101 cgagctgage tgggtgecte teceaaatge ccaacceect gagagtcgac gggagageac
62161 agectggeca aacctgggea gggeacacgt gtecticace ccacagtggt cacgagccca
62221 gegtggtecc tgegtctgee gggaaacaca gaccetcaca ceceacacaa gggteegeee
62281 gcttteaaat aacageagee gtgecctetg ggeepgtgac coggacacag agagatgaag
62341 tcegeatete tcagagtgeg ctgtecteeg cceggteagg cecgggtecc ctgettotet
62401 gaggteacca ggagggattg catgtgggic tcagggacac aggttcagtg atgtgacaga
62461 gggtagtggg tcccageagg gecggtetit ggaccegttt tictgaaaag coagitgpeg
62521 acctggpgtc acagcaaage tgatcetgtt tggecaggag tetcocagtg acggectece
62581 ccagaacatc gggeecagig ggggciceag gegggtagact tgectcccag ctcacgeecg
62641 tgtettgaca agtccatgat ttggtaaaat taatttgtgt tggatggagt tgatttagtg
62701 gtgtgtgagt tictgtggeg cageanagtc aatcagttac geatacacat gtatceaget
62761 cttcctacga ttetgttcee atataggtea ttatgggpty tcaggtagag cttectgtge
62821 tacgcagtac ggecttatte agttcagete agtegtgtee gacteettgt gaccecalgg
62881 actgcagcac geeaggcetee cotgtecate accaactect ggagettatt caaactcatg
62941 tccatcgage cggtgatgee atceaaccat cteateetet gtegttecct ctecteetge
63001 cticagtctt teceageace cectagagaa gggaatggcea aaccacticg gtattetige
63061 cctgagaace ceatgaacag tacggaaagt cottattagt tttctattit atatatagea
63121 gtgcacacgt gicagceeea atctcgeaat ttatcaccce cetecgeege cgattggtag
63181 tcatptttgt titctacatc tgcgactcta titcigttit gtaaacaagt teatttacac
63241 cactttttta gattctgcac atacgtggea agececacage aaacatgete aatggigaaa
--63301 gactgaaagc atitcctota agatcaaaaa caagacgagg atgtecacte actcegtttt
63361 tactcaacac agecctgaac gtectageca tggeaatcag agaagagaaa gaaattaagg
63421 aatccaaatt ggaaaagaag aagtaaaact cactctitgc aaatgacatg acacttatac
63481 ccagaaaatc ctagagatgc taccagataa ctattagage tcatcagtga attigtipca
63541 ggatacaaaa ttaatacaca gaaatctcct geattectat agactgacaa caaaagatet
63601 gagagagaaa ttaaggaaac catcccacgg catgaaaaag agtaaaatac ctaggaataa
63661 agctacctaa agaggcaaaa gacctgtact cagaasacta taaaatactg acaaaggaaa
63721 tcagacgaca cagagagaga gagataccac geicttggat gagaagaatc gatagtgtga
63781 caatgactat actacccaga gaaacataca gattcagtac aacccctate aaattcecaa
63841 tggcattttt cacagaatca gaattagaac aaaaagtttt acaagtttca gggaaacaag
63901 aaagatccta aagagccaga geaatctiga gaaagaaaaa tggagetgga agagteagge
63961 tcectgagtt ctgactgtgt atacaaaget ggeatgattt ttaacageag gggtgtaaat
64021 gaacttgttc acaasacaga tggtggepte ggcticeotg giggoteage tpgtaaagaa
64081 tcctectgea acgeaggaga cetgggticg atcectagge tgggaagate cectggagaa
64141 gpgaaaggct acceactcea glattctgge ctggaaaatt ccaaggacca tatagtecat
64201 gggtttpcaa agagtcggac acgactgage gacticcaat cctggaaacg teccatigtg
64261 gacggtgaac tgggetigtc caagetcagg gtaacegtit getgagtgac tgacactect
64321 tctcatgggt taaaatglgg ggcccaagge caggaccaga ccccgeagic agecaggeag
64381 accctgtgea gecccagega ggtgtggee geegtggagt tectggecee catgggecte
64441 gactggagce cetggagtga geccattcee tecccageceg tgagaggetg ggtgeagece
64501 taaccatttc ccacceagtg acagateege ctgtgtggaa acctgetett gtecccaggg
64561 aacctggeag gactcaggga gaatgtctca gggeggecrac agatcagggg ciggeeggge
64621 agggctpgpt ccageagagg ceetgtgece actccecgga aagageaget gatggteape
64681 atgacccacc agggeaccga cgegtgcttg cacacaggece geccecteat ggtgacacte
64741 tittcetgtg gecacatete geceeeteag gteectectg ctececaget cotggectgg
64801 gaacctctte cccgeecegg ggacgtcagp getggtgtee actgagceate ccatgecegg
64861 gactgtgetg atcaccagea cetgeaccce ctetegggie tcaccaggat gpgeaactee
64921 tgcccateca geacceagee teetgggtac acatcggggg aggagggapa ageetgggee
64981 agacceccag tgggetecct aaggaggaca gaaaggetpe cglgggceeag cegagageag
65041 ctctctgaga gacgtgggac cccagaccac cigtgageea cecgeagigt ctelgetcac
65101 acggpgecacc ageccageac tagtgtggac gagegtgagt gggtgaggee cagpetgeace
65161 agpgcaagtg getgagecce gagtgpacag potgaptape tgagpcccag glagaccagg
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65221 geecatgtgg ptgaggeceg ggtggaccag agtgagegeg tgaggeccag gtggacaggg
65281 cgagcgaptg aggeccaggt ppacaggpcg ageggptpag BCCLRyiss acageEceag
65341 cggpigaggc coggetggac agggegageg getgaggcce gegtggacag geegagigpe
65401 tgaggeecpg gtggaccagy gepagiggpt gaggeeeggy tgpacagesc gagiggplga
65461 ggeeegggty gaccagggep agtggptpag goccapgtag acageetpag tegatgagge
65521 ccaggtagac cagggeecag agcaaageec cggeteagea gtgatitcct gagepgeccac
65581 tgcttgeagg gacctcageg atgptaagge agecctptty ggggcteceg actggggaca
65641 geatgeagag agegagtggt ceccctggaga aacageeagg geatpgcegg gegeoetgee
65701 aggctgecce aggggecaca getgagecee gaggeggeea gggecggga cageectgat
65761 tctggptipg gegcetgppgg coagagtgec cictgtgeag ctggpecggt gacagtggeg
65821 cctegetcece tgggggeecg ggagggacgg tcaggtggaa aatggacgtt tgcppgtctc
65881 tgpggttpac agttgtegec attggeactg ggetgttpgg geecageage ctecaggeeag
65941 cacceceggg getceccacg ggeeccgeac cetcacceea cgeagetgge ctggegaaac
66001 caagaggcec tgacgeecga aatagecagg aaaccecgac cgaccgeeea geeetggeag
66061 caggtgccte cetcteceeg gRetggee gy aggegtiget ceagttetgg aagettecac
66121 cageccaget ggagaaaggce ccacatccca geacccagge cgeccaggee cetgtgteea
66181 ggcctggeeg cetgagaccea cgtecgteag aageggeatc tettatceea cgateetgtg
66241 tctgggatee tggaggteat ggeeectete ggggeeccag gageccatct aagtgecagg
66301 ctcagagetg aggetgeege gggacacaga ggagetgggg ciggectagg geaccgeggt
66361 cacacttcee ctgecgeccce teacttggga ctettigege ggagggacty agecaagtat
66421 geegatggpg agaaaaatgg ggaccetcac gatcactgec ctgggageec tggtgegtet
66481 ggagtaacaa tgcggtgact cgaageacag ctgttcccea cgaggectca cagggtectt
66541 ctccagggpa cgggacctea gatggecagt cactcateca ttccccacga ggectcacag
66601 ggtcctiete cagggpacgp pacctcagat ggecagteac teatccattc cecatgaggt
66661 ctcacagget cctictccag gggacgggac ctcagatgge cagteactca tecatteece
66721 acgaggecte acagggtect tetccagggg acgggacceee agatgggeea gleactcate
66781 catccgtetg tgcacccate cgtccaacca tcaceettee ctecatecat ctgaaagett
66841 ccctgaggee teccegggga cccagecetge atgeggeect cagetgetea tcecaggeea
66901 gtcaggeecg geacagtcaa ggecaaagtc agacctggaa ggtgectget tecaccacggg
66961 aggaggpgpg ctgtggacac agggegeeee atgecetgee cagectgece ceegtgeteg
67021 gecgagatge tgagggeaac ppegpgecag gaggtgppac agacaggcea gegiggsgps
67081 ccagetgeeg cotggetgeg ggtgageaga ctgeccecect caccecaggt acaggtetee
67141 ctgatgteee ctgeecteee tgeeteectg tecggeteea atcagagagg tecogpcatt
67201 ccagggctee gtggtectca tggpgaataaa aggtggegaa caagtacccg geacgetete
67261 ctgagcecac ccccaaacac acacaaaaaa atccctecac cggtgggact tcaccagetce
67321 gttctcaggg gagetgeeag ggggtecccee ageeccagga agecagggpe caggeetgea
67381 agtccacage cataacacca tgtcagetga cacagagaga cagtgtetgg tggacaggty
67441 cceecacctg cgagectgga gagtgtggec ctegeetgee ccagecgegg teagtegget
67501 cagcaaccge tgtecactce cagegecctg gecteecctg tgggeccapg tcaagtectg
67561 ggggtgaage taagtcaggp agecteatce atgeccagee cggageecac agegeeatea
67621 agaaatgctt cttccctcca tcaggaaaca ttagigggaa agacaagagce tgpgggpgttc
67681 tggpgtectg gggpatcaga tgaagppgtc tpggageage ageagectca ggecaccecaa
67741 aacaaggccc aggagetgga ctecccaggge tgagpggcag agggaaggaa ggecteetgg
67801 gggptiggea tgagecaaagg cacccaggtg ggggctgage acceetegge tggeacacac
67861 agpcccccac tgeagtacet teecectegg agaceetggg cteeegtete cegectggee
67921 tgccateetg cteaccacee agaaateect gagtgeggte ceatgtgact gggecetgee
67981 ctggggagga aggagatica pacagacagg atgccaggge agagagggec gageagagea
68041 tgcigggage ppgeccgpeg ageectggpg BEcaggereg caggagtict ceaggpigea
68101 cggegetgtg ctatgetegg tgageacaga ggeceegggt gteccaggec tgggaaccea
68161 gcagagpgpc agggacgggg ctcaaaggac ccaaaggecg ageccigace agacetgtgg
68221 gtccagaagg cagetgegee ctgagpeeac tgaglgpece cgtgtecega accacegetg
68281 aaacatggga cacacgttce caggeggage cactectgee ttecgggagg cteccagegg
68341 geteateget ccatcccaca gggagggaaa cegagpceca gatgacgaac atcecggega
68401 gcaggtcaaa gecageccct ggggteecct cteeceggect gggpcecteee ctetgeaggg
68461 tgggaaaccg aggccacaca ggggetecat ggggcetgecc tetgecagge cetggacace
68521 cepegpeiga ceccogoric tatcatceca pegcipeeip pocclppaca cocopipgat

il
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68581 gaccceegec tetatcatce cagecctggg pgacagatgp gaggeccaag cglggacece
68641 ctggecacee cetaccecac ageogggagp agecggpagce tggtggecaa gggectagag
68701 gagccagann NMNNONIIND MINNNNINAR ARTINANNND ANMNDONNNN MNNNnnnn
68761 nnnnnnnnn NMMNONNNNNN IHNNNINNNN DNININARNND IBDNNNNNca atatapagpy
68821 ggtegpataa agggtaatat gatgtitagg tagttagagt taaattagaa gggtitggat
68881 aaagattaat aaaattacaa gegtacatat cgtgtgagtg tgggtgataa tattigtgta

68941 tgtggogaat agaagtgagt gtgagtagta ticaagatgt aagtgtgega atacaggtct
69001 gagcpatity aatggaagty aaaaaaagep tpigtatega ggagecegea gaggaagala
69061 gtgtepospa agaaaagaag getagtpgat aaagaaatat caglaggegp tigacgaaag
69121 aagaactagg aagaattaat atasaaataa agggaggatt aaaaaataaa gagggapgag
69181 gtaacggaaa tagttagtta agaaaagaat ggagagtgga ggtaagataa ataaggpagt
69241 aatggeagtg aggaggaata aataaaaaaa tggtgaggga aaatapagta gaatgagaac
‘69301 aagaatgaaa aagggagtga agggpptgaa aaaaagtpaa gitgaaaaaa gaggaaaaaa
69361 aaggagaaga tagaaaaata aaataaaaaa aggaaaaaaa agaaaaaaag aaagaagget
69421 taaaggacga aaagaaggga agagaaaaaa aatagtitaa gtggpggagg glaaaaaaga
69481 attaataaag taaatatggt tgtggtcgaa aaaaaaaaaa aaattgttgt gigatgaga

69541 agaaaagaaa aaagaagaaa gggaaaagea aaaagaaagy agagaaaaag acaaccecac
69601 cgeeegggeg catggaggst gaggatgpeg cacgeeegeg gatggeacag catcacagea
69661 atcctaaaac gttitcagac cggtgeatcet tcaccgegeg cgegeccege ceggeoctce
69721 tccecgecctg accgegpace cccaccogea Cegggragee tacceeeace Coggggacyc
69781 tccgecacge taaggtcagg actgecgiga agacgegeeg gggtgaaaac gttiatett
69841 catgacataa gcgaptggtt ttgaaacagg tttacaaacc clegtgaaga cgeaccetta
69901 gcgttaggtt ttgttttttt accatgtgac gatgeaacta tittettect cicttccaca

69961 gtggctagtc gectccagag cgaggggtat ctettgtaca gagacceteg gaacatcegg
70021-aggtagtttc-ccacctaggg giaaagcgag aaggetcatt acgagggecg gggetectcy
70081 gggaagggca gggecctgae geagaggete tgocacctca gtgacacgea gaccacgege
70141 ggeetgeagg cgecggecte tgaaageagg caaageecga tetgetgaca teaggggtite
70201 cgcageageg aaggtctgge cegeacctgg cecactggea ggppgtaage tetgectece
70261 gacgacagea ceaagticag gaagggccac geagacactg gtgagacacg geecocecgg
70321 agetgecega gaagetotga ctttgcacta aagatetetg gegeggteea aaaatgtaag
70381 gectctette cttttatctt aagactttga tattittacg atgtaataaa taccaagaag

70441 ggcttttaat ttcagacaga tgtaggataa tticcceegt ageccttget getttgtita

70501 gtaacgaaac tcaaaccapga aataccaaag gaattticca aagagtitca aaagegetta
70561 tcagcaatca ctagactget geatacatca teactgecce aaacaatage ctgeetgige
70621 cagttactca aagtactact tacttgacga aaacaaatct agtcctaacg ttittacaaa

70681 gaaactccac tettcocgeea acttitcaga aacaaccact cgatcacgtg geaggggace
70741 gtggetpgac tgggtgotgg ctectictgt gaccaggeaa cactgeeccee tteteggect
70801 ccctacgect cttgacaaat gttcatcage tgtaaagttc accccacgag ggacceactt
70861 ctgctatttc ccacgtacct accecattat aggagtttic tttgtgacag titctgeatt

70921 tttcatggat ttagaggtit acataatcag ggctgetgaa cageatgaga gacgtggeeca
70981 caaggtcect cetgeacctt gecgeagggp cagggegagt tatctggett gagegtggtt
71041 accatcaggg ggtaaacaca gtttccagga cgttittgac aagacactga cceggatgee
71101 cceactacca ccgtgeaggt cetgeaggee teccagecte ccaggeectt ceegaggtec
71161 cttcggaact tagggpgacte ggictgcecce cetgggtttt cocctgeaccea gettttgeee
71221 cctctggace caggtitece aaatggaaaa cgaaggtgty getatggaag ctecotggec
71281 tccteteage tptpcctetg catggtgatg acggetgece ateppgpegy geapgactgp
71341 ggcagetgeg gacaceetee caaggetget acccecgapt pgtgtggggc getgtgggea
71401 cgcetetgete agegeaccte ctggaaacea gegectgeeg tetgeccggg geaaccggec
71461 cgpgpagceaa geaccactge cglcapgagpa gelgetgget ptgagtggac gecagletag
71521 ctetgaacce tgeecaggec tectgaggte tgaacattgl aaaatcagpc ceegracgee
71581 aactgcectet cecteetgee gietggtete cataaactge atctcaggac aaatcttete

71641 actcaccagg gctgaaacag aagactgeag clatctitct caaatctaag gigtgetaca
71701 gggcaagtcg cagaaactgt ctggectaag catctcatca gatgectgag acaagagetg
71761 tggacgecaa getggageea gagetecteg cgttctgece acctggeace gegticcace
71821 cagtaaacgc aggcttgatt ticaaaagta ccaccgactc agagecaatg ctaaaccgac
71881 cacttttcct goccattaga Hppetpaag pielling Iaslelped apleaceaca
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71941 tgeegectet gtgeceacag getpgegaag acetttetga gotacggeat giggeaggea
72001 geggeacete tetteagtac ggecagetgt caaggpgage gtitcigtga tgatgtgaaa
72061 atacattgca tccggeeccg tgtitcatga acacggptga ggaaaggaaa cacacaaagt
72121 tctgatgega ctgacageac gggletcata actcaataca agtcagacaa accacaggga
72181 gtcacaggpa atcccaatag cctcatctag tgtgaccate atgaggetta atttaticag
72241 tgtaticaat cataaagagg gggaaaaatt gtaaaaaaaa aaaaaaagaa agagtgaaat
72301 gtgtaatact gaaaactgtt getagpagaa geaageattg gegtttgtaa ctpctitgac
72361 tccecaagac ceacactege ctegetacaa aagggaggea ctgetgetea gtactigeac
72421 acccgaactg cggatttgta atttaaaaat gigtgtgtgg acacageaca agccapagac
72481 tgecaaaggt tgagggacac tggaagaact taatatactt ggtgcatgct gecagtgaca
72541 gtcagtcace agetgattca atagaptgec gaaaggteac ctittapgta aggatgaagg
72601 gpttetgppe tegtttactt geactaactc agagttagte cgagatatee gaagtgecag
72661 gtgcctecea titgetgatg gatctagete agggacgget gggoectage catccaaaaa
72721 tcaagcattg ttctcccaac ctgtettctc getgataatg gaaggtecaga acgeocacee
72781 geecacctea aagtcaaaga acaccaageg ggtgagicee cactaagete ggtgtticea
72841 atcageggtt tcaggattce agetggggea atgagggage gagegtgega gggatecaac
72901 acctcgecee gtgegeagea agggataace caacacceeg tttctgtacg tecggetgga
72961 gttptpgaac tcagcgegga CCCREERCCa CCFEGACCCE CZERACCCLE BCCECRCBAC
73021 geateceege tgecgggaca cgggtaageg tecccaaact geeggacgeg gggegggsec
73081 ttcteegeca cgeeecgata ggecacgece aaggacaagg atgptegtge ccagacggec
73141 geggcgggnn MINNANNNNN AINDNRANNAR NOADONNNAN HEUHRIINT MINNNnnnnn
73201 nnnnponnnfi MOANKNANGD HNHNNNNNND IMMNONNHNN AMNNNNONCE BaggeEgess
73261 ggeggeecag BEECIgCCEe cpcpegtata ggacggtpgt cecceggect ggagtecgac
73321 cgggaatgac ccecgectete cecegeatece geageegece cgecgegecec tetgeegege
~73381 acccgectge geacccgeep cecteggecg cggeccegge cecegeeceg tegggecage
73441 ccggectgat ggegeagatg gegaccaceg cegeeggagt ggeegtpgpe toggetgteg
73501 gecacgtegt gggeageget ctgaccggag cettcagtgg ggggagetea gageeegece
73561 agcctgeppe ceageaggty ageaagggct caggegaaac tgaggeccga cacagageeg
73621 cagcaagaag gatcctactg gtcactcgge tgitggectg ggpteatcac aggegggetc
73681 tcccaaceca teccetgagg ccaapgtecce tagaaceeeg tgggeagaca ¢Caaccagec
73741 ctttaaatat gggpaaacca aggtpcttag gggtcagaga tageectagg tegeeccaace
73801 ctagtagaag ggagggcetgt tggagttcet gagtgecege teteccacee cecpggagec
73861 cocticctga geccaagggt gactggtapt cagigacttt gggectgeeg accigtacee
73921 cactgggeac cccaccagte clgagecaca titgggetta glgacggggt cagggateat
73981 gaggatcaat gtggctgage caggaaggtg ttagaacctg tcggeetgga gttcatacca
74041 geactgeect gggcttitet agacceatgt cecgeetect geeceacctg cecetgttee
74101 cgeaccecac cageagegge aggggcettcg agagggctgt ggpcteacec tatttcaggg
74161 atggagcegce taagacctgg ggeacactge cCgetaggga cecctgagge accagggecg
74221 ggggctetge ggaggggcag cegecaccee cagetitgga gtecteteee gggtgeceag
74281 ccegagetga tccggetgece teccacgetg tgecceaggg CCCgEagoge geCgeecepe
74341 agccectgea gatggpgece tgtgectatg agatcaggea gttcetggac tgetccacca
74401 cccagagega cetgaceetg tgtgagggct tcagegagge cctgaageag tgeaagtaca
74461 accacggtga geggcetgetg cecegactgge gecagggtpg gasgggeggt ccacggetee
74521 cactcetteg gpgtgetece gotattceca ggtgetectg cacttcccat gigetecega
74581 ttcteectgg tgetecetet ceteetgget getectttge cteccaggty cleecactte
74641 tceetggtge tectgeteet ceeggeggcet cetgtacctt cggectgacc tecteeetet
74701 acaggtciga getcectgee ctaagagace agageagatt gggtggecag ceetgeacce
74761 acctgeacce cecteceace gacageegga ccatgacgte agattgtace caccgagetg
74821 ggacccagag tgaggagggg glcceteace ccacagatga cctgagatga aaacgtgeaa
74881 ttaaaagcct ttattttage cgaacctget gtgtetecte ttgttggact gtetgegpeg
74941 ggcgpegpee agggagatgg aagtcccact geggggtgepg gigecaccee ticagetget
75001 geccectgtg gggagggtga cettgtcate ctgegtaate cgacgggcag cgeagaccgg
75061 atggtgagge actaactget gacctcaage cteaagggcg tecgactceg geecagetgga
75121 gaccctggag gagegtgecg cotecticte gretetgggg geeecteggt geecteacge
75181 tetgtcggte acctigeeee tettgetgat geaatticee cgtaattgea gattcageag
75241 gapgastget Wpgrectlt goacclgaed geatgagony, agploacye capecceett
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75301 ggatctcagt ccagetegge cpettggecg tgacgttcca ggtcacaggg cetgeeggea
75361 cagaggagea ggeccttcag tgeeglegag cactcggage tgetgectee getgagttea
75421 cteagtgict acgeacagag cgeccactgt gtaccaggec ctattceacg ticcceagte
75481 accgageccc cagggetggt ggggacctge cetegggtac actgtgtece gieacgtgge
75541 wtacgtgtg tetctgagge aggetggceat tgeggteeac cictcageac aaacateigt
75601 cccetgggaa gggggteeca titetgggtp cgageageec cetggggice gtgtetecte
75661 cttacctgge teaaggecce ggeteetggg tectggacag cagggagece acceccggg
75721 gctgtggagp gggaccttge tictggagge cacgeegagg geecaggrge cgecteegge
75781 cgtcgeectg agggagcagg cecegacgeca gegeggelce tetgtgagpe cegggaaace
75841 ctgeetgagg gtpegggtgg geagptgeee cigecoccag getetectgt gtgagtgaca
75901 ctcaccagee agetetggat gecacccate cgggtictee aggaggeact catagegegt
75961 ggegteccet cecteceoce totgtggage gagggagtet gatcactggp aggotggteg
76021 tccgtaceeg coececcegac tetggacgtg titactacce cegectggge tcaggacagg
76081 geattggatg ggaaggacag ggetgpgiee tggecagget ggggectetg cagggcatpy
76141 gtgcccctgt ctettcttat attccaacgt cactgeaggg gggegeaaat ctiggaceee
76201 acttactgat gatctgeate aggacatagg tccecectee tgeageggpg ggetggecac
76261 ggageecgct ggggaaggec cotectecag ceccteggeg aggceteacea ggtgeeeate
76321 ctcagccage agggegacge tegetgggag ggcggagagg gagecageec agggctggta
76381 cgaccecege tggggegegg gegcccteag ceggteetee ageacecltg ctgeeeccce
76441 tcaccgtcag pgggcacctg gecgetetge ctcagptgeg cggtgagggt cccaaggeca
76501 caccaggtgt tcaccagctc ccageagctg getgtgggag aggggeagag gtgggegeat
76561 ggcaccegcee ttecceecag accaggatge tetgecttee tecegeecat cteccecagac
76621 atctgaagga ctettgeete caccatgeag cecegoctee accagaagcet caggttecece
76681 geeceeecte ceccgaagetg caggaceect gaccagegaa gagatgggac agttggaaca

- 76741 cacgeteece cageageggce acageagcetg tgtggeceag aagagececge ctgtiicect

76801 caagcaactc cccatggatg tcatcccatg gacacceect tecccacace gectectegt
76861 tctececcte caaggeagag ggaacgeace cecaccigte tgctaggaca ggggacceea
76921 cttacctceg aacatcacct tgataaacat ggeegtggte gggacagatc cctecgacee
76981 ccaacttceg acctggggaa ggagetgpgg tggagetega ctgeagggty gggecctgty

77041 ggaggtgtac ggetggagag petgatggpt gggtgpgctc aageggaget cettgeteag
77101 tccaggeget coctgeaget agtccaggat ceteagectt ctocecctea ctggatcagg
77161 gaagactgag gticceteee ctgeececce acceagetic caagetggte tetgtggcag
77221 tgggagetge caagaggtct gageggecag tatccgggta acgppgittg tpgaggptce
77281 gggcattcece ggtgecaggge tetagtggeg getggagect cggeeccaga getgtecaga
77341 gaccagtgee cteccacege cgeegeccge aaggagagac agageteeca ggeggggagt
77401 cggaggttce tggagggepa geatcctcaa cictgeagge ceecticeca ggegeactce
77461 cggccetecce gtettetgte cectgetctt gttgaagtat gattggceata cagttcacag
77521 ccactcticg gagtgtictc cacactaagg atacagaaca tgtccctegt ccecccaaac
77581 teccagecag getgtecacga agagggagge ggecgacggg geagggcectt geacteetge
77641 gtgtgpgptc cacaggggte gtecccegtgt cggtggecce ttecteteac gecaggaggg
77701 teeccttgee tggaggtgee gtggatcege togetgeety ctotitggpt tgtttccege
77761 atgpggtgat patgaagagg ccagtacaga cactcgecag caggtctetg ggtgaacagg
77821 catttattte tetttectga gggeagatce tgggagtggg gtgecggace gtecggggag
77881 agtatgcettc tgtttctaag aagetgecgt gttctecagt gtgotgeace atgtcacgge
77941 ccctetgtge gtetggacte aggagaccte cttctcageg geeetcecce ceaggtggte
78001 agpccatctg tgcecttctg ggggeagage lcagegeegg aggegggagg aggeccagat
78061 cccagegeag cccaccageg ttgetetget teecteggea ticatagetg gagaaaggpe
78121 aaggagcacc gpetgaagee ccacctggag gacgeactic gatggeagea gptgctcaga
78181 ggtggceccg gpcageattc cccagacgea caggecagtg ctttettece aggacaccac
78241 tgtptctgpe gacccgagtc ctgcageacg gicgggageg getgtgecea gatteeggec
78301 tgcaceettg getecageca cecaccectgt ttgtcaaggg gtttttgtet ttcgageege
78361 cgaggaggga gtettttgte tgcagtgtca cagaagtgee ataaagaggg geccacagtg
78421 ggagctttat aacattggtg cggapgggcty taacaggtca gggapgeact tgagggagcec
78481 tictagggceg atggagatgt tctaaaattt ggtetggpta caggotacag agatgtgteg
78541 gigigtgtgt gtatptgtet aaaacceteg agecacacgt glgaggtetg tgcatgtgac
78601 cgtacacagg apacctepgt gpaaapcage cacctgetet gactgeacct gtggatttee
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78661 agctcctgee ctcaggegge coigepggge ceactggetg acggggagac ggeaccgece
78721 teccccgetg lcaggetapp ggggctzacg atitgcatgt cgtgtcaggg tccageggee
78781 teccttgegt ggagptcceg aageacctgg agegecgeee geagaacage ggactectge
78841 ctgeeteect geetetggee atggeetgee cgectetgge cetetttctg ctegggpeee
78901 tcctggeagg tgagecclee caaggectgg cteacctagg ggtgtgtaag acageacgeg
78961 pctctagaag taaatcgegg gpaagtaaat cgtaglggee aggggggatg gtitccgaag
79021 gggccctgag ggggacagga gacctggect cagtitcece actggigagt gaccagatag
79081 ccagggtace ttiggactct gactctgegg ggetctcaga gactggtcte ctactcagit
79141 tticagagge gaagetggty tggectigic actgecctge agggeeteag ggacaageta
79201 tccetgagga ggtetecage agtcagtgge cggaggctga gecgatggat atagtaacag
79261 cccaggegge cteitggpeg tggteagect gtagecaggt ttggacgag cogaagtgac
79321 ctaagtgatg ggggtetgea gageaaggea tgaggetpep cagcagpagy acceagagee
79381 caccagccca cectetgaat tetggacect tagetgeatg tgpgetectig ggaagacgeg
79441 gettaaggpt tgecegelcet gtggeccaca cagtgetgat tecacageac tggetgtgag
79501 cttttgggag cagattctce cggggagtct gacccaggct ttgtgggaca ggBgctzgas
79561 ggaagggpcc caggecagac ctgagigtgt gicictcage ctcccageca geectgacca
79621 agccagaage actgetggte ticccaggac aagtggecea actgtectge acgatcagee
79681 cccattacge catcgieggg gaccteggeg tgtectggta tcageagega geaggcageg
79741 ccccccgect getcetetac tacegetcag aggageacca acaccgggee ceegpeatte
79801 cggacegctt ctetgeaget geggatgeag cecacaacac cigeatcctg accateagee
79861 ccgtgcagee cgaagatgac geegattatt actgettigt gggtgactta tctaggppt
79921 gigggatgag tgtcttcegt ctgectgeca citctactee tgacetiggg accetetctc
79981 tgagcecteag tittcetect ctgtgaaatg ggttaataac actcaccatg tcaacaataa

80041 ctgctctgag ggttatgaga tecctgtgee tegpestatg gggstaggga tggtectgpg
80101 gattactgea gaagaggaag cacctgagac cctiggegtg gggeecagee tecceaccag
80161 ccccecagpgg cccagactgg tggctettge citectgtga cgggaggapc tggagtpaga
80221 gazaaaggaa ccagectltg ctggtecegg ctetgeatgg cggttgggt tecaacacte
80281 aacpagggga ctggaccgeg tettcgggag cocctgecta ctectgggty g2gcaagessy
80341 geaggtatga gigtgtgist peggtgcaga caclcagagp cacctgaagg caggtgggca
80401 gagggcageg gaggealgeg cageagecct cetggggtag agaggeagpc ttgecaccag
80461 aagcagaact tagccetgpg agepgesteg ggagstigaa gaacacaget ctetictete
80521 ccggttccte taagaggege cacatgaaca gggggactac ccatcagatg nunainnnuml
£0581 DINDANNNND INHNNDANNH NINMINNNNN MNNNTADAN ININNNNN INNNNInENn
80641 noononnnnn NMIMINMNONNN NNDONNNNAN agagggtggg tgggtggaat ttaatatagt
80701 ggtgcpegtg gagegiggec ggegeattta aggeggteat ctaaaatagt ggatagpggg
80761 tggtgtgaca ataacgggty gtggatgteg titacggpgg gtgcaatagt totgagtttg
80821 ttagtgtctt ctigatgegg ttgcggcpte tggacctacg cettgagtat giggeggees
80881 aaaagcagtg agggtaglag ggatgggaaa tattggtgga ggttetttgt tpgtptattt
80941 titggtatta tgttgppteg tggagtgats gaitggptat aatitcgett gegntatpty

81001 ittittct tricptgte ptppptipgs taptiggty citsipats stagtgpett

81061 gtggtataaa aaaaaatglg tggttgtgct cagettagee ctataacggt cpgetttgtt

81121 tcttgtttgt tetgtpgpcg tgageggatg gotegggect cegtgetecg cgecgeggec
81181 tegegegecc tectgetece getgetgetg cigetgetge tecegeegee geogetgetg
81241 ctggeeeggg cecegeggec geegpigagt geccgeegtc cecagecce cCCgeceege
81301 ccegecctee acgeegaggg gegecggcte geagagetgg atccaagggg gtgeceggga
81361 gtggcecgge geggeecgtt accecegaaac getgtetggg tgeceegggg gigtggtgea
81421 tagtgagett ccegteectg gaagtatgea agtgaagecg gepgecgggat cgeteggget
81481 ggctgptpag cpggogegac teggteggge getagacgea cgecgecage cccecagete
81541 ccagacctge ccactccgeg cocegeecggc cgegateeeg gptptgigty tgtgtigeag
81601 gggagpgaca gegggagtgg ctacaggect ccegactcac cgeagggaca 2agaceegeg
81661 ggiccceage tggegteage cgecaggtgt gtggectegg tgageacace tccaggegsy
81721 agggitgagg gaagegetgt ggegagggca tgcgepgtct gagectggaa gagacggatg
81781 ctaccgectg ggacetgtga gtggegggat tgggaggcta 1ggaatcagg aggcagecta
81841 apcgtgagag ctecggtglg gectpgegsg gElggiaggs SEBERacgee cCigtgtgly
81901 ccagcctgeg tgtgeoctaa aggetgegee ctcceccact getggggett cgggggacea
81961 gtcacagect aggetactge aggegeacag Clccecggpa geeeggeeea cgegoptaty
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82021 cegetgagec tecageetgt cggpgeaggg gtggegpgca gggatgggst cgttageggg
82081 gttggggpca gacgeccagg cagactctet ggpcacagct ccggtgacaa ggpaggtetg
82141 geaagceetgg goeccttetg tecagecacg ceagetetge cetggeeagt citgeeacct
82201 gpcagtgetg gggatggaag gggpapgeggg tacctcagte tgggggeect geeteeteee
82261 cagececgee cggececcta ggectagpgp cagagtctag gggteaccet ggggagetge
82321 1gaatccgeg ggtttaggaa ccggaggpac ctgggcttit gaaccacgtg geectaggtg
82381 agcecteegg cgecteggta geeeteacce ccagecttgt ccaggtgggc gggtegrage
82441 cgacagtgece cactgetggg ctgaacageg tetgeaggga ggecaggaga getgggeaca
82501 cppacacgtt ccatcacctg gagetgecac tgtgecactt gtgeggggte aggeggggte
82561 tgagceggpe tgteatetgt cacgecacag atatgcaggg ggcactcggg gtegectegg
82621 acatpcttat ccctggacgg ctgttggeag ggecgggaag getetgtaaa tatttatcea
82681 tcccagcetea cagetitcag ggttgatgaa agecccgeeg cocgeccact gtgpgggace
82741 ccgectteec tictggagee agegggetga ggpegptegeg gagatggace tgectgecca
82801 gpagcaggeg gtgtgactct ggeaggteac tigacctcte tgagectcag ggagggcecg
82861 ggatggtgtg cggatgetet ctgeetteet cccageetga ceagtgtect ceeeteggeg
82921 tegectectg cecaccgeagagggggtege tatggggace tgggecgaty geaggeagge
82981 cggagaggge atgeeegget cageeptgee cageacttee cagtccaggg geeecegeea
83041 ctcccageceg ctggetgect cecattttee cgattgeagg ttggeccega ggetgacegg
83101 agectctgge tcagetggga gactgaattc cccaageaat tectcaagga tgtgtgagge
83161 tgtggtgtgg tgcctatceg ggagaggtgg getgagegga ctgggeacct cegeeccaggg
83221 caggcccagg gagacgotgg ctgacgagea ggcaggectg caaggaggac gageagecat
83281 cteaggaatp tgggtitigg agacaageea CagClpgsge BglgBREEES CoatEEtes
83341 ggaggcctga tccccaggte taggteeage tetgggetee ctegeegtgt gacectggge
83401 caagacctgg acctctctgg geeeegtete tteccctggg aggtggggeg atgeetgete
83461 cccaatccee cagggetgtg gatgaggeag acgaggtgtg tgetcatcee caceteactg
83521 ccttccagea geceegggeg ggeepepteg teggeactgg cgeacecage tgaggateag
83581 gectipgage tagggaggge cocccagece caggecagaa aggacacggg gagacagaat
83641 gcaggagpge ggcagagcag gEgccagegg tggggaaact gaggecaaga geetgtggac
83701 gatgtgctee aggaaaggac ctegetgect ggggcctgga tectagagee tecaggageg
83761 gtgaccatga cgtgggcagg gaaccggagg ccceggettg caggtggace cggegegapt
83821 cactcttect ctetggeect gagagettee ttccagetge cgetcctgtg ttctaatgte

83881 aagtctggag gectggpggp cagglegges ctgactgeca getggegrag ggeaggaatt
83941 tggcagagea gegteccaga gtgggagaag ccageccatg gaggggacte teiccatgee
84001 tgetgeecca aaggpegtta tagagagagg teggttacee cttegecatg gececegttee
84061 catigaacag atgggaaagt ggaggctgag agaaggctgt gacttgecea gggteteept
84121 ggcatggaac tgggectget gagictcagg ccggggatet cgetgetgea ctgageacge
84181 capgatgcag gggtetgggc ctggacclag cgeclegtgg gggeaagaga ggaaggeacyg
84241 ctgggectge ctgicaceet ccaccecace gtggettgtt getcaggect tectggggec
84301 agaggagagg ggagatttca ctegetggea ggetaggeec tgggctetct ggpgoteegg
84361 gggaacaatg cagceetggt cttictgagg aggglecttg gacctccace agggtigagg
84421 aaaggatttc tgttcctcet ggaggtcacg gagecgacat ggggaggage aggggcagec
84481 ccggggececa catecteagt gtgagacctg gacgtgtgtc ctcccacctg acgetgpgeg
84541 tggeppptpg gggocpeeeg gRatccagtg aaccetgece ceaaattgte tggaagacag
84601 cgggtacttg gtcatitcce cttcctecte ttegtttgee ctgptgggga cagtccctee

84661 ccigggpaag gggpacecea goctgaagaa cagageagag ctggggtcag gegtetgcte
84721 ggagcgeaga gagectectg ctetgeetge tggteattee tggtggctet ggagteggea
84781 getggtgpep apepgciggp gtgetegtet gagetetpgg gtgcccaggg cetgpgagap
84841 ttgccagapg ctgagpecga gpgtgggpcc clggepgcce ggetectgec coaaatatgg
84901 ctcgggaagg ccacagegge actgagcaga caggccgggc cagacgggeg ctgaggetee
84961 cggeetetee cecagetecg ctgtgacect cacctgegge cogggetace agggecceeg
85021 ctiggttctg ccgtgtcttt geaggetgat cecacggget ctecetpect cietgagett

85081 ccgecttttc caggeagggg aaccgegace tecaggetgg gacgegggea gggtgtatge
85141 gecaggicag aatcaccect ccacegggag ageglggtee aggepecctg geagggtgss
85201 gaccpgageat ctgggaactg ccagecacce ccacccatge agaggggaca tacagaccac
85261 acggapgpctg tgccteeget geageaactg gagaacacce agecgegece aaacataaat
85321 aactaaataa taaaaptitt aaagatcgtt acttaaaaaa acaagigtge cccagtgatce
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85381 ggaccccagt tcceggtgec ctgagtggte ceggeectgt getgageatg gectgptigg
85441 ttcaccceca gatccacact aaagggtegg atcaccecta ctagtcaggt gageagatge
85501 agggppepag ggeggragee cctecatget ggtpggtpsec cgtggtgget glectggeca
85561 ggagcoagct cacggagetg pagaggacag acctggggeg tggggecec ccaggaagaa
85621 acgeagpggg agaggtgtct geeggpgaty gepstecctt cgaggelsty cigaagagy
85681 geapgeppggce ctgeagecee acctaccegt ceceggecca aacggegga gtaagtgace
85741 ctgggeacct ggggecctee aggapggpec gggaggectt gggatcagea tetggacgee
85801 agtcageeeg cgecagageg ceatgetece cgacggeete cgetggagtg aggetgeget
85861 gacacccaca cegetgacce gggeetetct cccgetcagg atgececeeg scgecaceee
85921 gtgagcagag ggccacagee ctggeeegac gececteecg acagtgacge cceecgeectg
85981 gccacccagg aggececteee gettgetgge cgeeccagac ctececgetg cggeptgect
86041 gacctgeecg atgggecgag tgeccgeaac cgacagaage ggttegtget gtegggegeg
86101 cgctgggaga agacggacct cacctacagg tagggecagt ggecacgage tggectitga
86161 tctccacctg ctgtetgaga cacgetggag ctgpggegag ggeagateee tatggeeaac
86221 aggetggagt gtececcaac tecegtgece actgeteaac accccaaace cacacttaga
86281 tgcactceca tgeecteect tgggageacg gtetccacac ccacctggee acccecacaca
86341 ccegtggggc acggecgtia gtcacccacg caacctetge gggeaccgig ctgegggeea
86401 ggccctggga ctetcagtga gggaggeaga cacggeecct celccggpgg agegaggtge
86461 tccccacgee cggttcaget clageaccge actecgggacc ctecacaggga gggacccact
86521 pgpecaggee aggtgacgge tegegtgace toggeccctg gegetgagac tacactteet
B6581 geagtgpgcg gegaagatgg pigtgptgte cecacgtegtt geagegggga cleetgggee
86641 ctcggaagtg tectppgpocpe ggagectggg gageaggaag ggeaggtctt pggptecaag
86701 gecteeccac ggteaggtet gggaggggec cteggggete ttgggtectt tcegeccagt
86761 geagaccete geggecacet aagggeacac agaccacaca aagetgtgee catgeaptgt
86821 ggggagtget gegeaceete agageacact gggeccacat cacgeacgee tgeceectea
86881 ctgtgcatce pgggaaacte ctggeccega cagecagegg ggctgacget acceegtgag
86941 ccagacceag geeeccctca cegeeectgt cetecccagg atcctecggt teccatggea
87001 pctgetgegg gaacaggtge ggcagacggt ggeggaggec ctecaggtgt ggagegatgt
87061 cacaccgetc accttcaceg aggtgeacga gggecgegee gacategtga tegacticac
87121 caggtgageg ggggcectgag ggeaccecca cectgggaag gaaacceate tgeeggeage
87181 cactgactct gecectacee accecccgac aggtactgge acggggacaa tetgeecttt
87241 gatggacctg ggggcatcct ggeceacgec ttettcecca agacccaceg agaaggggat
87301 gtccactteg actatgatga gacctggacc atcggggaca accagggtag ggectggggc
87361 cccacttice ggaggggcecc tgtegaggee ceggagecgg geeegggete tgegteeget
87421 ggggagcteg cgeattgeep ggetgtetee ctettccagg cacggatete ctgcaggtgg
87481 cggcacacga gttggecac gtgetcggge tgeageacac gacagetgeg aaggecciga
87541 tgtececctt ctacacctic cgetacceac tgagectcag cccagacgac cgeaggggea
87601 tccageagct gtacggeegg cctcagetag cteecacgte caggeceteeg gacctgggee
87661 ctppcaccgg ggcgpacace aacgagateg cgeegetgga ggtgaggcecc tgeteeecct
87721 geccacgget geetetgeag ctecaacatg ggetectect aacceticge tetcacccca
87781 geecggacgee ccaccggatg cetgecaggt ctectitgac goagecgeca ccateegtgg
87841 cgagctctic ficttcaagg caggetttgt gtggeggcte cgegggggce ggetgeagee
87901 tggctacect gegetggect ctegecactg geagggpcetg coccagecetg tggatgeage
87961 cticgaggac gceccagggec acatetggtt cttccaaggt gagtgegage cgggtcacac
88021 tcaggagact geagggagee agpaacgtca tggecaagge tagggacaga cagacgtgat
88081 gagcagatpg acagacggag ggggtccegp agtttigggg cccaggaaga geptgactca
88141 ctcctetgpg cacagetggg aggettectg gagpaggegg tictcgaage gggagtagpea
88201 taaaaggtat tgcaccecat gaageacgtg tgatccttge cectagagac aaggcetetgg
88261 ggctcagagg tpgtgaagtyg acccacatga gggeacaget tggagaatgt cgpgagggat
88321 gtgagctcag tgtgccagag atggpagect ggageatgec aaggggcagg geetgetgee
88381 tpagagctgg cactggpgtyg ggeagecaag tgeagggatg gagegggege ceaggtggee
88441 tctttgetge tcagaacgac ctttcceatg tatacctecc agegeegetg geattgecea
88501 gtgtectict tggppggcapg agtaccaage aggeattatt actggecttt tgtgttttat

88561 ggacaacgaa actgagpclg ggaaggtecg aggtggtgtt ggtepepgaa gatpgecget
88621 ggpcagccct gttgcageac acaccecccea cccaccgtit ctccaacagg ageteagtac
88681 tggptotatg acgptgagaa geeggtectg gpccecgege cectetecga getgppecty
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88741 caggggtcee cgatceatge cgecctggty tgggpctccg agaagaacaa gatctactc
88801 ttccgaagty gppactactg gegeticeag cocagegece gecgeptgna cageeeigty
88861 ccgegeeggg teaccgactg gogaggegtg cectoggaga tegacgeggce cticcaggat
88921 getgaagpty tgcagggeec aggeecietg cecageceee teccaticeg ceectectee
88981 tgccaaggac tgtgetaact ceetgtgete catctttgtg getglgggea ccaggeacgg
89041 catggagact gaggcccgtg cecaggteee tiggatgtgg ctagtgaaat cagtecgagg
89101 ctccagecte tgteaggety gtggeaget cagaccagac colgagpgca gecagaaggg
89161 ctcgeecaag pgtagaaapa ceotggggct tectiggtgp cteagacagt aaagegicty
89221 cetgcaatge gggagaccly gaticgatee ctpggteagg gagatcocct ggagaaggaa
89281 atggcaatge cctecggtac tgttgectgg aaaattceat ggacagagea gectggaage
89341 tccatgggst cpcgaagagt cagacacaat ggagegactt cactgtctta agggecacct
89401 gaggiccica gglttcaagg aacccageag tggecaagge ctgigeecat cectetgtee
89461 acttaccagg ccetgaccet cetgtctect caggettcge ctactteetg cgiggecgee
89521 fctactggaa gtitgaccee gtgaaggtga aageectgga gegcticece cggetegtpg
89581 gecccgactt cttcagetgt actgaggetg ccaacacttt cegetgatea cegeetgget
89641 gtectcagge cetgacacct ccacacagga gaccglggec gigectgtgg cigtaggtac
89701 caggcaggge acggagtege ggetgetatg gggacaagge agggegetge caccaggact
89761 geapggapgg coacgegpgt cgtggecact gecagegact gictgagact gggeagpges
89821 getetggeat ggaggctgag ggtpgtettg ggetggetce acgeageetg tgeaggtcac
89881 atggaaccca getgeccatg gictceatee acaccectca gggtegggec teageaggge
89941 tggpggapct ggageectca ceglectege tgtgggatee catagggeec tgecacgtsy
90001 gtgtcagggt cctgegeete ctgectecea cagggptigg ctetgegtag gtgetgectt
90061 ccagtttggt pgtictggag acctaticee caagatectg gecaaaagge caggicaget
90121 ggtgggpete cticctgeca gagaccctge accCtggggg ceccageata ceteagtect
90181 atcacgggtc agatccteca aagecatgta aatgtgtaca gtgtgtataa agetgtittg
90241 tttttcattt titaaccgac tgicattaaa cacggteptt (tetacctge ctgetggggt
90301 gtctetgtga gtgcaaggec agtatagggt ggaactggac cagggagitg ggaggctigg
90361 ciggggacce getcagieee cipgicetca ggpctpppty tipgitcagy geicceccig
90421 ctccatctca tectgettga atgectacag tggettcaca gictgetece catctececa
90481 geggectete agaccgtept ccaccaagtg ctgetcacgt titccgatee ageeactgte
90541 aggacacaga accgaactca aggttactgt ggetgactce tcactetetg gggtetactt
90601 geetgecace cteagagage caaggatcceg cetgtgatge aggagigagt gaagtegete
90661 ageegagtee gactetttge aaccecatag gactgtagee taccaggete ctetgtetat
90721 gggatittic aggcaagagt gotggagtgg gttgecattt cctictceag gggatctice
90781 caaccetggt ctcccgeata geaggeagac tetttactgt ctgagecace aggeaatgea
90841 pgagacctag gticagictc tgggtgggga agatcccetg gagaagggaa tgacaacclg
90901 cttcagtatt ctigattgpg gaatcceatg gacaaaggag cclggaggec tacageccat
90961 agggtgcaaa gagacacgac tgageaagtc acacacacag agecctacgt ggatgeteat
91021 ageggeacct catagetgec atgtatcagg tgttgpeatg ggeageeatc agcaggggec
91081 catttctgac ccactgectt gticcacegg atacacgggt geettectgt gtgtegggee
91141 cactcggcetg tcagegeeca agggeaggge tgicgggagg cacagggeac agagitaagg
91201 aggggatpge gacgttaget cotececage tetcagegga tpcagcagge aaaacaaacg
91261 ctaggaatce tgccaaacce ggtagtctet geccatgete gececatece cagagecaca
91321 agaacgggag ctgpggpetp geeeggaget gggatactgg tececigggee cgeceatglg
91381 ctcggeepea cagegtoctc cgggegggga aactgaggca cgggegeete cgpctiecte
91441 ccegecttee gggectegec tegtteetee teaccaggge agtattcoag coceggetgt
91501 gagacpgaga agggegeegt tegagicagg gecgeggctg ttatttctge cggtgagegg
91561 ccttcectgg tacctceact tgagagpegg cogggadgee Cpagadacgg gecgaggcte
91621 ctitaagggg ccegtggggp cgegeeeggc cettttgice gpgtageggc gucggcgacy
91681 cgegegteag cgtcaacgee cgegectgeg cactgaggpe ggectgottg tegtetgegg
91741 cggeggegac gECRECEacy gaggaggcega accecatetg getiggeaag agactgagnn
9180] nnnnnnonnn nNNNNNNNNN QDMNNONNON QOONNNNONGD MRNN0NRNN KRNI
9]186] nuNNNNNONN NMONOANTND MODDRANAND Dnnnonnnct geaggtgeeg geggtgacge
91921 ggacgtacac cgepgectge gtectcacea cegeegecgt gtaacegec ceegggggtt
91981 gecaaggtta cgattggacc ctcccegeee cgaccetget ceectagggt ERgtggstes
92041 pppgecagtt tctaagatct cctggttccg capeagetgg aactceteag teecttccag
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92101 ctetacttca acccgeacct cgtgticegg aagttccagg tgaggcecgee cogeeecttg
92161 cacttgetgg cccaacccct ccegeecage getgpectga cegeeceeca cccegeecac
92221 cccacgragg ttiggagget catcaccaac ticetetict tegggeecct gpgaticage
92281 ttcticttca acatgetctt cgtgtatect gegeegtggt ggaageggga geagLEcass
92341 gegpgpgacce gRECEERAgE cagegggcce cgggaagety agacceicea agggpcacge
92401 ticctatace aaageegceag giteegetac tgeegeatge tggaggaggg ctecticege
92461 ggcegeacgg cegacttegt citcatgttt cicttegggg gogtectgat gactgtatee
92521 ttcccggect cggpgaccta tgggtecggg cetetgetgg cectgaggec ctgettgage
92581 geatpccaca gaggpagagt igcgacceep agetpaggpt piititgage glacatcacg
92641 tgctcagetg caggtgeeee tgtecgaacte caggpetaca cccaaaatac Cacagggeag
92701 gatgeccagg ggctgagtee tgaatgeagg tagecaggag gatctaggec tggpecegep
92761 ggctegggty aagiggagag ECagggcoga tcagggaace cotggaggcc accgittagt
92821 cttagagtgg gaagcgaaac caacctgett gagpgtitca gggptitagg aagtcagagg
92881 ggccctgggc agggeacaag accttgactce tggeccaget actggggcte clgggtagee
92941 tcftcticet gggecaggec cteacggeea tgetggigta cgtglggage cgecgeagee
93001 ctggpatpag getcaactte titpgectce teaceticca ggegeegtic ctgecotggy
93061 cgcteatggg ctittcaatg ctgetgppca actecatect ggtggacctg ctgggtgage
93121 ctgetgteea gggagectge cecaagetep gtgtgetggg ccagagecct ggtectetee
93181 ccgeececac ceclettcee cacteetgge geeeecatee ticcageece iccaacaagt
93241 cagcctatag gttitactta ticgageetg acccatttge tgacgettgt gtpgggecesg
93301 accoggtagg gatgggtege tcagggtgee tgctecacage tecactictt ctgacgtect
93361 caggcctgac clectcccag gtctgecta ctetgggeca agectggece Cacgotggpe
93421 tgpctggeeg tgeagpgeat cagaceccea tgetitpgeg gettcaggec tgtggaggst
93481 ggccteppea ttggepecte teccacaggg attgeggtgg geeacgteta cacttcctg
-93541 gaggacgtct tccccaacea gectggagac aagaggetge tgetgaccec cagettecty
93601 tgagtgctga cageetteoe caccecctic cccagatggc tetctaceee atgaggeges
93661 gggaccctge cagetgeege tcagegtggg ctectececa caggaaactg ctactggatg
93721 ccccagagga ggaccccaat tacetgeeee tecccgagga geapecagga ceeetgeage
93781 agtgaggacg acctcaccca gagecpgete ccecacceee acceetggec tgeaacgeag
93841 ctcectgtee tggaggeegg goctgggeee agggeccecg cectgaataa acaagtgace
93901 tgcagectgt tegecacage actggetete ctgeegegge cagectctee acgeggggca
93961 ggtpctgctg peogagagee agggecacea agectgacgt getctecgac ceagaacatt
94021 ggcacagetg gaggeccaga gagggtccag aacctgecea ctegeeagea gaactotgag
94081 cacagagggc agecctgetg gggtteteat ceetgeectg cetgtgeegt aattcagett
94141 ccactgatgg ggctcacate tcaggggegg ggetgggact ggeatgetgg gttgtgetga
94201 getttggcce tgggggcect cetgteecga actageaace ceccaagpgga cotetgetic
94261 atttcccage caggecactg aaggacggge caggtgeaga agagggeceag gecctttetg
94321 tgactccgaa gectcaagtg teagigtitg cagagtccag tggetgagge agaggectct
94381 gggaagctct gecoctgeeg titgeagetg aggecggeag gagoclcace tggtccecag
94441 ctcacgggea ttggaggacc agtccgeacg gtggtitact cetgggtegg caccagecge
94501 cgceggetgt cectttcaca gaggataaaa glactegete tpgagtigga ctitaatgtt
94561 gtcatgaaac clctggeeea geagepgget cegeagtggg tggeaggtga aggeeectee
94621 ccgggectct ccaggeaggt gecgectgge cageagggaa ggeaggeagt gteatceeee
94681 actggetetg gggeteagge taccteetge tgtggeegga acatctecee cagtpgtgga
94741 geccagtglc cgtgaggeca gelggpectg aaaccitect ctetgaagee cegetgtece
94801 cttpcectgt atpgagggea gaggetgpag cgeaagtice taggalgtge ttgegagace
94861 cccgagececa gggpegagges ceatctcage ccaccccega actggaaacc ctiggagote
94921 1gccectegt ggtptgagge coctgetatg cgaceetcag coctgecage aacggaaggt
94981 geagpgeccg ggeccacggg cttaacgcaa clgpgectgg gleacctgeg gggcctpgic
95041 ccaggaggaa gacccagglg ccaccetoct gggtgecacg tecaggteac gtggpgacce
95101 gtccatgtca cagaagatge agggtcacce ggigagetgg cgccgggece tgccagagea
95161 ccageegegp gtegaggtgp geceeageic tectgicagp cacgtggige tpgpaggtge
95221 ggceggagea gigeccacea getgeageag gacaggtggg cacaggecca ccagCagtpc
95281 ccgcacggga 1gggececetg caapggccap agaagecacg ctectggctg ggBRetggec
95341 tgpgactgac aggtggeect geeetetgeg ceceactact teecageeac ceggpactice
95401 aagpacttgc tgagetpppc agptppgeacy cCpaggpeap teaaactpct cotppppaca
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95461 pgageeeceg tccacaggpe tgageectga gelgaaccet ggeectgete gtggtigteg
05521 ggetegpees gtccaglgge geoctageee tgetgaggec cageigggac gigegepecy
95581 gagggcgage ggccageccea tgecatgetg teeceegtic teagetcoat getaccactt
95641 tgaagaaaca gaaccigttg cctttttatt tagaaagtgt tgcttgecet gectggggct

95701 tctatacaaa aaacaaacac agetcaacgt ggectctect gaccagagac gpeeggetges
95761 gactgggget cageagacgg aatgtgtcce cpgepgcgpg agaccageag geecetggee
95821 cgetecteag gacggetggg cigtccceac ctggteccct cogagecaga agatggagsa
95881 gaggtgggct gatctccaga tgelccelgg gagecaageg ccacggegts glcaccagge
95941 cgpggeegtg ttggeeagac gecteatecg cotgtgggag gEggageeca gcaaceceeg
96001 gatctctcag geaaccgagt gaggaggeag gageeeeeag cceeteccte ggeegetetg
96061 ctgegtggeg cectgaagte gtectetgte tegeocecct coccagggas agtgagectg
96121 ttctgggotg tggtcagace tgccegagpg ceagectege coggggecct gtectgeetg
96181 gaaggggetg gggeageacc tgtgiteeg gtoctgptee cggatetict tctccatete
96241 tgcatcegtc agggtcteea geageggeca ceactgpica pegtegeetg tgttecgpat
96301 ggcaatctee accgtgggea pgpgaticte actgtggagg acgagagagp tagacggete
96361 acagagcage tgcaggagag goccctagaa ageagtgtce acceegetge gggeagacag
96421 gacatggapc ctggtitclg cacceggete cegacacagg gCBECeggec acgetgeeaa
96481 catggcatct coggglctge atptggggag gegiccacag gacagigetg caggtecage
96541 cattcccagt ggacttgetg ggaggaggag ggeeptecge ceegeteagt giccaggaga
96601 aaggagagca aaggagtcea tccacccagg agiggagtee cagggeecct geectgacca
96661 gectgeaggg ggecectegg cocacatcac aggpggeccag aatcoataag cectgacige
96721 tccacceepgg ggeccctcaa agacgcgect agacteegte cgagggecac ctgeacacee
96781 tetggegaag tggactcagg getgggeric agecteggty aggecgeaaa gpctggggac
96841 tcctgpecga petpetgect ctpccaggag ceaggeccag cotgecgpeg ageeteagee
96901-acgcectcac ccaccetgee cgeggegeea cgetggeete cgggtectet cctetggect
96961 cctgetggge cactggtget cagecccage agtcggectg ccagpagecc tgeagagica
97021 geccecagag gEaggagegy Eeccgepgga acageacagy aacaaacaga ceectggoct
97081 tagttttapc tcctcatctg gaaaatgggg acagtgtect tgetgegagg patitcagag
97141 gaccactgce atgcaacace cageacacac ccactgegtg ggpgeteggg cccgageegg
97201 tgecccegag teccaggetg gtpgctgagc cgececagee accetgeega cagetgetic
97261 ccagecggge ggtgctgegg cagtccagaa geeageactg cagacceeaaa tgteactcct
97321 cacgttgegg gotcccaget geettecttg ggppeageag acacgaaagt caccaagccc
97381 acgcegacgg gagcaaacac giettectet taaacaagtg cgggteecgg aggeeetgtg
97441 tttacctcee tgtggeteeg ggaagatige atcccagggg giigtictaa accaaggget
97501 getcgggeca ggoctggaag gaggpgcctg gagecaggag cecaccetta cgggeaticg
97561 gettcetggg tetcaaggee ggetgggace ctgeattcee accaccogee aggtgeaage
97621 aggpagpceg tgtcgpagga ggeagaggege ciggagggte gicttcgacg tgaccteact
97681 titacaacct cacaggtgeg geaggecage tgggaggeat ggetgtgeec teciggtaga
97741 tgagaacaag actgcaggga gtgatcccce tgaacttcce caaccaggag gagacaaaac
97801 tcggtgtege cetectgett aagatcaact gactctggac aaggggecea geecaccega
97861 tggpgaaagg peagiccttc caacaagegg tgetgggacg ggacceggea ggecatggtt
97921 tctcagctat gacaccagea geacaagCac cccgapgaaaa acagetaage tggpcactgt
97981 cacacaagtg aactccaaac ccaagaaaac cacaaaaage ctgeggatct tcagatatgt
98041 gggaagpgac ctgtatctgg aatgtataac gaactcotga aaagtgaaag tgttagtcac
98101 tcagtctgtt cagetctitg caaccceatg gacggtagee tgecaggete ctetgeeeat
08161 gopaticict aggeaagaat actggagtgg gtigecatge cttectecag gggatcettee
98221 caacceaggg attgaacclg tgtetetett geactggeag gegpgttctt taccagtage
98281 gecacctgag tagaaacact ccaggtgecc tgagigicag ageaggagpg acteggeeea
98341 ggcctgtgag pggaccelcet cogagteeee tgelgcacag cagigapagg tpegtictpa
98401 gtcagectee agggatgagg gacttggtgt cgacatcact cccaggacct caggatetge
98461 tctgpgaage gaggeteece aggetggeec caggeeeget ggecteaget cgtgageegt
98521 gegtpgacag gigceatgag caggecicee acgggactcg gggcgegpce tggacceegg
98581 ggctgecapt ggtegeggeg ggecccgtgt ggeggctgtt cectetetty ctecgagtee
98641 taggaacatg gtgggcgctg ccteetggeg titctggaga ageagetgag atgeaaacag
98701 ccecacgege teceteaget ghtcectgtc acgggtggec cottggtgac ggeetecatg
98761 cagggacgpt gacagctcpa geageegegt aaaaccacac gppgacgetg geagetcgag
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98821 cagcegegta aagectgaca tecaatitgg aagectceeg cagtggaaga ggEgcecgey
98881 gacgggectg cccgpEggcga geiccaccgg gtegggrate acgaggagee caccegegte
98941 ccegccaccea geacctggga ccagatacee tececgetet gagggcBgee tgaacgecge
99001 ccectoccac gggggegeee accgeetget cgtggactga acaagapggceg geagtggect
99061 ccagacceee tegggggagg geagacctgt ccgagactga geacaagtce agggaatgag
99121 caagggtctc agtaatgtcc cecaccgggac gggacgggag gaggcgacag aggccgetga
99181 ggtgcgggec agecctcagt agetggeate aaggecccap geagiecegg ggeatececg
99241 cagpgggepg ggacgaccac cggeccgage ceaggeagic coggggeatc celgeagepy
99301 gcgggpecega cecaccggece gageectace tgaaggegta ggtetictga tgecagetca
99361 getgteceeg gatgotgtag gegatgptpg tgacgaacte ceegeecage cceagetegg
99421 agcacagett cagagcgaac ttctcggpeg agttctectt ctccgacatg tcccactega
99481 actggtccac caaggagatg ttccccacgt ggatgttecag ctggeccggg ageacagaca
99541 tgagccagag cggeccecte tggggecagg cegeaceete accaceectt ctecccggaa
99601 catcccegec tegttettgp cegegecect gtgetgetac ttgpgpgtaag ganaacaacce
99661 cccatctctc tgaaaaggget taactagega ggaagatgeg ctggtaactg gaaaactcce
99721 tacaaagaaa gettggatet gatggcettca ctggtgaatt ccaccaaaca titcaageac
99781 taacaccaat ccftatcaaa tcctgecaaa aaactgaaaa ggaaggaaca catcataact
99841 ccctgeettg ataccaaage cagacaaaga tactacgaga aaggaaaggt gcagaccggc
99901 acttactgty gacattgatg tgaaacctca geagacacga geaaaactac attcaccage
99961 acgtcagaag aatcacacac cgttataaat gatgggatga tgacacaacc acattataaa
100021 cggtggggct tactctggtg atgtaaggac ggetcagtaa gaaaaccggt caatgecatg
100081 aaccactiga acagagtgaa ggacaaaaac cacacagtca tcttgataat tgpaggaaaa
100141 tcattagaca aacttcaacg tgetticacg ataaaagcac tcagtaaact aagatcagat
100201 ggaaaccaca tcaacaagat taaticagtc aaaaaatica ctgcaagtat cacceacaat
100261 ggcagaagac tggtaacttt tcctetaaga tcaggaacga gecaaagata cccagtetty
100321 ccacttttgt tcaatatage gtiggaattt ctacteagtg cagtgeagte geicagtegt
100381 gtccgactct titcgaccec atggatcaca geacgeeagg ceteectgte catcaccaac
100441 tcccggagtt cacccaaact catgtgeact gagtcagtga tgecatceag ceatctcate
100501 ctetgtegte cecttetect cetgecteea ateccticea geagttagge aagaaasata
100561 aatcaaaggt atccacctgg aatggaagaa gtaaaactat ctctggteeg agatgttaca
100621 atcttatatg cagagtttaa gatgctaaca aaatactatt agaactaatg aatgaattca
100681 gcaaggtacc aggatacaaa gtcaacgtgc aaaaatcage cgeatticta catgcetaaca
100741 ctgcacaatc tgaagaagaa aggatgaaca aattacaata acataaazaa gaataaaatc
100801 cttagaaatt aacttgalca aagagatgta caatgaacaa tataaaacat actgaaagaa
100861 attgaagata taaataaatg gaaaaacatc ctatgtccat ggattggaag acttaaaatt
100921 attaagctgt caaggctatg gtttttccag tggtcatgta tggatgtgag agttggacta
100981 taaagaaagc tgagcaccga agaagtgatg cttttgaact gtggtgttgg agaapactct
101041 tgagaggtee ttggactgea aggagatcca accagtecat cctaaaggag atcagicetg
101101 ggtgttcatt ggaaggactg atgttaaage tgaaactcea atactitgge cacetgatge
101161 gaagagctga ctcatttgaa aagaccetga tgctgggtaa gattgaggec gggagggpaa
101221 ggpgacaaca gaggatgaga tggttgpatg geatcaccga cicaatggac atgggtttgg
101281 gtggacictg paagttggte atggacaggg aggectpgeg tgctgegptt catgggpttg
101341 tgagpagtcg gacacgactg agcgactgaa ctgaactgaa catgaatacc caaagcaate
101401 tacaaagcca aatgtaatcc ctatcaaaat cccaatagcea tttctgeaga aacaggaaaa
101461 aaaatcttaa aaticatatg gaatctaagg aaaagcaaag gatgtctggt caaaacaatg
101521 acganaagaa caacaaagct ggaagactca cacttcetga tttcagaact tactgcaaag
101581 atacaataat gaaaacactg tgggactaac gtaaaageag acacgtggge caacgggaca
101641 gcecagaaat aaactetcaa ataagcagtce aaatgatttt caacagagat gecaagacca
101701 ctcagtgaag gaaagtgttt gcaaccaacg gtittggpgaa aaaagaacce acatgegaaa
101761 gaatgaagtg ggacccttac ccageeccat ctacagaaat caactcaaaa cagacagaac
101821 atatggctca agecataaaa cgetcagaaa aacagagceaa agctttatga tgttggattt
101881 ggcpptgatt tctcagatat gacgtcaaag geatagptga taagcpgaaaa aataaactgg
101941 acttcaccaa aatacaacac ttctatgcat ccaaggacac taccgacage ataacaagge
102001 agcccaggga aaggaggaaa catccgeaaa tcacageate tgggaacaga cegetgectg
102061 tgapgatacag ggaaccgata aaaacaagaa aacagcaaaa cccggactca aaaatgggaa
102121 ppaclecage sgacacapga gamgémﬁg copeeapeag gicactanie agcaageaag
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102181 geeegeaaag geecgtatee aaggetgtgg ttittccagt ggteatgtag gaaagagage
102241 tggatcgtaa gaaagetgag cgetgaagaa tigatigaac tgtggtgity gagaagacte
102301 ttgagagtce cttggactge aagatcaaac cagtccatte tgaaggagat cagicccgaa
102361 tagtcactga aggactgatg ctgtagctce aatactttgg ccacctgatt cgaagaacig
102421 actcattgge aaagaccetg atgetgggaa agattgaagg caggaggaga aggggacgac
102481 agaggatgag atggtiggat ggcatcactg actccatgga catgagettg ggcaagetec
102541 gpgagagagt gaaggacagg gaagectgge gtgetgeage ceptgggice caaatetitg
102601 gaccaagega ctgaacaata acaaatcaac agggaaatgc aaatcaaaac cacagtgaga
102661 tactgtccac caccaggeag gegtictica geggggticg BEECagstes tgeectette
102721 tctcgtaacg cccecaggac cgeggggpet gotgagacag catggggtgt gettggecta
102781 gectgeecat gacaagagtg geagtgtget cpecteactg cgeectteee tgetetgece
102841 accagctggg ccaccectgg gaccacccag ctteegetee gtggacggea aggeogeage
102901 agcgeccgga cacgeccaga acgtggtpee clectcagaa geggeetgt geecticetg
102961 ggacaagceg cccaagagac agteticcag agecctgece cacaacacgg accccagaca
103021 ggeteetgtg gaggectcea cgeaccteeg cacclcgeaa geecegagga caagpceaggc
103081 ccgetgegpg tpaggagecg cotaccttga taatgacgog ctpgtetgac tgptetteca
103141 ggatgetgte cgtggpgtag gactcgatct gotgtctgat ggeagaggcea atggeiggea
103201 cgaatgtcag tgggticaga tccaggtcgt cacagagaat ctetgagaac ateteccgggg
103261 tcatcagett ctetgaaacg atgacggage gggggaacce ccagtggace acagggcecta
103321 cggteagegt getcagecee ggeetceeee ageettgect cetetgeeae cgeecceceg
103381 ggtgacgaca ggaceccctg geagcacgea gacagagetg agtgeacgee agecagggcg
103441 geggacggac caticatgtt ccaggtaaag geatcecgea gettetgeee gicaatctee
103501 atgtccagte ggatggggac cageaccteg ggetgggacg cgttcteptg gatcacgpct
103561 gggtegtggt cglegaaget ggaagggpag cggecgegtg cteageaaag cgggetggee
103621 cectgitgece agggeetece tetctgeace actggteget gagacctgee cagagaggac
103681 ctgtccacta cgggeeggge cggeagaaac agggetggeg ggggtecacg cgggpcgesa
103741 ggggagetge cgaclcggea gegggacaag ctecagagptt cectgeagga agagaggtit
103801 aagccccaga geaggeagga ttetcccage agetgtgggg aagaragggt atgtccagaa
103861 gaagaaaccc tggaacaaag gccgaggegc aggagpgits aggagetget tggagageag
103921 tgaagggegg ctgpgcegct geegaBigct pggagecetc gatgpecaag Cacccaggre
103981 tccecacetg cagoctggac cccgagggag ccccagagga Cggagagceaa ggeagetecg
104041 cactcacacc tgcectitag gatpgpgaag agggaagaga CEEEgctse gggegecaag
104101 gaaaccagge acgecceget tagacccggg gecgagaacc actitccaag aacgragggs
104161 cgccaatgat gaacaatggg tagcagcceg CagRCLggag Beecggtgge cgaggeecct
104221 caccagageg ggaaggtecg cticttgicg cggeccatge ggttectgtt gatggtggtg
104281 gagcagggca cggegtecag gtggtgegag ctgitgggea gggtgggeac ceactggetg
104341 ticctettgg cettetgttc cetgggagac acagacgece geegetcag cetatggpee
104401 aaaagecgee ceecagecgce caggttgtgg ccagtggacg ceegeeatge cectetggpc
104461 ccaggcecec atggggacct ctgtgegece agetccgegg tggttattee ceaggeteca
104521 agcggceacct getcgggptc accagtttta ggpgapgeapg agagggcagg ggecccagee
104581 cagtctgtga getgtcacce ccaggeteca ageggeacct getcggggte accagttita
104641 gggpaggagg agaggecagg ggecccagec cagictgtga geigtcacce ceaggeteca
104701 agcggeacct getegggpte accagittita ggggaggage agaggecagy ggecccagee
104761 cagictgtga getgtcacce ccaggeteca ageggeacct getcggggte accagtitta
104821 gggpaggagg agagggeagg ggececagee cagictgtga getgtecacee gtgetatgtg
104881 ctgggctggg cactcaggaa agagggtcag ggttcacggg gegstggege goagatttce
104941 aggapagccee cgagggeage agagaggagg cteaggtcaa tggttpgpea gggggecagg
105001 getggagaca cagagagggt cccgattegg gggagtgece tcageaggtg getgggagtc
105061 cctggggptt tgcacacttt cgatcagget gttatttcag acgettggte cageetgaga
105121 caggtaatge ctetgpecte cggpcctica gggatggaaa gatactctag aaagegggac
105181 tcaaagtaac tcaaggaact cgegteecac agtggggage cetictctee aatttacatg
105241 gggcgtitac tacgaggaaa ataccgaagg ccgttttgag ctgaggetee cgggeeggsc
105301 tgteegtitg tgagactget cgtecaccect ggpccacate cotggtggec aagggpgeaa
105361 tcagtgeggt gactgecacga cacacctetg cageectgee ccacagetgt caccateggt
105421 gacgtecacc cectggagaa cetgaccact geceggtitc ccgetaaaac agegececttc
105481 cappntgpep preagapepa pagpectipe cottttcact cotelictye agegppppce
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105541 cctegeacee cagtgecegg geccaggage geecettggg gtgggacagg gagggatcca
105601 cacaccaagg ggagccagga cccccecaaa tetgetgeee tgecctgata ceecgagacct
105661 gggpaaacgg gggactpggg ctgalgeggp caggaccaag aactgapgecg gtgagacgeg
105721 gtecccacea caggecatet ggetggeagt ttctactceg ggectgeagg ccaagaggga
105781 aaaggtgecee cactcagate aggegectee cgtecceagg gagggecetac aaggtcagat
105841 cctitgtaac ttccacggge aaaactgget tgctpggect gtgegggecg catgppests
105901 gaccaccaca cctttcccca cigagtetee ageeggaget gicacccagp tccceecagg
105961 ccagecceac cecgecacct tgeagtagec tetegtatce aggecgaggc tgeecggteg
106021 accecteetg cetgatggee tecaagtggac aatgegagte acgttgeage acgtgagtgg
106081 gacgggcage gecacgegge gteegggeat ccgagtecea cecactcagee teccetteege
106141 tgcagagagg tctgiccaag agecetggge geeatccage cectgteega cetggeeggt
106201 gtggaagage gggtgtgeca ceccteetgg ggpgetgget ggpcgetgeg caggeccete
106261 ctaagagtgg agcceactgg tggtittect geageeccac ctecacacag cagttetcac
106321 tgcccagtaa caggaggcta ctggeetage tetcteecte gtgtgatgga ctcaaccagg
106381 agcgttcacg geeccacaca gggtictegg ctgetgeatg aggatcteaa agececatec
106441 acgtgcatgt aatctcctee ggtaactict ctagggaage coggcetatee tgecatecte
106501 accgcaccac cagggegaga aaagecatet ccagegetea catccacaat pgpecaggec
106561 ptgagcacac caccttcttc gggapggtigt ggepgCEgEn NI (TR
106621 nnnnnnnnnn npnANNNMNNN MNANONANDT NOAMMODRDA ARGIHENAA TINNANIIEN
106681 nonnnnnnnn nonnonnNng cEEgECCeee CCCCCCRCgg CZCCERCACT CORERCeECy
106741 gececeggeg ctgggageag glgcggggee geggeegete gtgagectee ageecpgagg
106801 acgggececg gggpeeggec cgptgeccag geeetgggag ccecgpagge cagagtgeca

106861 gapggcegga ggacceggga aggeecgaga gagetgggaa geacgggptt ccageectag
106921 gecatttcag ccecaaagee atcggtgaaa ceatigetgg ccccagataa aagegtegee
106981 aactititca ccccggegga gactttageg ggtagetgee cectaggeeg aatggaaaaa
107041 ccaggattta ccaggtgggt ggaggtcaca actgeccaga tectgagaaa gaggggteag
107101 tggggcgeea agattagtgg ggagaggage tttcagaace caagggaatg aaacgaggct
107161 tgaggttggt tatccageag cegeecectg cecegtgagt gagegaagge tgggeccctt
107221 attgtcacat cttccagete ttegetagaa aacctagagt tttaaatact gtggeagetg
107281 agtcaaacaa taaggaaaag cccgactclt tgagagecag geacaaggeg tetgtgacag
107341 ggtetccagg ctgeecattt geagtetetg aaacggaggg titttcgaga aggaggtett
107401 gpggtecctg ccagaattgg agggEgegec gogpgaagly aggacecaga agagagggct
107461 tggceegetg caaggaggte actggacact ggagetgaag cpecagecga aactggaaac
107521 tcgaaatctg tctcegtgee agecacaagg cctatgattt tecttggega cgtteageat
107581 cttaggapga getggegggg gaggepegta gttegtgppc ggtigeagea geecagpaag
107641 glgaggaacc tgaggcetggt cagagagetg gitggagtga tgeccategg tggacceget
107701 ggagaaggee tgagtagaga aggtctaage ttaacgggpa aggggtgpec cagpgtggaa
107761 atgggptgpg aaglttpagg agggpggapea glggagatgg ggetigigag gaatgggagt
107821 gagcttagac gtcttgagga tactgeagtt ctgtgcetitt tticacacct ggetgaaaat
107881 tcactganaa caaaacaacc cttgetctgt gacagectag aggggtpgpa gggaggctta
107941 agaggpaggg gacgtgegtg tgectatggg cgaticatgt gggtptacgg cagaaageaa
108001 cacagtatgt aattaccctc caattaaaga tcaagtacaa cttaaaaacc ccaaacacaa
108061 cattgtaagt cagctagact ccagtaaaca tttcagiaag aagattcaac tggpgaatgag
108121 ttccgecgtg actatcctga tgaatttcec gigtettctt gaggecatte ctetttgaac

108181 ttccgtgtit ggggaagegt gecttigtat ggagtectga ggagtaaatg agacgggcett
108241 gtagaaggcce tagtagtgec ttgecacgegg cagatgetea ataacctega gtigtcacca
108301 ttatggtacc tcaagagtct ccttggaget tgeacggtit ctgaatggps tectgeggpe
108361 cteccttggp petcccacat gggpttgege gectgagtgg gatgtecceg ctocttgott
108421 gtccectgtg gaacacceee ttccaceega geagetetge tittgtetet tgtptttgtt
108481 tatatctcct agattgttgt tcagtegete agtegtgtee aactctccga ceccatggac
108541 tgcageacac caggecttct gecttcacea tetcccggag cttgetcaaa ctectgteca
108601 ttgagttgct gatgeegtee aaccateteg tectetgteg teeccttcete cttttgacct

108661 cagtctttce cageatcagg gicttttcca atgagtcage tettigactc aggtggecaa
108721 gtattggagc ttcagettea ttatcagtce ttccaatgaa tattcagggt tgatttcttt

108781 tappattgag tgacttgatc tectigeagt ccaagggact cteaagagte ttcaacacca
108841 caglicanaa peatcagite Hogpeacic agocticit atgatocaac goocacatcy
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108901 gtacatgact actggaaaaa ctitggctca gagataattg acttgatiga atacaaagtt
108961 ctitggcaaa aaataaaagt gtgpcaagcea gtactgacac aaaagcaagt ggcttitect
109021 ccgttgagtc atitatttat tcagtgggte tptgegtpta gagacggage gectptgetg
109081 ggagctggeg citccacttc agaggagece cggaccigee clcggpgagt tcacaggcag
109141 tgetgepggg getectgeca ggacgeetge cetgegagtg cecagigetg tgatggatge
109201 gigtccegea tetgeggeea ctggggecac gtgoccgaga wgtcegpgt ctgageptge
109261 agagaagagg aggeattgg actgagtctg gaaaaatgag catgtggeca cgigagaage
109321 cagtggtgag gggaccagtc aggepgagea aagageggct catacgagtt gtggagetgg
109381 aagcatgagg gtgtgtggaa geagaggecg gpgacaggec cgeaggpecg gecatggagg
109441 gegtgggctg ctgcaggete ctgagaaggg ggacgetpec atcatgaccg getitaggty
109501 titgaccetg gtgtecacgt agaggacapa tgtgtgggeg gggagetgpa gaigggeate
109561 catcgpgagt cagcctggag agaggeagag accecgteag tgggecctca ggacgtgeat
109621 gggecggatp ttgpgaagat ctgacteetg gettccgget ggggetcegg getpgagesyg
109681 tgccgeccac cgapgeacagg aggeaaacag atgecctcte ccageaagac ceccageeeca
109741 geaccctecg gggeoggact cegecoctet tccagaatgg ctecctiget gectegece
109801 atctttccgg tgecctgage ctetagagte tggacaccag cgtecgectt gegottgtit
109861 ctgggaagtc tetggettgt cictgactea cecaggaccg tettcgaggg caaggttgtg

- 109921-tccttggttc catctgettt ggggtecgge tectegetge tigacetget gatgtgacag
109981 tgtetettpt tttctittca gaatccgaga geagetgtgt gtgtcccaga cagacceage
110041 cgetgggatg acgggeeect ctgtggagat cececeggee gecaagetgg gtgaggcttt
110101 cgtgtttgee ggegggetgg acatgeagge agacctgtic goggaggagg acciggggpc
110161 cccetttctt caggggageg cletggagea gatggeegte atctacaagg agatcectct
110221 cggggagcaa ggcagggage aggacgatta ccggggggac ttegatctgt getccagece
110281 tgttccgect cagagegtee ccccggpaga cagggeccag gacgatgage tgttcggece

" 110341 gaccttcete cagaaaccag accegactge gtaccggate acggpeageg gggaagecge
110401 cgatccgect gecagggagg cggteggceag ggatpacttg ggacetgeagg ggcegeecag
110461 gaccgegeag cocgecaage cotacgegty tegggagtae ggeaaggect teagecagag
110521 ctcgeacctg cteeggeace tggtgatica caccggpgag aagecegtatg agtgeggega
110581 gtgegpgeaag gectteagee agagetegea cetgetecgg caccaggeca tecacaccgg
110641 ggagaageceg tacgagtgeg gegagtgegg caaggectte cggeagaget cggecctgpe
110701 gcagcacgeg aagacgeaca gegggaggceg geegtacgte tgecgegagt geggcaagga
110761 cttcagecge agetccagee tgcgeaagea cgagegeate cacaccpggg agaageecta
110821 cgegtgecag gagtgeggea aggecticaa ccagagetcg ggectgagoc ageaccgeaa
110881 gatccactcg ctgecagagge cgeacgectg cgagetgtge gggaaggcect tetgecaceg
110941 ctegeacctg ctgeggeace agegegicea cacgggeaag aagecgtacg cetgegcgga
111001 ctgeggeaag gecttcagee agagelccaa coteatcgag caccgeaaga Cgeacacggg
111061 cgagaggecc taccggtgce acaagtgegg caaggectic agecagaget cggegeteat
111121 cgagcaccag cgeacceaca cgggegagag geettacgag tgeggecagt geggeaaggee
111181 cticcgeeac agctegpege leatccagea ccagegeacg cacacgggec geaageccta
111241 cgtgtgcaac gagtgeggea aggecticeg ccaccgeteg gegeteateg ageactacaa
111301 gacgcacacg cgcgageggee cotacgagtg caaccgetge ggeaaggect tecgggecag
111361 ctegeaccte ctecgecace agaaggicca Cgeggeggac aagetetagg gteegeecgg
111421 ggcpagggea cgeeggeoct ggegeeceeg geecageggg tggacctggg gggecagecs
111481 gacggeggaa tcccggecgg cicttotetg cogtgaccee gggagattgy tttgeecte
111541 cattcgcttt ttictaaagtg cagacgaata cacgtcagag ggacgaagtg gggttaagee
111601 cccgggagac ptecggegag ctctaacgte agacacttga agaagtgaag cggactcpgea
111661 gecegtacag cccggpgaag atgagtecaa agicgagggt caccttggee actgeaggpt
111721 cgetegpegg tgggacegag cagatgeagg agggctecte ctggpctigg gptggoagsc
111781 gagpgaccceg cgecteteag cecteggect gggttgpctg agggegppcc tgpctgtage
111841 ccctccageg gagptggagg cgotgeccgg ctcagecagg cacaggacce tgecacgagg
111901 agtagcecte cgecagacee ggegtecagg ctggggegec tgeggggect cegtictgtg
111961 getgpgeage ctgegecctg tecagggatg aaggpgttce ggtetgaagg getgpgttca
112021 gggtecaget ctggeeccte ctgeettgpt gtectggagg aageeccaag getecgtite
112081 cctctecagg aggtggggac gitgggaatg ccacattece clggggggte tgtgtgiptg
112141 ttcaaggcic ccattcagac tgggactggg cactcacgag ctttggcaac tggeaactga
112201 ppacppagac CCagpgtpac acCCCaccte Clactecpae COCCegnea ppppapgacac
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112261 aggcccgtet ggticccaag atggeaggge cectceccet ceagetigg cectggptgt
112321 ggtecctgge getacagega ccctttcegg ttccccggge cagttcaget gggeatecte
112381 agggeggggc tetgagggtlg ceatgtitce agagetecte clccteccac cagtageagg
112441 cgggeggeca getcccagge ageeceetgg catcgectag gtgeacacct geeegetgty
112501 acccagcaag gettgaaggt ggocatecea gitaagtcee ctgecectgg cecaggaatg
112561 ggctegggea gggeegeate tggetgecee agaagegtct gieectggee tetgppagtt
112621 ggegstgste tetpgtactg tecctegeag ggececttag cactgetegg gagpagets
112681 ggctgaactg attttgaagt tttacatgtc tpeggeegea gectacgag ceegteaggg
112741 tcatgetggt tatttcagea gatgggpctt ppctcpgeag ctagpatggt cctgaataaa
112801 aatgggaagg ccagagctgt tectecatca geaggettgg cagetpgpga cgitgaaagy
112861 acaggtetge tggtetggge agaceagete tgtgeagece ctgetgteeg tgggpptact
112921 aaaccagecc ctgigtgege ceatctgagt ggeagecege ctggaggate geecatcact
112981 tgtgagaatt gagagaatgc tgacacccee gottgptgea gggpgacagg gececctaag
113041 atctacctce ttgeeccace ceegggacee cotcagectt ggecaggact gtecttactg
113101 ggcaggpcag teatccactt ccaaccttig cegtetecte cgegegetgt getcecagee
113161 aaattgttit attittttcc aagcatcact ttgcacacgt caccactete cttaaaacca

113221 cecttcegga gteteetget cgtaaatege cgptttcage caacetggpt cgeceeccaa
113281 geccageaag cetgetgage cecgegecte ceagetactt cacgetegec teaagetict
113341 aaacgcggac ctictccece cecacccecat coctticttt tetgatttat gtaacacgge
113401 aggtaagact cctctcctga agggtigaca gactcacaca aaaccgiggt cagaccagge
113461 aagtgetttt tttcagaagt gigageggaa cetagtctic ageteatget ctttcottgt
113521 ttecttatgt gttctaagte cittgacttg ggetcccaga cagegacgtt gtaagaggcc
113581 gtectggtag catttgaatt gtcctegagt ttogttgteg gatittgitt tattgtcetta

113641 gitttcectt cttttagcag acgtigttga ctgtcgtaaa getccagtic tiggtictgt

113701 ttactaatca aattgttttg tcadagtaca tgtattetge tettttettt atctittttg

113761 ttgcttaata ttaacacttt acattictaa gattaattat ttapgtaatt aataattttt

113821 aacatttcta gtaaacgtgg gtacttgggt ctgtgttigt titcitgtag ttacagettt

113881 ttctgcteta tactgtigac gtetgggttt tttttgete ttaggaattt cectttgace

113941 ccattattat tattttaatt agtatitttt aataattaaa aattagtgtt tttaaattaa

114001 ccctaatect aaccceagtg atgactgett cagtcattge tgttacttat tatgtgetgg
114061 tgtcaggatt tttaagtgtc catagacatt ctctgagect gaatatatta tcagttttat

114121 acagcatttg tgtactctca agaaacgtgt titcactctg tcagticggt tigttaccte
114181 agtctttatg ttatttiget ccagtcegea cttgetctaa cttgicttee cttegaggtg

114241 tgaggacgec tggeageegg tgageatgee gggptecgeg gtegtggace caggegeeea
114301 gcaaageect gtgggtgtpt pcacggctgg getgeteegg gaggaagecet gtggeeceac
114361 ggtagttagg agegetggtt tacctggtca caccacggte tggtittgtg tgcttttcee
114421 tgacgtgttt ctgtittgee ttggtitcta tictgtttta tgagtecegt ttacgcetttg

114481 tagtcatge cpttatcteg atagacaggg tgtacgigat caagtgatta cegtatttgg
114541 agcagatgtc tatttaacag agatgaactp agaacctgtg cctitgeatg ccctetttge
114601 ctcttitaat gettctaget tcaacticte ttttccaaac attataatgg aaaccccttg

114661 ctitittttt tttaatttge atitgcatga gagtttattt agetcggeat titatittta

114721 aaatitgtgt atatattttt gctatatatc tgtaacitat aaacagcaaa ttattggatt

114781 ttgcttictg attctttctg taattctict tacataagaa gitctectat gagtaacatt

114841 getptitaga gigaggcatg atitatttce agettagtat gtattgggetc ggttaacece
114901 caaaggtcat getcateece geeccatetc tgtgagttat tgtccgagtg tggagegeee
114961 tgtctaggee gacgagagac ccaccategg geacacetge cectectggt ctpptcagty
115021 cegppctetg tectgagtee actectgatg tcacaggetg gigettcage gacctegget
115081 gtgacacgpa gggtgtgatg gcactgeeca goeccatggg gettggagea ctaaaggatg
115141 cacacctgec tggeagactg agggeacagg igttictcac actgtcagep, tttgaaata
115201 ttccttigat tttctaccet aactcccaaa ggeegticaa cataagcetag aatgetacgt
115261 gptgcttgat tacatittag aaaagtttca gcaaatacca cgagatgeag caaagaacta
115321 gaccteacag atcaggecge ctgeataagg gageccacac agtegtggga gacggggace
115381 cteteecacg tectgtotgt cccaggatgp teeceteace cgeceeetet cteceetege
115441 cctectgtgg tpppggccgg cecaccatcac agetgeagag cetcaagaag ggggtegecc
115501 tggecactee cgtggcagga gggacacgag ggeaggaget taccgegpgt geagtggict
115561 capateaget cageiggecg clpegpppte grppgpacap Heaglpps preappapce
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115621 cccactacag ctgecaggac tictcagagg tgacaaggge gitcagtcac ctcageccag
115681 gtggaaacca aatggectct tgegeggcte ctggggecac geggaggtic getggpatca
115741 caggtatctg gatgtgtgeg ccatggacat geaccacctt cggggegtaa BEEgigggga
115801 aaggcagcec ctttctittg ggggacceec tettcagtgt ctgataacca ggaaaccaza
115861 tcagaagptg gictggggpt gotgageage gtgteiccta caccacagge cacacacica
115921 cacagectce aggactccag tggpgetgag cgetggagac tcacccacgt ttgctaceee
115981 cccacccaag gecateccag aacagetgee tgegtectea cggetggeee cteceetetg
116041 gtctaaccea gigtgggtpg gecggeetgg gptetecace tgeeteetge tgtteectgg
116101 gctgetgpet gietgeagat geggggecct ggeccggaga agecceatca gageccagag
116161 gacgggagtg gagcggepag gtgageceeg gagictegag gegecagagg caaaatactg
116221 ggctgtgtee ctggaaggea gittcecatg aaaccttcaa tataggecge cccagacgat
116281 cagccteatc tgctacgtgg attcctcece gtagegaatg gtgattggpt tetacatgga
116341 cccgggactt ctgtitgaat tataatcttt cceecactge cectecaggg atctggaaaa
116401 tggaggecetg ggetagacgg aagettcete caagatictt tatigaaggg attcgaagag
116461 aaacaggtgg tcagtaatct gtgggggatg gaggegigag cgetacgtgt aacggittta
116521 ctgttpetac gggaccagtt tigatgictt tccecttcaa gaageagace caaacaccga
116581 gatgetgagg ttagcageac agagegggtt catccacaag geaaccagge agggagacca
-116641 gagacgctet ggaatctgec tecctatggg cacgggetgg gtgctcacgg atgaagacca
116701 agcageaggt ggegtgggge gtggggagee tgeggaaage gatggacaag gtpegggace
116761 geggteegeg cggtggacce aagetecgee tetgegetge agegegaget gggggeggag
116821 cttccaggga cccgegaccg cgeecagtgg gagggteege ggtecaccea gtectaacag
116881 ctcageteca getagacgece getgagieeg getttctaga gageaaccee ggegggtatt
116941 ttatggttct ggcttcetga ttggaggaca cgegagtett agaacaccct tgattagtge
117001 gggcaggegg aatggatttg actgatcacg atcigeagtt tcaccalcte aggggecpee
117061 cteaccecea cetatcetge caaagggggg gecteggtge tgagatcggg geecacacgig
117121 cactagacgg tcggteageg ctgetgetga geggaccegg ggeceatectc acaccgeeac
117181 tggeccectgt getcaataaa aggaaggaaa gegggaaaag cgettictgg cogegptgge
117241 ctegegegtt cetccatege catetgetgp cagageccgg catgpeacce getgeacaga
117301 aaccteggtg teegtttggg tgececatee tigacecega gagageaccee teegtecaaa
117361 atgaaaaaca gctgetecca agagtcatta taatcacage caattgtgtt aattcgteet
117421 cggatccact cacagticca cggaacatte tgetaaccte tgacaactce tacataaage .
117481 aatactgaga agaaaagaac ptggtigata aatacaaagg catacaacaa taaggagcaa
117541 agaaaaaaga cagtcctege agttctgttt tgitcatcte tcatgagtag gatggcagat
117601 aaaacacaga atgcccagtg aataatttta gtctaagtat gtceccaata ctgectaate
117661 ticaaatcta accttatttt taaaatatat atttittget ggtcacteat cagttcatge
117721 accaaagcect ttgtttctig actcctaact ttttgaccec tetggggiga ggageaccee
117781 taacctegag ageccatcac acagtcecct tgggactaga cecttctitg cccatcacag
117841 cigaccggaa gggccagece atggecageg ctegegecce ctggeggaca gactetgege
117901 ggcageeceg ggageecagg tgegacceeg cggtotetgg cgeccictag tgtggaaaga
117961 tcteetectg gtpttcceag teattggect gtattitatt agagaagatg ctegegtgac
118021 gatgatgatg gtccttiace gggaggeacg tttggggege gteggeteag gggecgaget
118081 attagcctge atcgegecca caggeatege gtecceetga geegggteag ctgtpgectg
118141 tcctgacacg ggtttccece agtetetgge ccgotgtece tcccaggtca gtgtecageg
118201 ttgcccttet gettgtppac ttgtgcageg gictcageag atggagggac gacectaaag
118261 gatgtattga ggcatctcag cactgtecte cgeccagptt tgetggteag cagigaagty
118321 accgggaaaa ggggctgtct tggggtectt tcagaggect gggttagace aaagtttict
118381 agaagatica ccattgcagg gagtcaaaga caaaactagg gtggtcagca ateigtggge
118441 gaticggepgg tgagggaatt ctgaatgeta catgtaatgg ttttactatt gttagggaac
118501 atttitccee cctacaaaca geaggecaaa atactgagat gtcagpttig catcaaagag
118561 cgggticatc cacaaggceaa ccagagaacg ctetggaate tgecteoctg cgggeacagg
118621 ctggptgctc acggatgaag accaagcage aggtggcglg SEEagigRee agectgegga
118681 aagcpatgga caaggtgega ggaccteogg cgepagctgg aggeggaget tccagggaca
118741 cgeggecacg cccagtpgpa gggtcagegg tecatccagt cetaacaget cagetecaac
118801 tagacgctge tgagtctggc titctagaga acactccggg cggglatttt atigtttigg
118861 cttcgtgact ggagpacgtt caagicttaa aacaccettg attaglgegg ggaggeggaa
118921 tgpatttgac tgatcacgac ccgeagtttc accatctcag geeccgeect caceceetce
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118981 taccctacca aaggtgggep categgtgct gagatctggg gtpacacata aaatcagptg
119041 aagtcttagg acagggggce paticcaggt cctagggtge agaaaaaacc tacctggeee
119101 cgggctagac agegiggage gegtggooeg gectggtgca cagaagigge ceecaactgg
119161 tcagaaggtg tgggageecca gggetggtet actgeagaag gggiegectg gtggacagag
119221 tggpgcctga gtgoetgeotg aactggiceg tcagggetpc tgageagaca cggpccatea
119281 tcactggete cigtgetcga tagaagggag ggaaaccagg aaagcaaagg cgclitatgg
119341 ccgettttgt gtticgegtt cotetageac cgictpecpg cagaacgegg cattacatee
119401 getggocaaa coteggggte cggettggat ptecccatec tgtctcgga gatcteacct
119461 ctcageagtt cceetgggga caatgicgag aagatgegac citgaccepg ageteggtgg
119521 agagggtgec ctgggtictt tccgeagttg citggagtgg aggtgectea tgtigggctg
119581 gpaacggpag gaaggaaaca ggtcatgatt gagatgetct agacagactg tcectgetet
119641 tgccaaattt cagaagattg tctttaataa atattccatt ttttgtatge cottaggtct

119701 atttccagac actttaaata tattgaaaga ctttaaatat ttatataaaa atattattta

119761 tagactgtat aaaaggaaca gttagaactg gacttggaac aacagactgg ttccaaatag
119821 gaaaaggagt acgtcaagge tgtatattgt caccctgett atttaactta tatgcagagt
119881 acatcatgag aaacgctpgg ctggaagaaa cacaagcelgg aatcaagatt geegggagaa
119941 atatcaataa cctcagatat gcagatgaca ccaccettat ggecagaaagt gaagaggaac
120001 tcaaaagcct cttgatgaag gigaaagagg agagegaaaa agtiggctia aagctcaaca
120061 titagaaaac gaagatcatg geatctgpte ceatcacttc atggaaatag atggggaaac
120121 agttgagaca gtgtcapact ttatttitgg gggctceaat gaaattaaaa gacgettact
120181 tcttggaagg aaagttatga ccaacctaga cagcatatta aaaageagag acactacttt
120241 gceageaaag gtecgtetag tecaaggetat ggtitttcea gtggteatgt atggatgtga
120301 gagttggact gtgaagaagg ctgagcaccg aagaagtgat getittgaac tgtpgtgttg
120361 gagaagactc tigagaggec cttggactge aaggagatcc aaccagtcea tcgtaaagga
120421 gatcacccce tgggtggtea ttggaaggac tgatgttgaa getgaaacic cagtactttg
120481 gctacctaat gegaapagcet gacteattgg aaaagaccct gatgctgpga aagatigaag
120541 gtgggagpag aaggggacaa cagaggatga gatggtigga ttgeatcact gactegatgg
120601 acgtgagtct gagtgaagtc tgggagtigg tgatggecag ggaggeectg gegtgetgge
120661 ggttcatpggg ptegeaaaga gteggeeatg actgagtgac tgaactgaac tgatccagaa
120721 afttaaaatt aatatataza ccaaatccat gcagacaatt ataagcatat attataaatg
120781 cataattata agcaagtata tgttatattt ataatagttt ataatgtatt tataagcaag

120841 tatatattat tataagcata attgtaagta gaagtaactt tgggctttce tggtggetca
120901 gacagtaaag aatctgectg cagtacagga gaccgggtic gatccetggt ttggpgaaat
120961 tccctggaga agggaatgge aaccaactce aacatgtttg cetggagaat tccatggaca
121021 gaggageceg gaaggtigea gtecatgggg ttgcaaagag ctggatacaa cagagigact
121081 aacacatgta tataaataaa tftacctata tattgtatat atatttataa acataticag

121141 atattataaa taattagaaa catattatac atgtatttaa atactgttat aaacataaat
121201 ttaaaaaata attttcagec ctttggcttg gggetptatt tptggacgte titgtgctac
121261 tgttcctgaa gtggapetet cceeteccaa accagetttt gaaatpactg ggaaagcaat
121321 ggaatacata agcatcagga agatagcaac agagetgtca ticticacap agggtgtpct
121381 tgagtgtgta geaagtcceg cagaatgtag acagattaat atagtctatt aaaaatagtg
121441 tagcaaattt acgaggtgcg atttcaagta taaagactta ctgggtctct cagttcagtt
121501 cagtcgcettg gttgtgteeg actetttitg accceatgga ccgeageacg ccaggectce
121561 ctgtccatca ccaactectg gagticactc aaactcatgt ccatcgagte ggtgatgeca
121621 tccaaccate teatectetg gegteeectt ciccteccac cticaatett teecageate
121681 agggtetttc ceagtgagte agtictttge atcaggtgge cagagtagtg gagittcage
121741 nticagcateg gteettceaa tgaatatict ggactgatit cetitaggat tgactggtig
121801 gatctecttg cagttcaagg pactctcaag agtcttctce aacageacag tctatgaata
121861 gaatagcaaa tgaatagaga ataacattta cgaggatata ttttaccatt gcataaaata
121921 tatcagcttg tagagaacag acttgticcc aggggagagg gtgggtaggg atggagtpps
121981 agtttgngat cancagaagc gagctgtiat atagaagalg gataaaaagg atacacaaca
122041 atgtcctact gtgtgpcace gggacctata ttcagtaget tgtgagaaac cataatcgac
122101 aagactgagg aaaagtatat atatatgtat gtacttgagt tgctitgctg tacagaagaa
122161 attaacacaa cattgtaaat cgatatitca atagaatcea cccccecaaa tatataagtt
122221 tcctggagat ggagacggea acccactceca titcttgeac ceaatatict tgectggagg
122281 ateceatpga tagagpaity canpgactop pacataacer agegactaas actttecctt
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122341 tcaaatgtgt agptitacta gegigaatct acagagatge ccaagacatt cgtttatgag
122401 gaaaacicca cacgeagett cactgagaat tattaaacct attaasggea gagagegeca
122461 ggatattcat ggattgaaag attcgatgty gtcaagttse cagttitcee caaactpatt
122521 ggtaaattce ccaggagetg getcaaggeg caaaattecc ttacctitt titaagagac
122581 gaagccaagg agecgatict gettgagaga cgeteaggte clectgcggy agageapece
122641 tettcetcee gglegectgs geagtitega ggecacgace agaaggactt ggetecctgt
122701 gtegegeact cagaagtcte cetcteegte ccaaggacte agaagetgeg cplectgeee
122761 geageagagg aggoageety gaggggecce gogggeacag Cgtccpget tteageegag
122821 ttgeecgeee cgececteta cotgggeget gecgeecggce teCgepgecg geegtgeect
122881 cegtggeege aaggegtege tgtecceceg ciggaagtge tgaccoggag gaagggeecc
122941 agacggaggg actcggagee tecgagtgac accetgggac tecgageget ggagectgee
123001 gteaccceag geagggpcag tggeREcecy BRECEEgRtc aggggectee cecgaticte
123061 atttgacacc gegggegtec getgggeaca gigtecaggg gecacgiice gageagggee
123121 gegatgcagg cCCRpECEey gectgicceg ggcgegagte cagetgetit geagagetes
123181 cggcaggteg cagtgaccet cacagagacg ceeeactetg cggetecagg tgggectglg
123241 ccocccagaa gtgetgacct gigcaccggg aagecacagg Becccocage catgtetges
123301 atggaagage cggaaccgeg ceatgeccgt clcgetgac cggeaggeac cogecgtsty
123361 tccacacgct gagcecatetg getecocttg ctgacatac accecaggacc fgagigtgea
123421 gpaagttaga aggggcaggt gtggtgacac gatgecatee ageatcacct gagaacctgg
123481 acaaacctca ggggeceage ctgetctgtg aggeecegag ggecggecce teeeeggace
123541 cctgectiga atccggeeac actgeccgec ttectgetce tgegpcttgt cagacacgee:
123601 tgageccagg gectptgeac tegetgtece ttetgecagg actgetecte cecaggetet
123661 tgctgggget ceccttetic attcgggggt ggectetett gticagtgge teageigtge
123721 ccagtetitg caaccccatg gactgeagea cgeeaggett cectgtectt cactagetee
123781 tggagtttge tcaaactcat gtecattgag tcagtgatge tatccaacca tetcatectt
123841 tgctgeceac ttettctect goteteaatc titcccagea teagggtett ttccaatgag

123901 ttagctctet geatcaggag gecaaagtat tggagettca geatcagice ticcagtgaa
123961 tatgcgaggt tgatttcect tagaattgac tggttggate tecttcetgt cecagagaact
124021 ctcaagagte ttciccagea ccacagicgg agapcatcag ticttcagtg atcaggtite
124081 titatagece agetcteaca toggtacatg actatiggaa aacccatage fitgattaga
124141 tggacctica ttgpcaaagt gatgggcectt cattggeect getttitaat acaccateta
124201 ggtttgtegt agetttectt ccaaagagea aacatetttt aatttectgg ctgeagtaac
124261 catccatagt gattitggag cccaagaaaa taaaatctge cactgtitee actittteee
124321 citctatttg ctatgaagtg aggggactgg atgecatgat citagtttaa accageagit
124381 gtcaccecga cegetteett tectaaagag cteatcacac cteceactgg aatgeaatgt
124441 gttgeetgto cgectgetic acetectggg actitgetge aggtettgpt cictgagpgec
124501 cctgecgtat ceccagggee cagageagtg ctgggceticg agtcegatea gpgactatgt
124561 gtgtggactg gatggtgctt gettctictg gggaacgaga gacctgggec tggggaacga
124621 gegracctgg tgtgaccgga tetccteoct cpggagagea gecaagegag tggacacagg
124681 tcagtgtgte ttgctectgt gtgpeapggtg tecegtetgt gtetgteatce ttggeattic

124741 ggtgtitctg tgaacccage coctececte ctgataceee atcccateag cacagaggag
124801 actgggcttg gggacteict ggtectgaga ftectcteeg catgtgacte cecccteetg
124861 gppgpageag geacegtglg tgaggagggt ggaagetitt caagaccece agettttctg
124921 tcccaggggg ctetggeagg geottgggag ctggaatgag ctggaatclg ggccaglgeg
124981 ggtttccotg glggtaaaga accegectge ceatgeacga ggeataagag acgegggtic
125041 gatcactggg tegggaagat cccctacagg agpgeatgge aacceactce agtattettt
125101 cctgaagaat ccctiggaca gaggagectg gtgggctaca gtetetgggg tggeaaggag
125161 tcggacacga ctgaagegac ttaccatgea cgcacgeggs gteaggggte agggecgege
125221 tgcttacctg ctgtgtgace ttagccaggt cacaccecee aggetgtgaa agagaacagt
125281 cticccagac tegggeatee aggtctttac agacgtgeet gtgagetttg tgactctgge
125341 tetgtggecg ctagagggeg ctgtecgeeg ggeectatgt gegtgcacge atgtgageat
125401 gttcgeatac gtgtgtgeat ctgteggggg cgeacggipe gEgEacacgy FCacgCpgte
125461 aggaacgcag cccggacace tecacgtgge cogegagtac cgteaggigg ggactatgec
125521 tcegetgtgt gggtgacceg cectececce gogaacgtgg tgcatagtga cegeetgget
125581 gpgctectga getcagecat cotgeeccee gggteagete cegacaggee cagetctage
125641 ccccaggept ggaccgagee coccaggece cggcctgtga gatggaacct cegictpapp
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125701 ggctcattct geteceggag geetggeagg cecctectet ttggeattge ataccetege
125761 attggggtgg gtaageacag taccecatge ctgtggecee gtgggagegg cotgctcagg
125821 gaggccgpag cctecagetac agggctgtca caccgggetg cagaggaaga agacgegage
125881 gaggcctaca ggaacctage caggecctgg cccactgage cgacaggage ctgpgecagag
125941 gectgeacag pacgggetag cgeaeeeset ggatgaest getggaccee giggectiga
126001 ctgeagacce cgagggetee tecagettaga acggecaage ctgagtcttg ggepgtecagg
126061 tcagggeg

Primers

In another embodiment, primers are provided to generate 3 and 5° sequences of a
targeting vector. The oligonucleotide primers can be capable of hybridizing to porcine
immunoglobulin genomic sequence, such as Seq ID Nos. 1, 4, 29, 30, 12, 25, 15, 16, 19, 28 or
31, as described above. In a particular embodiment, -the primers hybridize under stringent
conditions to Seq ID Nos. 1, 4,29, 30, 12, 25, 15, 16, 19, 28 or 31, as described above. Another
embodiment provides oligonucleotide probes capable of hybridizing to porcine heavy chain,
kappa light chain or lambda light chain nucleic acid sequences, such as Seq ID Nos. 1, 4, 29, 30,
12, 25, 15, 16, 19, 28 or 31, as described above. The polynucleotide-primers or probes can have
at least 14 bases, 20 bases, 30 bases, or 50 bases which hybridize to a polynucleotide of the
present invention. The probe or primer can be at least 14 nucleotides in length, and in a
particular embodiment, are at least 15, 20, 25, 28, or 30 nucleotides in length.

In one embodiment, primers are provided to amplify a fragment of porcine Ig heavy-
chain that includes the functional joining region (the J6 region). In one non-limiting
embodiment, the amplified fragment of heavy chain can be represented by Seq ID No 4 and the
primers used to amplify this fragment can be complementary to a portion of the J-region, such as,
but not limited to Seq ID No 2, to produce the 5° recombination arm and complementary to a
portion of Ig heavy-chain mu constant region, such as, but not limited to Seq ID No 3, to produce
the 3’ recombination arm. In another embodiment, regions of the porcine Ig heavy chain (such
as, but not limited to Seq ID No 4) can be subcloned and assembled into a targeting vector.

In other embodiments, primers are provided to amplify a fragment of porcine Ig kappa
light-chain that includes the constant region. In another embodiment, primers are provided to
amplify a fragment of porcine Ig kappa light-chain that includes the J region. In one non-
limiting embodiment, the primers used to amplify this fragment can be complementary to a

portion of the J-region, such as, but not limited to Seq ID No 21 or 10, to produce the 5’
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recombination arm and complementary to genomic sequence 3’ of the constant region, such as,
but not limited to Seq ID No 14, 24 or 18, to produce the 3’ recombination arm. In another
embodiment, regions of the porcine Ig heavy chain (such as, but not limited to Seq ID No 20)

can be subcloned and assembled into a targeting vector.
I Genetic Targeting of the Immunoglobulin Genes

The present invention provides cells that have been genetically modified to inactivate
immunoglobulin genes, for example, immunoglobulin genes described above. Animal cells that
can be genetically modified can be obtained from a variety of different organs and tissues such
as, but not limited to, skin, mesenchyme, lung, pancreas, heart, intestine, stomach, bladder, blood
vessels, kidney, urethra, reproductive organs, and a disaggregated preparation of a whole or part
of an embryo, fetus, or adult animal. In one embodiment of the invention, cells can be selected
from the group consisting of, but not limited to, epithelial cells, fibroblast cells, neural cells,
keratinocytes, hematopoietic cells, melanocytes, chondrocytes, lymphocytes (B and T),
macrophages, monocytes, mononuclear cells, cardiac muscle cells, other muscle cells, granulosa
cells, cumulus cells, epidermal cells, endothelial cells, Islets of Langerhans cells, blood cells,
blood precursor cells, bone cells, bone precursor cells, neuronal stem cells, prirnordial stem cells,
hepatocytes, keratinocytes, umbilical vein endothelial cells, aortic endothelial cells,
microvascular endothelial cells, fibroblasts, liver stellate cells, aortic smooth muscle cells,
cardiac myocytes, neurons, Kupffer cells, smooth muscle cells, Schwann cells, and epithelial
cells, erythrocytes, platelets, neuntrophils, lymphocytes, monocytes, eosinophils, basophils,
adipocytes, chondrocytes, pancreatic islet cells, thyroid cells, parathyroid cells, parotid cells,
tumor cells, glial cells, astrocytes, red blood cells, white blood cells, macrophages, epithelial
cells, somatic cells, pituitary cells, adrenal cells, hair cells, bladder cells, kidney cells, retinal
cells, rod cells, cone cells, heart cells, pacemaker cells, spleen cells, antigen presenting cells,
memory cells, T cells, B cells, plasma cells, muscle cells, ovarian cells, uterine cells, prostate
cells, vaginal epithelial cells, sperm cells, testicular cells, germ cells, egg cells, leydig cells,
peritubular cells, sertohi cells, lutein cells, cervical cells, endometrial cells, mammary cells,
follicle cells, mucous cells, ciliated cells, nonkeratimzed epithehal cells, keratinized epithehal

cells, lung cells, goblet cells, columnar epithelial cells, squamous epithelial cells, osteocytes,
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osteoblasts, and osteoclasts. In one alternative embodiment, embryonic stem cells can be used.
An embryonic stem cell line can be employed or embryonic stem cells can be obtained freshly
from a host, such as a porcine animal. The cells can be grown on an appropriate fibroblast-feeder
layer or grown in the presence of leukemia inhibiting factor (LIF).

In a particular embodiment, the cells can be fibroblasts; in one specific embodiment, the
cells can be fetal fibroblasts. Fibroblast cells are a suitable somatic cell type because they can be
obtained from developing fetuses and adult animals in large quantities. These cells can be easily
propagated in vitro with a rapid doubling time and can be clonally propagated for use in gene

targeting procedures.

Targeting constructs
Homologous Recombination

In one embodiment, immunoglobulin genes can be genetically targeted in cells through
homologous recombination. Homologous recombination permits site-specific modifications in
endogenous genes and thus novel alterations can be engineered into the genome. In homologous
recombination, the incoming DNA interacts with and integrates into a site in the genome that
contains a substantially homologous DNA sequence. In non-homologous ("random" or "illicit")
integration, the incoming DNA is not found at a homologous sequence in the genome but
integrates elsewhere, at one of a large number of potential locations. In general, studies with
higher eukaryotic cells have revealed that the frequency of homologous recombination is far less
than the frequency of random integration. The ratio of these frequencies has direct implications
for "gene targeting” which depends on integration via homologous recombination (i.e.
recombination between the exogenous "targeting DNA" and the corresponding "target DNA" in
the genome).

A number of papers describe the use of homologous recombination in mammalian cells.
Itustrative of these papers are Kucherlapati et al., Proc. Natl. Acad. Sci. USA 81:3153-3157,
1984; Kucherlapati et al., Mol. Cell. Bio. 5:714-720, 1985; Smithies et al, Nature 317:230-234,
1985; Wake et al., Mol. Cell. Bio. 8:2080-2089, 1985; Ayares et al., Genetics 111:375-388,
1985; Ayares et al., Mol. Cell. Bio. 7:1656-1662, 1986; Song et al., Proc. Natl. Acad. Sci. USA
84:6820-6824, 1987; Thomas et al. Cell 44:419-428, 1986; Thomas and Capecchi, Cell 51; 503-
512, 1987; Nandi et al., Proc. Natl. Acad. Sci. USA 85:3845-3849, 1988; and Mansour et al,,
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Nature 336:348-352, 1988. Evans and Kaufman, Nature 294:146-154, 1981; Doetschman et al.,
Nature 330:576-578, 1987; Thoma and Capecchi, Cell 51:503-512,4987, Thompson et al., Cell
56:316-321, 1989.

The present invention can use homologous recombination to inactivate an
immunoglobulin gene in cells, such as the cells described above. The DNA can comprise at least
a portion of the gene(s) at the particular locus with introduction of an alteration into at least one,
optionally both copies, of the native gene(s), so as to prevent expression of functional
immunoglobulin. The alteration can be an insertion, deletion, replacement or combination
thereof. When the alteration is introduce into only one copy of the gene being inactivated, the
cells having a single unmutated copy of the target gene are amplified and can be subjected to a
second targeting step, where the alteration can be the same or different from the first alteration,
usually different, and where a deletion, or replacement is involved, can be overlapping at least a
portion of the alteration originally introduced. In this second targeting step, a targeting vector
with the same arms of homology, but containing a different mammalian selectab_le- markers can
be used. The resulting transformants are screened for the absence of a functional target antigen
and the DNA of the cell can be further screened to ensure the absence of a wild-type target gene.
Alternatively, homozygosity as to a phenotype can be achieved by breeding hosts heterozygous

for the mutation.

Targeting Vectors

In another embodiment, nucleic acid targeting vector constructs are also provided. The
targeting vectors can be designed to accomplish homologous recombination in cells. These
targeting vectors can be transformed into mammalian cells to target the ungulate heavy chain,
kappa light chain or lambda light chain genes via homologous recombination. In one
embodiment, the targeting vectors can contain a 3’ recombination arm and a 5° recombination
arm (i.e. flanking sequence) that is homologous to the genomic sequence of ungulate heavy
chain, kappa light chain or lambda light chain genomic sequence, for example, sequence
represented by Seq ID Nos. 1, 4, 29, 30, 12, 25, 15, 16, 19, 28 or 31, as described above. The
homologous DNA sequence can include at least 15 bp, 20 bp, 25 bp, 50 bp, 100 bp, 500 bp,
lkbp, 2 kbp, 4 kbp, 5 kbp, 10 kbp, 15 kbp, 20 kbp, or 50 kbp of sequence, particularly

contiguous sequence, homologous to the genomic sequence. The 3’ and 5’ recombination arms
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can be designed such that they flank the 3’ and 5’ ends of at least one functional variable,
joining, diversity, and/or constant region of the genomic sequence. The targeting of a functional
region can render it inactive, which results in the inability of the cell to produce functional
immunoglobulin molecules. In another embodiment, the homologous DNA sequence can
include one or more intron and/or exon sequences. In addition to the nucleic acid sequences, the
expression vector can contain selectable marker sequences, such as, for example, enhanced
Green Fluorescent Protein (€GFP) gene sequences, initiation and/or enhancer sequences, poly A-
tail sequences, and/or nucleic acid sequences that provide for the expression of the construct in
prokaryotic and/or eukaryotic host cells. The selectable marker can be located between the 5’
and 3’ recombination arm sequence.

Modification of a targeted locus of a cell can be produced by introducing DNA into the
cells, where the DNA has homology to the target locus and includes a marker gene, allowing for
selection of cells comprising the integrated construct. The homologous DNA in the target vector
will recombine with the chromosomal DNA at the target locus. The marker gene can be flanked
on both sides by homologous DNA sequences, a 3’ recombination arm and a 5’ recombination
arm. Methods for the construction of targeting vectors have been described in the art, see, for
example, Dai et al., Nature Biotechnology 20: 251-255, 2002; WO 00/51424.

Various constructs can be prepared for homologous recombination at a target locus. The
construct can include at least 50 bp, 100 bp, 500 bp, 1kbp, 2 kbp, 4 kbp, 5 kbp, 10 kbp, 15 kbp,
20 kbp, or 50 kbp of sequence homologous with the target locus. The sequence can include any
contiguous sequence of an immunoglobulin gene.

Various considerations can be involved in determining the extent of homology of target
DNA sequences, such as, for example, the size of the target locus, availability of sequences,
relative efficiency of double cross-over events at the target locus and the similarity of the target
sequence with other sequences.

The targeting DNA can include a sequence in which DNA substantially isogenic flanks
the desired sequence modifications with a corresponding target sequence in the genome to be
modified. The substantially isogenic sequence can be at least about 95%, 97-98%, 99.0-99.5%,
99.6-99.9%, or 100% identical to the corresponding target sequence (except for the desired
sequence modifications). In a particular embodiment, the targeting DNA and the target DNA
can share stretches of DNA at least about 75, 150 or 500 base pairs that are 100% identical.
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Accordingly, targeting DNA can be derived from cells closely related to the cell line being
targeted; or the targeting DNA can be derived from cells of the same cell line or animal as the

cells being targeted.

Porcine Heavy Chain Targeting

In particular embodiments of the present invention, targeting vectors are provided to
target the porcine heavy chain locus. In one particular embodiment, the targeting vector can
contain 5° and 3’ recombination arms that contain homologous sequence to the 3’ and 5°
flanking sequence of the J6 region of the porcine immunoglobulin heavy chain locus. Since the
J6 region is the only functional joining region of the porcine immunoglobulin heavy chain locus,
this will prevent the exression of a functional porcine heavy chain immunoglobulin. In a specific
embodiment, the targeting vector can contain a 5’ recombination arm that contains sequence
homologous to genomic sequence 5° of the J6 region, optionally including J1-4 and a 3’
recombination arm that contains sequence homologous to genomic sequence 3’ of the J6 region,
including the mu constant region (a “J6 targeting construct”), see for example, Figure 1. Further,
this J6 targeting construct can also contain a selectable marker gene that is located between the
5’ and 3’ recombination arms, see for example, Seq ID No 5 and Figure 1. In other particular
embodiments, the 5’ targeting arm can contain sequence 5’ of J1, such as depicted in Seq ID No.
1 and/ or Seq ID No 4. In another embodiments, the 5 targeting arm can contain sequence 5° of
11, J2 and/ or J3, for example, as depicted in approximately residues 1-300, 1-500, 1-750, 1-1000
and/ or 1-1500 Seq ID No 4. In a further embodiment, the 5’ targeting arm can contain sequence
5’ of the constant region, for example, as depicted in approximately residues 1-300, 1-500, 1-
750, 1-1000, 1-1500 and/ or 1-2000 or any fragment thereof of Seq ID No 4 and/ or any
contiguous sequence of Seq ID No. 4 or fragment thereof. In another embodiment, the 3’
targeting arm can contain sequence 3’ of the constant region and/ or including the constant
region, for example, such as resides 7000-8000 and/ or 8000-9000 or fragment thereof of Seq TD
No 4. In other embodiments, targeting vector can contain any contiguous sequence or fragment
thereof of Seq ID No 4. sequence In other embodiments, the targeting vector can contain a 5’
recombination arm that contains sequence homologous to genomic sequence 5’ of the diversity
region, and a 3’ recombination arm that contains sequence homologous to genomic sequence 3’

of the diversity region of the porcine heavy chain locus. In a further embodiment, the targeting
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vector can contain a 5’ recombination arm that contains sequence homologous to genomic
sequence 5° of the mu constant region and a 3’ recombination arm that contains sequence
homologous to genomic sequence 3’ of the mu constant region of the porcine heavy chain locus.

In further embodiments, the targeting vector can include, but is not limited to any of the
following sequences: the Diversity region of heavy chain is represented, for example, by residues
1089-1099 of Seq ID No 29 (D(pseudo)), the Joining region of heavy chain is represented, for
example, by residues 1887-3352 of Seq ID No 29 (for example: J(psuedo): 1887-1931 of Seq ID
No 29, J(psuedo): 2364-2411 of Seq ID No 29, J(psuedo); 2756-2804 of Seq ID No 29, J
{(functional J): 3296-3352 of Seq ID No 29), the recombination signals are represented, for
example, by residues 3001-3261 of Seq ID No 29 (Nonamer), 3292-3298 of Seq ID No 29
(Heptarner), the Constant Region is represented by the following residues: 3353-9070 of Seq ID
No29 (JtoCmu infron), 5522-8700 of Seq ID No 29 (Switch region), 9071-9388 of Seq ID No
29 (Mu Exon 1), 9389-9469 of Seq ID No 29 (Mu Intron A), 9470-9802 of Seq ID No 29 (Mu
Exon 2), 9830- 10069 of Seq ID No 29 (Mu Intron B), 10070-10387 of Seq ID No 29 (Mu Exon
3), 10388-10517 of Seq ID No 29 (Mu Intron C), 10815-11052 of Seq ID No 29 (Mu Exon 4),
11034-11039 of Seq ID No 29 (Poly(A) signal) or any fragment or combination thereof. Still
further, any contiguous sequence at least about 17, 20, 30, 40, 50, 100, 150, 200 or 300
nucleotides of Seq ID No 29 or fragment and/ or combination thereof can be used as targeting
sequence for the heavy chain targeting vector. It is understood that in general when designing a
targeting construct one targeting arm will be 5° of the other targeting arm.

In other embodiments, targeting vectors designed to disrupt the expression of porcine
heavy chain genes can contain recombination arms, for example, the 3’ or 5° recombination arm,
that target the constant region of heavy chain. In one embodiment, the recombination arm can
target the mu constant region, for example, the C mu sequences described above or as disclosed
in Sun & Butler Immunogenetics (1997) 46: 452-460. In another embodiment, the .
recombination arm can target the delta constant region, such as the sequence disclosed in Zhao et
al. (2003) J imunol 171: 1312-1318, or the alpha constant region, such as the sequence disclosed
in Brown & Butler (1994) Molec Immunol 31: 633-642.

SeqID No.5 GGCCAGACTTCCTCGGAACAGCTCAAAGAGCTCTGTCAAAGCCAGATCCC
ATCACACGTGGGCACCAATAGGCCATGCCAGCCTCCAAGGGCCGAACTGG

GTTCTCCACGGCGCACATGAAGCCTGCAGCCTGGCTTATCCTCTTCCGTG

GTGAAGAGGCAGGCCCGGGACTGGACGAGGGGCTAGCAGGGTGTGGTAGG
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CACCTTGCGCCCCCCACCCCGGCAGGAACCAGAGACCCTGGGGCTGAGAG
TGAGCCTCCAAACAGGATGCCCCACCCTTCAGGCCACCTTTCAATCCAGC
TACACTCCACCTGCCATTCTCCTCTGGGCACAGGGCCCAGCCCCTGGATC
TTGGCCTTGGCTCGACTTGCACCCACGCGCACACACACACTTCCTAACGT
GCTGTCCGCTCACCCCTCCCCAGCGTGGTCCATGGGCAGCACGGCAGTGC
GCGTCCGGCGGTAGTGAGTGCAGAGGTCCCTTCCCCTCCCCCAGGAGCCC
CAGGGGTGTGTGCAGATCTGGGGGCTCCTGTCCCTTACACCTTCATGCCC
CTCCCCTCATACCCACCCTCCAGGCGGGAGGCAGCGAGACCTTTGCCCAG
GGACTCAGCCAACGGGCACACGGGAGGCCAGCCCTCAGCAGCTGGCTCCC
AAAGAGGAGGTGGGAGGTAGGTCCACAGCTGCCACAGAGAGAAACCCTGA
CGGACCCCACAGGGGCCACGCCAGCCGGAACCAGCTCCCTCGTGGGTGAG
CAATGGCCAGGGCCCCGCCGGCCACCACGGCTGGCCTTGCGCCAGCTGAG
AACTCACGTCCAGTGCAGGGAGACTCAAGACAGCCTGTGCACACAGCCTC
GGATCTGCTCCCATTTCAAGCAGAAAAAGGAAACCGTGCAGGCAGCCCTC
AGCATTTCAAGGATTGTAGCAGCGGCCAACTATTCGTCGGCAGTGGCCGA
TTAGAATGACCGTGGAGAAGGGCGGAAGGGTCTCTCGTGGGCTCTGCGGC
CAACAGGCCCTGGCTCCACCTGCCCGCTGCCAGCCCGAGGGGCTTGGGCC
GAGCCAGGAACCACAGTGCTCACCGGGACCACAGTGACTGACCAAACTCC
CGGCCAGAGCAGCCCCAGGCCAGCCGGGCTCTCGCCCTGGAGGACTCACC
ATCAGATGCACAAGGGGGCGAGTGTGGAAGAGACGTGTCGCCCGGGCCAT
TTGGGAAGGCGAAGGGACCTTCCAGGTGGACAGGAGGTGGGACGCACTCC
AGGCAAGGGACTGGGTCCCCAAGGCCTGGGGAAGGGGTACTGGCTTGGGG
GTTAGCCTGGCCAGGGAACGGGGAGCGGGGCGGGGGGCTGAGCAGGGAGG
ACCTGACCTCGTGGGAGCGAGGCAAGTCAGGCTTCAGGCAGCAGCCGCAC
ATCCCAGACCAGGAGGCTGAGGCAGGAGGGGCTTGCAGCGGGGCGGGGGC
CTGCCTGGCTCCGGGGGCTCCTGGGGGACGCTGGCTCTTGTTTCCGTGTC
CCGCAGCACAGGGCCAGCTCGCTGGGCCTATGCTTACCTTGATGTCTGGG
GCCGGGGCGTCAGGGTCGTCGTCTCCTCAGGGGAGAGTCCCCTGAGGCTA
CGCTGGGG*GGGGACTATGGCAGCTCCACCAGGGGCCTGGGGACCAGGGG
CCTGGACCAGGCTGCAGCCCGGAGGACGGGCAGGGCTCTGGCTCTCCAGC
ATCTGGCCCTCGGAAATGGCAGAACCCCTGGCGGGTGAGCGAGCTGAGAG
CGGGTCAGACAGACAGGGGCCGGCCGGAAAGGAGAAGTTGGGGGCAGAGC
CCGCCAGGGGCCAGGCCCAAGGTTCTGTGTGCCAGGGCCTGGGTGGGCAC
ATTGGTGTGGCCATGGCTACTTAGACGCGTGATCAAGGGCGAATTCCAGC
ACACTGGCGGCCGTTACTAGTggatccecggegegeectaccgggtagegg
aggcgcttitcccaaggeagtetggagceatgegctttageageeecgetg
ggcacttggcgctacacaagtgpectictggectcgceacacaticcacate
caccggtaggegecaaccggetecgttetttggtggecccticgegecac
cttctactccteccctagtcaggaagttecceecegeccegeagetegeg
tegtgcaggacgigacaaatggaagtagcacgtctcactagtctegtgea
gatggacagcaccgetgageaatggaagegggtaggcctitggggeageg
gecaatagcagetitggetecttcgetttctgggetcagagacigpgaag
gesteggtecggggecgpactcagggcagactcaggLecsggecascs
ccegaaggtcctcecggaageccggeatictgeacgcticaaaagegeacg
tctgeegegcetgttetectettecteateteccgggcectttegacetgeag
ccaatatggpatcggcecattgaacaagatggattgcacgcaggttetceg
geegettgggtggagaggctattcggetatgactgggeacaacagacaat
cpgctgetctgatgecgeegtgtteeggetgtcagegeaggrgcgccegy
ttctttttgtcaagaccgacctgteecggtgecctgaatgaactgeaggac
gaggcagegeggctatcgtggotggecacgacgggegttccttgegeage
tgtgctegacgttgtcactgaagegggaaggpgactggctpctatigggeg
aagtpcegggpcaggatetectgtcatetcacettgetectgecgagaaa
gtatccatcatggetgatgeaatgeggeggetgeatacgettgatceggc
tacctgceccattcgaccaccaagegaaacatcgeatcgagegageacgta
ctcggatggaagecpgtcttgtcaatcaggatgatctggacgaagagceat
cagpggectcgegeeagecgaactgttegecaggctcaaggcgepeatgcec
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cgacggegaggatctegtegtgacecatggegatgectgettgecgaata
tcatggtggaaaatggccgettitctggattcatcgactgtggeeggetg
getptggcepatcgetatcaggacatageptipgetacecgtgatattge
tgaagapcttggeggegaatggactgacegeticetegtgettiacggta
tcgeegeteeegattcgeagegeategecttctategecttcttgacgag

ticttctgaggggatcaattc TCTAGATGCATGCTCGAGCGGCCGCCAGT
GTGATGGATATCTGCAGAATTCGCCCTICCAGGCGTTGAAGTCGTCGTGT
CCTCAGGTAAGAACGGCCCTCCAGGGCCTTTAATTTCTGCTCTCGTCTGT
GGGCTTTITCTGACTCTGATCCTCGGGAGGCGTCTGTGCCCCCCCCGGGGA
TGAGGCCGGCTTGCCAGGAGGGGTCAGGGACCAGGAGCCTGTGGGAAGTT
CTGACGGGGGCTGCAGGCGGGAAGGGCCCCACCGGGGGGCGAGCCCCAGG
CCGCTGGGCGGCAGGAGACCCGTGAGAGTGCGCCTTGAGGAGGGTGTCTG
CGGAACCACGAACGCCCGCCGGGAAGGGCTTGCTGCAATGCGGTCTTCAG
ACGGGAGGCGTCTTCTGCCCTCACCGTCTTTCAAGCCCTTGTGGGTCTGA
AAGAGCCATGTCGGAGAGAGAAGGGACAGGCCTOTCCCGACCTGGCCGAG
AGCGGGCAGCCCCGGGGGAGAGCGGGGCGATCGGCCTGGGCTCTGTGAGG
CCAGGTCCAAGGGAGGACGTGTGGTCCTCGTGACAGGTGCACTTGCGAAA
CCTTAGAAGACGGGGTATGTTGGAAGCGGCTCCTGATGTTTAAGAAAAGG
GAGACTGTAAAGTGAGCAGAGTCCTCAAGTGTGTTAAGGTITTAAAGGTC
AAAGTGTTTTAAACCTTTGTGACTGCAGTTAGCAAGCGTGCGGGGAGTGA
ATGGGGTGCCAGGGTGGCCGAGAGGCAGTACGAGGGCCGTGCCGTCCTICT
AATTCAGGGCTTAGTTTTGCAGAATAAAGTCGGCCTGTTTTCTAAAAGCA
TITGGTGGTGCTGAGCTGGTGGAGGAGGCCGCGGGCAGCCCTGGCCACCTG
CAGCAGGTGGCAGGAAGCAGGTCGGCCAAGAGGCTATTTTAGGAAGCCAG
AAAACACGGTCGATGAATTTATAGCTTCTGGTTTCCAGGAGGTGGTTIGGG
CATGGCTTTGCGCAGCGCCACAGAACCGAAAGTGCCCACTGAGAAAAAAC
AACTCCTGCTTAATTTGCATTTTITCTAAAAGAAGAAACAGAGGCTGACGG
AAACTGGAAAGTTCCTGTTITAACTACTCGAATTGAGTTITCGGTCITAG
CTTATCAACTGCTCACTTAGATTCATTTTCAAAGTAAACGTTTAAGAGCC
GAGGCATTCCTATCCTCTTCTAAGGCGTTATTCCTGGAGGCTCATTCACC
GCCAGCACCTCCGCTGCCTGCAGGCATTGCTGTCACCGTCACCGTGACGG
CGCGCACGATTTTCAGTTGGCCCGCTTCCCCTCGTGATTAGGACAGACGC
GGGCACTCTGGCCCAGCCGTCTTGGCTCAGTATCTGCAGGCGTCCGTCTC

| GGGACGGAGCTCAGGGGAAGAGCGTGACTCCAGTTGAACGTGATAGTCGG
TGCGTTGAGAGGAGACCCAGTCGGGTGTCGAGTCAGAAGGGGCCCGGGGC
CCGAGGCCCTGGGCAGGACGGCCCGTGCCCTGCATCACGGGCCCAGCGTC
CTAGAGGCAGGACTCTGGTGGAGAGTGTGAGGGTGCCTGGGGCCCCTCCG
GAGCTGGGGCCGTGCGGTGCAGGTTGGGCTCTCGGCGCGGTGTTGGCTGT
TTCTGCGGGATTTGGAGGAATTCTTCCAGTGATGGGAGTCGCCAGTGACC
GGGCACCAGGCTGGTAAGAGGGAGGCCGCCGTCGTGGCCAGAGCAGCTGG
GAGGGTTCGGTAAAAGGCTCGCCCGTTTCCTTITAATGAGGACTTTTCCTG
GAGGGCATTTAGTCTAGTCGGGACCGTTTTCGACTCGGGAAGAGGGATGC
GGAGGAGGGCATGTGCCCAGGAGCCGAAGGCGCCGCGGGGAGAAGCCCAG
GGCTCTCCTGTCCCCACAGAGGCGACGCCACTGCCGCAGACAGACAGGGC
CTTTCCCTCTGATGACGGCAAAGGCGCCTCGGCTCTTGCGGGGTGCTGGG
GGGGAGTCGCCCCGAAGCCGCTCACCCAGAGGCCTGAGGGGTGAGACTGA
CCGATGCCTCTTGGCCGGGCCTGGGGCCGGACCGAGGGGGACTCCGTGGA
GGCAGGGCGATGGTGGCTGCGGGAGGGAACCGACCCTGGGCCGAGCCCGG
CTTGGCGATTCCCGGGCGAGGGCCCTCAGCCGAGGCGAGTGGGTCCGGCG
GAACCACCCTTTCTGGCCAGCGCCACAGGGCTCTCGGGACTGTCCGGGGC
GACGCTGGGCTGCCCGTGGCAGGCCTGGGCTGACCTGGACTTCACCAGAC
AGAACAGGGCTTTCAGGGCTGAGCTGAGCCAGGTTTAGCGAGGCCAAGTG
GGGCTGAACCAGGCTCAACTGGCCTGAGCTGGGTTGAGCTGGGCTGACCT
GGGCTGAGCTGAGCTGGGCTGGGCTGGGCTGGGCTGGGCTGGGCTGGGCT
GGACTGGCTGAGCTGAGCTGGGTTGAGCTGAGCTGAGCTGGCCTGGGTTG
AGCTGGGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGTTGAGCTGGGTTG
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ATCTGAGCTGAGCTGGGCTGAGCTGAGCTAGGCTGGGGTGAGCTGGGCTG
AGCTGGTTTGAGTTGGGTTGAGCTGAGCTGAGCTGGGCTGTGCTGGCTGA
GCTAGGCTGAGCTAGGCTAGGTTGAGCTGGGCTGGGCTGAGCTGAGCTAG
GCTGGGCTGATTTGGGCTGAGCTGAGCTGAGCTAGGCTGCGTTGAGCTGG
CTGGGCTGGATTGAGCTGGCTGAGCTGGCTGAGCTGGGCTGAGCTGGCCT
GGGTTGAGCTGAGCTGGACTGGTTTGAGCTGGGTCGATCTGGGTTGAGCT
GTCCTGGGTTGAGCTGGGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGCT
CAGCAGAGCTGGGTTGGGCTGAGCTGGGTTGAGCTGAGCTGGGCTGAGCT
GGCCTGGGTTGAGCTGGGCTGAGCTGAGCTGGGCTGAGCTGGCCTGTGTT
GAGCTGGGCTGGGTTGAGCTGGGCTGAGCTGGATTGAGCTGGGTTGAGCT
GAGCTGGGCTGGGCTGTGCTGACTGAGCTGGGCTGAGCTAGGCTGGGGTG
AGCTGGGCTGAGCTGATCCGAGCTAGGCTGGGCTGGTTTGGGCTGAGCETG
AGCTGAGCTAGGCTGGATTGATCTGGCTGAGCTGGGTTGAGCTGAGCTGG
GCTGAGCTGGTCTGAGCTGGCCTGGGTCGAGCTGAGCTGGACTGGTTTGA
GCTGGGTCGATCTGGGCTGAGCTGGCCTGGGTTGAGCTGGGCTGGGTTGA
GCTGAGCTGGGTTGAGCTGGGCTGAGCTGAGGGCTGGGGTGAGCTGGGCT
GAACTAGCCTAGCTAGGTTGGGCTGAGCTGGGCTGGTITGGGCTGAGCTG
AGCTGAGCTAGGCTGCATTGAGCAGGCTGAGCTGGGCTGAGCAGGCCTGG
GGTGAGCTGGGCTAGGTGGAGCTGAGCTGGGTCGAGCTGAGTTGGGCTGA
GCTGGCCTGGGTTGAGGTAGGCTGAGCTGAGCTGAGCTAGGCTGGGTTGA
GCTGGCTGGGCTGGTTTGCGCTGGGTCAAGCTGGGCCGAGCTGGCCTGGG
TTGAGCTGGGCTCGGTTGAGCTGGGCTGAGCTGAGCCGACCTAGGCTGGG
ATGAGCTGGGCTGATTTGGGCTGAGCTGAGCTGAGCTAGGCTGCATTGAG
CAGGCTGAGCTGGGCCTGGAGCCTGGCCTGGGGTGAGCTGGGCTGAGCTG
CGCTGAGCTAGGCTGGGTTGAGCTGGCTGGGCTGGTTIGCGCTGGGTCAA
GCTGGGCCGAGCTGGCCTGGGATGAGCTGGGCCGGTTTGGGCTGAGCTGA
GCTGAGCTAGGCTGCATTGAGCAGGCTGAGCTGGGCTGAGCTGGCCTGGG
GTGAGCTGGGCTGAGCTAAGCTGAGCTGGGCTGGTITGGGCTGAGCTGGC
TGAGCTGGGTCCTGCTGAGCTGGGCTGAGCTGACCAGGGGTGAGCTGGGC
TGAGTTAGGCTGGGCTCAGCTAGGCTGGGTTGATCTGGCAGGGCTGGTTT
GCGCTGGGTCAAGCTCCCGGGAGATGGCCTGGGATGAGCTGGGCTGGTIT
GGGCTGAGCTGAGCTGAGCTGAGCTAGGCTGCATTGAGCAGGCTGAGCTG
GGCTGAGCTGGCCTGGGGTGAGCTGGGCTGGGTGGAGCTGAGCTGGGCTG
AACTGGGCTAAGCTGGCTGAGCTGGATCGAGCTGAGCTGGGCTGAGCTGG
CCTGGGGTTAGCTGGGCTGAGCTGAGCTGAGCTAGGCTGGGTTGAGCTGG
CTGGGCTGGTTTGCGCTGGGTCAAGCTGGGCCGAGCTGGCCTGGGTTGAG
CTGGGCTGGGCTGAGCTGAGCTAGGCTGGGTTGAGCTGGGCTGGGCTGAG
CTGAGCTAGGCTGCATTGAGCTGGCTGGGATGGATTGAGCTGGCTGAGCT
GGCTGAGCTGGCTGAGCTGGGCTGAGCTGGCCTGGGTTGAGCTGGGCTGG
GTTGAGCTGAGCTGGGCTGAGCTGGGCTCAGCAGAGCTGGGTTGAGCTGA
GCTGGGTTGAGCTGGGGTGAGCTGGGCTGAGCAGAGCTGGGTTGAGCTGA
GCTGGGTTGAGCTGGGCTCGAGCAGAGCTGGGTTGAGCTGAGCTGGGTTG
AGCTGGGCTCAGCAGAGCTGGGTTGAGCTGAGCTGGGTTGAGCTGGGCTG
AGCTAGCTGGGCTCAGCTAGGCTGGGTTGAGCTGAGCTGGGCTGAACTGG
GCTGAGCTGGGCTGAACTGGGCTGAGCTGGGCTGAGCTGGGCTGAGCAGA
GCTGGGCTGAGCAGAGCTGGGTTGGTCTGAGCTGGGTTGAGCTGGGCTGA
GCTGGGCTGAGCAGAGTTGGGTTGAGCTGAGCTGGGTTCAGCTGGGCTGA
GCTAGGCTGGGTTGAGCTGGGTTGAGTTGGGCTGAGCTGGGCTGGGTTGA
GCGGAGCTGGGCTGAACTGGGCTGAGCTGGGCTGAGCGGAACTGGGTTGA
TCTGAATTGAGCTGGGCTGAGCCGGGCTGAGCCGGGCTGAGCTGGGCTAG
GTTGAGCTTGGGTGAGCTTGCCTCAGCTGGTCTGAGCTAGGTTGGGTGGA
GCTAGGCTGGATTGAGCTGGGCTGAGCTGAGCTGATCTGGCCTCAGCTGG
GCTGAGGTAGGCTGAACTGGGCTGTGCTGGGCTGAGCTGAGCTGAGCCAG
TTTGAGCTGGGTTGAGCTGGGCTGAGCTGGGCTGTGTTGATCTTTCCTGA
ACTGGGCTGAGCTGGGCTGAGCTGGCCTAGCTGGATTGAACGGGGGTAAG
CTGGGCCAGGCTGGACTGGGCTGAGCTGAGCTAGGCTGAGCTGAGTTGAA
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TTGGGTTAAGCTGGGCTGAGATGGGCTGAGCTGGGCTGAGCTGGGTTGAG
CCAGGTCGGACTGGGTTACCCTGGGCCACACTGGGCTGAGCTGGGCGGAG
CTCGATTAACCTGGTCAGGCTGAGTCGGGTCCAGCAGACATGCGCTGGCC
AGGCTGGCTTGACCTGGACACGTTCGATGAGCTGCCTTGGGATGGTTCAC
CTCAGCTGAGCCAGGTGGCTCCAGCTGGGCTGAGCTGGTGACCCTGGGTG
ACCTCGGTGACCAGGTTGTCCTGAGTCCGGGCCAAGCCGAGGCTGCATCA
GACTCGCCAGACCCAAGGCCTGGGUCCUGGCTGGCAAGCCAGGGGOGHTG
AAGGCTGGGCTGGCAGGACTGTCCCGGAAGGAGGTGCACGTGGAGCCGCC
CGGACCCCGACCGGCAGGACCTGGAAAGACGCCTCTCACTCCCCTTTCTC
TTCTGTCCCCTCTCGGGTCCTCAGAGAGCCAGTCTGCCCCGAATCTCTAC
CCCCTCGTCTCCTGCGTCAGCCCCCCGTCCGATGAGAGCCTGGTGGCCCT
GGGCTGCCTGGCCCGGGACTTCCTGCCCAGCTCCGTCACCTTCTCCTGGAA

Porcine Kappa Chain Targeting

In particular embodiments of the present invention, targeting vectors are provided to
target the porcine kappa chain locus. In one particular embodiment, the targeting vector can
contain 5° and 3’ recombination arms that contain homologous sequence to the 3’ and 5°
flanking sequence of the constant region of the porcine immpnoglobulin kappa chain locus.
Since the present invention discovered that there is only one constant region of the porcine
immunoglobulin kappa light chain locus, this will prevent the expression of a functional porcine
kappa light chain immunoglobulin. In a specific embodiment, the targeting vector can contain a
5’ recombination arm that contains sequence homologous to genomic sequence 5’ of the constant
region, optionally including the joining region, and a 3’ recombination arm that contains
sequence homologous to genomic sequence 3’ of the constant region, optionally including at
least part of the enhancer region (a “Kappa constant targeting construct”), see for example,
Figure 2. Further, this kappa constant targeting construct can also contain a selectable marker
gene that is located between the 5” and 3” recombination arms, see for example, Seq ID No 20
and Figure 2. In other embodiments, the targeting vector can contain a 5° recombination arm
that contains sequence homologous to genomic sequence 5° of the joining region, and a 3’
recombination arm that contains sequence homologous to genomic sequence 3’ of the joining
region of the porcine kappa light chain locus. In other embodiments, the 5° arm of the targeting
vector can include Seq ID No 12 and/ or Seq ID No 25 or any contiguous sequence or fragment
thereof. In another embodiment, the 3’ arm of the targeting vector can include Seq ID No 15, 16

and/ or 19 or any contiguous sequence or fragment thereof.
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In further embodiments, the targeting vector can include, but is not limited to any of the
following sequences: the coding region of kappa light chain is represented, for example by
residues 1-549 of Seq ID No 30 and 10026-10549 of Seq ID No 30, whereas the intromic
sequence is represented, for example, by residues 550-10025 of Seq ID No 30, the Joining
region of kappa light chain is represented, for example, by residues 5822- 7207 of Seq ID No 30
(for example, J1:5822-5859 of Seq ID No 30, J2:6180-6218 of Seq ID No 30, J3:6486-6523 of
Seq ID No 30, J4:6826-6863 of Seq ID No 30, J5:7170-7207 of Seq ID No 30), the Constant
Region is represented by the following residues: 10026- 10549 of Seq ID No 30 (C exon) and
10026-10354 of Seq ID No 30 (C coding), 10524-10529 of Seq ID No 30 (Poly(A) signal) and
11160-11264 of Seq ID No 30 (SINE element) or any fragment or combination thereof. Still
further, any contiguous sequence at least about 17, 20, 30, 40, 50, 100, 150, 200 or 300
nucleotides of Seq ID No 30 or fragment and/ or combination thereof can be used as targeting
sequence for the heavy chain targeting vector. It is understood that in general when designing a

targeting construct one targeting arm will be 5° of the other targeting arm.

Seq D No.20 ctcaaacgtaagtpggcetitticcgactgattctitgetgtitctaatigt
tggttggetitttgtecattittcagtgitttcatcgaattagttgtcag
ggaccaaacaaattgecticccagattapggtaccagggagggeacatige
tgcatggpagaccagagggtggctaatttttaacgtttccaagecaaaat
aactggggaagggggctigetgtcotgtgagggtaggttittatagaagt
ggaagttaaggggaaatcgetatggtteacttitggctcpgggaccaaag
tggagcccaaaatigagtacattttccatcaattatttgtgagatttity
fcctgttgtgtcatitgtgeaagtittigacatttiggitgaatgageca
ttcccagggacccaaaaggatgagaccgaaaagtagaaaagagecaactt
ttaapctgagcagacagaccgaattgitgagtttgtpaggapagtappet
ttgtagggagaaagggpaacagatcgetggcettttictctgaattagect
ttctcatggpactggeticagaggggpttittgatgagggaagtgticta
gagecttaactgtgpgttptgticgegtagcggpaccaagetggaaatcaa
acgtaagtgcacttitctactectttitctitcttatacgggtgtgaaat
tgggpeaciiticatgtttggaptatgagttgagptcagtictgaagagag
tgggactcatccaaaaatctgaggagtaagggtcagaacagagttgtcte
atggaagaacaaagacctagttagttgatgpaggcagctaaatgagtcagt
tgacttpggatccaaatggccagacttcgtetgtaaccaacaatctaatg
agatgtagcagcaaaaagagatticcatigaggppaaagtaaaatigtta
atattgtggatcacctitgptgaagggacatccgtggagattgaacgtaa
gtatttttictctactaccetictgaaattigtctaaatgecagtgtigac
ttttagaggcttaagtpgtcagttitgtgaaaaatggpgtaaacaagageat
ttcatatttattatcagtttcaaaagttaaactcagctccaaaaatgaat
ttgtagacaaaaagattaatttaagccaaattgaatgattcaaaggaaaa
aaaaattagtgtagatpaaaaaggaattcttacagctccaaagapcaaaa
gegaattaattttctttgaactttgecaaatetigtaaatgattittgtt
cittacaatttaaaaaggttagagaaatgtatttcttagtctgttttctc
tettetgtctgataaattattatatgagataaaaatgaaaattaatagga
tgtgctaaaaaatcagtaapaagttagaaaaatatatgtttaty tiansg
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ttgccacttaattgagaatcagaagcaatgttantttaaagtctaaaat
gagagataaactgtcaatacttaaatictgcagagatictatatcttgac
agatatctecttiticaaaaatccaatttctatggtagactaaatttgaa
atgatcttcctcataatggagggaaaagatggactgaccccaaaagetca

pattt*aagaaaaccigtttaag *gaaagaaaataaaagaactgeatttt
ttaaaggcccatgaattigtagaaaaataggaaatattttaataagtgta
ttciittatiticctgtiattactigatggtgtititataccgecaagga
ggceglgpeaccgteagtgteatetgtagaccecatggeggectttitic
gegattgaatgaccitggegptgppiceccaggpetetgptggcagepca
ccageegetaaaagecgetaaaaactgecgetaaaggceacageaacece
gegaccgeecgttcaactgtgetgacacagtgatacagataatgtegceta
acagapgagaatagaaatatgacgggcacacgctaatgigggpaaaagag
ggagaagcctgattittatittttagagatictagagataaaattcceag
tattatatcctittaataaaanattictattaggagattatasagaatit
aaagctattittitaagtgggptetaatictitcagtaptctettgicaa
atggatttaagtaatagaggcttaatccaaatgagapaaatagacgcata
accctttcaaggcaaaagctacaagagcaaaaattgaa;cacagcagccag
ccatctagccactcagattitgatcagtittactgagtttgaagtaaata
tcatgaagptataattgcigataaaaaaataagatacaggtgtgacacat
ctttaagtttcagaaatttaatggcticagtaggatiatatticacgtat
acaaagiatctaagcagataaanatgccattaatggaaactiaatagaaa
tatattittaaattccitcatictgtgacagaaattttctaatctgpptc
tittaatcacctaccctitgaaagagtttagtaatttgctatitgecate
getgtttactccagctaatitcaaaagtgatacttgagaaagattatttt
tggtttgcaaccacctggcaggactattitagggccatittaaaactctt
ttcaaactaagtattitaaactgtictaaaccatttagggccitttaaaa
alcttttcatgaatttcaaacttcgttaaaagttattaaggtatctgeca
agaacticcitatcaaatatgetaatagtitaatctgtiaatgcagpata
taaaattaaagtgatcaaggcttgacccaaacaggagtatcticatagea
tatttccectectttititctagaatteatatgattitgetgecaagget
aftttatataatctctggaaaaaaaatagtaatgaaggttanaagagaag
asaatatcagaacattaagaattcggtattitactaactgettggttaac
atgaaggittitatittattaaggttictatctitataaaaatctgticc
citttctgetgatitctccaageaaaagattcttgatttgtittitaact
cttactctcccacccaagggcctgaatgcccacaaaggggacttccagga
ggcecatctggeagetgcteacegteagaagtgaagecagecagttcetee
tgggcaggtggccaaaattacagttgacceetectggtetggetgaacct
tgccccatatggtgacagccatctggccagggcccaggtctccctctgaa
gccmgggaggagagggagagtggctggcccgatcacagatgcggaagg
gectgactectcaaccggggtecagactetgeagggtggptetgggecca
acacacccaaagcacgeccagpgaaggaaaggeagcetiggtateactgeee
agagctaggagaggeaccgggaaaatgatctgtecaagaccegttctige
ttetaaactcegagggggtcagatgaagtgetttatiicttggectgaa
gcatcgtgttccctgcaagaagcggggaacacagaggaaggagagaaaag
atgaactgaacaaagcatgcaaggcaaaaaaggGGGTCTAGCCGCGGTCT
AGGAAGCTTTCTAGGGTACCTCTAGGGATCCCGGCGCGCCCTACCGGGTA
GGGGAGGCGCTTTTCCCAAGGCAGTCT GGAGCATGCGCTTTAGCAGCCCC
GCTGGGCACTTGGCGCTACACAAGTGGCCTCTGGCCTCGCACACATTCCA
CATCCACCGGTAGGCGCCAACCGGCTCCGTTCTTTGGTGGCCCCTT CGCG
CCACCTTCTACTCCTCCCCT. AGTCAGGAAGTTCCCCCCCGCCCCGCAGCT
CGCGTCGTGCAGGACGTGACAAATGGAAGTAGCACGTCT CACTAGTCTICG
TGCAGATGGACAGCACCGCTGAGCAATGGAAGCGGGTAGGCCTTT GGGGC
AGCGGCCAATAGCAGCTTTGGCTCCTTCGCTTT CTGGGCTCAGAGGCTGG
GAAGGGGTGGGTCCGGGGGCGGGCT CAGGGGCGGGCTCAGGGGCGGGGCG
GGCGCCCGAAGGTCCTCCGGAAGCCCGGCATTCTGCACGCTTCAAAAGCG
CACGTCTGCCGCGCTGTTCTCCTCTTCCTCATCT CCGGGCCTITCGACCT
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GCAGCCAATATOUGATCGGCCATTGAACAAGATGGATTGCACGCAGGTTC
TCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGA
CAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGC
CCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCA
GGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCG
CAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTG
GGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGA
GAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATC
CGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCA
CGTACTCGGATGGAAGCCGGTCTTGTCAATCAGGATGATCTGGACGAAGA
GCATCAGGGGCTCGOGCCAGCCGAACTOTITCGCCAGGCTCAAGGCGOGCA
TGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCG
AATATCATGGTGGAAAATGGCCGCTTTITCTGGATTCATCGACTGTGGCCG
GCTGGGTGTGGCGGATCGCTATCAGGACATAGCGTTGGCTACCCGTGATA
TTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTITAC
GGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGA
CGAGTTCTTCTGAGGGGATCAATTCTCTAGAGCTCGCTGATCAGCCTCGA
CTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGA -
GGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTICTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTG
GGGGCGCGCCCetegageggccgecagtgtgatggatatetgeagaattc
geccttggatcaaacacgeatcctcatggacaatatgttpgpttettage
ctgetgagacacaacaggaactccectggeaccactitagaggecagaga
aacagcacagataaaattcectgecctcatgaagcettatagtctagetgg
gpagatatcataggcaagataaacacatacaaatacatcatcttaggtaa
taatatatactaaggagaaaattacaggggagaaagaggacaggaattge
tagggtapgattataagticagatagitcatcaggaacactgtigetgag
aagataacatitagptaaapgaccgaagtagtaaggaaatggacegtgtgc
ctaagtgggtaagaccatictaggcagcaggaacagcgatgaaageactg
agptggeteticactgcacagagtigttcactgcacagagtigtetopge
agggptaggtctigcaggetctiatggtcacaggaagaattgttttacte
ccaccgagatgaaggttggtggattttgagcagaagaataattctgectg
gittatatataacaggatttccctggptgctctgatpagaataatetgte
aggpgteggatagggagagatatggcaatagpgagectiggctaggagece
acgacaataattccaaptgagaggtpgtgctgcatigaaagcagpactaa
caagacctgetgacagtgtggatgtagaaaaagatagaggagacgaaggt
gcatctagpgtitictgcctgaggaattagaaagataaagcetaaagetia
tagaagatgcagegeictgggpagaaapaccageagcteagttttgatec
atctggaattaattitggcataaagtatgaggtatgtgggttaacattat
ttgtitttittitttccatgtagctatccaactgteccageateatttat
{fttaaaagactticctttccectattggattgtittggcaccticactga
agatcaactgagcataaaattgggtctattictaagctcttgattccatt
ccatgacctatttgttcatctttaccecagtagacactgecttgatgatt
aaageccctgttaccatgictgttttggacatggtaaatctgagatgect
attagccaaccaagcaageacggcecctiagagagetagatatgapagect
ggaattcagacgagaaaggtcagtcctagagacatacatgtagtgecate
accatgeggatggigitaaaagecatcagactgeaacagactgtgagagg
gtaccaagcetagagagcatggatagagaaacccaageactgagetgggag
gtgctectacattaagagattagtgagatgaaggactgagaagattgatc
agagaagaaggaaaatcaggaaaatggtgctgicctgaaaatccaaggga
agagatgticcaaagaggagaaaactgatcagttgtcagctagegtcaat
tgggatgaaaatggaccattggacagagggatgtagtpggteatpgptpa
atapataagagcagcttctatagaatggcaggggcaaaatictcatetga
legpealgpettictnaginascgpradgadaasaltipagtycaliacea
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gtcccttcaagtagagaggtggaaaagggaaggaggaaaatgapgccacy
acaacatgagagaaatgacagcattittaaaaattttitattttatitta

titatttattittgettttagpgctgeeectgeaacatatggaggtice
caggttaggggtctaatcagagctatagetgccagectacaccacageca
tagcaatgccagatctacatgacctacaccacagetcacagcaacgcegg
atccttaacccactgagtgaggccagagatcaaacceatatcettatgga
tactagtcaggtticattaccactgagccaaaatgggaaatcctgagtaat
gacagcattttitaatgtgccaggaageaaaacttgecaceccgaaatgt
ctctcaggcatgtggattattttgagctgaaaacgattaaggeccaaaaa
acacaagaagaaatgtggaccttcccecaacagectaaaaaatttagatt
gagggcctgitcccagaatagagcetattgccagactigictacagagpct
aagggctaggtetegtgpopaaaccctcagagatcagagggacgttatg
taccaagcattgacatttccatctccatgegaatggecticticecctet
gtagcceeaaaccaccacceecaaaatettcttetgtetttagetgaaga
tggtgttgaagptpataptttcagecactttggegagttecicagttgtt
ctgggtetttcctccTgatccacattattcgactgtgtttgattitctce
tgtttatctgtcteattggcacceatttcaticttagaccageccaaaga
acctagaagagtgaaggaaaatttcttccaccctgacaaatgetaaatga
gaatcaccgceagtagaggaaaatgatctggtgctgegggagatagaagag
aaaatcgetggagagatgtcactgagtagptgagatgggaaagpgptgac
acaggtggaggtgtteccctcagetaggaagacagacagticacagaaga
gaagcgggteteegtpgacatettgecticatggatgaggaaaccgaggct
aagaaagactgcaaaagaaapgtaaggattgcagagaggtegatecatga
ctaaaatcacagtaaccaaccccaaaccaccatgttttetectagtetgg
cacgtgpgcaggtactgtgtaggttitcaatattattgptttgtaacagta
cctattaggectecatccectectctaatactaacaaaagtgtgagactg
gtcagtgaaaaatggtcticttictctatgaatctitctcaagaagatac
ataactttttattttatcatagpcttgaagagcaaatgagaaacagecte
caacctatgacaccgtaacaaaatgtitatgatcagtgaagggcaagaaa
caaaacatacacagtaaagaccctccataatattgtggetpgeccaacac
aggcecaggttgtaaaagetititatictitgatagaggaatgpatapgtaa
tgtttcaacctggacagagatcatgttcactgaatcettccaaaaatica
tgggtagtitgaattataaggaaaataagacttapgataaatactttgte
caagatcccagagttaatgccaaaatcagttttcagactccaggeagect
gatcaagagcctaaactttaaagacacagtcccttaataactactatica
cagttgcactttcagggcgcaaagactcattgaatcctacaatagaatga
gittagatatcaaatctctcagtaatagatgaggagactaaatagepggac
atgacctggtcacttaaagacagaattgagaticaaggctagtgttcttt
ctacctgttttgtttctacaagatgtagcaatgcgcetaattacagaccte

tcagggaappeaa

Porcine Lambda Chain Targeting

In particular embodiments of the present invention, targeting vectors are provided to
target the porcine heavy chain locus. In one embodiment, lambda can be targeted by designing a
targeting construct that contains a 5* arm containing sequence located 5° to the first JC cluster
and a 3’ arm containing sequence 3’ to the last JC cluster, thus preventing functional expression
of the lambda locus (see, Figures 3-4). In one embodiment, the targeting vector can contain any
contiguous sequence (such as about 17, 20, 30, 40, 50, 75, 100, 200, 300 or 5000 nucleotides of
contiguous sequence) or fragment thereof Seq ID No 28. In one embodiment, the 5’ targeting
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arm can contain Seq ID No. 32, which includes 5° flanking sequence to the first lambda J/C
region of the porcine lambda light chain genomic sequence or any contiguous sequence (such as
about 17, 20, 30, 40, 50, 75, 100, 200, 300 or 5000 nucleotides of contiguous sequence) or
fragment thereof (see also, for example Figure 5). In another embodiment, the 3’ targeting arm
can contain, but is not limited to one or more of the following: Seq ID No. 33, which includes 3’
flanking sequence to the J/C cluster region of the porcine lambda light chain genomic sequence,
from approximately 200 base pairs downstream of lambda J/C; Seq ID No. 34, which includes 3’
flanking sequence to the J/C cluster region of the porcine lambda light chain genomic sequence,
approximately 11.8 Kb downstream of the J/C cluster, near the enhancer; Seq ID No. 35, which
includes approximately 12 Kb downstream of lambda, including the enhancer region; Seq ID No,
36, which includes approximately 17.6 Kb downstream of lambda; Seq ID No. 37, which
includes approximately 19.1 Kb downstream of lambda; Seq ID No. 38, which includes
approximately 21.3 Kb downstream of lambda; and Seq ID No. 39, which includes
approximately 27 Kb downstream of lambda, or any contiguous sequence (such as about 17, 20,
30, 40, 50, 75, 100, 200, 300 or 5000 nucleotides of contiguous sequence) or fragment thereof of
Seq ID Nos 32-39 (see also, for example Figure 6). It is understood that in general when
designing a targeting construct one targeting arm will be 5° of the other targeting arm.

In additional embodiments, the targeting constructs for the lambda locus can contain site
specific recombinase sites, such as, for example, lox. In one embodiment, the targeting arms can
insert thesite specific recombinase site into the targeted region. Then, the site specific
recombinase can be activated and/ or applied to the cell such that the intervening nucleotide

sequence between the two site specific recombinase sites is excised (see, for example, Figure 6).

Selectable Marker Genes

The DNA constructs can be designed to modify the endogenous, target immunoglobulin
gene. The homologous sequence for targeting the construct can have one or more deletions,
insertions, substitutions or combinations thereof. The alteration can be the insertion of a
selectable marker gene fused in reading frame with the upstream sequence of the target gene.

Suitable selectable marker genes include, but are not limited to: genes conferring the
ability to grow on certain media substrates, such as the tk gene (thymidine kinase) or the hprt
gene (hypoxanthine phosphoribosyltransferase) which confer the ability to grow on HAT
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medium (hypoxanthine, aminopterin and thymidine); the bacterial gpt gene (guanine/xanthine
phosphoribosyltransferase) which allows growth on MAX medium (mycophenolic acid, adenine,
and xanthine). See, for example, Song, K-Y ., et al. Proc. Nat'l Acad. Sci. U.S.A. 84:6820-6824
(1987); Sambrook, J., et al., Molecular Cloning--A Laboratory Manual, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y. (1989), Chapter 16. Other examples of selectable markers
include: genes conferring resistance to compounds such as antibiotics, genes conferring the
ability to grow on selected substrates, genes encoding proteins that produce detectable signals
such as luminescence, such as green fluorescent protein, enhanced green fluorescent protein
(eGFP). A wide variety of such markers are known and available, including, for example,
antibiotic resistance genes such as the neomycin resistance gene (neo) (Southern, P., and P. Berg,
J. Mol. Appl. Genet. 1:327-341 (1982)); and the hygromycin resistance gene (hyg) (Nucleic
Acids Research 11:6895-6911 (1983), and Te Riele, H., et al., Nature 348:649-651 (1990)).
Other selectable marker genes include: acetohydroxyacid synthase (AHAS), alkaline
phosphatase (AP), beta_galactosidase (LacZ), beta glucoronidase (GUS), chloramphenicol
acetyltransferase (CAT), green fluorescent protein (GFP), red fluorescent protein (RFP), yellow
fluorescent protein (YFP), cyan fluorescent protein (CFP), horseradish peroxidase (HRP),
Iuciferase (Luc), nopaline synthase (NOS), octopine synthase (OCS), and derivatives thereof.
Multiple selectable markers are available that confer resistance to ampicillin, bleomycin,
chloramphenicol, gentamycin, hygromycin, kanamycin, lincomycin, methotrexate,
phosphinothricin, puromycin, and tetracycline.

Methods for the incorporation of antibiotic resistance genes and negative selection factors
will be familiar to those of ordinary skill in the art (see, e.g., WO 99/15650; U.S. Patent No.
6,080,576; U.S. Patent No. 6,136,566; Niwa et al., J. Biochem. 113:343-349 (1993); and Yoshida
et al., Transgenic Research 4:277-287 (1995)).

Combinations of selectable markers can also be used. For example, to target an
immunoglobulin gene, a neo gene (with or without its own promoter, as discussed above) can be
cloned into a DNA sequence which is homologous to the immunoglobulin gene. To use a
combination of markers, the HSV-tk gene can be cloned such that it is outside of the targeting
DNA (dnother selectable marker could be placed on the opposite flank, if desired). After
introducing the DNA construct into the cells to be targeted, the cells can be selected on the

appropriate antibiotics. In this particular example, those cells which are resistant to G418 and
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gancyclovir are most likely to have arisen by homologous recombination in which the neo gene
has been recombined into the immunoglobulin gene but the tk gene has been lost because it was
located outside the region of the double crossover.

Deletions can be at least about 50 bp, more usually at least about 100 bp, and generally
not more than about 20 kbp, where the deletion can nomnally include at least a portion of the
coding region including a portion of or one or more exons, a portion of or one or more introns,
and can or can not include a portion of the flanking non-coding regions, particularly the 5'-non-
coding region (transcriptional regulatory region). Thus, the homologous region can extend
beyond the coding region into the 5-non-coding region or alternatively into the 3'-non-coding
region. Insertions can generally not exceed 10 kbp, usually not exceed 5 kbp, generally being at
least 50 bp, more usually at least 200 bp.

The region(s) of homology can include mutations, where mutations can further inactivate
the target gene, in providing for a frame shift, or changing a key amino acid, or the mutation can

_correct a dysfunctional allele, etc. The mutation can be a subtle change, not exceeding about 5%
of the homologous flanking sequences. Where mutation of a gene is desired, the marker gene can
be inserted into an intron or an exon.

The construct can be prepared in accordance with methods known in the art, vatious
fragments can be brought together, introduced into appropriate vectors, cloned, analyzed and
then manipulated further until the desired construct has been achieved. Various modifications
can be made to the sequence, to allow for restriction analysis, excision, identification of probes,
etc. Silent mutations can be introduced, as desired. At various stages, restriction analysis,
sequencing, amplification with the polymerase chain reaction, primer repair, in vitro
mutagenesis, etc. can be employed.

The construct can be prepared using a bacterial vector, including a prokaryotic replication
system, e.g. an origin recognizable by E. coli, at each stage the construct can be cloned and
analyzed. A marker, the same as or different from the marker to be used for insertion, can be
employed, which can be removed prior to introduction into the target cell. Once the vector
containing the construct has been completed, it can be further manipulated, such as by deletion
of the bacterial sequences, linearization, introducing a short deletion in the homologous

sequence. After final manipulation, the construct can be introduced into the cell.
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The present invention further includes recombinant constructs containing sequences of
immunoglobulin genes. The constructs comprise a vector, such as a plasmid or viral vector, into
which a sequence of the invention has been inserted, in a forward or reverse orientation. The
construct can also include regulatory sequences, including, for example, a promoter, operably
linked to the sequence. Large numbers of suitable vectors and promoters are known to those of
skill in the art, and are commercially available. The following vectors are provided by way of
example. Bacterial: pBs, pQE-9 (Qiagen), phagescript, PsiX174, pBluescript SK, pBsKS,
pNHBa, pNH16a, pNH18a, pNH46a (Stratagene); pTrc99A, pKK223-3, pKK233-3, pDR540,
pRIT5 (Pharmacia). Eukaryotic: pWLneo, pSv2cat, pOG44, pXT1, pSG (Stratagene) pSVK3,
pBPv, pMSG, pSVL (Pharmiacia), viral origin vectors (M13 vectors, bacterial phage 1 vectors,
adenovirus vectors, and retrovirus vectors), high, low and adjustable copy number vectors,
vectors which have compatible replicons for use in combination in a single host (pACYC184 and
pBR322) and eukaryotic episomal replication vectors (pCDMS8). Other vectors include
prokaryotic expression vectors such as pcDNA II, pSL301, pSE280, pSE380, pSE420,
pTrcHisA, B, and C, pRSET A, B, and C (Invitrogen, Corp.), pPGEMEX-1, and pGEMEX-2
(Promega, Inc.), the pET vectors (Novagen, Inc.), pTrc99A, pKK223-3, the pGEX vectors,
pEZZ18, pRIT2T, and pMC1871 (Pharmacia, Inc.), pKK233-2 and pKK388-1 (Clontech, Inc.),
and pProEx-HT (Invitrogen, Corp.) and variants and derivatives thereof. Other vectors include
eukaryotic expression vectors such as pFastBac, pFastBacHT, pFastBacDUAL, pSFV, and pTet-
Splice (Invitrogen), pEUK-C1, pPUR, pMAM, pMAMrneo,. pBI101, pBI121, pDR2,
pCMVEBNA, and pYACneo (Clontech), pSVK3, pSVL, pMSG, pCH110, and pKK232-8
(Pharmacia, Inc.), p3'SS, pXT1, pSGS5, pPbac, pMbac, pMClneo, and pOG44 (Stratagene, Inc.),
and pYES2, pAC360, pBlueBacHis A, B, and C, pVL1392, pBlueBacIll, pCDMS8, pcDNAI1,
pZeoSV, pcDNA3 pREP4, pCEP4, and pEBVHis (Invitrogen, Corp.) and variants or derivatives
thereof. Additional vectors that can be used inciude: pUC18, pUC19, pBlueScript, pSPORT,
cosmids, phagemids, YAC's (yeast artificial chromosomes), BAC's (bacterial artificial
chromosomes), P1 (Escherichia coli phage), pQE70, pQE60, pQES (quagan), pBS vectors,
PhageScript vectors, BlueScript vectors, pNH8A, pNH16A, pNH18A, pNH46A (Stratagene),
pcDNA3 (Invitrogen), pGEX, pTrsfus, pTrc99A, pET-5, pET-9, pKK223-3, pKK233-3,
pDR540, pRITS (Pharmacia), pSPORTI1, pSPORT2, pCMVSPORT2.0 and pSV-SPORT1
(Invitrogen), pTrxFus, pThioHis, pLEX, pTrcHis, pTrcHis2, pRSET, pBlueBacHis2,

124



CA 02958259 2017-02-17

pcDNA3.1/His, pcDNA3.1(-)/Myc-His, pSecTag, pEBVHis, pPIC9K, pPIC3.5K, pAOS815,
pPICZ, pPICZ0O, pGAPZ, pGAPZO, pBlueBac4.5, pBlueBacHis2, pMelBac, pSinRepS,
pSinHis, pIND, pIND(SP1), pVgRXR, pcDNA2.1, pYES2, pZErO1.1, pZErO-2.1, pCR-Blunt,
pSE280, pSE380, pSE420, pVL1392, pVL1393, pCDMSE, pcDNALl.l, pcDNAI1.1/Amp,
pcDNA3.1, pcDNA3.1/Zeo, pSe, SV2, pRc/CMV2, pRc/RSV, pREP4, pREP7, pREPS, pREP9,
pREP 10, pCEP4, pEBVHis, pCR3.1, pCR2.1, pCR3.1-Uni, and pCRBac from Invitrogen; O
ExCell, O gt1l, pTrc99A, pKK223-3, pGEX-10T, pGEX-2T, pGEX-2TK, pGEX-4T-1, pGEX-
4T-2, pGEX-4T-3, pGEX-3X, pGEX-5X-1, pGEX-5X-2, pGEX-5X-3, pEZZ18, pRIT2T,
pMCI1871, pSVK3, pSVL, pMSG, pCH110, pKK232-8, pSL1180, pNEO, and pUC4K from
Pharmacia; pSCREEN-1b(+), pT7Blue(R), pT7Blue-2, pCITE-4abc(+), pOCUS-2, pTAg, pET-
32LIC, pET-30LIC, pBAC-2cp LIC, pBACgus-2cp LIC, pT7Blue-2 LIC, pT7Blue-2,
OSCREEN-1, OBlueSTAR, pET-3abcd, pET-7ab¢c, pET9abcd, pET11abed, pET12abc, pET-
14b, pET-15b, pET-16b, pET-17b-pET-17xb, pET-19b, pET-20b(+), pET-21abcd(+), pET-
_22b(+), pET-23abcd(+), pET-24abecd(+), pET-25b(+), pET-26b(+), pET-27b(+), pET-28abc(+),
pET-29abc(+), pET-30abe(+), pET-31b(+), pET-32abc(+), pET-33b(+), pBAC-1, pBACgus-1,
pBAC4x-1, pBACgus4x-1, pBAC-3cp, pBACgus-2¢cp, pBACsurf-1, plg, Signal plg, pYX,
Selecta Vecta-Neo, Selecta Vecta-Hyg, and Selecta Vecta-Gpt from Novagen; pLexA, pB42AD,
pGBT9, pAS2-1, pGAD424, pACT2, pGAD GL, pGAD GH, pGADI10, pGilda, pEZM3,
pEGFP, pEGFP-1, pEGFP-N, pEGFP-C, pEBFP, pGFPuv, pGFP, p6xHis-GFP, pPSEAP2-Basic,
pSEAP2-Contral, pSEAP2-Promoter, pSEAP2-Enhancer, pOgal-Basic, pUgal-Control, pOgal-
Promoter, pOgal-Enhancer, pCMV0O, pTet-Off, pTet-On, pTK-Hyg, pRetro-Off, pRetro-On,
pIRES1neo, pIRESlhyg, pLXSN, pLNCX, pLAPSN, pMAMneo, pMAMneo-CAT, pMAMneo-
LUC, pPUR, pSV2neo, pYEX4T-1/2/3, pYEX-S1, pBacPAK-His, pBacPAKS/9, pAcUW3l,
BacPAKS6, pTriplEx, Ogtl0, Ogtll, pWEI1S, and OTniplEx from Clontech; Lambda ZAP II,
pBK-CMV, pBK-RSV, pBluescript Il KS +/-, pBluescript II SK +/-, pAD-GALA, pBD-GAL4
Cam, pSurfscript, Lambda FIX II, Lambda DASH, Lambda EMBL3, Lambda EMBLA4,
SuperCos, pCR-Scrigt Amp, pCR-Script Cam, pCR-Script Direct, pBS +/-, pBC KS +/-, pBC SK
+/-, Phagescript, pPCAL-n-EX, pCAL-n, pCAL-c, pCAL-kc, pET-3abcd, pET-11abed, pSPUTK,
pESP-l, pCMVLacl, pOPRSVI/MCS, pOPI3 CAT,pXT1, pSGS5, pPbac, pMbac, pMCilneo,
pMClneo Poly A, pOG44, pOG45, pFRTOGAL, pNEOLIGAL, pRS403, pRS404, pRS405,
pRS406, pRS413, pRS414, pRS415, and pRS416 from Stratagene and variants or derivatives
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thercof. Two-hybrid and reverse two-hybrid vectors can also be used, for example, pPC86,
pDBLeu, pDBTrp, pPC97, p2.5, pGADI1-3, pGADI10, pACt, pACT2, pGADGL, pGADGH,
pAS2-1, pGADA424, pGBTS, pGBTY9, pGAD-GAL4, pLexA, pBD-GAILA, pHISi, pHISi-1,
placZi, pB42AD, pDG202, pJK202, pJG4-5, pNLexA, pYESTrp and variants or derivatives
thereof. Any other plasmids and vectors may be used as long as they are replicable and viable in
the host.

Techniques which can be used to allow the DNA construct entry into the host cell
include, for example, calcium phosphate/DNA co precipitation, microinjection of DNA into the
nucleus, electroporation, bacterial protoplast fusion with intact cells, transfection, or any other
technique known by one skilled in the art. The DNA can be single or double stranded, linear or
circular, relaxed or supercoiled DNA. For various techniques for transfecting mammalian cells,
see, for example, Keown et al., Methods in Enzymology Vol. 185, pp. 527-537 (1990).

In one specific embodiment, heterozygous or homozygous knockout cells can be
.. produced_ by transfection of primary fetal fibroblasts with a knockout vector containing
immunoglobulin gene sequence isolated from isogenic DNA. In another embodiment, the vector
can incorporate a promoter trap strategy, using, for example, IRES (intemal ribosome entry site)

to initiate translation of the Neor gene.

Site Specific Recombinases

In additional embodiments, the targeting constructs can contain site specific recombinase
sites, such as, for example, Jox. In one embodiment, the targeting arms can insert thesite specific
recombinase target sites into the targeted region such that one site specific recombinase target
site 1s located 5° to the second site specific recombinase target site . Then, the site specific
recombinase can be activated and/ or applied to the cell such that the intervening nucleotide
scquence between the two site specific recombinase sites is excised.

Site-specific recombinases include enzymes or recombinases that recognize and bind to a
short nucleic acid site or sequence-specific recombinase target site, i.e., a recombinase
recognition site, and catalyze the recombination of nucleic acid in relation to these sites. These
enzymes include recombinases, transposases and integrases. Examples of sequence-specific
recombinase target sites include, but are not limited to, lox sites, att sites, dif sites and fit sites.

Non-limiting examples of site-specific recombinases include, but are not limited to,
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bacteriophage P1 Cre recombinase, yeast FLP recombinase, Inti integrase, bacteriophage A, phi
80, P22, P2, 186, and P4 recombinase, Tn3 resolvase, the Hin recombinase, and the Cin
recombinase, E. coli xerC and xerD recombinases, Bacillus thuringiensis recombinase, Tpnl and
the B-lactamase transposons, and the immunoglobulin recombinases.

In one embodiment, the recombination site can be a lox site that is recagnized by the Cre
recombinase of bacteriophage P1. Lox sites refer to a nucleotide sequence at which the product
of the cre gene of bacteriophage P1, the Cre recombinase, can catalyze a site-specific
recombination event. A variety of lox sites are known in the art, including the naturally
occurring loxP, loxB, loxL and loxR, as well as a number of mutant, or variant, lox sites, such as
loxP511, loxP514, lox.DELTA.86, lox.DELTA.117, loxC2, loxP2, loxP3 and lox P23,
Additional example of lox sites include, but are not limited to, loxB, loxL, loxR, loxP, loxP3,
1oxP23, 10xA86, loxA117, loxP511, and loxC2. "

In another embodiment, the recombination site is a recombination site that is recognized
by a recombinases other than Cre. ‘In one embodiment, the recombinase site can be the FRT sites
recognized by FLP recombinase of the 2 pi plasmid of Saccharomyces cerevisiae.- FRT sites
refer to a nucleotide sequence at which the product of the FLP gene of the yeast 2 micron
plasmid, FLP recombinase, can catalyze site-specific recombination. Additional examples of the
non-Cre recombinases include, but are not limited to, site-specific recombinases include: att sites
recognized by the Int recombinase of bacteriophage A (e.g. attl, att2, att3, attP, attB, attL, and
attR), the recombination sites recognized by the resolvase family, and the recombination site
recognized by transposase of Bacillus thruingiensis.

In particular embodiments of the present invention, the targeting constructs can contain:
sequence homologous to a porcine immunoglobulin gene as described herein, a selectable

marker gene and/ or a site specific recombinase target site.

Selection of Homologously Recombined Cells

The cells can then be grown in appropriately-selected medium to identify cells providing
the appropriate integration. The presence of the selectable marker gene inserted into the

immunoglobulin gene establishes the integration of the target construct into the host genome.

Those cells which show the desired phenotype can then be further analyzed by restriction
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analysis, electrophoresis, Southern analysis, polymerase chain reaction, etc to analyze the DNA
in order to establish whether homologous or non-homologous recombination occurred. This can
be determined by employing probes for the insert and then sequencing the §' and 3' regions
flanking the insert for the presence of the immunoglobulin gene extending beyond the flanking
regions of the construct or identifying the presence of a deletion, when such deletion is
introduced. Primers can also be used which are complementary to a sequence within the
construct and complementary to a sequence outside the construct and at the target locus. In this
way, one can only obtain DNA duplexes having both of the primers present in the
complementary chains if homologous recombination has occurred. By demonstrating the
presence of the primer sequences or the expected size sequence, the occurrence of homologous
recombination is supported.

The polymerase chain reaction uséd for screening homologous recombination events is
known in the art, see, for example, Kim and Smithies, Nucleic Acids Res. 16:8887-8903, 1988;
and Joyner et al., Nature 338:153-156, 1989. The specific combination of a mutant polyoma
enhancer and a thymidine kinase promoter.to drive the neomycin gene has been shown to be
active in both embryonic stem cells and EC cells by Thomas and Capecchi, supra, 1987;
Nicholas and Berg (1983) in Teratocarcinoma Stem Cell, eds. Siver, Martin and Strikland (Cold
Spring Harbor Lab., Cold Spring Harbor, N.Y. (pp. 469-497); and Linney and Donerly, Cell
35:693-699, 1983. ¢

The cell lines obtained from the first round of targeting are likely to be heterozygous for
the targeted allele. Homozygosity, in which both alleles are modified, can be achieved in a
number of ways. One approach is to grow up a number of cells in which one copy has been
modified and then to subject these cells to another round of targeting using a different selectable
marker. Alternatively, homozygotes can be obtained by breeding animals heterozygous for the
modified allele, according to traditional Mendelian genetics. In some situations, it can be
desirable to have two different modified alleles. This can be achieved by successive rounds of
gene targeting or by breeding heterozygotes, each of which carries one of the desired modified

alleles.

128



CA 02958259 2017-02-17

Identification Of Cells That Have Undergone Homologous Recombination

In one embodiment, the selection method can detect the depletion of the immunoglobulin
gene directly, whether due to targeted knockout of the immunoglobulin gene by homologous
recombination, or a mutation in the gene that results in a nonfunctioning or nonexpressed
immunoglobulin. Selection via antibiotic resistance has been used most commonly for screening
(see above), This method can detect the presence of the resistance gene on the targeting vector,
but does not directly indicate whether integration was a targeted recombination e¢vent or a
random integration. Certain technology, such as Poly A and promoter trap technology, increase
the probability of targeted events, but again, do not give direct evidence that the desired
phenotype, a cell deficient in immunoglobulin gene expression, has been achieved. In addition,
negative forms of selection can be used to select for targeted integration; in these cases, the gene
for a factor lethal to the cells is inserted in such a way that only targeted events allow the cell to
integration and, finally, immunoglobulin gene depletion. In these cases, since the selection is
based on detection of targeting vector integration and not at the altered phenotype, only targeted
knockouts, not point mutations, gene rearrangements or truncations or other such modifications
can be detected.

Animal cells believed to lacking expression of functional immunoglobulin genes can be
further characterized. Such characterization can be accomplished by the following techniques,
including, but not limited to: PCR analysis, Southern blot analysis, Northern blot analysis,
specific lectin binding assays, and/or sequencing analysis.

PCR analysis as described in the art can be used to determine the integration of targeting
vectors. In one embodiment, amplimers can originate in the antibiotic resistance gene and
extend into a region outside the vector sequence. Southem analysis can also be used to
characterize gross modifications in the locus, such as the integration of a targeting vector into the
immunoglobutin locus. Whereas, Northern analysis can be used to characterize the transcript
produced from each of the alleles.

Further, sequencing analysis of the cDNA produced from the RNA transcript can also be

used to determine the precise location of any mutations in the immunoglobulin allele.
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In another aspect of the present invention, ungulate cells lacking at least one allele of a
functional region of an ungulate heavy chain, kappa light chain and/or lambda light chain locus
produced according to the process, sequences and/or constructs described herein are
provided. These cells can be obtained as a result of homologous recombination. Particularly, by
inactivating at least one allele of an ungulate heavy chain, kappa light chain or lambda light
chain gene, cells can be produced which have reduced capability for expression of porcine
antibodies. In other embodiments, mammalian cells lacking both alleles of an ungulate heavy
chain, kappa light chain and/or lambda light chain gene can be produced according to the
process, sequences and/or constructs described herein. In a further embodiment, porcine animals
are provided in which at least one allele of an ungulate heavy chain, kappa light chain and/or
lambda light chain gene is inactivated via a genetic targeting event produced according to the
process, sequenceés and/or constructs déscribed herein. In another aspect of the present
invention, porcine animals are provided in which both alleles of an ungulate heavy chain, kappa
light chain and/or lambda light chain gene are inactivated via a genetic targeting event. The gene
can be targeted via homologous recombination. In other embodiments, the gene can be
disrupted; i.e. a portion of the genetic code can be altered, thereby affecting transcription and/or
translation of that segment of the gene. For example, disruption of a gene can occur through
substitution, deletion (“knock-out”) or insertion (“knock-in") techniques. Additional genes for a
desired protein or regulatory sequence that modulate transcription of an existing sequence can be
inserted.

In embodiments of the present invention, alleles of ungulate heavy chain, kappa light
chain or lambda light chain gene are rendered inactive according to the process, sequences
and/or constructs described herein, such that functional ungulate immunoglobulins can no longer
be produced. In one embodiment, the targeted immunoglobulin gene can be transcribed into
RNA, but not translated into protein. In another embodiment, the targeted immunoglobulin gene
can be transcribed in an inactive truncated form. Such a truncated RNA may either not be
translated or can be translated into a nonfunctional protein. In an alternative embodiment, the
targeted immunoglobulin gene can be inactivated in such a way that no transcription of the gene
occurs. In a further embodiment, the targeted immunoglobulin gene can be transcribed and then

translated into a nonfunctional protein.
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III.  Imsertion of Artificial Chromosomes Containing Human Immunoglobulin Genes
Artificial Chromosomes

One aspect of the present invention provides ungulates and ungulate cells ﬁhat lack at
least one allele of a functional region of an ungulate heavy chain, kappa light chain and/or
lambda light chain locus produced according to the processes, sequences and/or constructs
described herein, which are further modified to express at least part of a human antibody (i.e.
immunoglobulin (Ig)) locus. This human locus can undergoe rearrangement and express a
diverse population of human antibody molecules in the ungulate. These cloned, transgenic
ungulates provide a replenishable, theoretically infinite supply of human antibodies (such as
polyclonal antibodies), which can be used for therapeutic, diagnostic, purification, and other
clinically relevant purposes.

In one particular embodiment, artificial chromosome (ACs) can be used to accomplish
the transfer of human immunoglobulin genes into ungulate cells and animals. ACs permit
targeted integration of megabase size DNA fragments that contain single or multiple genes. The
ACs, therefore, can introduce heterologous DNA into selected cells for production of the gene
product encoded by the heterologous DNA. In a one embodiment, one or more ACs with
integrated human immunoglobulin DNA can be used as a vector for introduction of human Ig
genes into ungulates (such as pigs).

First constructed in yeast in 1983, ACs are man-made linear DNA molecules constructed
from essential cis-acting DNA sequence elements that are responsible for the proper replication
and partitioning of natural chromosomes (Murray et al. (1983), Nature 301:189-193). A
chromosome requires at least three elements to function. Specifically, the elements of an
artificial chromosome include at least: (1) autonomous replication sequences (ARS) (having
properties of replication origins — which are the sites for initiation of DNA replication), (2)
centromeres (site of kinetochore assembly that is responsible for proper distribution of replicated
chromosomes at mitosis and meiosis), and (3) telomeres (specialized structures at the ends of
linear chromosomes that function to both stabilize the ends and facilitate the complete replication
of the extreme termini of the DNA molecule).

In one embodiment, the human Ig can be maintained as an independent unit (an episome)

apart from the ungulate chromosomal DNA. For example, episomal vectors contain the
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necessary DNA sequence elements required for DNA replication and maintenance of the vector
within the cell. Episomal vectors are available commercially (see, for example, Maniatis, T. et
al., Molecular Cloning, A Laboratory Manual (1982) pp. 368-369). The AC can stably replicate
and segregate along side endogenous chromosomes. In an alternative embodiment, the human
IgG DNA sequences can be integrated into the ungulate cell's chromosomes thereby permitting
the new information to be replicated and partitioned to the cell's progeny as a part of the natural
chromosomes (see, for example, Wigler et al. (1977), Cell 11:223). The AC can be translocated
to, or inserted into, the endogenous chromosome of the ungulate cell. Two or more ACs can be
introduced to the host cell simultaneously or sequentially.

ACs, furthermore, can provide an extra-genomic locus for targeted integration of
megabase size DNA fragments that contain single or multiple genes, including multiple copies of
a single gene operatively linked to one proimoter or each copy or several copies linked to separate
promoters. ACs can permit the targeted integration of megabase size¢ DNA fragments that
contain single or multiple human immunoglobulin genes. The ACs can be generated by culturing
the cells with dicentric chromosomes (i.e., chromosomes with two centromeres) under such
conditions known to one skilled in the art whereby the chromosome breaks to form a
minichromosome and formerly dicentric chromosome.

ACs can be constructed from humans (human artificial chromosomes: “HACs™), yeast
(yeast artificial chromosomes: “YACs™), bacteria (bacterial artificial chromosomes: “BACs”),
bacteriophage Pli-derived artificial chromosomes: “PACs”) and other mammals (mammalian
artificial chromosomes: “MACs”). The ACs derive their name (e.g., YAC, BAC, PAC, MAC,
HAC) based on the origin of the centromere. A YAC, for example, can derive its centromere
from S. cerevisiae. MACs, on the other hand, include an active mammalian centromere while
HACs refer to chromosomes that include human centromeres. Furthermore, plant artificial
chromosomes (“PLACs™) and insect artificial chromosomes can also be constructed. The ACs
can include elements derived from chromosomes that are responsible for both replication and
maintenance. ACs, therefore, are capable of stably maintaining large genomic DNA fragments
such as human Ig DNA..

In one emobidment, ungulates containing YACs are provided. YACs are genetically
engineered circular chromosomes that contain elements from yeast chromosomes, such as S.

cerevisiae, and segments of foreign DNAs that can be much larger than those accepted by
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conventional cloning vectors (e.g., plasmids, cosmids). YACs allow the propagation of very
large segments of exogenous DNA (Schlessinger, D. (1990), Trends in Genetics 6:248-253) into
mammalian cells and animals (Choi et al. (1993), Nature Gen 4:117-123). YAC transgenic
approaches are very powerful and are greatly enhanced by the ability to efficiently manipulate
the cloned DNA. A major technical advantage of yeast is the ease with which specific genome
modifications can be made via DNA-mediated transformation and homologous recombination
(Ramsay, M. (1994), Mol Biotech 1:181-201). In one embodiment, one or more YACs with
integrated human Ig DNA can be used as a vector for introduction of human Ig genes into
ungulates (such as pigs).

The YAC vectors contain specific structural components for replication in yeast,
including: a centromere, telomeres, autonomous replication sequence (ARS), yeast selectable
markers (e.g., TRPI, URA3, and SUP4), and a cloning site for insertion of large segments of
greater than 50 kb of exogenous DNA. The marker genes can allow selection of the cells
carrying the YAC and serve as sites for the synthesis of specific restriction endonucleases. For
example, the TRPI and URA3 genes can be used as dual selectable markers to ensure that only
complete artificial chromosomes are maintained. Yeast selectable markers can be carried on
both sides of the centromere, and two sequences that seed telomere formation in vivo are
separated. Only a fraction of one percent of a yeast cell's total DNA is necessary for replication,
however, including the center of the chromosome (the centromere, which serves as the site of
attachment between sister chromatids and the sites of spindle fiber attachment during mitosis),
the ends of the chromosome (telomeres, which serve as necessary sequences to maintain the ends
of eukaryotic chromosomes), and another short stretch of DNA called the ARS which serves as
DNA segments where the double helix can unwind and begin to copy itself.

In one embodiment, YACs can be used to clone up to about 1, 2, or 3 Mb of
immunoglobulin DNA. In another embodiment, at least 25, 30, 40, 50, 60, 70, 75, 80, 85, 90, or
95 kilobases.

Yeast integrating plasmids, replicating vectors (which are fragments of YACs),can also
be used to express human Ig. The yeast integrating plasmid can contain bacterial plasmid
sequences that provide a replication origin and a drug-resistance gene for growth in bacteria
(e.g., E. coli), a yeast marker gene for selection of transformants in yeast, and restriction sites for

inserting Ig sequences. Host cells can stably acquire this plasmid by integrating it directly into a
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chromosome. Yeast replicating vectors can also be used to express human Ig as free plasmid
circles in yeast. Yeast or ARS-containing vectors can be stabilized by the addition of a
centromere sequence. YACs have both centromeric and telomeric regions, and can be used for
cloning very large pieces of DNA because the recombinant is maintained essentially as a yeast
chromosome.

YACs are provided, for example,l as disclosed in U.S. Pat. Nos. 6,692,954, 6,495,318,
6,391,642, 6,287,853, 6,221,588, 6,166,288, 6,096,878, 6,015,708, 5,981,175, 5,939,255,
5,843,671, 5,783,385, 5,776,745, 5,578,461, and 4,889,806; European Patent Nos. 1 356 062 and
0 648 265; PCT Publication Nos. WO 03/025222, WO 02/057437, WO 02/101044, WO
02/057437, WO 98/36082, WO 98/12335, WO 98/01573, WO 96/01276, WO 95/14769, WO
95/05847, WO 94/23049, and WO 94/00569.

In another embodiment, ungulates containing BACs are provided. BACSs are F-based
plasmids found-in bacteria, such as E. Coli, that can transfer approximately 300 kb of foreign
DNA into a host cell. Once the Ig DNA has been cloned into the host cell, the newly inserted
segment can be replicated along with the rest of the plasmid. As a result, billions of copies of the
foreign DNA can be made in a very short time. In a particular embodiment, one or more BACs
with integrated human Ig DNA are used as a vector for introduction of human Ig genes into
ungulates (such as pigs).

The BAC cloning system is based on the E. coli F-factor, whose replication is strictly
controlled and thus ensures stable maintenance of large constructs (Willets, N., and R. Skurray
(1987), Structure and function of the F-factor and mechanism of conjugation. In Escherichia coli
and Salmonella Typhimurium: Cellular and Molecular Biology (F. C. Neidhardt, Ed) Vol.2 pp
1110-1133, Am. Soc. Microbiol., Washington, D.C.). BACs have been widely used for cloning
of DNA from various eukaryotic species (Cai et al. (1995), Genomics 29:413-425; Kim et al.
(1996), Genomics 34:213-218; Misumi et al. (1997), Genomics 40:147-150; Woo et al. (1994),
Nucleic Acids Res 22:4922-4931; Zimmer, R. and Gibbins, A.M.V. (1997), Genomics 42:217-
226). The low occurance of the F-plasmid can reduce the potential for recombination between
DNA fragments and can avoid the lethal overexpression of cloned bacterial genes. BACs can
stably maintain the human immunoglobulin genes in a single copy vector in the host cells, even

after 100 or more generations of serial growth.
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BAC (or pBAC) vectors can accommodate inserts in the range of approximately 30 to
300 kb pairs. One specific type of BAC vector, pBeloBacl1, uses a complementation of the lacZ
gene to distinguish insert-containing recombinant molecules from colonies carrying the BAC
vector, by color. When a DNA fragment is cloned into the lacZ gene of pBeloBacl1, insertional
activation results in a white colony on X-Gal/IPTG plates after transformation (Kim et al. (1996),
Genomigcs 34:213-218) to easily identify positive clones.

For example, BACs can be provided such as disclosed in U.S. Pat. Nos. 6,713,281,
6,703,198, 6,649,347, 6,638,722, 6,586,184, 6,573,090, 6,548,256, 6,534,262, 6,492,577,
6,492,506, 6,485,912, 6,472,177, 6,455,254, 6,383,756, 6,277,621, 6,183,957, 6,156,574,
6,127,171, 5,874,259, 5,707,811, and 5,597,694, European Patent Nos. 0 805 851; PCT
Publication Nos. WO 03/087330, WO 02/00916, WO 01/39797, WO 01/04302, WO 00/79001,
WO 99/54487, WO 99/27118, and WO 96/21725. '

In another embodiment, ungulates containing bacteriophage PACs are provided. In a
particular embodiment, one or more bacteriophage PACs with integrated human Ig DNA are
used as a vector for introduction of human Ig genes into ungulates (such as pigs). For example,
PACs can be provided such as disclosed in U.S. Pat. Nos. 6,743,906, 6,730,500, 6,689,606,
6,673,909, 6,642,207, 6,632,934, 6,573,090, 6,544,768, 6,489,458, 6,485,912, 6,469,144,
6,462,176, 6,413,776, 6,399,312, 6,340,595, 6,287,854, 6,284,882, 6,277,621, 6,271,008,
6,187,533, 6,156,574, 6,153,740, 6,143,949, 6,017,755, and 5,973,133; European Patent Nos. 0
814 156; PCT Publication Nos. WO 03/091426, WO 03/076573, WO 03/020898, WO
02/101022, WO 02/070696, WO 02/061073, WO 02/31202, WO 01/44486, WO 01/07478, WO
01/05962, and WO 99/63103, .

In a further embodiment, ungulates containing MACs are provided. MACs possess high
mitotic stability, consistent and regulated gene expression, high cloning capacity, and non-
immunogenicity. Mammalian chromosomes can be comprised of a continuous linear strand of
DNA ranging in size from approximately 50 to 250 Mb. The DNA construct can further contain
one or more sequences necessary for the DNA construct to multiply in yeast cells. The DNA
construct can also contain a sequence encoding a selectable marker gene. The DNA construct

can be capable of being maintained as a chromosome in a transformed cell with the DNA
| construct. MACs provide extra-genomic specific integration sites for introduction 6f genes

encoding proteins of interest and permit megabase size DNA integration so that, for example,
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genes encoding an entire metabolic pathway, a very large gene [e.g., such as the cystic fibrosis
(CF) gene (~ 600 kb)], or several genes [e.g., a series of antigens for preparation of a multivalent
vaccine] can be stably introduced into a cell.

Mammalian artificial chromosomes [MACs] are provided. Also provided are artificial
chromosomes for other higher eukaryotic species, such as insects and fish, produced using the
MACS are provided herein. Methods fo; generating and isolating such chromosomes. Methods
using the MACs to construct artificial chromosomes from other species, such as insect and fish
species are also provided. The artificial chromosomes are fully functional stable chromosomes.
Two types of artificial chromosomes are provided. One type, herein referred to as SATACs
[satellite artificial chromosomes] are stable heterochromatic chromosomes, and the another type
are minichromosomes based on amplification of euchromatin. As used herein, a formerly
dicentric chromosome is a chromosome that is produced when a dicentric chromosome
fragments and acquires new telomeres so that two chromosomes, each having one of the
centromeres, are produced. Each of the fragments can be replicable chromosomes.

Also provided are artificial chromosomes for other higher eukaryotic species, such as
insects and fish, produced using the MACS are provided herein. In one embodiment, SATACs
[satellite artificial chromosomes] are provided. @~ SATACs are stable heterochromatic
chromosomes. In another embodiment, minichromosomes are provided wherein the
minichromosomes are based on amplification of euchromatin.

In one embodiment, artificial chromosomes can be generated by culturing the cells with
the dicentric chromosomes under conditions whereby the chromosome breaks to form a
minichromosome and formerly dicentric chromosome. In one embodiment, the SATACs can be
generated from the minichromosome fragment, see, for example, in U.S. Pat. No. 5,288,625, In
another embodiment, the SATACs can be generated from the fragment of the formerly dicentric
chromosome. The SATACs can be made up of repeating units of short satellite DNA and can be
fully heterochromatic. In one embodiment, absent insertion of heterologous or foreign DNA, the
SATACs do not contain genetic information. In other embodiments, SATACs of various sizes
are provided that are formed by repeated culturing under selective conditions and subcloning of
cells that contain chromosomes produced from the formerly dicentric chromosomes. These
chromosomes can be based on repeating units 7.5 to 10 Mb in size, or megareplicons. These

megareplicaonscan be tandem blocks of satellite DNA flanked by heterologous non-satellite
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DNA. Amplification can produce a tandem array of identical chromosome segments [each
called an amplicon] that contain two inverted megareplicons bordered by heterologous
["foreign"] DNA. Repeated cell fusion, growth on selective medium and/or BrdU [5-
bromodeoxyuridine] treatment or other genome destabilizing reagent or agent, such as ionizing
radiation, including X-rays, and subcloning can result in cell lines that carry stable
heterochromatic or partially heterochromatic chromosomes, including a 150-200 Mb "sausage"
chromosome, a 500-1000 Mb gigachromosome, a stable 250-400 Mb megachromosome and
various smaller stable chromosomes derived therefrom . These chromosomes are based on these
repeating units and can include human immunoglobulin DNA that is expressed. (See also US
Patent No. 6,743,967

In other embodiments, MACs can be provided, for example, as disclosed in U.S. Pat.
Nos. 6,743,967, 6,682,729, 6,569,643, 6,558,902, 6,548,287, 6,410,722, 6,348,353, 6,297,029,
6,265,211, 6,207,648, 6,150,170, 6,150,160, 6,133,503, 6,077,697, 6,025,155, 5,997,881,
5,985,846, 5,981,225, 5,877,159, 5,851,760, and 5,721,118; PCT Publication Nos. WO
04/066945, WO 04/044129, WO 04/035729, WO 04/033668, WO 04/027075, WO 04/016791,
WO 04/009788, WO 04/007750, WO 03/083054, WO 03/068910, WO 03/068909, WO
03/064613, WO 03/052050, WO 03/027315, WO 03/023029, WO 03/012126, WO 03/006610,
WO 03/000921, WO 02/103032, WO 02/097059, WO 02/096923, WO 02/095003, WO
02/092615, WO 02/081710, WO 02/059330, WO 02/059296, WO 00/18941, WO 97/16533, and
WO 96/40965.

In another aspect of the present invention, ungulates and ungulate cells containing HACs
are provided. In a particular embodiment, one or more HACs with integrated human Ig DNA are
used as a vector for introduction of human Ig genes into ungulates (such as pigs). In a particular
embodiment, one or more HACs with integrated human Ig DNA are used to generate ungulates
(for example, pigs) by nuclear transfer which express human Igs in response to immunization
and which undergo affinity maturation.

Various approaches may be used to produce ungulates that express human antibodies
(“human Ig”). These approaches include, for example, the insertion of a HAC containing both
heavy and light chain Ig genes into an ungulate or the insertion of human B-cells or B-cell
precursors into an ungulate during its fetal stage or after it is born (e.g., an immune deficient or

immune suppressed ungulate) (see, for example, WO 01/35735, filed November 17, 2000, US
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02/08645, filed March 20, 2002). In either case, both human antibody producing cells and
ungulate antibody-producing B-cells may be present in the ungulate. In an ungulate containing a
HAC, a single B-cell may produce an antibody that contains a combination of ungulate and
human heavy and light chain proteins. In still other embodiments, the total size of the HAC is at
least to approximately 1,2,3,4,5,6,7, 8,9 or 10 Mb.

For example, HACs can be provided such as disclosed in U.S. Pat. Nos. 6,642,207,
6,590,089, 6,566,066, 6,524,799, 6,500,642, 6,485,910, 6,475,752, 6,458,561, 6,455,026,
6,448,041, 6,410,722, 6,358,523, 6,277,621, 6,265,211, 6,146,827, 6,143,566, 6,077,697,
6,025,155, 6,020,142, and 5,972,649; U.S. Pat. Application No. 2003/0037347; PCT Publication
Nos. WO 04/050704, WO 04/044156, WO 04/031385, WO 04/016791, WO 03/101396, WO
03/097812, WO 03/093469, WO 03/091426, WO 03/057923, WO 03/057849, WO 03/027638,
WO 03/020898, WO 02/092812, and WO 98/27200.

Additional examples of ACs into which human immunoglobulin sequences can be
inserted for use in the invention include, for example, BACs (e.g., pBeloBACI11 or pBAC108L;
see, €.£., Shizuya et al. (1992), Proc Natl Acad Sci USA 89(18):8794-8797; Wang et al. (1997),
Biotechniques 23(6):992-994), bacteriophage PACs, YACs (see, e.g., Burke (1990), Genet Anal
Tech Appl 7(5):94-99), and MACs (see, e.g., Vos (1997), Nat. Biotechnol. 15(12):1257-1259;
Ascenzioni et al. (1997), Cancer Lett 118(2):135-142), such as HACs, see also, U.S. Pat. Nos:.
6,743,967, 6,716,608, 6,692,954, 6,670,154, 6,642,207, 6,638,722, 6,573,090, 6,492,506,
6,348,353, 6,287,853, 6,277,621, 6,183,957, 6,156,953, 6,133,503, 6,090,584, 6,077,697,
6,025,155, 6,015,708, 5,981,175, 5,874,259, 5,721,118, and 5,270,201; European Patent Nos. 1
437 400, 1 234 024, 1 356 062, 0 959 134, 1 056 878, 0 986 648, 0 648 265, and 0 338 266; PCT
Publication Nos. WO 04/013299, WO 01/07478, WO 00/06715, WO 99/43842, WO 99/27118,
WO 98/55637, WO 94/00569, and WO 89/09219. Additional examples incluse those AC
provided in, for example, PCT Publication No. WO 02/076508, WO 03/093469, WO 02/097059;
WO 02/096923; US Publication Nos US 2003/0113917 and US 2003/003435; and US Patent No
6,025,155.

In other embodiments of the present invention, ACs transmitted through male
gametogenesis in each generation. The AC can be ihntegrating or non-integrating. In one
ambodiment, the AC can be transmitted through mitosis in substantially all dividing cells. In

another embodiment, the AC can provide for position independent expression of a human
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immunogloulin nucleic acid sequence. In a particular embodiment, the AC can have a
transmittal efficiency of at least 10% through each male and female gametogenesis. In one
particular embodiment, the AC can be circular. In another particular embodiment, the non-
integrating AC can be that deposited with the Belgian Coordinated Collections of
Microorganisms--BCCM on Mar. 27, 2000 under accession number LMBP 5473 CB. In
additional embodiments, methods for producing an AC are provided wherein a mitotically stable
unit comntaining an exogenous nucleic acid transmitted through male gametogenesis is
identified; and an entry site in the mitotically stable unit allows for the integration of human
immunoglobulin genes into the unit.

In other embodiments, ACs are provided that include: a functional centromere, a
selectable marker and/or a unique cloning site. Tin other embodiments, the AC can exhibit one
or more of the following properties: it can segregate stably as an independent chromosome,
immunoglobulin sequences can be inserted in a controlled way and can expressed from the AC,
it can be efficiently transmitted through the male and female germline and/ or the transgenic
animals can bear the chromosome in greater than about 30, 40, 50, 60, 70, 80 or 90% of its cells.

In particular embodiments, the AC can be isolated from fibroblasts (such as any
mammalian or human fibroblast) in which it was mitotically stable. After transfer of the AC into
hamster cells, a lox (such as loxP) site and a selectable marker site can be inserted. In other
embodiments, the AC can maintain mitotic stability, for example, showing a loss of less than
about 5, 2, 1, 0.5 or 0.25 percent per mitosis in the absence of selection. See also, US
2003/0064509 and WO 01/77357.

Xenogenous Immunoglobulin Genes

In another aspect of the present invention, transgenic ungulates are provided that
expresses a xenogenous immunoglobulin loci or fragment thereof, wherein the immunoglobulin
can be expressed from an immunoglobulin locus that is integrated within an endogenous
ungulate chromosome. In one embodiment, ungulate cells derived from the transgenic animals
are provided. In one embodiment, the xenogenous immunoglobulin locus can be inherited by
offspring. In another embodiment, the xenogenous immunoglobulin locus can be inherited

through the male germ line by offspring. In still further embodiments, an artificial chromosome
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(AC) can contain the xenogenous immunoglobulin. In one embodiment, the AC can be a yeast
AC or a mammalian AC. In a further embodiment, the xenogenous locus can be a human
immunoglobulin locus or fragment thereof. In one embodiment, the human immunoglobulin
locus can be human chromosome 14, human chromosome 2, and human chromosome 22 or
fragments thereof. In another embodiment, the human immunoglobulin locus can include any
fragment of a human immunoglobulin that can undergo rearrangement. In a further embodiment,
the human immunoglobulin loci can include any fragment of a human immunoglobulin heavy
chain and a human immunoglobulin light chain that can undergo rearrangement. In still further
embodiment, the human immunoglobulin loci can include any human immunoglobulin locus or
fragment thereof that can produce an antibody upon exposure to an antigen. In a particular
embodiment, the exogenous human immunoglobulin can be expressed in B cells to produce
xenogenous immunoglobulin in response to exposure to one or more antigens.

In other embodiments, the transgenic ungulate that lacks any expression of functional
endogenous immunoglobulins can be further genetically modified to express an xenogenous
immunoglobulin loci. In an alternative embodiment, porcine animals are provided that contain
an xenogeous immunoglobulin locus. In one embodiment, the xenogeous immunoglobulin loci
can be a heavy and/ or light chain immunoglobulin or fragment thereof. In another embodiment,
the xenogenous immunoglobulin loci can be a kappa chain locus or fragment thereof and/ or a
lambda chain locus or fragment thereof. In still further embodiments, an artificial chromosome
(AC) can contain the xenogenous immunoglobulin. In one embodiment, the AC can be a yeast
AC or a mammalian AC. In a further embodiment, the xenogenous locus can be a human
immunoglobulin locus or fragment thereof. In one embodiment, the human immunoglobulin
locus can be human chromosome 14, human chromosome 2, and human chromosome 22 or
fragments thereof. In another embodiment, the human immunoglobulin locus can include any
fragment of a human immunoglobulin that can undergo rearrangement. In a further embodiment,
the human immunoglobulin loci can include any fragment of a human immunoglobulin heavy
chain and a human immunoglobulin light chain that can undergo rearrangement. In still further
embodiment, the human immunoglobulin loci can include any human immunoglobulin locus or
fragment thereof that can produce an antibody upon exposure to an antigen. In a particular
embodiment, the exogenous human immunoglobulin can be expressed in B cells to produce

xenogenous immunoglobulin in response to exposure to one or more antigens.
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In other embodiments, the transgenic ungulate that lacks any expression of functional
endogenous immunoglobulins can be further genetically modified to express an xenogenous
immunoglobulin loci. In an alternative embodiment, porcine animals are provided that contain
an xenogeous immunoglobulin locus. In one embodiment, the xenogeous immunoglobulin loci
can be a heavy and/ or light chain immunoglobulin or fragment thereof. In another embodiment,
the xenogenous immunoglobulin loci can be a kappa chain locus or fragment thereof and/ or a
lambda chain locus or fragment thereof. In still further embodiments, an artificial chromosome
(AC) can contain the xenogenous immunoglobulin. In one embodiment, the AC can be a yeast
AC or 2 mammalian AC. In a further embpdiment, the xenogenous locus can be a human
immunoglobulin locus or fragment thereof. In one embodiment, the human immunoglobulin
locus can be human chromosome 14, human chromosome 2, and human chromosome 22 or
fragments thereof. In another embodiment, the human immunoglobulin locus can include any
fragment of a human immunoglobulin that can undergo rearrangement. In a further embodiment,
the human immunoglobulin loci can include any fragment of a human immunoglobulin heavy
chain and a human immunoglobulin light chain that can undergo rearrangement. In still further
embodiment, the human immunoglobulin loci can include any human immunoglobulin locus or
fragment thereof that can produce an antibody upon exposure to an antigen. In a particular
embodiment, the cxogenbus human immunoglobulin can be expressed in B cells to produce
xenogenous immunoglobulin in response to exposure to one or mote antigens.

In another embodiment, porcine animals are provided that contain an xenogeous
immunoglobulin locus. In one embodiment, the xenogeous immunoglobulin loci can be a heavy
and/ or light chain immunoglobulin or fragment thereof. In another embodiment, the
xenogenous immunoglobulin loci can be a kappa chain locus or fragment thereof and/ or a
lambda chain locus or fragment thereof. In still further embodiments, an artificial chromosome
(AC) can contain the xenogenous immunoglobulin. In one embodiment, the AC can be a yeast
AC or a mammalian AC. In a further embodiment, the xenogenous locus can be a human
immunoglobulin locus or fragment thereof. In one embodiment, the human immunoglobulin
locus can be human chromosome 14, human chromosome 2, and human chromosome 22 or
fragments thereof. In another embodiment, the human immunoglobulin locus can include any
fragment of a human immunoglobulin that can undergo rearrangement. In a further embodiment,

the human immunoglobulin loci can include any fragment of a human immunoglobulin heavy
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chain and a human immunoglobulin light chain that can undergo rearrangement. In still further
embodiment, the human immunoglobulin loci can include any human immunoglobulin locus or
fragment thereof that can produce an antibody upon exposure to an antigen. In a particular
embodiment, the exogenous human immunoglobulin can be expressed in B cells to produce
xenogenous immunoglobulin in response to exposure to one or more antigens.

Human immunoglobulin genes, such as the Ig heavy chain gene (human chromosome
414), Ig kappa chain gene (human chromosome #2) and/or the Ig lambda chain gene
(chromosome #22) can be inserted into Acs, as described above. In a particular embodiment,
any portion of the human heavy, kappa and/or lambda Ig genes can be inserted into ACs. In one
embodiment, the nucleic acid can be at least 70, 80, 90, 95, or 99% identical to the corresponding
region of a naturally-occurring nucleic acid from a human. In other embodiments, more than one
class of human antibody is produced by the ungulate. In various embodiments, more than one
different human Ig or antibody is produced by the ungulate. In one embodiment, an AC

__containing_both 2 human Ig heavy chain gene and Ig light chain gene, such as an automatic
human artificial chromosome (“AHAC,” a circular recombinant nucleic acid molecule that is
converted to a linear human chromosome in vivo by an endogenously expressed restriction
endonuclease) can be introduced. In one embodiment, the human heavy chain loci and the light
chain loci are on different chromosome arms (i.e., on different side of the centromere). In one
embodiments, the heavy chain can include the mu heavy chain, and the light chain can be a
lambda or kappa light chain. The Ig genes can be introduced simultaneously or sequentially in
one or more than one ACs.

In particular embodiments, the ungulate or ungulate cell expresses one or more nucleic
acids encoding all or part of a human Ig gene which undergoes rearrangement and expresses
more than one human Ig molecule, such as a human antibody protein. Thus, the nucleic acid
encoding the human Ig chain or antibody is in its unrearranged form (that is, the nucleic acid has
not undergone V(D)J recombination). In particular embodiments, all of the nucleic acid
segments encoding a V gene segment of an antibody light chain can be separated from all of the
nucleic acid segments encoding a J gene segment by one or more nucleotides. In a particular
embodiment, all of the nucleic acid segments encoding a V gene segment of an antibody heavy
chain can be separated from all of the nucleic acid segments encoding a D gene segment by one

or more nucleotides, and/or all of the nucleic acid segments encoding a D gene segment of an
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antibody heavy chain are separated from all of the nucleic acid segments encoding a J gene
segment by one or more nucleotides. Administration of an antigen to a transgenic ungulate
containing an unrearranged human Ig gene is followed by the rearrangement of the nucleic acid
segments in the human Ig gene locus and the production of human antibodies reactive with the
antigen.

In one embodiment, the AC can express a portion or fragment of 2 human chromocome
that contains an immunoglobulin gene. In one embodiment, the AC can express at least 300 or
1300 kb of the human light chain locus, such as described in Davies et al. 1993 Biotechnology
11: 911-914.

In another embodiment, the AC can express a portion of human chromosome 22 that
contains at least the A light-chain locus, including V; gene segments, J, gene segments, and the
single Cy gene. In another embodiment, the AC can express at least one V; gene segment, at
least one I gene segment, and the C, gene. In other embodiment, ACs can contain portions of

—the Jambda locus, such as described in Popov et al. J Exp Med. 1999 May 17;189(10):1611-20.

In another embodiment, the AC can express a portion of human chromosome 2 that
contains at least the x light-chain locus, including V gene segments, Jx gene segments and the
single C, gene. In another embodiment, the AC can express at least one V. gene segment, at
least one J gene segment and the C, gene. In other embodiments, AC containing portions of the
kappa light chain locus can be those describe, for example, in Li et al. 2000 J Immunol 164; 812-
824 and Li S Proc Natl Acad Sci U S A. 1987 Jun;84(12):4229-33. In another embodiment, AC
containing approximatelty 1.3 Mb of human kappa locus are provided, such as descibed in Zou
et al FASEB J. 1996 Aug;10(10):1227-32.

In further embodiments, the AC can express a portion of human chromosome 14 that
contains at least the human heavy-chain locus, including Vy, Dy, Jy and Cy gene segments. In
another embodiment, the AC can express at least one Vi gene segment, at least one Dy gene
segment, at least one Jy gene segment and at least one at least one Cy gene segment. In other
embodiments, the AC can express at least 85 kb of the human heavy chain locus, such as
described in Choi et al. 1993 Nat Gen 4:117-123 and/or Zou et al. 1996 PNAS 96: 14100-14105.

In other embodiments, the AC can express portions of both heavy and light chain loci,
such as, at least 220, 170, 800 or 1020 kb, for example, as disclosed in Green et al. 1994 Nat Gen
7:13-22; Mendez et al 1995 Genomics 26: 294-307; Mendez et al. 1997 Nat Gen 15: 146-156;
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Green et al. 1998 J Exp Med 188: 483-495 and/or Fishwild et al. 1996 Nat Biotech 14: 845-851.
In another embodiment, the AC can express megabase amounts of human immunogiobulin, such
as described in Nicholson J Immunol. 1999 Dec 15;163(12):6898-906 and Popov Gene. 1996
Oct 24;177(1-2):195-201. In addition, in one particular embodiment, MACs derived from
human chromosome #14 (compnsing the Ig heavy chain gene), human chromosome #2
comprising the Ig kappa chain gene) and human chromosome #22 (comprising the Ig lambda
chain gene) can be introduced simultanebusly or successively, such as described in US Patent
Publication No. 2004/0068760 to Robl et al.. In another embodiments, the total size of the MAC
18 less than or equal to approximately 10, 9, 8, or 7 megabases.

In a particular embodiment, human Vh, human Dh, human Jh segments and human mu
segments of human immunoglobulins in germline configuration can be inserted into an AC, such
as a YAC, such that the Vh, Dh, Jh and mu DNA segments form a repertoire .of
immunoglobulins containing portions which correspond to the human DNA segments, for
insertion into ungulate cells and generation of ungulates can produce heavy chain
immunoglobulins. In one embodiment, these immunoglobulins can form functional heavy chain-
light chain immunoglobulins. In another embodiment, these immunoglobulins can be expressed
in an amount allowing for recovery from suitable cells or body fluids of the ungulate. Such
immunglobulins can be inserted into yeast artifical chromosome vectors, such as decribed by
Burke, D T, Carle, G F and Olson, M V (1987) "Cloning of large segments of exogenous DNA
into yeast by means of artifical chromosome vectors” Science, 236, 806-812, or by introduction
of chromosome fragments (such as described by Richer, J and Lo, C W (1989) "Introduction of
human DNA into mouse eggs by injection of dissected human chromosome fragments" Science
245, 175-177).

Additional information on specific ACs containing human immunoglobulin genes can be
found 1n, for example, recent reviews by Giraldo & Montoliu (2001) Transgenic Research 10:

83-103 and Peterson (2003) Expert Reviews in Molecular Medicine 5: 1-25.
AC Transfer Methods

The human immunoglobulin genes can be first inserted into ACs and then the human-

immunoglobulin-containing ACs can be inserted into the ungulate cells. Altematively, the ACs
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can be transferred to an intermediary mammalian cell, such as a CHO cell, prior to insertion into
the ungulate call. In one embodiment, the intermediary mammalian cell can also contain and AC
and the first AC can be inserted into the AC of the mammalian cell. In particular, a YAC
containing human immunoglobulin genes or fragments thereof in a yeast cell can be transferred
to a mammalian cell that harbors an MAC. The YAC can be inserted into the MAC. The MAC
can then be transferred to an ungulate cell. The human Ig genes can be inserted into ACs by
homologous recombination. The resulting AC containing human Ig genes, can then be
introduced into ungulate cells. One or more ungulate cells can be selected by techniques
described herein or those known in the art, which contain an AC containing a human Ig.

Suitable hosts for introduction of the ACs are provided herein, which include but are not
limited to any animal or plant, cell or tissue thereof, including, but not limited to: mammals,
birds, reptiles, amphibians, insects, fish, arachnids, tobacco, tomato, wheat, monocots, dicots and
algac. In one embodiment, the ACscan be condensed (Marschall et al Gene Ther. 1999
Sep;6(9):1634-7) by amy reagent known in the art, including, but not limited to, spermine,
spermidine, polyethylenimine, and/ or polylysine prior to introduction into cells.The ACs can be
introduced by cell fusion or microcell fusion or subsequent to isolation by any method known to
those of skill in this art, including but not limited to: direct DNA transfer, electroporation,
nuclear transfer, microcell fusion, cell fusion, spheroplast fusion, lipid-mediated transfer,
lipofection, liposomes, microprojectile bombardment, microinjection, calcium phosphate
precipitation and/or any other suitable method. Other methods for introducing DNA into cells,
include nuclear microinjection, electroporation, bacterial protoplast fusion with intact cells.
Polycations, such as polybrene and polyornithine, may also be used. For various techniques for
transforming mammalian cells, see e.g., Keown et al. Methods in Enzymology (1990) Vol.185,
pp- 527-537; and Mansour et al. (1988) Nature 336:348-352.

The ACs can be introduced by direct DNA transformation; microinjection in cells or
embryos, protoplast regeneration for plants, electroporation, microprojectile gun and other such
methods known to one skilled in the art (see, e.g., Weissbach et al. (1988) Methods for Plant
Molecular Biology, Academic Press, N.Y., Section VI, pp. 421-463; Grierson et al. (1988)
Plant Molecular Biology, 2d Ed., Blackie, London, Ch. 7-9; see, also U.S. Pat, Nos. 5,491,075;
5,482,928; and 5,424,409; see, also, e.g., U.S. Pat. No. 5,470,708,).
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In particular embodiments, one or more jsolated YACs can be used that harbor human Ig
genes. The isolated YACs can be condensed (Marschall et al Gene Ther. 1999 Sep;6(5):1634-7)
by any reagent known in the art, including, but not limited to spermine, spermidine,
polyethylenimine, and/ or polylysine. The condensed YACs can then be transferred to porcine
cells by any method known in the art (for example, microinjection, electroporation, lipid
mediated transfection, etc). Alternatively, the condensed YAC can be transferred to oocytes via
sperm-mediated gene transfer or intracytoplasmic sperm injection (ICSI) mediated gene transfer.
In one embodiment, spheroplast fusion can be used to transfer YACs that harbor human Ig genes
to porcine cells.

In other embodiments of the invention, the AC containing the human Ig can be inserted
into an adult, fetal, or embryonic ungulate cell. Additional examples of ungulate cells include
undifferentiated cells, such as embryonic cells (e.g., embryonic stem cells), differentiated or
somatic cells, such as epithelial cells, neural cells epidermal cells, keratinocytes, hematopoietic
cells, melanocytes, chondrocytes, B-lymphocytes, T-lymphocytes, erythrocytes, macrophages,
monocytes, fibroblasts, muscle cells, cells from the female reproductive system, such as a
mammary gland, ovarian cumulus, granulosa, or oviductal cell, germ cells, placental cell, or cells
derived from any organ, such as the bladder, brain, esophagus, fallopian tube, heart, intestines,
gallbladder, kidney, liver, lung, ovaries, pancreas, prostate, spinal cord, spleen, stomach, testes,

thymus, thyroid, trachea, ureter, urethra, and uterus or any other cell type described herein.

Site Specific Recombinase Mediated Transfer

In particular embodiments of the present invention, the transfer of ACs containing human
immunoglobulin genes to porcine cells, such as those described herein or known in the art, can
be accomplished via site specific recombinase mediated transfer. In one particular embodiment,
the ACs can be transferred into porcine fibroblast cells. In another particular embodiment, the
ACs canbe YACs.

In other embodiments of the present invention, the circularized DNA, such as an AC, that
contain the site specific recombinase target site can be transferred into a cell line that has a site
specific resombinase target site within its genome. In one embodiment, the cell’s site specific

recombinase target site can be located within an exogenous chromosome. The exogenous
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chromosome can be an artificial chromosome that does not integrate into the host’s endogenous
genome. In one embodiment, the AC can be transferred via germ line transmission to offspring.
In one particular embodiment, a YAC containing a human immunoglobulin gene or fragment
thereof can be circulanized via a site specific recombinase and then transferred into a host cell
that contains a MAC, wherein the MAC contains a site specific recombinase site. This MAC
that now contains human immunoglobulin loci or fragments thereof can then be fused with a
porcine cell, such as, but not limited to, a fibroblast. The porcine cell can then be used for
nuclear transfer.

In certain embodiments of the present invention, the ACs that contain human
immunoglobulin genes or fragments thereof can be transferred to a mammalian cell, such as a
CHO cell, prior to insertion into the ungulate call. In one embodiment, the intermediary
mammalian cell can also contain and AC and the first AC can be inserted into the AC of the
mammalian cell. In particular, 2 YAC containing human immunoglobulin genes or fragments
thereof in a yeast cell can be transferred to a mammalian cell that harbors a MAC. The YAC can
be inserted in the MAC. The MAC can then be transferred to an ungulate cell. In particular
embodiments, the YAC harboring the human Ig genes or fragments thereof can contain site
specific recombinase trarget sites. The YAC can first be circularized via application of the
appropriate site specific recombinase and then inserted into a mammalian cell that contains its
own site specific recombinase target site. Then, the site specific recombinase can be applied to
inegrate the YAC into the MAC in the intermediary mammalian cell. The site specific
recoombinase can be applied in cis or trans. In particular, the site specific recombinase can be
applied in trans. In one embodiment, the site specific recombinase can be expressed via
transfection of a site specific recombainse expression plasmid, such as a Cre expression plasmid.
In addition, one telomere region of the YAC can also be retrofitted with a selectable marker,
such as a selectable marker described herein or known in the art. The human Ig genes or
fragments thereof within the MAC of the intermediary mammalian cell can then be transferred to
an ungulate cell, such as a fibroblast.

Altematively, the AC, such as a YAC, harboring the human Ig genes or fragments thereof
can contain site specific recombinase target sites optionally located near each telomere. The
YAC can first be circularized via application of the appropriate site specific recombinase and

then inserted into an ungulate cell directly that contains its own site specific recombinase target
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site within it genome. Altemnatively, the ungulate cell can harbor its own MAC, which contains a
site specific recombinase target site. In this embodiment, the YAC can be inserted directly into
the endogenous genome of the ungulate cell. In particular embodiments, the ungulate cell can be
a fibroblast cell or any other suitable cell that can be used for nuclear transfer. See, for example,
Figure 7; Call et al., Hum Mol Genet. 2000 Jul 22;9(12):1745-51.

In other embodiments, methods to circularize at least 100 kb of DNA are provided
wherein the DNA can then be integrated into a host genome via a site specific recombinase. In
one embodiment, at least 100, 200, 300, 400, 500, 1000, 2000, 5000, 10,000 kb of DNA can be
circularized. In another embodiment, at least 1000, 2000, 5000, 10,000, or 20,000 megabases of
DNA can be circularized. In one embodiment, the circularization of the DNA can be
accomplished by attaching site specific recombinase target sites at each end of the DNA
sequence and then applying the site specific recombinase to result in circularization of the DNA.
In one embodiment, the site specific recombinase target site can be lox. In another embodiment,
the site specific recombinase target site can be Flt. In certain embodiments, the DNA can be an
artificial chromosome, such as a YAC or any AC described herein or known in the art. In
another embodiment, the AC can contain human immunoglobulin loci or fragments thereof.

In another preferred embodiment, the YAC can be converted to, or integrated within, an
artificial mammalian chromosome. The mammalian artificial chromosome is either transferred
to or harbored within a porcine cell. The artificial chromosome can be introduced within the
porcine genome through any method known in the art including but not limited to direct injection
of metaphase chromosomes, liptd mediated gene transfer, or microcell fusion.

Site-specific recombinases include enzymes or recombinases that recognize and bind to a
short nucleic acid site or sequence-specific recombinase target site, i.e, a recombinase
recognition site, and catalyze the recombination of nucleic acid in relation to these sites. These
enzymes include recombinases, transposases and integrases. Examples of sequence-specific
recombinase target sites include, but are not limited to, lox sites, att sites, dif sites and frt sites.
Non-limiting examples of site-specific recombinases include, but are not limited to,
bacteriophage P1 Cre recombinase, yeast FLP recombinase, Inti integrase, bacteriophage A, phi
80, P22, P2, 186, and P4 recombinase, Tn3 resolvase, the Hin recombinase, and the Cin
recombinase, E. coli xerC and xerD recombinases, Bacillus thuringiensis recombinase, Tpnl and

the B-lactamase transposons, and the immunoglobulin recombinases.
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In one embodiment, the recombination site can be a lox site that is recognized by the Cre
recombinase of bacteriophage P1. Lox sites refer to a nucleotide sequence at which the product
of the cre gene of bacteriophage P1, the Cre recombinase, can catalyze a site-specific
recombination- event. A variety of lox sites are known in the art, including the naturally
occurring loxP, 1oxB, loxL and loxR, as well as a number of mutant, or variant, lox sites, such as
loxP511, loxP514, lox.DELTA.86, lox.DELTA.117, loxC2, loxP2, loxP3 and lox P23.
Additional example of lox sites include, but are not limited to, loxB, loxL, loxR, loxP, loxP3,
loxP23, loxA86, loxA117, loxP511, and loxC2.

In another embodiment, the recombination site is a recombination site that is recognized
by a recombinases other than Cre. In one embodiment, the recombinase site can be the FRT sites
recognized by FLP recombinase of the 2 pi plasmid of Saccharomyces cerevisiae. FRT sites
refer to a-nucleotide sequence at which the product of the FLP gene of the yeast 2 micron
plasmid, FLP recombinase, can catalyze site-specific recombination. Additional examples of the
non-Cre recombinases include, but are not limited to, site-specific recombinases include: att sites
recognized by the Int recombinase of bacteriophage A (e.g. attl, att2, att3, attP, attB, attl, and
attR), the recombination sites recognized by the resolvase family, and the recombination site

recognized by transposase of Bacillus thruingiensis.

IV.  Production of Genetically Modified Animals

In additional aspects of the present invention, ungulates that contain the genetic
modifications described herein can be produced by any method known to one skilled in the art.
Such methods include, but are not limited to: nuclear transfer, intracytoplasmic sperm injection,
modification of zygotes directly and sperm mediated gene transfer.

In another embodiment, a method to clone such antmals, for example, pigs, includes:
enucleating an oocyte, fusing the cocyte with a donor nucleus from a cell in which at least one
allele of at least one immunoglobulin gene has been inactivated, and implanting the nuclear
transfer-derived embryo into a surrogate mother.

Alternatively, a method is provided for producing viable animals that lack any expression
of functional immunoglobulin by inactivating both alleles of the immunoglobulin gene in

embryonic stem cells, which can then be used to produce offspring.
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In another aspect, the present invention provides a method for producing viable animals,
such as pigs, in which both alleles of the immunoglobulin gene have been rendered inactive. In
one embodiment, the animals are produced by cloning using a donor nucleus from a cell in
which both alleles of the immunoglobulin gene have been inactivated. In one embodiment, both
alleles of the immunoglobulin gene are inactivated via a genetic targeting event.

Genetically altered animals that can be created by modifying zygotes directly. For
mammals, the ﬁlodiﬁed zygotes can be then introduced into the uterus of a pseudopregnant
female capable of carrying the animal to term. For example, if whole animals lacking an
immunoglobulin gene are desired, then embryonic stem cells derived from that animal can be
targeted and later introduced into blastocysts for growing the modified cells into chimeric
animals. For embryonic stem cells, either an embryonic stem cell line or freshly obtained stem
cells can be used.

In a suitable embodiment of the invention, the totipotent cells are embryonic stem (ES)
cells. The isolation of ES cells from blastocysts, the establishing of ES cell lines and their
subsequent cultivation are carried out by conventional methods as described, for example, by
Doetchmann et al., J. Embryol. Exp. Morph. 87:27-45 (1985); Li et al., Cell 69:915-926 (1992);
Robertson, E. J. “Tetracarcinomas and Embryonic Stem Cells: A Practical Approach,” ed. E. J.
Robertson, IRL Press, Oxford, England (1987); Wurst and Joyner, “Gene Targeting: A Practical
Approach,” ed. A. L. Joyner, IRL Press, Oxford, England (1993); Hogen et al., “Manipulating
the Mouse Embryo: A Laboratory Manual,” eds. Hogan, Beddington, Costantini and Lacy, Cold
Spring Harbor Laboratory Press, New York (1994); and Wang et al., Nature 336:741-744 (1992).
In another suitable embodiment of the invention, the totipotent cells are embryonic germ (EG)
cells. Embryonic Germ cells are undifferentiated cells functionally equivalent to ES cells, that is
they can be cultured and transfected in vitro, then contribute to somatic and germ cell lineages of
a chimera (Stewart et al., Dev. Biol. 161:626-628 (1994)). EG cells are derived by culture of
primordial germ cells, the progenitors of the gametes, with a combination of growth factors:
leukemia inhibitory factor, steel factor and basic fibroblast growth factor (Matsui et al., Cell
70:841-847 (1992); Resnick et al., Nature 359:550-551 (1992)). The cultivation of EG cells can
be carried out using methods described in the article by Donovan et al., “Transgenic Animals,
Generation and Use,” Ed. L. M. Houdebine, Harwood Academic Publishers (1997), and in the

original literature cited therein.
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Tetraploid blastocysts for use in the invention may be obtained by natural zygote
production and development, or by known methods by electrofusion of two-cell embryos and
subsequently cultured as described, for example, by James et al., Genet. Res. Camb. 60:185-194
(1992); Nagy and Rossant, “Gene Targeting: A Practical Approach,” ed. A. L. Joyner, IRL Press,
Oxford, England (1993); or by Kubiak and Tarkowski, Exp. Cell Res. 157:561-566 (1985).

The introduction of the ES cells or EG cells into the blastocysts can be carried out by any
method known in the art. A suitable method for the purposes of the present invention is the
microinjection method as described by Wang et al., EMBO J. 10:2437-2450 (1991),

Alternatively, by modified embryonic stem cells transgenic animals can be produced.
The genetically modified embryonic stem cells can be injected into a blastocyst and then brought
to term In a female host mammal in accordance with conventional tecﬁniques. Heterozygous
progeny can then be screened for the presence of the alteration at the site of the target locus,
using techniques such as PCR or Southern blotting. After mating with a wild-type host of the

_same species, the resulting chimeric progeny can then be cross-mated to achieve homozygous
hosts.

After transforming embryonic stem cells with the targeting vector to alter the
immunoglobulin gene, the cells can be plated onto a feeder layer in an appropriate medium, e.g.,
fetal bovine serum enhanced DMEM, Cells containing the construct can be detected by
employing a selective medium, and after sufficient time for colonies to grow, colonies can be
picked and analyzed for the occurrence of homologous recombination. Polymerase chain
reaction can be used, with primers within and without the construct sequence but at the target
locus. Those colonies which show homologous recombination can then be used for embryo
manipulating and blastocyst injection. Blastocysts can be obtained from superovulated females.
The embryonic stem cells can then be trypsinized and the modified cells added to a droplet
containing the blastocysts. At least one of the modified embryonic stem cells can be injected into
the blastocoel of the blastocyst. After injection, at least one of the blastocysts can be returned to
each uterine horn of pseudopregnant females. Females are then allowed to go to term and the
resulting litters screened for mutant cells having the construct. The blastocysts are selected for
different parentage from the transformed ES cells. By providing for a different phenotype of the
blastocyst and the ES cells, chimeric progeny can be readily detected, and then genotyping can

be conducted to probe for the presence of the modified immunoglobulin gene.
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In other embodiments, sperm mediated gene transfer can be used to produce the
genetically modified ungulates described herein. The methods and compositions described
herein to either climi‘nate expression of endogenous immunoglobulin genes or insert xenogenous
immunoglobulin genes can be used to genetically modify the sperm cells via any technique
described herein or known in the art. The genetically modified sperm can then be used to
impregnate a female recipient via artificial insemination, intracytoplasmic sperm injection or any
other known technique. In one embodiment, the sperm and/ or sperm head can be incubated with
the exogenous nucleic acid for a sufficient time period. Sufficient time periods include, for
example, about 30 seconds to about 5 minutes, typically about 45 seconds to about 3 minutes,
more typically about 1 minute to about 2 minutes. In particular embodiments, the expression of
Xenogenous, such as human, immunoglobulin genes in ungulates as descrbed herein, can be
accomplished via intracytoplasmic sperm injection.

The potential use of sperm cells as vectors for gene transfer was first suggested by
the production of transgenic mice and pigs after in vitro fertilization of oocytes with sperm that
had been incubated by naked DNA (see, for example, Lavitrano et al,, Cell 57:717-723 (1989)
and Gandolfi et al. Journal of Reproduction and Fertility Abstract Series 4, 10 (1989)), although
other laboratories were not able to repeat these experiments (see, for example, Brinster et al. Celi
59:239-241 (1989) and Gavora et al., Canadian Journal of Animal Science 71:287-291 (1991)).
Since then, there have been several reports of successful sperm mediated gene transfer in chicken
(see, for example, Nakanishi and Iritani, Mol. Reprod. Dev. 36:258-261 (1993)); mice (see, for
example, Maione, Mol. Reprod. Dev. 59:406 (1998)); and pigs (see, for example, Lavitrano et al.
Transplant. Proc. 29:3508-3509 (1997); Lavitrano et al., Proc. Natl. Acad. Sci. USA 99:14230-5
(2002); Lavitrano et al, Mol. Reprod. Dev. 64-284-91 (2003)). Similar techniques are also
described in U.S. Pat. No. 6,376,743; issued Apr. 23, 2002; U.S. Patent Publication Nos.
20010044937, published Nov. 22, 2001, and 20020108132, published Aug. 8, 2002.

In other embodiments, intracytoplasmic sperm injection can be used to produce the
genetically modified ungulates described herein. This can be accomplished by coinserting an
exogenous nucleic acid and a sperm into the cytoplasm of an unfertilized oocyte to form a
transgenic fertihzed oocyte, and allowing the transgenic fertilized oocyte to develop into a

transgenic embryo and, if desired, into a live offspring. The sperm can be a membrane-disrupted

152



CA 02958259 2017-02-17

sperm head or a demembranated sperm head. The coinsertion step can inélude the substep of
preincubating the sperm with the exogenous nucleic acid for a sufficient time period, for
example, about 30 seconds to about 5 minutes, typically about 45 seconds to about 3 minutes,
more typically about 1 minute to about 2 minutes. The coinsertion of the sperm and exogenous
nucleic acid into the oocyte can be via microinjection. The exogenous nucleic acid mixed with
the sperm can contain more than one transgene, to produce an embryo that is transgenic for more
than one transgene as described herein. The intracytoplasmic sperm injection can be
accomplished by any technique known in the art, see, for example, US Patent No. 6,376,743. In
particular embodiments, the expression of xenogenous, such as human, immunoglobulin genes in
ungulates as descrbed herein, can be accomplished via intracytoplasmic sperm injection.

Any additional technique known in the art may be used to introduce the transgene into
animals. Such techniques include, but are not limited to pronuclear microinjection (see, for
example, Hoppe, P. C. and Wagner, T. E., 1989, U.S. Pat. No: 4,873,191); retrovirus mediated
__gene (ransfer into germ lines (see, for example, Van der Puitten et al., 1985, Proc. Natl. Acad.
Sci., USA 82:6148-6152); gene targeting in embryonic stem cells (see, for example, Thompson
et al,, 1989, Cell 56:313-321; Wheeler, M. B., 1994, WO 94/26884); electroporation of embryos
(see, for example, Lo, 1983, Mol Cell. Biol. 3:1803-1814); cell gun; transfection; transduction;
retroviral infection; adenoviral infection; adenoviral-associated infection; liposome-mediated
gene transfer; naked DNA fransfer, and sperm-mediated gene transfer (see, for example,
Lavitrano et al., 1989, Cell 57:717-723); etc. For a review of such techniques, see, for example,
Gordon, 1989, Transgenic Animals, Intl. Rev. Cytol. 115:171-229. In particular embodiments,
the expression of xenogenous, such as human, immunoglobulin genes in ungulates as descrbed

herein, can be accomplished via these techniques.

Somatic Cell Nuclear Transfer to Produce Cloned, Transgenic Offspring

In a further aspect of the present invention, ungulate, such as porcine or bovine, cells
lacking one allele, optionally both alleles of an ungulate heavy chain, kappa light chatn and/or
lambda light chain gene can be used as donor cells for nuclear transfer into recipient cells to
produce cloned, transgenic animals. Alternatively, ungulate heavy chain, kappa light chain
and/or lambda light chain gene knockouts can be created in embryonic stem cells, which are then

used to produce offspring. Offspring lacking a single allele of a functional ungulate heavy chain,
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kappa light chain and/or lambda light chain gene produced according to the process, sequences
and/or constructs described herein can be breed to further produce offspring lacking functionality
in both alleles through mendelian type inheritance.

In another embodiment, the present invention provides a method for producing viable
pigs that lack any expression of functional alpha-1,3-GT by breeding a male pig heterozygous
for the alpha-1,3-GT gene with a female pig heterozygous for the alpha-1,3-GT gene. In one
embodiment, the pigs are heterozygous due to the genetic modification of one allele of the alpha-
1,3-GT gene to prevent expression of that allele. In another embodiment, the pigs are
heterozygous due to the presence of a point mutation in one allele of the alpha-1,3-GT gene. In
another embodiment, the point mutation can be a T-to-G point mutation at the second base of
exon 9 of the alpha-1,3-GT gene. In one specific embodiment, a method to produce a porcine
animal that lacks any expression of functional alpha-1,3-GT is provided wherein a male pig that
contains a T-to-G point mutation at the second base of exon 9 of the alpha-1,3-GT gene is bred
with a female pig that contains a T-to-G point mutation at the second base of exon 9 of the alpha-
1,3-GT gene, or vise versa.

The present invention provides a method for cloning an animal, such as a pig, lacking a
functional immunoglobulin gene via somatic cell nuclear transfer. In general, the animal can be
produced by a nuclear transfer process comprising the following steps: obtaining desired
differentiated cells to be used as a source of donor nuclei; obtaining oocytes from the animal;
enucleating said oocytes; transferring the desired differentiated cell or cell nucleus into the
enucleated oocyte, e.g., by fusion or injection, to form NT units; activating the resultant NT unit;
and transferring said cultured NT unit to a host animal such that the NT unit develops into a
fetus. - --

Nuclear transfer techniques or nuclear transplantation techniques are known in the
art(Dai et al. Nature Biotechnology 20:251-255; Polejacva et al Nature 407:86-950 (2000);
Campbell et al, Theriogenology, 43:181 (1995); Collas et al, Mol. Report Dev., 38:264-267
(1994); Keefer et al, Biol. Reprod., 50:935-939 (1994); Sims et al, Proc. Natl. Acad. Sci., USA,
90:6143-6147 (1993); WO 94/26884; WO 94/24274, and WO 90/03432, U.S. Pat. Nos.
4,944,384 and 5,057,420).

A donor cell nucleus, which has been modified to alter the immunoglobulin gene, is

transferred to a recipient oocyte. The use of this method is not restricted to a particular donor
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cell type. The donor cell can be as described herein, see also, for example, Wilmut et al Nature
385 810 (1997); Campbell et al Nature 380 64-66 (1996); Dai et al., Nature Biotechnology
20:251-255, 2002 or Cibelli et al Science 280 1256-1258 (1998). All cells of normal karyotype,
including embryonic, fetal and adult somatic cells which can be used successfully in nuclear
transfer can be employed. Fetal fibroblasts are a particularly useful class of donor celis.
Generally suitable methods of nuclear transfer are described in Campbell et al Theriogenology
43 181 (1995), Dai et al. Nature Biotechnology 20:251-255, Polejaeva et al Nature 407:86-90
(2000), Collas et al Mol. Reprod. Dev. 38 264-267 (1994), Keefer et al Biol. Reprod. 50 935-939
(1994), Sims et al Proc. Nat’l. Acad. Sci. USA 90 6143-6147 (1993), WO-A-9426884, WO-A-
9424274, WO-A-9807841, WO-A-5003432, US. Pat. No. 4,994,384 and U.S. Pat. No.
5,057,420. Differentiated or at least partially differentiated donor cells can also be used. Donor
cells can also be, but do not have to be, in culture and can be quiescent. Nuclear donor cells
which are quiescent are cells which can be induced to enter quiescence or exist in a quiescent
state in vivo._ Prior art methods have also used embryonic cell types in cloning procedures
(Campbell et al (Nature, 380:64-68, 1996) and Stice et al (Biol. Reprod., 20 54:100-110, 1996).

Somatic nuclear donor cells may be obtained from a variety of different organs and
tissues such as, but not limited to, skin, mesenchyme, lung, pancreas, heart, intestine, stomach,
bladder, blood vessels, kidney, urethra, reproductive organs, and a disaggregated preparation of a
whole or part of an embryo, fetus, or adult animal. In a suitable embodiment of the invention,
nuclear donor cells are selected from the group consisting of epithelial cells, fibroblast cells,
neural cells, keratinocytes, hematopoietic cells, melanocytes, chondrocytes, lymphocytes (B and ‘
T), macrophages, monocytes, mononuclear cells, cardiac muscle cells, other muscle cells,
OxtendedO cells, cumulus cells, epidermal cells or endothelial cells. In another embodiment, the
nuclear donor cell is an embryonic stem cell. In a particular embodiment, fibroblast cells can be
used as donor cells.

In another embodiment of the invention, the nuclear donor cells of the invention are germ
cells of an amimal. Any germ cell of an animal species in the embryonic, fetal, or adult stage may
be used as a nuclear donor cell. In a suitable embodiment, the nuclear donor cell is an embryonic
germ cell.

Nuclear donor cells may be arrested in any phase of the cell cycle (GO, G1, G2, S, M) so

as to ensure coordination with the acceptor cell. Any method known in the art may be used to
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manipulate the cell cycle phase. Methods to control the cell cycle phase include, but are not
limited to, GO quiescence induced by contact inhibition of cultured cells, GO quiescence induced
by removal of serum or other essential nutrient, GO quiescence induced by senescence, GO
quiescence induced by addition of a specific growth factor; GO or Gl quiescence induced by
physical or chemical means such as heat shock, hyperbaric pressure or other treatment with a
chemical, hormone, growth factor or other substance; S-phase control via treatment with a
chemical agent which interferes with any point of the replication procedure; M-phase control via
selection using fluorescence activated cell sorting, mitotic shake off, treatment with microtubule
disrupting agents or any chemical which disrupts progression in mitosis (see also Freshney, R. I,.
“Culture of Animal Cells: A Manual of Basic Technique,” Alan R. Liss, Inc, New York (1983).

Methods for isolation of oocytes are well known in the art. Essentially, this can comprise
isolating oocytes from the ovaries or reproductive tract of an animal. A readily available source
of oocytes is slaughtethouse materials. For the combination of techniques such as genetic
engineering, puclear transfer and cloning, oocytes must generally be matured in vitro before
these cells can be used as recipient cells for nuclear transfer, and before they can be fertilized by
the sperm cell to develop into an embryo. This process generally requires collecting immature
(prophase I) oocytes from mammalian ovaries, e.g., bovine ovaries obtained at a slaughterhouse,
and maturing the oocytes in a maturation medium prior to fertilization or enucleation until the
oocyte attains the metaphase II stage, which in the case of bovine oocytes generally occurs about
18-24 hours post-aspiration. This period of time is known as the “maturation period”. In certain
embodiments, the oocyte is obtained from a gilt. A “gilt” is a female pig that has never had
offspring. In other embodiments, the oocyte is obtained from a sow. A “sow” is a female pig that
has previously produced offspring.

A metaphase II stage oocyte can be the recipient oocyte, at this stage it is believed that
the oocyte can be or is sufficiently “activated” to treat the introduced nucleus as it does a
fertilizing sperm. Metaphase II stage oocytes, which have been matured in vivo have been
successfully used in nuclear transfer techniques. Essentially, mature metaphase II oocytes can be
collected surgically from either non-superovulated or superovulated animal 35 to 48, or 39-41,
hours past the onset of estrus or past the injection of human chorionic gonadotropin (hCG) or
stmilar hormone. The oocyte can be placed in an appropriate medium, such as a hyalurodase

solution.
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Afier a fixed time maturation period, which ranges from about 10 to 40 hours, about 16-
18 hours, about 40-42 hours or about 39-41 hours, the oocytes can be enucleated. Prior to
enucleation the oocytes can be removed and placed in appropriate medium, such as HECM
containing 1 milligram per milliliter of hyaluronidase prior to removal of cumulus cells. The
stripped oocytes can then be screened for polar bodies, and the selected metaphase II oocytes, as
determined by the presence of polar bodies, are then used for nuclear transfer. Enucleation
follows.

Enucleation can be performed by known methods, such as described in U.S. Pat. No.
4,994,384. For example, metaphase II oocytes can be placed in either HECM, optionally
containing 7.5 micrograms per milliliter cytochalasin B, for immediate enucleation, or can be
placed in a suitable medium, for example an embryo culture medium such as CR1aa, plus 10%
estrus cow serum, and then enucleated later, such as not more than 24 hours later,or not more
than 16-18 hours later.

Enucleation can be accomplished microsurgically using a micropipette to remove the
polar body and the adjacent cytoplasm. The oocytes can then be screened to identify those of
which have been successfully enucleated. One way to screen the oocytes is to stain the oocytes
with 1 microgram per milliliter 33342 Hoechst dye in HECM, and then view the oocytes under
ultraviolet irradiation for less than 10 seconds. The oocytes that have been successfully
enucleated can then be placed in a suitable culture medium, for example, CR1aa plus 10%
serum.

A single mammalian cell of the same species as the enucleated oocyte can then be
transferred into the perivitelline space of the enucleated oocyte used to produce the NT unit. The
mammalian cell and the enucleated oocyte can be used to produce NT units according to
methods known in the art. For example, the cells can be fused by electrofusion. Electrofusion is
accomplished by providing a pulse of electricity that is sufficient to cause a transient breakdown
of the plasma membrane. This breakdown of the plasma membrane is very short because the
membrane reforms rapidly. Thus, if two adjacent membranes are induced to breakdown and
upon reformation the lipid bilayers intermingle, small channels can open between the two cells.
Due to the thermodynamic instability of such a small opening, it enlarges until the two cells
become one. See, for example, U.S. Pat. No. 4,997,384 by Prather et al. A variety of

electrofusion media can be used including, for example, sucrose, mannitol, sorbitol and

157



CA 02958259 2017-02-17

phosphate buffered solution. Fusion can also be accomplished using Sendai virus as a fusogenic
agent (Graham, Wister Inot. Symp. Monogr., 9, 19, 1969). Also, the nucleus can be injected
directly into the oocyte rather than using electroporation fusion. See, for example, Collas and
Bames, Mol. Reprod. Dev., 38:264-267 (1994). After fusion, the resultant fused NT umts are
then placed in a suitable medium until activation, for example, CRlaa medium. Typically
activation can be effected shortly thereafter, for example less than 24 hours later, or about 4-9
hours later, or optimally 1-2 hours after fusion. In a particular embodiment, activation occurs at
least one hour post fusion and at 40-41 hours post maturation.

The NT unit can be activated by known methods. Such methods include, for example,
culturing the NT unit at sub-physiological temperature, in essence by applying a cold, or actually
cool temperature shock to the NT unit, This can be most conveniently done by culturing the NT
unit at room temperature, which is cold relative to the physiological temperature conditions to
which embryos are normally exposed. Alternatively, activation can be achieved by application
of known activation agég_tg._ For example, penetration of oocytes by sperm during fertilization
has been shown to activate prefusion cocytes to yield greater numbers of viable pregnancies and
multiple genetically identical calves after nuclear transfer. Also, treatments such as electrical
and chemical shock can be used to activate NT embryos after fusion. See, for example, U.S. Pat.
No. 5,496,720, to Susko-Parrish et al. Fusion and activation can be induced by application of an
AC pulse of 5V for 55 followed by two DC pulses of 1.5 kV/em for 60 us each using an
ECM2001 Electrocell Manipulator (BTX Inc., San Diego, CA). Additionally, activation can be
effected by simultaneously or sequentially by increasing levels of divalent cations in the oocyte,
and reducing phosphorylation of cellular proteins in the oocyte. This can generally be effected
by introducing divalent cations into the oocyte cytoplasm, e.g., magnesium, strontium, barium or
calcium, e.g., in the form of an jonophore. Other methods of increasing divalent cation levels
include the use of electric shock, treatment with ethanol and treatment with caged chelators.
Phosphorylation can be reduced by known methods, for example, by the addition of kinase
inhibitors, e.g., serne-threonine kinase inhibitors, such as 6-dimethyl-aminopurine,
staurosporine, 2-aminopurine, and sphingosine. Alternatively, phosphorylation of cellular
proteins can be inhibited by introduction of a phosphatase into the oocyte, e.g., phosphatase 2A
and phosphatase 2B.
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The activated NT units, or “fused embyos”, can then be cultured in a suitable in vitro
culture medium until the generation of cell colonies. Culture media suitable for culturing and
maturation of embryos are well known in the art. Examples of known media, which can be used
for embryo culture and maintenance, include Ham’s F-10+10% fetal calf serum (FCS), Tissue
Culture Medium-199 (TCM-199)+10% fetal calf serum, Tyrodes-Albumin-Lactate-Pyruvate
(TALP), Dulbecco’s Phosphate Buffered Saline (PBS), Eagle’s and Whitten’s media, and, in one
specific example, the activated NT units can be cultured in NCSU-23 medium for about 1-4 h at
approximately 38.6°C in a humidified atmosphere of 5% CO2.

Afterward, the cultured NT unit or units can be washed and then placed in a suitable
media contained in well plates which can contain a suitable confluent feeder layer. Suitable
feeder layers include, by way of example, fibroblasts and epithelial cells. The NT units-are
cultured on the feeder layer until the NT units reach a size suitable for transferring to a recipient
female, or for obtaining cells which can be used to produce cell colonies. These NT umits can be
cultured until at least about 2 to 400 cells, about 4 to 128 cells, or at least about 50 cells.

Activated NT units can then be transferred (embryo transfers) to the oviduct of an female
pigs. In one embodiment, the female pigs can be an estrus-synchronized recipient gilt.
Crossbred gilts (large white/Duroc/Landrace) (280-400 lbs) can be used. The gilts can be
synchronized as recipient animals by oral administration of 18-20 mg Regu-Mate (Altrenogest,
Hoechst, Warren, NJ) mixed into the feed. Regu-Mate can be fed for 14 consecutive days. One
thousand units of Human Chorionic Gonadotropin (hCG, Intervet America, Millsboro, DE) can
then be administered i.m. about 105 h after the last Regu-Mate treatment. Embryo transfers can
then be performed about 22-26 h after the hCG injection. In one embodiment, the pregnancy can
be brought to term and result in the birth of live offspring. In another embodiment, the.

pregnancy can be terminated early and embryonic cells can be harvested.

Breeding for Desired Homozygous Knockout Animals
In another aspect, the present invention provides a method for producing viable animals that lack
any expression of a functional immunoglobulin gene is provided by breeding a male
heterozygous for the immunoglobulin gene with a female heterozygous for the immunoglobulin
gene. In one embodiment, the animals are heterozygous due to the genetic modification of one

allele of the immunoglobulin gene to prevent expression of that allele. In another embodiment,
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the animals are heterozygous due to the presence of a point mutation in one allele of the alpha-
immunoglobulin gene. In further embodiments, such heterozygous knockouts can be bred with
an ungulate that expresses xenogenous immunoglobulin, such as human. In one embodiment, a
animal can be obtained by breeding a transgenic ungulate that lacks expression of at least one
allele of an endogenous immunoglobulin wherein the immunoglobulin is selected from the group
consisting of heavy chain, kappa light chain and lambda light chain or any combination thereof
with an ungulate that expresses an xenogenous immunoglobulin. In another embodiment, a
animal can be obtained by breeding a transgenic ungulate that lacks expression of one allele of
heavy chain, kappa light chain and lambda light chain with an ungulate that expresses an
xenogenous, such as human, immunoglobulin. In a further embodiment, an animal can be
obtained by breeding a transgenic ungulate that lacks expression of one allele of heavy chain,
kappa light chain and lambda light chain and expresses an xenogenous, such as human,
immunoglobulin with another transgenic ungulate that lacks expression of one allele of heavy
chain, kappa light chain and lambda light chain with an ungulate and expresses an xenogenous,
such as human, immunoglobulin to produce a homozygous transgenic ungulate that lacks
expression of both alleles of heavy chain, kappa light chain and lambda light chain and expresses
an xenogenous, such as human, immunoglobulin. Methods to produce such animals are also
provided.

In one embodiment, sexually mature animals produced from nuclear transfer from donor
cells that carrying a double knockout in the immunoglobulin gene, can be bred and their
offspring tested for the homozygous knockout. These homozygous knockout animals can then
be bred to produce more animals.

In another embodiment, oocytes from a sexually mature double knockout animal can be
in vitro fertilized using wild type sperm from two genetically diverse pig lines and the embryos
implanted into suitable surrogates. Offspring from these matings can be tested for the presence
of the knockout, for example, they can be tested by cDNA sequencing, and/ or PCR. Then, at
sexual maturity, animals from each of these litters can be mated. In certain methods according to
this aspect of the invention, pregnancies can be terminated early so that fetal fibroblasts can be
isolated and further characterized phenotypically and/or genotypically. Fibroblasts that lack

expression of the immunoglobulin gene can then be used for nuclear transfer according to the
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methods described berein to produce multiple pregnancies and offspring carrying the desired
double knockout.

Additional Genetic Modifications

In other embodiments, animals or cells lacking expression of functional immunoglobulin,
produced according to the process, sequences and/or constructs described herein, can contain
additional genetic modifications to eliminate the expression of xenoantigens. The additional
genetic modifications can be made by further genetically modifying cells obtained from the
transgenic cells and animals described herein or by breeding the animals described herein with
animals that have been further genetically modified. Such animals can be modified to elimate
the expression of at least one allele of the alpha-1,3-galactosyltransferase gene, the CMP-
Neu5Ac hydroxylase gene (see, for example, USSN 10/863,116), the 1Gb3 synthase gene (see,
for example, U.S. Patent Application 60/517,524), and/or the Forssman synthase gene (see, for
example, U.S. Patent Application 60/568,922).. In additional embodiments, the animals discloses
herein can also contain genetic modifications to expresss fucosyltransferase, sialyltransferase
and/ or any member of the family of glucosyltransferases. To achieve these additional genetic
modifications, in one embodiment, cells can be modified to contain multiple genentic
modifications. In other embodiments, animals can be bred together to achieve multiple genetic
modifications. In one specific embodiment, animals, such as pigs, lacking expression of
functional immunoglobulin, produced according to the process, sequences and/or constructs
described herein, can be bred with animals, such as pigs, lacking expression of alpha-1,3-
galactosyl transferase (for example, as described in WO 04/028243).

In another embodiment, the expression of additional genes responsible for xenograft
rejection can be eliminated or reduced. Such genes include, but are not limited to the CMP-
NEUAc Hydroxylase Gene, the isoGloboside 3 Synthase gene, and the Forssman synthase gene.
In addition, genes or cDNA encoding complement related proteins, which are responsible for the
suppression of complement mediated lysis can also be expressed in the animals and tissues of the
present invention. Such genes include,, but are not limited to CD59, DAF, MCP and CD46 (see,
for example, WO $9/53042; Chen et al. Xenotransplantation, Volume 6 Issue 3 Page 194 -
August 1999, which describes pigs that express CD59/DAF transgenes; Costa C et al,
Xenotransplantation. 2002 Jan;9(1):45-57, which describes transgenic pigs that express human
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CD59 and H-transferase; Zhao L et al; Diamond LE et al. Transplantation. 2001 Jan
15;71(1):132-42, which describes a human CD46 transgenic pigs.

Additional modifications can include expression of tissue factor pathway inhibitor
(TFPI). heparin, antithrombin, hirudin, TFPI, tick anticoagulant peptide, or a snake venom
factor, such as described in WO 98/42850 and US Patent No. 6,423,316, entitled “Anticoagulant
fusion protein anchored to cell membrane”; or compounds, such as antibodies, which down-
regulate the expression of a cell adhesion molecule by the cells, such as described in WO
00/31126, entitled “Suppression of xenograft rejection by down regulation of a cell adhesion
molecules” and compounds in which co-stimulation by signal 2 is prevented, such as by
administration to the organ recipient of a soluble form of CTLA-4 from the xenogeneic donor
organism, for eample as described in WO 99/57266, entitled “Immunosuppression by blocking T
cell co-stimulation signal 2 (B7/CD28 interaction)”.

Certain aspects of the invention are described in greater detail in the non-limiting

Examples that follow.
EXAMPLES

EXAMPLE 1:Porcine Heavy Chain Targeting and Generation of Porcine Animals
that Lack Expression of Heavy Chain

A portion of the porcine Ig heavy-chain locus was isolated from a 3X redundant porcine
BAC library. In general, BAC libraries can be generated by fragmenting pig total genomic
DNA, which can then be used to derive a BAC library representing at least three times the
genome of the whole animal. BACs that contain porcine heavy chain immunoglobulin can then
be selected through hybridization of probes selective for porcine heavy chain immunoglobulin as
described herein.

Sequence from a clone (Seq ID 1) was used to generate a primer complementary to a
portion of the J-region (the primer is represented by Seq ID No. 2). Separately, a primer was

designed that was complementary to a portion of Ig heavy-chain mu constant region (the promer
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is represented by Seq ID No. 3). These primers were used to amplify a fragment of porcine Ig
heavy-chain (represented by Seq ID No. 4) that led the functional joining region (J-region) and
sufficient flanking region to design and build a targeting vector. ' To maintain this fragment and
sublcones of this fragment in a na;ive state, the E. coli (Stable 2, Invitrogen cat #1026-019) that
harbored these fragments was maintained at 30°C. Regions of Seq. ID No. 4 were subcloned and
used to assemble a targeting vector as shown in Segq. ID No. 5. This vector was transfected into
porcine fetal fibroblasts that were subsequently subjected to selection with G418. Resulting
colonies were screened by PCR to detect potential targeting events (Seq ID No. 6 and Seq ID
No. 7, 5’ screen prmers; and Seq ID No. 8 and Seq ID No. 9, 3’ screen primers). See Figure 1
for a schematic illustrating the targeting. Targeting was confirmed by southern blotting. Piglets
were generated by nuclear transfer using the targeted fetal fibroblasts as nuclear donors.

Muclear Transfer,

The targeted fetal fibroblasts were used as nuclear donor cells. Nuclear transfer was
..performed by methods that are well known in the art (see, e.g., Dai et al., Nature Biotechnology
20: 251-255, 2002; and Polejaeva et al., Nature 407:86-90, 2000).

Oocytres were collected 46-54 h after the hCG injection by reverse flush of the oviducts
using pre-warmed Dulbecco’s phosphate buffered saline (PBS) containing bovine serum albumin
(BSA; 4 gI'") (as described in Polejaeva, 1.A., et al. (Nature 407, 86-90 (2000)). Enucleation of
in vitro-matured oocytes (BioMed, Madison, WI) was begun between 40 and 42 hours post-
maturation as described in Polejaeva, LA, et al. (Nature 407, 86-90 (2000)). Recovered oocytes
were washed in PBS containing 4 gl BSA at 38°C, and transferred to calcium-free phosphate-
buffered NCSU-23 medium at 38°C for transport to the laboratory. For enucleation, we
incubated the oocytes in calcium-free phosphate-buffered NCSU-23 medium containing 5 pg
m1” cytochalasin B (Sigma) and 7.5 ug m1™' Hoechst 33342 (Sigma) at 38°C for 20 min. A
small amount of cytoplasm from directly beneath the first polar body was then aspirated using an
18 pM glass pipette (Humagen, Charlottesville, Virginia). We exposed the aspirated karyoplast
to ultraviolet light to confirm the presence of a metaphase plate.

For nuclear transfer, a single fibroblast cell was placed under the zona pellucida in
contact with each enucleated oocyte. Fusion and activation were induced by application of an
AC pulse of 5V for 5s followed by two DC pulses of 1.5 kV/cm for 60 ps each using an
ECM?2001 Electrocell Manipulator (BTX Inc., San Diego, CA). Fused embryos were cultured in
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NCSU-23 medium for 1-4h at 38.6°C in a humidified atmosphere of 5% CO,, and then
transferred to the oviduct of an estrus-synchronized recipient gilt. Crossbred gilts (large
white/Duroc/landrace) (280-400 Ibs) were synchronized as recipients by oral administration of
18-20 mg Regu-Mate (Altrenogest, Hoechst, Warren, NJ) mixed into their feed. Regu-Mate was
fed for 14 consecutive days. Human chorionic gonadotropin (hCG, 1,000 units; Intervet
America, Millsboro, DE) was administered intra-muscularly 105 h after the last Regu-Mate
treatment. Embryo transfers were done 22-26 h after the hCG injection.

Nuclear transfer produced 18 healthy pigletsi from four litters. These animals have one

functional wild-type Ig heavy-chain locus and one disrupted Ig heavy chain locus.

Seq ID 2: primer from ggccagacttccteggaacagetca
Butler subclone to
amplify J to C heavychain
(637Xba5")

Seq ID 3: primer for C to | ttccaggagaaggtgacggaget
amplify J to C heavychain
(JMIL)

Seq ID 6: heavychain 5> | tctagaagacgctggagagaggecag
primer for 5” screen
(HCKOXba5’2)

Seq ID 7: heavychain 3° | taaagcgcatgcetccagactgeett
primer for 5’ screen
(5’arm5’)

Seq ID 8: heavychain 5° | catcgccetictatcgecttett
primer for 3’ screen
(NEO4425)

Seq ID 9: heavychain 3° | Aagtacttgcepeetctcagga
primer for 3’ screen
(650+CA)

Southern blot analysis of cell and pig tissue samples. Cells or tissue samples were lysed
overnight at 60°C in lysis buffer (10mM Tris, pH 7.5, 10mM EDTA, 10mM NaCl, 0.5% (w/v)
Sarcosyl, 1 mg/ml proteinase K) and the DNA precipitated with ethanol. The DNA was then
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digested with Ncol or Xbal, depending on the probe to be used, and separated on a 1% agarose
gel. After electrophoresis, the DNA was transferred to a nylon membrane and probed with
digoxigenin-labeled probe (SEQ ID No 41 for Ncol digest, SEQ ID No 40 for Xbal digest).
Bands were detected using a chemiluminescent substrate system (Roche Molecular

Biochemicals).

Probes for Heavy Chain Southern:

HC 7 Probe (used with Xba I digest)

CTCTGCACTCACTACCGCCGGACGCGCACTGCCGTGCTGCCCATGGACCA
CGCTGGGGAGGGGTGAGCGGACAGCACGTTAGGAAGTGTGTGTGTGCGCG
TGGGTGCAAGTCGAGCCAAGGCCAAGATCCAGGGGCTGGGCCCTGTGCCC
AGAGGAGAATGGCAGGTGGAGTGTAGCTGGATTGAAAGGTGGCCTGAAGG
GTGGGGCATCCTGTTTGGAGGCTCACTCTCAGCCCCAGGGTCTCTGGTTC
CTGCCGOGGTOGOGGGCGCAAGGTGCCTACCACACCCTGCTAGCCCCTCG
TCCAGTCCCGGGCCTGCCTCTTCACCACGGAAGAGGATAAGCCAGGCTGC
'AGGCTTCATGTGCGCCGTGGAGAACCCAGTTCGGCCCTTGGAGG (Seq ID No 40)

HC Mu Probe (used with Ncol digest)

GGCTGAAGTCTGAGGCCTGGCAGATGAGCTTGGACGTGCGCTGGGGAGTA
CTGGAGAAGGACTCCCGGGTGGGGACGAAGATGTTCAAGACGGGGGGCTG
CTCCTCTACGACTGCAGGCAGGAACGGGGCGTCACTGTGCCGGCGGCACC
CGGCCCCGCCCCCGCCACAGCCACAGGGGGAGCCCAGCTCACCTGGCCCA
GAGATGGACACGGACTTGGTGCCACTGGGGTGCTGGACCTCGCACACCAG
GAAGGCCTCTGGGTCCTGGGGGATGCTCACAGAGGGTAGGAGCACCCGGG
AGGAGGCCAAGTACTTGCCGCCTCTCAGGACGG (Seq ID No 41)

EXAMPLE 2: Porcine Kappa Light Chain Targeting and Generation of Porcine
Lacking Expression of Kappa Light Chain

A portion of the porcine Ig kappa-chain locus was isolated from a 3X redundant porcine

BAC library. In general, BAC libraries can be generated by fragmenting pig total genomic
DNA, which can then be used to derive a BAC library representing at least three times the
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genome of the whole animal. BACs that contain porcine kappa chain immunoglobulin can then
be selected through hybridization of probes selective for porcine kappa chain immunoglobulin as
described herein.

A fragment of porcine Ig light-chain kappa was amplified using a primer complementary
to a portion of the J-region (the primer is represented by Seq ID No. 10) and a primer
complementary to a region of kappa C-region (represented by Seq ID No. 11). The resulting
amplimer was cloned into a plasmid vector and maintained in Stable2 cells at 30°C ( Seq ID No.
12). See Figure 2 for a schematic illustration.

Separately, a fragment of porcine Ig light-chain kappa was amplified using a primer
complementary to a portion of the C-region (Seq ID No. 13) and a primer complementary to a
region of the kappa enhancer region (Seq ID No. 14). The resulting amplimer was fragmented
by restriction enzymes and DNA fragments that were produced were cloned, maintained in
Stable2 cells at 30 degrees C and sequenced. As a result of this sequencing, two non-
overlapping contigs were assembled ( Seq ID No. 15, 5’ portion of amplimer; and Seq ID No.
16, 3” portion of amplimer). Sequence from the downstream contig (Seq ID No. 16) was used to
design a set of primers (Seq ID No. 17 and Seq ID No. 18) that were used to amplify a
contiguous fragment near the enhancer (Seq ID No. 19). A subclone of each Seq ID No. 12 and
Seq ID No. 19 were used to build a targeting vector (Seq ID No. 20). This vector was
transfected into porcine fetal fibroblasts that were subsequently subjected to selection with G418.
Resulting colonies were screened by PCR to detect potential targeting events (Seq ID No. 21 and
Seq ID No. 22, 5° screen primers; and Seq ID No. 23 and Seq Id No 43, 3’ screen primers, and
Seq ID No. 24 and Seq Id No 24, endogenous screen primers). Targeting was confirmed by
southern blotting. Southern blot strategy design was facilitated by cloning additional kappa
sequence, it corresponds to the template for germline kappa transcript (Seq ID No. 25). Fetal
pigs were generated by nuclear transfer.

Nuclear Transder,

The targeted fetal fibroblasts were used as nuclear donor cells. Nuclear transfer was
performed by mcthods that are well known in the art (see, e.g., Dai et al., Nature Biotechnology
20: 251-255, 2002; and Polejaeva et al., Nature 407:86-90, 2000).

Oocytres were collected 46-54 h after the hCG injection by reverse flush of the oviducts

using pre-warmed Dulbecco’s phosphate buffered saline (PBS) containing bovine serum albumin
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(BSA; 4 gI'") (as described in Polejaeva, LA., ef al. (Nature 407, 86-90 (2000)). Enucleation of
in vitro-matured oocytes (BioMed, Madison, WI) was begun between 40 and 42 hours post-
maturation as described in Polejaeva, LA, et al. (Nature 407, 86-90 (2000)). Recovered oocytes
were washed in PBS containing 4 g1 BSA at 38°C, and transferred to calcium-free phosphate-
buffered NCSU-23 medium at 38°C for transport to the laboratory. For enucleation, we
incubated the oocytes in calcium-free phosphate-buffered NCSU-23 medium containing 5 pg
m1™ cytochalasin B (Sigma) and 7.5 pg m1™' Hoechst 33342 (Sigma) at 38°C for 20 min. A
small amount of cytoplasm from directly beneath the first polar body was then aspirated using an
18 uM glass pipette (Humagen, Charlottesville, Virginia). We exposed the aspirated karyoplast
to ultraviolet light to confirm the presence of a metaphase plate.

For nuclear transfer, a single fibroblast cell was placed under the zona pellucida in
contact with each enucleated oocyte. Fusion and activation were induced by application of an
AC pulse of 5V for 5s followed by two DC pulses of 1.5kV/em for 60 ps each using an
ECM2001 Electrocell Manipulator (BTX Inc., San Diego, CA). Fused embryos were cultured in
NCSU-23 medium for 1-4h at 38.6°C in a humidified atmosphere of 5% CO,, and then
transferred to the oviduct of an estrus-synchronized recipient gilt. Crossbred gilts (large
white/Duroc/landrace) (280-400 Ibs) were synchronized as recipients by oral administration’ of
18-20 mg Regu-Mate (Altrenogest, Hoechst, Warren, NJ) mixed into their feed. Regu-Mate was
fed for 14 consecutive days. Human chorionic gonadotropin (hCG, 1,000 units; Intervet
America, Millsboro, DE) was administered intra-muscularly 105 h after the last Regu-Mate
treatment. Embryo transfers were done 22-26 h after the hCG injection.

Nuclear transfer using kappa targeted cells produced 33 healthy pigs from 5 litters.
These pigs have one functional wild-type allele of porcine Ig light-chain kappa and one disrupted
Ig light-chain kappa allele.

Seq ID 10: kappaJ to C caaggaqaccaagctggaactc
5” primer (kjc5°1)

SeqID 11: kappaJto C tgatcaagcacaccacagagacag
3’ primer (kjc3°2)

Seq ID 13: 5’ primer for | gatgccaagecatcegtetteate
Kappa C to E (porKCS1)
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Seq ID 14: 3’ primer for | tgaccaaagcagtgtgacggttge
Kappa C to E (porKCA1)

Seq ID 17: kappa 5’ ggatcaaacacgcatcctcatggac
primer for amplification
of enhancer region

(K3’arm18S)

Seq ID 18: kappa 3’ getgattggggcatggttgags
primer for amplification

of enhancer region
(K3’arml1A)

Seq ID 21: kappa screen, | cgaacccctgtgtatatagtt
5 primer, 5’

(kappaSarmS)

Seq ID 22: kappa screen, | gagatgaggaagagpgagaaca
3’ primer, 5°
(kappaNeoA)

Seq ID 23: kappa screen, | gcattgtctgagtaggtgtcatt
5’ primer, 3°
(kappaNeoS)

Seq ID 24: kappa screen, | cgcttcttgecagggaacacgat
3’ primer, 5’
(kappaSarmProbe3’)

Seq ID No 43, Kappa GTCTTTGGTTITTGCTGAGGGTT
screen, 3’ primer
(kappa3armAZ2)

Southern blot analysis of cell and pig tissue samples. Cells or tissue samples were lysed
overnight at 60°C in lysis buffer (10mM Tris, pH 7.5, 10mM EDTA, 10mM NaCl, 0.5% (w/v)
Sarcosyl, 1 mg/ml proteinase K) and the DNA precipitated with ethanol. The DNA was then
digested with Sacl and separated on a 1% agarose gel. After electrophoresis, the DNA was
transferred to a nylon membrane and probed with digoxigenin-labeled probe (SEQ ID No 42).
Bands were detected using a chemiluminescent substrate system (Roche Molecular

Biochemicals).

Prabe for Kappa Southern:
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Kappa5ArmProbe §°/3°

gaagtgaagccagcecagttcctectgggcaggtggecaaaattacagttg
acccciectggtetggetgaacettgecccatatggtgacagecatetgg

ccagggcccaggtctccetctgaagectttggeaggagagegagagteoc
tggcecgatcacagatgeggaaggggctgactoctcaaccggggtgeaga
ctetgeagggtgggtetgggeccaacacacecaaageacgeccaggaagg
aaaggcagcttggtaicactgeccagagcetaggagaggcaccgggaaaat
gatctgtccaagacccgttctigettictaaactcegagggggteagatga
agtggttttgtitcttggcctgaageategtgticectgeaagaagegg (SEQ ID No 42)

EXAMPLE 3
Characterization of the Porcine Lambda Gene Locus

To disrupt or disable porcine lambda, a targéting strategy has been devised that allows for
the removal or disruption of the region of the lambda locus that includes a concatamer of J to C
expression cassettes. BAC clones that contain portions of the porcine genome can be generated.
A portion of the porcine Ig lambda-chain locus was isolated from a 3X redundant porcine BAC
library. In general, BAC libraries can be generated by fragmenting pig total genomic DNA,
which can then be used to derive a BAC library representing at least three times the genome of
the whole animal. BACs that contain porcine lambda chain immunoglobulin can then be
selected through hybridization of probes selective for porcine lambdachain immunoglobulin as
described herein.

BAC clones containing a lambda J-C flanking region (see Figure 3), can be
independently fragmented and subcloned into a plasmid vector. Individual subclones have been
screened by PCR for the presence of a portion of the J to C intron. We have cloned several of
these cassettes by amplifying from one C region to the next C region. This amplification was
accomplished by using primers that are oriented to allow divergent extension within any one C
region (Seq ID 26 and Seq ID 27). To obtain successful amplification, the extended products
converge with extended products originated from adjacent C regions (as opposed to the same C
region). This strategy produces primarily amplimers that extend from one C to the adjacent C.
However, some amplimers are the result of amplification across the adjacent C and into the next
C which lies beyond the adjacent C. These multi-gene amplimers contain a portion of a C, both

the J and C region of the next J-C unit, the J region of the third J-C unit, and a portion of the C
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region of the third J-C unit. Seq ID 28 is one such amplimer and represents sequence that must
be removed or disrupted.

Other porcine lambda sequences that have been cloned include: Seq ID No. 32, which
includes 5’ flanking sequence to the first Jambda J/C region of the porcine lambda light chain
genomic sequence; Seq ID No. 33, which includes 3’ flanking sequence to the J/C cluster region
of the porcine lambda light chain genomic sequence, from approximately 200 base pairs
downstream of lambda J/C; Seq ID No. 34, which includes 3’ flanking sequence to the J/C
cluster region of the porcine lambda light chain genomic sequence, approximately 11.8 Kb
downstream of the J/C cluster, near the enhancer; Seq ID No. 35, which includes approximately
12 Kb downstream of lambda, including the enhancer region; Seq ID No. 36, which includes
approximately 17.6 Kb downstream of lambda; Seq ID No. 37, which includes approximately
19.1 Kb downstream of lambda; Seq ID No. 38, which includes approximately 21.3 Kb
downstream of lambda; and Seq ID No. 39, which includes approximately 27 Kb downstream of
Jambda.

Seq ID 26: 5’primer for | ccttectectgeacetgtcaac
lambda C to C amplimer
(lamCS5’)

Seq ID 27: 3’ primer for | tagacacaccagggtggccttg
lambda C to C amplimer
(lamC3’)

Example 4
Production of Targeting Vectors for the Lambda Gene

In one example, a vector has been designed and built with one targeting arm that is
homologous to a region upstream of J1 and the other arm homologous to a region that is
downstream of the last C (see Figure 4). One targeting vector is designed to target upstream of
J1. This targeting vector utilizes a selectable marker that can be selected for or against. Any
combination of positive and negative selectable markers described herein or known in the art can
be used. A fusion gene composed of the coding region of Herpes simplex thymidine kinase (TK)

and the Tn5 aminoglycoside phosphotransferase (Neo resistance) genes is used. This fusion
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gene is flanked by recognition sites for any site specific recombinase (SSRRS) described herein
or known in the art, such as lox sites. Upon isolation of targeted cells through the use of G418
selection, Cre is supplied in trans to delete the marker gene (See Figure 5). Cells that have
deleted the marker gene are selected by addition of any drug known in the art that can be
metabolized by TK into a toxic product, such as ganciclovir. The resulting genotype is then
targeted with a second vector. The second targeting vector (Figure 6) is designed to target
downstream of last C and uses a positive/negative selection system that is flanked on only one
side by a specific recombination site (lox). The recombination site is placed distally in relation
to the first targeting cvent. Upon isolation of the targeted genotype, Cre is again supplied in
trans to mediate deletion from recombination site provided in the first targeting event to the
recombination site delivered in the second targeting event. The entire J to C cluster will be
removed. The appropriate genotype is again selected by administration of ganciclovir.

In another example, insertional targeting vectors are used to disrupt each C regions
independently.. An. insertional targeting_ vector will be deéigned .and assembled to disrupt
individual C region genes. There are at least 3 J to C regions in the J-C cluster. We will begin
the process by designing vectors to target the first and last C regions and will include in the
targeting vector site-specific recombination sites. Once both insertions have been made, the

intervening region will be deleted with the site-specific recombinase.

Example 5: Crossbreeding of Heavy chain single knockout with
Kappa single knockout pigs.

To produce pigs that have both one disrupted Ig heavy chain locus and one disrupted Ig
light-chain kappa allele, single knockout animals were crossbred. The first pregnancy yielded
four fetuses, two of which screened positive by both PCR and Southern for both heavy-chain and
kappa targeting events (see examples 1 and 2 for primers). Fetal fibroblasts were isolated,
expanded and frozen. A second pregnancy resulting from the mating of a kappa single
knockout with a heavy chain single knockout produced four healthy piglets.

Fetal fibroblast cells that contain a heavy chain single knockout and a kappa chain single
knockout will be used for further targeting. Such cells will be used to target the lambda locus via

the methods and compositins described herein. The resulting offspring will be hereozygous

17



CA 02958259 2017-02-17

knockouts for heavy chain, kappa chain and lambda chain. These animals will be further crossed
with animals containing the human Ig genes as decsibed herein and then crossbred with other
single Ig knockout animals to produce porcine Ig double knockout animals with human Ig

replacement genes.

This invention has been described with reference to its preferred embodiments.
Variations and modifications of the invention, will be obvious to those skilled in the art from the

foregoing detailed description of the invention.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An isolated nucleic acid molecule comprising a nucleotide sequence encoding porcine heavy
chain immunoglobulin, wherein the nucleotide sequence is at least 80, 85, 90, 95, 98 or 9%

identical to Seq ID Nos 4 or 29 over the entire length.

2. An isolated nucleic acid molecule comprising a nucleotide sequence encoding porcine heavy
chain immunoglobulin, wherein the nucleotide sequence contains at least 17, 20, 25 or 30

contiguous nucleotides of Seq ID No 4 or contains nucleotides 1-9,070 of Seq ID No 29.

3. The nucleic acid molecule of claim 1 or 2, wherein the nucleotide sequence comprises the

sequence set forth in Seq ID No. 29.

4. The nucleic acid molecule of claim 1, wherein the nucleotide sequence comprises the

sequence set forth in Seq ID No. 4.

5. An isolated nucleic acid molecule comprising a nucleotide sequence encoding porcine heavy
chain immunoglobulin, wherein the nucleotide sequence comprises nucleotides 9,070-11039 of

Seq ID No 29.

6. An isolated nucleic acid molecule comprising a nucleotide sequence that is complementary to

the nucleotide sequence defined in any one of claims 1 to 4.

7. A targeting vector comprising:

(a) a first nucleotide sequence comprising at least 17 contiguous nucleic acids identical to a
nucleotide sequence encoding a porcine heavy chain sequence;

(b) a selectable marker gene; and

(c) a second nucleotide sequence comprising at least 17 contiguous nucleic acids identical to the
nucleotide sequence encoding a porcine heavy chain sequence, which does not overlap with the

first nucleotide sequence, wherein the porcine heavy chain sequence comprises SEQ ID No. 29.
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8. The targeting vector of claim 7, wherein the selectable marker comprises an antibiotic

resistance gene.

9. The targeting vector of claim 7, wherein the first nucleotide sequence represents the 5'

recombination arm.

10. The targeting vector of claim 7, wherein the second nucleotide sequence represents the 3'

recombination arm.
11. A cell transfected with the targeting vector of claim 7.

12. The cell of claim 11, wherein at least one allele of a porcine heavy chain immunoglobulin

locus has been rendered inactive.
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