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(57) 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 func 
tional endogenous immunoglobulin loci. The present inven 
tion 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 por 
cine 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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Figure 3 
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Figure 4 

Graphic view of Human sequence AC002060 and NG 000002 with 
Porcine lambda contigs that flank the JC cluster. 
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Figure 7 
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UNGULATES WITH GENETICALLY MODIFIED 
IMMUNE SYSTEMS 

FIELD OF THE INVENTION 

0001. 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 pre 
pare such animals, organs, tissues, and cells. 

BACKGROUND OF THE INVENTION 

0002 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 anti 
gens, as do pollens, dust mites, molds, foods, and other 
substances. The body reacts to antigens by making antibod 
ies. Antibodies (also called immunoglobulins (Igs)) are 
proteins that are manufactured 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 neutralizes or brings about the destruction of 
the antigen. 
0003. 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 
response is more rapid and has a greater magnitude. 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 stimulation with the same anti 
gen. Thus, when an antigen is encountered a second time, its 
memory cells quickly produce effector cells which rapidly 
produce massive quantities of antibodies. 
0004. By exploiting the unique ability of antibodies to 
interact with antigens 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 antigenic epitopes, 
polyclonal and monoclonal antibodies can be used to iden 
tify 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 mono 
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clonal 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. 

0005. 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 founda 
tion for the introduction of passive immunization into clini 
cal practice. However, wide scale serum therapy was largely 
abandoned in the 1940s because of the toxicity associated 
with the administration of heterologous Sera and the intro 
duction of effective antimicrobial chemotherapy. Currently, 
Such polyclonal antibody therapy is indicated to treat infec 
tious diseases in relatively few situations, such as replace 
ment therapy in immunoglobulin-deficient patients, post 
exposure prophylaxis against several viruses (e.g., rabies, 
measles, hepatitis A and B. Varicella), and toxin neutraliza 
tion (diphtheria, tetanus, and botulism). Despite the limited 
use of serum therapy, in the United States, more than 16 
metric tons of human antibodies are required each year for 
intravenous antibody therapy. Comparable levels of use 
exist in the economies of most highly industrialized coun 
tries, and the demand can be expected to grow rapidly in 
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 thera 
p1es. 

0006 The use of antibodies for passive immunization 
against biological warfare agents represents a very promis 
ing 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 Surveil 
lance, 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 propor 
tion of Susceptible persons. 

0007 Vaccination can reduce the susceptibility of a popu 
lation 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. 

0008 Drugs can provide protection when administered 
after exposure to certain agents, but none are available 
against many potential agents of biological warfare. Cur 
rently, 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 protec 
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tive antibody (Arturo Casadeval “Passive Antibody Admin 
istration (Immediate Immunity) as a Specific Defense 
Against Biological Weapons” from Emerging Infectious 
Diseases, Posted Sep. 12, 2002). 
0009. In addition to providing protective immunity, mod 
ern antibody-based therapies constitute a potentially useful 
option against newly emergent pathogenic bacteria, fungi, 
virus and parasites (A. Casadeval and M. D. Scharff, 
Clinical Infectious Diseases 1995; 150). Therapies of 
patients with malignancies and cancer (C. Botti et al. Leu 
kemia 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 monoclonal or polyclonal antibody preparations (N. Bon 
nefoy-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):412: W. Cendrowski, Boll Ist Sieroter Milan 
1997: 58(4):339-343; L. K. Kastrukoff, et al Can J Neurol 
Sci 1978; 5(2):175178; J. E. Walker et al J Neurol Sci 1976: 
29(2-4):303309). 
0010 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 speci 
ficity, enhancement of immune function, and favorable 
pharmacokinetics. 

0011. The clinical use of monoclonal antibody therapeu 
tics 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. 
0012 Despite the recent popularity of monoclonal anti 
bodies 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 antibod 
ies. 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. 

0013 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 
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the highest probability of retaining activity in the event of 
antigen mutation. In addition, while monoclonals have lim 
ited therapeutic activity against infectious agents, poly 
clonals can both neutralize toxins and direct immune 
responses to eliminate pathogens, as well as biological 
warfare agents. 
0014. 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 immuno 
globulin 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 hyperim 
mune 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 anti 
body in both serum and milk. 
Arrangement of Genes Encoding Immunoglobulins 

00.15 Antibody molecules are assembled from combina 
tions of variable gene elements, and the possibilities result 
ing from combining the many variable gene elements in the 
germline enable the host to synthesize antibodies to an 
extraordinarily large number of antigens. Each antibody 
molecule consists of two classes of polypeptide chains, light 
(L) chains (that can be either kappa (K) L-chain or lambda 
(W) 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 rear 
rangement. 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. 

0016. 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 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 J. gene segments. 
0017. 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 immunoglobu 
lin 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 
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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 sequence 
by RNA splicing after transcription. 

0018. A heavy-chain V region is encoded in three gene 
segments. In addition to the V and J gene segments (denoted 
V and J to distinguish them from the light-chain V and 
J), there is a third gene segment called the diversity or D 
gene segment, which lies between the V and J. gene 
segments. The process of recombination that generates a 
complete heavy-chain V region occurs in two separate 
stages. In the first, a DH gene segment is joined to a J. gene 
segment; then a V gene segment rearranges to DJ to make 
a complete V-region exon. As with the light-chain genes, 
RNA splicing joins the assembled V-region sequence to the 
neighboring C-region gene. 

0.019 Diversification of the antibody repertoire occurs in 
two stages: primarily by rearrangement (“V(D)J recombi 
nation') 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. 

0020. The genomic loci of antibodies are very large and 
they are located on different chromosomes. The immuno 
globulin gene segments are organized into three clusters or 
genetic loci: the K. W., and heavy-chain loci. Each is orga 
nized slightly differently. For example, in humans, immu 
noglobulin genes are organized as follows. The w light-chain 
locus is located on chromosome 22 and a cluster of V gene 
segments is followed by four sets of J. gene segments each 
linked to a single C gene. The K 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 K locus, with 
separate clusters of V, D, and JH gene segments and of C 
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 Ig). 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. 

0021. The joining 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 approxi 
mately 1,000 for VJ(L). Subsequent random pairing of H 
and L chains brings the total number of antibody specificities 
to about 107 possibilities. Diversity is further increased by 
the imprecise joining of different genetic segments. Rear 
rangements occur on both DNA strands, but only one strand 
is transcribed (due to allelic exclusion). Only one rearrange 
ment occurs in the life of a B cell because of irreversible 
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deletions in DNA. Consequently, each mature B cell main 
tains 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 pri 
marily controlled by two closely linked genes, recombina 
tion activating gene (RAG)-1 and RAG-2. 
0022. 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, Ig|D, 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 (Burnett, R. C et al. 
EMBO.J. 8:4047; Honjo. In Honjo, T. Alt. F. W. T. H. eds, 
Immunoglobulin Genes p. 123 Academic Press, New York). 
Swine have at least six IgG Subclasses (Kacskovics, I et al. 
1994J Immunol 153:3565), but no Ig|D (Butler et al. 1996 
Inter. Immunol 8:1897-1904). A gene encoding Igld has only 
been described in rodents and primates. Diversity in the 
mechanism of repertoire development is exemplified by 
contrasting the pattern 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 
V genes belonging to seven to 10 families (Rathbun, G. In 
Hongo, T. Alt. F. W. and Rabbitts, T. H., eds. Immunoglo 
bulin Genes, p. 63, Academic press New York), the V genes 
of each member of the latter group belong to a single V 
gene family (Sun, J. et al. 1994. J. Immunol. 1553:5611.8; 
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 J segments, only a single J 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 J 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 rear 
rangement. However, there does appear to be greater num 
bers of light chain genes in these species. Similar to humans 
and mice, these species express a single K light chain but 
multiple w light chain genes. However, these do not seem to 
affect the restricted diversity that is achieved by rearrange 
ment. 

0023 Since combinatorial joining of more than 100 V, 
20-30 D and four to six J gene segments is a major 
mechanism of generating the antibody repertoire in humans, 
species with fewer V. D. or J 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 
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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. 

0024 Gene conversion is important for antibody diver 
sification in some higher vertebrates, such as chickens, 
rabbits and cows. In mice, however, conversion events 
appear to be infrequent among endogenous antibody genes. 
Gene conversion is a distinct diversifying mechanism char 
acterized 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 differen 
tiation (Tsai et al. International Immunology, Vol. 14, No. 1, 
55-64, January 2002). 

0025. 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 

0026. In order to reduce the immunogenicity of antibod 
ies 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 con 
structed 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 mega 
base-sized YACs containing a human germline-configura 
tion H- and K L-chain minilocus transgene. The expression 
of fully human antibody in these transgenic mice was 
predominant, at a level of several 100 ug/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 pro 
duction by mice. 

0027. The first humanization attempts utilized molecular 
biology 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 replace 
ment. 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 
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 
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marginally less immunogenic than totally Xenogeneic anti 
bodies (M. Bruggemann et al., J. Exp. Med., 170, pp. 
2153-2157 (1989)). 
0028 Subsequently, attempts were carried out to intro 
duce human immunoglobulin genes into the mouse, thus 
creating transgenic mice capable of responding to antigens 
with antibodies having human sequences (Bruggemann et al. 
Proc. Natl. 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 func 
tions (isotypes) from these transgenic animals to meet the 
growing demand for antibody therapeutics. 
0029. 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 unrearranged germline of 
the human genome and the human CL and Cö 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 comprising VK, JK and CK 
region genes, also arranged with Substantially the same 
spacing found in the unrearranged germline of the human 
genome, was introduced into mice using YACS. Gene tar 
geting was used to inactivate the murine IgE & 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. CL, Cö and Cy constant 
regions as well as the human VK, JK and CK 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)). 
0030 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. 
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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. 

0031. In addition, Green et al. Nature Genetics 7:13-21 
(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 XenoMouseTM 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 
Nos. WO 94/02602, WO 96/34096 and WO 98/24893. 
0032. Several strategies exist for the generation of mam 
mals that produce human antibodies. In particular, there is 
the “minilocus’ approach that is typified by work of Gen 
Pharm International, Inc. and the Medical Research Council, 
YAC introduction of large and Substantially germline frag 
ments 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 microcell fusion as 
typified by work of Kirin Beer Kabushiki Kaisha. 
0033. 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 V genes, one 
or more D genes, one or more J 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 animal. See, for example, U.S. Pat. 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. 0546 
073; PCT Publication Nos. WO92/03918, 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 Immunology 6:579-591 (1994), Tuaillon et al. 
J. Immunol. 154:6453-6465 (1995), and Fishwild et al. 
Nature Biotech. 14:845-851 (1996). 
0034. 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 
A1). 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. 
0035 While mice remain the most developed animal for 
the expression of human immunoglobulins in humans, 
recent technological advances have allowed for progress to 
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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 manipu 
lation 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. 

0036) Since the announcement of Dolly's (a cloned 
sheep) birth from an adult somatic cell in 1997 (Wilmut, I., 
et al (1997) Nature 385: 810-813), ungulates, including 
cattle (Cibelli, Jetal 1998 Science 280: 1266-1258; Kubota, 
C. et al. 2000 Proc. Natl. Acad. Sci. 97: 990-995), goats 
(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. 

0037. The next technological advance was the develop 
ment 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 targeted genetic modification of somatic cells 
for nuclear transfer. 

0038. 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) January 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. (Trans 
plantation (2003) 76:900-902) reported the targeted disrup 
tion of one allele of the alpha-1,3-GT gene in cattle, fol 
lowed by the successful nuclear transfer of the nucleus of the 
genetically modified cell and production of transgenic 
fetuses. 

0039 Thus, the feasibility of knocking-out immunoglo 
bulin genes in large animals and inserting human immuno 
globulin 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, lambda 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 June; 31 (8):633-42, 
Butler et al Vet Immunol Immunopathol. 1994 October; 
43(1-3):5-12, and Zhao et al J Immunol. 2003 Aug. 1: 
171(3):1312-8). 
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0040. 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 (See, for example, U.S. Patent Publication 
No. 2003/0037347). Further, approximately 4.6 kb 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 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 K 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. June 6 Epub, U.S. Patent 
Publication Nos. 2003/0037347, 2003/0056237, 2004/ 
0068760 and PCT Publication No. WO 02/07648). 
0041 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 informa 
tion for immunoglobulin genes of sheeps, goats and pigs is 
readily available in Genbank, the unique nature of immu 
noglobulin 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 coding 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. 
0042. Despite some advancements in expressing human 
antibodies in cattle, greater challenges remain for inactiva 
tion of the endogenous bovine Ig genes, increasing expres 
sion 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. 
0043. It is therefore an object of the present invention to 
provide the arrangement of ungulate immunoglobin germ 
line gene sequence. 

0044) 
provide 
Sequences. 

0045. 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. 
0046. It is another object of the present invention to 
provide ungulates that express human immunoglobulins. 
0047. 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. 

It is another object of the present invention to 
novel ungulate immunoglobulin genomic 

SUMMARY OF THE INVENTION 

0.048. The present invention provides for the first time 
ungulate immunoglobin germline gene sequence arrange 
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ment as well as novel genomic sequences thereof. In addi 
tion, 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. 
0049. 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 immu 
noglobulin can be a kappa and/or lambda immunoglobulin. 
In additional embodiments, transgenic ungulates are pro 
vided 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. 
0050. In other embodiments, the transgenic ungulate that 
lacks any expression of functional endogenous immunoglo 
bulins can be further genetically modified to express an 
Xenogenous immunoglobulin loci. In an alternative embodi 
ment, porcine animals are provided that contain an Xeno 
geous immunoglobulin locus. In one embodiment, the Xeno 
geous 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 immuno 
globulin locus can be human chromosome 14, human chro 
mosome 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 immu 
noglobulin 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. 
0051. In another aspect of the present invention, trans 
genic 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 
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from the transgenic animals are provided. In one embodi 
ment, the Xenogenous immunoglobulin locus can be inher 
ited 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 immuno 
globulin locus can be human chromosome 14, human chro 
mosome 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 immu 
noglobulin 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. 
0.052 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 provided 
that includes at least four joining regions and at least one 
constant region, such 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. 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 con 
tains 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 nucle 
otide sequences that hybridize, optionally under stringent 
conditions, to Seq ID Nos 1, 4 or 29, as well as, nucleotides 
homologous thereto. 
0053. In another embodiment, novel genomic sequences 
encoding the kappa light chain locus of ungulate immuno 
globulin are provided. The present invention provides the 
first reported genomic sequence of ungulate kappa light 
chain regions. In one embodiment, nucleic acid sequence is 
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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 embodi 
ment, the nucleotide sequence can 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. 

0054. 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. 
0055. In another embodiment, novel genomic sequences 
encoding the lambda light chain locus of ungulate immu 
noglobulin 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, a nucleotide sequence is provided that 
includes 5' flanking sequence to the first lambda J/C unit 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. Alternatively, 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. 

0056. 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 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% homolo 
gous to Seq ID Nos 28, 31, 32, 33, 34, 35, 36, 37, 38, or 39 
are also provided. In addition, nucleotide sequences that 
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contain at least 10, 15, 17, 20, 25 or 30 contiguous nucle 
otides 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. 
0057. In another embodiment, nucleic acid targeting vec 
tor 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, 
1 kbp, 2 kbp. 4 kbp. 5 kbp. 10 kbp. 15 kbp. 20 kbp, or 50 
kbp of sequence homologous to the genomic sequence. 

0.058. In one embodiment, the 5' and 3' recombination 
arms of the targeting vector can be designed such that they 
flank the 5' and 3' 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 embodi 
ment, 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. 
0059. 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 Jó region is the only functional joining 
region of the porcine immunoglobulin heavy chain locus, 
this will prevent the expression 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, including J1-4, and a 3' recombination arm 
that contains sequence homologous to genomic sequence 3' 
of the Jó region, including the mu constant region (a "J6 
targeting construct”), see for example, FIG. 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 FIG. 1. In other 
embodiments, the targeting vector can contain a 5' recom 
bination 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 
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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. 

0060. 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 kappa 
light chain locus. Since the present invention discovered that 
there is only one constant region of the porcine immuno 
globulin kappa light chain locus, this will prevent the 
expression of a functional porcine kappa light chain immu 
noglobulin. 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' recombi 
nation 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 target 
ing construct’), see for example, FIG. 2. Further, this kappa 
constant targeting construct can also contain a selectable 
marker gene that is located between the 5' and 3' recombi 
nation arms, see for example, Seq ID No 20 and FIG. 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' recom 
bination arm that contains sequence homologous to genomic 
sequence 3' of the joining region of the porcine kappa light 
chain locus. 

0061. 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 J/C region of the porcine lambda light chain. See FIG. 3. 
Disruption of the J/C region will prevent the expression of 
a functional porcine kappa light chain immunoglobulin. In 
one embodiment, the targeting vector can contain a 5' 
recombination arm that contains sequence homologous to 
genomic sequence 5' of the first J/C unit and a 3' recombi 
nation arm that contains sequence homologous to genomic 
sequence 3' of the last J/C unit. Further, this lambda light 
chain targeting construct can also contain a selectable 
marker gene that is located between the 5' and 3' recombi 
nation arms, see for example FIG. 4. 

0062. In a further embodiment, more than one targeting 
vector can be used to target the ungulate heavy chain, kappa 
light chain or lambda light chain genes via homologous 
recombination. For example, two targeting vectors can be 
used to target the gene of interest. A first targeting vector can 
contain 5' and 3' recombination arms that contain homolo 
gous sequence to the 5' flanking sequence of at least one 
functional variable, joining, diversity, and/or constant region 
of the genomic sequence. A second targeting vector can 
contain 5' and 3' recombination arms that contain homolo 
gous sequence to the 3' flanking sequence at least one 
functional variable, joining, diversity, and/or constant region 
of the genomic sequence. 

0063. In a particular embodiment, the first targeting vec 
tor can contain 5' and 3' recombination arms that contain 
homologous sequence to the 5' flanking sequence of the first 
J/C unit in the J/C cluster region. See FIG. 5. According to 
this embodiment, a second targeting vector can contain 5' 
and 3' recombination arms that contain homologous 
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sequence to the 3' flanking sequence of the last J/C unit in 
the J/C cluster region. See FIG. 6. 

0064. 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. 

0065. 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. 

0066. In other embodiments, primers are provided to 
amplify a fragment of porcine Ig kappa light-chain that 
includes the constant region. In another embodiment, prim 
ers 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. 
0067. 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 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, por 
cine animals are provided in which at least one allele of an 
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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 con 
structs 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 target 
ing event. The gene can be targeted via homologous recom 
bination. 

0068. 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 genetic modifications. In other embodi 
ments, animals can be bred together to produce animals that 
contain multiple genetic modifications of immunoglobulin 
genes. As an illustrative example, animals that lack expres 
sion 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. 

0069. 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 immunoglo 
bulin 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 immunoglo 
bulin gene can be transcribed and then translated into a 
nonfunctional protein. 

0070. In a further aspect of the present invention, ungu 
late. Such as porcine or bovine, cells lacking one allele, 
optionally both alleles of an ungulate heavy chain, kappa 
light chain and/or lambda light chain gene can be used as 
donor cells for nuclear transfer into recipient cells to pro 
duce 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 accord 
ing to the process, sequences and/or constructs described 
herein can be breed to further produce offspring lacking 
functionality in both alleles through mendelian type inher 
itance. 

0071. In one aspect of the present invention, a method is 
provided to disrupt the expression of an ungulate immuno 
globulin 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 nucle 



US 2008/0026457 A1 

otide 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 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 FIG. 1. In a 
specific embodiment, only one of the six joining regions, Jó, 
is functional. In another embodiment, the germline configu 
ration 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 FIG. 2. In a 
further embodiment, the germline configuration of the por 
cine lambda light chain locus is provided. The porcine 
lambda light chain locus contains a variable region and the 
J/C region. See FIG. 3. 
0072. In a further aspect of the present invention, a 
method is provided to disrupt the expression of an ungulate 
lambda light chain locus by (i) analyzing the germline 
configuration of the ungulate lambda light chain genomic 
locus; (ii) determining the location of nucleotide sequences 
that flank the 5' end of at least one functional region of the 
locus; (ii) constructing a 5' targeting construct; (iv) deter 
mining the location of nucleotide sequences that flank the 3' 
end of at least one functional region of the locus, (v) 
constructing a 3" targeting construct; (vi) transfecting both 
the 5' and the 3' targeting constructs into a cell wherein, upon 
Successful homologous recombination of each targeting 
construct, at least one functional region of the immunoglo 
bulin locus is disrupted thereby reducing or preventing the 
expression of the immunoglobulin gene. See FIGS. 5 and 6. 
0073. In one embodiment, the germline configuration of 
the porcine lambda light chain locus is provided. The 
porcine lambda light chain locus contains a variable region 
and a J/C region. See FIG. 3. 
0074. 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 addi 
tional embodiments, porcine animals are provided that 
express Xenogenous immunoglobulin. This human locus can 
undergo 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 chromosomes (ACs). Such 
as yeast or mammalian artificial chromosomes (YACS or 
MACS) can be used to allow expression of human immu 
noglobulin genes into ungulate cells and animals. All 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 chro 
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mosomes, which can then be inserted into ungulate cells. In 
further embodiments, ungulates and ungulate cells are pro 
vided 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 mol 
ecules. 

0075. In additional embodiments, methods of producing 
Xenogenous antibodies are provided, wherein the method 
can include: (a) 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. 
0076. 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 ani 
mals) 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 quan 
tities of polyclonal antibodies can also be used for treatment 
and prophylaxis of infectious disease, vaccination against 
biological warfare agents, modulation of the immune sys 
tem, removal of undesired human cells Such as cancer cells, 
and modulation of specific human molecules. 
0077. In other embodiments, animals or cells lacking 
expression of functional immunoglobulin, produced accord 
ing to the process, sequences and/or constructs described 
herein, can contain additional genetic modifications to elimi 
nate the expression of Xenoantigens. Such animals can be 
modified to eliminate the expression of at least one allele of 
the alpha-1,3-galactosyltransferase gene, the CMP-Neu5Ac 
hydroxylase gene (see, for example, U.S. Ser. No. 10/863, 
116), the iGb3 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 express fucosyltrans 
ferase and/or sialyltransferase. To achieve these additional 
genetic modifications, in one embodiment, cells can be 
modified to contain multiple genetic 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 

0078 FIG. 1 illustrates the design of a targeting vector 
that disrupts the expression of the joining region of the 
porcine heavy chain immunoglobulin gene. 
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0079 FIG. 2 illustrates the design of a targeting vector 
that disrupts the expression of the constant region of the 
porcine kappa light chain immunoglobulin gene. 

0080 FIG. 3 illustrates the genomic organization of the 
porcine lambda immunoglobulin locus, including a concata 
mer of J-C sequences or units as well as flanking regions that 
include the variable region 5' to the JC cluster region. 
Bacterial artificial chromosomes (BAC1 and BAC2) repre 
sent fragments of the porcine immunoglobulin genome that 
can be obtained from BAC libraries. 

0081 FIG. 4 represents the design of a targeting vector 
that disrupts the expression of the JC cluster region of the 
porcine lambda light chain immunoglobulin gene. “SM 
stands for a selectable marker gene, which can be used in the 
targeting vector. 

0082 FIG. 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. 

0.083 FIG. 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. 

0084 FIG. 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 

0085. The present invention provides for the first time 
ungulate immunoglobin germline gene sequence arrange 
ment as well as novel genomic sequences thereof. In addi 
tion, 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. 

0086. 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 immu 
noglobulin can be a kappa and/or lambda immunoglobulin. 
In additional embodiments, transgenic ungulates are pro 
vided 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. 
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0087. In other embodiments, the transgenic ungulate that 
lacks any expression of functional endogenous immunoglo 
bulins can be further genetically modified to express an 
Xenogenous immunoglobulin loci. In an alternative embodi 
ment, porcine animals are provided that contain an Xeno 
geous immunoglobulin locus. In one embodiment, the Xeno 
geous 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 immuno 
globulin locus can be human chromosome 14, human chro 
mosome 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 immu 
noglobulin 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. 

0088. In another aspect of the present invention, trans 
genic 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 embodi 
ment, the Xenogenous immunoglobulin locus can be inher 
ited 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 immuno 
globulin locus can be human chromosome 14, human chro 
mosome 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 immu 
noglobulin 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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0089. Definitions 
0090 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 
organism. 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., bacteria 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 after the 
recombinant plasmid is introduced into Suitable host cells, 
the newly inserted segment will be reproduced along with 
the host cell DNA. 

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

0092. As used herein, the term “mammal' (as in “geneti 
cally 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. 
0093. 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. 

0094. As used herein, the terms "porcine', 'porcine ani 
mal”, “pig and “swine' are generic terms referring to the 
same type of animal without regard to gender, size, or breed. 
0.095 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 Strin 
gent conditions to the target sequence, Stringent hybridiza 
tion conditions include those that will allow hybridization 
occur if there is at least 85, at least 95% or 98% identity 
between the sequences. 
0096. 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 “substan 
tially 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% identical with the reference DNA 
Sequence. 

0097) “Homologous recombination” refers to the process 
of DNA recombination based on sequence homology. 
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0098 “Gene targeting refers to homologous recombina 
tion between two DNA sequences, one of which is located 
on a chromosome and the other of which is not. 

0099 “Non-homologous or random integration” refers to 
any process by which DNA is integrated into the genome 
that does not involve homologous recombination. 
0100. A “selectable marker gene' is a gene, the expres 
sion of which allows cells containing the gene to be iden 
tified. 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 resis 
tance 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 lumines 
cence or the production of a colored compound, or the 
production of a detectable change in the medium Surround 
ing the cell. 
0101 The term “contiguous” is used herein in its stan 
dard meaning, i.e., without interruption, or uninterrupted. 
0102 “Stringent conditions” refers to conditions that (1) 
employ low ionic strength and high temperature for wash 
ing, 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, stringency 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, N.Y., 
(1989). 
I. Immunoglobulin Genes 
0103) 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 immu 
noglobulin can be a kappa and/or lambda immunoglobulin. 
In additional embodiments, transgenic ungulates are pro 
vided 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. 
0104. 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 con 
figuration 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) 
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transfecting a targeting construct containing the flanking 
sequence into a cell wherein, upon Successful homologous 
recombination, at least one functional region of the immu 
noglobulin locus is disrupted thereby reducing or preventing 
the expression of the immunoglobulin gene. 
0105. 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 FIG. 1. In a specific 
embodiment, only one of the six joining regions, Jó, is 
functional. 

0106. 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 FIG. 2. 
0107. In a further embodiment, the germline configura 
tion of the porcine lambda light chain locus is provided. 
0108 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 hybridize, 
optionally under stringent conditions, to Seq ID Nos 1-39, as 
well as, nucleotides homologous thereto. 
0109 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, blastin, blastX, thlastn and 
tblastx (see, for example, Altschul, S. F. etal (1997) Nucleic 
Acids Res 25:3389-3402 and Karlin et al., (1900) 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 (i.e., the statis 
tical significance threshold for reporting matches against 
database sequences), cutoff, matrix and filter (low co 
Mplexity) are at the default settings. The default scoring 
matrix used by blastp, blastX, thlastin, and thlastx is the 
BLOSUM62 matrix (Henikoff et al., (1992) Proc. Natl. 
Acad. Sci. USA 89, 10915-10919), which is recommended 
for query sequences over 85 in length (nucleotide bases or 
amino acids). 
Porcine Heavy Chain 
0110. 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 
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embodiment, an isolated nucleotide sequence is provided 
that includes at least four joining regions and at least one 
constant region, such 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 hybridize, optionally under Stringent condi 
tions, to Seq ID Nos 1, 4 or 29, as well as, nucleotides 
homologous thereto. 

0111. 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 resi 
dues 9,070-11039 of Seq ID No 29. 

0.112. 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. Further provided are nucleotide 
sequences that hybridize, optionally under Stringent condi 
tions, to Seq ID Nos 1, 4 or 29, as well as, nucleotides 
homologous thereto. 

0113. 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 example, by residues 1089 
1099 (D(pseudo)), the Joining region of heavy chain is 
represented, for example, by residues 1887-3352 (for 
example: J(psuedo): 1887-1931, J(psuedo): 2364-2411, 
J(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). 
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globulin 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 embodi 
ment, the nucleotide sequence can 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. 

0115) 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. 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, 
2,500, 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. 

0116. 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). 

Seq ID No 30 
GCGTCCGAAGTCAAAAATATCTGCAGCCTTCATGTATTCATAGAAACAAG 

GAATGTCTACATTTTCCAAAGTGGGACCAGAATCTTGGGTGATGTCTAAG 

GCATGTGCATTTGCACATGGTAGGCAAAGGACTTTGCTTCTCCCAGCACA 

TCTTTCTGCAGAGATCCATGGAAACAAGACTCAACTCCAAAGCAGCAAAG 
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AAGCAGCAAGTTCTCAAGTGATCTCCTCTGACTCCCTCCTCCCAGGCTAA 

TGAAGCCATGTTGCCCCTGGGGGATTAAGGGCAGGTGTCCATTGTGGCAC 

CCAGCCCGAAGACAAGCAATTTGATCAGGTTCTGAGCACTCCTGAATGTG 

GACTCTGGAATTTTCTCCTCACCTTGTGGCATATCAGCTTAAGTCAAGTA 

CAAGTGACAAACAACATAATCCTAAGAAGAGAGGAATCAAGCTGAAGTC 

A. 

AAGGATCACTGCCTTGGATTCTACTGTGAATGATGACCTGGAAAATATCC 

TGAACAACAGCTTCAGGGTGATCATCAGAGACAAAAGTTCCAGAGCCAGg 

tagg gaalacc citcaa.gc.cittgcaaagagcaaaatcatgc cattgg gttct 

talacct gctgagtgatt tactatatgttactgtgggaggcaaag.cgctca 

aatagoctoggtaagtatgtcaaataaaaagcaaaagtggtgtttcttga 

aatgttagacctgaggaaggaatattgata acttaccaataattittcaga 

atgatttatagatgtgcacttagtcagtgtct citccacccc.gcacct gac 

aag cagtttagaatttattotaagaatctaggtttgctgggggctacatg 

ggaatcagottcagtgaag agtttgttggaatgatt cactaaattittcta 

tttccagdataaatccaagaaccitctdagacitagtttattgacactgctt 

titccitccataatc catcto atctocqtccatcatgg acactttgtagaat 

gacaggtoctogcagagacitcacagatgcttctgaaa.catcctittgc citt 

caaagaatgaacago acacatactaaggatctoragtigatccacaa attag 

tttittgccacaatggttctitatgataaaagttctttcattaacagdaaatt 

gttittataatagttgttctgctittataataattgcatgcttcactittctt 

ttcttittctttittttittctttittittgctttittagtgcc.gcaggtgcagda 

tatgaaattitcc.caggctaggggtoaaatcagaact acaccitactggcct 

acgc.cacago cacagdaactcaggat.ctaagc catgtcggtgacctacac 

tacagotcatggcaatgccagat.ccitta accolaatgagc gaggcc aggga 

to galacccatgtc.ct catggatactagt caggct cattatcc.gctgagcc 

ataa.caggaactc.ccgagtttgctttittatcaaaattggtacago cittat 

tgtttctgaaaac cacaaaatgaatgtattoacataattittaaaaggitta 

aataattitatgatatacaaga caatagaaagagaaaacgtoattgccitct 

ttctitccacg acaacacgcctccittaattgatttgaagaaataactactg 

agcatggtttagt gtacttctitt cagoa attagcct gtattoatago cat 

acatattolaattaaaatgagatcatgatat cacacaatacataccataca 

gcctatagggattitttacaatcatctitccacatgactacataaaaaccta 

cctaaaaaaaaaaaaaaccotactitcatccitcctattggctgctttgttgc 

to cattaaaaagctcitatcataattaggittatgatgaggattitccattitt 

ctacctittcaa.gcaacatttcaatgcacagtcttatatacacatttgagc 

citacttittcttitttctittcttitttittggittittittittitttittittitttittitt 

ggtotttttgtc.ttittctaaggctgcatatggaggttcc caggctagotg 
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-continued -continued 
tacggtotctgtggctotgaaatgatt catgtgctgactic totgaaacca 

ccaaaagctoagatttaaagaaatctgtttaagtgaaagaaaataaaaga 
gactgacattct coagggcaaaactaaag.cctgtcatcaaactggaaaac 

actgcattttittaaaggcc catgaatttgtagaaaaataggaaatattitt 
tgaggg cacattttctggg cagaactaagagt cagg cactgggtgaggaa 

aataagtgitattottittatttitcctgttattacttgatggtgtttittata 
aaacttgttagaatgatagtttcagaaact tactgggaa.gcaaagcc cat 

cc.gc.caaggaggcc.gtggcaccgtcagtgttgatctgtag acco catggcg 
gttctgaacagagctotgctdaagggtoaggaggggalaccagtttttgta 

gccttttittcgcgattgaatgaccttgg.cggtgggtc.cccagggctotgg 
caggagggaagttgagacgaaccoct9tgTATATGGTTTCGGCGCGGGGA 

tggcagogcaccago.cgctaaaag.ccgctaaaaact gcc.gctaaaggcca 
CCAAGCTGGAGCTCAAACqtaagtggctttittcc.gactgattotttgctg 

cago aaccocgcg accgc.ccgttcaactgtgctdacacagtgatacagat 
tittctaattgttggttggcttitttgtccatttittcagtgttttcatcgaa 

aatgtc.gcta acagaggagaatagaaatatgacggg cacacgctaatgtg 
ttagttgtcagg gaccaaacaaattgcctt.cccagattaggtaccaggga 

gggaaaagagggaga agcc to atttittattttittagagattictagagata 
ggggacattgctgcatgggagaccagagggtggctaatttittaac gtttc 

aaattic coagtattatatoctitttaataaaaaatttctattaggagatta 
caagccaaaataactggggaagggggcttgctgtcc tdtgagggtaggitt 

taaagaatttaaagctatttittittaagtggggtgtaattctitt cagtagt 
tittatagaagtggaagittaaggggaaatc.gctatgcTTGACTTTTGGCTC 

citcttgttcaaatggatttalagtaatagaggcttaatccaaatgagagaaa 
GGGGACCAAAGTGGAGCCCAAAAttgagtacatttitccatcaattatttg 

tagacgcatalacc ctittcaaggcaaaagctacaagagcaaaaattgaaca 
tgagattitttgtc.ctgttgttgtcatttgttgcaagtttittgacattttggit 

cago agcc agccatctagocacticagattittgat cagttitt actoagttt 
tgaatgagcc attoccagg gacccaaaaggatgaga.ccgaaaagtagaaa 

gaagtaaatatoatgaaggtata attgctgataaaaaaataagatacagg 
agagccaacttittaa.gctgag cagacagaccgaattgttgagtttgtgag 

tgtgacacatctittaagtttcagaaatttaatggcttcagtaggattata 
gagagtagggitttgtagg gagaaaggggaacagatcgctdgctttitt citc 

tttcacgtatacaaagtatctaag Cagataaaaatgccattaatggaaac 
tgaattagcctttctoatggg actogcttcagagggggtttittgatgagg 

ttaatagaaatatatttittaaatticcittcattctgtgacagaaattittct 
gaagttgttctagagccittaactgtgGGTTGTGTTCGGTAGCGGGACCAAG 

aatctgggtottttaatcaccitaccotttgaaag agitttagtaatttgct 
CTGGAAATCAAACqtaagtgcacttittctacticcitttittctttcttatac 

atttgc catcgctgtttactic cagotaatttcaaaagtgat acttgagaa 
gggtgtgaaattggggacittittcatgtttggagtatgagttgaggtoagt 

agattatttittggtttgcaaccaccitgg caggactattittagg gccattt 
totgaaga gagtgggacitcatccaaaaatctgaggagtaaggg to agaac 

taaaactottttcaaactaagtattftaaactgttctaaaccatttaggg 
agagttgtct catggaagaacaaag accitagttagttgatgaggcagota 

ccttittaaaaatcttitt catgaatttcaaactitcgittaaaagttattaag 
aatgagtcagttgacittgg gatccaaatggccagacitt.cgtotgtaacca 

gtgtctggcaagaactticcittatcaaatatgctaatagtttaatctgtta 
acaatctaatgagatgtag cago: aaaaagagattitc cattgaggggaaag 

atgcaggatataaaattaaagtgatcaaggcttgacccaaacaggagtat 
taaaattgttaatattgttgGATCACCTTTGGTGAAGGGACATCCGTGGAG 

cittcatagdatatttcc cctoctitttitttctagaattcatatgattittgc 
ATTGAACqtaagtatttitttctotactaccttctgaaatttgttctaaatg 

tgccaaggctattittatataatctotggaaaaaaaatagtaatgalaggtt 
ccagtgttgacittittagaggottaagtgtcagttttgttgaaaaatgggta 

aaaagagaagaaaatat cagaac attaagaattcgg tattt tactaactg 
aacaagag catttcatatttattatcagtttcaaaagttaaactcagotc 

cittggittaacatgaaggitttittattittattaaggitttctatotttataaa 
caaaaatgaatttgtag acaaaaagattaatttaa.gc.caaattgaatgat 

aatctgttcc ctitttctgctgatttctocaa.gcaaaagattcttgatttg 
toaaaggaaaaaaaaattagt gtagatgaaaaagga attcttacagotcc 

ttttittaact cittactcitc.ccaccca agggcc toaatgcc.cacaaagggg 
aaagagcaaaag.cgaattaattittctttgaactittgccaaatcttgtaaa 

actitcc aggaggc catctggcagotgct caccgtcagaagtgaagccago 
tgattitttgttctttacaatttaaaaaggittagagaaatgitatttcttag 

cagttcct cotgggcaggtggccaaaattacagttgaccc.citcctggtot 
totgttittctdtcttctgtctgataaattattatatgagataaaaatgaa 

ggctgaac cittgc.cccatatggtgacago catctggc.cagg gcc.caggto 
aattaataggatgtgctaaaaaatcagtaagaagttagaaaaatatatgt 

to cotctgaagcc tittgggaggagagggagagtggctggc.ccgatcacag 
titatgttaaagttgccacttaattgagaatcagaa.gcaatgttatttitta 

atgcggaaggggctgactCctica accggggtgcagacitctgcagggtggg 
aagttctaaaatgagagataaactgtcaatacttaaattctgcagagattic 

totggg.ccca acacacccaaag.cacgcc caggaaggaaagg cagottggit 
tatatottgacagatatotccttitttcaaaaatccaatttctatggtag a 

at cactg.cccagagctaggagaggcaccgggaaaatgatctgtccaagac 
citaa atttgaaatgatctitcc toataatggagggaaaagatgg acto acc 
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agccaaattgaatgattcaaaggaaaaaaaaattagtgtagatgaaaaag 

gaattcttacagotccaaagagcaaaag.cgaattaattittctttgaactt 

tgccaaatcttgtaaatgattitttgttctttacaatttaaaaaggittaga 

gaaatgitatttcttagtctgttttctotcttctgtctgataaattattat 

atgagataaaaatgaaaattaataggatgtgctaaaaaatcagtaagaag 

ttagaaaaatatatgtttatottaaagttgcc acttaattgagaatcaga 

agcaatgttatttittaaagttctaaaatgagagataaactotcaatacitta 

aattctgcagagattctatatottgacagatatotcctttittcaaaaatc 

caatttctatogtag actaaatttgaaatgat cittcct cataatggaggg 

aaaagatgg act gaccc.caaaagcticagattt aagaaaacctgtttaag 

* gaaagaaaataaaagaactgcattttittaaaggcc catgaatttgtaga 

aaaataggaaatattittaataagtgitattottittatttitcctgttattac 

ttgatggtgtttittataccgc.caaggaggcc.gtggcaccgtoagtgttgat 

citgtag acco catggcggc ctitttittcgcgattgaatgaccttgg.cggtg 

ggtocc cagggctotggtggcagogcaccago.cgctaaaag.ccgctaaaa 

actg.ccgctaaaggccacago aacco.cgcg accqc.ccgttcaactgtgct 

gacacagtgatacagataatgtc.gctaacagaggagaatagaaatatgac 

ggg cacacgctaatgtggggaaaagagggagaa.gc.ctgatttittatttitt 

tagagattictagagataaaattic coagtattatatoctitttaataaaaaa 

tittctattaggagattataaagaatttaaagctatttittittaagtggggit 

gtaattctitt cagtagt citcttgtcaaatggatttalagtaatagaggott 

aatccaaatgagagaaatagacgcatalacc ctittcaaggcaaaagctaca 

agagcaaaaattgaacacago agcc agccatctagocacticagattittga 

toagttitt actoagtttgaagtaaatatoatgaaggtata attgctgata 

aaaaaataagatacaggtotgacacatctittaagtttcagaaatttaatg 

gottcagtaggattatatttcacgtatacaaagtatictaagcagataaaa 

atgccattaatggaaacttaatagaaatatatttittaaatticcittcattc 

tgttgacagaaattittctaatctgggtottttaatcaccitaccotttgaaa 

gagtttagtaatttgctatttgccatc.gctgtttacitccagotaattitca 

aaagtgat acttgagaaagattatttittggtttgcaaccaccitgg cagga 

citattittagg gocattttaaaactcittittcaaactaagtattittaaactg 

ttctaaaccatttaggg ccttittaaaaatcttitt catgaatttcaaactt 

cgittaaaagttattalaggtgtctggcaagaactticcittatcaaatatgct 

aatagtttaatctgttaatgcaggatataaaattaaagtgatcaaggott 

gacccaaacaggagtatcttcatagdatatttcc cctoctitttitttctag 

aattcatatgattittgctgccaaggctattittatataatctotggaaaaa 

aaatagtaatgaaggittaaaagagaagaaaatat cagaac attaagaatt 

cgg tatttitactaactgcttggittaacatgaaggitttittattittattaag 
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gtttctatotttataaaaatctgttcccttittctgctgatttctocaagic 

aaaagattcttgatttgttttittaactcittactcitcccacccaaggg cct 

gaatgcc.cacaaagggg actitcCaggaggc catctggcagotgct caccg 

to agaagtgaa.gc.ca.gc.cagttccitcctgggcaggtggccaaaattacag 

ttgaccc.citcctggtotggctgaaccittgc.cccatatggtgacago catc 

tggcCagggccCaggtotCCCtctgaag CCtttgggaggagagggagagt 

ggctggcc.cgatcacagatgcggaaggggctgactic citcaa.ccggggtgc 

agacitctgcagggtgggtotggg.cccalacacacccaaag cacgcc cagga 

aggaaagg cagottggitat cactg.cccagagctaggagagg Caccgggaa 

aatgatctgtccaag acco gttcttgcttctaaacticcgagggggtoaga 

tgaagtggttttgtttcttggcc togaag catcgtgttcc citgcaagaagc 

ggggalacacagaggaaggagagaaaagatgaactgaacaaagcatgcaag 

gcaaaaaaggccittaggatggctgcaggaagttagttcttctgcattggc 

to cittactggctogtogatc.gc.ccacaaacaacgcaccoagtggagaact 

to cotgttacittaaacaccattctotgttgcttgctitcctcaggggctgat 

gccaagccatcc.gtott catctt.ccc.gc.catcgaaggag cagittagcgac 

cc caactgtc.tctgtggtgtgcttgatca 

Seq ID No. 15 
gatgccaa.gc.catcc.gtc.ttcatctt.ccc.gc.catcgaaggagcagttagc 

gaccc.caactgtc.tctgtggtgtgcttgat caataacttctitc.cccagag 

aaatcagtgtcaagtggaaagtggatggggtggtocaaag cagtggtoat 

cc.ggatagtgtcacagag caggacagoaaggacago accitacago citcag 

cago accotcitc.gctg.cccacgtdacagtacctaagttcataatttatatt 

cctgtgaggtoaccoacaag accotggcctcc cctotgg to acAAGCTTC 

AACAGGAACGAGTGTGAGGCTTAGAGGCCCACAGGCCCCTGGCCTGCCCC 

CAGCCCCAGCCCCGCTCCCCACCTCAAGCCTCAGGCCCTTGCCCCAGAGG 

ATCCTTGGCAATCCCCCAGCCCCTCTTCCCTCCTCATCCCCTCCCCCTCT 

TTGGCTTTAACCGTGTTAATACTGGGGGGTGGGGGAATGAATAAATAAAG 

TGAACCTTTGCACCTGTGATTTCTCTCTCCTGTCTGATTTTAAGGTTGTT 

AAATGTTGTTTTCCCCATTATAGTTAATCTTTTAAGGAACTACATACTGA 

GTTGCTAAAAACTACACCATCACTTATAAAATTCAcgCCTTCTCAGTTCT 

CCCCTCCCCTCCTGTCCTCCGTAAGACAGGCCTCCGTGAAACCCATAAGC 

ACTTCCTTACACCCTCTCCTGGGCCGGGGTAGGAGACTTTTTGATGTC 

CCCTCTTCAGCAAGCCTCAGAACCATTTTGAGGGGGACAGTTCTTACAGT 

CACATTCCtGitGATCTAATGACTTTAGTTaCCGAAAAGCCAGTGTCTCA 

AAAAGAAGGGAACGGCTAGAAACCAAGTCATAGAAATATATATGTATAAA 

ATATATATATATCCATATATGTAAAATAACAAAATAATGATAACAGCATA 

GGTCAACAGGCAACAGGGAATGTTGAAGTCCATTCTGGCACTTCAATTTA 

AGGGAATAGGATGCCTTCATTACATTTTAAATACAATACACATGGAGAGC 
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TTCCTATCTGCCAAAGACCATCCTGAATGCCTTCCACACTCACTACAAGG 

TTAAAAGCATTCATTACAATGTTGATCGAGGAGTTCCCGTTGTGGCTCAG 

CAGGTTAAGAACGTGACTGGTATCCAGGAGGATGCGGGTTTGGTCCCCAG 

CCTCGCTCAGTGGATTAAGGATCCAGTGTTGCTGCAAGATCACGGGCTCA 

GATCCCGTGTTCTATGGCTATGGTGTAGGCTGGTAGCTGCATGCAGCCCT 

AATTTGACCCCTAGCCTGGGAACTGCCATAtGCCACATGTGAGGCCCTTA 

AAACCTAAAAGAAAAAaAAAGAAAAGAAATATCTTACACCCAATTTATAG 

ATAAGAGAGAAGCTAAGGTGGCAGGCCCAGGATCAAAGCCCTACCTGCCT 

ATCTTGACACCTGAtACAAATTCTGTCTTCTAGGGtTTCCAACACTGCAT 

AGAACAGAGGGTCAAACATGCTACCCTCCCAGGGACTCCTCCCTTCAAAT 

GACATAAATTTTGTTGCCCATCTCTGGGGGCAAAACTCAACAATCAATGG 

CATCTCTAGTACCAAGCAAGGCTCTTCTCATGAAGCAAAACTCTGAAGCC 

AGATCCATCATGACCCAAGGAAGTAAAGACAGGTGTTACTGGTTGAACTG 

TATCCTTCAATTCAATATGCTCAATTTCCAACTCCCAGTCCCCGTAAATA 

CAACCCCCTTTGGGAAGAGAGTCCTTGCAGATGTAGCCACGTTAAAAAGA 

GATTATACAGAAAGGCTAGTGAGGATGCAGTGAAACGGGATCTTTCATAC 

ATTGCTGGTGGAAATGTAAAATGCTGCAGGCACTCTAGAAAATAATTTGC 

CAGTTTTTTGAAAAGCTAAACAAAATAGTTTAGTTGCATTCTGGGTTATT 

TATCCCCCAGAAATTAAAAATTATGTCCGCACAAAAACGTGTACATAATC 

ATTCATAACAGCCTTGTACGAAAAGCTT 

Seq ID No. 16 
GGATCCTTAACCCACTAATCGAGGATCAAACACGCATCCTCATGGACAAT 

ATGTTGGGTTCTTAGCCTGCTGAGACACAACAGGAACTCCCCTGGCACCA 

CTTTAGAGGCCAGAGAAACAGCACAGATAAAATTCCCTGCCCTCATGAAG 

CTTATAGTCTAGCTGGGGAGATATCATAGGCAAGATAAACACATACAAAT 

ACATCATCTTAGGTAATAATATATACTAAGGAGAAAATTACAGGGGAGAA 

AGAGGACAGGAATTGCTAGGGTAGGATTATAAGTTCAGATAGTTCATCAG 

GAACACTGTfGCTGAGAAGATAACATTTAGGTAAAGACCGAAGTAGTAAG 

GAAATGGACCGTGTGCCTAAGTGGGTAAGACCATTCTAGGCAGCAGGAAC 

AGCGATGAAAGCACTGAGGTGGGTGTTCACTGCACAGAGTTGTTCACTGC 

ACAGAGTTGTGTGGGGAGGGGTAGGTCTTGCAGGGTCTTATGGTCACAGG 

AAGAATTGTTTTACTCCCACCGAGATGAAGGTTGGTGGATTTTGAGCAGA 

AGAATAATTCTGCCTGGTTTATATATAACAGGATTTCCCTGGGTGCTCTG 

ATGAGAATAATCTGTCAGGGGTGGGATAGGGAGAGATATGGCAATAGGAG 

CCTTGGCTAGGAGCCCACGACAATAATTCCAAGTGAGAGGTGGTGCTGCA 

TTGAAAGCAGGACTAACAAGACCTGCTGACAGTGTGGATGTAGAAAAAGA 

TAGAGGAGACGAAGGTGCATCTAGGGTTTTCTGCCTGAGGAATTAGAAAG 

ATAAAGCTAAAGCTTATAGAAGATGCAGCGCTCTGGGGAGAAAGACCAGC 

AGCTCAGTTTTGATCCATCTGGAATTAATTTTGGCATAAAGTATGAGGTA 

Jan. 31, 2008 

-continued 
TGTGGGTTAACATTATTTGTTTTTTTTTTTTCCATGTAGCTATCCAACTG 

TCCCAGCATCATTTATTTTAAAAGACTTTCCTTTCCCCTATTGGATTGT 

TTGGCACCTTCACTGAAGATCAACTGAGCATAAAATTGGGTCTATTTCTA 

AGCTCTTGATTCCATTCCATGACCTATTGTTCATCTTTACCCCAGTAGA 

CACTGCCTTGATGATTAAAGCCCCTGTTACCATGTCTGTTTTGGACATGG 

TAAATCTGAGATGCCTATTAGCCAACCAAGCAAGCACGGCCCTTAGAGAG 

CTAGATATGAGAGCCTGGAATTCAGACGAGAAAGGTCAGTCCTAGAGACA 

TACATGTAGTGCCATCACCATGCGGATGGTGTTAAAAGCCATCAGACTGC 

AACAGACTGTGAGAGGGTACCAAGCTAGAGAGCATGGATAGAGAAACCCA 

AGCACTGAGCTGGGAGGTGCTCCTACATTAAGAGATTAGTGAGATGAAGG 

ACTGAGAAGATTGATCAGAGAAGAAGGAaAATCAGGAAAATGGTGCTGTC 

cTGAAAATCCAAGGGAAGAGATGTTCCAAAGAGGAGAaAACTGATCAGTT 

GTCAGCTAGCGTCAATTGGGATGAAAATGGACCATTGGACAGAGGGATGT 

AGTGGGTCATGGGTGAATAGATAAGAGCAGCTTCTATAGAATGGCAGGGG 

CAAAATTCTCATCTGATCGGCATGGGTTCTAAAGAAAACGGGAAGAAAAA 

ATTGAGTGCATGACCAGTCCCTTCAAGTAGAGAGGTgGAAAAGGGAAGGA 

GGAAAATGAGGCCACGACAACATGAGAGAAATGACAGCATTTTTAAAAAT 

TTTTTATTTTATTTItATTTATTTATTTTTGCTTTTTAGGGCTGCCCCTGC 

AAcatatggaggttcc.caggittaggggtotaatcagagctatagotgc.ca 

gcct acaccacago catagdaatgccagatctacatgacct acaccacag 

citcacagdaacgc.cggatccitta accolactgagtgaggc.ca.gagatcaaa 

cc catatoctitatggatactagt caggttcattaccactgagccaaaatg 

ggaaATCCTGAGTAATGACAGCATTTTTTAATGTGCCAGGAAGCAAAACT 

TGCCACCCCGAAATGTCTCTCAGGCATGTGGATTATTTTGAGCTGAAAAC 

GATTAAGGCCCAAAAAACACAAGAAGAAATGTGGACCTTCCCCCAACAGC 

CTAAAAAATTTAGATTGAGGGCCTGTTCCCAGAATAGAGCTATTGCCAGA 

CTTGTCTACAGAGGCTAAGGGCTAGGTGTGGTGGGGAAACCCTCAGAGAT 

CAGAGGGACGTTTATGTACCAAGCATTGACATTTCCATCTCCATGCGAAT 

GGCCTTCTCCCCTCTGTAGCCCCAAACCACCACCCCCAAAACTTCTTC 

TGTCTTTAGCTGAAGATGGTGTTGAAGGTGATAGTTTCAGCCACTTTGGC 

GAGTTCCTCAGTTGTTCGGGTCTTTCCTCCGGACCACAATTCGACT 

GTGTTTGATTTTCTCCTGTTTATCTGTCTCATTGGCACCCATTTCATTCT 

TAGACCAGCCCAAAGAACCTAGAAGAGTGAAGGAAAATTTCTTCCACCCT 

GACAAATGCTAAATGAGAATCACCqCAGTAGAGGAAAATGATCTGGTgCT 

GCGGGAGATAGAAGAGAAAATCGCTGGAGAGATGTCACTGAGTAGGTGAG 

ATGGGAAAGGGGGGGCACAGGTGGAGGTGTTGCCCTCAGCTAGGAAGACA 

GACAGTTcacagaag agaag.cgggtgtc.cgtCGACATCTTGCCTCATGGA 

TGAGGAAACCGAGGCTAAGAAAGACTGCAAAAGAAAGGTAAGGATTGCAG 

AGAGGTCGATCCATGACTAAAATCACAGTAACCAACCCCAAACCACCATG 
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TTTTCTCCTAGTCTGGCACGTGGCAGGTACTGTGTAGGTTTTCAAATTA 

TGGTTTGAACAGTACCTATAGGCCTCCACCCCTCCTCTAAACAA 

CAAAAGTGTGAGACTGGTCAGTGAAAAATGGTCTTCTTTCTCTATGCAAT 

CTTTCTCAAGAAGATACATAACTTTTTATTTTATCATaCGCTTGAAGAGC 

AAATGAGAAACAgCCTCCAACCTATGACACCGTAACAAAGTGTTTATGAT 

CAGTGAAGGGCAAGAAACAAAACATACACaGTAAAGACCCTCCATAATAT 

TGtGGGCTGGCCCAaCACAGGCCAGGTTGTAAAAGCTTTTTATTCTTTGA 

TAGAGGAATGGATAGTAATGTTTCAACCTGGACAGAGAT CATGTTCACT 

GAATCCTTCCAAAAATTCATGGGTAGTTTGAAtTATAAGGAAAATAAGAC 

TTAGGATAAATACTTTgTCCA* GATCCCAGAGTTAATgCCAAAATCAGTT 

TTCAGACTCCAGGCAGCCTGATCAAGAGCCTAAACTTTAAAGACACAGTC 

CCTTAATAACTACTATTCACAGTTGCACTTTCAggGCGCAAAGACTCATT 

GAATCCTACAATAGAATGAGTTTAGATATCAAATCTCTCAGTAATAGATG 

AGGAGACTAAATAGCGGGCATGACCTGGTCACTTAAAGACAGAATTGAGA 

TTCAAGGCTAGGTTCTTTCTACCTGTTTTGTTTCTACAAGATGTAGCAA 

TGCGCTAATTACAGACCTCTCAGGGAAGGAATTCACAACCCTCAGCAAAA 

ACCAAAGACAAATCTAAGACAACTAAGAGTGTTGGTTTAATTTGGAAAAA 

TAACTCACTAACCAAACGCCCCTCTTAGCACCCCAATGTCTTCCACCATC 

ACAGTGCTCAGGCCTCAACCATGCCCCAATCACCCCAGCCCCAGACTGGT 

TATTACCAAGTTTCATGATGACTGGCCTGAGAAGATCAAAAAAGCAATGA 

CATCTTACAGGGGACTACCCCGAGGACCAAGATAGCAACTGTCATAGCAA 

CCGTCACACTGCTTTGGTCA 

Seq ID No. 19 
ggatcaaacacgcatcc to atggacaatatgttgggttcttagcctgctg 

agacacaa.caggaactc.ccctgg caccactittagaggc.ca.gagaalacago 

acagataaaatticcictd.ccct catgaagcttatagtictagotggggagat 

atcataggcaagataaacacatacaaatacatcatcttaggtaataatat 

atactaaggagaaaattacaggggagaaagaggacaggaattgctagggit 

aggattataagttcagatagttcatcaggaac actottgctgagaagata 

acatttaggtaaag accgaagtagtaaggaaatggaccgtgtgcctaagt 

gggtaaga CC attctaggcag caggalacagcgatgaaag Cact gaggtgg 

gtgttcactgcacagagttgttcactgcacagagttgttgtggggaggggit 

aggtottgcaggct cittatgg to acaggaagaattgttitt acticccaccg 

agatgaaggttggtggattittgagcagaagaataattctgcctggttitat 

atataa.caggattit.ccctgggtgctctgatgagaataatctgtcaggggit 

gggatagg gagagatatggcaataggagcCttggctaggagcc cacgaca 

ataatticcaagtgagaggtggtgctgcattgaaag.caggactaacaagac 

citgctgacagtgtggatgtagaaaaagatagaggagacga aggtgcatct 

agggittittctgcct gagga attagaaagataaagctaaag cittatagaag 
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atgcagogctctggggagaaagaccago agcticagttittgatcCatctgg 

aattaattittgg cataaagtatgagg tatgtgggittaac attatttgttt 

tttitttitttccatgtagctatocaactgtc.ccagoatcatttattittaaa 

agacittitcctttcccctattggattgttittgg caccittcactgaagatca 

actgag cataaaattgggtotatttctaagct cittgatticcattc catga 

cctatttgttcatctttaccc.cagtag acactg.ccttgatgattaaag.cc 

cctdttaccatgtctgttittgga catggtaaatctgagatgcc tattagc 

caac caa.gcaa.gcacggcc cittagaga.gctagatatgaga.gc.ctggaatt 

cagacgagaaaggtoagtc.ctagaga catacatgtagtgc.cat caccatg 

cggatggtgttaaaag.ccatcag actgcaa.ca.gactgtgagagggtacca 

agctagagag catggatagagaalacc caag cactgagctgg gaggtgctic 

citac attalagagattagtgagatgaagg actdagaagattgat cagagaa 

gaaggaaaatcaggaaaatggtgctgtc.ctgaaaatcca agggaagagat 

gttccaaagaggagaaaactgat cagttgtcagotagogtcaattgg gat 

gaaaatggaccattggacagagggatgtag togg to atgggtgaatagat 

aagagcagottctatagaatggcaggggcaaaattic to atctgatcggca 

tgggttctaaagaaaacgggaagaaaaaattgagtgcatgaccagtcCCt 

to aagtagagaggtggaaaagggaaggaggaaaatgaggcc acgacaa.ca 

tgag agaaatgacago atttittaaaaattittittattittattittatttatt 

tatttittgctttittagggctocc cct gcaa.catatggaggttcc.caggitt 

aggggtotaatcagagctatagotgc.ca.gc.ctacaccacago catagdaa 

tgccagatctacatgacct acaccacagotcacago aacgc.cggatccitt 

aacco act gagtgaggc.ca.gagatcaaaccoatatoctitatggatactag 

to aggttcattaccactgagccaaaatgggaaatcc tagtaatgacago 

attttittaatgtgcc aggaagcaaaacttgcc acco cqaaatgtc.tc.to a 

gg catgtggattattittgagctgaaaacgattaaggcc.caaaaaacacaa 

gaagaaatgtgg accitt.ccc.cca acagoctaaaaaatttagattgagggc 

citgttcc.ca.gaatagagctattgccagacittgttctacagaggctaagggc 

taggtotggtggggaalacc citcagagat cagagggacgtttatgtaccala 

gcattgacatttccatctocatgcgaatgg ccttctitcc cctotgtag cc 

ccaaaccaccacccccaaaatcttcttctgtctittagctgaagatggtgt 

tgaaggtgatagtttcago cactittggc gagttcct cagttgttctgggit 

cittitccitccTgatccacattattogactgtgtttgattittctoctgttta 

totgtctoattgg cacccatttcattcttagaccagoccaaagaacctag 

aagagtgaaggaaaatttctitccaccctgacaaatgctaaatgagaatca 

cc.gcagtagaggaaaatgatctggtgctg.cgg gagatagaagagaaaatc 

gctggagagatgtcactgagtaggtgagatgggaaaggggtgaca Caggit 

ggaggtgttgcc.citcagottaggaagacagacagttcacagaag agaag.cg 
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ggtgtc.cgtgga catcttgccitcatggatgaggaalacc gaggctaagaaa 

gactgcaaaagaaaggtaaggattgcagagaggtogatccatoactaaaa 

to acagtalacca accocaaaccaccatgttittct cotagtctggcacgtg 

gcaggtactgttgtaggttittcaatatt attggtttgta acagtacctatt 

aggcct coat coccitcc totaatactaacaaaagtgtgag actggtoagt 

gaaaaatggtottctttctotatgaatctttctdaagaagatacataact 

ttittattittatcataggcttgaagagcaaatgagaaac agcct coaacct 

atgacaccgtaacaaaatgtttatgat cagtgaagggcaagaaacaaaac 

atacacagtaaag accotccataatattgttgggtggcc caacacaggcca 

ggttgtaaaagctttittattotttgatagaggaatggatagtaatgtttc 

aacctggacagagatcatgttcactgaatcct tccaaaaatticatgggta 

gtttgaattataaggaaaataagacittaggataaatactttgtccaagat 

cc.ca.gagittaatgccaaaatcagttitt cagacitcCagg cagotctgat caa 

gag cctaaactittaaag acacagtc.ccittaataactactatto acagttg 

cactitt cagggcgcaaag act cattgaatcctacaatagaatgagtttag 

atat caaatctotcagtaatagatgaggagacitaaatagoggg catgacc 

tggtoactitaaagacagaattgagattcaaggctagtgttctttctacct 

gttttgtttctacaagatgtagcaatgcgctaattacagacct citcaggg 

aaggaatticaca accotcago: aaaaac caaag acaaatctaag acaacta 

agagtgttggtttaatttggaaaaataact cactalaccaaacgcc cctot 

tagc acco caatgtc.ttccaccatcacagtgcto aggc citcaiaccatgcc 

ccalatcacc 

Seq ID No. 25 
GCACATGGTAGGCAAAGGACTTTGCTTCTCCCAGCACATCTTTCTGCAGA 

GATCCATGGAAACAAGACTCAACTCCAAAGCAGCAAAGAAGCAGCAAGTT 

CTCAAGTGATCTCCTCTGACTCCCTCCTCCCAGGCTAATGAAGCCATGT 

GCCCCTGGGGGATTAAGGGCAGGTGTCCATTGTGGGACCCAGCCCGAAGA 

CAAGCAATTTGATCAGGTTCTGAGCACTCCTGAATGTGGACTCTGGAATT 

TTCTCCTCACCTTGTGGCATATCAGCTTAAGTCAAGTACAAGTGACAAAC 

AACATAATCCTAAGAAGAGAGGAATCAAGCTGAAGTCAAAGGATCACTGC 

CTTGGATTCTACTGTGAATGATGACCTGGAAAATATCCTGAACAACAGCT 

TCAGGGTGATCATCAGAGACAAAAGTTCCAGAGCCAGGTAGGGAAACCCT 

CAAGCCTTGCAAAGAGCAAAATCATGCCATTGGGTTCTTAACCTGCTGAG 

TGATTTACTATATGTTACTGTGGGAGGCAAAGCGCTCAAATAGCCTGGGT 

AAGTATGTCAAATAAAAAGCAAAAGTGGTGTTTCTTGAAATGTTAGACCT 

GAGGAAGGAATATTGATAACTTACCAATAATTTTCAGAATGATTTATAGA 

TGTGCACTTAGTCAGTGTCTCTCCACCCCGCACCTGACAAGCAGTTTAGA 

ATTTATTCTAAGAATCTAGGTTTGCTGGGGGCTACATGGGAATCAGCTTC 

AGTGAAGAGTTTGTTGGAATGATTCACTAAATTTTCTATTTCCAGCATAA 
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ATCCAAGAACCTCTCAGACTAGTTTATTGACACTGCTTTTCCTCCATAAT 

CCATCTCATCTCCGTCCATCATGGACACTTTGTAGAATGACAGGTCCTGG 

CAgAGACTCaCAGATGCTTCTGAAACATCCTTTGCCTTCAAAGAATGAAC 

AGCACACATACTAAGGATCTCAGTGATCCACAAATTAGTTTTTGCCACAA 

TGGTTCTTATGATAAAAGTCTTTCATTAACAGCAAATTGTTTTATAATAG 

TTGTTCTGCTTTATAATAATTGCATGCTrCACTTTCTTTTCTTTTCTTTT 

TTTTTCTTTTTTTGCTTTTTAGTGCCGCAGGTgcag catatgaaattitcc 

caggctaggggtoaaatcagaactacaccitactdgccitacgc.cacago.ca 

cagdaacticaggatctaagccatgtcggtgacct acactacagotcatcg 

caatgc.ca.gatccittaa.cccalatgag cq aggc.cagggat.cgaaccoatgt 

ccitcatggatact agtcaggotcattatcc.gctdagccatalacaggaact 

cocGAGTTTGCTTTTTATCAAAATTGGTACAGCCTTATTGTTTCTGAAAA 

CCACAAAATGAATGTATTCACATAATTTTAAAAGGTTAAATAATTTATGA 

TATACAAGACAATAGAAAGAGAAAACGTCATTGCCTCTTTCTTCCACGAC 

AACACGCCTCCTTAATTGATTTGAAGAAATAACTACTGAGCATGGTTTAG 

TGTACTTCTTTCAGCAATTAGCCTGTATTCATAGCCATACAATTCAATT 

AAAATGAGATCATGATATCACACAATACATACCATACAGCCTATAGGGAT 

TTTTACAATCATCTTCCACATGACTACATAAAAACCTACCTAAAAAAAAA 

AAAAACCCTACTTCATCCTCCTATTGGCTGCTTTGTGCACCATTAAAAAG 

CTCTATCATAATTAGGTTAGATGAGGATTTCCATTTTCTACCTTTCAAG 

CAACATTCAAGCACAGTCTTATATACACATTGAGCCTACTTTTCTTT 

TTCTTTCTTTTTTTGGTTTTTTTTTTTTTTTTTTTTTTGGTCTTTTTGTC 

TTTTCTAAGgctgcatatggaggttcccaggctagotgtctaatcagaac 

tatagotgctggccitacgc.ca catccacagdaatacaagatctgagc cat 

gtctgcaacttacaccacagotcacago aacggtggatccittaalaccact 

gag caaggcc agg gatcaaac coatAACTTCATGGCTCCTAGTTGGATTT 

GTTAACCACTGAGCCATGATGGCAACTCCTGAGCCTACTTTTCTAATCAT 

TTCCAACCCTAGGACACTTTTTTAAGTTTCATTTTTCTCCCCCCACCCCC 

TGTTTTCTGAAG-tCGGTTTGCTCCACGGGTGACTTCACtcCCAGGATC 

TCATCTGCAGGATACTGCAGCTAAGTGTATGAGCTCTGAATTTGAATCCC 

AACTCTGCCACTCAAAGGGATAGGAGTTTCCGATGTGGCCCAATGGGATC 

AGTGGCATCTCTGCAGTGCCAGGACGCaggttccatccctgg.cccagdac 

agtgggittaagaatctggCATTGCTGCAGCTGAGGCATAGATTTCAATTG 

TGCCTCAgATCTGATCCTTGGCCCAAGGACTGCATATGCCTCAGGGCAAC 

CAAAAAAGAGAAAAGGGGGGTGATAGCATTAGTTTCTAGATTTGGGGGAT 

AATTAAATAAAGTGATCCATGTACAATGTATGGCATTTTGTAAATGCTCA 

ACAAATTTCAACTATTATggagttcc catcatggctcagtggaagggaat 

citgattagcatccatgagg acacaggtocAACCCCGACCTTGCTCAGTGG 

GCATTGCTGTGAGCTGTGGCATGGGTTACAGACGAAGCTCGGATCTGGCA 
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TGTAGGGAGAAAGGGGAACAGATCGCTGGCTTTTTCTCTGAATTAGCCTT 

TCTCATGGGACTGGCTTCAGAGGGGGTTTTTGATGAGGGAAGTGTTCTAG 

AGCCTTAACTGTGGgttgttgttcggtagcgggacca agctggaaatcaaa 

CGTAAGTGCACTTTTCACTCC 

Porcine Lambda Light Chain 
0117. In another embodiment, novel genomic sequences 
encoding the lambda light chain locus of ungulate immu 
noglobulin 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. 
See FIG. 3 for a diagram of the organization of the porcine 
lamba immunoglobulin locus. 
0118. In one embodiment, nucleotide sequence is pro 
vided 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. 

0119) 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. Alternatively, 
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 by Seq ID 
No. 39). 
0120 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, 85,90, 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, 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 39 are provided. Further provided are nucle 
otide 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. 

Seq ID No. 28 
CCTTCCTCCTGCACCTGTCAACTCCCAATAAACCGTCCCCTTGTCATTC 

AGAAATCATGCTCTCCGCTCACGTGTCTACCCATTTTCGGGCTTGCAT 
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GGGGTCATCCTCGAAGGTGGAGAGAGTCCCCCTTGGCCTTGGGGAAGTCG 

AGGGGGGCGGGGGGAGGCCTGAGGCATGTGCCAGCGAGGGGGGTCACCTC. 

CACGCCCCTGAGGACCTTCTAGAACCAGGGGCGTGGGGCCACCGCCTGAG 

TGGAAGGCTGTCCACTTTTCCCCCGGGCCCCCAGGCTCCCTCCTCCGTGT 

GGACCTTGTCCACCCTGACTGGCCCAGCCACTCATGCATTGTTTCCCCG 

AAACCCCAGGACGATAGCTCAGCACGCGACAGTGTCCCCCTCTGAGGGCC 

TCTGTCCATTTCAGGACGACCCGCATGTACAGCGTGACCACTCTGCTCAC 

GCCCACTCACCACGTCCTAGAGCCCCACCCCCAGCCCCATCCTTAGGGGC 

ACAGCCAGCTCCGACCGCCCCGGGGACACCACCCTCTGCCCCTTCCCCAG 

GCCCTCCCTGTCACACGCACCACAGGGCCCTCCGTCCCGAGACCCTGCTC 

CCTCATCCCTCGGTCCCCTCAGGTAGCCTTCCACCCGCGGGTCCCGAG 

GTCCCAGATGCAGCAAGGCCCCTGGGACAACGCCAGATCTCTGCTCTCCC 

CGACCCCTCAGAAGCCAGCCCACGCCTGGCCCCACCACCACTGCCTAAC g 

TCCAAGTGTCCATAGGCCTCGGGACCTCCAAGTCCAGGTTCTGCCTCTGG 

GATTCCGCCATGGGTCTGCCTGGGAAATGATGCACTTGGAGGAGCTCAGC 

ATGGGATGCGGGACCTTGTCTCTAGGCGCTCCCTCAGGATCCCACAGCTG 

CCCTGTGAGACACACACACACACACACACACACACACACACACACACACA 

CACACAAACACGCATGCACGCACGCCGGCACACACGCTATTGCAGAGATG 

GCCACGGTAGCTGTGCCTCGAGGCCGAGTGGAGTGTCTAGAACTCTCGGG 

GGTCCCCTCTGCAGACGACACTGCTCCATCCCCCCCGTGCCCTGAAGGGC 

TCCTCACTCTCCCATCAGGATCTCTCCAAGCTGCTGACCTGGAGAGGAAG 

GGGCCTGGGACAGGCGGGGACACTCAGACCTCCCTGCTGCCCCTCCTCTG 

CCTGGGCTTGGACGGCTCCCCCCTTCCCACGGGTGAAGGTGCAGGTGGGG 

AGAGGGCACCCCCCTCAGCCTCCCAGACCCAGACCAGCCCCCGTGGCAGG 

GGCAGCCTGTGAGCCTCCAGCCAGATGCAGGTGGCCTGGGGTGGGGGGTG 

GAGGGGGCGGGAGGTTTATGTTTGAGGCTGTATCACTGTGTAATATTTTC 

GGCGGGGGACCCATCTGACCGTCCCGGGAGTCTCCCCTTTTCTCTCC 

CCTTGGGGATCCGAGTGAAATCGGGTCGATCTCTCTCCGTCCCTC. 

CGACTGGGGCTGAGGTCTGAACCTCGGTGGGGTCCGAAGAGGAGGCCCCT 

AGGCCAGGCTCCTCAGCCCCTCCAGCCCGACcggCCCTCTTGACACAGGG 

TCCAGCTAAGGGCAGACATGGAGGCTGCTAGTCCAGGGCCAGGCTCTGAG 

ACCCAAGGGCGCTGCCCAAGGAACCCTTGCCCCAGGGACCCTGGGAGCAA 

AGCTCCTCACTCAGAGCCTGCAGCCCTGGGGTCTGAGGACAAGGAGGGAC 

TGAGGACTGGGCGTGGGGAGTTCAGGCGGGGACACCAGGTCCAGGGAGGT 

GACAAAGGCGCTGGGAGGGGGCGGACGGTGCCGGGGACTCCTCCTGGGCC 

CTGTGGGCTCGGGGTCCTTGTGAGGACCCTGAGGGACTGAGGGGCCCCTG 

GGCCTAGGGACTTGCAgTgAGGGAGGCAGGGAGTGTCCCTTGAGAACGTG 

GCCTCCGCGGGCTGGGTCCCCCTGCTGCTCCCAGCC GGGAGGACACCCC 

AGAGCAAGCGCCCCAGGTGGGCGGGGAGGGTCTCCTCACAGGGGCAGCTG 
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TTAGATTGTTTCCATTTAAAAATACAAATTACAaggagttccc.gtcgtgg 

GACCATCAGAACCAGGTTTGTGTTTTGGAAAAATGGCTCCAAAGCAGAGA 
citcagtggtaacgaattggacitaggaac catgaggtttcgg gttc gatcc 

CCAGTGTGAGGCCAGATTAGATGATGAAGAAGAGGCAGTGGAAAGTCGAT 
citggccttgctoggtgggittaaggat.ccagcattgatgtgagatatggtg 

GGGTGGCCAGGTAGCAAGAGGGCCTATGGAGTTGGCAAGTGAATTTAAAG 
taggtogcagacgtggctoggat.cccacgttgctgtggctotggcgtagg 

TGGTGGCACCAGAGGGCAGATGGGGAGGAGCAGGCACTGTCATGGACTGT 
cc.ggcaacaa.cagotcc gatticga.ccc.ctago cTGggaaccitc catgttgc 

CTATAGAAATCTAAAATGTATACCCTTTTTAGCAATATGCAGTGAGTCAT 
cacaggag cagoccitaGAAAAGGCAAAAAGACAAAAAAATAAAAAATTAA 

AAAAGAACACATATATATTTAAATTGTGTAATTCCACTTCTAAGGATTCA 
AATGAAAAAATAAAATAAAAAACAAATTACAAGAGACGGCTACAAGGAA 

TCCCAAGGGGGGAAAATAATCAAAGATGTAACCAAAGGTTTACAAACAAG 
ATCCCCAAGTGTGTGCAAATGCCATATATGTATAAAATGTACTAGTGTCT 

AACTCATCATAATCTTCCTTGTGTATTTCAACGATATATTATTATT 
CCTCGCGGGAAAGTTGCCTAAAAGTGGGTTGGCTGGACAGAGAGGACAGG 

ACTATTATTATTATTATTATTttgttctttittgcattttctagg gccactic 
CTTTGACATTCTCATAGGTAGTAGCAATGGGCTTCTCAAAATGCTGTTCC 

ccacgg cataga gaggttcc.caggctaggggtoaaatcggagctacagot 
AGTTTACACTCACCATAGCAAATGACAGTGCCTCTTCCTCTCCACCCTTG 

gcc.ggccitacgc.ca.gagccacagdaacgcaggatctgagccacagdaatg 
CCAATAATGTGACAGGTGGATCTTTTTCTATTTTGTGTATCTGACAAGCA 

caggat.ctacaccacagotcatggtaacgctggatccitta accoaatgag 
AAAAATGAGAACAggagttcc totcgtggtgcagtggagacaaatctgac 

tgaggc.cagg gatcgaacct gtaactt catggttcc tagt cqgattcatt 
taggalaccatgaaattitcgggttcaatc.cctggcct cactcagtaggtaa 

aaccactgagccacgacaggaactccAACATTATTAATGATGGGAGAAAA 
aggatcCagg gttgcagtgagctgtgggg taggtog Cagacacagtgcaa. 

CTGGAAGTAACCTAAATATCCAGCAGAAAGGGTGTGGCCAAATACAGCAT 
atttggcc citgttgttggctgtggtgtagg.ccggcagctatagotcca att 

GGAGTAGCCATCATAAGGAATCTTACACAAGCCTCCAAAATTGTGTTTCT 
gg accoctagotctgg galacct cottatoccgtgggtgaggcc.ctAAAAAA 

GAAATTGGGTTTAAAGTACGTTTGCATTTTAAAAAGCCTGCCAGAAAATA 
AAGAGTGCAAAAAAAAAAAATAAGAACAAAAATGATCATCGTTTAATTCT 

CAGAAAAATGTCTGTGATATGTCTCTGGCTGATAGGATTTTGCTTAGTTT 
TTATTTGATCATTGGTGAAACTTATTTTCCTTTTATATTTTTATTGACTG 

TAATTTTGGCTTTATAATTTTCTATAGTTATGAAAATGTTCACAAGAAGA 
ATTTTATTTCTCCTATGAATTTACCGGTCATAGTTTTGCCTGGGTGTTTT 

TATATTTCATTTTAGCTTCTAAAATAATTATAACACAGAAGTAATTTGTG 
TACTCCGGTTTTAGTTTTGGTTGGTTGTATTTTCTTAGAGAGCTATAGAA 

CTTTAAAAAAATATTCAACACAGAAGTATATAAAGTAAAAATTGaggagt 
ACTCTTCACTATTGGAATAGTAATTCCTCATTAAGTATTGTGCTGCA 

toccatcgtggctoagtgattaacaaaccolaact agtatc catgaggata 
AAAAATTTTCCCTGATCTGTTTTATGCTTTTGTTTGTGGGGTCTTTCACG 

tggatttgatcc citggccttgcticagtgggttgaggat.ccagtgttgctg 
AGAAAGCCTTTTTAGTTTTTACACCTCAGCTTGGTTGTTTTTCTTGATTG 

tgagctgtggtotaggttgcagacacago actctgg.cgttgctgttgactic 
TGTCTGTAATCTGCGGCCAACATAGGAAACACATTTTTACTTTAGTGTTT 

tggcgtagg.ccggcagotacagotc catttgg accottagcctgg galacc 
TTTTCCTATTTTCTTCAAGTACGTCCATTGTTTTGGTGTCTGATTTTACT 

to catatgcctdagatacggcccTAAAAAGTCAAAAGCCAAAAAAATAGT 
TTGCCTGGGGTTTGTTTTTGTGTGGCAGGAATAAAACTTAGTATTTTC 

AAAAATTGAGTGTTTCTACTTACCACCCCTGCCCACATCTTATGCTAAAA 
CAAATGGAGAGCCAATGGTTGTATATTTGTTGAATTCAAATGCAACTTTA 

CCCGTTCTCCAGAGACAAACATCGTCAGGTGGGTCTATATATTTCCAGCC 
TCAAACACCAAATCATCGATTTATCACAACTCTTCTCTGGTTTATTGATC 

CTCCTCCTGTGTGTGTATGTCCGTAAAACACACACACACACACACACACG 
TAATGATCAATTCCTGTTCCACGCTGTTTTAATTATTTTAGCTTGGGA 

CACACACACACACACGTATCTAATTAGCATTGGTATTAGTTTTTCAAAAG 
TTTTGGTGCCTGGTAGAGAACAAAGCCTCCATTATTTTCATTCAAAATAG 

GGAGGTCATGCTCTACCTTTTAGGCGGCAAATAGATTATTTAAACAAATC 
TCCCGCTATATCGCCATTGTTGTAGTATTAGACTTTAAAACAATTT 

TGTTGACATTTTCTATATCAACCCATAAGATCTCCCATGTTCTTGGAAAG 
ACTGATTCAAAAGTATTCCTTGGTGATGTGGAATACTTTATACTTC 

GCTTTGTAAGACATCAACATCTGGGTAAACCAGCATGGTTTTTAGGGGGT 
ATAAGGTACATGGATTCATTTGTGGGGAATTGATGTCTTTGCTATTGTGG 

TGTGTGGATTTTTTTCATATTTTTTAGGGCACACCTGCAgcatatggagg 
CCATTTGTCAAGGGTAATATTTTACCCAGCCAACTTTGCATATTGT 

titcc caggctaggggttgaatcagagctgtagctg.ccggcctacaccaca 
ATGTGAGTTTATTCCCAGGGTTTTTAATAGGATGTTTATTGAAGTTGTCA 

gccacagdaacgc.ca.gatccitta acco act gagaaaggcc agggattgaa 
GTGTTTCCACAATTTCATCGCCTCAGTGCTTACTGTTTGCATAAAAGGAA 

cctgcatcct catggATGCTGGTCAGATTTATTTCTGCTGAGCCACAACA 
ACCTACCACTTTTGCCTATTGCCTTGTATTCAATCATTTTAGTTAACT 

GGAACTCCCTGAACCAGAATGCTTTTAACCATTCCACTTTGCATGGACAT 
CTTGGTTAATTTTGAGAGTTTTTCAGCTGACGTCTGGGGTTTTCTTA 
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-continued 

ATCCTCAGGGTTCTGTGGAGTGATTCATTATTGTTCAAGTTCAATATGT 

CTTCTGATTTTCCAATTGAATACCTCTCTAAATCAGTAGGGAATATTT 

CTTTTTCTTTTTCTTTTCTTTTCCTTTTTTTTTTTCTTTCAGCCAGGT 

CCATGGCATGCAGAAATTCCCAGGCCAGGAATCAAACTCTCACCATGGCA 

GTGACAATGTCGGATCCTTTACCCACTAGGCCACCAGGGAACTCTGGGAG 

CATAGTTTTTATTTCCCGACACTGAGGAGCCTAGTATGTCTTCATA 

TTGATTTCTAGTTTGCCACTGATTTCTAGTATTGCTCATAGAGTGTAT 

GCTCAATGGTTTTGGTCATTGAAATGTATTAGTCCTGCTTAGACCC 

AGTATGGGTCAGTTTTGTCAATGTTCCTTTTCTGCTTGAAGAGAACCTA 

CATGCTGTAACTCTGGGTGCATGTTCTGTATATAAGTCTATAGGCTGAGC 

CGGGGGAGCCTTCTAATCGCCGTTACTTCTTCGAGTATTCTAGGTAC 

TATTTCTTAGCCATAAACCTTTAAATTCTGATATCAATATAATGACCCCA 

GCCCGCTTAGGGTCGGCACTTCATGTTACTTTTTCCATCCATTAATGC 

CTCCCCACTGTTTTGGCCACACCCGTGGGATATGGGAGTTCCTGGGCCAA 

GGATCaGATCTGAGCCGCAGCTGCCACCTATGCCACAGCAgcagdaatga 

tggatctittaa.cccactgcaccacactggggattgaac coaa.gc.citcago 

agcaa.cccaagctactgcagagacaacaccagatcCttaacctgctgtgc 

catagogggaaTTTCCATCCATTTACTTTCAAGCCAGCTGAATAACCTAG 

CCCACCATGGCTGGACATGGGTGCTCTGCTTCAAATGATTTTGTTCAGTC 

AGCATCCATCTCTGAAATGTGTGCCAAGCATTTATATGCATGCAAGAGTC 

ATGTTGGCACTCTATCATTTCCAACAGTTCAGTAGCCTTGTATCATGA 

CATTTCTTGGCCTTTTCCTACAATATTGAGGCTGAGCAGACTGGCCGT 

GCCCCTGTCCATGCTTCCAGAGCCTGTGTGCAGACTTCTGCTCTAGACAG 

AGACAGCTAACCATCCTGCAGTGCCCAGAAAACCCAACTCAAAGACCCTC. 

AAGTAAGGAAGGATTTATTGGCTCACGTAATCTGGAATCCAGGCATGGGG 

TATTCAGGGCGACCTGAACCAGAGGCCCTGGCCCTGTTCTCTAAGCTTCT 

TCCTGCCCTGCCCTCGTTCTGGAAGTGACCCTGAAGGACAGCAATGAAGG 

GCAGCTCCCCCAGGGACAGATGACTGAGAGGTCCATTTCAAGTCCAACTT 

GGCCTAGATTGAGAGGCAGCAAGAAATATGGACCTACAGTGAGTCACAGG 

ATTTACCAGTGGTTTGGCTGGGTTGTCAGTGTTACAGGCTAAACATTTGG 

GTCCCTCCAAAATTAACATGTTGCCACTCTAACCACCAAAATCatggitat 

ttgggggtgggg.cccttggaggtaattaggtttagaaaGAATGAAGAGGG 

GGCCCTTGTGATGGGACTAGTGCCTTTATAGAGAGAGAAGAGAGAGGG 

Seq ID No. 39 
CACCTCATCCCCAACCACCTGGATGGTGGCAAGTGGCAGGCTGAGAGGCT 

GCATATGAGCTCATCAAGAGGGTCCCCACCCCACAGAGGCTGACCCAGCT 

GCCACTGCCACCTAGTGGCTGATCGGCCAAGAGCAGGAGCCCCAGGGGCA 

GCTCCATTCCCTGGGGCGGCCAGGGAACCACCTGGTGGTAGGACAATTCC 

ATTGCACCTCATCCATCAGGAAAAGGTTTGCCTTCCCTGGCAGTAATGCA 
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-continued 

TCTTCCCATAACATGGTCCCTGGCCTCTTGGAATGGCTTGGCCACCGTCA 

TGGCCT CACCCACAAAGCCTTGTGTCTCAGCAAGGAACTTATTCCACAGC 

AAAGGACTTGCAGCCTGGAATGAACTGGTCTGACTACATACCCCATTGCC 

CAGAAGTAGGTGGTCTATTGCAAAGTGGAGTGGCTTACCCAAGACTCAGT 

TGTGCCCAAGTTGAGAGATAGCATCCTAAAATATGGGCTTATGTCTCACT 

GGCTGAGGTTTATTCTTTGAATCAAAGACAATTATATGGTGTGGTCCCCC 

CAGAGATAGAATACATGAGTCTGGGAATCAAGGGATAGAAGTAAGAAGAG 

ATTTTGTCACCATTAATCCCAATAACTCGCCCAAAGAATATTGCTTTCT 

GTCCTGGCAGCTCTGCTGCTTTGGCAATAACTTCCTAGAATATAATGTCT 

CCACCAGGGGACTCCACAACGGTTCCATTGATTTGAAGCCAATGGGCAGA 

GGAGGGGCTGCCTTACTGGTCGGACTGGTCAGCCCTGATTACTAAGGAGA 

AATCAGGCAACTTCAACAAAACTAAGGCAGGGGGGACTTTGTCTAGAACC 

CAAAGCACTAAGCATCTTAGTACTTTTTAGTTCTCAGAGCCTCCAAGAAC 

AAAGATTTAGCCCCTCAGCACCACCAGGTAAAGAACAGGTAAATCCAGCT 

GAGGACAAGAGAAATATTGAATGGATAGAGGAAGAAAGAAATTATAGATA 

TCAACTATGGCCTCATGACTAGAGTCTCCAGATTAAGCGGAATAAAAATA 

CAGATGATTaGATCTGAACATCAGGCCAAACAACGAACAACAGTTTAAGT 

GCGACCTAGGCAATATTTGGGACATACTTATACTAAAATTTTTTCGCTAT 

TTGAGCATCCTGTATTTTATCTGGCAACTTTATTCATCCCTAGCGAAAAA 

GGAACTGGGTAACTTAGTGTATTTTTACTTGCTCATTATTGTGTATAT 

ACCTACTTGTATTTACAATCATATTTACTCTGTTCTCAGTATTACTTTA 

TATAGCAGTTGGTGGTGATGGTTAGCAACATATTCAGTGGAACTGTGACT 

GAATTTGAGGAGAAATTAACAGAGTTGGCTGTGGCTACAATAACCCTTCG 

GGACATGTGTCCCCTCATTTTGGGGAGATGGTTagatctoTGGGTAAATG 

TTAGGGCATCTGAGCCAGAAACCAAGATTTTGCCAGCTGGTGCAATGTCA, 

GATTTTACCAGCAGAGGGTGCCAGAGGAATGCGGCAAAACCCGAGTGCCA 

GAAAGCACCTCCCTGTTTTCCAGCTTTTCTTCCTTTTTATTTATTTTATT 

TACGGCCCAGGAGTCCGTAATAGCGCTGAGGATGGCCCAGGCTCTTCTCA 

GCAGCCCTGACTGACTAGTTCAGCAATGCGCTCAGGCCCCATCTGGCCAC 

CGGGCAGCCTCTTCTGTGGTAGCTCCAGCCTCAGCCAGTGCAAAAGGCTA 

CCCTACACTGGCGCCACTTCTACAATCAGCACTGGCCACACCCTCCACGC 

CATCCGGCACGGAGCCAGGTGATCTGCCGGCCAGATTGCAGTTCGTGCTG 

CCTGAGCCAGGGATTACACTGGCGCATCTTTTCTTTCTGGACCAtC 

attic catttittitt 

Bovine Lambda Light Chain 
0.121. 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 
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-continued 
251 61 toggacacga citgaag.cgac ttaccatgca 

C gCacgcggg gtCagggg to agggcc.gc.gc. 

25221 togcttacct g c totgtgacc ttagc.caggt 
cacaccc.ccc aggctgtgaa agagaac agt 

25281 ctitcc.ca.gac toggg catcc aggtotttac 
agacgtgcct gtgagctittg tdactctggc 

25.341 totgtggc.cg citagaggg.cg citgtcc.gc.cg 
ggcccitatgt gcgtgcacgc atgtgag cat 

25401 gttc.gcatac gtgttgtgcat citgtcggggg 
C gCacggtgc gggga Cacgg gCacgcggto 

25 461 aggaacgcag ccc.ggacacc tocacgtggc 
CCg.cgagtac C gtCaggtgg gggctgtggC 

25521 toc gotgtgt gggtgac cog cccitc.ccc.cc 
gc gaacgtgg to catagtga cc.gc.ctggct 

255.81 g g g citcctga gctcago cat cotg.ccc.ccc 
ggg to agcto cogacaggcc cagotctagg 

25641 ccc.caggcgt ggacc gaggc ccc.caggcc.c 
CggCCtgttga gatgg gacct C cqtctgggg 

257.01 ggcto attct gcticcc.ggag goctogcagg 
cccctcctct ttggcattgc ataccctc.gc 

25761 attggggtgg gtaag cacag taccc catgc 
CtgtggCCCC gtgggagcgg cct gctCagg 

25821 gagg.ccggag cctoagctac agggctgtca 
Caccgggctg. Cagaggaaga agacgggagc 

25881 gaggcctaca ggaacctago Caggcc.ctgg 
cc cactgagc cqacaggagc citggccagag 

25941 gCCtgcacag gacggggtgg C ggggggggt 
ggggtggggt gctgggCCCC gtggCCttga 

26001 ctgcagaccc cqagggctoc toagcttaga 
acggcCaagc CtgagtCttg ggggtgcagg 

26061 to aggggg 

0122) Primers 
0123. 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. 
0.124. 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 
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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. 
0.125. In other embodiments, primers are provided to 
amplify a fragment of porcine Ig kappa light-chain that 
includes the constant region. In another embodiment, prim 
ers 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. 
II. Genetic Targeting of the Immunoglobulin Genes 
0.126 The present invention provides cells that have been 
genetically modified to inactivate immunoglobulin genes, 
for example, immunoglobulin genes described above. Ani 
mal 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, intes 
tine, Stomach, bladder, blood vessels, kidney, urethra, repro 
ductive organs, and a disaggregated preparation of a whole 
or part of an embryo, fetus, or adult animal. In one embodi 
ment 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, mel 
anocytes, chondrocytes, lymphocytes (B and T), macroph 
ages, 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, primordial stem cells, hepatocytes, 
keratinocytes, umbilical vein endothelial cells, aortic endot 
helial 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, neutrophils, lym 
phocytes, monocytes, eosinophils, basophils, adipocytes, 
chondrocytes, pancreatic islet cells, thyroid cells, parathy 
roid 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, Sertoli cells, lutein cells, 
cervical cells, endometrial cells, mammary cells, follicle 
cells, mucous cells, ciliated cells, nonkeratinized epithelial 
cells, keratinized epithelial cells, lung cells, goblet cells, 
columnar epithelial cells, squamous epithelial cells, osteo 
cytes, osteoblasts, and osteoclasts. In one alternative 
embodiment, embryonic stem cells can be used. An embry 
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onic 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). 
0127. In a particular embodiment, the cells can be fibro 
blasts; 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. 

0128. Targeting Constructs 
0129 Homologous Recombination 
0130. In one embodiment, immunoglobulin genes can be 
genetically targeted in cells through homologous recombi 
nation. Homologous recombination permits site-specific 
modifications in endogenous genes and thus novel alter 
ations can be engineered into the genome. In homologous 
recombination, the incoming DNA interacts with and inte 
grates 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 else 
where, 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 recombina 
tion (i.e. recombination between the exogenous “targeting 
DNA and the corresponding “target DNA’ in the genome). 

0131) A number of papers describe the use of homolo 
gous recombination in mammalian cells. Illustrative 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 Man 
sour et al., 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. 
0132) The present invention can use homologous recom 
bination 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 intro 
duction 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 inser 
tion, 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 over 
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lapping at least a portion of the alteration originally intro 
duced. In this second targeting step, a targeting vector with 
the same arms of homology, but containing a different 
mammalian selectable 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. 
0.133 Targeting Vectors 
0.134. In another embodiment, nucleic acid targeting vec 
tor 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, 
1 kbp, 2 kbp. 4 kbp. 5 kbp. 10 kbp. 15 kbp. 20 kbp, or 50 
kbp of sequence, particularly contiguous sequence, homolo 
gous to 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. 

0.135 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 homolo 
gous DNA sequences, a 3' recombination arm and a 5' 
recombination arm. Methods for the construction of target 
ing vectors have been described in the art, see, for example, 
Dai et al., Nature Biotechnology 20: 251-255, 2002: WO 
00/51424. 

0.136 Various constructs can be prepared for homologous 
recombination at a target locus. The construct can include at 
least 50 bp, 100 bp, 500 bp, 1 kbp, 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. 
0.137 Various considerations can be involved in deter 
mining the extent of homology of target DNA sequences, 
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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. 
0138. 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 corre 
sponding 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. 
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. 
0139 Porcine Heavy Chain Targeting 
0140. 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 Jó region is the only functional joining 
region of the porcine immunoglobulin heavy chain locus, 
this will prevent the expression 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 Jó region, optionally including J1-4 and a 3' recombi 
nation 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, FIG. 1. 
Further, this Jó targeting construct can also contain a select 
able marker gene that is located between the 5' and 3' 
recombination arms, see for example, Seq ID No S and FIG. 
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 J1, 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 ID No 4. In other embodiments, 
targeting Vector can contain any contiguous sequence or 
fragment thereof of Seq ID No 4. sequence In other embodi 
ments, 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 
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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. 

0.141. 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 repre 
sented, for example, by residues 1887-3352 of Seq ID No 29 
(for example: J(psuedo): 1887-1931 of Seq ID No 29, 
J(pseudo): 2364-2411 of Seq ID No 29, J(pseudo): 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 (Non 
amer), 3292-3298 of Seq ID No 29 (Heptamer), the Constant 
Region is represented by the following residues: 3353-9070 
of Seq ID No 29 (J to C mu intron), 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. 

0142. 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' recom 
bination 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 Immuno 
genetics (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 immunol 
171: 1312-1318, or the alpha constant region, such as the 
sequence disclosed in Brown & Butler (1994) Molec Immu 
nol 31: 633-642. 

Seq ID No. 5 
GGCCAGACTTCCTCGGAACAGCTCAAAGAGCTCTGTCAAAGCCAGATCCC 

ATCACACGTGGGCACCAATAGGCCATGCCAGCCTGCAAGGGCCGAACTGG 

GTTCTCCACGGCGCACATGAAGCCTGCAGCCTGGCTTATCCTCTTCCGTG 

GTGAAGAGGCAGGCCCGGGACTGGACGAGGGGCTAGCAGGGTGTGGTAGG 

CACCTTGCGCCCCCCACCCCGGCAGGAACCAGAGACCCTGGGGCTGAGAG 

TGAGCCTCCAAACAGGATGCCCCACCCTTCAGGCCACCTTTCAATCCAGC 

TACACTCCACCTGCCATTCTCCTCTGGGCACAGGGCCCAGCCCCTGGATC 

TTGGCCTTGGCTCGACTTGCACCCACGCGCACACACACACTTCCTAACGT 

GCTGTCCGCTCACCCCTCCCCAGCGTGGTCCATGGGCAGCACGGCAGTGC 

GCGTCCGGCGGTAGTGAGTGCAGAGGTCCCTTCCCCTCCCCCAGGAGCCC 
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-continued 

GCGGAGCTGGGCTGAACTGGGCTGAGCTGGGCTGAGCGGAACTGGGTTGA 

TCTGAATTGAGCTGGGCTGAGCCGGGCTGAGCCGGGCTGAGCTGGGCTAG 

GTTGAGCTTGGGTGAGCTTGCCTCAGCTGGTCTGAGCTAGGTTGGGTGGA 

GCTAGGCTGGATTGAGCTGGGCTGAGGTGAGCTGATCTGGCCTCAGCTGG 

GCTGAGGTAGGCTGAACTGGGCTGTGCTGGGCTGAGCTGAGCTGAGCCAG 

TTTGAGCTGGGTTGAGCTGGGCTGAGCTGGGCTGGTTGACTTTCCTGA 

ACTGGGCTGAGCTGGGCTGAGCTGGCCTAGCTGGATTGAACGGGGGTAAG 

CTGGGCCAGGCTGGACTGGGCTGAGCTGAGCTAGGCTGAGCTGAGTTGAA 

TTGGGTTAAGCTGGGCTGAGATGGGCTGAGCTGGGCTGAGCTGGGTTGAG 

CCAGGTCGGACTGGGTTACCCTGGGCCACACTGGGCTGAGCTGGGCGGAG 

CTCGATTAACCTGGTCAGGCTGAGTCGGGTCCAGCAGACATGCGCTGGCC 

AGGCTGGCTTGACCTGGACACGTTCGATGAGCTGCCTTGGGATGGTTCAC 

CTCAGCTGAGCCAGGTGGCTCCAGCTGGGCTGAGCTGGTGACCCTGGGTG 

ACCTCGGTGACCAGGTTGTCCTGAGTCCGGGCCAAGCCGAGGCTGCATCA 

GACTCGCCAGACCCAAGGCCTGGGCCCCGGCTGGCAAGCCAGGGGCGGTG 

AAGGCTGGGCTGGCAGGACTGTCCCGGAAGGAGGTGCACGTGGAGCCGCC 

CGGACCCCGACCGGCAGGACCTGGAAAGACGCCTCTCACTCCCCTTTCTC 

TTCGTCCCCTCTCGGGTCCCAGAGAGCCAGTCGCCCCGAATCTCTAC 

CCCCTCGTCCCTGCGTCAGCCCCCCGTCCGATGAGAGCCTGGGGCCCT 

GGGCTGCCTGGCCCGGGACTTCCTGCCCAGCTCCGTCACCTTCTCCTGGAA 

0143 Porcine Kappa Chain Targeting 
0144. 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 immunoglobulin kappa 
chain locus. Since the present invention discovered that 
there is only one constant region of the porcine immuno 
globulin kappa light chain locus, this will prevent the 
expression of a functional porcine kappa light chain immu 
noglobulin. 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' recombi 
nation 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 target 
ing construct’), see for example, FIG. 2. Further, this kappa 
constant targeting construct can also contain a selectable 
marker gene that is located between the 5' and 3' recombi 
nation arms, see for example, Seq ID No 20 and FIG. 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' recom 
bination 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 target 
ing vector can include Seq ID No 12 and/or Seq ID No 25 

Jan. 31, 2008 

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. 

0145. 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 intronic sequence is 
represented, for example, by residues 550-10025 of Seq ID 
No 30, the Joining region ofkappa 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 target 
ing sequence for the heavy chain targeting vector. It is 
understood that in general when designing a targeting con 
struct one targeting arm will be 5' of the other targeting arm. 

Seq ID No. 20 
citcaaacgtaagtggctttittcc.gactgattctittgctgtttctaattgt 

tggttggcttitttgtccatttittcagtgttittcatcgaattagttgtcag 

ggaccaaacaaattgcctt.cccagattagg taccagggaggggacattgc 

tgcatcggagaccagagggtogctaatttittaac gtttccaagccaaaat 

aactggggaagggggcttgctgtc.ctgtgaggg taggtttittatagaagt 

ggaagtta aggggaaatc.gctato gttcacttittggctoggggaccaaag 

tggagcc.caaaattgagtacatttitc catcaattatttgtgagatttittg 

to citgttgttgtcatttgtgcaagtttittgacattttggttgaatgagcca 

titcc cagg gacccaaaaggatgaga.ccgaaaagtagaaaagagccaactt 

ttaa.gctgag cagacagaccgaattgttgagtttgtgaggagagtagggit 

ttgtagg gagaaaggggaacagatc.gctggctttittctotgaattagcct 

ttct catggg actggcttcagagggggtttittgatgagggaagtgttcta 

gagc cittaactgtgg gttgttgttcggtagcgg gaccaagctggaaatcaa 

acgtaagtgcacttittctacticcitttittctittcttatacgggtgttgaaat 

tggggacitttitcaitotttggagtatgagttgaggtoagttctgaaga gag 

tggg acto atccaaaaatctgaggagta aggg to agaacagagttgtctic 

atggaagaacaaag accitagttagttgatgaggcagctaaatgagtcagt 

tgacittgg gatccaaatggccagactitcgtctgtaaccaacaatctaatg 

agatgtag cagoaaaaagagattitcc attgaggggaaagtaaaattgtta 

at attgttggatcaccitttggtgaagg gacatcc.gtggagattgaacgtaa 

gtatttitttctotactaccttctgaaatttgttctaaatgccagtgttgac 
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-continued 
gatcaagagcctaaactittaaag acacagtcc cittaataactact attca 

cagttgcactitt caggg.cgcaaag act cattgaatcctacaatagaatga 

gtttagatat caaatctotcagtaatagatgaggagacitaaatagogggc 

atgacctggtoactitaaag acagaattgagattoaaggctagtgttctitt 

citacctgttttgtttctacaagatgtagcaatgcgctaattacagacctic 

tdagggaaggaa 

0146 Porcine Lambda Chain Targeting 
0147 In particular embodiments of the present invention, 
targeting vectors are provided to target the porcine lambda 
chain locus. In one embodiment, lambda can be targeted by 
designing a targeting construct that contains a 5' arm con 
taining sequence located 5' to the first JC unit and a 3' arm 
containing sequence 3' to the last JC unit of the J/C cluster 
region, thus preventing functional expression of the lambda 
locus (see, FIGS. 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 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 FIG. 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, approxi 
mately 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 FIG. 6). It is 
understood that in general when designing a targeting con 
struct one targeting arm will be 5' of the other targeting arm. 
0148 Seq ID No. 48 (as shown in Example 4) provides 
a representative, non-limiting example of a targeting con 
struct that contains a 5' arm containing sequence located 5' 
to the first JC unit and a 3' arm containing sequence 3' to the 

SEQ. ID 

44 
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last JC unit of the J/C cluster region. Representative 5' and 
3' arms are shown in Seq ID No. 49 and 50 (also in Example 
4). 

0149. In another embodiment, lambda is targeted using 
two targeting vectors. The two lambda targeting vectors, i.e., 
a vector pair, are utilized in a two step strategy to delete the 
entire J/C region of porcine lambda. In the first step, a first 
targeting vector is inserted upstream of the J/C region (or 
alternatively downstream of the J/C region). If the first 
targeting vector is inserted upstream of the J/C region, the 5' 
and 3' recombination arms of the first targeted vector contain 
homologous sequence to the 5' flanking sequence of the first 
J/C unit of the J/C cluster region. See FIG. 5, which shows 
7 JC units in the J/C cluster region. If the first targeting 
vector is inserted downstream of the J/C cluster region, the 
5' and 3' recombination arms of the first targeting vector 
contain homologous sequence to the 3' region of the last J/C 
unit in the JC region. 

0150. The first-step vectors are designed with lox sites 
that flank a fusion gene which can provide both positive and 
negative selection. Selection of the targeting event utilizes 
the Tn5 APHII gene commonly described as Neo resistance. 
Once targeting events are isolated, Cre is provided tran 
siently to facilitate deletion of the selectable marker located 
between two lox sites. Negative selection is then provided 
by the Herpes simplex thymidine kinase coding region. This 
step selects for targeted cells that have deleted the selectable 
marker and retains a single loX site upstream (alternatively 
downstream) of the J/C region. 

0151. The second step is performed in the same lineage 
as the first step. The second targeting step also inserts a 
marker that provides both positive and negative selection. 
However, the second step inserts the marker on the opposite 
site of the J/C region in comparison to the first step. That is, 
if the first vector was inserted upstream of the J/C region, the 
second targeting vector is inserted downstream, and vice 
versa. FIG. 6 shows a second targeting vector inserted 
downstream of the J/C region. In addition, the second 
targeting vector has a single loX site that is located distally 
compared to the first vector. In other words, for the first 
strategy, the second vector has a single loX site located 
downstream of the marker gene (the alternative vector has 
the lox site upstream of the marker). After Cre mediated 
deletion, the region between the first targeting event (which 
left a lox remnant) and the second targeting event (which has 
a lox site outside of the marker) is deleted. Cells that have 
deleted the entire J/C cluster region are thus obtained. 
0152. In a representative, non-limiting example, the vec 
tor pair is Seq. ID No. 44 (step 1) and Seq. ID No. 45 (step 
2). 
0153. In a further, non-limiting example, the vector pair 

is Seq. ID No. 46 (step 1) and Seq. ID No. 47 (step 2). 

taaacaaataggggttcc.gc.gcacatttc.ccc.gaaaagtgccaccitgacgtc.gct gag caggcc citggcct coct ggcc 

gaggg.cggtttgcgtattagaggcc-taaatggcc gaattcagcggataacaattt cacacaggaaa.ca.gctataccatg 

attatctagtaactataacggtoctaaggtag cq agcgatc.gcttaattalacctgcagggatat cocatgggggcc.gc.cag 


















































































































































































































































































































































































