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(57) Abrégé/Abstract:
Transgenic mammals that express canine-based immunoglobulins are described herein, including transgenic rodents that express
canine-based immunoglobulins for the development of canine therapeutic antibodies.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



w0 2021/003149 A 1 |0 00000 KA R 0 0

CA 03144956 2021-12-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 January 2021 (07.01.2021)

‘O 000 0 O 0 A
(10) International Publication Number

WO 2021/003149 Al

WIPO I PCT

(51) International Patent Classification:
AO01K 67/027 (2006.01) CO7K 16/46 (2006.01)
CO7K 16/00 (2006.01)

(21) International Application Number:
PCT/US2020/040282

(22) International Filing Date:
30 June 2020 (30.06.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/869,435 01 July 2019 (01.07.2019) UsS

(71) Applicant: TRIANNI, INC. [US/US]; 1515 5th Avenue,
San Francisco, California 94122 (US).

(72) Inventors: DUONG, Bao; 28 Desvio Court, Pacifica, Cali-
fornia 94044 (US). MUELLER, Werner; Woensamstrasse
9, 50931 Koln (DE). BURROWS, Peter Daniel; 4512 Lin-
wood Drive, Birmingham, Alabama 35222 (US). ESPOSI-
TO, Gloria, Gumpendorfer Strasse 4/22, 1060 Vienna
(AT). WABL, Matthias; 1515 5th Avenue, San Francisco,
California 94122 (US).

(74) Agent: PYTEL, Melissa J.; Medler Ferro Woodhouse &
Mills PLLC, 8201 Greensboro Drive, Suite 1060, Mc Lean,
Virginia 22102 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: TRANSGENIC MAMMALS AND METHODS OF USE

1315

1319 1321

1301 {

7

i K
i s
i .
’

o DA
Al

; ¥ .
J 1305J;ﬁé||_:{"£—%|%k
Y o L P e,

5
3

FIG. 13

(57) Abstract: Transgenic mammals that express canine-based im-
munoglobulins are described herein, including transgenic rodents
that express canine-based immunoglobulins for the development of
canine therapeutic antibodies.
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TRANSGENIC MAMMALS AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.
62/869,435, filed July 1, 2019, the disclosure of which is incorporated herein by reference.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on June 24, 2020, is named 0133-0006WO1_SL txt and is 219,066

bytes in size.

FIELD OF THE INVENTION
[0003] This invention relates to production of immunoglobulin molecules, including
methods for generating transgenic mammals capable of producing canine antigen-specific

antibody-secreting cells for the generation of monoclonal antibodies.

BACKGROUND

[0004] In the following discussion certain articles and methods are described for
background and introductory purposes. Nothing contained herein is to be construed as an
“admission” of prior art. Applicant expressly reserves the right to demonstrate, where
appropriate, that the articles and methods referenced herein do not constitute prior art under
the applicable statutory provisions.

[0005] Antibodies have emerged as important biological pharmaceuticals because they (i)
exhibit exquisite binding properties that can target antigens of diverse molecular forms, (ii)
are physiological molecules with desirable pharmacokinetics that make them well tolerated
in treated humans and animals, and (iii) are associated with powerful immunological
properties that naturally ward off infectious agents. Furthermore, established technologies
exist for the rapid isolation of antibodies from laboratory animals, which can readily mount

a specific antibody response against virtually any foreign substance not present natively in
the body.



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

[0006] In their most elemental form, antibodies are composed of two identical heavy (H)
chains that are each paired with an identical light (L) chain. The N-termini of both H and
L chains includes a variable domain (Vu and Vi, respectively) that together provide the
paired H-L chains with a unique antigen-binding specificity.

[0007]  The exons that encode the antibody Vu and VL domains do not exist in the germ-
line DNA. Instead, each Vu exon is generated by the recombination of randomly selected
Vu, D, and Ju gene segments present in the immunoglobulin H chain locus (IGH); likewise,
individual VL exons are produced by the chromosomal rearrangements of randomly
selected VL and J. gene segments in a light chain locus.

[0008] The canine genome contains two alleles that can express the H chain (one allele
from each parent), two alleles that can express the kappa (k) L chain, and two alleles that
can express the lambda (A) L chain. There are multiple Vu, D, and Ju gene segments at the
H chain locus as well as multiple VL and JL gene segments at both the immunoglobulin
(IGK) and immunoglobulin A (IGL) L chain loci (Collins and Watson (2018)
Immunoglobulin Light Chain Gene Rearrangements, Receptor Editing and the
Development of a Self-Tolerant Antibody Repertoire. Front. Immunol. 9:2249. (doi:
10.3389/fimmu.2018.02249)).

[0009] In a typical immunoglobulin heavy chain variable region locus, Vu gene segments
lie upstream (57) of Ju gene segments, with D gene segments located between the Vu and
Ju gene segments. Downstream (3’) of the Ju gene segments of the IGH locus are clusters
of exons that encode the constant region (Cu) of the antibody. Each cluster of Cu exons
encodes a different antibody class (isotype). Eight classes of antibody exist in mouse: IgM,
IgD, IgG3, IgG1, IgG2a (or 1gG2c), IgG2b, IgE, and IgA (at the nucleic acid level, they
are respectively referred to as: , 0, y3, y1, y2a/c, y2b, €, and o). In canine animals (e.g.,
the domestic dog and wolf), the putative isotypes are IgM, IgD, 1gG1, IgG2, IgG3, IgG4,
IgE, and IgA (Fig. 12A).

[00010] At the IGK locus of most mammalian species, a cluster of Vi gene segments are
located upstream of a small number of J« gene segments, with the Jx gene segment cluster
located upstream of a single C« gene. This organization of the k locus can be represented
as (Vi)a ...(Ju)b ... Cx, wherein a and b, independently, are an integer of 1 or more. The dog

k locus is unusual in that half the Vi« genes are located upstream, and half are located
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downstream of the Jx and C« gene segments (see schematics of the mouse IGK locus in
FIG. 1C and dog IGK locus in FIG. 12C).

[00011] The IGL locus of most species includes a set of Vi gene segments that are located
5’ to a variable number of J-C tandem cassettes, each made up of a J. gene segment and a
Cy. gene segment (see schematic of the canine IGL locus in FIG. 12B). The organization
of the A locus can be represented as (Vi.)a...(Jx-Cy)b, wherein a and b are, independently,
an integer of 1 or more. The mouse IGL locus is unusual in that it contains two units of
(Vi)a...(J-Co.

[00012] During B cell development, gene rearrangements occur first on one of the two
homologous chromosomes that contain the H chain variable gene segments. The resultant
Vu exon is then spliced at the RNA level to the C, exons for IgM H chain expression.
Subsequently, the VL-JL rearrangements occur on one L chain allele at a time until a
functional L chain is produced, after which the L chain polypeptides can associate with the
IgM H chain homodimers to form a fully functional B cell receptor (BCR) for antigen. In
mouse and human, as B cells continue to mature, IgD is co-expressed with IgM as
alternatively spliced forms, with IgD being expressed at a level 10 times higher than IgM
in the main B cell population. This contrasts with B cell development in the dog, in which
the Cs exons are likely to be nonfunctional.

[00013] It is widely accepted by experts in the field that in mouse and human, VL-JL
rearrangements first occur at the IGK locus on both chromosomes before the IGL light
chain locus on either chromosome becomes receptive for VL-JL recombination. This is
supported by the observation that in mouse B cells that express k light chains, the A locus
on both chromosomes is usually inactivated by non-productive rearrangements. This may
explain the predominant x L chain usage in mouse, which is >90% « and <10% A.

[00014] However, immunoglobulins in the dog immune system are dominated by A light
chain usage, which has been estimated to be at least 90% A to <10% «. It is not known
mechanistically whether V-Ji rearrangements preferentially occur first over Vj-Ji
rearrangements in canines.

[00015] Upon encountering an antigen, the B cell may undergo another round of DNA

recombination at the IGH locus to remove the C, and Cs exons, effectively switching the
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Cu region to one of the downstream isotypes (this process is called class switching). In the
dog, although cDNA clones identified as encoding canine IgG1-IgG4 have been isolated
(Tang, et al. (2001) Cloning and characterization of cDNAs encoding four different canine
immunoglobulin y chains. Vet. Immunol. and Immunopath. 80:259 PMID 11457479), only
the IgG2 constant region gene has been physically mapped to the canine IGH locus on
chromosome 8 (Martin, et al. (2018) Comprehensive annotation and evolutionary insights
into the canine (Canis lupus familiaris) antigen receptor loci. Immunogenet. 70:223 doi:
10.1007/s00251-017-1028-0).

[00016] The genes encoding various canine and mouse immunoglobulins have been
extensively characterized. Priat, et al., describe whole-genome radiation mapping of the
dog genome in Genomics, 54:361-78 (1998), and Bao, et al., describe the molecular
characterization of the Vu repertoire in Canis familiaris in Veterinary Immunology and
Immunopathology, 137:64-75 (2010). Martin et al. provide an annotation of the canine
(Canis lupus familiaris) immunoglobulin kappa and lambda (IGK, IGL) loci, and an update
to the annotation of the IGH locus in Immunogenetics, 70(4):223-236 (2018).

[00017] Blankenstein and Krawinkel describe the mouse variable heavy chain region locus
in Eur. J. Immunol., 17:1351-1357 (1987). Transgenic animals are routinely used in
various research and development applications. For example, the generation of transgenic
mice containing immunoglobulin genes is described in International Application WO
90/10077 and WO 90/04036. WO 90/04036 describes a transgenic mouse with an
integrated human immunoglobulin "mini" locus. WO 90/10077 describes a vector
containing the immunoglobulin dominant control region for use in generating transgenic
animals.

[00018] Numerous methods have been developed for modifying the mouse endogenous
immunoglobulin variable region gene locus with, e.g., human immunoglobulin sequences
to create partly or fully human antibodies for drug discovery purposes. Examples of such
mice include those described in, e.g., U.S. Pat. Nos. 7,145,056; 7,064,244; 7,041,871,
6,673,986; 6,596,541; 6,570,061: 6,162,963: 6,130,364: 6,091,001; 6,023,010; 5,593,598;
5,877,397, 5,874.299: 5814,318; 5,789,650; 5,661,016; 5,612,205; and 5,591,669.
However, many of the fully humanized immunoglobulin transgenic mice exhibit

suboptimal antibody production because B cell development in these mice is severely
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hampered by inefficient V(D)J recombination, and by inability of the fully human
antibodies/BCRs to function optimally with mouse signaling proteins. Other humanized
immunoglobulin transgenic mice, in which the mouse coding sequences have been
"swapped" with human sequences, are very time consuming and expensive to create due to
the approach of replacing individual mouse exons with the syntenic human counterpart.

[00019] The use of antibodies that function as drugs is not limited to the prevention or
therapy of human disease. Companion animals such as dogs suffer from some of the same
afflictions as humans, e.g., cancer, atopic dermatitis and chronic pain. Monoclonal
antibodies targeting IL.31, CD20, IgE and Nerve Growth Factor, respectively, are already
in veterinary use as for treatment of these conditions. However, before clinical use these
monoclonal antibodies, which were made in mice, had to be caninized, i.e., their amino
acid sequence had to be changed from mouse to dog, in order to prevent an immune
response in the recipient dogs. Importantly, due to immunological tolerance, canine
antibodies to canine proteins cannot be easily raised in dogs. Based on the foregoing, it is
clear that a need exists for efficient and cost-effective methods to produce canine antibodies
for the treatment of diseases in dogs. More particularly, there is a need in the art for small,
rapidly breeding, non-canine mammals capable of producing antigen-specific canine
immunoglobulins. Such non-canine mammals are useful for generating hybridomas
capable of large-scale production of canine monoclonal antibodies.

[00020] PCT Publication No. 2018/189520 describes rodents and cells with a genome that
is engineered to express exogenous animal immunoglobulin variable region genes from
companion animals such as dogs, cats, horses, birds, rabbits, goats, reptiles, fish and
amphibians.

[00021] However, there still remains a need for improved methods for generating transgenic

nonhuman animals which are capable of producing an antibody with canine V regions.

SUMMARY
[00022] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended
to identify key or essential features of the claimed subject matter, nor is it intended to be

used to limit the scope of the claimed subject matter. Other features, details, utilities, and



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

advantages of the claimed subject matter will be apparent from the following written
Detailed Description including those aspects illustrated in the accompanying drawings and
defined in the appended claims.

[00023] Described herein is a non-canine mammalian cell and a non-canine mammal having
a genome comprising an exogenously introduced partly canine immunoglobulin locus,
where the introduced locus comprises coding sequences of the canine immunoglobulin
variable region gene segments and non-coding sequences based on the endogenous
immunoglobulin variable region locus of the non-canine mammalian host. Thus, the non-
canine mammalian cell or mammal is capable of expressing a chimeric B cell receptor
(BCR) or antibody comprising H and L chain variable regions that are fully canine in
conjunction with the respective constant regions that are native to the non-canine
mammalian host cell or mammal. Preferably, the transgenic cells and animals have
genomes in which part or all of the endogenous immunoglobulin variable region gene locus
is removed.

[00024] At a minimum, the production of chimeric canine monoclonal antibodies in a non-
canine mammalian host requires the host to have at least one locus that expresses chimeric
canine immunoglobulin H or L chain. In most aspects, there are one heavy chain locus and
two light chain loci that, respectively, express chimeric canine immunoglobulin H and L
chains.

[00025] In some aspects, the partly canine immunoglobulin locus comprises canine Vu
coding sequences and non-coding regulatory or scaffold sequences present in the
endogenous Vu gene locus of the non-canine mammalian host. In these aspects, the partly
canine immunoglobulin locus further comprises canine D and Ju gene segment coding
sequences in conjunction with the non-coding regulatory or scaffold sequences present in
the vicinity of the endogenous D and Ju gene segments of the non-canine mammalian host
cell genome. In one aspect, the partly canine immunoglobulin locus comprises canine Vu,
D and Ju gene segment coding sequences embedded in non-coding regulatory or scaffold
sequences present in an endogenous immunoglobulin heavy chain locus of the non-canine
mammalian host. In one aspect, the partly canine immunoglobulin locus comprises canine
Vu, D and Ju gene segment coding sequences embedded in non-coding regulatory or

scaffold sequences present in an endogenous immunoglobulin heavy chain locus of a
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rodent, such as a mouse. In other aspects, the partly canine immunoglobulin locus
comprises canine VL coding sequences and non-coding regulatory or scaffold sequences
present in the endogenous VL gene locus of the non-canine mammalian host. In one aspect,
the exogenously introduced, partly canine immunoglobulin locus comprising canine VL
coding sequences further comprises canine L-chain J gene segment coding sequences and
non-coding regulatory or scaffold sequences present in the vicinity of the endogenous L-
chain J gene segments of the non-canine mammalian host cell genome. In one aspect, the
partly canine immunoglobulin locus comprises canine Vi and Ji gene segment coding
sequences embedded in non-coding regulatory or scaffold sequences of an
immunoglobulin light chain locus in the non-canine mammalian host cell. In one aspect,
the partly canine immunoglobulin locus comprises canine Vi and J« gene segment coding
sequences embedded in non-coding regulatory or scaffold sequences of an
immunoglobulin locus of the non-canine mammalian host. In one aspect, the endogenous
k locus of the non-canine mammalian host is inactivated or replaced by sequences encoding
canine A chain, to increase production of canine A immunoglobulin light chain over canine
k chain. In one aspect, the endogenous « locus of the non-canine mammalian host is
inactivated but not replaced by sequences encoding canine A chain.

[00026] In certain aspects, the non-canine mammal is a rodent, for example, a mouse or rat.

[00027] In one aspect, the engineered immunoglobulin locus includes a partly canine
immunoglobulin light chain locus that includes one or more canine A variable region gene
segment coding sequences. In one aspect, the engineered immunoglobulin locus is a partly
canine immunoglobulin light chain locus that includes one or more canine « variable region
gene segment coding sequences.

[00028] In one aspect, a transgenic rodent or rodent cell is provided that has a genome
comprising an engineered partly canine immunoglobulin locus. In one aspect, a transgenic
rodent or rodent cell is provided that has a genome comprising an engineered partly canine
immunoglobulin light chain locus. In one aspect, the partly canine immunoglobulin light
chain locus of the rodent or rodent cell includes one or more canine immunoglobulin A
variable region gene segment coding sequences. In one aspect, the partly canine
immunoglobulin light chain locus of the rodent or rodent cell includes one or more canine

immunoglobulin k variable region gene segment coding sequences. In one aspect, the
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engineered immunoglobulin locus is capable of expressing immunoglobulin comprising
canine variable domains.

[00029] In one aspect, a transgenic rodent that produces more immunoglobulin comprising
A light chain than immunoglobulin comprising « light chain is provided. In one aspect, the
transgenic rodent produces at least about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90% or 95% and up to about 100% A light chain
immunoglobulin. In one aspect, the transgenic rodent produces at least about 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% and up to
about 100% A light chain immunoglobulin comprising a canine variable domain. In one
aspect, more A light chain-producing cells than « light chain-producing cells are likely to
be isolated from the transgenic rodent. In one aspect, more cells producing A light chain
with a canine variable domain are likely to be isolated from the transgenic rodent than cells
producing « light chain with a canine variable domain.

[00030] In one aspect, a transgenic rodent cell is provided that is more likely to produce
immunoglobulin comprising A light chain than immunoglobulin comprising « light chain.
In one aspect, the rodent cell is isolated from a transgenic rodent described herein. In one
aspect, the rodent cell is recombinantly produced as described herein. In one aspect, the
transgenic rodent cell or its progeny, has at least about a 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% and up to about 100%, probability
of producing A light chain immunoglobulin. In one aspect, the transgenic rodent cell or its
progeny, has at least about about a 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, or 95%, and up to about 100%, probability of producing A
light chain immunoglobulin with a canine variable domain

[00031] In one aspect, the engineered partly canine immunoglobulin locus comprises canine
V.. gene segment coding sequences and Ji. gene segment coding sequences and non-coding
sequences such as regulatory or scaffold sequences of a rodent immunoglobulin light chain
variable region gene locus.

[00032] In one aspect, the engineered immunoglobulin locus comprises canine Vi and Ja
gene segment coding sequences embedded in rodent non-coding regulatory or scaffold
sequences of a rodent immunoglobulin A light chain variable region gene locus. In one

aspect, the engineered immunoglobulin locus comprises canine Vi and Ji gene segment
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coding sequences embedded in non-coding regulatory or scaffold sequences of the rodent
immunoglobulin « light chain variable region gene locus. In one aspect, the partly canine
immunoglobulin locus comprises one or more canine Vi gene segment coding sequences
and Ji. gene segment coding sequences and one or more rodent immunoglobulin A constant
region coding sequences.

[00033] In one aspect, the engineered immunoglobulin variable region locus comprises one
or more canine V), gene segment coding sequences and one or more J-C units wherein each
J-C unit comprises a canine Ji. gene segment coding sequence and rodent region Cy. coding
sequence. In one aspect, the engineered immunoglobulin variable region locus comprises
one or more canine V; gene segment coding sequences and one or more J-C units wherein
each J-C unit comprises a canine J. gene segment coding sequence and rodent Ci region
coding and non-coding sequences. In one aspect, the rodent Cs. region coding sequence is
selected from a rodent Cy1, Cs2 or Cs;3 coding sequence. In one aspect, one or more canine
V.. gene segment coding sequences are located upstream of one or more J-C units, wherein
each J-C unit comprises a canine Ji. gene segment coding sequence and a rodent Ci. gene
segment coding sequence. In one aspect, one or more canine Vi gene segment coding
sequences are located upstream of one or more J-C units, wherein each J-C unit comprises
a canine J;. gene segment coding sequence and a rodent Cy. gene segment coding sequence
and rodent C; non-coding sequences. In one aspect, the J-C units comprise canine Ji. gene
segment coding sequences and rodent Cy. region coding sequences embedded in non-coding
regulatory or scaffold sequences of a rodent immunoglobulin « light chain locus.

[00034] In one aspect, a transgenic rodent or rodent cell is provided with an engineered
immunoglobulin locus that includes a rodent immunoglobulin x locus in which one or more
rodent Vi gene segment coding sequences and one or more rodent J, gene segment coding
sequences have been deleted and replaced with one or more canine Vi gene segment coding
sequences and one or more Ji. gene segment coding sequences, respectively, and in which
rodent Cy coding sequence in the locus has been replaced by rodent C;.1, Cy2, or Cy3 coding
sequence(s).

[00035] In one aspect, the engineered immunoglobulin locus includes one or more canine

V.. gene segment coding sequences upstream and in the same transcriptional orientation as
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one or more canine Ji. gene segment coding sequences which are upstream of one or more
rodent Cy. coding sequences.

[00036] In one aspect, the engineered immunoglobulin locus includes one or more canine
V.. gene segment coding sequences upstream and in the opposite transcriptional orientation
as one or more canine Jx gene segment coding sequences which are upstream of one or
more rodent Ci. coding sequences.

[00037] In one aspect, a transgenic rodent or rodent cell is provided in which an endogenous
rodent immunoglobulin x light chain locus is deleted, inactivated, or made nonfunctional
by one or more of:

a. deleting or mutating all endogenous rodent Vi gene segment coding sequences;

b. deleting or mutating all endogenous rodent J gene segment coding sequences;

c. deleting or mutating endogenous rodent Cy coding sequence;

d. deleting or mutating a splice donor site, pyrimidine tract, or splice acceptor site
within the intron between a J gene segment and Cy exon; and

e. deleting, mutating, or disrupting an endogenous intronic k¥ enhancer (iEx), an
3’ enhancer sequence (3’Ex), or a combination thereof.

[00038] In one aspect, a transgenic rodent or rodent cell is provided in which expression of
an endogenous rodent immunoglobulin A light chain variable domain is suppressed or
inactivated by one or more of’

a. deleting or mutating all endogenous rodent Vi gene segments;

b. deleting or mutating all endogenous rodent Ji. gene segments;

c. deleting or mutating all endogenous rodent Cx coding sequences; and

d. deleting or mutating a splice donor site, pyrimidine tract, splice acceptor site within
the intron between a J. gene segment and Ci. expm, or a combination thereof.

[00039] In one aspect, a transgenic rodent or rodent cell is provided in which the engineered
immunoglobulin locus expresses immunoglobulin light chains comprising a canine
variable domain and a rodent constant domain. In one aspect, a transgenic rodent or rodent
cell is provided in which the engineered immunoglobulin locus expresses immunoglobulin
light chains comprising a canine A variable domain and rodent A constant domain. In one

aspect, a transgenic rodent or rodent cell is provided in which the engineered

10



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

immunoglobulin locus expresses immunoglobulin light chains comprising a canine «
variable domain and rodent k constant domain.

[00040] In one aspect, a transgenic rodent or rodent cell is provided in which the genome
of the transgenic rodent or rodent cell comprises an engineered immunoglobulin locus
comprising canine V and J, gene segment coding sequences. In one aspect, the canine Vi
and Jx gene segment coding sequences are inserted into a rodent immunoglobulin k light
chain locus. In one aspect, the canine Vi and Jx gene segment coding sequences are
embedded in rodent non-coding regulatory or scaffold sequences of the rodent
immunoglobulin k light chain variable region gene locus. In one aspect, the canine V and
J« coding sequences are inserted upstream of a rodent immunoglobulin x light chain
constant region coding sequence.

[00041] In one aspect, a transgenic rodent or rodent cell is provided in which the genome
of the transgenic rodent or rodent cell comprises an engineered immunoglobulin locus
comprising canine Vi and J¢ gene segment coding sequences inserted into a rodent
immunoglobulin A light chain locus. In one aspect, the canine Vi and Jx gene segment
coding sequences are embedded in rodent non-coding regulatory or scaffold sequences of
the rodent immunoglobulin A light chain variable region gene locus. In one aspect, the
genome of the transgenic rodent or rodent cell includes a rodent immunoglobulin x light
chain constant region coding sequence inserted downstream of the canine Vi and J gene
segment coding sequences. In one aspect, the rodent immunoglobulin k light chain
constant region is inserted upstream of an endogenous rodent C;, coding sequence. In one
aspect, the rodent immunoglobulin « light chain constant region is inserted upstream of an
endogenous rodent Cy2 coding sequence. In one aspect, expression of an endogenous
rodent immunoglobulin A light chain variable domain is suppressed or inactivated by one
or more of’

a. deleting or mutating all endogenous rodent V, gene segment coding sequences.
b. deleting or mutating all endogenous rodent J; gene segment coding sequences;
c. deleting or mutating all endogenous C;. coding sequences; and

d. deleting or mutating a splice donor site, pyrimidine tract, or splice acceptor site

within the intron between a J;, gene segment and C; exon.
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[00042] In one aspect, the engineered partly canine immunoglobulin light chain locus
comprises a rodent intronic k¥ enhancer (iEx) and 3’ x enhancer (3’Ex) regulatory
sequences.

[00043] In one aspect, the transgenic rodent or rodent cell further comprises an engineered
partly canine immunoglobulin heavy chain locus comprising canine immunoglobulin
heavy chain variable region gene segment coding sequences and non-coding regulatory
and scaffold sequences of the rodent immunoglobulin heavy chain locus. In one aspect,
the engineered canine immunoglobulin heavy chain locus comprises canine Vu, D and Ju
gene segment coding sequences. In one aspect, each canine/rodent chimeric Vu, D or Ju
gene segment comprises Vi, D or Ju coding sequence embedded in non-coding regulatory
and scaffold sequences of the rodent immunoglobulin heavy chain locus. In one aspect,
the heavy chain scaffold sequences are interspersed by one or both functional ADAM6
genes.

[00044] In one aspect, the rodent regulatory and scaffold sequences comprise one or more
enhancers, promoters, splice sites, introns, recombination signal sequences, or a
combination thereof.

[00045] In one aspect, an endogenous rodent immunoglobulin locus of the transgenic rodent
or rodent cell has been inactivated. In one aspect, an endogenous rodent immunoglobulin
locus of the transgenic rodent or rodent cell has been deleted and replaced with the
engineered partly canine immunoglobulin locus.

[00046] In one aspect, the rodent is a mouse or a rat. In one aspect, the rodent cell is an
embryonic stem (ES) cell or a cell of an early stage embryo. In one aspect, the rodent cell
is a mouse or rat embryonic stem (ES) cell, or mouse or rat cell of an early stage embryo.

[00047] In one aspect, a cell of B lymphocyte lineage is provided that is obtained from a
transgenic rodent described herein, wherein the B cell expresses or is capable of expressing
a chimeric immunoglobulin heavy chain or light chain comprising a canine variable region
and a rodent immunoglobulin constant region. In one aspect, a hybridoma cell or
immortalized cell line is provided that is derived from a cell of B lymphocyte lineage
obtained from a transgenic rodent or rodent cell described herein.

[00048] In one aspect, antibodies or antigen binding portions thereof are provided that are

produced by a cell from a transgenic rodent or rodent cell described herein.
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[00049] In one aspect, a nucleic acid sequence of a Vu, D, or Ju, or a VL or JL gene
segment coding sequence is provided that is derived from an immunoglobulin
produced by a transgenic rodent or rodent cell described herein. In one aspect, a method
for generating a non-canine mammalian cell comprising a partly canine immunoglobulin
locus is provided, said method comprising: a) introducing two or more recombinase
targeting sites into the genome of a non-canine mammalian host cell and integrating at least
one site upstream and at least one site downstream of a genomic region comprising
endogenous immunoglobulin variable region genes wherein the endogenous
immunoglobulin variable genes comprise Vi, D and Ju gene segments, or Vi and J gene
segments, or Vi and Ji gene segments, or Vi, Ji and Ci gene segments; and b) introducing
into the non-canine mammalian host cell via recombinase-mediated cassette exchange
(RMCE) an engineered partly canine immunoglobulin variable gene locus comprising
canine immunoglobulin variable region gene coding sequences and non-coding regulatory
or scaffold sequences corresponding to the non-coding regulatory or scaffold sequences
present in the endogenous immunoglobulin variable region gene locus of the non-canine
mammalian host.

[00050] In another aspect, the method further comprises deleting the genomic region
flanked by the two exogenously introduced recombinase targeting sites prior to step b.

[00051] In a specific aspect of this method, the exogenously introduced, engineered partly
canine immunoglobulin heavy chain locus is provided that comprises canine Vu gene
segment coding sequences, and further comprises i) canine D and Ju gene segment coding
sequences and ii) non-coding regulatory or scaffold sequences upstream of the canine D
gene segments (pre-D sequences, FIG. 1A) that correspond to the sequences present
upstream of the endogenous D gene segments in the genome of the non-canine mammalian
host. In one aspect, these upstream scaffold sequences are interspersed by non-
immunoglobulin genes, such as ADAM6A or ADAM6B (FIG. 1A) needed for male
fertility (Nishimura et al. Developmental Biol. 233(1): 204-213 (2011)). The partly canine
immunoglobulin heavy chain locus is introduced into the host cell using recombinase
targeting sites that have been previously introduced upstream of the endogenous
immunoglobulin Vi gene locus and downstream of the endogenous Ju gene locus on the

same chromosome. In other aspects, the non-coding regulatory or scaffold sequences
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derive (at least partially) from other sources, e.g., they could be rationally designed
artificial sequences or otherwise conserved sequences of unknown functions, sequences
that are a combination of canine and artificial or other designed sequences, or sequences
from other species. As used herein, “artificial sequence” refers to a sequence of a nucleic
acid not derived from a sequence naturally occurring at a genetic locus. In one aspect, the
non-coding regulatory or scaffold sequences are derived from non-coding regulatory or
scaffold sequences of a rodent immunoglobulin heavy chain variable region locus. In one
aspect, the non-coding regulatory or scaffold sequences have at least about 75%, 80%,
85%, 90%, 95% or 100% sequence identity to non-coding regulatory or scaffold sequences
of a rodent immunoglobulin heavy chain variable region locus. In another aspect, the non-
coding regulatory or scaffold sequences are rodent immunoglobulin heavy chain variable
region non-coding or scaffold sequences.

[00052] In yet another specific aspect of the method, the introduced engineered partly
canine immunoglobulin locus comprises canine immunoglobulin VL gene segment coding
sequences, and further comprises 1) canine L-chain J gene segment coding sequences and
i1) non-coding regulatory or scaffold sequences corresponding to the non-coding regulatory
or scaffold sequences present in the endogenous L chain locus of the non-canine
mammalian host cell genome. In one aspect, the engineered partly canine immunoglobulin
locus is introduced into the host cell using recombinase targeting sites that have been
previously introduced upstream of the endogenous immunoglobulin VL gene locus and
downstream of the endogenous J gene locus on the same chromosome.

[00053] In a more particular aspect of this method, an exogenously introduced, engineered
partly canine immunoglobulin light chain locus is provided that comprises canine Vi gene
segment coding sequences and canine Ji gene segment coding sequences. In one aspect,
the partly canine immunoglobulin light chain locus is introduced into the host cell using
recombinase targeting sites that have been previously introduced upstream of the
endogenous immunoglobulin Vi gene locus and downstream of the endogenous Ji. gene
locus on the same chromosome.

[00054] In one aspect, the exogenously introduced, engineered partly canine
immunoglobulin light chain locus comprises canine V gene segment coding sequences

and canine J. gene segment coding sequences. In one aspect, the partly canine

14



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

immunoglobulin light chain locus is introduced into the host cell using recombinase
targeting sites that have been previously introduced upstream of the endogenous
immunoglobulin Vi gene locus and downstream of the endogenous Ji gene locus on the
same chromosome.

[00055] In one aspect, the non-coding regulatory or scaffold sequences are derived from
non-coding regulatory or scaffold sequences of a rodent A immunoglobulin light chain
variable region locus. In one aspect, the non-coding regulatory or scaffold sequences have
at least about 75%, 80%, 85%, 90%, 95% or 100% sequence identity to non-coding
regulatory or scaffold sequences of a rodent immunoglobulin A light chain variable region
locus. In another aspect, the non-coding regulatory or scaffold sequences are rodent
immunoglobulin A light chain variable region non-coding or scaffold sequences.

[00056] In one aspect, the non-coding regulatory or scaffold sequences are derived from
non-coding regulatory or scaffold sequences of a rodent immunoglobulin « light chain
variable region locus. In one aspect, the non-coding regulatory or scaffold sequences have
at least about 75%, 80%, 85%, 90%, 95% or 100% sequence identity to non-coding
regulatory or scaffold sequences of a rodent immunoglobulin « light chain variable region
locus. In another aspect, the non-coding regulatory or scaffold sequences are rodent
immunoglobulin « light chain variable region non-coding or scaffold sequences.

[00057] In one aspect, the engineered partly canine immunoglobulin locus is synthesized as
a single nucleic acid, and introduced into the non-canine mammalian host cell as a single
nucleic acid region. In one aspect, the engineered partly canine immunoglobulin locus is
synthesized in two or more contiguous segments, and introduced to the mammalian host
cell as discrete segments. In another aspect, the engineered partly canine immunoglobulin
locus is produced using recombinant methods and isolated prior to being introduced into
the non-canine mammalian host cell.

[00058] In another aspect, methods for generating a non-canine mammalian cell comprising
an engineered partly canine immunoglobulin locus are provided, said method comprising:
a) introducing into the genome of a non-canine mammalian host cell two or more sequence-
specific recombination sites that are not capable of recombining with one another, wherein
at least one recombination site is introduced upstream of an endogenous immunoglobulin

variable region gene locus while at least one recombination site is introduced downstream
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of the endogenous immunoglobulin variable region gene locus on the same chromosome;
b) providing a vector comprising an engineered partly canine immunoglobulin locus having
1) canine immunoglobulin variable region gene coding sequences and ii) non-coding
regulatory or scaffold sequences based on an endogenous immunoglobulin variable region
gene locus of the host cell genome, wherein the partly canine immunoglobulin locus is
flanked by the same two sequence-specific recombination sites that flank the endogenous
immunoglobulin variable region gene locus of the host cell of a); ¢) introducing into the
host cell the vector of step b) and a site specific recombinase capable of recognizing the
two recombinase sites; d) allowing a recombination event to occur between the genome of
the cell of a) and the engineered partly canine immunoglobulin locus, resulting in a
replacement of the endogenous immunoglobulin variable region gene locus with the
engineered partly canine immunoglobulin variable region gene locus.

[00059] In one aspect, the partly canine immunoglobulin locus comprises Vu
immunoglobulin gene segment coding sequences, and further comprises 1) canine D and Ju
gene segment coding sequences, ii) non-coding regulatory or scaffold sequences
surrounding the codons of individual Vu, D, and Ju gene segments present endogenously
in the genome of the non-canine mammalian host, and 1ii) pre-D sequences based on the
endogenous genome of the non-canine mammalian host cell. The recombinase targeting
sites are introduced upstream of the endogenous immunoglobulin Vu gene locus and
downstream of the endogenous D and Ju gene locus.

[00060] In one aspect, there is provided a transgenic rodent with a genome deleted of a
rodent endogenous immunoglobulin variable gene locus and in which the deleted rodent
endogenous immunoglobulin variable gene locus has been replaced with an engineered
partly canine immunoglobulin locus comprising canine immunoglobulin variable gene
coding sequences and non-coding regulatory or scaffold sequences based on the rodent
endogenous immunoglobulin variable gene locus, wherein the engineered partly canine
immunoglobulin locus of the transgenic rodent is functional and expresses
immunoglobulin chains with canine variable domains and rodent constant domains. In
some aspects, the engineered partly canine immunoglobulin locus comprises canine Vu, D,
and Ju coding sequences, and in some aspects, the engineered partly canine

immunoglobulin locus comprises canine VL and JL coding sequences. In one aspect, the
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partly canine immunoglobulin locus comprises canine Vi and Ji coding sequences. In
another aspect, the partly canine immunoglobulin locus comprises canine Vi and J coding
sequences.

[00061] Some aspects provide a cell of B lymphocyte lineage from the transgenic rodent, a
part or whole immunoglobulin molecule comprising canine variable domains and rodent
constant domains obtained from the cell of B lymphocyte lineage, a hybridoma cell derived
from the cell of B lymphocyte lineage, a part or whole immunoglobulin molecule
comprising canine variable domains and rodent constant domains obtained from the
hybridoma cell, a part or whole immunoglobulin molecule comprising canine variable
domains derived from an immunoglobulin molecule obtained from the hybridoma cell, an
immortalized cell derived from the cell of B lymphocyte lineage, a part or whole
immunoglobulin molecule comprising canine variable domains and rodent constant
domains obtained from the immortalized cell, a part or whole immunoglobulin molecule
comprising canine variable domains derived from an immunoglobulin molecule obtained
from the immortalized cell.

[00062] In one aspect, a transgenic rodent is provided, wherein the engineered partly canine
immunoglobulin locus comprises canine VL and JL coding sequences, and a transgenic
rodent, wherein the engineered partly canine immunoglobulin loci comprise canine Vy, D,
and Ju or VL and JL coding sequences. In some aspects, the rodent is a mouse. In some
aspects, the non-coding regulatory sequences comprise the following sequences of
endogenous host origin: promoters preceding each V gene segment coding sequence,
introns, splice sites, and recombination signal sequences for V(D)J recombination; in other
aspects, the engineered partly canine immunoglobulin locus further comprises one or more
of the following sequences of endogenous host origin: ADAM6A or ADAM6B gene, a
Pax-5-Activated Intergenic Repeat (PAIR) elements, or CTCF binding sites from a heavy
chain intergenic control region 1.

[00063] In one aspect, the non-canine mammalian cell for use in each of the above methods
is a mammalian cell, for example, a mammalian embryonic stem (ES) cell. In one aspect,
the mammalian cell is a cell of an early stage embryo. In one aspect, the non-canine
mammalian cell is a rodent cell. In one aspect, the non-canine mammalian cell is a mouse

cell.
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[00064] Once the cells have been subjected to the replacement of the endogenous
immunoglobulin variable region gene locus by the introduced partly canine
immunoglobulin variable region gene locus, the cells can be selected and isolated. In one
aspect, the cells are non-canine mammalian ES cells, for example, rodent ES cells, and at
least one isolated ES cell clone is then utilized to create a transgenic non-canine mammal
expressing the engineered partly canine immunoglobulin variable region gene locus.

[00065] In one aspect, a method for generating the transgenic rodent is provided, said
method comprising: a) integrating at least one target site for a site-specific recombinase in
a rodent cell’s genome upstream of an endogenous immunoglobulin variable gene locus
and at least one target site for a site-specific recombinase downstream of the endogenous
immunoglobulin variable gene locus, wherein the endogenous immunoglobulin variable
locus comprises Vu, D and Ju gene segments, or Vi and Jx gene segments, or Vi and Ju.
gene segments, or Vi, Ju and Ci gene segments; b) providing a vector comprising an
engineered partly canine immunoglobulin locus, said engineered partly canine
immunoglobulin locus comprising chimeric canine immunoglobulin gene segments,
wherein each of the partly canine immunoglobulin gene segment comprises canine
immunoglobulin variable gene coding sequences and rodent non-coding regulatory or
scaffold sequences, with the partly canine immunoglobulin variable gene locus being
flanked by target sites for a site-specific recombinase wherein the target sites are capable
of recombining with the target sites introduced into the rodent cell; ¢) introducing into the
cell the vector and a site-specific recombinase capable of recognizing the target sites; d)
allowing a recombination event to occur between the genome of the cell and the engineered
partly canine immunoglobulin locus resulting in a replacement of the endogenous
immunoglobulin variable gene locus with the engineered partly canine immunoglobulin
locus; e) selecting a cell that comprises the engineered partly canine immunoglobulin
variable locus generated in step d); and utilizing the cell to create a transgenic rodent
comprising partly canine the engineered partly canine immunoglobulin variable locus. In
some aspects, the cell is a rodent embryonic stem (ES) cell, and in some aspects the cell is
a mouse embryonic stem (ES) cell. Some aspects of this method further comprise after,
after step a) and before step b), a step of deleting the endogenous immunoglobulin variable

gene locus by introduction of a recombinase that recognizes a first set of target sites,
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wherein the deleting step leaves in place at least one set of target sites that are not capable
of recombining with one another in the rodent cell’s genome. In some aspects, the vector
comprises canine Vu, D, and Ju, coding sequences, and in some aspects the vector
comprises canine VL and J. coding sequences. In some aspects, the vector further
comprises rodent promoters, introns, splice sites, and recombination signal sequences of
variable region gene segments.

[00066] In another aspect, a method for generating a transgenic non-canine mammal
comprising an exogenously introduced, engineered partly canine immunoglobulin variable
region gene locus is provided, said method comprising: a) introducing into the genome of
a non-canine mammalian host cell one or more sequence-specific recombination sites that
flank an endogenous immunoglobulin variable region gene locus and are not capable of
recombining with one another; b) providing a vector comprising a partly canine
immunoglobulin locus having 1) canine variable region gene coding sequences and i1) non-
coding regulatory or scaffold sequences based on the endogenous host immunoglobulin
variable region gene locus, wherein the coding and non-coding regulatory or scaffold
sequences are flanked by the same sequence-specific recombination sites as those
introduced to the genome of the host cell of a); ¢) introducing into the cell the vector of
step b) and a site-specific recombinase capable of recognizing one set of recombinase sites;
d) allowing a recombination event to occur between the genome of the cell of a) and the
engineered partly canine immunoglobulin variable region gene locus, resulting in a
replacement of the endogenous immunoglobulin variable region gene locus with the partly
canine immunoglobulin locus; e) selecting a cell which comprises the partly canine
immunoglobulin locus; and f) utilizing the cell to create a transgenic animal comprising
the partly canine immunoglobulin locus.

[00067] In a specific aspect, the engineered partly canine immunoglobulin locus comprises
canine Vu, D, and Ju gene segment coding sequences, and non-coding regulatory and
scaffold pre-D sequences (including a fertility-enabling gene) present in the endogenous
genome of the non-canine mammalian host. In one aspect, the sequence-specific
recombination sites are then introduced upstream of the endogenous immunoglobulin Vu

gene segments and downstream of the endogenous Ju gene segments.
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[00068] In one aspect, a method for generating a transgenic non-canine animal comprising
an engineered partly canine immunoglobulin locus is provided, said method comprising:
a) providing a non-canine mammalian cell having a genome that comprises two sets of
sequence-specific recombination sites that are not capable of recombining with one
another, and which flank a portion of an endogenous immunoglobulin variable region gene
locus of the host genome; b) deleting the portion of the endogenous immunoglobulin locus
of the host genome by introduction of a recombinase that recognizes a first set of sequence-
specific recombination sites, wherein such deletion in the genome retains a second set of
sequence-specific recombination sites; ¢) providing a vector comprising an engineered
partly canine immunoglobulin variable region gene locus having canine coding sequences
and non-coding regulatory or scaffold sequences based on the endogenous
immunoglobulin variable region gene locus, where the coding and non-coding regulatory
or scaffold sequences are flanked by the second set of sequence-specific recombination
sites; d) introducing the vector of step c¢) and a site-specific recombinase capable of
recognizing the second set of sequence-specific recombination sites into the cell; e)
allowing a recombination event to occur between the genome of the cell and the partly
canine immunoglobulin locus, resulting in a replacement of the endogenous
immunoglobulin locus with the engineered partly canine immunoglobulin variable locus;
f) selecting a cell that comprises the partly canine immunoglobulin variable region gene
locus; and g) utilizing the cell to create a transgenic animal comprising the engineered
partly canine immunoglobulin variable region gene locus.

[00069] Inone aspect, a method for generating a transgenic non-canine mammal comprising
an engineered partly canine immunoglobulin locus is provided, said method comprising:
a) providing a non-canine mammalian embryonic stem ES cell having a genome that
contains two sequence-specific recombination sites that are not capable of recombining
with each other, and which flank the endogenous immunoglobulin variable region gene
locus; b) providing a vector comprising an engineered partly canine immunoglobulin locus
comprising canine immunoglobulin variable gene coding sequences and non-coding
regulatory or scaffold sequences based on the endogenous immunoglobulin variable region
gene locus, where the partly canine immunoglobulin locus is flanked by the same two

sequence-specific recombination sites that flank the endogenous immunoglobulin variable
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region gene locus in the ES cell; ¢) bringing the ES cell and the vector into contact with a
site-specific recombinase capable of recognizing the two recombinase sites under
appropriate conditions to promote a recombination event resulting in the replacement of
the endogenous immunoglobulin variable region gene locus with the engineered partly
canine immunoglobulin variable region gene locus in the ES cell; d) selecting an ES cell
that comprises the engineered partly canine immunoglobulin locus; and e) utilizing the
cell to create a transgenic animal comprising the engineered partly canine immunoglobulin
locus.

[00070] In one aspect, the transgenic non-canine mammal is a rodent, e.g., a mouse or a rat.

[00071] In one aspect, a non-canine mammalian cell and a non-canine transgenic mammal
are provide that express an introduced immunoglobulin variable region gene locus having
canine variable region gene coding sequences and non-coding regulatory or scaffold
sequences based on the endogenous non-canine immunoglobulin locus of the host genome,
where the non-canine mammalian cell and transgenic animal express chimeric antibodies
with fully canine H or L chain variable domains in conjunction with their respective
constant regions that are native to the non-canine mammalian cell or animal.

[00072] Further, B cells from transgenic animals are provided that are capable of expressing
partly canine antibodies having fully canine variable sequences, wherein such B cells are
immortalized to provide a source of a monoclonal antibody specific for a particular antigen.
In one aspect, a cell of B lymphocyte lineage from a transgenic animal is provided that is
capable of expressing partly canine heavy or light chain antibodies comprising a canine
variable region and a rodent constant region.

[00073] In one aspect, canine immunoglobulin variable region gene sequences cloned from
B cells are provided for use in the production or optimization of antibodies for diagnostic,
preventative and therapeutic uses.

[00074] In one aspect, hybridoma cells that are are provided that are capable of producing
partly canine monoclonal antibodies having fully canine immunoglobulin variable region
sequences. In one aspect, a hybridoma or immortalized cell line of B lymphocyte lineage
is provided.

[00075] In another aspect, antibodies or antigen binding portions thereof produced by a

transgenic animal or cell described herein are provided. In another aspect, antibodies or
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antigen binding portions thereof comprising variable heavy chain or variable light chain
sequences derived from antibodies produced by a transgenic animal or cell described herein
are provided.

[00076] In one aspect, methods for determining the sequences of the H and L chain
immunoglobulin variable domains from the monoclonal antibody-producing hybridomas
or primary plasma cells or B cells and combining the Vu and VL sequences with canine
constant regions are provided for creating a fully canine antibody that is not immunogenic
when injected into dogs.

[00077] These and other aspects, objects and features are described in more detail below.

BRIEF DESCRIPTION OF THE FIGURES

[00078] FIG. 1A is a schematic diagram of the endogenous mouse IGH locus located at the
telomeric end of chromosome 12.

[00079] FIG. 1B is a schematic diagram of the endogenous mouse IGL locus located on
chromosome 16.

[00080] FIG. 1C is a schematic diagram of the endogenous mouse IGK locus located on
chromosome 6.

[00081] FIG. 2 is a schematic diagram illustrating the strategy of targeting by homologous
recombination to introduce a first set of sequence-specific recombination sites into a region
upstream of the H chain variable region gene locus in the genome of a non-canine
mammalian host cell.

[00082] FIG. 3 is another schematic diagram illustrating the strategy of targeting by
homologous recombination to introduce a first set of sequence-specific recombination sites
into a region upstream of the H chain variable region gene locus in the genome of a non-
canine mammalian host cell.

[00083] FIG. 4 is a schematic diagram illustrating the introduction of a second set of
sequence-specific recombination sites into a region downstream of the H chain variable
region gene locus in the genome of a non-canine mammalian cell via a homology targeting

vector.
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[00084] FIG. 5 is a schematic diagram illustrating deletion of the endogenous
immunoglobulin H chain variable region gene locus from the genome of the non-canine
mammalian host cell.

[00085] FIG. 6 is a schematic diagram illustrating the RMCE strategy to introduce an
engineered partly canine immunoglobulin H chain locus into the non-canine mammalian
host cell genome that has been previously modified to delete the endogenous
immunoglobulin H chain variable region gene locus.

[00086] FIG. 7 is a schematic diagram illustrating the RMCE strategy to introduce an
engineered partly canine immunoglobulin H chain locus comprising additional regulatory
sequences into the non-canine mammalian host cell genome that has been previously
modified to delete the endogenous immunoglobulin H chain variable region genes.

[00087] FIG. 8 is a schematic diagram illustrating the introduction of an engineered partly
canine immunoglobulin H chain wvariable region gene locus into the endogenous
immunoglobulin H chain locus of the mouse genome.

[00088] FIG. 9 is a schematic diagram illustrating the introduction of an engineered partly
canine immunoglobulin k¥ L chain variable region gene locus into the endogenous
immunoglobulin ¥ L chain locus of the mouse genome.

[00089] FIG. 10 is a schematic diagram illustrating the introduction of an engineered partly
canine immunoglobulin A L chain variable region gene locus into the endogenous
immunoglobulin A L chain locus of the mouse genome.

[00090] FIG. 11 is a schematic diagram illustrating the introduction of an engineered partly
canine immunoglobulin locus comprising a canine Vu minilocus via RMCE.

[00091] FIG. 12A is a schematic diagram of the endogenous canine IGH locus located on
chromosome 8 showing the entire Igh locus (1201) and an expanded view of the IGHC
region (1202).

[00092] FIG. 12B is a schematic diagram of the endogenous canine IGL locus located on
chromosome 26.

[00093] FIG. 12C is a schematic diagram of the endogenous canine IGK locus located on
chromosome 17. Arrows indicate the transcriptional orientation of the Vi gene segments.
In the native canine IGK locus (1220) some Vi gene segments are downstream of the Cy

exon. In the partly canine Ig, locus described herein (1221), all of the V gene segment
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coding sequences are upstream of the C, exon and in the same transcriptional orientation
as the Cx exon (See Example 4).

[00094] FIG. 13 is a schematic diagram illustrating an engineered partly canine
immunoglobulin light chain variable region locus in which one or more canine V, gene
segment coding sequences are inserted into a rodent immunoglobulin k light chain locus
upstream of one or more canine J;, gene segment coding sequences, which are upstream of
one or more rodent Cj, region coding sequences.

[00095] FIG. 14 is a schematic diagram illustrating the introduction of an engineered partly
canine light chain variable region locus in which one or more canine V; gene segment
coding sequences are inserted into a rodent immunoglobulin k light chain locus upstream
of an array of J;,-C;. tandem cassettes in which the J; is of canine origin and the Cj, is of
mouse origin, Cy1, Ci2 or Cy3.

[00096] FIG. 15 shows flow cytometry profiles of 293T/17 cells transfected with expression
vectors encoding human CD4 (hCD4), canine IGHV3-5-mouse C, membrane form IgM®
allotype, and canine IGLV3-28/J,6 attached to various combinations of mouse Ci and Cs.
(1501), or canine IGKV2-5/Ji1 attached to various combinations of mouse Ci and Ci.
(1502). The cells have been stained for cell surface hCD4 (1509) or for mouse IgM® (1510).

[00097] FIG.16 shows flow cytometry profiles of 293T/17 cells transfected with expression
vectors encoding human CD4 (hCD4), canine IGHV3-5-mouse C, membrane form IgM®
allotype, and canine IGLV3-28/J,6 attached to various combinations of mouse Ci and Cs.
(1601), or canine IGKV2-5/Ji1 attached to various combinations of mouse Ci and Ci.
(1602). The cells have been stained for cell surface mouse ALC (1601) or mouse kLC
(1602).

[00098] FIG. 17 shows flow cytometry profiles of 293T/17 cells transfected with expression
vectors encoding human CD4 (hCD4), canine IGHV4-1-mouse C,, membrane form IgM®
allotype, and canine IGLV3-28/J,6 attached to various combinations of mouse Ci and Cs.
(1701), or canine IGKV2-5/Ji1 attached to various combinations of mouse Ci and Ci.
(1702). The cells have been stained for cell surface hCD4 (1709) or for mouse IgMP (1710).

[00099] FIG. 18 shows flow cytometry profiles of 293T/17 cells transfected with expression
vectors encoding human CD4 (hCD4), canine IGHV3-19-mouse C,, membrane form IgM®
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allotype, and canine IGLV3-28/J,6 attached to various combinations of mouse C, and C;.
(1801), or canine IGKV2-5/J,1 attached to various combinations of mouse C, and C;
(1802). The cells have been stained for cell surface hCD4 (1809) or for mouse IgM® (1810).

[000100] FIG. 19A shows western blots of culture supernatants and FIG. 19B shows western
blots of cell lysates of 393T/17 cells transfected with expression vectors encoding canine
IGHV3-5 attached to mouse Cpo (1901), IGHV3-19 attached to mouse Cpo (1902) or
IGHV4-1 attached to mouse Cyz,, (1903) and canine IGLV3-28/J,6 attached to various
combinations of mouse Ci (1907) and C;, (1908-1910). The samples were electrophoresed
under reducing conditions and the blot was probed with an anti-mouse IgG2a antibody.

[000101] FIG. 20A shows western blot loading control Myc for the cell lysates from FIG. 18
and FIG. 20B shows western blot loading control GAPDH for the cell lysates from FIG.
18.

[000102] FIG. 21A shows western blots of culture supernatants (non-reducing conditions)
and FIG. 21B shows western blots of cell lysates (reducing conditions) of 393T/17 cells
transfected with expression vectors encoding canine IGHV3-5-mouse C.2. and canine
IGLV3-28/J,6 attached to various combinations of mouse Ci (2102) and C;. (2103, 2104)
or transfected with expression vectors encoding canine IGHV3-5-mouse C,2, and canine
IGKV2-5/J1 attached to various combinations of mouse Ci (2105) and Cy, (2106, 2107).
The blots in FIG. 21A were probed with antibodies to mouse IgG2a and the blots in FIG.
21B were probed with antibodies to mouse k¥ LC.

[000103] FIG. 22 shows flow cytometry profiles of 293T/17 cells transfected with expression
vectors encoding human CD4 (hCD4), canine IGHV3-5 attached to mouse Cs membrane
form, and canine IGKV2-5/J1 attached to mouse Ci (2201) or canine IGLV3-28/J,6
attached to mouse Cy1, Cs2 or Ci3 (2202-2204). The cells have been stained for cell surface
hCD4 (2205), mouse CD79b (2206), mouse IgD (2207), mouse ¥ LC (2208), or mouse A
LC (2209).

[000104] FIG. 23 shows flow cytometry profiles of 293T/17 cells transfected with expression
vectors encoding human CD4 (hCD4), canine IGHV3-19 attached to mouse Cs membrane
form, and canine IGKV2-5/J1 attached to mouse Ci (2301) or canine IGLV3-28/J,6

attached to mouse Cy1, Cyz or Cy3 (2302-2304). The cells have been stained for cell surface
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hCD4 (2205), mouse CD79b (2206), mouse IgD (2207), mouse ¥ LC (2208), or mouse A
LC (2209).

[000105] FIG. 24 shows flow cytometry profiles of 293T/17 cells transfected with expression
vectors encoding human CD4 (hCD4), canine IGHV4-1 attached to mouse Cs membrane
form, and canine IGKV2-5/Ji1 attached to mouse Ci (2401) or canine IGLV3-28/J,6
attached to mouse Cy1, Cyz or Cy3 (2402-2404). The cells have been stained for cell surface
hCD4 (2405), mouse CD79b (2406), mouse IgD (2407), mouse k¥ LC (2408), or mouse A
LC (2409).

DEFINITIONS

[000106] The terms used herein are intended to have the plain and ordinary meaning as
understood by those of ordinary skill in the art. The following definitions are intended to
aid the reader in understanding the present invention, but are not intended to vary or
otherwise limit the meaning of such terms unless specifically indicated.

[000107] The term “locus” as used herein refers to a chromosomal segment or nucleic acid
sequence that, respectively, is present endogenously in the genome or is (or about to be)
exogenously introduced into the genome. For example, an immunoglobulin locus may
include part or all of the genes (i.e., V, D, J gene segments as well as constant region genes)
and intervening sequences (i.e., introns, enhancers, etc.) supporting the expression of
immunoglobulin H or L chain polypeptides. Thus, a locus (e.g., immunoglobulin heavy
chain variable region gene locus) may refer to a specific portion of a larger locus (e.g., a
portion of the immunoglobulin H chain locus that includes the Vu, Du and Ju gene
segments). Similarly, an immunoglobulin light chain variable region gene locus may refer
to a specific portion of a larger locus (e.g., a portion of the immunoglobulin L chain locus
that includes the VL and JL gene segments). The term "immunoglobulin variable region
gene" as used herein refers to a V, D, or J gene segment that encodes a portion of an
immunoglobulin H or L chain variable domain. The term “immunoglobulin variable region
gene locus” as used herein refers to part of, or the entire, chromosomal segment or nucleic
acid strand containing clusters of the V, D, or J gene segments and may include the non-

coding regulatory or scaffold sequences.
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[000108] The term “gene segment” as used herein, refers to a nucleic acid sequence that
encodes a part of the heavy chain or light chain variable domain of an immunoglobulin
molecule. A gene segment can include coding and non-coding sequences. The coding
sequence of a gene segment is a nucleic acid sequence that can be translated into a
polypeptide, such the leader peptide and the N-terminal portion of a heavy chain or light
chain variable domain. The non-coding sequences of a gene segment are sequences
flanking the coding sequence, which may include the promoter, 5’ untranslated sequence,
intron intervening the coding sequences of the leader peptide, recombination signal
sequence(s) (RSS), and splice sites. The gene segments in the immunoglobulin heavy chain
(IGH) locus comprise the Vi, D and Ju gene segments (also referred to as IGHV, IGHD
and IGHJ, respectively). The light chain variable region gene segments in the
immunoglobulin k and A light loci can be referred to as VL and JL gene segments. In the
light chain, the VL and JL gene segments can be referred to as Vi and Jx gene segments or
IGKV and IGKJ. Similarly, in the A light chain, the VL and JL gene segments can be
referred to as Vi and Ji. gene segments or IGLV and IGLJ.

[000109] The heavy chain constant region can be referred to as Cu or IGHC. The Cu region
exons that encode IgM, IgD, IgG1-4, IgE, or IgA can be referred to as, respectively, Cy,
Cs, Cy14, Ce or Cq. Similarly, the immunoglobulin ¥ or A constant region can be referred
to as Ci or Cy, as well as IGKC or IGLC, respectively.

[000110] "Partly canine" as used herein refers to a strand of nucleic acids, or their expressed
protein and RNA products, comprising sequences corresponding to the sequences found in
a given locus of both a canine and a non-canine mammalian host. "Partly canine" as used
herein also refers to an animal comprising nucleic acid sequences from both a canine and
a non-canine mammal, for example, a rodent. In one aspect, the partly canine nucleic acids
have coding sequences of canine immunoglobulin H or L chain variable region gene
segments and sequences based on the non-coding regulatory or scaffold sequences of the
endogenous immunoglobulin locus of the non-canine mammal.

[000111] The term "based on" when used with reference to endogenous non-coding
regulatory or scaffold sequences from a non-canine mammalian host cell genome refers to
the non-coding regulatory or scaffold sequences that are present in the corresponding

endogenous locus of the mammalian host cell genome. In one aspect, the term “based on”
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means that the non-coding regulatory or scaffold sequences that are present in the partly
canine immunoglobulin locus share a relatively high degree of homology with the non-
coding regulatory or scaffold sequences of the endogenous locus of the host mammal. In
one aspect, the non-coding sequences in the partly canine immunoglobulin locus share at
least about 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homology with the
corresponding non-coding sequences found in the endogenous locus of the host mammal.
In one aspect, the non-coding sequences in the partly canine immunoglobulin locus are
retained from an immunoglobulin locus of the host mammal. In one aspect, the canine
coding sequences are embedded in the non-regulatory or scaffold sequences of the
immunoglobulin locus of the host mammal. In one aspect, the host mammal is a rodent,
such as a rat or mouse.

[000112] “Non-coding regulatory sequences” refer to sequences that are known to be
essential for (i) V(D)J recombination, (ii) isotype switching, (iii) proper expression of the
full-length immunoglobulin H or L chains following V(D)J recombination, and (iv)
alternate splicing to generate, e.g., membrane and secreted forms of the immunoglobulin
H chain. “Non-coding regulatory sequences” may further include the following sequences
of endogenous origin: enhancer and locus control elements such as the CTCF and PAIR
sequences (Proudhon, et al., Adv. Immunol. 128:123-182 (2015)); promoters preceding
each endogenous V gene segment; splice sites; introns; recombination signal sequences
flanking each V, D, or J gene segment. In one aspect, the “non-coding regulatory
sequences” of the partly canine immunoglobulin locus share at least about 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% and up to 100% homology with the corresponding
non-coding sequences found in the targeted endogenous immunoglobulin locus of the non-
canine mammalian host cell.

[000113] “Scaffold sequences” refer to sequences intervening the gene segments present in
the endogenous immunoglobulin locus of the host cell genome. In certain aspects, the
scaffold sequences are interspersed by sequences essential for the expression of a
functional non-immunoglobulin gene, for example, ADAM6A or ADAMG6B. In certain
aspects, the scaffold sequences are derived (at least partially) from other sources—e.g.,
they could be rationally designed or artificial sequences, sequences present in the

immunoglobulin locus of the canine genome, sequences present in the immunoglobulin
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locus of another species, or a combination thereof. It is to be understood that the phrase
“non-coding regulatory or scaffold sequence” is inclusive in meaning (i.e., referring to both
the non-coding regulatory sequence and the scaffold sequence existing in a given locus).

[000114] The term "homology targeting vector" refers to a nucleic acid sequence used to
modify the endogenous genome of a mammalian host cell by homologous recombination;
such nucleic acid sequence may comprise (i) targeting sequences with significant
homologies to the corresponding endogenous sequences flanking a locus to be modified
that is present in the genome of the non-canine mammalian host, (ii) at least one sequence-
specific recombination site, (iii) non-coding regulatory or scaffold sequences, and (iv)
optionally one or more selectable marker genes. As such, a homology targeting vector can
be used to introduce a sequence-specific recombination site into particular region of a host
cell genome.

[000115] "Site-specific recombination" or “sequence-specific recombination” refers to a
process of DNA rearrangement between two compatible recombination sequences (also
referred to as “sequence-specific recombination sites” or “site-specific recombination
sequences”) including any of the following three events: a) deletion of a preselected nucleic
acid flanked by the recombination sites; b) inversion of the nucleotide sequence of a
preselected nucleic acid flanked by the recombination sites, and c) reciprocal exchange of
nucleic acid sequences proximate to recombination sites located on different nucleic acid
strands. It is to be understood that this reciprocal exchange of nucleic acid segments can
be exploited as a targeting strategy to introduce an exogenous nucleic acid sequence into
the genome of a host cell.

[000116] The term "targeting sequence" refers to a sequence homologous to DNA sequences
in the genome of a cell that flank or are adjacent to the region of an immunoglobulin locus
to be modified. The flanking or adjacent sequence may be within the locus itself or
upstream or downstream of coding sequences in the genome of the host cell. Targeting
sequences are inserted into recombinant DNA vectors which are used to transfect, e.g., ES
cells, such that sequences to be inserted into the host cell genome, such as the sequence of
a recombination site, are flanked by the targeting sequences of the vector.

[000117] Theterm "site-specific targeting vector" as used herein refers to a vector comprising

anucleic acid encoding a sequence-specific recombination site, an engineered partly canine
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locus, and optionally a selectable marker gene, which is used to modify an endogenous
immunoglobulin locus in a host using recombinase-mediated site-specific recombination.
The recombination site of the targeting vector is suitable for site-specific recombination
with another corresponding recombination site that has been inserted into a genomic
sequence of the host cell (e.g., via a homology targeting vector), adjacent to an
immunoglobulin locus that is to be modified. Integration of an engineered partly canine
sequence into a recombination site in an immunoglobulin locus results in replacement of
the endogenous locus by the exogenously introduced partly canine region.

[000118] The term "transgene" is used herein to describe genetic material that has been or is
about to be artificially inserted into the genome of a cell, and particularly a cell of a
mammalian host animal. The term "transgene" as used herein refers to a partly canine
nucleic acid, e.g., a partly canine nucleic acid in the form of an engineered expression
construct or a targeting vector.

[000119] "Transgenic animal" refers to a non-canine animal, usually a mammal, having an
exogenous nucleic acid sequence present as an extrachromosomal element in a portion of
its cells or stably integrated into its germ line DNA (i.e., in the genomic sequence of most
or all of its cells). In one aspect, a partly canine nucleic acid is introduced into the germ
line of such transgenic animals by genetic manipulation of, for example, embryos or
embryonic stem cells of the host animal according to methods well known in the art.

[000120] A "vector" includes plasmids and viruses and any DNA or RNA molecule, whether
self-replicating or not, which can be used to transform or transfect a cell.

[000121] Note that as used herein and in the appended claims, the singular forms "a," "an,"
and "the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "a locus" refers to one or more loci, and reference to "the method"
includes reference to equivalent steps and methods known to those skilled in the art, and
so forth.

[000122] Asused herein, the term "or" can mean "and/or", unless explicitly indicated to refer
only to alternatives or the alternatives are mutually exclusive. The terms "including,"
"includes" and "included", are not limiting.

[000123] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this
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invention belongs. All publications mentioned herein are incorporated by reference for the
purpose of describing and disclosing devices, formulations and methodologies that may be
used in connection with the presently described invention.

[000124] Where a range of values is provided, it is understood that each intervening value,
between the upper and lower limit of that range and any other stated or intervening value
in that stated range is encompassed within the invention. The upper and lower limits of
these smaller ranges may independently be included in the smaller ranges, and are also
encompassed within the invention, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either
both of those included limits are also included in the invention.

[000125] The practice of the techniques described herein may employ, unless otherwise
indicated, conventional techniques and descriptions of organic chemistry, polymer
technology, molecular biology (including recombinant techniques), cell biology,
biochemistry, and sequencing technology, which are within the skill of those who practice
in the art. Such conventional techniques include polymer array synthesis, hybridization and
ligation of polynucleotides, polymerase chain reaction, and detection of hybridization
using a label. Specific illustrations of suitable techniques can be had by reference to the
examples herein. However, other equivalent conventional procedures can, of course, also
be used. Such conventional techniques and descriptions can be found in standard laboratory
manuals such as Green, et al., Eds. (1999), Genome Analysis: A Laboratory Manual Series
(Vols. I-1V); Weiner, Gabriel, Stephens, Eds. (2007), Genetic Variation: A Laboratory
Manual; Dieffenbach and Veksler, Eds. (2007), PCR Primer: A Laboratory Manual;
Bowtell and Sambrook (2003), DNA Microarrays: A Molecular Cloning Manual; Mount
(2004), Bioinformatics: Sequence and Genome Analysis; Sambrook and Russell (2006),
Condensed Protocols from Molecular Cloning: A Laboratory Manual; and Sambrook and
Russell (2002), Molecular Cloning: A Laboratory Manual (all from Cold Spring Harbor
Laboratory Press); Stryer, L. (1995) Biochemistry (4th Ed.) W.H. Freeman, New York
N.Y.; Gait, "Oligonucleotide Synthesis: A Practical Approach" 1984, IRL Press, London;
Nelson and Cox (2000), Lehninger, Principles of Biochemistry 3.sup.rd Ed., W. H.
Freeman Pub., New York, N.Y.; and Berg et al. (2002) Biochemistry, 5.sup.th Ed., W.H.
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Freeman Pub., New York, N.Y, all of which are herein incorporated in their entirety by

reference for all purposes.

DETAILED DESCRIPTION

[000126] In the following description, numerous specific details are set forth to provide a
more thorough understanding of the present invention. However, it will be apparent to one
of skill in the art that the present invention may be practiced without one or more of these
specific details. In other instances, well-known features and procedures well known to
those skilled in the art have not been described in order to avoid obscuring the invention.

[000127] Described herein is a transgenic rodent or rodent cell having a genome comprising
an engineered partly canine immunoglobulin heavy chain or light chain locus. In one
aspect, the partly canine immunoglobulin heavy chain locus comprises one or more canine
immunoglobulin heavy chain variable region gene segments. In one aspect, the partly
canine immunoglobulin light chain locus comprises one or more canine immunoglobulin
A light chain variable region gene segments. In one aspect, the partly canine
immunoglobulin light chain locus comprises one or more canine immunoglobulin « light
chain variable region gene segments.

[000128] In one aspect, non-canine mammalian cells are provided that comprise an
exogenously introduced, engineered partly canine nucleic acid sequence comprising
coding sequences for canine variable regions and non-coding regulatory or scaffold
sequences present in the immunoglobulin locus of the mammalian host genome, e.g.,
mouse genomic non-coding sequences when the host mammal is a mouse. In one aspect,
one or more coding sequences for canine variable region gene segments are embedded in
non-coding regulatory or scaffold sequences corresponding to those of an immunoglobulin
locus in a mammalian host genome. In one aspect, the coding sequences for canine variable
region gene segments are embedded in non-coding regulatory or scaffold sequences of a
rodent or mouse immunoglobulin locus.

[000129] In one aspect, the partly canine immunoglobulin locus is synthetic and comprises
canine Vu, D, or Ju or VL or JL gene segment coding sequences that are under the control
of regulatory elements of the endogenous host. In one aspect, the partly canine

immunoglobulin locus comprises canine Vu, D, or Ju or VL or JL gene segment coding
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sequences embedded in non-coding regulatory or scaffold sequences corresponding to

those of an immunoglobulin locus in a mammalian host genome.

[000130] Methods are also provided for generating a transgenic rodent or rodent ES cell
comprising exogenously introduced, engineered partly canine immunoglobulin loci,
wherein the resultant transgenic rodent is capable of producing more immunoglobulin
comprising A light chain than immunoglobulin comprising k light chain.

[000131] There are many challenges presented when generating a non-canine mammal such
as a transgenic mouse or rat, that is capable of producing antigen-specific canine antibodies
that are addressed by the constructs and methods described herein, including, but not
limited to:

1. How to obtain Ak light chain usage ratio of 90:10 in an organism such as a mouse or
rat that preferentially uses 90% « light chains;

2. Whether mouse B cells can express a large number of dog V;, gene segments (the dog
A locus contains at least 70 functional, unique V; gene segments) when the mouse A
locus contains only 3 functional V; gene segments;

3. How to improve expression and usage of canine V;. in a non-canine mammal, such as
a mouse, in view of the differences in structure between the mouse and dog A light
chain loci locus.

a. The mouse A light chain loci locus contains 2 clusters of Vi gene
segment(s), Ji. gene segment(s), and C . exon(s):
L Vi-Vis-la-Go
i Vau-Jis-Cas-Jui-CGay; and
b. the dog A locus contains tandem V; gene segments upstream of J,-Cj
clusters.

4. Whether mouse B cells can develop normally if mouse IgD is expressed with dog Va,

in view of the fact that canine IgD is not functional and IgM and IgD are co-expressed

as alternatively spliced forms in mouse and rat B cells.
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Immunoglobulin Loci in mice and dog

[000132] In the humoral immune system, a diverse antibody repertoire is produced by
combinatorial and junctional diversity of IGH and IGL chain gene loci by a process termed
V(D)J recombination. In the developing B cell, the first recombination event to occur is
between one D and one Ju gene segment of the heavy chain locus, and the DNA between
these two gene segments is deleted. This D-Ju recombination is followed by the joining of
one Vu gene segment from a region upstream of the newly formed DJu complex, forming
a rearranged VuDJu exon. All other sequences between the recombined Vu and D gene
segments of the newly generated VuDJu exon are deleted from the genome of the
individual B cell. This rearranged exon is ultimately expressed on the B cell surface as the
variable region of the H-chain polypeptide, which is associated with an L-chain
polypeptide to form the B cell receptor (BCR).

[000133] The light chain repertoire in the mouse is believed to be shaped by the order of gene
rearrangements. The IGK light chain locus on both chromosomes is believed to undergo
V-J rearrangements first before the IGL light chain locus on either chromosome becomes
receptive for Vi-J,. recombination. If an initial k rearrangement is unproductive, additional
rounds of secondary rearrangement can proceed, in a process known as receptor editing
(Collins and Watson. (2018) Immunoglobulin light chain gene rearrangements, receptor
editing and the development of a self-tolerant antibody repertoire. Front. Immunol.
9:2249.) A process of serial rearrangement of the x chain locus may continue on one
chromosome until all possibilities of recombination are exhausted. Recombination will
then proceed on the second k chromosome. A failure to produce a productive
rearrangement on the second chromosome after multiple rounds of rearrangement will be
followed by rearrangement on the A loci (Collins and Watson (2018) Immunoglobulin light
chain gene rearrangements, receptor editing and the development of a self-tolerant
antibody repertoire. Front. Immunol. 9:2249))

[000134] This preferential order of light chain rearrangements is believed to give rise to a
light chain repertoire in mouse that is >90% k and <10% A. However, immunoglobulins in
the dog immune system are dominated by A light chain usage, which has been estimated to

be at least 90% A to <10% «k (Arun et al. (1996) Immunohistochemical examination of
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light-chain expression (A/k ratio) in canine, feline, equine, bovine and porcine plasma cells.
Zentralbl Veterinarmed A. 43(9):573-6).

[000135] The murine and canine Ig loci are highly complex in the numbers of features they
contain and in how their coding regions are diversified by V(D)J rearrangement; however,
this complexity does not extend to the basic details of the structure of each variable region
gene segment. The V, D and J gene segments are highly uniform in their compositions and
organizations. For example, V gene segments have the following features that are arranged
in essentially invariant sequential fashion in immunoglobulin loci: a short transcriptional
promoter region (<600bp in length), an exon encoding the 5 UTR and the majority of the
signal peptide for the antibody chain; an intron; an exon encoding a small part of the signal
peptide of the antibody chain and the majority of the antibody variable domain, and a 3'
recombination signal sequence necessary for V(D)J rearrangement. Similarly, D gene
segments have the following necessary and invariant features: a 5' recombination signal
sequence, a coding region and a 3' recombination signal sequence. The J gene segments
have the following necessary and invariant features: a 5' recombination signal sequence, a
coding region and a 3' splice donor sequence.

[000136] The canine genome VH region comprises approximately 39 functional Vu, 6
functional D and 5 functional Ju gene segments mapping to a 1.46 Mb region of canine
chromosome 8. There are also numerous Vu pseudogenes and one Ju gene segment
(IGHJ1) and one D gene segment (IGHDS) that are thought to be non-functional because
of non-canonical heptamers in their RSS. (Such gene segments are referred to as Open
Reading Frames (ORFs).) Figure 12A provides a schematic diagram of the endogenous
canine IGH locus (1201) as well as an expanded view of the IGHC region (1202). The
canine immunoglobulin heavy chain variable region locus, which includes Vu (1203), D
(1204) and Ju (1205) gene segments, has all functional genes in the same transcriptional
orientation as the constant region genes (1206), with two pseudogenes (IGHV3-4 and
IGHV1-4-1) in the reverse transcriptional orientation (not shown). A transcriptional
enhancer (1207) and the (1208) n switch region are located within the Ju-Cp intron. See,
Martin et al. (2018) Comprehensive annotation and evolutionary insights into the canine
(Canis lupus familiaris) antigen receptor loci. Immunogenetics. 70:223-236. Among the

IGHC genes, Cs (1210) is thought to be non-functional. Moreover, although cDNA clones
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identified as encoding canine IgG1 (1212), IgG2 (1213), IgG3 (1211) and 1gG4 (1214)
have been isolated (Tang, et al. (2001) Cloning and characterization of cDNAs encoding
four different canine immunoglobulin y chains. Vet. Immunol. and Immunopath. 80:259
PMID 11457479), only the IgG2 constant region gene has been physically mapped to the
canine IGHC locus on chromosome 8. Functional versions of C, (1209), C; (1215) and C,,
(1216) have also been physically mapped there.

[000137] The sequences of the canine IGHC are in Table 4.

[000138] The canine IGL locus maps to canine chromosome 26, while the canine IGK coding
region maps to canine chromosome 17. Figures 12B and 12C provide schematic diagrams
of the endogenous canine IGL and IGK loci, respectively.

[000139] The sequences of the canine IGKC and IGLC are in Table 4.

[000140] The canine A locus (1217) is large (2.6 Mbp) with 162 Vi genes (1218), of which
at least 76 are functional. The canine A locus also includes 9 tandem cassettes or J-C units,
each containing a J, gene segment and a C; exon (1219). See, Martin et al. (2018)
Comprehensive annotation and evolutionary insights into the canine (Canis [upus
Jamiliaris) antigen receptor loci. Immunogenetics. 70:223-236.

[000141] The canine k locus (1220) is small (400 Kbp) and has an unusual structure in that
eight of the functional V« gene segments are located upstream (1222) and five are located
downstream (1226) of the Jx (1223) gene segments and Ck (1224) exon. The canine
upstream Vi region has all functional gene segments in the same transcriptional orientation
as the Jx gene segment and Cy exon, with two pseudogenes (IGKV3-3 and IGKV7-2) and
one ORF (IGKV4-1) in the reverse transcriptional orientation (not shown). The canine
downstream Vi region has all functional gene segments in the opposite transcriptional
orientation as the Jx gene segment and Ck exon and includes six pseudogenes. The Ribose
5-Phosphate Isomerase A (RPIA) gene (1225) is also found in the downstream Vi region,
between C« and IGKV2S19. See, Martin et al. (2018) Comprehensive annotation and
evolutionary insights into the canine (Canis lupus familiaris) antigen receptor loci.
Immunogenetics. 70:223-236.

[000142] The mouse immunoglobulin k locus is located on chromosome 6. Figure 1B
provides a schematic diagram of the endogenous mouse IGK locus. The IGK locus (112)

spans 3300 Kbp and includes more than 100 variable Vi gene segments (113) located
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upstream of 5 joining (Jx) gene segments (114) and one constant (Cx) gene (115). The
mouse « locus includes an intronic enhancer (iEx, 116) located between J« and Ck that
activates k rearrangement and helps maintain the earlier or more efficient rearrangement
of k versus A (Inlay et al. (2004) Important Roles for E Protein Binding Sites within the
Immunoglobulin k chain intronic enhancer in activating ViJ« rearrangement. J. Exp. Med.
200(9):1205-1211). Another enhancer, the 3’ enhancer (3’Ex, 117) is located 9.1 Kb
downstream of the C« exon and is also involved in k rearrangement and transcription;
mutant mice lacking both iEx and 3’Ex have no V,Ji rearrangements in the « locus (Inlay
et al. (2002) Essential roles of the kappa light chain intronic enhancer and 3' enhancer in
kappa rearrangement and demethylation. Nature Immunol. 3(5):463-468). However,
disrupting the iE,, for example, by insertion of a neomycin-resistance gene is also sufficient
to abolish most V,Ji rearrangements (Xu et al. (1996) Deletion of the Igk Light Chain
Intronic Enhancer/Matrix Attachment Region Impairs but Does Not Abolish ViJi
Rearrangement).

[000143] The mouse immunoglobulin A locus is located on chromosome 16. Figure 1C
provides a schematic diagram of the endogenous mouse IGL locus (118). The organization
of the mouse immunoglobulin A locus is different from the mouse immunoglobulin k locus.
The locus spans 240 kb, with two clusters comprising 3 functional variable (Vi) gene
segments (IGLV2, 119; IGLV3, 120 and IGL V1, 123) and 3 tandem cassettes of A joining
(J») gene segments and constant (Cs.) gene segments (IGLJ2, 121; IGLC2, 122; IGLJ3, 124:
IGLC3, 125; IGLJ1, 126; IGLC1, 127) in which the Vi gene segments are located upstream
(57) from a variable number of J-C tandem cassettes. The locus also contains three
transcriptional enhancers (Eiz-, 128; Ex, 129; gi3-1, 130).

[000144] The partly canine nucleic acid sequence described herein allows the transgenic
animal to produce a heavy chain or light chain repertoire comprising canine Vu or VL
regions, while retaining the regulatory sequences and other elements that can be found
within the intervening sequences of the host genome (e.g., rodent) that help to promote
efficient antibody production and antigen recognition in the host.

[000145] In one aspect, synthetic, or recombinantly produced, partly canine nucleic acids are

engineered to comprise both canine coding sequences and non-canine non-coding
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regulatory or scaffold sequences of an immunoglobulin Vu, Vi or Vi locus, or, in some
aspects, a combination thereof.

[000146] In one aspect, a transgenic rodent or rodent cell that expresses immunoglobulin
with a canine variable region can be generated by inserting one or more canine Vu gene
segment coding sequences into a Vu locus of a rodent heavy chain immunoglobulin locus.
In another aspect, a transgenic rodent or rodent cell that expresses immunoglobulin with
canine a variable region can be generated by inserting one or more canine VL gene segment
coding sequences into a VL locus of a rodent light chain immunoglobulin locus.

[000147] The existence of two light chain loci — k and A — means that a variety of light chain
insertion combinations are possible for generating a transgenic rodent or rodent cell that
expresses immunoglobulin with canine a variable region, including but not limited to:
inserting one or more canine Vi or Ji gene segment coding sequences into a rodent V.
locus, inserting one or more canine Vi or Jx gene segment coding sequences into a rodent
Vi locus, inserting one or more canine Vi or Ji gene segment coding sequences into a
rodent Vi locus and inserting one or more canine Vi or Jx gene segment coding sequences
into a rodent Vi locus.

[000148] The selection and development of a transgenic rodent or rodent cell that expresses
partly canine immunoglobulin is complicated by the fact that more than 90% of light chains
produced by mice are k and less than 10% are A, whereas more than 90% of light chains
produced by dogs are A and less than 10% « and the fact that the canine immunoglobulin A
locus is large and includes over 100 Vi gene segments, whereas the mouse immunoglobulin
A includes only 3 functional Vi gene segments.

[000149] Since mice produce mainly x LC-containing antibodies, one reasonable method to
increase production of A LC-containing partly canine immunoglobulin by the transgenic
rodent would be to insert one or more canine V. or Ji. gene segment coding sequences into
a rodent k locus. However, as shown in the Example 9 below, coupling canine Vi region
exon with rodent Ck region exon results in sub-optimal expression of the partly canine
immunoglobulin in vitro.

[000150] Provided herein is a transgenic rodent or rodent cell that is capable of expressing
immunoglobulin comprising canine variable domains, wherein the transgenic rodent

produces more or is more likely to produce immunoglobulin comprising A light chain than
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immunoglobulin comprising k light chain. While not wishing to be bound by theory, it is
believed that a transgenic rodent or rodent cell that produces more, or is more likely to
produce, immunoglobulin comprising A light chain will result in a fuller antibody repertoire
for the development of therapeutics.

[000151] A transgenic rodent or rodent cell having a genome comprising an engineered partly
canine immunoglobulin light chain locus is provided herein. In one aspect, the partly
canine immunoglobulin light chain locus comprises canine immunoglobulin A light chain
variable region gene segments. In one aspect, the engineered immunoglobulin locus is
capable of expressing immunoglobulin comprising a canine variable domain. In one
aspect, the engineered immunoglobulin locus is capable of expressing immunoglobulin
comprising a canine A variable domain. In one aspect, the engineered immunoglobulin
locus is capable of expressing immunoglobulin comprising a canine K variable domain. In
one aspect, the engineered immunoglobulin locus expresses immunoglobulin light chains
comprising a canine variable domain and a rodent constant domain. In one aspect, the
engineered immunoglobulin locus expresses immunoglobulin light chains comprising a
canine A variable domain and a rodent A constant domain. In one aspect, the engineered
immunoglobulin locus expresses immunoglobulin light chains comprising a canine «
variable domain and a rodent k constant domain.

[000152] In one aspect, the transgenic rodent or rodent cell produces more, or is more likely
to produce, immunoglobulin comprising A light chain than immunoglobulin comprising
light chain. In one aspect, a transgenic rodent is provided in which more A light chain
producing cells than « light chain producing cells are likely to be isolated from the rodent.
In one aspect, a transgenic rodent is provided that produces at least about 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% and up to about
100% immunoglobulin comprising A light chain. In one aspect, a transgenic rodent cell,
or its progeny, is provided that is more likely to produce immunoglobulin with A light chain
than immunoglobulin with « light chain. In one aspect, the transgenic rodent cell, or its
progeny, has at least about a 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, or 95% and up to about 100%, probability of producing
immunoglobulin comprising A light chain. In one aspect, a transgenic rodent or rodent cell

is provided in which an endogenous rodent light chain immunoglobulin locus has been
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deleted and replaced with an engineered partly canine light chain immunoglobulin locus.

In one aspect, the transgenic rodent is a mouse.

Immunoglobulin Light Chain Locus

[000153] In one aspect, a transgenic rodent or rodent cell is provided that has a genome
comprising a recombinantly produced partly canine immunoglobulin variable region locus.
In one aspect, the partly canine immunoglobulin variable region locus is a light chain
variable region (VL) locus. In one aspect, the partly canine immunoglobulin variable region
locus comprises one or more canine Vi gene segment coding sequences or one or more
canine J, gene segment coding sequences. In one aspect, the partly canine immunoglobulin
variable region locus comprises one or more canine Vi gene segment coding sequences or
one or more canine Jx gene segment coding sequences. In one aspect, the partly canine
immunoglobulin variable region locus comprises one or more rodent constant domain
genes or coding sequences. In one aspect, the partly canine immunoglobulin variable
region locus comprises one or more rodent Ci. genes or coding sequences. In one aspect,
the partly canine immunoglobulin variable region locus comprises one or more rodent C«
genes or coding sequences. In one aspect, an endogenous rodent light chain
immunoglobulin locus has been inactivated. In one aspect, an endogenous rodent light
chain immunoglobulin locus has been deleted and replaced with an engineered partly
canine light chain immunoglobulin locus.

[000154] In one aspect, the engineered immunoglobulin locus expresses immunoglobulin
light chains comprising a canine A variable domain and rodent A constant domain. In one
aspect, the engineered immunoglobulin locus expresses immunoglobulin light chains
comprising a canine k variable domain and rodent ¥ constant domain.

[000155] In one aspect, the engineered partly canine immunoglobulin variable region locus
comprises a VL locus comprising most or all of the V. gene segments coding sequences
from a canine genome. In one aspect, the engineered partly canine immunoglobulin locus
variable region comprises a VL locus comprising at least 20, 30, 40, 50, 60, 70 and up to
76 canine V). gene segment coding sequences. In one aspect the engineered partly canine

immunoglobulin variable region locus comprises a VL locus comprising at least about 50%,
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60%, 70%, 80%, 90% and up to 100% of the Vi gene segment coding sequences from a
canine genome.

[000156] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a VL locus comprising most or all of the Ji gene segment coding sequences found
in the canine genome. In one aspect, the engineered partly canine immunoglobulin locus
variable region comprises a VL locus comprising atleast 1, 2,3, 4, 5, 6,7, 8, or 9 canine Ji.
gene segment coding sequences. In one aspect the engineered partly canine
immunoglobulin variable region locus comprises a VL locus comprising at least about 50%,
75%, and up to 100% of the Ji. gene segment coding sequences found in the canine genome.

[000157] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a VL locus comprising most or all of the Vi and Ji gene segment coding
sequences from the canine genome. In one aspect the engineered partly canine
immunoglobulin variable region locus comprises a VL locus comprising at least about 50%,
60%, 70%, 80%, 90% and up to 100% of the Vi and J. gene segment coding sequences
from the canine genome.

[000158] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a VL locus comprising most or all of the Vi gene segment coding sequences
from the canine genome. In one aspect, the engineered partly canine immunoglobulin locus
variable region comprises a VL locus comprising at least 4, 5, 6, 7, 8,9, 10, 11, 12, 13, and
up to 14 canine Vi« gene segment coding sequences. In one aspect the engineered partly
canine immunoglobulin variable region locus comprises a VL locus comprising at least
about 50%, 60%, 70%, 80%, 90% and up to 100% of the Vi gene segment coding
sequences from the canine genome.

[000159] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a VL locus comprising most or all of the J« gene segment coding sequences found
in the canine genome. In one aspect, the engineered partly canine immunoglobulin locus
variable region comprises a VL locus comprising at least 1, 2, 3, 4 or 5 canine Jx gene
segment coding sequences. In one aspect the engineered partly canine immunoglobulin
variable region locus comprises a VL locus comprising at least about 50%, 75%, and up to

100% of the J« gene segment coding sequences found in the canine genome.
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[000160] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a VL locus comprising most or all of the Vi« and Jx gene segment coding
sequences from the canine genome. In one aspect the engineered partly canine
immunoglobulin variable region locus comprises a VL locus comprising at least about 50%,
60%, 70%, 80%, 90% and up to 100% of the V« and Jx gene segment coding sequences
from the canine genome.

[000161] In one aspect, the engineered immunoglobulin locus comprises canine VL gene
segment coding sequences and rodent non-coding regulatory or scaffold sequences from a
rodent immunoglobulin light chain variable region gene locus. In one aspect, the
engineered immunoglobulin locus comprises canine Vi or J. gene segment coding
sequences and rodent non-coding regulatory or scaffold sequences from a rodent
immunoglobulin light chain variable region gene locus. In one aspect, the rodent non-
coding regulatory or scaffold sequences are from a rodent immunoglobulin A light chain
variable region gene locus. In one aspect, the rodent non-coding regulatory or scaffold
sequences are from a rodent immunoglobulin « light chain variable region locus. In one
aspect, the engineered immunoglobulin locus comprises canine V; and J, gene segment
coding sequences and rodent non-coding regulatory or scaffold sequences from a rodent
immunoglobulin A light chain variable region gene locus. In one aspect, the partly canine
immunoglobulin locus comprises one or more rodent immunoglobulin A constant region
(Cy) coding sequences. In one aspect, the partly canine immunoglobulin locus comprises
one or more canine V; and J; gene segment coding sequences and one or more rodent
immunoglobulin C; coding sequences. In one aspect, the engineered immunoglobulin
locus comprises canine V; and J, gene segment coding sequences and one or more rodent
C». coding sequences embedded in rodent non-coding regulatory or scaffold sequences of
a rodent immunoglobulin A light chain variable region gene locus.

[000162] In one aspect, the engineered immunoglobulin locus comprises canine V), or J, gene
segment coding sequences and rodent non-coding regulatory or scaffold sequences from a
rodent immunoglobulin « light chain variable region gene locus. In one aspect, the
engineered immunoglobulin locus comprises canine Vi or J. gene segment coding

sequences embedded in rodent non-coding regulatory or scaffold sequences of a rodent
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immunoglobulin « light chain variable region gene locus. In one aspect, the engineered
immunoglobulin locus comprises canine V; and J, gene segment coding sequences and
one or more rodent immunoglobulin C; coding sequences and rodent non-coding
regulatory or scaffold sequences from a rodent immunoglobulin x light chain variable
region gene locus. In one aspect, the engineered immunoglobulin locus comprises canine
V. and Jigene segment coding sequences and one or more rodent immunoglobulin C;
coding sequences embedded in rodent non-coding regulatory or scaffold sequences of a
rodent immunoglobulin « light chain variable region gene locus.

[000163] In one aspect, one or more canine V; gene segment coding sequences are located
upstream of one or more J; gene segment coding sequences, which are located upstream
of one or more rodent C;. genes. In one aspect, one or more canine V;. gene segment coding
sequences are located upstream and in the same transcriptional orientation as one or more
J). gene segment coding sequences, which are located upstream of one or more rodent
lambda C;. genes.

[000164] In one aspect, the engineered immunoglobulin variable region locus comprises one
or more canine V), gene segment coding sequences, one or more canine J, gene segment
coding sequences and one or more rodent C; genes. In one aspect, the engineered
immunoglobulin variable region locus comprises one or more canine Vj; gene segment
coding sequences, one or more canine J;, gene segment coding sequence and one or more
rodent C;, region genes, wherein the V, and J; gene segment coding sequences and the
rodent C; region genes are inserted into a rodent immunoglobulin « light chain locus. In
one aspect, the engineered immunoglobulin variable region locus comprises one or more
canine V; gene segment coding sequences, one or more canine J; gene segment coding
sequence and one or more rodent C; genes, wherein the V; and J;, gene segment coding
sequences and the rodent (C;) region genes are embedded in non-coding regulatory or
scaffold sequences of a rodent immunoglobulin « light chain locus.

[000165] In one aspect, one or more canine V; gene segment coding sequences are located
upstream of one or more J; gene segment coding sequences, which are located upstream
of one or more rodent C;. genes, wherein the V, and J, gene segment coding sequences and

rodent C; genes are inserted into a rodent immunoglobulin k light chain locus. In one
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aspect, one or more canine V;, gene segment coding sequences are located upstream of one
or more J;, gene segment coding sequences, which are located upstream of one or more
rodent C; genes, wherein the V, and J, gene segment coding sequences and rodent CA
genes are embedded in non-coding regulatory or scaffold sequences of a rodent
immunoglobulin k light chain locus.

[000166] In one aspect, the rodent Cy, coding sequence is selected from a rodent Cj.1, C2, or
Cy3 coding sequence.

[000167] In one aspect, a transgenic rodent or rodent cell is provided, wherein the engineered
immunoglobulin locus comprises a rodent immunoglobulin k¥ locus in which one or more
rodent Vi gene segment coding sequences and one or more rodent J, gene segment coding
sequences have been deleted and replaced by one or more canine V,. gene segment coding
sequences and one or more J;, gene segment coding sequences, respectively, and in which
rodent Ci coding sequences in the locus have been replaced by rodent Ci1, Ci2, or Cis
coding sequence.

[000168] In one aspect, the engineered immunoglobulin variable region locus comprises one
or more canine Vs gene segment coding sequences and one or more J-C units wherein each
J-C unit comprises a canine J, gene segment coding sequence and a rodent CA gene. In
one aspect, the engineered immunoglobulin variable region locus comprises one or more
canine V3 gene segment coding sequences and one or more J-C units wherein each J-C unit
comprises a canine J, gene segment coding sequence and rodent C, region coding
sequence, wherein the V; gene segment coding sequences and the J-C units are inserted
into a rodent immunoglobulin k light chain locus. In one aspect, the engineered
immunoglobulin variable region locus comprises one or more canine Vj; gene segment
coding sequences and one or more J-C units wherein each J-C unit comprises a canine Jj,
gene segment coding sequence and rodent C, coding sequence, wherein the V; gene
segment coding sequences and the J-C units are embedded in non-coding regulatory or
scaffold sequences of a rodent immunoglobulin « light chain locus.

[000169] In one aspect, one or more canine V; gene segment coding sequences are located
upstream and in the same transcriptional orientation as one or more J-C units, wherein each

J-C unit comprises a canine J;, gene segment coding sequence and a rodent C;, gene. In one
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aspect, one or more canine V, gene segment coding sequences are located upstream and in
the same transcriptional orientation as one or more J-C units, wherein each J-C unit
comprises a canine J; gene segment coding sequence and a rodent C;, coding sequence. In
one aspect, the engineered immunoglobulin variable region locus comprises one or more
canine V, gene segment coding sequences located upstream of one or more J-C units
wherein each J-C unit comprises a canine Jj, gene segment coding sequence and rodent CA
coding sequence, wherein the V; gene segment coding sequences and the J-C units are
inserted into a rodent immunoglobulin k light chain locus. In one aspect, the engineered
immunoglobulin variable region locus comprises one or more canine Vj; gene segment
coding sequences upstream and in the same transcriptional orientation as one or more J-C
units wherein each J-C unit comprises a canine J, gene segment coding sequence and
rodent CA coding sequence, wherein the V; gene segment coding sequences and the J-C
units are embedded in non-coding regulatory or scaffold sequences of a rodent
immunoglobulin k light chain locus. In one aspect, the rodent C; coding sequence is
selected from a rodent Cy1, Ci2, or Cy3 coding sequence.

[000170] In one aspect, the engineered immunoglobulin locus comprises canine Vi coding
sequences and rodent non-coding regulatory or scaffold sequences from a rodent
immunoglobulin light chain variable region gene locus. In one aspect, the engineered
immunoglobulin locus comprises canine Vi« or Jx gene segment coding sequences and
rodent non-coding regulatory or scaffold sequences from a rodent immunoglobulin light
chain variable region gene locus. In one aspect, the rodent non-coding regulatory or
scaffold sequences are from a rodent immunoglobulin A light chain variable region gene
locus. In one aspect, the rodent non-coding regulatory or scaffold sequences are from a
rodent immunoglobulin k light chain variable region locus. In one aspect, the engineered
immunoglobulin locus comprises canine Vi and J« gene segment coding sequences and
rodent non-coding regulatory or scaffold sequences from a rodent immunoglobulin k light
chain variable region gene locus. In one aspect, the engineered immunoglobulin locus
comprises canine Vi and J« gene segment coding sequences and rodent non-coding
regulatory or scaffold sequences from a rodent immunoglobulin A light chain variable

region gene locus. In one aspect, the partly canine immunoglobulin locus comprises one
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rodent immunoglobulin C« coding sequences. In one aspect, the partly canine
immunoglobulin locus comprises one or more rodent immunoglobulin C, coding
sequences. In one aspect, the partly canine immunoglobulin locus comprises one or more
canine Vi and Jx gene segment coding sequences and one rodent immunoglobulin Ck
coding sequences. In one aspect, the engineered immunoglobulin locus comprises canine
Vi and J« gene segment coding sequences and one rodent immunoglobulin Ck coding
sequences embedded in rodent non-coding regulatory or scaffold sequences of a rodent k
light chain variable region gene locus. In one aspect, the engineered immunoglobulin locus
comprises canine Vi and Jx gene segment coding sequences and one rodent
immunoglobulin Ck coding sequences embedded in rodent non-coding regulatory or
scaffold sequences of a rodent immunoglobulin A light chain variable region gene locus.

[000171] While not wishing to be bound by theory, it is believed that inactivating or
rendering nonfunctional an endogenous rodent k light chain locus may increase expression
of A light chain immunoglobulin from the partly canine immunoglobulin locus. This has
been shown to be the case in otherwise conventional mice in which the k light chain locus
has been inactivated in the germline (Zon, et al. (1995) Subtle differences in antibody
responses and hypermutation of A light chains in mice with a disrupted k constant region.
Eur. J. Immunol. 25:2154-2162). In one aspect, inactivating or rendering nonfunctional an
endogenous rodent k light chain locus may increase the relative amount of immunoglobulin
comprising A light chain relative to the amount of immunoglobulin comprising x light chain
produced by the transgenic rodent or rodent cell.

[000172] In one aspect, a transgenic rodent or rodent cell is provided in which an endogenous
rodent immunoglobulin k light chain locus is deleted, inactivated, or made nonfunctional.
In one aspect, the endogenous rodent immunoglobulin « light chain locus is inactivated or
made nonfunctional by one or more of the following deleting or mutating all endogenous
rodent Vi gene segment coding sequences; deleting or mutating all endogenous rodent J«
gene segment coding sequences; deleting or mutating the endogenous rodent Cx coding
sequence; deleting, mutating, or disrupting the endogenous intronic ¥ enhancer (iEx) and

3’ enhancer sequence (3’Ex); or a combination thereof.
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[000173] In one aspect, a transgenic rodent or rodent cell is provided in which an endogenous
rodent immunoglobulin A light chain variable domain is deleted, inactivated, or made
nonfunctional. In one aspect, the endogenous rodent immunoglobulin A light chain
variable domain is inactivated or made nonfunctional by one or more of the following:
deleting or mutating all endogenous rodent Vi gene segments; deleting or mutating all
endogenous rodent J;, gene segments; deleting or mutating all endogenous rodent C;, coding
sequences; or a combination thereof.

[000174] In one aspect, the partly canine immunoglobulin locus comprises rodent regulatory
or scaffold sequences, including, but not limited to enhancers, promoters, splice sites,
introns, recombination signal sequences, and combinations thereof. In one aspect, the
partly canine immunoglobulin locus comprises rodent A regulatory or scaffold sequences.
In one aspec, the partly canine immunoglobulin locus comprises rodent k regulatory or
scaffold sequences.

[000175] In one aspect, the partly canine immunoglobulin locus includes a promoter to drive
gene expression. In one aspect, the partly canine immunoglobulin locus includes a ¥ V-
region promoter. In one aspect, the partly canine immunoglobulin locus includes a A V-
region promoter. In one aspect, the partly canine immunoglobulin locus includes a A V-
region promoter to drive expression of one or more A LC gene coding sequences created
after Vi, to J. gene segment rearrangement. In one aspect, the partly canine
immunoglobulin locus includes a A V-region promoter to drive expression of one or more
k LC gene coding sequences created after V« to J« gene segment rearrangement. In one
aspect, the partly canine immunoglobulin locus includes a ¥ V-region promoter to drive
expression of one or more A LC gene coding sequences created after V;, to Jj, gene segment
rearrangement. In one aspect, the partly canine immunoglobulin locus includes a k V-
region promoter to drive expression of one or more k LC gene coding sequences created
after Vi to Jx gene segment rearrangement.

[000176] In one aspect, the partly canine immunoglobulin locus includes one or more
enhancers. In one aspect, the partly canine immunoglobulin locus includes a mouse k iEx
or 3’Ex enhancer. In one aspect, the partly canine immunoglobulin locus includes one or

more V;, or J, gene segment coding sequences and a moue x iEx or 3’E enhancer. In one
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aspect, the partly canine immunoglobulin locus includes one or more V or J gene segment

coding sequences and a k iEx or 3’Ex enhancer.

Immunoglobulin Heavy Chain Locus

[000177] In one aspect, a transgenic rodent or rodent cell has a genome comprising a
recombinantly produced partly canine immunoglobulin heavy chain variable region (Vn)
locus. In one aspect, the partly canine immunoglobulin variable region locus comprises
one or more canine Vu, D or Ju gene segment coding sequences. In one aspect, the partly
canine immunoglobulin heavy chain variable region locus comprises one or more rodent
constant domain (Cu) genes or coding sequences. In one aspect, an endogenous rodent
heavy chain immunoglobulin locus has been inactivated. In one aspect, an endogenous
rodent heavy chain immunoglobulin locus has been deleted and replaced with an
engineered partly canine heavy chain immunoglobulin locus.

[000178] In one aspect, the synthetic H chain DNA segment contains the ADAMO6A or
ADAMG6B gene needed for male fertility, Pax-5-Activated Intergenic Repeats (PAIR)
elements involved in Igh locus contraction and CTCF binding sites from the heavy chain
intergenic control region 1, involved in regulating normal VDJ rearrangement ((Proudhon,
etal., Adv. Immunol., 128:123-182 (2015)), or various combinations thereof. The locations
of these endogenous non-coding regulatory and scaffold sequences in the mouse IGH locus
are depicted in FIG 1, which illustrates from left to right: the ~100 functional heavy chain
variable region gene segments (101); PAIR, Pax-5 Activated Intergenic Repeats involved
in IGH locus contraction for VDJ recombination (102); ADAMO6A or ADAMG6B, a
disintegrin and metallopeptidase domain 6A gene required for male fertility (103); Pre-D
region, a 21609 bp fragment upstream of the most distal Du gene segment, IGHD-5 D
(104); Intergenic Control Region 1 (IGCR1) that contains CTCF insulator sites to regulate
Vu gene segment usage (106); D, diversity gene segments (10-15 depending on the mouse
strain) (105); four joining Ju gene segments (107); Ey, the intronic enhancer involved in
VDJ recombination (108); Sy, the u switch region for isotype switching (109); eight heavy
chain constant region genes: Cy, Cs, Cy3, Cy1, Cyab, C2yar, Ce, and Cq (110); 3' Regulatory
Region (3'RR) that controls isotype switching and somatic hypermutation (111). FIG. 1A
is modified from a figure taken from Proudhon, et al., Adv. Immunol., 128:123-182 (2015).
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[000179] In one aspect, the engineered partly canine region to be integrated into a
mammalian host cell comprises all or a substantial number of the known canine Vu gene
segments. In some instances, however, it may be desirable to use a subset of such Vu gene
segments, and in specific instances even as few as one canine Vu coding sequence may be
introduced into the cell or the animal.

[000180] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a VH locus comprising most or all of the Vu gene segment coding sequences
from the canine genome. In one aspect, the engineered partly canine immunoglobulin locus
variable region comprises a Vu locus comprising at least 20, 30 and up to 39 functional
canine Vg gene segment coding sequences. In one aspect the engineered partly canine
immunoglobulin variable region locus comprises a Vu locus comprising at least about 50%,
60%, 70%, 80%, 90% and up to 100% of the Vu gene segment coding sequences from the
canine genome.

[000181] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a VH locus comprising most or all of the Vu gene segment coding sequences
from the canine genome. In one aspect, the engineered partly canine immunoglobulin locus
variable region comprises a Vi locus comprising at least 20, 30, 40, 50, 60, 70 and up to
80 canine Vu gene segment coding sequences. In this aspect the Vu gene segment
pseudogenes are reverted to restore their functionality, e.g., by mutating an in-frame stop
codon into a functional codon, using methods well known in the art. In one aspect the
engineered partly canine immunoglobulin variable region locus comprises a Vu locus
comprising at least about 50%, 60%, 70%, 80%, 90% and up to 100% of the Vu gene
segment coding sequences from the canine genome.

[000182] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a Vu locus comprising most or all of the D gene segment coding sequences
found in the canine genome. In one aspect, the engineered partly canine immunoglobulin
locus variable region comprises a Vu locus comprising at least 1, 2, 3, 4, 5 and up to 6
canine D gene segment coding sequences. In one aspect the engineered partly canine
immunoglobulin variable region locus comprises a Vu locus comprising at least about 50%,
60%, 70%, 80%, 90% and up to 100% of the D gene segment coding sequences found in

the canine genome.
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[000183] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a Vu locus comprising most or all of the Ju gene segment coding sequences
found in the canine genome. In one aspect, the engineered partly canine immunoglobulin
locus variable region comprises a Vu locus comprising at least 1, 2, 3, 4, 5 and up to 6
canine Ju gene segment coding sequences. In one aspect the engineered partly canine
immunoglobulin variable region locus comprises a Vu locus comprising at least about 50%,
75%, and up to 100% of Ju gene segment coding sequences found in the canine genome.

[000184] In one aspect, the engineered partly canine immunoglobulin locus variable region
comprises a Vu locus comprising most or all of the Vu, D and Ju gene segment coding
sequences from the canine genome. In one aspect the engineered partly canine
immunoglobulin variable region locus comprises a Vu locus comprising at least about 50%,
60%, 70%, 80%, 90% and up to 100% of the Vu, D and Ju gene segment coding sequences
from the canine genome.

[000185] In one aspect, a transgenic rodent or rodent cell is provided that includes an
engineered partly canine immunoglobulin heavy chain locus comprising canine
immunoglobulin heavy chain variable region gene coding sequences and non-coding
regulatory or scaffold sequences of the rodent immunoglobulin heavy chain locus. In one
aspect, the engineered canine immunoglobulin heavy chain locus comprises canine Vu, D
or Ju gene segment coding sequences. In one aspect, the engineered canine
immunoglobulin heavy chain locus comprises canine Vu, D or Ju gene segment coding
sequences embedded in non-coding regulatory or scaffold sequences of a rodent
immunoglobulin heavy chain locus.

[000186] In one aspect, non-canine mammals and mammalian cells comprising an
engineered partly canine immunoglobulin locus that comprises coding sequences of canine
Vu, canine D, and canine Ju genes are provided that further comprises non-coding
regulatory and scaffold sequences, including pre-D sequences, based on the endogenous
IGH locus of the non-canine mammalian host. In certain aspects, the exogenously
introduced, engineered partly canine region can comprise a fully recombined V(D)J exon.

[000187] In one aspect, the transgenic non-canine mammal is a rodent, for example, a mouse,
comprising an exogenously introduced, engineered partly canine immunoglobulin locus

comprising codons for multiple canine Vu, canine D, and canine Ju genes with intervening
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sequences, including a pre-D region, based on the intervening (non-coding regulatory or
scaffold) sequences in the rodent. In one aspect, the transgenic rodent further comprises
partly canine IGL loci comprising coding sequences of canine Vy or V, genes and Ji or J;
genes, respectively, in conjunction with their intervening (non-coding regulatory or
scaffold) sequences corresponding to the immunoglobulin intervening sequences present
in the IGL loci of the rodent.

[000188] In an exemplary embodiment, as set forth in more detail in the Examples section,
the entire endogenous Vu immunoglobulin locus of the mouse genome is deleted and
subsequently replaced with a partly canine immunoglobulin locus comprising 39 canine
Vi gene segments containing interspersed non-coding sequences corresponding to the non-
coding sequences of the J558 Vu locus of the mouse genome. The complete, exogenously
introduced, engineered immunoglobulin locus further comprises canine D and Ju gene
segments, as well as the mouse pre-D region. Thus, the canine Vi, D and Ju codon

sequences are embedded in the rodent intergenic and intronic sequences.

Preparation of a Partly Canine Immunoglobulin Locus

[000189] In one aspect, an endogenous immunoglobulin locus variable region of a non-
canine mammal, such as a rodent, for example a rat or mouse, which contains Vu, D and
Ju or VL and JL gene segments, is deleted using site-specific recombinases and replaced
with an engineered partly canine immunoglobulin locus. In one aspect, the partly canine
immunoglobulin locus is inserted into the genome of the host animal as a single nucleic
acid or cassette. Because a cassette that includes the partly canine immunoglobulin locus
is used to replace the endogenous immunoglobulin locus variable region, the canine coding
sequences can be inserted into the host genome in a single insertion step, thus providing a
rapid and straightforward process for obtaining a transgenic animal.

[000190] In one aspect, the engineered partly canine immunoglobulin locus variable region
is prepared by deleting murine Vu, D and Ju or VL and Ji. coding sequences from a mouse
immunoglobulin locus variable region and replacing the murine coding sequences with
canine coding sequences. In one aspect, the non-coding flanking sequences of the murine
immunoglobulin locus, which include regulatory sequences and other elements, are left

intact.

51



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

[000191] In one aspect, the nucleotide sequence for the engineered partly canine
immunoglobulin locus is prepared in silico and the locus is synthesized using known
techniques for gene synthesis. In one aspect, coding sequences from a canine
immunoglobulin variable region locus and sequences of the host animal immunoglobulin
locus are identified using a search tool such as BLAST (Basic Local Alignment Search
Tool). After obtaining the genomic sequences of the host immunoglobulin locus and the
coding sequences of the canine immunoglobulin variable region locus, the host coding
sequences can be replaced in silico with the canine coding sequences using known
computational approaches to locate and delete the endogenous host animal
immunoglobulin coding segments and replace the coding sequences with canine coding

sequences, leaving the endogenous regulatory and flanking sequences intact.

Homologous Recombination

[000192] In one aspect, a combination of homologous recombination and site-specific
recombination is used to create the cells and animals described herein. In some
embodiments, a homology targeting vector is first used to introduce the sequence-specific
recombination sites into the mammalian host cell genome at a desired location in the
endogenous immunoglobulin loci. In one aspect, in the absence of a recombinase protein,
the sequence-specific recombination site inserted into the genome of a mammalian host
cell by homologous recombination does not affect expression and amino acid codons of
any genes in the mammalian host cell. This approach maintains the proper transcription
and translation of the immunoglobulin genes which produce the desired antibody after
insertion of recombination sites and, optionally, any additional sequence such as a
selectable marker gene. However, in some cases it is possible to insert a recombinase site
and other sequences into an immunoglobulin locus sequence such that an amino acid
sequence of the antibody molecule is altered by the insertion, but the antibody still retains
sufficient functionality for the desired purpose. Examples of such codon-altering
homologous recombination may include the introduction of polymorphisms into the
endogenous locus and changing the constant region exons so that a different isotype is
expressed from the endogenous locus. In one aspect, the immunoglobulin locus includes

one or more of such insertions.
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[000193] In one aspect, the homology targeting vector can be utilized to replace certain
sequences within the endogenous genome as well as to insert certain sequence-specific
recombination sites and one or more selectable marker genes into the host cell genome. It
is understood by those of ordinary skill in the art that a selectable marker gene as used
herein can be exploited to weed out individual cells that have not undergone homologous
recombination and cells that harbor random integration of the targeting vector.

[000194] Exemplary methodologies for homologous recombination are described in U.S. Pat.
Nos. 6,689,610; 6,204,061; 5,631,153; 5,627,059; 5,487,992 and 5,464,764, each of which

is incorporated by reference in its entirety.

Site/Sequence-Specific Recombination

[000195] Site/sequence-specific recombination differs from general homologous
recombination in that short specific DNA sequences, which are required for recognition by
a recombinase, are the only sites at which recombination occurs. Depending on the
orientations of these sites on a particular DNA strand or chromosome, the specialized
recombinases that recognize these specific sequences can catalyze 1) DNA excision or ii)
DNA inversion or rotation. Site-specific recombination can also occur between two DNA
strands if these sites are not present on the same chromosome. A number of bacteriophage-
and yeast-derived site-specific recombination systems, each comprising a recombinase and
specific cognate sites, have been shown to work in eukaryotic cells and are therefore
applicable for use in connection with the methods described herein, and these include the
bacteriophage P1 Cre/lox, yeast FLP-FRT system, and the Dre system of the tyrosine
family of site-specific recombinases. Such systems and methods of use are described, e.g.,
in U.S. Pat. Nos. 7,422,889; 7,112,715; 6,956,146; 6,774,279; 5,677,177, 5,885,836;
5,654,182; and 4,959,317, each of which is incorporated herein by reference to teach
methods of using such recombinases.

[000196] Other systems of the tyrosine family of site-specific recombinases such as
bacteriophage lambda integrase, HK2022 integrase, and in addition systems belonging to
the separate serine family of recombinases such as bacteriophage phiC31, R4Tp901
integrases are known to work in mammalian cells using their respective recombination

sites, and are also applicable for use in the methods described herein.
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[000197] Since site-specific recombination can occur between two different DNA strands,
site-specific recombination occurrence can be utilized as a mechanism to introduce an
exogenous locus into a host cell genome by a process called recombinase-mediated cassette
exchange (RMCE). The RMCE process can be exploited by the combined usage of wild-
type and mutant sequence-specific recombination sites for the same recombinase protein
together with negative selection. For example, a chromosomal locus to be targeted may be
flanked by a wild-type LoxP site on one end and by a mutant LoxP site on the other.
Likewise, an exogenous vector containing a sequence to be inserted into the host cell
genome may be similarly flanked by a wild-type LoxP site on one end and by a mutant
LoxP site on the other. When this exogenous vector is transfected into the host cell in the
presence of Cre recombinase, Cre recombinase will catalyze RMCE between the two DNA
strands, rather than the excision reaction on the same DNA strands, because the wild-type
LoxP and mutant LoxP sites on each DNA strand are incompatible for recombination with
each other. Thus, the LoxP site on one DNA strand will recombine with a LoxP site on the
other DNA strand; similarly, the mutated LoxP site on one DNA strand will only recombine
with a likewise mutated LoxP site on the other DNA strand.

[000198] In one aspect, combined variants of the sequence-specific recombination sites are
used that are recognized by the same recombinase for RMCE. Examples of such sequence-
specific recombination site variants include those that contain a combination of inverted
repeats or those which comprise recombination sites having mutant spacer sequences. For
example, two classes of variant recombinase sites are available to engineer stable Cre-loxP
integrative recombination. Both exploit sequence mutations in the Cre recognition
sequence, either within the 8 bp spacer region or the 13-bp inverted repeats. Spacer mutants
such as lox511 (Hoess, et al., Nucleic Acids Res, 14:2287-2300 (1986)), lox5171 and
lox2272 (Lee and Saito, Gene, 216:55-65 (1998)), m2, m3, m7, and m11 (Langer, et al.,
Nucleic Acids Res, 30:3067-3077 (2002)) recombine readily with themselves but have a
markedly reduced rate of recombination with the wild-type site. This class of mutants has
been exploited for DNA insertion by RMCE using non-interacting Cre-Lox recombination
sites and non-interacting FLP recombination sites (Baer and Bode, Curr Opin Biotechnol,

12:473-480 (2001), Albert, et al., Plant J, 7:649-659 (1995); Seibler and Bode,
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Biochemistry, 36:1740-1747 (1997); Schlake and Bode, Biochemistry, 33:12746-12751
(1994)).

[000199] Inverted repeat mutants represent the second class of variant recombinase sites. For
example, LoxP sites can contain altered bases in the left inverted repeat (LE mutant) or the
right inverted repeat (RE mutant). An LE mutant, lox71, has 5 bp on the 5' end of the left
inverted repeat that is changed from the wild type sequence to TACCG (Araki, et al,
Nucleic Acids Res, 25:868-872 (1997)). Similarly, the RE mutant, 1ox66, has the five 3'-
most bases changed to CGGTA. Inverted repeat mutants are used for integrating plasmid
inserts into chromosomal DNA with the LE mutant designated as the "target" chromosomal
loxP site into which the "donor" RE mutant recombines. Post-recombination, loxP sites
are located in cis, flanking the inserted segment. The mechanism of recombination is such
that post-recombination one loxP site is a double mutant (containing both the LE and RE
inverted repeat mutations) and the other is wild type (Lee and Sadowski, Prog Nucleic Acid
Res Mol Biol, 80:1-42 (2005); Lee and Sadowski, J Mol Biol, 326:397-412 (2003)). The
double mutant is sufficiently different from the wild-type site that it is unrecognized by
Cre recombinase and the inserted segment is not excised.

[000200] In certain aspects, sequence-specific recombination sites can be introduced into
introns, as opposed to coding nucleic acid regions or regulatory sequences. This avoids
inadvertently disrupting any regulatory sequences or coding regions necessary for proper
antibody expression upon insertion of sequence-specific recombination sites into the
genome of the animal cell.

[000201] Introduction of the sequence-specific recombination sites may be achieved by
conventional homologous recombination techniques. Such techniques are described in
references such as e.g., Sambrook and Russell (2001) (Molecular cloning: a laboratory
manual 3rd ed. (Cold Spring Harbor, N.Y.: Cold Spring Harbor Laboratory Press) and
Nagy, A. (2003). (Manipulating the mouse embryo: a laboratory manual, 3rd ed. (Cold
Spring Harbor, N.Y.: Cold Spring Harbor Laboratory Press). Renault and Duchateau, Eds.
(2013) (Site-directed insertion of transgenes. Topics in Current Genetics 23. Springer).
Tsubouchi, H. Ed. (2011) (DNA recombination, Methods and Protocols. Humana Press).

[000202] Specific recombination into the genome can be facilitated using vectors designed

for positive or negative selection as known in the art. In order to facilitate identification of

55



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

cells that have undergone the replacement reaction, an appropriate genetic marker system
may be employed and cells selected by, for example, use of a selection tissue culture
medium. However, in order to ensure that the genome sequence is substantially free of
extraneous nucleic acid sequences at or adjacent to the two end points of the replacement
interval, desirably the marker system/gene can be removed following selection of the cells
containing the replaced nucleic acid.

[000203] In one aspect, cells in which the replacement of all or part of the endogenous
immunoglobulin locus has taken place are negatively selected against upon exposure to a
toxin or drug. For example, cells that retain expression of HSV-TK can be selected against
by using nucleoside analogues such as ganciclovir. In another aspect, cells comprising the
deletion of the endogenous immunoglobulin locus may be positively selected for by use of
a marker gene, which can optionally be removed from the cells following or as a result of
the recombination event. A positive selection system that may be used is based on the use
of two non-functional portions of a marker gene, such as HPRT, that are brought together
through the recombination event. These two portions are brought into functional
association upon a successful replacement reaction being carried out and wherein the
functionally reconstituted marker gene is flanked on either side by further sequence-
specific recombination sites (which are different from the sequence-specific recombination
sites used for the replacement reaction), such that the marker gene can be excised from the
genome, using an appropriate site-specific recombinase.

[000204] The recombinase may be provided as a purified protein, or as a protein expressed
from a vector construct transiently transfected into the host cell or stably integrated into
the host cell genome. Alternatively, the cell may be used first to generate a transgenic
animal, which then may be crossed with an animal that expresses said recombinase.

[000205] Because the methods described herein can take advantage of two or more sets of
sequence-specific recombination sites within the engineered genome, multiple rounds of
RMCE can be exploited to insert the partly canine immunoglobulin variable region genes
into a non-canine mammalian host cell genome.

[000206] Although not yet routine for the insertion of large DNA segments, CRISPR-Cas

technology is another method to introduce the chimeric canine Ig locus.

56



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

Generation of Transgenic Animals

[000207] In one aspect, methods for the creation of transgenic animals, for example rodents,
such as mice, are provided that comprise the introduced partly canine immunoglobulin
locus.

[000208] In one aspect, the host cell utilized for replacement of the endogenous
immunoglobulin genes is an embryonic stem (ES) cell, which can then be utilized to create
a transgenic mammal. In one aspect, the host cell is a cell of an early stage embryo. In
one aspect, the host cell is a pronuclear stage embryo or zygote. Thus, in accordance with
one aspect, the methods described herein further comprise: isolating an embryonic stem
cell or a cell of an early stage embryo such as a pronuclear stage embryo or zygote, which
comprises the introduced partly canine immunoglobulin locus and using said ES cell to
generate a transgenic animal that contains the replaced partly canine immunoglobulin

locus.

Methods of Use

[000209] In one aspect, a method of producing antibodies comprising canine variable
regions is provided. In one aspect, the method includes providing a transgenic rodent
or rodent cell described herein and isolating antibodies comprising canine variable
regions expressed by the transgenic rodent. In one aspect, a method of producing
monoclonal antibodies comprising canine variable regions is provided. In one aspect, the
method includes providing B-cells from a transgenic rodent or cell described herein,
immortalizing the B-cells; and isolating antibodies comprising canine variable domains
expressed by the immortalized B-cells.

[000210] In one aspect, the antibodies expressed by the transgenic rodent or rodent cell
comprise canine HC variable domains. In one aspect, the antibodies expressed by the
transgenic rodent or rodent cell comprise mouse HC constant domains. These can be of
any isotype, IgM, IgD, IgG1, IgG2a/c, IgG2b, 1gG3, IgE or IgA.

[000211] In one aspect, the antibodies expressed by the transgenic rodent or rodent cell
comprise canine HC variable domains and mouse HC constant domains. In one aspect,
the antibodies expressed by the transgenic rodent or rodent cell comprise canine LC

variable domains and mouse LC constant domains. In one aspect, the antibodies
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expressed by the transgenic rodent or rodent cell comprise canine HC variable domains
and canine LC variable domains and mouse HC constant domains and mouse LC
constant domains.

[000212] In one aspect, the antibodies expressed by the transgenic rodent or rodent cell
comprise canine A LC variable domains. In one aspect, the antibodies expressed by the
transgenic rodent or rodent cell comprise mouse A constant domains. In one aspect, the
antibodies expressed by the transgenic rodent or rodent cell comprise canine A LC
variable domains and mouse A constant domains. In one aspect, the antibodies expressed
by the transgenic rodent or rodent cell comprise canine k LC variable domains. In one
aspect, the antibodies expressed by the transgenic rodent or rodent cell comprise mouse
constant domains. In one aspect, the antibodies expressed by the transgenic rodent or
rodent cell comprise canine k LC variable domains and mouse k constant domains.

[000213] In one aspect, a method of producing antibodies or antigen binding fragments
comprising canine variable regions is provided. In one aspect, the method includes
providing a transgenic rodent or cell described herein and isolating antibodies
comprising canine variable regions expressed by the transgenic rodent or rodent cell.
In one aspect, the variable regions of the antibody expressed by the transgenic rodent
or rodent cell are sequenced. Antibodies comprising canine variable regions obtained
from the antibodies expressed by the transgenic rodent or rodent cell can be
recombinantly produced using known methods.

[000214] In one aspect, a method of producing an immunoglobulin specific to an antigen
of interest is provided. In one aspect, the method includes immunizing a transgenic
rodent as described herein with the antigen and isolating immunoglobulin specific to
the antigen expressed by the transgenic rodent or rodent cell. In one aspect, the
variable domains of the antibody expressed by the rodent or rodent cell are sequenced
and antibodies comprising canine variable regions that specifically bind the antigen of
interest are recombinantly produced using known methods. In one aspect, the
recombinantly produced antibody or antigen binding fragment comprises canine HC

and LC, k or A, constant domains.
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Incorporation by Reference

[000215] All references cited herein, including patents, patent applications, papers, text
books and the like, and the references cited therein, to the extent that they are not already,

are hereby incorporated herein by reference in their entirety for all purposes.

EXAMPLES

[000216] The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the present
invention, and are not intended to limit the scope of what the inventors regard as their
invention, nor are they intended to represent or imply that the experiments below are all of
or the only experiments performed. It will be appreciated by persons skilled in the art that
numerous variations or modifications may be made to the invention as shown in the
specific embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive.

[000217] Efforts have been made to ensure accuracy with respect to terms and numbers used
(e.g., vectors, amounts, temperature, etc.) but some experimental errors and deviations
should be accounted for. Unless indicated otherwise, parts are parts by weight, molecular
weight is weight average molecular weight, temperature is in degrees centigrade, and
pressure is at or near atmospheric.

[000218] The examples illustrate targeting by both a 5' vector and a 3' vector that flank a site
of recombination and introduction of synthetic DNA. It will be apparent to one skilled in
the art upon reading the specification that the 5' vector targeting can take place first
followed by the 3', or the 3' vector targeting can take place first followed by the 5' vector.
In some circumstances, targeting can be carried out simultaneously with dual detection

mechanisms.
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Example 1: Introduction of an Engineered Partly Canine Immunoglobulin Variable

Region Gene Locus into the Immunoglobulin H Chain Variable Region Gene Locus of a

Non-Canine Mammalian Host Cell Genome

[000219] An exemplary method illustrating the introduction of an engineered partly canine
immunoglobulin locus into the genomic locus of a non-mammalian ES cell is illustrated in
more detail in FIGS. 2-6. In FIG. 2, a homology targeting vector (201) is provided
comprising a puromycin phosphotransferase-thymidine kinase fusion protein (puro-TK)
(203) flanked by two different recombinase recognition sites (e.g., FRT (207) and loxP
(205) for Flp and Cre, respectively) and two different mutant sites (e.g., modified mutant
FRT (209) and mutant loxP (211)) that lack the ability to recombine with their respective
wild-type counterparts/sites (i.e., wild-type FRT (207) and wild-type loxP (205)). The
targeting vector comprises a diphtheria toxin receptor (DTR) cDNA (217) for use in
negative selection of cells containing the introduced construct in future steps. The targeting
vector also optionally comprises a visual marker such as a green fluorescent protein (GFP)
(not shown). The regions 213 and 215 are homologous to the 5' and 3' portions,
respectively, of a contiguous region (229) in the endogenous non-canine locus that is 5' of
the genomic region comprising the endogenous non-canine Vi gene segments (219). The
homology targeting vector (201) is introduced (202) into the ES cell, which has an
immunoglobulin locus (231) comprising endogenous Vu gene segments (219), the pre-D
region (221), the D gene segments (223), Ju gene segments (225), and the immunoglobulin
constant gene region genes (227). The site-specific recombination sequences and the DTR
cDNA from the homology targeting vector (201) are integrated (204) into the non-canine
genome at a site 5' of the endogenous mouse Vu gene locus, resulting in the genomic
structure illustrated at 233. The ES cells that do not have the exogenous vector (201)
integrated into their genome can be selected against (killed) by including puromycin in the
culture medium; only the ES cells that have stably integrated the exogenous vector (201)
into their genome and constitutively express the puro-TK gene are resistant to puromycin.

[000220] FIG. 3 illustrates effectively the same approach as FIG. 2, except that an additional
set of sequence-specific recombination sites is added, e.g., a Rox site (331) and a modified
Rox site (335) for use with the Dre recombinase. In FIG. 3, a homology targeting vector

(301) is provided comprising a puro-TK fusion protein (303) flanked by wild type
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recombinase recognition sites for FRT (307), loxP (305), and Rox (331) and mutant sites
for FRT (309) loxP (311) and Rox (335) recombinases that lack the ability to recombine
with the wild-type sites 307, 305 and 331, respectively. The targeting vector also
comprises a diphtheria toxin receptor (DTR) cDNA (317). The regions 313 and 315 are
homologous to the 5' and 3' portions, respectively, of a contiguous region (329) in the
endogenous non-canine locus that is 5' of the genomic region comprising the endogenous
mouse Vu gene segments (319). The homology targeting is introduced (302) into the
mouse immunoglobulin locus (339), which comprises the endogenous Vu gene segments
(319), the pre-D region (321), the D gene segments (323), Ju (325) gene segments, and the
constant region genes (327) of the Igh locus. The site-specific recombination sequences
and the DTR cDNA (317) in the homology targeting vector (301) are integrated (304) into
the mouse genome at a site 5' of the endogenous mouse Vu gene locus, resulting in the
genomic structure illustrated at 333.

[000221] As illustrated in FIG. 4, a second homology targeting vector (401) is provided
comprising an optional hypoxanthine-guanine phosphoribosyltransferase (HPRT) gene
(435) that can be used for positive selection in HPRT-deficient ES cells; a neomycin
resistance gene (437); recombinase recognition sites FRT (407) and loxP (405), for Flp and
Cre, respectively, which have the ability to recombine with FRT (407) and loxP (405) sites
previously integrated into the mouse genome from the first homology targeting vector. The
previous homology targeting vector also includes mutant FRT site (409), mutant loxP site
(411), a puro-TK fusion protein (403), and a DTR cDNA at a site 5' of the endogenous
mouse Vu gene locus (419). The regions 429 and 439 are homologous to the 5' and 3'
portions, respectively, of a contiguous region (441) in the endogenous mouse non-canine
locus that is downstream of the endogenous Ju gene segments (425) and upstream of the
constant region genes (427). The homology targeting vector is introduced (402) into the
modified mouse immunoglobulin locus (431), which comprises the endogenous Vu gene
segments (419), the pre-D region (421), the D gene segments (423) the Ju gene segments
(425), and the constant region genes (427). The site-specific recombination sequences
(407, 405), the HPRT gene (435) and a neomycin resistance gene (437) of the homology
targeting vector are integrated (404) into the mouse genome upstream of the endogenous

mouse constant region genes (427), resulting in the genomic structure illustrated at 433.
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[000222] Once the recombination sites are integrated into the mammalian host cell genome,
the endogenous region of the immunoglobulin domain is then subjected to recombination
by introducing one of the recombinases corresponding to the sequence-specific
recombination sites integrated into the genome, e.g., either Flp or Cre. Illustrated in FIG.
5 is a modified Igh locus of the mammalian host cell genome comprising two integrated
DNA fragments. One fragment comprising mutant FRT site (509), mutant LoxP site (511),
puro-TK gene (503), wild-type FRT site (507), and wild-type LoxP site (505), and DTR
cDNA (517) is integrated upstream of the Vi gene locus (519). The other DNA fragment
comprising HPRT gene (535), neomycin resistance gene (537), wild-type FRT site (507),
and wild-type LoxP site (505) is integrated downstream of the pre-D (521), D (523) and Ju
(525) gene loci, but upstream of the constant region genes (527). In the presence of Flp or
Cre (502), all the intervening sequences between the wild-type FRT or wild-type LoxP
sites including the DTR gene (517), the endogenous IGH variable region gene loci (519,
521, 525), and the HPRT (535) and neomycin resistance (537) genes are deleted, resulting
in a genomic structure illustrated at 539. The procedure depends on the second targeting
having occurred on the same chromosome rather than on its homolog (i.e., in cis rather
than in #rans). If the targeting occurs in cis as intended, the cells are not sensitive to
negative selection after Cre- or Flp-mediated recombination by diphtheria toxin introduced
into the media, because the DTR gene which causes sensitivity to diphtheria toxin in
rodents should be absent (deleted) from the host cell genome. Likewise, ES cells that
harbor random integration of the first or second targeting vector(s) are rendered sensitive
to diphtheria toxin by presence of the undeleted DTR gene.

[000223] ES cells that are insensitive to diphtheria toxin are then screened for the deletion of
the endogenous variable region gene loci. The primary screening method for the deleted
endogenous immunoglobulin locus can be carried out by Southern blotting, or by
polymerase chain reaction (PCR) followed by confirmation with a secondary screening
technique such as Southern blotting.

[000224] FIG. 6 illustrates introduction of the engineered partly canine sequence into a non-
canine genome previously modified to delete part of the endogenous Igh locus (Vu, D and
Ju) that encodes the heavy chain variable region domains as well as all the intervening

sequences between the Vu and Ju gene locus. A site-specific targeting vector (629)
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comprising partly canine Vu gene locus (619), endogenous non-canine pre-D gene region
(621), partly canine D gene locus (623), partly canine Ju gene locus (625), as well as
flanking mutant FRT (609), mutant LoxP (611), wild-type FRT (607), and wild-type LoxP
(605) sites is introduced (602) into the host cell. Specifically, the partly canine Vu locus
(619) comprises 39 functional canine Vu coding sequences in conjunction with the
intervening sequences based on the endogenous non-canine genome sequences; the pre-D
region (621) comprises a 21.6 kb mouse sequence with significant homology to the
corresponding region of the endogenous canine IGH locus; the D gene locus (623)
comprises codons of 6 D gene segments embedded in the intervening sequences
surrounding the endogenous non-canine D gene segments; and the Ju gene locus (625)
comprises codons of 6 canine Ju gene segments embedded in the intervening sequences
based on the endogenous non-canine genome. The IGH locus (601) of the host cell genome
has been previously modified to delete all the Vu, D, and Ju gene segments including the
intervening sequences as described in FIG. 5. As a consequence of this modification, the
endogenous non-canine host cell Igh locus (601) is left with a puro-TK fusion gene (603),
which is flanked by a mutant FRT site (609) and a mutant LoxP site (611) upstream as well
as a wild-type FRT (607) and a wild-type LoxP (605) downstream. Upon introduction of
the appropriate recombinase (604), the partly canine immunoglobulin locus is integrated
into the genome upstream of the endogenous non-canine constant region genes (627),
resulting in the genomic structure illustrated at 631.

[000225] The sequences of the canine Vu, D and Ju gene segment coding regions are in Table
1.

[000226] Primary screening procedure for the introduction of the partly canine
immunoglobulin locus can be carried out by Southern blotting, or by PCR followed by
confirmation with a secondary screening method such as Southern blotting. The screening
methods are designed to detect the presence of the inserted Vu, D and Ju gene loci, as well

as all the intervening sequences.
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Example 2: Introduction of an Engineered Partly Canine Immunoglobulin Variable

Region Gene Locus Comprising Additional Non-Coding Regulatory or Scaffold

Sequences into the Immunoglobulin H Chain Variable Region Gene Locus of a Non-

Canine Mammalian Host Cell Genome

[000227] In certain aspects, the partly canine immunoglobulin locus comprises the elements
as described in Example 1, but with additional non-coding regulatory or scaffold sequences
e.g., sequences strategically added to introduce additional regulatory sequences, to ensure
the desired spacing within the introduced immunoglobulin locus, to ensure that certain
coding sequences are in adequate juxtaposition with other sequences adjacent to the
replaced immunoglobulin locus, and the like. FIG. 7 illustrates the introduction of a second
exemplary engineered partly canine sequence into the modified non-canine genome as
produced in FIGS. 2-5 and described in Example 1 above.

[000228] FIG. 7 illustrates introduction of the engineered partly canine sequence into the
mouse genome previously modified to delete part of the endogenous non-canine IGH locus
(Vu, D and Ju) that encodes the heavy chain variable region domains as well as all the
intervening sequences between the endogenous Vu and Ju gene loci. A site-specific
targeting vector (731) comprising an engineered partly canine immunoglobulin locus to be
inserted into the non-canine host genome is introduced (702) into the genomic region (701).
The site-specific targeting vector (731) comprising a partly canine Vu gene locus (719),
mouse pre-D region (721), partly canine D gene locus (723), partly canine Ju gene locus
(725), PAIR elements (741), as well as flanking mutant FRT (709), mutant LoxP (711)
wild-type FRT (707) and wild-type LoxP (705) sites is introduced (702) into the host cell.
Specifically, the engineered partly canine Vu gene locus (719) comprises 80 canine Vu
gene segment coding regions in conjunction with intervening sequences based on the
endogenous non- canine genome sequences; the pre-D region (721) comprises a 21.6 kb
non- canine sequence present upstream of the endogenous non-canine genome; the D
region (723) comprises codons of 6 canine D gene segments embedded in the intervening
sequences surrounding the endogenous non-canine D gene segments; and the Ju gene locus
(725) comprises codons of 6 canine Ju gene segments embedded in the intervening
sequences based on the endogenous non- canine genome sequences. The IGH locus (701)

of the host cell genome has been previously modified to delete all the Vu, D and Ju gene
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segments including the intervening sequences as described in relation to FIG. 5. As a
consequence of this modification, the endogenous non- canine Igh locus (701) is left with
a puro-TK fusion gene (703), which is flanked by a mutant FRT site (709) and a mutant
LoxP site (711) upstream as well as a wild-type FRT (707) and a wild-type LoxP (705)
downstream. Upon introduction of the appropriate recombinase (704), the engineered
partly canine immunoglobulin locus is integrated into the genome upstream of the
endogenous mouse constant region genes (727), resulting in the genomic structure
illustrated at 729.

[000229] The primary screening procedure for the introduction of the engineered partly
canine immunoglobulin region can be carried out by Southern blotting, or by PCR with
confirmation by a secondary screening method such as Southern blotting. The screening
methods are designed to detect the presence of the inserted PAIR elements, the Vu, D and

Ju gene loci, as well as all the intervening sequences.

Example 3: Introduction of an Engineered Partly Canine Immunoglobulin Locus into the

Immunoglobulin Heavy Chain Gene Locus of a Mouse Genome

[000230] A method for replacing a portion of a mouse genome with an engineered partly
canine immunoglobulin locus is illustrated in FIG. 8. This method uses introduction of a
first site-specific recombinase recognition sequence into the mouse genome followed by
the introduction of a second site-specific recombinase recognition sequence into the mouse
genome. The two sites flank the entire clusters of endogenous mouse Vu, D and Ju region
gene segments. The flanked region is deleted using the relevant site-specific recombinase,
as described herein.

[000231] The targeting vectors (803, 805) employed for introducing the site-specific
recombinase sequences on either side of the Vu (815), D (817) and Ju (819) gene segment
clusters and upstream of the constant region genes (821) in the wild-type mouse
immunoglobulin locus (801) include an additional site-specific recombination sequence
that has been modified so that it is still recognized efficiently by the recombinase, but does
not recombine with unmodified sites. This mutant modified site (e.g., lox5171) is
positioned in the targeting vector such that after deletion of the endogenous Vu, Du and Ju

gene segments (802) it can be used for a second site-specific recombination event in which
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a non-native piece of DNA is moved into the modified IGH locus by RMCE. In this
example, the non-native DNA is a synthetic nucleic acid comprising both canine and non-
canine sequences (809).

[000232] Two gene targeting vectors are constructed to accomplish the process just outlined.
One of the vectors (803) comprises mouse genomic DNA taken from the 5' end of the Igh
locus, upstream of the most distal Vu gene segment. The other vector (805) comprises
mouse genomic DNA taken from within the locus downstream of the Ju gene segments.

[000233] The key features of the 5' vector (803) in order from 5' to 3' are as follows: a gene
encoding the diphtheria toxin A (DTA) subunit under transcriptional control of a modified
herpes simplex virus type I thymidine kinase gene promoter coupled to two mutant
transcriptional enhancers from the polyoma virus (823); 4.5 Kb of mouse genomic DNA
mapping upstream of the most distal Vu gene segment in the Igh locus (825); a FRT
recognition sequence for the Flp recombinase (827); a piece of genomic DNA containing
the mouse Polr2a gene promoter (829); a translation initiation sequence (methionine codon
embedded in a "Kozak" consensus sequence, 835)); a mutated 1oxP recognition sequence
(Iox5171) for the Cre recombinase (831); a transcription termination/polyadenylation
sequence (pA. 833); a loxP recognition sequence for the Cre recombinase (837); a gene
encoding a fusion protein with a protein conferring resistance to puromycin fused to a
truncated form of the thymidine kinase (pu-TK) under transcriptional control of the
promoter from the mouse phosphoglycerate kinase 1 gene (839); and 3 Kb of mouse
genomic DNA (841) mapping close to the 4.5 Kb mouse genomic DNA sequence present
near the 5’ end of the vector and arranged in the native relative orientation.

[000234] The key features of the 3' vector (805) in order from 5' to 3' are as follows; 3.7 Kb
of mouse genomic DNA mapping within the intron between the Ju and Cu gene loci (843);
an HPRT gene under transcriptional control of the mouse Polr2a gene promoter (845); a
neomycin resistance gene under the control of the mouse phosphoglycerate kinase 1 gene
promoter (847); a loxP recognition sequence for the Cre recombinase (837); 2.1 Kb of
mouse genomic DNA (849) that maps immediately downstream of the 3.7 Kb mouse
genomic DNA fragment present near the 5' end of the vector and arranged in the native

relative orientation; and a gene encoding the DTA subunit under transcriptional control of
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a modified herpes simplex virus type I thymidine kinase gene promoter coupled to two
mutant transcriptional enhancers from the polyoma virus (823).

[000235] Mouse embryonic stem (ES) cells (derived from C57B1/6NTac mice) are
transfected by electroporation with the 3' vector (805) according to widely used procedures.
Prior to electroporation, the vector DNA is linearized with a rare-cutting restriction enzyme
that cuts only in the prokaryotic plasmid sequence or the polylinker associated with it. The
transfected cells are plated and after ~24 hours they are placed under positive selection for
cells that have integrated the 3' vector into their DNA by using the neomycin analogue drug
G418. There is also negative selection for cells that have integrated the vector into their
DNA but not by homologous recombination. Non-homologous recombination results in
retention of the DTA gene (823), which kills the cells when the gene is expressed, whereas
the DTA gene is deleted by homologous recombination since it lies outside of the region
of vector homology with the mouse IGH locus. Colonies of drug-resistant ES cells are
physically extracted from their plates after they became visible to the naked eye about a
week later. These picked colonies are disaggregated, re-plated in micro-well plates, and
cultured for several days. Thereafter, each of the clones of cells is divided such that some
of the cells can be frozen as an archive, and the rest used for isolation of DNA for analytical
purposes.

[000236] DNA from the ES cell clones is screened by PCR using a widely practiced gene-
targeting assay design. For this assay, one of the PCR oligonucleotide primer sequences
maps outside the region of identity shared between the 3' vector (805) and the genomic
DNA, while the other maps within the novel DNA between the two arms of genomic
identity in the vector, i.e., in the HPRT (845) or neomycin resistance (847) genes.
According to the standard design, these assays detect pieces of DNA that would only be
present in clones of ES cells derived from transfected cells that undergo fully legitimate
homologous recombination between the 3' targeting vector and the endogenous mouse IGH
locus. Two separate transfections are performed with the 3' vector (805). PCR-positive
clones from the two transfections are selected for expansion followed by further analysis
using Southern blot assays.

[000237] The Southern blot assays are performed according to widely used procedures using

three probes and genomic DNA digested with multiple restriction enzymes chosen so that
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the combination of probes and digests allow the structure of the targeted locus in the clones
to be identified as properly modified by homologous recombination. One of the probes
maps to DNA sequence flanking the 5' side of the region of identity shared between the 3'
targeting vector and the genomic DNA; a second probe maps outside the region of identity
but on the 3' side; and the third probe maps within the novel DNA between the two arms
of genomic identity in the vector, i.e., in the HPRT (845) or neomycin resistance (847)
genes. The Southern blot identifies the presence of the expected restriction enzyme-
generated fragment of DNA corresponding to the correctly mutated, i.e., by homologous
recombination with the 3' Igh targeting vector, part of the IGH locus as detected by one of
the external probes and by the neomycin or HPRT probe. The external probe detects the
mutant fragment and also a wild-type fragment from the non-mutant copy of the
immunoglobulin Igh locus on the homologous chromosome.

[000238] Karyotypes of PCR- and Southern blot-positive clones of ES cells are analyzed
using an in situ fluorescence hybridization procedure designed to distinguish the most
commonly arising chromosomal aberrations that arise in mouse ES cells. Clones with such
aberrations are excluded from further use. ES cell clones that are judged to have the
expected correct genomic structure based on the Southern blot data—and that also do not
have detectable chromosomal aberrations based on the karyotype analysis—are selected
for further use.

[000239] Acceptable clones are then modified with the 5' vector (803) using procedures and
screening assays that are similar in design to those used with the 3' vector (805) except that
puromycin selection is used instead of G418/neomycin for selection. The PCR assays,
probes and digests are also tailored to match the genomic region being modified by the 5'
vector (805).

[000240] Clones of ES cells that have been mutated in the expected fashion by both the 3'
and the 5' vectors, i.e., doubly targeted cells carrying both engineered mutations, are
isolated following vector targeting and analysis. The clones must have undergone gene
targeting on the same chromosome, as opposed to homologous chromosomes (i.e., the
engineered mutations created by the targeting vectors must be in cis on the same DNA
strand rather than in frans on separate homologous DNA strands). Clones with the cis

arrangement are distinguished from those with the frams arrangement by analytical
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procedures such as fluorescence in situ hybridization of metaphase spreads using probes
that hybridize to the novel DNA present in the two gene targeting vectors (803 and 805)
between their arms of genomic identity. The two types of clones can also be distinguished
from one another by transfecting them with a vector expressing the Cre recombinase, which
deletes the pu-TK (839), HPRT (845) and neomycin resistance (847) genes if the targeting
vectors have been integrated in cis, and then comparing the number of colonies that survive
ganciclovir selection against the thymidine kinase gene introduced by the 5' vector (803)
and by analyzing the drug resistance phenotype of the surviving clones by a "sibling
selection" screening procedure in which some of the cells from the clone are tested for
resistance to puromycin or G418/neomycin. Cells with the cis arrangement of mutations
are expected to yield approximately 10’ more ganciclovir-resistant clones than cells with
the frans arrangement. The majority of the resulting cis-derived ganciclovir-resistant
clones are also sensitive to both puromycin and G418/neomycin, in contrast to the trans-
derived ganciclovir-resistant clones, which should retain resistance to both drugs. Doubly
targeted clones of cells with the cis-arrangement of engineered mutations in the heavy
chain locus are selected for further use.

[000241] The doubly targeted clones of cells are transiently transfected with a vector
expressing the Cre recombinase and the transfected cells subsequently are placed under
ganciclovir selection, as in the analytical experiment summarized above. Ganciclovir-
resistant clones of cells are isolated and analyzed by PCR and Southern blot for the
presence of the expected deletion between the two engineered mutations created by the 5'
(803) and the 3' (805) targeting vectors. In these clones, the Cre recombinase causes a
recombination (802) to occur between the loxP sites (837) introduced into the heavy chain
locus by the two vectors to create the genomic DNA configuration shown at 807. Because
the loxP sites are arranged in the same relative orientations in the two vectors,
recombination results in excision of a circle of DNA comprising the entire genomic interval
between the two loxP sites. The circle does not contain an origin of replication and thus is
not replicated during mitosis and therefore is lost from the cells as they undergo
proliferation. The resulting clones carry a deletion of the DNA that was originally between

the two loxP sites. Clones that have the expected deletion are selected for further use.

69



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

[000242] ES cell clones carrying the deletion of sequence in one of the two homologous
copies of their immunoglobulin heavy chain locus are retransfected (804) with a Cre
recombinase expression vector together with a piece of DNA (809) comprising a partly
canine immunoglobulin heavy chain locus containing canine Vu, D and Ju region gene
coding region sequences flanked by mouse regulatory and flanking sequences. The key
features of this piece of synthetic DNA (809) are the following: a lox5171 site (831); a
neomycin resistance gene open reading frame (847) lacking the initiator methionine codon,
but in-frame and contiguous with an uninterrupted open reading frame in the lox5171 site
a FRT site (827); an array of 39 functional canine Vi heavy chain variable region genes
(851), each with canine coding sequences embedded in mouse noncoding sequences;
optionally a 21.6 kb pre-D region from the mouse heavy chain locus (not shown); a 58 Kb
piece of DNA containing the 6 canine Dy gene segments (853) and 6 canine Ju gene
segments (855) where the canine Vu, D and Ju coding sequences are embedded in mouse
noncoding sequences; a loxP site (837) in opposite relative orientation to the lox5171 site
(831).

[000243] The transfected clones are placed under G418 selection, which enriches for clones
of cells that have undergone RMCE in which the engineered partly canine donor
immunoglobulin locus (809) is integrated in its entirety into the deleted endogenous
immunoglobulin heavy chain locus between the lox5171 (831) and loxP (837) sites to
create the DNA region illustrated at 811. Only cells that have properly undergone RMCE
have the capability to express the neomycin resistance gene (847) because the promoter
(829) as well as the initiator methionine codon (835) required for its expression are not
present in the vector (809) but are already pre-existing in the host cell IGH locus (807).
The remaining elements from the 5' vector (803) are removed via Flp-mediated
recombination (8006) in vitro or in vivo, resulting in the final canine-based locus as shown
at 813.

[000244] G418-resistant ES cell clones are analyzed by PCR and Southern blot to determine
if they have undergone the expected RMCE process without unwanted rearrangements or
deletions. Clones that have the expected genomic structure are selected for further use.

[000245] ES cell clones carrying the partly canine immunoglobulin heavy chain DNA (813)

in the mouse heavy chain locus are microinjected into mouse blastocysts from strain
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DBA/2 to create partially ES cell-derived chimeric mice according to standard procedures.
Male chimeric mice with the highest levels of ES cell-derived contribution to their coats
are selected for mating to female mice. The female mice of choice here are of
C57B1/6NTac strain, and also carry a transgene encoding the Flp recombinase that is
expressed in their germline. Offspring from these matings are analyzed for the presence
of the partly canine immunoglobulin heavy chain locus, and for loss of the FRT-flanked
neomycin resistance gene that was created in the RMCE step. Mice that carry the partly

canine locus are used to establish a colony of mice.

Example 4: Introduction of an Engineered Partly Canine Immunoglobulin Locus into the

Immunoglobulin k¥ Chain Gene Locus of a Mouse Genome

[000246] Another method for replacing a portion of a mouse genome with partly canine
immunoglobulin locus is illustrated in FIG. 9. This method includes introducing a first
site-specific recombinase recognition sequence into the mouse genome, which may be
introduced either 5' or 3' of the cluster of endogenous Vi (915) and J« (919) region gene
segments of the mouse genome, followed by the introduction of a second site-specific
recombinase recognition sequence into the mouse genome, which in combination with the
first sequence-specific recombination site flanks the entire locus comprising clusters of Vi
and Jx gene segments upstream of the constant region gene (921). The flanked region is
deleted and then replaced with a partly canine immunoglobulin locus using the relevant
site-specific recombinase, as described herein.

[000247] The targeting vectors employed for introducing the site-specific recombination
sequences on either side of the Vi (915) and J (919) gene segments also include an
additional site-specific recombination sequence that has been modified so that it is still
recognized efficiently by the recombinase, but does not recombine with unmodified sites.
This site is positioned in the targeting vector such that after deletion of the Vi and Ji gene
segment clusters it can be used for a second site specific recombination event in which a
non-native piece of DNA is moved into the modified Vi locus via RMCE. In this example,
the non-native DNA is a synthetic nucleic acid comprising canine Vi and J gene segment

coding sequences embedded in mouse regulatory and flanking sequences.
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[000248] Two gene targeting vectors are constructed to accomplish the process just outlined.
One of the vectors (903) comprises mouse genomic DNA taken from the 5' end of the
locus, upstream of the most distal Vi gene segment. The other vector (905) comprises
mouse genomic DNA taken from within the locus downstream (3') of the J« gene segments
(919) and upstream of the constant region genes (921).

[000249] The key features of the 5' vector (903) are as follows: a gene encoding the diphtheria
toxin A (DTA) subunit under transcriptional control of a modified herpes simplex virus
type I thymidine kinase gene promoter coupled to two mutant transcriptional enhancers
from the polyoma virus (923); 6 Kb of mouse genomic DNA (925) mapping upstream of
the most distal variable region gene in the ¥ chain locus; a FRT recognition sequence for
the Flp recombinase (927); a piece of genomic DNA containing the mouse Polr2a gene
promoter (929); a translation initiation sequence (935, methionine codon embedded in a
"Kozak" consensus sequence); a mutated loxP recognition sequence (lox5171) for the Cre
recombinase (931); a transcription termination/polyadenylation sequence (933); a loxP
recognition sequence for the Cre recombinase (937); a gene encoding a fusion protein with
a protein conferring resistance to puromycin fused to a truncated form of the thymidine
kinase (pu-TK) under transcriptional control of the promoter from the mouse
phosphoglycerate kinase 1 gene (939); 2.5 Kb of mouse genomic DNA (941) mapping
close to the 6 Kb sequence at the 5’ end in the vector and arranged in the native relative
orientation.

[000250] The key features of the 3' vector (905) are as follows: 6 Kb of mouse genomic DNA
(943) mapping within the intron between the J« (919) and Ck (921) gene loci; a gene
encoding the human hypoxanthine-guanine phosphoribosyl transferase (HPRT) under
transcriptional control of the mouse Polr2a gene promoter (945); a neomycin resistance
gene under the control of the mouse phosphoglycerate kinase 1 gene promoter (947); a
loxP recognition sequence for the Cre recombinase (937); 3.6 Kb of mouse genomic DNA
(949) that maps immediately downstream in the genome of the 6 Kb DNA fragment
included at the 5° end in the vector, with the two fragments oriented in the same relative
way as in the mouse genome; a gene encoding the diphtheria toxin A (DTA) subunit under
transcriptional control of a modified herpes simplex virus type I thymidine kinase gene

promoter coupled to two mutant transcriptional enhancers from the polyoma virus (923).
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[000251] Mouse embryonic stem (ES) cells derived from C57B1/6NTac mice are transfected
by electroporation with the 3' vector (905) according to widely used procedures. Prior to
electroporation, the vector DNA is linearized with a rare-cutting restriction enzyme that
cuts only in the prokaryotic plasmid sequence or the polylinker associated with it. The
transfected cells are plated and after ~24 hours they are placed under positive selection for
cells that have integrated the 3' vector into their DNA by using the neomycin analogue drug
G418. There is also negative selection for cells that have integrated the vector into their
DNA but not by homologous recombination. Non-homologous recombination results in
retention of the DTA gene, which kills the cells when the gene is expressed, whereas the
DTA gene is deleted by homologous recombination since it lies outside of the region of
vector homology with the mouse Igk locus. Colonies of drug-resistant ES cells are
physically extracted from their plates after they became visible to the naked eye about a
week later. These picked colonies are disaggregated, re-plated in micro-well plates, and
cultured for several days. Thereafter, each of the clones of cells is divided such that some
of the cells could be frozen as an archive, and the rest used for isolation of DNA for
analytical purposes.

[000252] DNA from the ES cell clones is screened by PCR using a widely used gene-
targeting assay design. For this assay, one of the PCR oligonucleotide primer sequences
maps outside the region of identity shared between the 3' vector (905) and the genomic
DNA (901), while the other maps within the novel DNA between the two arms of genomic
identity in the vector, i.e., in the HPRT (945) or neomycin resistance (947) genes.
According to the standard design, these assays detect pieces of DNA that are only present
in clones of ES cells derived from transfected cells that had undergone fully legitimate
homologous recombination between the 3' vector (905) and the endogenous mouse Igk
locus. Two separate transfections are performed with the 3' vector (905). PCR-positive
clones from the two transfections are selected for expansion followed by further analysis
using Southern blot assays.

[000253] The Southern blot assays are performed according to widely used procedures; they
involve three probes and genomic DNA digested with multiple restriction enzymes chosen
so that the combination of probes and digests allowed for conclusions to be drawn about

the structure of the targeted locus in the clones and whether it is properly modified by
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homologous recombination. One of the probes maps to DNA sequence flanking the 5' side
of the region of identity shared between the 3' k targeting vector (905) and the genomic
DNA; a second probe also maps outside the region of identity but on the 3' side; the third
probe maps within the novel DNA between the two arms of genomic identity in the vector,
i.e., in the HPRT (945) or neomycin resistance (947) genes. The Southern blot identifies
the presence of the expected restriction enzyme-generated fragment of DNA corresponding
to the correctly mutated, i.e., by homologous recombination with the 3' k targeting vector
(905) part of the « locus, as detected by one of the external probes and by the neomycin
resistance or HPRT gene probe. The external probe detects the mutant fragment and also
a wild-type fragment from the non-mutant copy of the immunoglobulin k locus on the
homologous chromosome.

[000254] Karyotypes of PCR- and Southern blot-positive clones of ES cells are analyzed
using an in situ fluorescence hybridization procedure designed to distinguish the most
commonly arising chromosomal aberrations that arise in mouse ES cells. Clones with such
aberrations are excluded from further use. Karyoptypically normal clones that are judged
to have the expected correct genomic structure based on the Southern blot data are selected
for further use.

[000255] Acceptable clones are then modified with the 5' vector (903) using procedures and
screening assays that are similar in design to those used with the 3' vector (905), except
that puromycin selection is used instead of G418/neomycin selection, and the protocols are
tailored to match the genomic region modified by the 5' vector (903). The goal of the '
vector (903) transfection experiments is to isolate clones of ES cells that have been mutated
in the expected fashion by both the 3' vector (905) and the 5' vector (903), i.e., doubly
targeted cells carrying both engineered mutations. In these clones, the Cre recombinase
causes a recombination (902) to occur between the loxP sites introduced into the k locus
by the two vectors, resulting in the genomic DNA configuration shown at 907,

[000256] Further, the clones must have undergone gene targeting on the same chromosome,
as opposed to homologous chromosomes; i.e., the engineered mutations created by the
targeting vectors must be in cis on the same DNA strand rather than in frans on separate
homologous DNA strands. Clones with the cis arrangement are distinguished from those

with the frans arrangement by analytical procedures such as fluorescence in sifu
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hybridization of metaphase spreads using probes that hybridize to the novel DNA present
in the two gene targeting vectors (903 and 905) between their arms of genomic identity.
The two types of clones can also be distinguished from one another by transfecting them
with a vector expressing the Cre recombinase, which deletes the pu-Tk (939), HPRT (945)
and neomycin resistance (947) genes if the targeting vectors have been integrated in cis,
and comparing the number of colonies that survive ganciclovir selection against the
thymidine kinase gene introduced by the 5' vector (903) and by analyzing the drug
resistance phenotype of the surviving clones by a "sibling selection" screening procedure
in which some of the cells from the clone are tested for resistance to puromycin or
G418/neomycin. Cells with the cis arrangement of mutations are expected to yield
approximately 10° more ganciclovir-resistant clones than cells with the #rans arrangement.
The majority of the resulting cis-derived ganciclovir-resistant clones should also be
sensitive to both puromycin and G418/neomycin, in contrast to the framns-derived
ganciclovir-resistant clones, which should retain resistance to both drugs. Clones of cells
with the cis-arrangement of engineered mutations in the x chain locus are selected for
further use.

[000257] The doubly targeted clones of cells are transiently transfected with a vector
expressing the Cre recombinase (902) and the transfected cells are subsequently placed
under ganciclovir selection, as in the analytical experiment summarized above.
Ganciclovir-resistant clones of cells are isolated and analyzed by PCR and Southern blot
for the presence of the expected deletion (907) between the two engineered mutations
created by the 5' vector (903) and the 3' vector (905). In these clones, the Cre recombinase
has caused a recombination to occur between the loxP sites (937) introduced into the x
chain locus by the two vectors. Because the loxP sites are arranged in the same relative
orientations in the two vectors, recombination results in excision of a circle of DNA
comprising the entire genomic interval between the two loxP sites. The circle does not
contain an origin of replication and thus is not replicated during mitosis and is therefore
lost from the clones of cells as they undergo clonal expansion. The resulting clones carry
a deletion of the DNA that was originally between the two loxP sites. Clones that have the

expected deletion are selected for further use.

75



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

[000258] The ES cell clones carrying the deletion of sequence in one of the two homologous
copies of their immunoglobulin k¥ chain locus are retransfected (904) with a Cre
recombinase expression vector together with a piece of DNA (909) comprising a partly
canine immunoglobulin k chain locus containing Vi« (951) and J« (955) gene segment
coding sequences. The key features of this piece of DNA (referred to as "K-K") are the
following: a lox5171 site (931); a neomycin resistance gene open reading frame (947,
lacking the initiator methionine codon, but in-frame and contiguous with an uninterrupted
open reading frame in the lox5171 site (931)); a FRT site (927); an array of 14 canine V«
gene segments (951), each with canine coding sequences embedded in mouse noncoding
sequences; optionally a 13.5 Kb piece of genomic DNA from immediately upstream of the
cluster of Jk region gene segments in the mouse k chain locus (not shown); a 2 Kb piece
of DNA containing the 5 canine Jx region gene segments (955) embedded in mouse
noncoding DNA; a loxP site (937) in opposite relative orientation to the lox5171 site (931).

[000259] The sequences of the canine Vk and Jk gene coding regions are in Table 2.

[000260] In a second independent experiment, an alternative piece of partly canine DNA
(909) is used in place of the K-K DNA. The key features of this DNA (referred to as "L-
K") are the following: alox5171 site (931); a neomycin resistance gene open reading frame
(947) lacking the initiator methionine codon, but in-frame and contiguous with an
uninterrupted open reading frame in the lox5171 site (931); a FRT site (927); an array of
76 functional canine V, variable region gene segments (951), each with canine coding
sequences embedded in mouse noncoding regulatory or scaffold sequences; optionally, a
13.5 Kb piece of genomic DNA from immediately upstream of the cluster of the Jk region
gene segments in the mouse k chain locus (not shown); a 2 Kb piece of DNA containing 7
canine Ji region gene segments embedded in mouse noncoding DNA (955); a loxP site
(937) in opposite relative orientation to the lox5171 site (931). (The dog has 9 functional
Ji. region gene segments, however, the encoded protein sequence of Ji4 and Jio and of Jis
and Jus are identical, and so only 7 Ji. gene segments are included.)

[000261] The transfected clones from the K-K and L-K transfection experiments are placed
under G418 selection, which enriches for clones of cells that have undergone RMCE, in
which the partly canine donor DNA (909) is integrated in its entirety into the deleted

immunoglobulin k chain locus between the 1ox5171 (931) and loxP (937) sites that were
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placed there by 5' (903) and 3' (905) vectors, respectively. Only cells that have properly
undergone RMCE have the capability to express the neomycin resistance gene (947)
because the promoter (929) as well as the initiator methionine codon (935) required for its
expression are not present in the vector (909) and are already pre-existing in the host cell
Igh locus (907). The DNA region created using the K-K sequence is illustrated at 911.
The remaining elements from the 5' vector (903) are removed via Flp-mediated
recombination (906) in vitro or in vivo, resulting in the final canine-based light chain locus
as shown at 913.

[000262] G418-resistant ES cell clones are analyzed by PCR and Southern blotting to
determine if they have undergone the expected RMCE process without unwanted
rearrangements or deletions. Both K-K and L-K clones that have the expected genomic
structure are selected for further use.

[000263] The K-K ES cell clones and the L-K ES cell clones carrying the partly canine
immunoglobulin DNA in the mouse « chain locus (913) are microinjected into mouse
blastocysts from strain DBA/2 to create partly ES cell-derived chimeric mice according to
standard procedures. Male chimeric mice with the highest levels of ES cell-derived
contribution to their coats are selected for mating to female mice. The female mice of
choice for use in the mating are of the C57B1/6NTac strain, and also carry a transgene
encoding the Flp recombinase that is expressed in their germline. Offspring from these
matings are analyzed for the presence of the partly canine immunoglobulin k or A light
chain locus, and for loss of the FRT-flanked neomycin resistance gene that was created in
the RMCE step. Mice that carry the partly canine locus are used to establish colonies of
K-K and L-K mice.

[000264] Mice carrying the partly canine heavy chain locus, produced as described in
Example 3, can be bred with mice carrying a canine-based xchain locus. Their offspring
are in turn bred together in a scheme that ultimately produces mice that are homozygous
for both canine-based loci, i.e., canine-based for heavy chain and k. Such mice produce
partly canine heavy chains with canine variable domains and mouse constant domains.
They also produce partly canine k proteins with canine k variable domains and the mouse
k constant domain from their k loci. Monoclonal antibodies recovered from these mice

have canine heavy chain variable domains paired with canine x variable domains.
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[000265] A variation on the breeding scheme involves generating mice that are homozygous
for the canine-based heavy chain locus, but heterozygous at the k locus such that on one
chromosome they have the K-K canine-based locus and on the other chromosome they
have the L-K canine-based locus. Such mice produce partly canine heavy chains with
canine variable domains and mouse constant domains. They also produce partly canine
K proteins with canine x variable domains and the mouse k constant domain from one of
their x loci. From the other k locus, they produce partly canine A proteins with canine
A variable domains the mouse x constant domain. Monoclonal antibodies recovered from
these mice have canine variable domains paired in some cases with canine k variable

domains and in other cases with canine A variable domains.

Example 5: Introduction of an Engineered Partly Canine Immunoglobulin Locus into the

Immunoglobulin A Chain Gene Locus of a Mouse Genome

[000266] Another method for replacing a portion of a mouse genome with an engineered
partly canine immunoglobulin locus is illustrated in FIG. 10. This method comprises
deleting approximately 194 Kb of DNA from the wild-type mouse immunoglobulin A locus
(1001)—comprising V;x/V;2 gene segments (1013), J;2/C;2 gene cluster (1015), and Vi
gene segment (1017)—by a homologous recombination process involving a targeting
vector (1003) that shares identity with the locus both upstream of the V;x/Viz gene
segments (1013) and downstream of the Vi1 gene segment (1017) in the immediate vicinity
of the J33, Cy3, Ju1 and Cs1 A gene cluster (1023). The vector replaces the 194 Kb of DNA
with elements designed to permit a subsequent site-specific recombination in which a non-
native piece of DNA is moved into the modified Vi locus via RMCE (1004). In this
example, the non-native DNA is a synthetic nucleic acid comprising both canine and mouse
sequences.

[000267] The key features of the gene targeting vector (1003) for accomplishing the 194 Kb
deletion are as follows: a negative selection gene such as a gene encoding the A subunit of
the diphtheria toxin (DTA, 1059) or a herpes simplex virus thymidine kinase gene (not
shown); 4 Kb of genomic DNA from 5' of the mouse V;x/Vi2 variable region gene segments

in the A locus (1025); a FRT site (1027); a piece of genomic DNA containing the mouse
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Polr2a gene promoter (1029); a translation initiation sequence (methionine codon
embedded in a "Kozak" consensus sequence) (1035); a mutated 1oxP recognition sequence
(Iox5171) for the Cre recombinase (1031); a transcription termination/polyadenylation
sequence (1033); an open reading frame encoding a protein that confers resistance to
puromycin (1037), whereas this open reading frame is on the antisense strand relative to
the Polr2a promoter and the translation initiation sequence next to it and is followed by its
own transcription termination/polyadenylation sequence (1033); a loxP recognition
sequence for the Cre recombinase (1039); a translation initiation sequence (a methionine
codon embedded in a "Kozak" consensus sequence) (1035) on the same, antisense strand
as the puromycin resistance gene open reading frame; a chicken beta actin promoter and
cytomegalovirus early enhancer element (1041) oriented such that it directs transcription
of the puromycin resistance open reading frame, with translation initiating at the initiation
codon downstream of the loxP site and continuing back through the loxP site into the
puromycin open reading frame all on the antisense strand relative to the Polr2a promoter
and the translation initiation sequence next to it; a mutated recognition site for the Flp
recombinase known as an "F3" site (1043); a piece of genomic DNA upstream of the Ji3,
Ci3, Ju and Cu gene segments (1045).

[000268] Mouse embryonic stem (ES) cells derived from C57B1/6NTac mice are transfected
(1002) by electroporation with the targeting vector (1003) according to widely used
procedures. Homologous recombination replaces the native DNA with the sequences from
the targeting vector (1003) in the 196 Kb region resulting in the genomic DNA
configuration depicted at 1005.

[000269] Prior to electroporation, the vector DNA is linearized with a rare-cutting restriction
enzyme that cuts only in the prokaryotic plasmid sequence or the polylinker associated
with it. The transfected cells are plated and after ~24 hours placed under positive drug
selection using puromycin. There is also negative selection for cells that have integrated
the vector into their DNA but not by homologous recombination. Non-homologous
recombination results in retention of the DTA gene, which kills the cells when the gene is
expressed, whereas the DTA gene is deleted by homologous recombination since it lies
outside of the region of vector homology with the mouse IGL locus. Colonies of drug-

resistant ES cells are physically extracted from their plates after they became visible to the
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naked eye approximately a week later. These picked colonies are disaggregated, re-plated
in micro-well plates, and cultured for several days. Thereafter, each of the clones of cells
are divided such that some of the cells are frozen as an archive, and the rest used for
isolation of DNA for analytical purposes.

[000270] DNA from the ES cell clones is screened by PCR using a widely used gene-
targeting assay design. For these assays, one of the PCR oligonucleotide primer sequences
maps outside the regions of identity shared between the targeting vector and the genomic
DNA, while the other maps within the novel DNA between the two arms of genomic
identity in the vector, e.g., in the puro gene (1037). According to the standard design, these
assays detect pieces of DNA that would only be present in clones of cells derived from
transfected cells that had undergone fully legitimate homologous recombination between
the targeting vector (1003) and the native DNA (1001).

[000271] Six PCR-positive clones from the transfection (1002) are selected for expansion
followed by further analysis using Southern blot assays. The Southern blots involve three
probes and genomic DNA from the clones that has been digested with multiple restriction
enzymes chosen so that the combination of probes and digests allow identification of
whether the ES cell DNA has been properly modified by homologous recombination.

[000272] Karyotypes of the six PCR- and Southern blot-positive clones of ES cells are
analyzed using an in situ fluorescence hybridization procedure designed to distinguish the
most common chromosomal aberrations that arise in mouse ES cells. Clones that show
evidence of aberrations are excluded from further use. Karyoptypically normal clones that
are judged to have the expected correct genomic structure based on the Southern blot data
are selected for further use.

[000273] The ES cell clones carrying the deletion in one of the two homologous copies of
their immunoglobulin A chain locus are retransfected (1004) with a Cre recombinase
expression vector together with a piece of DNA (1007) comprising a partly canine
immunoglobulin A chain locus containing V3, Ji and Cy. region gene segments. The key
features of this piece of DNA (1007) are as follows: a lox5171 site (1031); a neomycin
resistance gene open reading frame lacking the initiator methionine codon, but in-frame
and contiguous with an uninterrupted open reading frame in the lox5171 site (1047); aFRT

site 1027); an array of 76 functional canine A region gene segments, each with canine A
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coding sequences embedded in mouse A noncoding sequences (1051); an array of J-C units
where each unit has a canine J; gene segment and a mouse A constant domain gene segment
embedded within noncoding sequences from the mouse A locus (1055) (the canine J;. gene
segments are those encoding Js.1, Ji2, J33, Jua, Jis, Jis, and Jy7, while the mouse A constant
domain gene segments are C,1 or Cu2 or C;3); a mutated recognition site for the Flp
recombinase known as an "F3" site (1043); an open reading frame conferring hygromycin
resistance (1057), which is located on the antisense strand relative to the immunoglobulin
gene segment coding information in the construct; a loxP site (1039) in opposite relative
orientation to the lox5171 site.

[000274] The sequences of the canine Vi and Ji. gene coding regions are in Table 3.

[000275] The transfected clones are placed under G418 or hygromycin selection, which
enriches for clones of cells that have undergone a RMCE process, in which the partly
canine donor DNA is integrated in its entirety into the deleted immunoglobulin A chain
locus between the lox5171 and loxP sites that were placed there by the gene targeting
vector. The remaining elements from the targeting vector (1003) are removed via FLP-
mediated recombination (1006) in vitro or in vivo resulting in the final caninized locus as
shown at 1011.

[000276] G418/hygromycin-resistant ES cell clones are analyzed by PCR and Southern
blotting to determine if they have undergone the expected recombinase-mediated cassette
exchange process without unwanted rearrangements or deletions. Clones that have the
expected genomic structure are selected for further use.

[000277] The ES cell clones carrying the partly canine immunoglobulin DNA (1011) in the
mouse A chain locus are microinjected into mouse blastocysts from strain DBA/2 to create
partially ES cell-derived chimeric mice according to standard procedures. Male chimeric
mice with the highest levels of ES cell-derived contribution to their coats are selected for
mating to female mice. The female mice of choice here are of the C57B1/6NTac strain,
which carry a transgene encoding the Flp recombinase expressed in their germline.
Offspring from these matings are analyzed for the presence of the partly canine
immunoglobulin A chain locus, and for loss of the FRT-flanked neomycin resistance gene
and the F3-flanked hygromycin resistance gene that were created in the RMCE step. Mice

that carry the partly canine locus are used to establish a colony of mice.
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[000278] In some aspects, the mice comprising the canine-based heavy chain and « locus (as
described in Examples 3 and 4) are bred to mice that carry the canine-based A locus. Mice
generated from this type of breeding scheme are homozygous for the canine-based heavy
chain locus, and can be homozygous for the K-K canine-based locus or the L-K canine-
based locus. Alternatively, they can be heterozygous at the k locus carrying the K-K locus
on one chromosome and the L-K locus on the other chromosome. Each of these mouse
strains is homozygous for the canine-based A locus. Monoclonal antibodies recovered from
these mice has canine heavy chain variable domains paired in some cases with canine
k variable domains and in other cases with canine A variable domains. The A variable

domains are derived from either the canine-based L-K locus or the canine-based A locus.

Example 6: Introduction of an Engineered Partly Canine Immunoglobulin Minilocus into

a Mouse Genome

[000279] In certain other aspects, the partly canine immunoglobulin locus comprises a canine
variable domain minilocus such as the one illustrated in FIG. 11. Here instead of a partly
canine immunoglobulin locus comprising all or substantially all of the canine Vu gene
segment coding sequences, the mouse immunoglobulin locus is replaced with a minilocus
(1119) comprising fewer chimeric canine Vu gene segments, e.g. 1-39 canine Vu gene
segments determined to be functional; that is, not pseudogenes.

[000280] A site-specific targeting vector (1131) comprising the partly canine
immunoglobulin locus to be integrated into the mammalian host genome is introduced
(1102) into the genomic region (1101) with the deleted endogenous immunoglobulin locus
comprising the puro-TK gene (1105) and the following flanking sequence-specific
recombination sites: mutant FRT site (1109), mutant LoxP site (1111), wild-type FRT site
(1107), and wild-type LoxP site (1105). The site-specific targeting vector comprises 1) an
array of optional PAIR elements (1141); i1) a Vu locus (1119) comprising, e.g., 1-39
functional canine Vu coding regions and intervening sequences based on the mouse
genome endogenous sequences; iii) a 21.6 kb pre-D region (1121) comprising mouse
sequence; iv) a D locus (1123) and a Ju locus (1125) comprising 6 D and 6 Ju canine coding
sequences and intervening sequences based on the mouse genome endogenous sequences.

The partly canine immunoglobulin locus is flanked by recombination sites—mutant FRT
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(1109), mutant LoxP (1111), wild-type FRT (1107), and wild-type LoxP (1105)—that
allow recombination with the modified endogenous locus. Upon introduction of the
appropriate recombinase, e.g., Cre) (1104), the partly canine immunoglobulin locus is
integrated into the genome upstream of the constant gene region (1127) as shown at 1129.
[000281] As described in Example 1, the primary screening for introduction of the partly
canine immunoglobulin variable region locus is carried out by primary PCR screens
supported by secondary Southern blotting assays. The deletion of the puro-TK gene (1105)
as part of the recombination event allows identification of the cells that did not undergo

the recombination event using ganciclovir negative selection.

Example 7: Introduction of an Engineered Partly Canine Immunoglobulin Locus with

Canine A Variable Region Coding Sequences with Mouse A Constant Region Sequences

embedded in k¥ Immunoglobulin Non-coding Sequences

[000282] Dog antibodies mostly contain A light chains, whereas mouse antibodies mostly
contain k light chains. To increase production of antibodies containing a A LC, the
endogenous mouse Vk and Jx are replaced with a partly canine locus containing V, and Jj,
gene segment coding sequences embedded in mouse Vk region flanking and regulatory
sequences, the L-K mouse of Example 4. In such a mouse, the endogenous regulatory
sequences promoting high level « locus rearrangement and expression are predicted to have
an equivalent effect on the ectopic A locus. However, in vitro studies demonstrated that
canine V; domains do not function well with mouse C«k (see Example 9). Thus, the expected
increase in A LC-containing antibodies in the L-K mouse might not occur. As an alternate
strategy, the endogenous mouse V« and J are replaced with a partly canine locus containing
Vs, and J; gene segment coding sequences embedded in mouse Vi region flanking and
regulatory sequences and mouse Cx is replaced with mouse C;..

[000283] FIG. 13 is a schematic diagram illustrating the introduction of an engineered partly
canine light chain variable region locus in which one or more canine V; gene segment
coding sequences are inserted into a rodent immunoglobulin k light chain locus upstream
of one or more canine J, gene segment coding sequences, which are upstream of one or

more rodent Cy, region coding sequences.
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[000284] The method for replacing a portion of a mouse genome with a partly canine
immunoglobulin locus is illustrated in FIG. 13. This method includes introducing a first
site-specific recombinase recognition sequence into the mouse genome, which may be
introduced either 5' or 3' of the cluster of endogenous Vi (1315) and J« (1319) region gene
segments and the Cx (1321) exon of the mouse genome, followed by the introduction of a
second site-specific recombinase recognition sequence into the mouse genome, which in
combination with the first sequence-specific recombination site flanks the entire locus
comprising clusters of Vi and Jx gene segments and the Cx exon. The flanked region is
deleted and then replaced with a partly canine immunoglobulin locus using the relevant
site-specific recombinase, as described herein.

[000285] The targeting vectors employed for introducing the site-specific recombination
sequences on either side of the Vi (1315) gene segments and the Cx exon (1321) also
include an additional site-specific recombination sequence that has been modified so that
it is still recognized efficiently by the recombinase, but does not recombine with
unmodified sites. This site is positioned in the targeting vector such that after deletion of
the Vrand J« gene segment clusters and the Cx exon it can be used for a second site specific
recombination event in which a non-native piece of DNA is moved into the modified Vi
locus via RMCE. In this example, the non-native DNA is a synthetic nucleic acid comprises
canine Vs and Ji. gene segment coding sequences and mouse Cj. exon(s) embedded in mouse
IGK regulatory and flanking sequences.

[000286] Two gene targeting vectors are constructed to accomplish the process just outlined.
One of the vectors (1303) comprises mouse genomic DNA taken from the 5' end of the
locus, upstream of the most distal Vi« gene segment. The other vector (1305) comprises
mouse genomic DNA taken from within the locus in a region spanning upstream (5) and
downstream (3') of the C« exon (1321).

[000287] The key features of the 5' vector (1303) are as follows: a gene encoding the
diphtheria toxin A (DTA) subunit under transcriptional control of a modified herpes
simplex virus type I thymidine kinase gene promoter coupled to two mutant transcriptional
enhancers from the polyoma virus (1323); 6 Kb of mouse genomic DNA (1325) mapping
upstream of the most distal variable region gene in the k chain locus; a FRT recognition

sequence for the Flp recombinase (1327); a piece of genomic DNA containing the mouse
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Polr2a gene promoter (1329); a translation initiation sequence (1335, methionine codon
embedded in a "Kozak" consensus sequence), a mutated loxP recognition sequence
(Iox5171) for the Cre recombinase (1331); a transcription termination/polyadenylation
sequence (1333); a loxP recognition sequence for the Cre recombinase (1337); a gene
encoding a fusion protein with a protein conferring resistance to puromycin fused to a
truncated form of the thymidine kinase (pu-TK) under transcriptional control of the
promoter from the mouse phosphoglycerate kinase 1 gene (1339); 2.5 Kb of mouse
genomic DNA (1341) mapping close to the 6 Kb sequence at the 5’ end in the vector and
arranged in the native relative orientation.

[000288] The key features of the 3' vector (1305) are as follows: 6 Kb of mouse genomic
DNA (1343) mapping within the locus in a region spanning upstream (5’) and downstream
(3") of the Ci exon (1321); a gene encoding the human hypoxanthine-guanine
phosphoribosyl transferase (HPRT) under transcriptional control of the mouse Polr2a gene
promoter (1345); a neomycin resistance gene under the control of the mouse
phosphoglycerate kinase 1 gene promoter (1347); a loxP recognition sequence for the Cre
recombinase (1337); 3.6 Kb of mouse genomic DNA (1349) that maps immediately
downstream in the genome of the 6 Kb DNA fragment included at the 5° end in the vector,
with the two fragments oriented in the same relative way as in the mouse genome; a gene
encoding the diphtheria toxin A (DTA) subunit under transcriptional control of a modified
herpes simplex virus type I thymidine kinase gene promoter coupled to two mutant
transcriptional enhancers from the polyoma virus (1323).

[000289] One strategy to delete the endogenous mouse IGK locus is to insert the 3' vector
(1305) in the flanking region downstream of the mouse Ci exon (1321). However, the 3’x
enhancer, which needs to be retained in the modified locus, is located 9.1 Kb downstream
of the Cy exon, which is too short to accommodate the upstream and downstream homology
arms of the 3’ vector, which total 9.6 Kb. Therefore, the upstream region of homology was
extended.

[000290] Mouse embryonic stem (ES) cells derived from C57B1/6NTac mice are transfected
by electroporation with the 3' vector (1305) according to widely used procedures. Prior to
electroporation, the vector DNA is linearized with a rare-cutting restriction enzyme that

cuts only in the prokaryotic plasmid sequence or the polylinker associated with it. The
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transfected cells are plated and after ~24 hours they are placed under positive selection for
cells that have integrated the 3' vector into their DNA using the neomycin analogue drug
G418. There is also negative selection for cells that have integrated the vector into their
DNA but not by homologous recombination. Non-homologous recombination retains the
DTA gene, which kills the cells when the gene is expressed, but the DTA gene is deleted
by homologous recombination since it lies outside of the region of vector homology with
the mouse Igk locus. Colonies of drug-resistant ES cells are physically extracted from their
plates after they are visible to the naked eye about a week later. These colonies are
disaggregated, re-plated in micro-well plates, and cultured for several days. Thereafter,
each of the clones of cells is divided - some of the cells are frozen as an archive, and the
rest are used to isolate DNA for analytical purposes.

[000291] DNA from the ES cell clones is screened by PCR using a widely used gene-
targeting assay design. For this assay, one of the PCR oligonucleotide primer sequences
maps outside the region of identity shared between the 3' vector (1305) and the genomic
DNA (1301), while the other maps within the novel DNA between the two arms of genomic
identity in the vector, i.e, in the HPRT (1345) or neomycin resistance (1347) genes.
According to the standard design, these assays detect pieces of DNA that are only present
in clones of ES cells derived from transfected cells that had undergone fully legitimate
homologous recombination between the 3' vector (1305) and the endogenous mouse Igk
locus. Two separate transfections are performed with the 3' vector (1305). PCR-positive
clones from the two transfections are selected for expansion followed by further analysis
using Southern blot assays.

[000292] Southern blot assays are performed according to widely used procedures using three
probes and genomic DNA digested with multiple restriction enzymes chosen so that the
combination of probes and digests allowed for conclusions to be drawn about the structure
of the targeted locus in the clones and whether it is properly modified by homologous
recombination. A first probe maps to DNA sequence flanking the 5' side of the region of
identity shared between the 3' k targeting vector (1305) and the genomic DNA; a second
probe also maps outside the region of identity but on the 3' side; a third probe maps within
the novel DNA between the two arms of genomic identity in the vector, i.e., in the HPRT

(1345) or neomycin resistance (1347) genes. The Southern blot identifies the presence of
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the expected restriction enzyme-generated fragment of DNA corresponding to the correctly
mutated, i.e., by homologous recombination with the 3' k targeting vector (1305) part of
the « locus, as detected by one of the external probes and by the neomycin resistance or
HPRT gene probe. The external probe detects the mutant fragment and also a wild-type
fragment from the non-mutant copy of the immunoglobulin k locus on the homologous
chromosome.

[000293] Karyotypes of PCR- and Southern blot-positive clones of ES cells are analyzed
using an in situ fluorescence hybridization procedure designed to distinguish the most
commonly arising chromosomal aberrations that arise in mouse ES cells. Clones with such
aberrations are excluded from further use. Karyoptypically normal clones that are judged
to have the expected correct genomic structure based on the Southern blot data are selected
for further use.

[000294] Acceptable clones are then modified with the 5' vector (1303) using procedures and
screening assays that are similar in design to those used with the 3' vector (1305), except
that puromycin selection is used instead of G418/neomycin selection, and the protocols are
tailored to match the genomic region modified by the 5' vector (1303). The goal of the 5'
vector (1303) transfection experiments is to isolate clones of ES cells that have been
mutated in the expected fashion by both the 3' vector (1305) and the 5' vector (1303), i.e,,
doubly targeted cells carrying both engineered mutations. In these clones, the Cre
recombinase causes a recombination (1302) to occur between the loxP sites introduced into
the k locus by the two vectors, resulting in the genomic DNA configuration shown at 1307.

[000295] Further, the clones must have undergone gene targeting on the same chromosome,
as opposed to homologous chromosomes; i.e., the engineered mutations created by the
targeting vectors must be in cis on the same DNA strand rather than in frans on separate
homologous DNA strands. Clones with the cis arrangement are distinguished from those
with the frans arrangement by analytical procedures such as fluorescence in sifu
hybridization of metaphase spreads using probes that hybridize to the novel DNA present
in the two gene targeting vectors (1303 and 1305) between their arms of genomic identity.
The two types of clones can also be distinguished from one another by transfecting them
with a vector expressing the Cre recombinase, which deletes the pu-Tk (1339), HPRT

(1345) and neomycin resistance (1347) genes if the targeting vectors have been integrated
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in cis, and comparing the number of colonies that survive ganciclovir selection against the
thymidine kinase gene introduced by the 5' vector (1303) and by analyzing the drug
resistance phenotype of the surviving clones by a "sibling selection" screening procedure
in which some of the cells from the clone are tested for resistance to puromycin or
G418/neomycin. Cells with the cis arrangement of mutations are expected to yield
approximately 10° more ganciclovir-resistant clones than cells with the #rans arrangement.
The majority of the resulting cis-derived ganciclovir-resistant clones should also be
sensitive to both puromycin and G418/neomycin, in contrast to the framns-derived
ganciclovir-resistant clones, which should retain resistance to both drugs. Clones of cells
with the cis-arrangement of engineered mutations in the x chain locus are selected for
further use.

[000296] The doubly targeted clones of cells are transiently transfected with a vector
expressing the Cre recombinase (1302) and the transfected cells are subsequently placed
under ganciclovir selection, as in the analytical experiment summarized above.
Ganciclovir-resistant clones of cells are isolated and analyzed by PCR and Southern blot
for the presence of the expected deletion (1307) between the two engineered mutations
created by the 5' vector (1303) and the 3' vector (1305). In these clones, the Cre
recombinase causes a recombination to occur between the loxP sites (1337) introduced into
the x chain locus by the two vectors. Because the loxP sites are arranged in the same
relative orientations in the two vectors, recombination results in excision of a circle of
DNA comprising the entire genomic interval between the two loxP sites. The circle does
not contain an origin of replication and thus is not replicated during mitosis and is therefore
lost from the clones of cells as they undergo clonal expansion. The resulting clones carry
a deletion of the DNA that was originally between the two loxP sites and have the genomic
structure show at 1307. Clones that have the expected deletion are selected for further use.

[000297] The ES cell clones carrying the sequence deletion in one of the two homologous
copies of their immunoglobulin x chain locus are retransfected (1304) with a Cre
recombinase expression vector together with a piece of DNA (1309) comprising a partly
canine immunoglobulin A chain locus containing Vi (1351) and Ji (1355) gene segment
coding sequences and mouse Ci exon(s) (1357). The key features of this piece of DNA are

the following: alox5171 site (1331); a neomycin resistance gene open reading frame (1347,
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lacking the initiator methionine codon, but in-frame and contiguous with an uninterrupted
open reading frame in the lox5171 site (1331); a FRT site (1327); an array of 1-76
functional canine V) variable region gene segments (1351), each with canine coding
sequences embedded in mouse noncoding regulatory or scaffold sequences; optionally, a
13.5 Kb piece of genomic DNA from immediately upstream of the cluster of the J« region
gene segments in the mouse k chain locus (not shown); a 2 Kb piece of DNA containing
1-7 canine Ji. region gene segments embedded in mouse noncoding DNA (1355) and mouse
C. exon(s) (1357); a loxP site (1337) in opposite relative orientation to the lox5171 site
(1331). The piece of DNA also contains the deleted iEx (not shown).

[000298] The sequences of the canine Vi and Ji. gene coding regions are in Table 3.

[000299] The transfected cells are placed under G418 selection, which enriches for clones of
cells that have undergone RMCE, in which the partly canine donor DNA (1309) is
integrated in its entirety into the deleted immunoglobulin k¥ chain locus between the
lox5171 (1331) and loxP (1337) sites that were placed there by 5' (1303) and 3' (1305)
vectors, respectively. Only cells that have properly undergone RMCE have the capability
to express the neomycin resistance gene (1347) because the promoter (1329) as well as the
initiator methionine codon (1335) required for its expression are not present in the vector
(1309) and are already pre-existing in the host cell IGK locus (1307). The DNA region
created by RMCE is illustrated at 1311. The remaining elements from the 5' vector (1303)
are removed via Flp-mediated recombination (1306) in vitro or in vivo, resulting in the
final canine-based light chain locus as shown at 1313.

[000300] G418-resistant ES cell clones are analyzed by PCR and Southern blotting to
determine if they have undergone the expected RMCE process without unwanted
rearrangements or deletions. Clones that have the expected genomic structure are selected
for further use.

[000301] Clones carrying the partly canine immunoglobulin DNA in the mouse k chain locus
(1313) are microinjected into mouse blastocysts from strain DBA/2 to create partly ES cell-
derived chimeric mice according to standard procedures. Male chimeric mice with the
highest levels of ES cell-derived contribution to their coats are selected for mating to
female mice. The female mice of choice for use in the mating are of the C57B1/6NTac

strain, and also carry a transgene encoding the Flp recombinase that is expressed in their
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germline. Offspring from these matings are analyzed for the presence of the partly canine
immunoglobulin A light chain locus, and for loss of the FRT-flanked neomycin resistance
gene that was created in the RMCE step. Mice that carry the partly canine locus are used
to establish colonies of mice.

[000302] Mice carrying the partly canine heavy chain locus, produced as described in
Example 3, can be bred with mice carrying a canine A-based « chain locus. Their offspring
are in turn bred together in a scheme that ultimately produces mice that are homozygous
for both canine-based loci, i.e., canine-based for heavy chain and A-based A. Such mice
produce partly canine heavy chains with canine variable domains and mouse constant
domains. They also produce partly canine A proteins with canine A variable domains and
the mouse A constant domain from their k¥ loci. Monoclonal antibodies recovered from
these mice have canine heavy chain variable domains paired with canine A variable
domains.

[000303] A variation on the breeding scheme involves generating mice that are homozygous
for the canine-based heavy chain locus, but heterozygous at the k locus such that on one
chromosome they have the K-K canine-based locus described in Example 4 and on the
other chromosome they have the partly canine A-based k locus described in this example.
Such mice produce partly canine heavy chains with canine variable domains and mouse
constant domains. They also produce partly canine k proteins with canine k variable
domains and the mouse k constant domain from one of their ¥ loci. From the other x locus,
partly canine A proteins comprising canine A variable domains and the mouse A constant
domain are produced. Monoclonal antibodies recovered from these mice include canine
variable domains paired in some cases with canine k variable domains and in other cases

with canine A variable domains.

Example 8. Introduction of an Engineered Partly Canine Immunoglobulin Locus with

Canine A Variable Region Coding Sequences with Mouse A Constant Region Sequences

embedded in Mouse k¥ Immunoglobulin Non-coding Sequences

[000304] This example describes an alternate strategy to Example 7 in which the endogenous

mouse Vi and Ji are replaced with a partly canine locus containing canine V; and J; gene
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segment coding sequences embedded in mouse Vi region flanking and regulatory
sequences and mouse Cx is replaced with mouse C,.. However, in this example the structure
of the targeting vector containing the partly canine locus is different. The canine V gene
locus coding sequences include an array of anywhere from 1 to 76 functional V; gene
segment coding sequences, followed by an array of J;,-C; tandem cassettes in which the
Jy.1s of canine origin and the Cy is of mouse origin, for example, Ci1, Ci2 or Ci3. The
number of cassettes ranges from one to seven, the number of unique functional canine
J). gene segments. The overall structure of the partly canine A locus in this example is
similar to the endogenous mouse A locus, whereas the structure of the locus in Example 7
is similar to the endogenous mouse « locus, which is being replaced by the partly canine A
locus in that example.

[000305] FIG. 14 is a schematic diagram illustrating the introduction of an engineered partly
canine light chain variable region locus in which one or more canine V; gene segment
coding sequences are inserted into a rodent immunoglobulin k light chain locus upstream
of an array of J;,-C;. tandem cassettes in which the J; is of canine origin and the Cj, is of
mouse origin, for example, Cy1, C;2 or C;.3.

[000306] The method for replacing a portion of a mouse genome with a partly canine
immunoglobulin locus is illustrated in FIG. 14. This method provides introducing a first
site-specific recombinase recognition sequence into the mouse genome, which may be
introduced either 5' or 3' of the cluster of endogenous Vi (1415) and Ji (1419) region gene
segments and the Ci (1421) exon of the mouse genome, followed by the introduction of a
second site-specific recombinase recognition sequence into the mouse genome, which in
combination with the first sequence-specific recombination site flanks the entire locus
comprising clusters of Vi and Ji gene segments and the C exon. The flanked region is
deleted and then replaced with a partly canine immunoglobulin locus using the relevant
site-specific recombinase, as described herein.

[000307] The targeting vectors employed for introducing the site-specific recombination
sequences on either side of the Vi (1415) gene segments and the Ci exon (1421) also
include an additional site-specific recombination sequence that has been modified so that

it is still recognized efficiently by the recombinase, but does not recombine with
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unmodified sites. This site is positioned in the targeting vector such that after deletion of
the Vi and J« gene segment clusters and the C exon it can be used for a second site specific
recombination event in which a non-native piece of DNA is moved into the modified Vi
locus via RMCE. In this example, the non-native DNA is a synthetic nucleic acid
comprising an array of canine Vi gene segment coding sequences and an array of Ji-
Ci. tandem cassettes in which the Ji is of canine origin and the Cy is of mouse origin, for

example, Cy1, Ci2 or Ci3 embedded in mouse IGK regulatory and flanking sequences.

[000308] Two gene targeting vectors are constructed to accomplish the process just outlined.

One of the vectors (1403) comprises mouse genomic DNA taken from the 5' end of the
locus, upstream of the most distal Vi gene segment. The other vector (1405) comprises
mouse genomic DNA taken from within the locus in a region spanning upstream (5) and

downstream (3') of the Cy exon (1321).

[000309] The key features of the 5' vector (1403) and the 3' vector (1405) are described in

Example 7.

[000310] Mouse embryonic stem (ES) cells derived from C57B1/6NTac mice are transfected

by electroporation with the 3' vector (1405) according to widely used procedures as
described in Example 7. DNA from the ES cell clones is screened by PCR using a widely
used gene-targeting assay as described in Example 7. The Southern blot assays are

performed according to widely used procedures as described in Example 7.

[000311] Karyotypes of PCR- and Southern blot-positive clones of ES cells are analyzed

using an in situ fluorescence hybridization procedure designed to distinguish the most
commonly arising chromosomal aberrations that arise in mouse ES cells. Clones with such
aberrations are excluded from further use. Karyoptypically normal clones that are judged
to have the expected correct genomic structure based on the Southern blot data are selected

for further use.

[000312] Acceptable clones are modified with the 5' vector (1403) using procedures and

screening assays as described in Example 7. The resulting correctly targeted ES clones
have the genomic DNA configuration of the endogenous « locus in which the 5’ vector
(1403) is inserted upstream of endogenous Vi gene segments and the 3’ vector (1405) is

inserted downstream of the endogenous Cy. In these clones, the Cre recombinase causes
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recombination (1402) to occur between the loxP sites introduced into the x locus by the
two vectors, resulting in the genomic DNA configuration shown at 1407.

[000313] Acceptable clones undergo gene targeting on the same chromosome, as opposed to
homologous chromosomes; such that the engineered mutations created by the targeting
vectors are in cis on the same DNA strand rather than in frans on separate homologous
DNA strands. Clones with the cis arrangement are distinguished from those with the frans
arrangement by analytical procedures as described in Example 7.

[000314] The doubly targeted clones of cells are transiently transfected with a vector
expressing the Cre recombinase (1402) and the transfected cells are subsequently placed
under ganciclovir selection and analyses using procedures described in Example 7. In
selected clones, the Cre recombinase has caused a recombination to occur between the loxP
sites (1437) introduced into the k chain locus by the two vectors. Because the 1oxP sites
are arranged in the same relative orientations in the two vectors, recombination results in
excision of a circle of DNA comprising the entire genomic interval between the two loxP
sites. The circle does not contain an origin of replication and thus is not replicated during
mitosis and is therefore lost from the clones of cells as they undergo clonal expansion. The
resulting clones carry a deletion of the DNA that was originally between the two 1oxP sites
and have the genomic structure show at 1407. Clones that have the expected deletion are
selected for further use.

[000315] The ES cell clones carrying the deletion of sequence in one of the two homologous
copies of their immunoglobulin x chain locus are retransfected (1404) with a Cre
recombinase expression vector together with a piece of DNA (1409) comprising a partly
canine immunoglobulin A chain locus containing Vi, (1451) segment coding sequences and
atandem array of cassettes containing canine J;. gene segment coding sequences and mouse
Cs. exon(s) embedded in mouse IGK flanking and regulatory DNA sequences (1457). The
key features of this piece of DNA are the following: a lox5171 site (1431); a neomycin
resistance gene open reading frame (1447, lacking the initiator methionine codon, but in-
frame and contiguous with an uninterrupted open reading frame in the lox5171 site (1431);
a FRT site (1427); an array of 1-76 functional canine Vi variable region gene segments
(1451), each containing canine coding sequences embedded in mouse noncoding

regulatory or scaffold sequences; optionally, a 13.5 Kb piece of genomic DNA from

93



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

immediately upstream of the cluster of the Jx region gene segments in the mouse k chain
locus (not shown); DNA containing a tandem array of cassettes containing canine Ji. gene
segment coding sequences and mouse C;. exon(s) embedded in mouse IGK flanking and
regulatory DNA sequences (1457); a loxP site (1437) in opposite relative orientation to
the lox5171 site (1431).

[000316] The sequences of the canine Vi and Ji. gene coding regions are in Table 3.

[000317] The transfected cells are placed under G418 selection, which enriches for clones of
cells that have undergone RMCE, in which the partly canine donor DNA (1409) is
integrated in its entirety into the deleted immunoglobulin k chain locus between the
lox5171 (1431) and loxP (1437) sites placed there by the 5' (1403) and 3' (1405) vectors,
respectively. Only cells that properly undergo RMCE have the capability to express the
neomycin resistance gene (1447) because the promoter (1429) as well as the initiator
methionine codon (1435) required for its expression are not present in the vector (1409)
and are already pre-existing in the host cell IGK locus (1407). The DNA region created
by RMCE is illustrated at 1411. The remaining elements from the 5' vector (1403) are
removed via Flp-mediated recombination (1406) in vitro or in vivo, resulting in the final
canine-based light chain locus as shown at 1413.

[000318] G418-resistant ES cell clones are analyzed by PCR and Southern blotting to
determine if they have undergone the expected RMCE process without unwanted
rearrangements or deletions. Clones that have the expected genomic structure are selected
for further use.

[000319] Clones carrying the partly canine immunoglobulin DNA in the mouse k chain locus
(1413) are microinjected into mouse blastocysts from strain DBA/2 to create partly ES cell-
derived chimeric mice according to standard procedures. Male chimeric mice with the
highest levels of ES cell-derived contribution to their coats are selected for mating to
female mice. The female mice of choice for use in the mating are of the C57B1/6NTac
strain, and also carry a transgene encoding the Flp recombinase that is expressed in their
germline. Offspring from these matings are analyzed for the presence of the partly canine
immunoglobulin A light chain locus, and for loss of the FRT-flanked neomycin resistance
gene that was created in the RMCE step. Mice that carry the partly canine locus are used

to establish colonies of mice.
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[000320] Mice carrying the partly canine heavy chain locus, produced as described in
Example 3, can be bred with mice carrying a canine A-based « chain locus. Their offspring
are in turn bred together in a scheme that ultimately produces mice that are homozygous
for both canine-based loci, i.e., canine-based for heavy chain and A-based k. Such mice
produce partly canine heavy chains with canine variable domains and mouse constant
domains. They also produce partly canine A proteins with canine A variable domains and
the mouse A constant domain from their ¥ loci. Monoclonal antibodies recovered from
these mice have canine heavy chain variable domains paired with canine A variable
domains.

[000321] A variation on the breeding scheme involves generating mice that are homozygous
for the canine-based heavy chain locus, but heterozygous at the k locus such that on one
chromosome they have the K-K canine-based locus described in Example 4 and on the
other chromosome they have the partly canine A-based k locus described in this example.
Such mice produce partly canine heavy chains with canine variable domains and mouse
constant domains. They also produce partly canine k proteins with canine k variable
domains and the mouse k constant domain from one of their ¥ loci. From the other x locus,
they produce partly canine A proteins with canine A variable domains and the mouse
A constant domain. Monoclonal antibodies recovered from these mice have canine variable
domains paired in some cases with canine x variable domains and in other cases with
canine A variable domains.

[000322] The method described above for introducing an engineered partly canine
immunoglobulin locus with canine A variable region coding sequences and mouse A
constant region sequences embedded in mouse k immunoglobulin non-coding sequences
involve deletion of the mouse Ci exon. An alternate method involves inactivating the Cy
exon by mutating its splice acceptor site. Introns must be removed from primary mRNA
transcripts by a process known as RNA splicing in which the spliceosome, a large
molecular machine located in the nucleus, recognizes sequences at the 5’ (splice donor)
and 3’ (splice acceptor) ends of the intron, as well as other features of the intron including
a polypyrimidine tract located just upstream of the splice acceptor. The splice donor

sequence in the DNA is NGT, where “N” is any deoxynucleotide and the splice acceptor
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is AGN (Cech TR, Steitz JA and Atkins JF Eds. (2019) (RNA Worlds: New Tools for Deep
Exploration, CSHL Press) ISBN 978-1-621822-24-0).

[000323] The mouse Ci exon is inactivated by mutating its splice acceptor sequence and the
polypyrimidine tract. The wild type sequence upstream of the Cx exon is
CTTCCTTCCTCAG (SEQ ID NO: 470) (the splice acceptor site is underlined). It is
mutated to AAATTAATTAACC (SEQ ID NO: 471), resulting in a non-functional splice
acceptor site and thus a non-functional Ci exon. The mutant sequence also introduces a
Pacl restriction enzyme site (underlined). As an eight base pair recognition sequence, this
restriction site is expected to be present only rarely in the mouse genome (~ every 65,000
bp), making it simple to detect whether the mutant sequence has been inserted into the IGK
locus by Southern blot analysis of the ES cell DNA that has been digested with Pacl and
another, more frequently cutting restriction enzyme. The wild type sequence is replaced
with the mutant sequence by homologous recombination, a technique widely known in the
art, as to insert the 3° RMCE vector. The key features of the homologous recombination
vector (MSA, 1457) to mutate the Cy exon splice acceptor sequence and the polypyrimidine
tract are as follows: 6 Kb of mouse genomic DNA (1443) mapping within the k locus in a
region spanning upstream (57) and downstream (3') of the C exon (1421) and containing
the mutant AAATTAATTAACC (SEQ ID NO: 471) (1459) sequence instead of the wild
type CTTCCTTCCTCAG (SEQ ID NO: 470) sequence in its natural position just upstream
of the Ci exon, a neomycin resistance gene under the control of the mouse
phosphoglycerate kinase 1 gene promoter (1447) and flanked by mutant FRT sites (1461);
3.6 Kb of mouse genomic DNA (1449) that maps immediately downstream in the genome
of the 6 Kb DNA fragment included at the 5’ end in the vector, with the two fragments
oriented in the same relative way as in the mouse genome; a gene encoding the diphtheria
toxin A (DTA) subunit under transcriptional control of a modified herpes simplex virus
type I thymidine kinase gene promoter coupled to two mutant transcriptional enhancers
from the polyoma virus (1423). Mutant FRT sites (1461), e.g., FRT F3 or FRT F5 (Schlake
and Bode (1994) Use of mutated FLP recognition target (FRT) sites for the exchange of
expression cassettes at defined chromosomal loci. Biochemistry 33:12746-12751 PMID:
7947678 DOI: 10.1021/b100209a003), are being used here because, once the spicing

mutation is introduced and the Neo gene is deleted by transient transfection of a FLP
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recombinase expression vector (1406), the ES cells are subjected to further genetic
manipulation. This process requires wild type FRT sites to delete another Neo selection
gene (1447 at 1403). If the FRT site (1461) remaining in the IGK locus (1469) after
introduction of the splicing mutation is wild type, attempted FRT-mediated deletion of this
second Neo gene (1406 at 1413) may inadvertently result in deletion of the entire newly-
introduced partly canine locus and the inactivated mouse Ci exon.

[000324] Mouse embryonic stem (ES) cells derived from C57B1/6NTac mice are transfected
by electroporation with the MSA vector (1457) according to widely used procedures. Prior
to electroporation, the vector DNA is linearized with a rare-cutting restriction enzyme that
cuts only in the prokaryotic plasmid sequence or the polylinker associated with it. The
transfected cells are plated and after ~24 hours they are placed under positive selection for
cells that have integrated the MSA vector into their DNA by using the neomycin analogue
drug G418. There is also negative selection for cells that have integrated the vector into
their DNA but not by homologous recombination. Non-homologous recombination results
in retention of the DTA gene, which kills the cells when the gene is expressed, whereas the
DTA gene is deleted by homologous recombination since it lies outside of the region of
vector homology with the mouse IGK locus. Colonies of drug-resistant ES cells are
physically extracted from their plates after they became visible to the naked eye about a
week later. These picked colonies are disaggregated, re-plated in micro-well plates, and
cultured for several days. Thereafter, each of the clones of cells is divided such that some
of the cells are frozen as an archive, and the rest used to isolate DNA for analytical
purposes.

[000325] The IGK locus in ES cells that are correctly targeted by homologous recombination
has the configuration depicted at 1463.

[000326] DNA from the ES cell clones is screened by PCR using a widely used gene-
targeting assay design. For this assay, one of the PCR oligonucleotide primer sequences
maps outside the region of identity shared between the MSA vector (1457) and the genomic
DNA (1401), while the other maps within the novel DNA between the two arms of genomic
identity in the vector, i.e., the neomycin resistance (1447) gene. According to the standard
design, these assays detect pieces of DNA that are only present in clones of ES cells derived

from transfected cells that had undergone fully legitimate homologous recombination
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between the MSA vector (1457) and the endogenous mouse IGK locus. Two separate
transfections are performed with the MSA vector (1457). PCR-positive clones from the
two transfections are selected for expansion followed by further analysis using Southern
blot assays.

[000327] The Southern blot assays are performed according to widely used procedure using
three probes and genomic DNA digested with multiple restriction enzymes chosen so that
the combination of probes and digests allowed for conclusions to be drawn about the
structure of the targeted locus in the clones and whether it is properly modified by
homologous recombination. In in this particular example, the DNA is double digested with
Pacl and another restriction enzyme such as EcoRI or HindIll, as only cells with the
integrated MSA vector contains the Pacl site. A first probe maps to DNA sequence flanking
the 5' side of the region of identity shared between the MSA vector (1457) and the genomic
DNA; a second probe also maps outside the region of identity but on the 3' side; a third
probe maps within the novel DNA between the two arms of genomic identity in the vector,
i.e., in the neomycin resistance (1447) gene. The Southern blot identifies the presence of
the expected restriction enzyme-generated fragment of DNA corresponding to the correctly
mutated, i.e., by homologous recombination with the MSA « targeting vector (1457) part
of the « locus, as detected by one of the external probes and by the neomycin resistance
gene probe. The external probe detects the mutant fragment and also a wild-type fragment
from the non-mutant copy of the immunoglobulin k locus on the homologous chromosome.
The Southern blot assays are performed according to widely used procedures described in
Example 7.

[000328] Karyotypes of PCR- and Southern blot-positive clones of ES cells are analyzed
using an in situ fluorescence hybridization procedure designed to distinguish the most
commonly arising chromosomal aberrations that arise in mouse ES cells. Clones with such
aberrations are excluded from further use. Karyoptypically normal clones that are judged
to have the expected correct genomic structure based on the Southern blot data are selected
for further use.

[000329] Although the ability of the ES cell DNA to be digested by Pacl in the mutated IGK
allele confirms the presence of the TTAATTAA sequence, DNA sequencing focusing on

the region upstream of the Cy exon is performed to confirm the presence of the complete
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expected splicing mutation. The region is amplified by genomic PCR using primers that
flank the mutation [1465 and 1467 (Table 6: SEQ ID NO: 417 and SEQ ID NO:418)]. An
alternate primer pair is shown in SEQ ID NO: 419 and SEQ ID NO: 420. These primers
are designed using NCBI Primer-Blast and verified in silico to lack any predicted off-target
binding sites in the mouse genome.

[000330] Sequence-verified ES cell clones are transiently transfected (1406) with a FLP
recombinase expression vector to delete the neomycin resistance gene (1427). The cells are
then subcloned and the deletion is confirmed by PCR. The IGK locus in the ES cells have
the genomic configuration depicted at 1469.

[000331] The ES cells are electroporated with the 5’ and 3° RMCE vectors, as described
above. The only differences are that the 3’ vector (1405) is inserted upstream of the mutant
Cx exon at the position shown in FIG. 9 at 901 and upstream and downstream homology
arms of the 37 vector (1405) is replaced by the sequences 943 and 949, respectively of the
37 vector (905) shown in FIG. 9. As a result, PCR primers and Southern blot probes used
to test for correct integration of the 3” vector (1405) are derived from sequences 943 and
949 instead of 1443 and 1449. The iEx enhancer is not included in the targeting vector

(1409), since this sequence was not deleted.

Example 9: Canine VA domains do not function well with mouse Cx domains and canine

Vx domains do not function well with mouse CA domains.

[000332] For the proposed L-K mouse (Example 4), canine Vi and Ji. gene segment coding
sequences flanked by mouse non-coding and regulatory sequences are embedded in the
mouse IGK locus from which endogenous Vi and J« gene segments have been deleted.
After productive Vi—Ji. gene rearrangement, the resulting Ig gene encodes a LC with a
canine A variable domain and a mouse k constant domain. To test whether such a hybrid
LC was properly expressed and forms an intact Ig molecule, a series of transient
transfection assays were performed with different combinations of Vs, both Vi and Vi, and
C light chain exons, both Ci and Cy, together with an Ig HC and tested for cell surface and

intracellular expression and secretion of the encoded Ig.
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[000333] For these experiments canine IGHV3-5 (Accession No. MF785020.1), IGHV3-19
(Accession No. FJ197781.1) or IGHV4-1 (Accession No. DN362337.1) linked to a mouse
IgM? allotype HC was individually cloned into a pCMV vector. Each Vu-encoding DNA
contained the endogenous canine Ll-intron-L2 and germline, i.e., unmutated VDJ
sequence. Unmutated canine IGLV3-28 (Accession No. EU305423) or IGKV2-5
(Accession No. EU295719.1) were cloned into a pFUSE vector. Each canine VL exon was
linked to the constant region of mouse Cy, Ci1 or Ci2 (Ci3 was presumed to have the same
properties as Ci2 since they have nearly identical protein sequence.) L1-intron-L2
sequences in each VL were of canine origin. 293T/17 cells were co-transfected with a
human CD4 expression vector as a transfection control plus one of the HC and LC
constructs and a CD79a/b expression vector. The CD79a/b heterodimer was required for
cell surface expression of the IgM. Approximately 24h later, the transfected cells were
subjected to cell surface or intracellular staining by flow cytometry. For analysis of Ig
secretion the same Vu genes as above were cloned into a pFUSE vector containing mouse
IgG2a Fc. 293T/17 cells were co-transfected with a human CD4 (hCD4) expression vector
as a transfection control plus one of the HC and LC constructs described above. (In these
experiments Ci3 was also tested.) Approximately 48hr later, the transfected cells and their
corresponding supernatants were harvested and analyzed for HC/LC expression/secretion
by western blotting.

[000334] To summarize the data obtained from these experiments, when canine IGLV3-28
was linked to mouse Cy, IgM expression on the cell surface was at least two times less than
when the same dog Vi was linked to Ci1 or Cia. Likewise, when IGKV2-5 was linked to
mouse C;, the level of surface IgM was drastically decreased. The extent of the expression
defect was dependent of the particular Vu gene being used; some Vu genes allowed for
some cell surface expression of the hybrid light chains, but others were more stringent. The
same trends were seen with Ig secretion.

[000335] FIG. 15 shows the results of flow cytometry analysis of cells expressing IGHV3-5,
which was one of the less stringent Vi genes, with canine IGVL3-28/IGLJ6 (1501) or with
canine IGVK2-5/IGJK1 (1502). The top row panels are transfection controls stained with
hCD4 mAb antibody (1509) and the bottom panels were stained with mouse IgM? allotype
mAb (1510). The non-transfected, hCD4- cells (1513) and transfected, hCD4+ cells (1514)
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are indicated in all panels by the different shaded histograms. The frequency of non-
transfected, hCD4- cells is indicated by the number in the upper left of each panel in the
top row and the frequency of transfected, hCD4+ cells is indicated by the number in the
upper right of each panel in the top row. Transfection efficiency was similar in all cases.
However, when canine Vi, was linked to mouse C (1503, bottom row) IgM expression on
the cell surface was less than when the same canine Vi was linked to mouse Ci1 or Ciz
(1504, 1505, bottom row) Similarly, the canine IgM with V. was expressed better when
linked to C (1506, bottom row) than to Cx1 or Ci2 (1507, 1508, bottom row). The numbers
in the upper right of each panel in the bottom row indicate the mean fluorescence intensity
(MF]I) of the cell surface IgMP staining, which is a quantitative indication of the level of
expression.

[000336] FIG. 16 shows the results of flow cytometry analysis of cells expressing IGHV3-5,
which was one of the less stringent Vi genes, with canine IGVL3-28/IGLJ6 (1601) or with
canine IGVK2-5/IGJK1 (1602). These were the same cells as in FIG. 15, but were stained
for cell surface mouse k¥ LC (1609) or mouse A LC (1610), confirming the results shown
in FIG. 15.

[000337] FIG. 17 shows the results of flow cytometry analysis of cells expressing IGHV4-1,
which was more stringent than IGHV3-5, with canine IGVL3-28/IGLJ6 (1701) or with
canine IGVK2-5/IGJK1 (1702). The top row panels are transfection controls stained with
hCD4 mAb antibody (1709) and the bottom panels are stained with mouse IgMP allotype
mAb (1710). The non-transfected, hCD4- cells (1713) and transfected, hCD4+ cells (1714)
are indicated in all lower panels by the different shaded histograms. The frequency of non-
transfected, hCD4- cells is indicated by the number in the upper left of each panel in the
top row and the frequency of transfected, hCD4+ cells is indicated by the number in the
upper right of each panel in the top row. Transfection efficiency was similar in all cases.
However, when canine Vi, was linked to mouse Cy (1703, bottom row) IgM expression on
the cell surface was much less than when the same canine Vi was linked to mouse Ciui or
Ci2 (1704, 1705, bottom row), although the best expression in this case was with Cy2 (1705,
bottom row). Similarly, the canine IgM with V. was expressed much better when linked to
C« (1706, bottom row) than to Ciu1 or Ciz (1707, 1708, bottom row). In fact, in this case,

expression of IgM with Ca1 or Ciz was essentially undetectable. The numbers in the upper

101



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

right of each panel in the bottom row indicate the mean fluorescence intensity (MFI) of the
cell surface IgM® staining, which is a quantitative indication of the level of expression.
Staining with antibodies specific for mouse A LC or k LC was performed in all experiments
and confirmed the results of staining with the IgMP allotype mAb (not shown).

[000338] FIG. 18 shows the results of flow cytometry analysis of cells expressing IGHV3-
19, which was the most stringent of the IGHV genes tested in terms of the ability of canine
V. to function with mouse Cy, with canine IGVL3-28/IGLJ6 (1801) or with canine IGVK2-
5/IGJK1 (1802). The top row panels are transfection controls stained with hCD4 mAb
antibody (1809) and the bottom panels are stained with mouse IgMP" allotype mAb (1810).
The non-transfected, hCD4- cells (1813) and transfected, hCD4+ cells (1814) are indicated
in all lower panels by the different shaded histograms. The frequency of non-transfected,
hCD4- cells is indicated by the number in the upper left of each panel in the top row and
the frequency of transfected, hCD4+ cells is indicated by the number in the upper right of
each panel in the top row. Transfection efficiency was similar in all cases. There was
essentially no surface IgM expression when the canine Vi was linked to mouse Ci (1803,
bottom row) and only low-level expression when the canine Vy was linked to mouse Cx1
or Ci2 (1807, 1808, bottom row). The numbers in the upper right of each panel in the bottom
row indicate the mean fluorescence intensity (MFI) of the cell surface IgMP staining, which
is a quantitative indication of the level of expression. Staining with antibodies specific for
mouse A LC or x LC was performed in all experiments and confirmed the results of staining
with the IgMP allotype mAb (not shown).

[000339] The results of this analysis indicate that hybrid light chains that include canine Vi
and mouse Ci or canine Vi and mouse Cii or Ci2 were often poorly expressed on the cell
surface with pHC. The level of cell surface IgM was dependent on the particular Vi used
by the uHC, but there was no discernable pattern that would allow prediction of whether a
particular Va would allow modest or no cell surface IgM expression. Since B cell survival
depends on IgM BCR expression, pairing of canine Vi and mouse Ci would result in a
major reduction in the development of ALC-expressing B cells. Similarly, pairing of canine
Vi with mouse Cii or Ci2 would reduce the development of k-LC expressing B cells.

[000340] Expression and secretion of the Ig with hybrid or homologous LC was also tested.

Supernatants and cell lysates of the transiently transfected cells were analyzed by western
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blotting. FIG. 19A shows the results of supernatants of cells using canine IGVL3-28 paired
with mouse Cy, Ci1, Ci2 or Cis and a mouse IgG2a HC containing canine IGHVH3-5
(1901), IGHVH3-19 (1902) or IGHVH4-1 (1903). FIG. 19B shows the results of lysates
of cells using canine IGVL3-28 paired with mouse C, Cii, Ci2 or Ci3 and a mouse IgG2a
HC containing canine IGHVH3-5 (1904), IGHVH3-19 (1905) or IGHVH4-1 (1906). The
samples were electrophoresed under non-reducing (not shown) or reducing conditions and
the blot was probed with an IgG2a antibody. The amount of IgG2a secreted when canine
IGVL3-28 was paired with mouse C, (1907) was consistently much less than when it was
paired with Ci1 (1908) Ciz2 (1909) or Ciz (1910) (FIG. 18A). This difference was not due
to lower expression or enhanced degradation of the y2a HC in the canine IGVL3-28-mouse
Cx cells, since the levels were similar in each group of the transfectants (FIG. 19B), or to
less protein being analyzed. Loading controls, Myc (FIG. 20A) and GAPDH (FIG. 20B)
showed that protein amounts in each group were nearly identical. (The blot used in FIG.
19B was stripped and sequentially reprobed with antibodies to Myc and GAPDH and so
the lanes in FIG. 20A and 20B are identical to FIG. 19B.

[000341] In another set of experiments, the stability of the canine IGVL3-28-mouse C LC
in transfected cells (FIG. 21B, reducing conditions) was examined in parallel with the
secretion analysis (FIG. 21A, non-reducing conditions). Again, much less IgG2a was
secreted when the LC was canine IGVL3-28-mouse Ci (FIG. 2A, 2102) than when it was
canine IGVL3-28-mouse Ci1 (FIG. 2A, 2103) or IGVL3-28-mouse Ciz (FIG. 2A, 2104)
However there was a significant amount of intracellular xkLC in IGVL3-28-mouse C cell
lysates detectable with an anti-k antibody (FIG. 2B, 2102) , similar to the levels seen when
the LC was canine IGVK2-5-mouse Ci (FIG. 20B, 2105). Thus the hybrid IGVL3-28-
mouse C, was expressed well and not rapidly degraded intracellularly. In this particular
canine VH-VK combination, the secretion of canine IgG2a using VK2-5 was similar when
it was attached to Vi (2105), Ci1 (2106) or Ci2 (2107).

[000342] The results in FIGs. 21A and 21B, indicate that the reduced secretion of Ig
molecules bearing a hybrid canine Vi-mouse Cx was due to an inability to fold or to pair
correctly with the y2a HC. While not wishing to be bound by theory, it is believed that this

results in retention of the incompletely assembled IgG2a molecule in the endoplasmic
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reticulum (ER) by ER quality control mechanisms such as the Ig HC retention molecule
BiP (Haas and Wabl (1983) Immunoglobulin Heavy Chain Binding Protein. Nature
306:387-389 PMID 6417546; Bole, et al. (1986) Posttranslational association of
immunoglobulin heavy chain binding protein with nascent heavy chains in nonsecreting

and secreting hybridomas. J. Cell Biology 102:1558-1566 PMID 3084497).

Example 10: Expression of Partly Canine Immunoglobulin with Mouse IeD

[000343] IgD is co-expressed with IgM on mature B cells in most mammals. However, the
issue of whether dogs have a functional constant region gene to encode the SHC is quite
controversial. Early serological studies using a mAb identified an “IgD-like” molecule that
was expressed on canine lymphocytes (Yang, et al. (1995) Identification of a dog IgD-like
molecule by a monoclonal antibody. Vet. Immunol. and Immunopath. 47:215-224. PMID:
8571542). However, serum levels of this IgD increased upon immunization of dogs with
ragweed extract. This is not typical of bona fide IgD, which is present in vanishingly small
amounts in serum and is not boosted by immunization; IgD is primarily a BCR isotype,
especially in mice. Later, Rogers, et al. ((2006) Molecular characterization of
immunoglobulin D in mammals: immunoglobulin heavy constant delta genes in dogs,
chimpanzees and four old world monkey species. Immunol. 118:88-100
(doi:10.1111/.1365-2567.2006.02345 x)) cloned a cDNA by RT-PCR of RNA isolated
from dog blood that, by sequence homology, encoded an authentic SHC. However, the
most recent annotation of the canine IgH locus by the international ImMunoGeneTics
information system® /www imgt.org, {IMGT) lists Co as a non-functional open reading
frame because of a non-canonical splice donor site, NGC instead of NGT, for the hinge 2
exon. It is possible that some low level of correct “leaky” splicing and IgD expression may
occur in the dog, thus accounting for the ability of Rogers, et al. to isolate a C6 cDNA
clone. However, the concern was that the canine Vu domains might not fold properly when
linked to mouse C9, since the dog Vu gene region has apparently been evolving with a
partial or completely non-functional Cs gene. A problem with partial or absent assembly

of the partly canine IgD could disturb normal B cell development.
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[000344] To test whether canine Vu domains with a Co backbone can assemble into an IgD
molecule expressible on the cell membrane, transient transfection and flow cytometry
analyses were conducting using methods similar to those described in Example 8.

[000345] 293T/17 cells were co-transfected with a human CD4 (hCD4) expression vector as
a transfection control plus one of the HC constructs from Example 8, except that Cu was
replaced with Co, and one of the x or A LC constructs, along with a CD79a/b expression
vector. As can be seen in FIGS. 22-24, the HC with canine VH domains with a mouse IgD
backbone were expressed on the cell surface when paired with a canine Vi-mouse Ci or a
canine Cy-mouse C; LC.

[000346] FIG. 22 shows expression of cell surface canine IGHV3-5 with a mouse IgD
backbone and canine IGKV2-5/IGKJ1-Ci (column 2201) and canine IGLV3-28/IGLJ6
attached to mouse Cy1 (2202), Cs2 (2203) or Cys (2204). In these studies, the top row
(2205) shows staining for cell surface hCD4, the control for transfection efficiency. Row
2206 shows staining for CD79b, an obligate component of the BCR, which confirms cell
surface IgD expression. Row 2207 shows IgD staining, 2208 shows k LC, and 2209 shows
A LC. These particular canine Vu/Vi or Vu/Vi LC combinations were expressed well on
the cell surface.

[000347] FIG. 23 shows expression of cell surface canine IGHV3-19 with a mouse IgD
backbone and canine IGKV2-5/IGKJ1-Ci (column 2301) and canine IGLV3-28/IGLJ6
attached to mouse C;1 (2302), Cy2 (2303) or C;3 (2304). (The cell surface staining data is
arranged the same as in FIG. 22.) The cell surface expression of IgD with these particular
canine Vu/V or Vu/V;. LC combinations was not as high as in FIG. 22. Recall that canine
IGHV3-19 was also the most stringent Vu in terms of its ability to associate with a canine
Vi-mouse C;, LC. (FIG. 19).

[000348] FIG. 24 shows expression of cell surface canine IGHV4-1 with a mouse IgD
backbone and canine IGKV2-5/IGKJ1-Ci (column 2401) and canine IGLV3-28/IGLJ6
attached to mouse Ci1 (2402), Cy2 (2403) or Ci3 (2404). (The cell surface staining data is
arranged the same as in FIG. 22.) The cell surface expression of IgD with these particular

canine Vu/Vy or Vu/V; LC combinations was intermediate between that observed in FIG.

22 and FIG. 23.
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[000349] This data demonstrates that canine Vu genes were expressed with a mouse IgD
backbone, although the level of cell surface expression varied depending on the particular
HC/LC combination. It is believed that HC/LC combinations that can be expressed as IgD
on the cell surface are selected into the follicular B cell compartment during B cell
development, generating an adequate BCR repertoire.

[000350] The preceding merely illustrates the principles of the methods described herein. It
will be appreciated that those skilled in the art will be able to devise various arrangements
which, although not explicitly described or shown herein, embody the principles of the
invention and are included within its spirit and scope. Furthermore, all examples and
conditional language recited herein are principally intended to aid the reader in
understanding the principles of the invention and the concepts contributed by the inventors
to furthering the art, and are to be construed as being without limitation to such specifically
recited examples and conditions. Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention as well as specific examples thereof, are
intended to encompass both structural and functional equivalents thereof. Additionally, it
is intended that such equivalents include both currently known equivalents and equivalents
developed in the future, i.e., any elements developed that perform the same function,
regardless of structure. The scope of the present invention, therefore, is not intended to be
limited to the exemplary embodiments shown and described herein. Rather, the scope and
spirit of present invention is embodied by the appended claims. In the claims that follow,
unless the term "means" is used, none of the features or elements recited therein should be
construed as means-plus-function limitations pursuant to 35 U.S.C. §112 96. All references

cited herein are incorporated by reference in their entirety for all purposes.
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SEQUENCE TABLES
Canine Ig
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(NB, the sequence and annotation of the dog genome is still incomplete. These tables do
not necessarily describe the complete canine VH, DH and JH, Vk AND Jk, or VA and JA

gene segment repertoire.)

(F = Functional, ORF = open reading frame, P = pseudogene, *0X indicates the IMGT

allele number)

Table 1. Canine IGH locus

Germline VH sequences

SEQ ID NO. 1 IGHV1-4-1 (P)

>IGHV1-4-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtccagctggtgcagtctggggctgaggtgaggaaaccagtttcatctgtgaaggte
tcctggaaggcatctggatacacctacatggatgcttatatgcactggttatgacaaget
tcaggaataaggtttgggtgtatgggatggattggtcccaaagatggtgccacaagatat
tcacagaagttccacagcagagtctccctgatggcagacatgtccaaagcacagectaca
tgctgctgagcagtcagaggcctgaggacacacctgcatattactgtgtgggacact

SEQ ID NO. 2 IGHV1-15 (P)

>IGHV1-15*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtccagctggtgcagtctggggctgaggtgaagaagccaggtacatccgtgaaggte
tcatgcaagacatctggatacaccttcactgactactatatgtactgggtacgacaggcect
tcaggagcagggcttgattggatgggacagattggtccctaagatggtgccacaaggtat
gcacagaagtttcagggcagagtcaccctgtcaacagacacatccacaagcacagcectac
atggagctgagcagtctgagagctgaggacacagccatgtactactctgtgaga

SEQ ID NO. 3 IGHV1-17 (P)

>IGHV1-17*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtccagctggtgcagtctggggctgaggtgaagaagctaagggcatcagtgatagte
ccctgcaagacatctggatacagecttcactgactacattttggaatgggtatgacagget
ccaggaccagggcttgagtggatgggatggattggtcctgaagatggtgagacaaagtat
gtgcagaagttccaggcagagtcaccctgatggcagacacaaccacaagcacagccaaca
tggagctgaccagtctgagagctgaggacacagccatgtactactgtgtga

SEQ ID NO. 4 IGHV1-30 (F)

>IGHV1-30*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtccagctggtgcagtctggggctgaggtgaagaagccaggggcatctgtgaaggte
tcctgcaagacatctggatacaccttcattaactactatatgatctgggtacgacagget
ccaggagcagggcttgattggatgggacagattgatcctgaagatggtgeccacaagttat
gcacagaagttccagggcagagtcaccctgacagcagacacatccacaagcacagcectac
atggagctgagcagtctgagagctggggacatagctgtgtactactgtgecgaga

SEQ ID NO. 5 IGHV3-2 (F)

>IGHV3-2*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagectggggggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagcaactacatgagectggateccgecagget
ccagggaaggggctgcagtgggtctcacaaattagcagtgatggaagtagcacaagectac
gcagacgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagatgaggacacggcagtgtattactgtgcaaggga
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SEQ ID NO. 6 IGHV3-3 (F)

>IGHV3-3*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacatggtgaagcctggggggtccctgagacte
tcctgtgtggecctcectggatttaccttcagtagttactacatgtattgggeccecgecagget
ccagggaaggggcttcagtgggtctcacacattaacaaagatggaagtagcacaagetat
gcagacgctgtgaagggccgattcaccatctccagagacaacgcaaagaatacgctgtat
ctgcagatgaacagcctgagagctgaggacacageggtgtattactgtgcaaagga

SEQ ID NO. 7 IGHV3-4 (P)

>IGHV3-4*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctgggggagacctgatgaagecctgggggggtecctgagact
ctcctgtgtggectectgaattcatecttcagtggctactggaagtactggateccaccaage
tccagggaaggggctgcagtgggtcacatggattagcaatgatggaagtagcaaaagcta
tgcagacgctgtgaagggccaattcaccatctccaaagacaatgccaaatacacgctgta
tctgcagatgaacagcctgagagceccgaggacatggccgtgtattactgtatgatgcea

SEQ ID NO. 8 IGHV3-5 (F)

>IMGTO00001 |IGHV3-5*01|Canis lupus familiaris_boxerlFIV—REGIONI

gaggtgcagctggtggagtctgggggagacctggtgaagecctggggggtccctgagactt
tcctgtgtggecctcectggattcaccttcagtagetaccacatgagetgggtecgecagget

ccagggaaggggcttcagtgggtecgecatacattaacagtggtggaagtagcacaagetat
gcagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacacgctgtat
cttcagatgaacagcctgagagccgaggacacggccecgtgtattactgtgegagtga

SEQ ID NO. 9 IGHV3-5-1 (P)

PCT/US2020/040282

>IMGTO00001 | IGHV3-5-1*01|Canis lupus familiaris_boxerlPIV—REGIONI

gaggtgcagctggtggagtctgggggageccctggtgaagectgggggggtecctgagact
ctcctatgtggectectggattcaccttcagtagetaccacatgagetgggtecgecagge

tccagggaaggggctgcagtgggtecgecatacattaacagtggtggaagtagggatccctyg
ggtggcgcagtggtttggcgectgectttggeccagggcacgatectggagacccgggat
cgaatcccacgtcecgggctcececctgecatggagectgettetecctetgectgtgtetet

SEQ ID NO. 10 IGHV3-6 (F)

>IGHV3-6*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagectggggggtccctgagacte
tcctgtgtagectcectggattcaccttcagtageteccgacatgagetggatecgecagget
ccaggaaaggggcttcagtgggtcecgcatacattagcaatgatggaagtagcacaagectac
gcagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacacgctetat
ctgcagatgaacagcctcagagccgaggacacggceccgtgtattactgtgecaga

SEQ ID NO. 11 IGHV3-7 (F)

>IGHV3-7*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggagcaactggtggagtttggaggacacatggtgaatcctgggggttccctgggtete
tcctgtcaggcecctcectggattcaccttcagtagetatggcatgagetgggtecgecagget
caaaagaaggggctgcagtgggtcggacatattagctatgatggaagtagtacatactac
gcagacactttgagggacagattcaccatctccagagacaacaccaagaacatgctgtat
ctgcagatgaacagcctgagagccgaggacacagccecgtgtattactgecatgaggaa

SEQ ID NO. 12 IGHV3-8 (F)

>IGHV3-8*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagectggggggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtaactacgaaatgtactgggteccgecagget
ccagggaaagggctggagtgggtcecgcaaggatttatgagagtggaagtaccacatactat
gcagaagctgtaaagggccgattcaccatctccagagacaacgccaagaacatggegtat
ctgcagatgaacagcctgagagccgaggacacggceccecgtgtattactgtgegagtga

SEQ ID NO. 13 IGHV3-9 (F)
>IGHV3-9*01|Canis lupus familiaris_boxerlFIV—REGIONI

gaggtgcagctggtggagtctggaggagacctggtgaagecctggggggtccctgagactt
tcctgtgtggecctcectggattcaccttcagtagetatgacatggactgggtecgecagget
ccagggaaggggctgcagtggctctcagaaattagcagtagtggaagtagcacatactac
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gcagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacggceccecgtgtattactgtgcaaggga

SEQ ID NO. 14 IGHV3-10 (F)

>IGHV3-10*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagactgagggagacctggtgaagcctgggggatccctgagactt
tcctgtgtggecctcectggattcaccttcagtagectacgacatggactgggtectaccagget
ccagggaaagggttacagtgggtcacatacattagcaatggtggaagtagcacaaggtat
gcagacgctgtgaagggccaattcaccatctccagagacaacgccaggaacacgctetat
ctgcagatgaacagcctgagagacaaggacatggccecgtgtattactgtgtgagtga

SEQ ID NO. 15 IGHV3-11 (P)

PCT/US2020/040282

>IMGTOO00001 |IGHV3-11*01|Canis lupus familiaris_boxerlPIV—REGIONI

gaggtgcagctggtggagtctaggggagacgtggtgaagecctggggaggtecctetectyg
tgtggcctctagattcaccttcagtagctactacatgggctgggtccactaggecteccagyg
gaaggggctgcagtgggtcgcaggtattaccaatgatagaagtagcacaagctatgcaga
cgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtatectgea
gatgaacagcctgggagccgaggacacggctgtgtattattgtgtgaaacaga

SEQ ID NO. 16 1GHV3-12 (P)

>IGHV3-12*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctggggagacctggtgaagectggggggtectectgagactet
cctgtgtggecctectggattcaccttcagtagetactacatgagetgggtecgecaggete
cagggaaggggctgcagtgggtcggatacattaacagtggtggaagtagcacatactatyg
cagacgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtate
tgcagatgaacagcctgagagccgaggacacagctgtgtattactgtgggaaggga

SEQ ID NO. 17 IGHV3-13 (F)

>IGHV3-13*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggagcaactggtggagtttggaggacacatggtgaatcctgggggttccctgggtete
tcctgtcaggcecctcectggattcaccttcagtagetatggcatgagetgggtecgecagget
caaaagaaggggctgcagtgggtcecggacatattagctatgatggaagtagcacatactac
acagacactgtgagggacagattcaccatctccagagacaacaccaagaacatgctgtat
ctgcagatgaacagcctgagagccgaggacacagccecgtgtattactgecatgaggaa

SEQ ID NO. 18 IGHV3-14 (P)

>IGHV3-14*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagatggtggagtctgggggagacctggtgaagecctgggggatccctgagacte
tcctgtgtggcecctcectggattcaccttcagtaactacaaaatgtactgggtccaccagget
ccagggaaagggctggagtgggtcecgcaaggatttatgagagtggaagtaccacatactac
gcagaagctgtaaagggccgattcaccatctccagagacaacgccaagaacatggtgtat
ctgcagatgaacagcctgagagecctaggacacggceccecgtgtattactgtgtgagtga

SEQ ID NO. 19 IGHV3-16 (F)

>IGHV3-16*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtacagctggtggagtctggaggagacctggtgaagecctggggggtccctgagacte
tcctgtgtggecctcectggattcacctttagtagttactacatgttttggateccgecaggea
ccagggaagggcaatcagtgggtcggatatattaacaaagatggaagtagcacatactac
ccagacgctgtgaagggccgattcaccatctceccagagacaacgccaagaacacactgtat
ctgcagatgaacagcctgacagtggaggacacagccctttattactgtgegagaga

SEQ ID NO. 20 IGHV3-18 (F)

>IGHV3-18*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagaccttgtgaaacctgaggggtccctgagacte
tcctgtgtggtctctggcttcaccttcagtagetacgacatgagetgggtecgecagget
ccagggaaggggctgcagtgggtegecatacattagcagtgatggaaggagcacaagttac
acagacgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagaactgaggacacagccgtgtattactgtgecgaagga
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SEQ ID NO. 21 IGHV3-19 (F)

>IGHV3-19*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagecctgeggggteccctgagactyg
tcctgtgtggecctcectggattcaccttcagtagetacagecatgagetgggtecgecagget
cctgagaaggggctgcagttggtegecaggtattaacageggtggaagtagcacatactac
acagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacacagtgtat
ctgcagatgaacagcctgagagccgaggacacggccatgtattactgtgcaaagga

SEQ ID NO. 22 IGHV3-20 (P)

>IGHV3-20*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctgggggatacctggtgaagecctggagggtcctgagactet
cctctgtgtectectggattcaccttcagtatctactgecatgtgatgggtetgecaggete
caggaaaggggctgcagtgagtcgcatacagtaacagtggtggaagtagcactaggtaca
cagacgctgtgaagggctgattcaccacctccagagacaatgccaagaacacactgtate
tgcagatgaacagcctgagagtgaggacacagcggtgtattactgtgcaggtga

SEQ ID NO. 23 IGHV3-21 (P)

>IGHV3-21*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctgttggagtctgggggagacctggtgaagecctggggggtccctgagactyg
tcctgtgtggtctctggattcaccttcagtaagtatggcatgagetgggtetgecagget
ttggggaaggggctacagttggtcgcagctattagctaagatggaaggagcacatactac
acagacactgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtac
ctgcagatgaacagcttgagagctgaggacacggccecgtgtattactgtgagagtga

SEQ ID NO. 24 IGHV3-21-1 (P)

>IGHV3-21-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgaagctagtggagtctgggggagacctggtgaagcctgggggatcaattagacte
tcctatgtgacctctggattcaccttcaggagectactggatgagetgggtcagecagget
ccagggaaggggctgcagtgggtcatatgggttaatactggtggaagcagaaaaagetat
gcagatgctgtgaaggggtgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcatatgaacagcctgagagccctgtattattatgtgagtga

SEQ ID NO. 25 IGHV3-22 (P)

>IGHV3-22*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagatgatggagtctgggggagaactgatgaagcctgcaggatccctgagacct
cctgtgtggecctectggattcaccttcagtagetactggatgtactggatccaccaaacte
cggggaaggggctgcagtgggtcgcaggtattagcacagatggaagtagcacaagectacyg
tagacgctctgaagggctgattcaccatctccagagacaacgccaagaacacgctctate
tgcagatgaacagcctgagagccgaggacatggccatgtattactgtgcaga

SEQ ID NO. 26 1GHV3-23 (F)

>IGHV3-23*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggagaagecctgggggatccctgagactyg
tcctgtgtggecctcectggattcaccttcagtagectacggecatgagetgggtecgecagget
ccagggaaggggctgcagggggtctcattgattaggtatgatggaagtagcacaaggtat
gcagacgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacagceccecgtgtattectgtgegaagga

SEQ ID NO. 27 1GHV3-24 (F)

>IGHV3-24*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagaccttgtgaagecctgaggggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagettctacatgagetggttetgecagget
ccaaggaaggggctacagtgggttgcagaaattagcagtagtggaagtagcacaagectac
gcagacattgtgaagggccgattcaccatctccagagacaatgccaagaacatgctgtat
ctgcagatgaacagcctgagagccgaggacatggcecgtatattattgtgcaaggta
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SEQ ID NO. 28 IGHV3-25 (P)

>IGHV3-25*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagcctgggggagaactggtgaagecctggggegteccctgagacte
tcctgtgtggtceccctggattcaccttcagtagetacaacatgggectgggctcaccagect
ccagggaaggggatgcagtgggtcecgcaggttttaacageggtggaagtagcacaagetac
acagatgctgtgaagggtgaattcaccatctccagagacaatgtcaagaacacgctgtat
ctgcagatgaacagcctgagatccgaggacacggccecgtgtattactgtgtgaagga

SEQ ID NO. 29 1GHV3-26 (P)

>IGHV3-26*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgtagctggtggagtctgggggagacctggtgaagecctggggggtccctgagacte
tcctgtgtgggctcectggattcaccttcagtagetactggatgagetgggtecgecagget
ccagggaaggggctacagtgggttgcagaaattagecggtagtggaagtagcacaaactat
gcagacgctgtgaagggccgattcatcatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacggccatgtattactgtgcaaggga

SEQ ID NO. 30 IGHV3-27 (P)

>IGHV3-27*01|Canis lupus familiaris_boxerlPIV—REGIONI
aaggtgcatctggtggagtctgcecgggagacgtggtgaagecctaggaggtccctgagacte
tcctgtgtgggctctggattcaccttcagtagetacagecatgtggtgggecegtgagget
ccecgggatggggctacagggggtegecaggtattagatatgatggaagtagcacaagetac
gcagacgctctgaagggccgattcaccatctccagagacaatgccaaaaacacactgtat
ctgtagaagaacagcctgagagccgagggaggacacggceccecgtgtattactgtgegaggga

SEQ ID NO. 31 IGHV3-28 (P)

>IGHV3-28*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctagtggagtctgggggagacctggtgaagtctgggggggteccctgagagt
ctcctgtgtgggectectggattcaccttcagtagetactggatgtactgggtecaccagge
tccagggaaggggctccatgggtcgcatggattaggtatgatggaagtagcacaagcectac
gcagaagctgtgaaaggccgattcactgtttctagagacaacgccaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacggccecgtgtattactgtgtgaggga

SEQ ID NO. 32 IGHV3-29 (P)

>IGHV3-29*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtcctggggagacctggtgaagactggaggtttectgagacte
tcctgtctectgtgtggectteccggattcaccttcagtaactacagcatgatctgggtecyg
ccaggctccaaggaaggggctgcagtggatcacaactattagcaatagtggaagtagcac
aaatcacgcagacacagtaaagggccgatttaccatctccagagacaacaccaagaacac
gctgtatctacagatgagcagcctgggageccgatgacacggceccctgtattactgtgtgag
gga

SEQ ID NO. 33 IGHV3-31 (P)

>IGHV3-31*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctgggggagaactggtgaagcctggggggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagetactacatgagectggateccgecagget
cctgggaaggggctgcagtgggtegecagatattagtgacagtggaggtagcacatactac
actgacgctgtgaagggccgattcaccatctccagagacaacgtcaagaactcgectgtat
ttgcagatgaacagcctgagagccgaggacacggcecgtgtattactgtgegaagga

SEQ ID NO. 34 IGHV3-32 (ORF)
>IGHV3-32*01|Canis lupus familiaris_boxerIORFIV—REGIONI

ggggtgcagctggtggagtctgggggagacctggtgaagecctggggggtccctgacacte
tcctgtgtggecctatggattcaccttcagtagetacagecatgcaatgggtectgtcagget
ccagggaagggggtgcagtgggtcecgcatacattaacagtggtggaagtagcacaagetce
gcagatgctgtgaagggtcgattcatcatctccagagacaacgtcaagaacacgctatat
ctgcagatgaacagcctgagagccgaggacaccgceccgtgtattactgtgegggtga

SEQ ID NO. 35 IGHV3-33 (P)
>IGHV3-33*01|Canis lupus familiaris_boxerlPIV—REGIONI

gagatgcagctggtggaggctgggggagacctggtgaagcttggggggtccctgagacte
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ttctgtgtggcctctggatttaccttcagtagetattggatgagetgggteggecagget
ccagggaaagggttgcagtgggttgcatacattaacagtggtggaagtagcacatactat
gcagacgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaactgcctgagagccgaggacacggceccgtatattactgtgtggga

SEQ ID NO. 36 1GHV3-34 (F)

>IGHV3-34*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagacactgtgaagggccgattcaccatctccagagacaacgccaagaacacgctcectate
tgcagatgaacagcctgagagctgaggacacggccgtgtattactgtgecgaagga
(Incomplete sequence in database)

SEQ ID NO. 37 IGHV3-35 (F)

>IGHV3-35*01|Canis lupus familiaris_boxerlFIV—REGIONI| |
gaggtgcagctggtggagtctgggggagacctggtgaagecctgtgggatccctgagacte
tcctgtgtggecctcectggattcaccttcagtagetatgacatgaactgggtecgecagget
ccagggaaggggctgcagtgggtecgecatacattagcagtggtggaagtagcacatactat
gcagatgctgtgaagggccggttcaccatctccagagacaacgccaagaacacgctgtat
cttcagatgaacagcctgagagccgaggacacggccatgtattactgtgegggtga

SEQ ID NO. 38 IGHV3-36 (P)

>IGHV3-36*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggggcagctggcggagtctgggggagacctggtgaagectgagaggtccctgagacte
gcccgtgtggectcectggattcaccttcatttectataccatgagetgggteccacaagget
cctgggaaggggctgeccgtgagtegecatgaatttattctagtggaagtaacatgagetat
gcagacgctgtgaagggccgattcaccatctccagagacaatgccaagaacatgcectgtat
ctgcagatgaacagcctgagagctgaggacatggccatgtattactgtgtgaatga

SEQ ID NO. 39 1GHV3-37 (F)

>IGHV3-37*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtacagctggtggagtctggggaagatttggtgaagcctggagggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagcagtgaaatgagectgggteccaccagget
ccagggcaggggctgcagtgggtctcatggattaggtatgatggaagtatctcaaggtat
gcagacactgtgaagggccgattcaccatctccagagacaatgtcaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacggccatatattactgtgecaga

SEQ ID NO. 40 IGHV3-38 (F)

>IGHV3-38*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagecctggggggaccttgagactyg
tcctgtgtggecctcectggattcacctttagtagetatgacatgagetgggtecgtecagtet
ccagggaaggggctgcagtgggtegecagttatttggaatgatggaagtagcacatactac
gcagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacggccecgtgtattactgtgegaagga

SEQ ID NO. 41 IGHV3-39 (F)

>IGHV3-39*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtacagctggtggaatctgggggagacctecgtgaagectgggggttccctgagacte
tcctgtgtggecctegggattcaccttcagtagetactacatgagetggatecgecagget
cctgggaaggggctgcagtgggtegecagatattagtgatagtggaggtagcacaggetac
gcagacgctgtgaagggccggttcaccatctccagagagaacgccaagaacaagctgtat
cttcagatgaacagcctgagagccgaggacacagccecgtgtattactgtgegaagga

SEQ ID NO. 42 IGHV3-40 (P)

>IGHV3-40*01|Canis lupus familiaris_boxerlPIV—REGIONI
atgcaatgggtccgtcaggctecctgggaagggggtgcagtgggtegecatacattaacagt
ggtggaagtagcacaagcttcgcagatgctgtgaagggcatgagectggtttegecagget
ccagggaaggggctgcaatgggttacatggattgggtatgatggaagtagcacatactac
acagacactgtaaagggccgattcactatctccatagacaacgccaagaacatgctgtat
ctgcagatgaacagcctgagagccgaggacatageccctgtattactgtgegaggga
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SEQ ID NO. 43 IGHV3-41 (F)

>IGHV3-41*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagectggggggtccctgagacte
tcctgtgtagectcectggattcaccttcagtaactacgacatgagectgggtecgecagget
cctgggaaggggctgcagtgggtegecagetattagectatgatggaagtagcacatactac
actgacgctgtgaagggccgattcaccatctccagagacaacgccaggaacacagtgtat
ctgcagatgaacagcctgagagccgaggacacggctgtgtattactgtgegaagga

SEQ ID NO. 44 IGHV3-42 (P)

IGHV3-42*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaagtgcagctggtggagtctgggggaagacctggtgaageccaggggggtecctgagact
ctcctgtgtgacctectggattcaccttcagtaggtatgecatgagetgggteggecagge
tccagggaagggcctgcagtgggttgcagectattagcagtagtggaagtagcacatacta
cgtagatgctgtgaagggccgattcaccatctceccatagacaacgccaagaacatggtgta
tctgcagatgaacagcctgagagctgaggatattgctgtgtattactgtgggaagga

SEQ ID NO. 45 IGHV3-43 (P)

>IGHV3-43*01|Canis lupus familiaris_boxerlPIV—REGIONI
aaggtgtagctggtggagtctgggggagacctgatgaagecctgggggttccctgagactyg
tcctgtgtggecctcectggattcaccttcaggagectatggcatgagetgggtetgecagget
tcagggaaggggctgcagtgggtcgcagctattagctatgatggaaggagcacatactac
acagacactgtgaagggccgattcaccatctccagagacaatggcaagaacacgctgtac
ctgcagatgaacagcttgagagctgaggacacggccecgtgtattactgtgegagtga

SEQ ID NO. 46 IGHV3-44 (ORF)

>IGHV3-44*01|Canis lupus familiaris_boxerIORFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagecctgggggttccctgagacte
tcatgtgtgacttctggattcaccttcagtagctattggatgagectgtgtecgecagget
ccagggaaggagctgcagtgggtecgegtacattaacagtggtggaagtagcacatggtac
acagacgctgtgaagggtcgattcaccatctccagagacaacgccaagaacacgctgtat
ctgcagatgaacaacctgagagccgaagacacggccgtgtattactgtgegaggga

SEQ ID NO. 47 IGHV3-45 (P)

>IGHV3-45*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaagtacagctgctggagtctgggggagaccgagtgaaacctggggggtcccagagacte
tcctgtgtggcecctcaaggttcaccttcagtagetacagecatgecattgtetecgtecagtet
cctgggatggggctacagtgggtcacatacattagcagtaatggaagcagcacatactat
gcagacgctgtgaagggtcgattcaccatctccagagacaaagccaagaacatgectttat
ctacagatgaacagcctgagagctcaggacatageccctgtattactgtgecagatyg

SEQ ID NO. 48 IGHV3-46 (F)

>IGHV3-46*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtacagctggtggagtctggggaagatttggtgaagcctggagggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagcagtgaaatgagectgggteccaccagget
ccagggcaggggctgcagtgggtctcatggattaggtatgatggaagtagectcaaggtat
gcagacactgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacggccatatattactgtgecaga

SEQ ID NO. 49 IGHV3-47 (F)

>IGHV3-47*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggecgaagectggggggteccctgagacte
tcctgtgtggecctcectggattaaccttcagtagectacagecatgagetgggtecgecagget
cctgggaaggggctgcagtgggtcacagectattagectatgatggaagtagcacatactac
actgacgctgtgaagggccgattcaccatctccagagacaacgccaggaacacagtgtat
ctgcagatgaacagcctgagagccgaggacacagctgtgtattactgtgtgga

SEQ ID NO. 50 IGHV3-47-1 (P)
>IGHV3-47-1*01|Canis lupus familiaris_boxerlPIV—REGIONI

gaggtgccactggtggaatctgggggagagctggtgaagecctggggggteccctgagacte
tcctttgtagecctcectgecattcactttcagtagttactggataagectgggtecgecaaget

ccagggaaagggctgcactgagtctcagtaattaacaaagatggaagtaccacataccac
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gcagatgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagctgaggacacggctgtgtattactgtgcaca

SEQ ID NO. 51 IGHV3-48 (P)

>IGHV3-48*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggagcagttggtgaaatctaggggagacctggtgaagcctggecgggtccctgagacte
ttctgtgagtcctctacattcacctttcatagcaacagcatacattggctceccaccagtet
cccggtagtggctacagtgggtcatatccaatagcagtaatggaagtagecatgtactatyg
cagacgctgtaaagggctgattcaccatctccagagacagcaccaggaacatgctgtate
tgcagatgaacagcctgagagctgaggacacagceccgtgecattgctgtgegaggga

SEQ ID NO. 52 IGHV3-49 (P)

>IGHV3-49*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctgggggagacctcatgaagecctggggggtccctgagacte
tcctgtgtggcecgectggattcaccttcagtagetacagecatgagetgggtecgecagget
cccgggaaggggattcagtgggtegecatggatttaagectagtggaaatagcacaagetac
acagatgctgtgaagggccgattcaccatctccagagaacgccaagaacacagtgtttet
gcagatgaacagcctgagagctgaggacaaggccatgtattactgtgcgaggga

SEQ ID NO. 53 IGHV3-50 (F)

>IGHV3-50*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagecctggggggteccttgagacte
tcctgtgtggecctcectggtttcaccttcagtagecaacgacatggactgggtecgecagget
ccagggaaggggctgcagtggctcacacggattagcaatgatggaaggagcacaggectac
gcagatgctgtgaagggccgattcaccatctccagagacaacgccaagaacacgctgtat
ctgcagatgaacagcctgagagctgaggacacagccecgtgtattactgtgegaagga

SEQ ID NO. 54 IGHV3-51 (P)

>IGHV3-51*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggaggagtctgggggagacctggtgaagecctggggttecctaagactgt
cctgtgtgacctececggattcactttcagtagetatgeccatgecactgggtecgecaggete
cagggaaggggctgcagtgggtcgcagttattagcagggatggaagtagcacaaactacyg
cagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacatgectgtate
tacagatgaacagcctgagagctgaggacacggccatgtattactgtgecgaagga

SEQ ID NO. 55 IGHV3-52 (P)

>IGHV3-52*01|Canis lupus familiaris_boxerlPIV—REGIONI|
gaagtgcagctggtggagtatgggggagagctggtgaagecctggggggtccctgagactyg
tcctgtgtggeccteccggattcaccttcagtatectactacatgcactgggtcecaccagget
ccagggaaggggctgcagtggttecgecatgaattaggagtgatggaagtagcacatactac
actgatgctgtgaagggccgattcaccatctccagagacaattccaagaacactcectgtat
ctgcagatgaccagcctgagagccgaggacacggceccctatattactgtgegatgga

SEQ ID NO. 56 IGHV3-53 (P)

>IGHV3-53*01|Canis lupus familiaris_boxerlPIV—REGIONI
gagatgcagctggtggagtctagggaggcctggtgaagectggggggtecctgagactet
cctgtgtggaccctggattcaccttcagtagectactggatgtactgggteccaccaggete
cagggatggggctgcagtggcttgcagaaattagcagtactggaagtagcacaaactatyg
cagacgctgtgaggggcccattcaccatctccagagacaatgccaagaacacgctgtace
tgcaggtgaacagcctgagagccgaagacacggccgtgtattactgtgtgagtga

SEQ ID NO. 57 IGHV3-54 (F)

>IGHV3-54*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctgatgaagecctggggggtccctgagacte
tcctgtgtggeccteccggattcactatcagtagcaactacatgaactgggtecgecagget
ccagggaaggggctgcagtgggtecggatacattagcagtgatggaagtagcacaagetat
gcagacgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacggceccgtgtattactgtgtgaaggga
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SEQ ID NO. 58 IGHV3-55 (P)

>IGHV3-55*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctggggaaacctggtgaagecctggggagtctectgagactet
cttgtgtggcctctggattcaccttcagtagectactggatgecattgggtetgecaggete
cagggaaagggttggggtgggttgcaattattaacagtggtggaggtagcacatactatyg
cagacacagtgaagggccaattcaccatcttcagagacaatgccaagaacatgctgtate
tgcagatgaacagcctgagagcccaggacatgaccgegtattactgtgtgagtga

SEQ ID NO. 59 IGHV3-56 (P)

>IGHV3-56*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggaatctgggggagacctggtgaagecctgggggatccctgagacte
tcctgtgtggecctcectggattcaccttcagtagetactatatggaatgggtectgecagget
ccagggaggggctgaagtgggtcgcacggattagcagtgacggaagtagcacatactaca
cagacgctgtgaagggccgattcaccatctccagagacaatgccaagacggecgtgtatt
actgtgcgaagga

SEQ ID NO. 60 IGHV3-57 (P)

>IGHV3-57*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaagtgcagcttgtggagtctgggggagagctggtgaagecctgggggtteccctgagactyg
tcctgtgtggecctcectggattcaccttcagtagetactacatgcactgggtectgecaggete
cagggaaggggctgcagtgggttgcaagaattaggagtgatggaagtagcacaagctace
cagacgctgtgaagggcagattcaccatctccagagacaattccaagaacactcectgtate
tgcagatgaacagcctgagagctgatgatacggccctatattactgtgcaaggga

SEQ ID NO. 61 IGHV3-58 (F)

>IGHV3-58*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagecctgggggatccctgagacte
tcttgtgtggccteccggattcaccttcagtagecatgeccaagagetgggtecgecagget
ccagggaaggggctgaagtgggtagcagttattagcagtagtggaagtagcacaggetece
gcagacactgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagctgaggacacagccecgtgtattactgtgegaagga

SEQ ID NO. 62 IGHV3-59 (P)

>IGHV3-59*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtacagctggtggagtctggaggagaccttgtgaagactgagcggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagettctacatgaggtgtectgecagactee
agggaagggactacagtgggttgcagaaattagcagtagtggaagtagcacaagctacac
agatgctctgaagggctgattctccatctccaaaaacaatgccaagaacacgctgtatet
gcagatgaacagcctgagagccgaggtcacagecgtatattactgtgcaaggta

SEQ ID NO. 63 IGHV3-60 (P)

>IGHV3-60*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgaagctggtggagtctgggggagacctgttgaagecctgggggatcaattaaacte
tcctatgtgacctctggattcaccttcaggagectactggatgagetgggtcagecagget
ccagggaaggggctgcagtgggtcacatgggttaatactggtggaagcagcaaaagetat
gcagatgctgtgaaggggcaattcaccatctccagagacaatgccaagaacacgctgtat
ctgcatatgaacagcctgatagccctgtattattgtgtgagtga

SEQ ID NO. 64 IGHV3-61 (F)

>IGHV3-61*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctggtggaaacctggtgaagecctgggggttccctgagactyg
tcctgtgtggecctctggattaaccttctatagetatgeccatttactgggteccacgagget
cctgggaaggggctgcagtgggtegecagetattaccactgatggaagtagcacatactac
actgacgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagctgaggacatgeccecgtgtattactgtgegaggga

SEQ ID NO. 65 IGHV3-62 (P)
>IGHV3-62*01|Canis lupus familiaris_boxerlPIV—REGIONI

gaggagcagctggtggagtctcggggagatctggtgaagtctggggggtccctgagacte
tcctgtgtggceccceccttgattcaccttcagtaactgtgacatgagectgggteccattagget
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ccaggaaagggctgcagtgtgttgcatacattagectatgatggaagtagcacaggttaca
aagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacatgctgtate
ttcagatgaacagcctgagagctgaggacacggctctgtattactgtgcaga

SEQ ID NO. 66 IGHV3-63 (P)

IGHV3-63*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggagcagttggtgaaatctaggggagacctggtgaagcctggecgggtccctgagacte
ttctgtgagtcctctacgttcacctttcatagectacagcatgcattggectceccaccagtet
cccggtagtggctacagtgggtcatatccaatagcagtaatggaagtagecatgtactatyg
cagacgctgtaaagggctgatacaccatctccagagacaacaccaggaacatgctgtate
tgcagatgaataacctgagagctgaggacacagccgtgcattgctgtgecgaggga

SEQ ID NO. 67 IGHV3-64 (P)

>IGHV3-64*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctgecgggagaccccecgtgaagectggggggteccctgagacte
tcctgtgtggcecgectggattcaccttcagtagetacagecatgagetgggtecgecagget
cccecgggaaggggatgcagtgggtegecatggatatatgectageggaagtagcacaagetac
gcagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacacactgttt
ctgcagatgcctgagagctgaggacacggccatgtattectgtgcagggga

SEQ ID NO. 68 IGHV3-65 (P)
>IGHV3-65*01|Canis lupus familiaris_boxerlPlV—

PCT/US2020/040282

REGION|gatgtacagctggtggagtctgggggagacctggtgaagectggggggteccctgagactyg

tcctgtgtggecctcectggattcacctgcagtagetactacatgtactagacccaccaaatt
ccagggaaggggatgcagggggttgcacggattagctatgatggaagtagcacaagectac
accgacgcaatgaaaggccgattcaccatctccagagacaacgccaagaacatgcectgtat
ctgcaatgaacagcctgagagccgaggacacagcecgtgtattactgtgtgaagga

SEQ ID NO. 69 IGHV3-66 (P)

>IGHV3-66*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctggcggagacctggtgaagecctgggeggteccctgagactyg
tcctgtatggcecctcectggattcacttcagtagctacagcatgagectgtgteccgecaggete
ctgggaagggctgcagtgggtcecgcaaaaattagcaatagtggaagtagcacatactacac
agatgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctcectatet
gcagatgaacagcctgagagccgaggacacggcecttgtattactgtgcaga

SEQ ID NO. 70 IGHV3-67 (F)

>IGHV3-67*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagacctggtgaagectggggggtccctgagactyg
tcctgtgtggecctcectggattcaccttcagtagetactacatgtactgggtecgecagget
ccagggaaggggcttcagtgggtegecacggattagcagtgatggaagtagcacatactac
gcagacgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagccgaggacacggctatgtattactgtgcaaagga

SEQ ID NO. 71 IGHV3-68 (P)

>IGHV3-68*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaagtgcagctggtggagtctgggggagagctggtgaagectggggggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagetactacatgtactgggtecgecagget
ccagggaaatggctgctgtgggtcacatgaattaggagtgatggaagtagcacatataca
ctgatgctgtgaaggaccgatacaccatctccaaagacaattccaagaacattctgtate
tgcagatgaacagcctgagagccaaggacacggccctatatcectgtgecaatgga

SEQ ID NO. 72 IGHV3-69 (F)

>IGHV3-69*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtacagctggtggagtctgggggagacctggtgaagecctgggggatccctgagactyg
tcctgtgtggecctcectggattcaccttcagtagetatgeccatgagetgggtecgecagget
ccagggaaggggctgcagtgggtecgecatacattaacagtggtggaagtagcacatactac
gcagatgctgtgaagggccggttcaccatctccagagacaatgccaggaacacactgtat
ctgcagatgaacagcctgagatccgaggacacagccecgtgtattactgteccgaagga
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SEQ ID NO. 73 IGHV3-70 (F)

>IGHV3-70*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctggaggagaccttgtgaagecctgageggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagettctacatgagetggttetgecagget
ccagggaaggggctacagtgtgttgcagaaattagcagtagtggaaatagcacaagectac
gcagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacacgctgtat
ctacggatgcacagcctgagagccgaggacacggctgtatattactgtgcaaggta

SEQ ID NO. 74 1GHV3-71 (P)

>IGHV3-71*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgaagctggtggagtgtgggggagacctggtgaagcccgggggatcgattagacte
tcctttgtgacctctggattcaccttcaggagetattggatgggetgtgtcagecagget
ccagggaaggggctgcagtgggtcacatgggttaatactggtggaagcagcaaaagetat
gcagatgctatgaaggggcgatttaccatctccaggcacaaagccaagaacacactatet
gcatatgaacagcctgagagccgtgtattattgtgtgagtga

SEQ ID NO. 75 1GHV3-72 (P)

>IGHV3-72*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctggcggagacctggtgaagecctggggattccctgagactyg
tcctgtgtggecctcectggattcaccttcagtagetatgeccatgagetgggtecgecagget
cctaggaaggggctgcagtgggtecggatacattagcagtgatggaagtagcacataatac
gcagacgctgtgaagggccgattcaccatttccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagctgaggatacggeccctgtataactgtgcaaggga

SEQ ID NO. 76 1GHV3-73 (P)

>IGHV3-73*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctgatggagtctgggggagacctggtgaagecctggggggtccctgagacte
tcctgtgtggcccecctggattcaccttcagtaactatgacatgagecteggtecattagact
ccaggaaagggctgcagtgtattgcatatattagectatgatggaagtagcacaggttaca
aagacgctgtgcagggccgattcaccatctccagagacaacgccaagaacacgctgtate
ttcagatgaacagcctgagagctgagcacacggccctgtattactgtgecaga

SEQ ID NO. 77 1GHV3-74 (P)

>IGHV3-74*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctgggggagacttggtgaageccttgtgggectectgagacte
tcctgtgtggcttctggattcaccttcagtagetacatcatgagetgggtecgecagget
ccagggaagtggctgcagtgggtcecgcatacattaacagtggtggaagtagcacaaggtac
acagatgctgtgaagggccgattcacctctccagagacaacgccaagaacatgctgtate
tgcagttgaacagcctgagagccgaggacaccgctgtgtattactgtgegaggga

SEQ ID NO. 78 IGHV3-75 (F)

>IGHV3-75*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaattgcagctggtggagcttgggggagatctggtgaagccaggggggtccctgagacte
tcctgtgtggecctcectggattcaccttcagtagetatgeccatgagttgggtetgecagget
ccagggaaggggctgcagtgggttgcagectattagcagtagtggaagtagcacataccat
gtagacgctgtgaagggccgattcaccatctccagagacaacgccaagaacacagtgtat
ctgcagatgaacagcctgagagccgaggacacggceccgtgtattactgtgecaga

SEQ ID NO. 79 1GHV3-76 (F)

>IGHV3-76*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgccactggtggaatctgggggagagctggtgaagecctgaggggtccctgagatte
tcctgtgtagectcectggattcactttcagtagttactggataagectgggtecgecaaget
ccagggaaagggctgcactgggtctcagtaattaacaaagatggaagtaccacataccac
gcagatgctgtgaagggccgattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgagagctgagggcacgactgtgtattactgtgcaca

SEQ ID NO. 80 IGHV3-77 (P)

>IGHV3-77*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggagcagttggtgaagtctgggggagacctggtgaagcttggcaggtccctgagtect
ctacattcacctttcatagctacagcatgcattggctccaccagtcecteceggtagtgget
acagtgggtcatatccaatagcagtaatggaagtagcatgtactatgcagacgctgtaaa
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gggttgattcaccatctccagagacaacaccaggaacacgctgtatctgcagatgaacag
cctgagagccgacgacacggceccecgtgtgttgetgtgegaggga

SEQ ID NO. 81 IGHV3-78 (P)

>|IGHV3-78*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggtgcagctggtggagtctgggggagaccttgtgaagccggaggggtccctgagacte
tcctgtgtggcecgectggattcacctttagtagetacagecatgagetgggtecgecagget
cccgggaagggggtgcagtgggtcacatagatttatgectagtggaagtagcacaagetac
acagatgctgtgaagggccgattcaccatctccagagacaacgccaagaacacagtgttt
ctgcagatgaacagcctgagagctgagaacacggccatgtattectgtgcaaggga

SEQ ID NO. 82 IGHV3-79 (P)

>IGHV3-79*01|Canis lupus familiaris_boxerlPIV—REGIONI
tggggaattccctctggtgtggectctggattcacctgecagtagetecctecaccteccte
tcctgtgtggcecctctagattcaccttcagtagectactacatatactgtatccaccaaget
ccagggaaggggctgcaggtggtegecatggattagectatgatggaagtagaacaagectac
gccgacgctatgtagggccaattcatcatctccagagaaaacaccaagaacacgctgtat
ctgtagatgaacagcctgagtgccaaggacacggcactatatcecctgtgegaggaa

SEQ ID NO. 83 IGHV3-80 (F)

>IGHV3-80*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctgggggagatctggtgaagectgggggatccctgagacte
tcttgtgtggcctctggattcaccttcagtagetactacatggaatgggtecgecagget
ccagggaaggggctgcagtgggtegcacagattagcagtgatggaagtagcacatactac
ccagacgctgtgaagggtcaattcaccatctccagagacaatgccaagaacacgctgtat
ctgcagatgaacagcctgggagccgaggacacggccecgtgtattactgtgcaaagga

SEQ ID NO. 84 IGHV3-81 (F)

>IGHV3-81*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctggaggaaacctggtgaagecctggggggtccctgagacte
tcttgtgtggcctctggattcaccttcagtagetactacatggactgggtecgecagget
ccagggaagaggctgcagtgggtecgcagggattagcagtgatggaagtagcacatactac
ccacaggctgtgaagggccgattcaccatctceccagagacaacgccaagaacacgctetat
ctgcagatgaacagcctgagagccgaggactctgetgtgtattactgtgegatgga

SEQ ID NO. 85 IGHV3-82 (F)

>IGHV3-82*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggtgcagctggtggagtctggaggagacctggtgaagtctggggggtccctgagacte
tcttgtgtggcctctggattcaccttcagtagetactacatgcactgggtecgecagget
acagggaaggggctgcagtgggtcacaaggattagcaatgatggaagtagcacaaggtac
gcagacgccatgaagggccaatttaccatctccagagacaattccaagaatacgctgtat
ctgcagatgaacagccagagagccgaggacatggeccctatattactgtgcaaggga

SEQ ID NO. 86 IGHV3-83 (P)

>IGHV3-83*01|Canis lupus familiaris_boxerlPIV—REGIONI
gagttgcagctggtagagtctgggggagacctggtgaagecctggggggtctctgagactt
tcttgtgtgtcctctggattcaccttcagtagetactggatgcactgggtecteccagget
ccagggaaagggctggagtgggtcecgcaattattaacagtggtggaggtagcatatactac
gcagacacagtgaagggccgattcaccatctccagagaaaacgccaagaacacgctetat
ctgcagatgaacagcctgagagctgaggacagggccatgecattactgtgecgaaggga

SEQ ID NO. 87 IGHV4-1 (F)

>IGHV4-1*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaactcacactgcaggagtcagggccaggactggtgaagccctcacagaccctectetete
acctgtgttgtgtccggaggctccgtcaccagecagttactactggaactggatccgecag
cgcecctgggaggggactggaatggatggggtactggacaggtagcacaaactacaacceyg
gcattccagggacgcatctccatcactgctgacacggccaagaaccagttctececctgeag
ctgagctccatgaccaccgaggacacggccgtgtattactgtgcaagaga
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SEQ ID NO. 88 IGHV(I) -1 (P)

>IGHV(II)-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
ctggcacccctgcaggagtectgtttetgggetggggaaacccaggcagatccttacacte
acctgctccttctcectgggttecttattgagcatgtcagtatgggtgtcacatgggtecttt
acccaccaggggaaggcactggagtcaatgccacatctggtgggagaacgctaagtacca
cagcctgtctctgaacagcagcaagatgtatagaaagtccaacacttggaaagataaagg
attatgtttcacaccagaagcacatctattcaacctgatgaacagccagectgat

SEQ ID NO. 89 IGHV(I) -2 (P)

>IGHV (II)-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
ctggcacccctgcaggagtectgtttetgggetggggaaacccaggcagacccttacacte
acctgctccttctcectgggttcettattgagcatgtcagtgtgggtgtcacatgggtecttt
acccaccaggggaaggcactggagtcaatgccacgtctggtgggagaacactaagtacca
cagcctgtctctgaacagcagcaagatgtatagaaagtccaacacttggaaagataaagg
attatgtttcacaccagaagcacatctattcaacctgatgaacaatcagcctgatgaga

Germline D sequences

SEQ ID NO. 90 IGHDI1 (F)
>IGHD1*01|Canis lupus familiaris_boxerlFID—REGIONI
gtactactgtactgatgattactgtttcaac

SEQ ID NO. 91 IGHD?2 (F)
>IGHD2*01|Canis lupus familiaris_boxerlFID—REGIONI
ctactacggtagctactac

SEQ ID NO. 92 IGHD3 (F)
>IGHD3*01|Canis lupus familiaris_boxerlFID—REGIONI
tatatatatatggatac

SEQ ID NO. 93 IGHD4 (F)
>IGHD4*01|Canis lupus familiaris_boxerlFID—REGIONI
gtatagtagcagctggtac

SEQ ID NO. 94 IGHDS5 (ORF)
>IGHD5*01|Canis lupus familiaris_boxerlORFlD—REGIONI
agttctagtagttggggcet

SEQ ID NO. 95 IGHD®6 (F)
>IGHD6*01|Canis lupus familiaris_boxerlFID—REGIONI
ctaactggggce

Germline JH sequences

SEQ ID NO. 96 1GHJ1 (ORF)
>IGHJ1*01|Canis lupus familiaris_boxerlORFlJ—REGIONI
tgacatttactttgacctctggggcccgggcaccctggtcaccatctecteag

SEQ ID NO. 97 1GHIJ2 (F)
>IGHJ2*01|Canis lupus familiaris_boxerlFIJ—REGIONI
aacatgattacttagacctctggggccagggcaccctggtcacegtetecteag

SEQ ID NO. 98 1IGHIJ3 (F)
>IGHJI3*01|Canis lupus familiaris_boxerlFIJ—REGIONI
caatgcttttggttactggggccagggcaccctggtcactgtctectecag

SEQ ID NO. 99 1GHJ4 (F)
>IGHJ4*01|Canis lupus familiaris_boxerlFIJ—REGIONI
ataattttgactactggggccagggaaccctggtcaccgtcetectecag
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SEQ ID NO. 100 IGHIJS (F)
>IGHJI5*01|Canis lupus familiaris_boxerlFIJ—REGIONI
acaactggttctactactggggccaagggaccctggtcactgtgtectcag

SEQ ID NO. 101 IGHIJ6 (F)
>IGHJ6*01|Canis lupus familiaris_boxerlFIJ—REGIONI
attactatggtatggactactggggccatggcacctcactcttegtgtectecag

Table 2. Canine Igk Sequence Information

Germline Vk sequences

SEQ ID NO. 102 IGKV2-4 (F)

>IGKV2-4*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatattgtcatgacacagacgccaccgtceccecctgtetgtcagecctagagagacggectee
atctcctgcaaggccagtcagagecctectgecacagtgatggaaacacctatttggattgg
tacctgcaaaagccaggccagtctccacagecttctgatctacttggtttccaaccgette
actggcgtgtcagacaggttcagtggcagcgggtcagggacagatttcaccctgagaate
agcagagtggaggctaacgatactggagtttattactgcgggcaaggtacacagecttect
cc

SEQ ID NO. 103 IGKV2-5 (F)

>IGKV2-5*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatattgtcatgacacagaccccactgtcecctgtecgtcagecctggagagecggectee
atctcctgcaaggccagtcagagecctcectgecacagtaatgggaacacctatttgtattgg
ttccgacagaagccaggccagtctceccacagegtttgatctataaggtctccaacagagac
cctggggtcccagacaggttcagtggcagegggtcagggacagatttcaccctgagaate
agcagagtggaggctgatgatgctggagtttattactgcgggcaaggtatacaagatect
cc

SEQ ID NO. 104 IGKV2-6 (F)

>ITIGKV2-6*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatattgtcatgacacagaccccactgtcecctgtetgtcagecctggagagactgectee
atctcctgcaaggccagtcagagecctectgecacagtgatggaaacacgtatttgaactygg
ttccgacagaagccaggccagtctccacagegtttaatctataaggtctccaacagagac
cctggggtcccagacaggttcagtggcagegggtcagggacagatttcaccctgagaate
agcagagtggaggctgacgatactggagtttattactgcgggcaaggtatacaagatecct
cc

SEQ ID NO. 105 IGKV2-7 (F)

>IGKV2-7*01|Canis lupus familiaris_boxerlFIV—REGIONI|
gatattgtcatgacacagaacccactgtccctgteccgtcageccctggagagacggectee
atctcctgcaaggccagtcagagecctectgecacagtaacgggaacacctatttgaattgg
ttccgacagaagccaggccagtctceccacagggectgatctataaggtctccaacagagac
cctggggtcccagacaggttcagtggcagegggtcagggacagatttcaccctgagaate
agcagagtggaggctgacgatgctggagtttattactgcatgcaaggtatacaagctect
cc

SEQ ID NO. 106 IGKV2-8 (F)

>IGKV2-8*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatattgtcatgacacagaccccaccgtceccctgtecgtcagecctggagagecggectee
atctcctgcaaggccagtcagagecctectgecacagtaacgggaacacctatttgaattgg
ttccgacagaagccaggccagtctceccacagggectgatectatagggtgteccaaccgetee
actggcgtgtcagacaggttcagtggcagcgggtcagggacagatttcaccctgagaate
agcagagtggaggctgacgatgctggagtttattactgcgggcaaggtatacaagatect
cc
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SEQ ID NO. 107 IGKV2-9 (F)

>IGKV2-9*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatattgtcatgacacagaccccactgtcecctgtetgtcagecctggagagactgectee
atctcttgcaaggccagtcagagecctectgcacagtgatggaaacacgtatttgaattgg
ttccgacagaagccaggccagtctceccacagegtttgatctataaggtctccaacagagac
cctggggtcccagacaggttcagtggcagegggtcagggacagatttcaccctgagaate
agcagagtggaggctgacgatactggagtttattactgcgggcaagttatacaagatecct
cc

SEQ ID NO. 108 IGKV2-10 (F)

>IGKV2-10*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatattgtcatgacacagaccccactgtcecctgtecgtcagecctggagagactgectee
atctcctgcaaggccagtcagagectectgecacagtgatggaaacacgtatttgaattgg
ttccgacagaagccaggccagtctceccacagegtttgatctataaggtctccaacagagac
cctggggtcccagacaggttcagtggcagegggtcagggacagatttcaccctgagaate
agcagagtggaggctgacgatactggagtttattactgcatgcaaggtacacagtttect

cg

SEQ ID NO. 109 IGKV2-11 (F)

>IGKV2-11*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatatcgtcatgacacagaccccactgtcecctgtecgtcagecctggagagactgectee
atctcctgcaaggccagtcagagectectgecacagtaacgggaacacctatttgttttgg
ttccgacagaagccaggccagtctceccacagegectgatcaacttggtttccaacagagac
cctggggtcccacacaggttcagtggcagegggtcagggacagatttcaccctgagaate
agcagagtggaggctgacgatgctggagtttattactgcgggcaaggtatacaagctect
cc

SEQ ID NO. 110 IGKV2S812 (P)

>IGKV2312*01|Canis lupus familiaris_boxerlPIV—REGIONI
gatatcgtgatgacccagaccccattgtecttgectgtcaccecctggagagectagectea
tcactgtgcaggaggccagtcagagcctectgecacagtgatggatatatttatttgaatt
ggtactttcagaaatcaggccagtctccatactcttgatctatatgectttacaaccagac
ttctggagtcccaggctggttcattggcagtggatcagggacagatttcaccctgaggat
cagcagggtggaggctgaagatgctggagtttattattgccaacaaactctacaaaatce
tce

SEQID NO. 111 IGKV2S813 (F)

>IGKV2313*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatatcgtcatgacgcagaccccactgtcecctgtetgtcagecctggagagecggectee
atctcctgcagggccagtcagagectcectgecacagtaatgggaacacctatttgtattgg
ttccgacagaagccaggccagtctceccacagggectgatctacttggtttccaaccgttte
tcttgggtcccagacaggttcagtggcagegggtcagggacagatttcaccctgagaate
agcagagtggaggctgacgatgctggagtttattactgcgggcaaaatttacagtttect
tec

SEQ ID NO. 112 IGKV2S14 (P)

>IGKV2314*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaggttgtgatgatacagaccccactgtcecctgtetgtcageccctggagagecggectee
atctcctgcagggccagtcagagtcteccggcacagtaatggaaacacctatttgtattgg
tacctgcaaaagccaggccagtctccacagecttctgatecgacttggtttccaaccattte
actggggtgtcagacaggttcagtggcagcgggtctggcacagattttaccctgaggate
agcagggtggaggctgaggatgttggagtttattactgcatgcaaagtacacatgatecct
cc

SEQ ID NO. 113 IGKV2S15 (P)

>IGKV2315*01|Canis lupus familiaris_boxerlPIV—REGIONI
gatatcatgatgacacagaccccactctcececctgectgecaccecctggggaattggetgee
atcttctgcagggccagagtctectgcacaataatggaaacacttatttacactggttee
tgcagacatcaggccaggttccaaggcatctgaaccatttggcttccagectgttactetyg
gggtctcagacaggttcagtggcaacgggtcagggacagatttcacactgaaaatcageca
gagtggaggctgaggatgttagtgtttattagtgcctgcaagtacacaacctteccate
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SEQ ID NO. 114 IGKV2S16 (F)

>IGKV2316*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaggccgtgatgacgcagaccccactgteccctggecgtcaccectggagagectggecact
atctcctgcagggccagtcagagtctectgegecagtgatggaaaatecctatttgaattygg
tacctgcagaagccaggccagactccteggecgctgatttatgaggecttccaagegttte
tctggggtctcagacaggttcagtggcagegggtcagggacagatttcacccttaaaate
agcagggtggaggctgaggatgttggagtttattactgccagcaaagtctacattttect
cc

SEQ ID NO. 115 IGKV2S18 (P)

>IGKV2318*01|Canis lupus familiaris_boxerlPIV—REGIONI
gatatcgtcatgacacagaccccactgtecegtgtetgtcagecctggagagacggectee
atctcctgcagggccagtcagagectcectgecacagtgatggaaacacctatttggattgg
tacctgcagaagccaggccagattccaaaggacctgatctatagggtgtccaactgette
actggggtgtcagacaggttcagtggcagcgggtcagggacagatttcaccctgagaatce
agcagagtggaggctgacaacgctggagtttattactgcatgcaaggtatacaagatecct
cc

SEQ ID NO. 116 IGKV2S819 (F)

>IGKV2319*01|Canis lupus familiaris_boxerlFIV—REGIONI
gatatcgtcatgacacagactccactgtcecctgtetgtcagecctggagagacggectee
atctcctgcagggccaatcagagecctcectgecacagtaatgggaacacctatttggattgg
tacatgcagaagccaggccagtctccacagggcectgatctatagggtgtccaaccactte
actggcgtgtcagacaggttcagtggcagcgggtcagggacagatttcaccctgaagate
agcagagtggaggctgacgatgctggagtttattactgcgggcaaggtacacactctect
cc

SEQ ID NO. 117 IGKV3-3 (P)

>IGKV3-3*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaaatagtcttgacctagtctccagecctcececctggectattteccaaggggacagagtcaac
catcacctatgggaccagcaccagtaaaagctccagcaacttaacctggtaccaacagaa
ctctggagcttecttctaagectecttgtttacagecacagcaagectggettetgggatece
agctggcttcattggcagtggatgtgggaactcttcctctcectcacaatcaatggcatgga
ggctgaaggtgctgcctactattactaccagcagtagggtagctatcectget

SEQ ID NO. 118 IGKV3S1 (F)

>IGKV331*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaaatcgtgatgacacagtctccagecctcececctetecttgtectcaggaggaaaaagtcace
atcacctgccgggccagtcagagtgttagcagectacttagectggtaccagcaaaaacct
gggcaggctcccaagctcecctcatctatggtacatccaacagggccactggtgteccatee
cggttcagtggcagtgggtctgggacagacttcagettcaccatcagecagectggagect
gaagatgttgcagtttattactgtcagcagtataatagcggatata

SEQ ID NO. 119 IGKV382 (P)

>IGKV332*01|Canis lupus familiaris_boxerlPIV—REGIONI
gagattgtgccaacctagtctctageccttctaagactccagaagaaaaagtcaccatcag
ctgctgggcagtcagagtgttagcagctacttagectggtaccagcaaaaacctggacag
gctcccaggctcecttcatctatggtgcatccaacagggccactggtgtecccagtecgette
agcggcagtgggtgtgggacagatttcaccctcatcagcagcagtctggagtcagtcetga
agatgttgcaacatattactgccagcagtataatagctacccacce

SEQ ID NO. 120 IGKV4S1 (F)

>IGKV431*01|Canis lupus familiaris_boxerlFIV—REGIONI
gaaatcgtgatgacccagtctccaggctcectectggetgggtectgcaggagagagegtectee
atcaactgcaagtccagccagagtcttctgtacagcttcaaccagaagaactacttagece
tggtaccagcagaaaccaggagagcgtcctaagctgctcatctacttagecteccagetygyg
gcatctggggtccctgeccgattcagecagcagtggatctgggacagatttcacectecace
atcaacaacctccaggctgaagatgtgggggattattactgtcagcagcattatagttcet
cctcec
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SEQ ID NO. 121 IGKV4-1 (ORF)

>IGKV4-1*01|Canis lupus familiaris_boxerlORFIV—REGIONI
gacatcacgatgactcagtgtccaggctcecctggetgtgtecteccaggtcagcaggtecace
acgaactgcagggccagtcaaagcgttagtggctacttagectggtacctgcagaaacca
ggacagcgtcctaagctgcectcatctacttagectceccagetgggecatectggggtecctgee
cgattcagcagcagtggatctgggacagatttcaccctcaccgtcaacaacctegagget
gaagatgtgagggattattactgtcagcagcattatagttctcectet

SEQ ID NO. 122 IGKV7-2 (P)

>IGKV7-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
gacattatgctgacccagtctccagecctecttgaccatgtgtecteccaggagagagggeca
ccatctcttgcagggccagtcagaaagccagtgatatttggggecattacccaccatatta
ccttgtaccaacagaaatcagaacagcatcctaaagtcecctgattaatgaagectceccagtt
gggtctggggtcctaggcaggttcagtggctgtgggtctgggactgatttcagectcaca
attgatcctgtggaggctggcgatgctgtcaactattactgccagcagagtaaggagtet
cctcec

SEQ ID NO. 123 IGKV(I)-1 (P)

>IGKV(II)-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
gaaattgcagattgtcaaatggataataccaggatgcggtctctagectceccctgactece
aggggagagaaccatcattacccataaaataaatcctgatgacataataagtttgecttgg
tatcaatagaaaccaggtgagattcctcgagtcctggtatacgacacttccatcecttaca
ggtcccaaactggttcagtggcagtgtctccaagtcagatcttactctcatcatcageaa
tgtgggcacacctgatgctgctacttattactgttatgagcattcagga

Germline Jk sequences

SEQ ID NO. 124 IGKIJ1 (F)
>GKJ1*01|Canis lupus familiaris_boxerlFIJ—REGIONI
gtggacgttcggagcaggaaccaaggtggagctcaaac

SEQ ID NO. 125 IGKJ2 (ORF)
>IGKJ2*01|Canis lupus familiaris_boxerlORFlJ—REGIONI
tttatactttcagccagggaaccaagctggagataaaac

SEQ ID NO. 126 1IGKIJ3 (F)
>IGKJI3*01|Canis lupus familiaris_boxerlFIJ—REGIONI
gttcacttttggccaagggaccaaactggagatcaaac

SEQ ID NO. 127 1IGKJ4 (F)
>IGKJ4*01|Canis lupus familiaris_boxerlFIJ—REGIONI
gcttacgttcecggccaagggaccaaggtggagatcaaac

SEQ ID NO. 128 IGKIJS5 (F)
>IGKJI5*01|Canis lupus familiaris_boxerlFIJ—REGIONI
gatcacctttggcaaagggacacatctggagattaaac

Table 3. Canine IgA Sequence Information

Germline VA sequences

SEQ ID NO. 129 IGLV1-35 (P)

>IGLV1-35*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagectggecteggtgtetggggecctgggeccacagggtecageate
tcctggactggaagcagctccaacataagggttgattatecctttgagectgataccaacag
ctcccagaatgaagaacgaacccaaactcctcatctatggtaacagcaattggecteteag
gggttccagatccattctctagaggctccaagtctggcacctcaggectecctgaccaact
ctggccteccaggctgaggacgaggctgattgttactgegecagegtgggacatggatctea
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gtgctce

SEQ ID NO. 130 IGLVI1-37 (ORF)

>IGLV1-37*01|Canis lupus familiaris_boxerIORFIV—REGIONI
caatctgtgctgactcagectggectcagtgtectgggtecttgggeccagagggtcaccate
tcctgctcectggaagcacaaatgacattggtattattggtgtgaactggtaccagcagete
ccagggaaggcccctaaactcecctcatatacgataatgagaagecgaccctcaggtatceccee
gatcgattctctggctccaagtctggcaactcaggcaccctgaccatcactgggectecag
gctgaggacgaggctgattattactgccagtccatggatttcagecteggtggt

SEQID NO. 131 IGLVI1-41 (ORF)

>IGLV1-41*01|Canis lupus familiaris_boxerIORFIV—REGIONI
cagtctgtgctgactcagccagectecgtgtetgggtecctgggecagagggtecacecatt
tcctgcactggaagcagctccaacgttggttatagcagtagtgtgggctggtaccagecag
ttcccaggaacaggccccagaaccatcatctattatgatagtagecgaccctegggggte
cccgatcgattctetggecteccaagtectggcagecacagecaccctgaccatectetgggete
caggctgaggatgaggctgattattactgctcatcttgggacaacagtctcaaagcetee

SEQID NO. 132 IGLV1-44 (F)

>IGLV1-44*01|Canis lupus familiaris_boxerlFIV—REGIONI
caggctgtgctgaatcageccggectcagtgtectggggecctgggeccagaaggtcaccate
tcctgctctggaagcacaaatgacattgatatatttggtgtgagetggtaccaacagete
ccaggaaaggcccctaaactecctegtggacagtgatggggatcgaccctcaggggtecect
gacagattttctggctccagctctggcaactcaggcaccctgaccatcactgggectecag
gctgaggacgaggctgattattactgtcagtctgttgattccacgecttggtgecteca

SEQ ID NO. 133 IGLV1-45 (P)

>IGLV1-45*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtactgactcaatcagcctcagegtectgggtecttgggecagagggtetecgte
tcctgctctagcagcacaaacaacattggtattattggtgtgaagtggtaccagcagatce
ccaagaaaggcccctaaactcecctcatatatgataatgagaagagaccctcaggtgtecece
aattgattctctggctccaagtctggcaacttaggcaccctaaccatcaatgggecttecag
gctgagggcgaggctgattattactgccagtccatggatttcagecteggtggt

SEQ ID NO. 134 IGLV1-46 (F)

>IGLV1-46*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcaaccagecctcagtgtecgggtectetgggecagagggtcaccate
tcctgcactggaagcagctccaacattggtagagattatgtgggectggtaccaacagete
ccgggaacacgccccagaaccctecatctatggtaatagtaaccgaccctegggggtecce
gatcgattctctggctccaagtcaggcagcacagceccaccctgaccatctectgggetecag
gctgaggacgaggctgattattactgctctacatgggacaacagtctcactgttce

SEQ ID NO. 135 IGLV1-48 (F)

>IGLV1-48*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctatgctgactcagccagectcagtgtectgggtecctgggeccagaaggtcaccate
tcctgcactggaagcagctccaacatcecggtggtaattatgtgggectggtaccaacagete
ccaggaataggccctagaaccgtcatctatggtaataattaccgaccttcaggggtecce
gatcgattctctggctccaagtcaggcagttcageccaccctgaccatctectgggetecag
gctgaggacgaggctgagtattactgctcatcatgggatgatagtctcagaggtca

SEQ ID NO. 136 IGLV1-49 (F)

>IGLV1-49*01|Canis lupus familiaris_boxerlFIV—REGIONI
caggctgtgctgactcageccgecctecagtgtetgeggtectgggacagagggtcaccate
tcctgcactggaagcagcaccaacattggcagtggttatgatgtacaatggtaccagecag
ctcccaggaaagtcccecctaaaactatcatctatggtaatagcaatcecgaccctcaggggte
ccggatcgcettetetggetceccaagtcaggecagcacagectetetgaccatcactgggete
caggctgaggacgaggctgattattactgccagtcecctectgatgacaacctecgatgatcea

SEQ ID NO. 137 IGLV1-50 (P)
>IGLV1-50*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcageccggectea. . .gtgtcecgggtectetgggeccagagagtcace
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atctcctgcactggaagcagctccaacate., .o iiiin i, gatagaaaatat
gttggctggtaccaacagcte...ccgggaacaggccccagaaccgtcatectatgataat
..................... agtaaccgaccctcecgggggtcecct. . .gatcgattctcet
ggctccaag...... tcaggcagcacagccaccctgaccatctctgggecteccaggetgag
gacgaggctgat...tattactgctcaacatacgacagcagtctcagtagtgg

SEQ ID NO. 138 IGLV1-52 (P)

>IGLV1-52*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaacatcagtagatataatgtgaactggtaccaacagcete
ctgggaacaggccccagaaccctecatctatggtagtagtaaccgaccctegggggtecece
gattgattctctggctccaagtcaggcagecccagcectaccctgaccatctctgggectecag
gctgaggatgaggctgattattactgctcaacatacgacaggggtctcagtgecteg

SEQ ID NO. 139 IGLV1-54 (P)

>IGLV1-54*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgactcageccgecctecagggtetgggggectgggeccagaggttcageate
tcctgttctggaagcacaaacaacatcagtgattattatgtgaactggtactaacagcete
ccagggacagcccctaaaaccattatctatttggatgataccagaccececctggggteceyg
gattgattctctgtctccaagtctagcagctcagectaccctgaccatctectgggetecag
gctgaggatgaagctgattattactgctcatcctggggtgatagtctcaatgetee

SEQ ID NO. 140 IGLV1-55 (F)

>IGLV1-55*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagaggatcaccate
tcctgcactggaagcagctccaacattggaggtaataatgtgggttggtaccagcagete
ccaggaagaggccccagaactgtcatctatagtacaaatagtcgaccctegggggtgece
gatcgattctctggctccaagtctggcagcacageccaccctgaccatctectgggetecag
gctgaggatgaggctgattattactgctcaacgtgggatgatagtctcagtgetee

SEQ ID NO. 141 IGLVI1-56 (ORF)

>IGLV1-56*01|Canis lupus familiaris_boxerIORFIV—REGIONI
cggtctgtgctgactcageccgecctecagtgtegggatectgtgggeccagagaatcaccate
tccegctcectggaagcacaaacagcattggtatacttggtgtgaactggtaccaagagete
ccaggaaaggcccctaaactecctegtagatggtactgggaatagaccctcaggggtecect
gaccgattttctggctccaaatctggcaactcaggcactctgaccatcactgggecttecag
cctgaggacgaggctgattattattgtcagtccattgaacccatgettggtgetee

SEQ ID NO. 142 IGLV1-57 (F)

>IGLV1-57*01|Canis lupus familiaris_boxerlFIV—REGIONI
caggctgtgctgactcecgetgecctecagtgtetgeggecctgggacagacggtcaccate
tcttgtactggaaatagcacccaaatcagcagtggttatgctgtacaatggtaccagecag
ctcccaggaaagtcccecctgaaactatcatctatggtgatagecaatecgacecctegggggte
ccagatcgattctctggcecttcagectectggecaattcagecacactggeccatcactgggete
caggatgaggacgaggctgattattactgccagtccttagatgacaacctcaatggtea

SEQ ID NO. 143 IGLV1-58 (F)

>IGLV1-58*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaacatcecggtagatatagtgttggetggttecagecagete
ccgggaaaaggccccagaaccgtcatctatagtagtagtaaccgaccctecaggggtecct
gatcgattctctggctccaagtcaggcagcacagceccaccctgaccatctectgggetecag
gctgaggacgaggctgattattactgctcaacatacgacagcagtctcagtagtag

SEQID NO. 144 IGLVI1-61 (P)

>IGLV1-61*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgacatagccaccctcagtgtectggggecctgggeccagagggtcaccate
tcctgcactggaagcagctcaagcatgggtagttattatgtgagetggcacaagcagete
ccaggaacaggccccagaaccatcatgtgttgtaaaaacatcgaccttegggaatctcecea
atcaagtctctggctcccattctggcaacacagccaccctgaccatcactgggectectygg
ctgaggatgaggctgattattactgttcaacatgggatgacaatctcaatgcacce
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SEQ ID NO. 145 IGLV1-63 (P)

>IGLV1-63*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagectgeccctecagtgtetggggecctgggeccagagggtecaccate
tcctgctcectggaagcagctctaaacttggggecttatgectctgaactagaaccaacaatte
ccaggaacagattccaatttcctcatctatgatgatagtaattgatctttctggatgect
gattaattctgtggctccacatccagcagttcaggcteccctgaccatcactgggectetygyg
gatgaggacaaggctgattattactgccagtgccattaccatagecctececgtget

SEQ ID NO. 146 IGLV1-65 (P)

>IGLV1-65*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagccagectcagtgtectggateccctgggeccaaagggtcaccate
tcctgcactggaagcacaaacaacatcggtggtgataattatgtgcactggtaccaacag
ctcccaggaaaggcacccagtctectcatctatggtgatgataacagagaatctggggte
ccggaacgattctcectggectceccaagtcaggcagetcagecactcectgaccatcactgggete
catgctgaggacgaggctgatattattgccagtectacgatgacagecctcaatactcea

SEQ ID NO. 147 IGLV1-66 (F)

>IGLV1-66*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccgeccctecagtgtcaggatectgtgggeccagagaatcaccate
tcctgctcectggaagcacaaacagcattggtatacttggtgtgaactggtaccaactgete
tcaggaaaggcccctaaactcectegtagatggtactggaaatcgaccctcaggggteect
gaccgattttctggctccaaatctggcaactcaggcactctgaccatcactgggecttecag
cctgaggacgaggctgattattattgtcagtccattgaacccatgettggtgetee

SEQ ID NO. 148 IGLV1-67 (F)

>IGLV1-67*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtcctgactcageccggectecagtgtetggggttetgggeccagagggtecaccate
tcctgcactggaagcagctccaacattggtggaaattatgtgagetggcaccagcaggte
ccagaaacaggccccagaaacatcatctatgectgataactaccgagectegggggtecct
gatcgattctctggctccaagtcaggcagcacagceccaccctgaccatctectgtgetecag
gctgaggatgaggctgattattactgctcagtgggggatgatagtctcaaagcace

SEQ ID NO. 149 IGLV1-68 (P)

>IGLV1-68*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtccatcctgactcagcageccctcagtectetgggtcactgggeccagagggtcaccate
tcttgcactggattccctagcaacaatgattatgatgcaatgaaaattcatacttaagtyg
ggctggtaccaacagtccccaggaaagtcacccagtctcectcatttatgatgaaaccaga
aactctggggtccctgatcgattctcectggecteccagaactggtagetcagectececctgece
atctctggactccaggctgaggacaagactgagtattactgctcagecatgggatgategt
cttgatgctca

SEQ ID NO. 150 IGLV1-69 (P)

>IGLV1-69*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctaactcagccaccctcagtgteggggtegetgggeccagagggtcaccate
tcctgctcectggaagcacaaacaacatcagtattgttggtgecgagetggtaccaacagete
ccaggaaaggcccctaaactecctegtggacagtgatggggatcgaccgtcaggggtecect
gaccgattttctggctctaagtctggcaaatcagceccaccctgaccatcactgggettecag
gctgaggacgaggctgattattactgtatattggtcccacgectttgtgecteca

SEQ ID NO. 151 IGLV1-69-1 (P)

>IGLV1-69-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagccactgttagggecctggggecctgggcagagggtcacecctet
cctgacctggaagagtcccagtattggtgattatggtatgaaatggtacaagcagettge
aaggacagaccccagactcgtcatctatggcaatagcaattgatcecctegggtcecccaate
aattttctggctctggttttggcatcactggcteccttgaccacctctgggectcecagactyg
aaaaataggctgattactagtgcttctccagtgatccaggectgt

SEQ ID NO. 152 IGLV1-70 (F)
>IGLV1-70*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcaaccggecctecegtgtetgggtecctgggecagagagtcaccate
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tcttgcactagaagcagctcgaacgttggctatggcaatgatgtgggatggtaccagecag
ctcccaggaacaggccccagaaccatcatctataataccaatactecgaccctetggggtt
cctgatcgattctectggectceccaaatcaggcagcacageccaccctgaccatcectetggacte
caggctgaggacgaggctgattattactgctecttectatgacagcagtctcaatgetea

SEQ ID NO. 153 IGLVI1-72 (ORF)

>IGLV1-72*01|Canis lupus familiaris_boxerIORFIV—REGIONI
cagtctgtgctaactcagccggectcagtgtetggttecctgggtcagagggtecaccate
tgcactggaagcagctccaacattggtacatatagtgtaggctggtaccaacagctcecca
ggatcaggccccagaaccatcatctatggtagtagtaaccgaccgttgggggteccctgat
cgattctctggcteccaggtcaggcagcacageccaccctgaccatectetgggetecagget
gaggacgaagctgattattactgcttcacatacgacagtagtctcaaagctcee

SEQ ID NO. 154 IGLV1-73 (F)

>IGLV1-73*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgaatcagccaccttcagtgtcectggateccctgggeccagagaatcaccate
tcctgctcectggaagcacgaatgacatcecggtatgecttggtgtgaactggtaccaacagete
ccaggaaatgcccctaaactceccttgtagatggtactgggaatcgaccctcaggggtecect
gaccaattttctggctccaaatctggcaattcaggcactctgaccatcactgggctecag
gctgaggacgaggctgattattattgtcagtcctatgatctcacgecttggtgetee

SEQ ID NO. 155 IGLV1-74 (P)

>IGLV1-74*01|Canis lupus familiaris_boxerlPIV—REGIONI|
cagtccatgatgactcagccaccctcagtgtectgggtcactgggeccagagggtcaccate
tactgcactggaatccctagcaacactgattatagtggattggaaatttatacttatgtyg
agctggtaccaacagtataaggaaaggcacccagtctcecctcatctatggggatgataccyg
gaaactctgaggtccctgatcaattctctggcteccaggtctggtagetcaaccteecctga
ccatctctggactccaggctgaggatagtcttaatgetcea

SEQ ID NO. 156 IGLV1-75 (F)

>IGLV1-75*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgactgggtecctgggeccagagggtcaccate
tcctgcactggaagcagctccaacatcecggtggatataatgttggetggttecagecagete
ccgggaacaggccccagaaccgtcatctatagtagtagtaaccgaccctegggggteceyg
gatcgattctctggctccaggtcaggcagcacagceccaccctgaccatctectgggetecag
gctgaggacgaggctgagtattactgctcaacatgggacagcagtctcaaagetee

SEQ ID NO. 157 IGLV1-78 (P)

>IGLV1-78*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccggecctcagtgteccaggtecctgggecagatagtcaccate
tcttgcgctggaagcagctccaacatceccgtacaaaatatgtgggectggtactaacagete
ccgagaacaggccccagaaccgtcatctatggtaatagtaactgaccctegggggtecte
gatcaattctctggctccaagtcaggcagcatagceccaccctgaccatctectgtgetecag
gctgaggacgaggcttattattactgctcaacatatgacagcagtctcagtgetet

SEQ ID NO. 158 IGLV1-79 (P)

>IGLV1-79*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccggecctectgtgtetggggecctgggecagaggtcaccatet
cctgcactaggagcagctccaatgttggttatagcagttatgtgggetggtaccagecage
tcccaggaacaggccccaaaaccatcatctataataccaatactcgaccctectggggtte
ctgatcgattctctggctccaaatcaggcagcacagccacccttaccattgetggactee
aggctgaggacgaggctgattattactgctcatcctatgacagcagtctcaaagetee

SEQ ID NO. 159 IGLV1-79-1 (P)

> IGLV1-79-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctatgctgactcaccctggccagaggatcaccctectectgacctggaagagtecea
gtattggtgattatggtgtgaaatggtacaggcagctagcaagaacagaccccagactee
tcatttatagcaatagcaatcgatccttgagtccccaatcaattttecgectetggtttt
gacattactggctccttgaccacctccaggctccagactgaaaaataggctgattactag
tgcttatacagtgatccaggcttgtggggcetyg
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SEQ ID NO. 160 IGLV1-80 (F)

>IGLV1-80*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccgacctcagtgtegtggtecctgggecagagggtcacaate
tcatgctctagaagcacgaataacatcggtattgtecggggcgagetggtaccaacagete
ccaggaaaggcccctaaactecctegtggacagtgatggggatcaactgtcaggggtecect
gaccgattttctggctccaagtctggcaactcageccaacctgaccatcactgggectecag
gctgaggacaaggctgattattactgccagtcecctttgatcacacgecttggtgeteg

SEQID NO. 161 IGLV1-81 (P)

>IGLV1-81*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgttgagtcagccagecctcagtgtectggggttetgggeccagagggtcaccate
tcctgcactggaagcagctccaacatcecggtggaaattacgtgagetggcaccagcaggte
ccagaaacaggccccagaaacatcatctatgectgataactactgagectegggggtecct
gatggattctctggctccaagtaaggcagcacagceccaccccgaccatctectgtgetecag
gctgaggatgaggctgattattactgctcagtgggggataatagtctcaaagcace

SEQ ID NO. 162 IGLV1-82 (F)

>IGLV1-82*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcagccagectcagtgteggggtecctgggeccagagagtcaccate
tcctgctcectggaaggacaaacatcggtaggtttggtgctagectggtaccaacagectecca
ggaaaggcccctaaactcecctegtggacagtgatggggatcgaccgtcaggggteccctgac
cgattttccggctceccaagtcectggcaacteggeccactectgaccatcactggtetecatget
gaggacgaggctgattattactgtctgtctattggtcccacgettggtgectea

SEQ ID NO. 163 IGLV1-82-1 (P)

>IGLV1-82-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagccactgttagggecctggggecctggecagaggetcactetet
cctgcecctggaagagtcecccagtattggtgattatgatgtgaagtggtacaggcagectecac
aagaacagaccctagactcctcatccatggtgatagcaattgatcecctegggtecccaate
acttttctggctctgtttttggcatcactggctgecttgaccacctctgggecteccagactyg
aaaaataggctgattactagtgcttatccagtgatccag

SEQ ID NO. 164 IGLV1-83 (P)

>IGLV1-83*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccggecctectgtgtetggggecctgggecagaggtcaccatet
cctgcactaggagcagctccaatgttggttatagcagttatgtgggetggtaccagecage
tcccaggaacaggccccaaaaccatcatctataataccaatactcgaccctectggggtee
ctgatcgattctctggctccaaatcaggcaggacagccacccttaccattgetggactee
aggctgaggacgaggctgattattactgctcatcctatgacagcagtctcaaagetee

SEQ ID NO. 165 IGLV1-84 (F)

>IGLV1-84*01|Canis lupus familiaris_boxerlFIV—REGIONI
caggctgtgctgactcageccggectcagtgtetgggtecctgggecagagggtecaccate
tcctgcactggaagcagctccaatgttggttatggcaattatgtgggectggtaccagecag
ctcccaggaacaggccccagaaccctcatcectatggtagtagttaccgacecctegggggte
cctgatcgattctectggecteccagttcaggecagetcagecacactgaccatectetgggete
caggctgaggatgaagctgattattactgctcatcctatgacagcagtctcagtggtgg

SEQ ID NO. 166 IGLV1-84-1 (ORF)

>IGLV1-84-1*01|Canis lupus familiaris_boxerIORFIV—REGIONI
cagtctgtgctgactcagccagectcagegtetgggtecttgggecagagggtecactgte
tcctgctctagcagcacaaacaacatcggtattattggtgtgaagtggtaccagcagate
ccaggaaaggcccataaactcctcatatatgataatgagaagcgaccctcaggtgtecece
aatcgattctctggctccaagtctggcgacttaagcaccctgaccatcaatgggettecag
ggtgaggacgaggctgattattattgccagtccatggatttcagecteggtggtea

SEQ ID NO. 167 IGLVI1-86 (ORF)

>IGLV1-86*01|Canis lupus familiaris_boxerIORFIV—REGIONI
cagtctgtgctgactcagccagectcagtgtetgggtecctgggecagagggtcaccate
tcctgcactggaatccccagcaacacagattttgatggaatagaatttgatacttcectgtyg
agctggtaccaacagctcccagaaaagccccctaaaaccatcatectatggtagtactett
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tcattctcgggggtcccecgatcgattectetggeteccaggtetggecagecacagecacectyg
accatctctgggctccaggctgaggacgaggctgattattactgectcatecctgggatgat
agtctcaaatcata

SEQ ID NO. 168 IGLV1-87 (F)

>IGLV1-87*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcagccagectcagtgtectggateccctgggeccaaagggtcaccate
tcctgcactggaagcacaaacaacatcggtggtgataattatgtgcactggtaccaacag
ctcccaggaaaggcacccagtctectcatctatggtgatgataacagagaatctggggte
cctgaacgattctectggctceccaagtcaggcagetcagecactcectgaccatcactgggete
caggctgaggacgaggctgattattattgeccagtcctacgatgacagectcaatactea

SEQ ID NO. 169 IGLV1-88 (P)

>IGLV1-88*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcageccgecctecagtgtegggatectgtgggeccagagaatcaccate
tcctgctcectggaagcacaaacagctaccaacagctctcaggaaaggcectctaaactecte
gtagatggtactgggaaccgaccctcaggggtccccgaccgattttectggecteccaaatet
ggcaactcaggcactctgaccatcactgggcttgggacgaggctgaggacgaggctgagyg
acgaggctgattattattgttagtccactgatctcacgcttggtgctece

SEQ ID NO. 170 IGLV1-88-2 (P)

>IGLV1-88-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggccgccctgggcaatgagttegtgecaggtcaaggectgagacagacctgcagaattcea
ggtttgtctgagacacagctcatcagatgtgtgcagtgtgtgtcctggtaccaacggecte
ccatgaatgggtcctaaatccttatctagaaataacatttagatcactttgtggeccecgga
tccattctcectggctceccatgtectggcaactcectggectcatgaacatcactgggectatggte
tgaagatggagctgctcttcacaggccctecttgggacaaaattcttgggget

SEQID NO. 171 IGLV1-88-3 (P)

>IGLV1-88-3*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtccatcctgactcageccgecctecagtectetgggtcactgggeccagagggtcaccate
tcctgcaatggaatccctgacagcaatgattatgatgcatgaaaattcatacttacgtga
gctggtaccaacagttcccaagaaagtcaccagtctcectcatctacgatgataccagaaa
ctctggggaccctgatcaattcectectggctecagatectggtaactcagectecctgeccecat
ctctggactccaggctgaggacgaggctgagtattactgectcagecatgggatgategtet
tgatgctca

SEQID NO. 172 IGLV1-89 (P)

>IGLV1-89*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtactgactcagccggecctcagtgtectgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaacatcecggtggatattatgtgagetggetectagecagete
ccgggaacaggccccagaaccatcatctatagtagtagtaaccgaccttcaggggtecct
gatcgattctctggctccaggtcaggcagcacagceccaccctgaccatctectgggetecag
gctgaggatgaggctgattattactgttcaacatacgacagcagtctcaaagectce

SEQID NO. 173 IGLV1-89-2 (P)

>IGLV1-89-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
cttcctgtgctgacccageccaccctcaaggtectgggggtectggttcagaagatcaccate
ttctgttctggaagcacaaacaacatgggtgataattatgttaactggtacaaacagcett
ccaggaacggcccctaaaaccatcatctaagtggatcatatcagaccctcaggggtectyg
gagagattctctgtctccaattctggcagctcageccaacctgaccatctectgggectecag
gatgaggactaggctgattattattgctcatcctggcatgatagtctcagtgetee

SEQID NO. 174 IGLV1-91 (P)

>IGLV1-91*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgctgactcagectgeccctecagtgtetgecagecctgggacagagggtcaccate
tgcactggaagcagcaccaacatcggcagtggttattatacactatggtaccagcagectyg
caggaaagtcccctaaaactatcatctatggtaatagcaatcgacccttgagggtecegyg
atcgattctctggctccaagtatggcaattcageccacgctgaccatcactgggecteccagyg
ctgaggacgaggatgattattactgccagtcctctgatgacaacctecgatggtea
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SEQID NO. 175 IGLV1-92 (F)

>IGLV1-92*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggecteggtgtetgggtecctgggeccagagggtecaccate
tcctgcactggaagcagctccaatgttggttatggcaattatgtgggectggtaccagecag
cttccaggaacaggccccagaaccattatctgttataccaatactecgaccectetggggtt
cctgatcgatactctggctceccaagtcaggcagcacageccaccctgaccatectetgggete
caggctgaagacgagactgattattactgtactacgtgtgacagcagtctcaatgctag

SEQID NO. 176 IGLV1-94 (F)

>IGLV1-94*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcagecctececctecagtgtecgggttectgggeccagagggtecaccate
tcctgcactggaagcagctccaacatcecggtagaggttatgtgcactggtaccaacagcete
ccaggaacaggccccagaaccctecatctatggtattagtaaccgaccctecaggggtecece
gatcgattctctggctccaggtcaggcagcacagceccactctgacaatctctgggectecag
gctgaggatgaggctgattattactgctcatcctgggacagcagtctcagtgetet

SEQID NO. 177 IGLV1-95-1 (P)

>IGLV1-95-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagccactgttagggecctgggttectggecagagggtcacecctet
cctgcecctggaagagtctcagttttggtgattatggtgtgaaacggtacaggaagectege
atggacagaccccagactcctcatctatggcaatagcaattgattctegggtcecccagte
tattttctggctctggttttggcatcactggcteccttgaccaccteccgggectecagactyg
aaaaataggctgatttctagtgcttctccagtgatccaggecttt

SEQID NO. 178 IGLV1-96 (F)

>IGLV1-96*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgcgctgactcaaacggccteccatgtectgggtetetgggecagagggtecacegte
tcctgcactggaagcagttccaacgttggttatagaagttatgtgggctggtaccagecag
ctcccaggaacaggccccagaaccatcatctataataccaatactecgaccctetggggtt
cctgatcgattctectggecteccatatcaggcagcacageccaccctgactattgetggacte
caggctgaggacgaggctgattattactgctcatcctatgacagcagtctcaaagcetee

SEQID NO. 179 IGLV1-97 (P)

>IGLV1-97*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgaatcagectgecttcagtgttaggateccctgggeccagagaatcaccate
tcctgctcectggaagcacgaatgacatcecggtatgecttggtgtgaactggtaccaagagecg
ccaggaaaggcccctaaactcecctegtagatggtactgggaatcgaccctcagggtecctyg
ccgattttctggctccaaatctggcaactcaggcactcectgaccatcactgggeteccagge
tgaggacgaggctgattattattgtcagtccactgatctcacgecttggtgetee

SEQID NO. 180 IGLV1-97-4 (F)

>IGLV1-97-4*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcagecctececctecagtgttcaggtecctgggecagagggtcactata
tcctgcactggaagcagctccaacgtecggtagaggttatgtgatectggtaccaacagete
ctgggaacacgcccaagaaccctcatatatggtagtagtaaccaaccctcaggggtecece
aatcaattctctggctccaggtcaggcagcacagacactctgacaatctctgggttecag
gctgaggatgaggctgattattactgctcatcctgggacagcagtctcagtgetet

SEQID NO. 181 IGLV1-98 (P)

>IGLV1-98*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccagtctcagtgtcectggggeccctgtgecagagggtcaccate
tcctgcactggaaacagctccaacattggttatagcagttgtgtgagctgatatcagecag
ctcccaggaacaggccccagaaccatcatctatagtatgaatactcaaccctetggggtt
cctgatcgattctectggecteccaggtcaggcaactcagecaccctaaccatcectetgggete
caggctgaggacaaggctgactattactgctcaacatatgacagcagtctcagtgctea

SEQ ID NO. 182 IGLV1-100 (F)

> IGLV1-100*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccgacctcagtgteggggteccttggeccagagggtcaccate
tcctgctcectggaagcacgaacaacatcggtattgttggtgcecgagetggtaccaacagete
ccaggaaaggcccctaaactecctegtggacagtgatggggatcgaccgtcaggggtecect
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gaccggttttcecggctceccaagtcectggcaactcageccaccctgaccatcactgggettecag
gctgaggacgaggctgattattactgccagtcctttgataccacgcttgatgeteca

SEQ ID NO. 183 IGLVI1-100-1 (P)

>IGLV1-100-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtactgactcagcagccecgttagtgettggggecctggecagagggtcagettet
cctgccttggaagagtcccagtattggtaattatggtgtgaaatggtacaagcagectceaa
aaggacagaccccagacttctcatctatggcaatagcaattgatcecctegggtcecccaate
aattttctggctctggttttggcatcactggctecttgaccacctatgggctceccagactyg
aaaaataggctgattactagtgcttttccagtgatccagtectgagggge

SEQID NO. 184 IGLV1-101 (P)

>IGLV1-101*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccggecctecegtgtetggggecttgggeccagagggtecaccate
tcctgcactggaagcagctccaatgttggttatagcagectatgtgggettgtaccagecag
ctcccaggaacaggcctcaaaaccatcatctataataccaatactcecgaccectetggggtt
cctgatcaattctctggctccaaatcaggcagcacageccacctgaccattgetggactte
aggctgaggacgaggctgattattactgctcatcctatgacagcagtctcaaagetee

SEQ ID NO. 185 IGLV1-103 (F)

>IGLV1-103*01|Canis lupus familiaris_boxerlFIV—REGIONI
caggctgtgctgactcagccaccctetgtgtetgecagecctggggcagagggtecaccate
tcctgcactggaagtaacaccaacatcggcagtggttatgatgtacaatggtaccagecag
ctcccaggaaagtcccecctaaaactatcatttatggtaatagcaatcecgaccctegggggte
ccggttecgattcectetggectceccaagtcaggcagcacagecaccctgaccatcactgggate
caggctgaggatgaggctgattattactgccagtecctatgatgacaacctecgatggtea

SEQID NO. 186 IGLV1-104 (P)

>IGLV1-104*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagccagettcagtgtectgggtecctgggeccagaggatcaccate
tcctgcactaaaagcagctccaacatcecggtaggtattatgtgagetgacaacagectecca
ggaacaggccccagaaccgtcatctatgataataataactgaccctegggggtecctgat
caattttctggctctaaatcaggcagcacagccaccctgaccatctctaggectecagget
gaggacgatgctgattattactgctcgccatatgccagcagtcectcagtgetgg

SEQ ID NO. 187 IGLV1-106 (F)

>IGLV1-106*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgttgactcaaccggcctcagtgtectgggtecctgggeccagagggtecatcate
tcctgcactggaagcagctccagcattggcagaggttatgtgggectggtaccaacagete
ccaggaacaggccccagaaccctecatctatggtattagtaacctacceccecgggagtecce
aatagattctctggttcgaggtcaggcagcacagccaccctgaccatcegcectgagetecag
gctgaggacgaggctgattattactgctcatcegtgggacagaagtctcagtgetee

SEQ ID NO. 188 IGLV1-107 (P)

> IGLV1-107*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgctgactcageccecgecctcagtgtetgeggecttgggacagagggtcaccat
ctcctgcactggaagcagcaccaacatcagcagtggttacgttgtacaatggtaccagea
gctcccaggaaagtcccctaaaacaatctatggtactagcaagtgacccttggggatece
ggttcaattctctggctccaagtcaggcagcacagccaccctgaccatcactggtatcta
ggctgaggacgaggctgattattactgccaatcctatgatgacaacctcgatggtea

SEQ ID NO. 189 IGLV1-110 (P)

> IGLV1-110*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtacggaatcaaccgccctcagagtcectgcagecctgggacagagagtcaccate
tcctgcacgggaagcagatccaacattggcagtggttatgectgtacaatggtaccaacgg
ctcacaggaaagtctccttaaaactatcatctatggtaatagcaatcaaccctegggggt
cctggatcaattctcectggectccaagtgaggcagecacageccaccctgaccatcactgggat
ccagtctgaggacgaggctgattattactgccagtectatgatagaagtcectectgtgetcea
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SEQID NO. 190 IGLVI1-111 (ORF)

>IGLV1-111*01|Canis lupus familiaris_boxerlORFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggectgagggtecaccate
tgctgcactggaagcagctccaacatcagtagttattatgtgggctggtaccaaccacte
gcgggaacaggccccagaactgtcatctatgataatagtaaccgteccctegggggtecct
gatcaattctctggctccaagtcaggcagcacagceccaccctgaccatctecteggetecag
gctgaggacgaggctgattattacggctcatcatatgacagcagtctcaatgectygg

SEQID NO. 191 IGLVI1-112 (P)

>IGLV1-112*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagccagectcagtgtectcagtecctgggtcagagggtecaccate
tcctgtactggaagcagctccaatgttggttataacagttatgtgagctggtaccagecag
ctcccaggaacagtccccagaaccatcatctattataccaatactecgaccctatggggtt
cctgatcgattctectggectceccaaatcaggcaactcageccaccctgaccattgetggacte
caggctgaggacgaggctgattattattgctcaacatatgacagcagtctcagtggtge

SEQID NO. 192 IGLV1-113 (P)

>IGLV1-113-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgaatcagacgccctcagtgteggggtecctgggeccagagagtegecate
tcctgctcectggaagcacaaacatcagtaggtttggtgcgagctggtaacaacagectectyg
ggaaaggcttcaaaactcctcecctagacagtgatggggatcaaccatcagtggtceccctgac
tgattttccggctccaagtctggcaactcaggtgecctgaccatcactgggecteccagget
gaggacgaggctgattattactgccagtcctttgatcccacacttggtgctea

SEQID NO. 193 IGLVI1-114 (P)

>IGLV1-114*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctttgctgactcageccaccctecagtgtectgaggecctgggacagagggtcaccate
tcctgcactggaagcagcaccaacatcggcagtggttatgatgtacaatggtaccagecag
ctcccaggaaagtcccecctcaaactatcegtatacggtaatagecaattgaccctegggggte
ccagatcaattctctggctccaagtctcacaattcageccaccctgaccatcactgggcete
cagactgaggacgaggctgattattactgccagtcctectgatgacaacctega

SEQID NO. 194 IGLVI1-115 (P)

>IGLV1-115*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagccagectcagtgtetgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaacatcecggtagatatagtgtaggectgataccagecagete
ccgggaacaggccccagaactgtcatctatggtagtagtagecgaccctegggggtecece
gatcgattctctggctccaagtcaggcagcacagceccaccctgaccatctcagggectecag
gctgaggacgaggctgattattactgttcaacatacgacagcagtctcaaagectee

SEQID NO. 195 IGLVI1-116 (F)

>IGLV1-116*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagcctgtgctcactcageccgecctecagtgtetgggttectgggacagagggtcactate
tcctgcactggaagcagctccaacatcecttggtaattctgtgaactggtaccagecagete
acaggaagaggccccagaaccgtcatctattatgataacaaccgaccctcectggggtecct
gatcaattctctggctccaagtcaggcaactcagceccaccctgaccatctctgggectecag
gctgaggacgagactgattattactgctcaacgtgggacagcaggctcagagetee

SEQID NO. 196 IGLV1-118 (P)

GLV1-118*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagagggtcaccate
tcctgcactgaaagcagctccaacatcecggtggatattatgtgggectggtaccaacagete
ccaggaacaggccccagaaccatcatctatagtagtagtaaccgaccctcaggggtecect
gattgattctctggctccaggtcaggcagcacagceccaccctgaccatctectgggectecag
gctgaggacgaggctgattattactgctctacatgggacagcagtctcaaagetee

SEQID NO. 197 IGLVI1-118-2 (P)

>IGLV1-118-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
ctgcctgtgctgacccageccgecctcaaggtectgggggtetggttcagaggttcaccate
ttctgttctggaagcacaaacaacataggtgataattattttaactggtacaaacagcett
ccaggaacggcccctaaaaccatcatctaagtggatcatatcagaccctcaggggtectyg
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gagagattctctgtctccaattctggcagctcageccaacctgaccatctectgggectecag
gctgaggactaggctgattattattgctcatcctgggatgatagtctcaatgetcee

SEQID NO. 198 IGLV1-122 (P)

>IGLV1-122*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgctgactcagectgeccctecagtgtetgecagecctgggacagagggtcaccate
tgcactggaagcagcaccaacatcggcagtggttattatacactatggtaccagtagectyg
caggaaagtcccctaaaactatcatctatggtaatagcaatcgacccttgagggtecegyg
atcgattctctggctccaagtatggcaattcageccacgctgaccatcactgggecteccagyg
ctgaggacgaggatgattattactgccagtcctctgatgacaacctecgatggtea

SEQID NO. 199 IGLV1-123 (P)

>IGLV1-123*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggtcagagggtecaccate
tcctgcactggaagcagctccaacatcecggtgaatattatgtgagttggeteccagecagete
ccgggaacacgccccagaaccgtcatctatagtagtagtaaccgaccctecaggggtecct
gatcgattctctggctccaagtcaggtagcatagceccaccctatctctgggetecaggetyg
aagacgaggctgattattactgtactacgtgggacagcagtctcaatgctygg

SEQ ID NO. 200 IGLV1-125 (F)

>IGLV1-125*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtecgggtecctgggeccagagggtecaccate
tcctgcactggaagcagctccaacatcecggtagaggttatgtgggetggtaccaacagete
ccgggaacaggccccagaaccctecatctatggtaatagtaaccgaccctecaggggtecce
gatcggttctctggctccaggtcaggcagcacageccaccctgaccatctectgggetecag
gctgaggatgaggctgattattactgctcatcgtgggacagcagtctcagtgetet

SEQ ID NO. 201 IGLV1-127 (P)

>IGLV1-127*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagecctececctecagtgtetgggtecctgggecagaggtcacegtet
cctgcactggaagctgcttcaacattggtagatatagtgtgagectggecteccagecagetee
cgggaacaggccccagaaccatcatctattatgatecgtagecgaccctcaggggtteceg
atcgattctctggctccaagtcaggcagcacagccaccctgaccatectetgggetecagyg
ctgaggacgaggctgattattactgctcatcctatgacagcagtctcaaaggtcea

SEQ ID NO. 202 IGLV1-129 (P)

>IGLV1-129*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccagtctcagtgtcectggggeccctgtgecagagggtcaccate
tcctgcactggaagcagctccaacattggttatagcagectgtgtgagectgatatcageag
ctcccaggaacaggccccagaaccatcatctatagtatgaatactcectaccectetggggtt
cctgatcgattgtctggcteccaggtcaggcaactcagecaccctaaccatcectetgggete
caggctgaggacaaggctgactattactgctcaacatatgacagcagtctcaatgctea

SEQ ID NO. 203 IGLV1-130 (P)

>IGLV1-130*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgacccagectggectcagtgtetgggtecctgggecagagggtecaccate
acctgcactggaagcagctccaacattggtagtgattatgtgggctggttccaacagete
ccaggaacaggccctagaaccctcecatctaaggcaatagtaaccgaccctegggggtecct
gatcaattctctggctccaagtctggcagtacageccaccctgaccatctectgggetecag
gctgaggatgatgctgattattactgcacatcatgggatagcagtctcaaggectce

SEQ ID NO. 204 IGLV1-132 (ORF)

>IGLV1-132*01|Canis lupus familiaris_boxerlORFIV—REGIONI
cagtctgtgctgactcagecctececctecagtgtectgggaccctggggcaaagggtecatcate
tcctgcactggaatccccagcaacataaatttagaagaattgggaatcgctactaaggtyg
aactggtaccaacagctcccaggaaaggcacccagtctectcatectatgatgatgatage
agaggttctgggattcctgatcgattctectggctccaagtectggcaactcaggcacecctyg
accatcactgggctccaggctgaggatgaggctgattattattgeccaatcctatgatgaa
agccttggtgtt
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SEQ ID NO. 205 IGLV1-133 (P)

>IGLV1-133*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagecctececctecagtgttcaggtecctgggeccagagggtecaccate
tcctgcactggaagcagctccaacgtecggtagaggttatgtgatectggtaccaaagetee
tgggaacacgcccaagaaccctcatatatggtagtagtaaccaaccctcaggggteccca
atcgattctctggctccaggtcaggcagcacagacactctgacaatctetgtgtteccagyg
ctgaggatgaggctgattattactgctcatcctgggacagcagtctcagtgectet

SEQ ID NO. 206 IGLV1-135 (F)

>IGLV1-135*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgaatcagectgecttcagtgttaggateccctgggeccagagaatcaccate
tcctgctcectggaagcacgaatgacatcecggtatgecttggtgtgaactggtaccaagagete
ccaggaaaggcccctaaactecctegtagatggtactgggaatcgaccctecaggggtecct
gaccgattttctggctccaaatctggcaactcaggcactctgaccatcactgggectecag
gctgaggacgaggctgattattattgtcagtccactgatctcacgecttggtgetee

SEQ ID NO. 207 IGLV1-136 (F)

>IGLV1-136*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaacatcecggtagaggttatgtgggetggtaccagecagete
ccaggaacaggccccagaaccctecatctatgatagtagtagecgaccctegggggtecct
gatcgattctctggctccaggtcaggcagcacagcaaccctgaccatctctgggetecag
gctgaggacgaggctgattattactgctcagcatatgacagcagtctcagtggtgyg

SEQ ID NO. 208 IGLV1-138 (F)

>IGLV1-138*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaatgttggttatggcaattatgtgggectggtaccagecag
ctcccaggaacaagccccagaaccctcatcectatgatagtagtagecgacecctegggggte
cctgatcgattctectggecteccaggtcaggcagcacagcaaccctgaccatectetgggete
caggctgaggatgaagccgattattactgctcatcecctatgacagecagtctcagtggtgg

SEQ ID NO. 209 IGLV1-139 (F)

>IGLV1-139*01|Canis lupus familiaris_boxerlFIV—REGIONI
caggctgtgctgactcecgetgecctecagtgtetgeggecctgggacagacggtcaccate
tcttgtactggaaatagcacccaaatcagcagtggttatgctgtacaatggtaccagecag
ctcccaggaaagtcccecctgaaactatcatctatggtgatagecaatecgacecctegggggte
ccagatcgattctctggcecttcagectectggecaattcagecacactggeccatcactgggete
caggatgaggacgaggctgattattactgccagtccttagatgacaacctcaatggtea

SEQID NO. 210 IGLV1-140 (P)

>IGLV1-140*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccggeccteecgtgtetggggacttgggeccagagggtecaccate
tcctgcactggaagcagctccaattttggttatagcagectatgtgggecttgtaccagecag
ctcccaggaacaggccccagaaccatcatctataataccaatactecgaccctetggggtt
cctgatcgattctectggctceccaaatcaggcagcacageccacctgaccattgetggactte
aagctgaggacgaggctgattattactgctcatcctatgacagcagtctcaaagetee

SEQID NO. 211 IGLVI-140-1 (P)

>IGLV1-140-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtactgactcagccgeccattagtgettggggecctggecagagggtcaccttet
cctgccttggaagagtcccagtattggtgattatggtgtgaaatggtacaagcagectcaa
aaggacagaccccagacttctcatctatggcaatagcaattgatcecctegggtcecccaate
aattttctggctctggttttggcatcactggctecttgaccacctatgggctceccagactyg
aaaaataggctgattactagtgcttctccggtgatccag

SEQID NO. 212 IGLV1-141 (F)

>IGLV1-141*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccgacctcagtgteggggteccttggeccagagggtcaccate
tcctgctcectggaagcacgaacaacatcggtattgttggtgcecgagetggtaccaacagete
ccaggaaaggcccctaaactcecctegtgtacagtgttggggatecgaccegtcaggggtecect
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gaccggttttccecggctceccaactctggcaactcageccaccctgaccatcactgggettecag
gctgaggacgaggctgattattactgccagtcecctttgataccacgecttggtgeteca

SEQID NO. 213 IGLV1-143 (P)

>IGLV1-143*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccagtctcagtgtcectggggeccctgtgecagagggtcaccate
tcctgcactggaagcagctccaacattggttatagcagectgtgtgagectgatatcageag
ctcccaggaacaggccccagaaccatcatctatagtatgaatactcectaccectetggggtt
cctgatcgattgtctggcteccaggtcaggcaactcagecaccctaaccatcectetgggete
caggctgaggacaaggctgactattactgctcaacatatgacagcagtctcaatgctea

SEQID NO. 214 IGLVI-144 (F)

> IGLV1-144*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcagecctececctecagtgttcaggtecctgggeccagagggtecaccate
tcctgcactggaagcagctgcaacgtecggtagaggttatgtgatectggtaccaacagete
ctgggaacacgcccaagaaccctcatatatggtagtagtaaccaaccctcaggggtecece
aatcgattctctggctccaggtcaggcagcacagceccactctgacaatctctgggttecag
gctgaggatgaggctgattattactgctcatcctgggacagcagtctcagtgetet

SEQID NO. 215 IGLVI1-146 (P)

> IGLV1-146*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgaatcagectgecttcagtgttaggateccctgggeccagagaatcaccate
tcctgctcectggaagcacgaatgacatcecggtatgecttggtgtgaactggtaccaagagete
ccaggaaaggcccctaaactecctegtagatggtactgggaatcgaccctecaggggtecct
gactgattttctggctccaaatctggcaactcaggcactctgaccatcactgggctecag
gctgaggacgaggctgattattattgtcagtccactgatctcacgecttggtgetee

SEQID NO. 216 IGLV1-147 (F)

>IGLV1-147*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaacatcecggtagaggttatgtgggetggtaccagecagete
ccaggaacaggccccagaaccctcecatctatgataatagtaaccgaccctegggggtecct
gatcgattctctggctccaagtcaggcagcacagceccaccctgaccatctectgggetecag
gctgaggacgaggctgattattactgctcaacatacgacagcagtctcagtggtgyg

SEQID NO. 217 IGLV1-149 (F)

>IGLV1-149*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaatgttggttatggcaattatgtgggectggtaccagecag
ctcccaggaacaggccccagaaccctcatctategtagtagtagecgacecctegggggte
cctgatcgattctectggecteccaggtcaggcagcacagcaaccctgaccatectetgggete
caggctgaggatgaagccgattattactgctcatcecctatgacagecagtctcagtggtgg

SEQID NO. 218 IGLV1-150 (F)

>IGLV1-150*01|Canis lupus familiaris_boxerlFIV—REGIONI
caggctgtgctgactcecgetgecctecagtgtetgeggecctgggacagacggtcaccate
tcttgtactggaaatagcacccaaatcggcagtggttatgectgtacaatggtaccagecag
ctcccaggaaagtcccecctgaaactatcatctatggtgatagecaatecgacecctegggggte
ccagatcgattctctggcecttcagectectggecaattcagecacactggeccatcactgggete
caggatgaggacgaggctgattattactgccagtccttagatgacaacctcecgatggtea

SEQID NO. 219 IGLVI1-151 (F)

> IGLV1-151*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgcgctgactcaaacggccteccatgtectgggtetetgggecagagggtecacegte
tcctgcactggaagcagttccaacgttggttatagaagttatgtgggctggtaccagecag
ctcccaggaacaggccccagaaccatcatctataataccaatactecgaccctetggggtt
cctgatcgattctectggecteccatatcaggcagcacageccaccctgactattgetggacte
caggctgaggacgaggctgattattactgctcatcctatgacagcagtctcaaagcetee

135

PCT/US2020/040282



CA 03144956 2021-12-22

WO 2021/003149

SEQ ID NO. 220 IGLVI-151-1 (P)

>IGLV1-151-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcagccactgttagggecctgggttectggecagagggtcacecctet
cctgcecctggaagagtctcagttttggtgattatggtgtgaaacggtacaggaagectege
atggacagaccccagactcctcatctatggcaatagcaattgattctegggtcecccagte
tattttctggctctggttttggcatcactggcteccttgaccaccteccgggectecagactyg
aaaaataggctgatttctagtgctte

SEQID NO. 221 IGLVI1-152 (P)

>IGLV1-152*01|Canis lupus familiaris_boxerlPIV—REGIONI
caatctgtgctgatccageccggectcagtgtegggatecctgggeccagagagtcaccate
tcctgctcectggaaggacaaacaacatcggtaggtttggtgcecgagetggtaccaacagete
ccaggaaaggcccctaaactecctegtggacagtgatggggattgaccegtcaggggtecct
gaccggttttcecggctceccaggtectggcagectcagecaccctgaccatcactggggtecag
gctgaggatgaggctgattattactgccagtcctttgatcccacgecttggtgetea

SEQ ID NO. 222 IGLVI1-154 (P)

>IGLV1-154*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccgtcctcagtgteccgggtecctgggeccagagggtecactgte
ccctgcactggaagcagctceccaacattggtagatatagtgtgagetggetatatcectgetyg
gctccagcagctcecccgggaacaggcecccagaaccatcatctattatgattgtagecgace
ctcaggggttcccgatcgattectectggecteccaagtcaggecagecacagecaccctgaccat
ctctgggcteccaggctgaggacgaggctgattattactgectcatectatgacagecagtet
caaaggtca

SEQ ID NO. 223 IGLV1-155 (F)

>IGLV1-155*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcagecctececctecagtgtecgggttectgggeccagagggtecaccate
tcctgcactggaagcagctccaacatcecggtagaggttatgtgcactggtaccaacagcete
ccaggaacaggccccagaaccctecatctatggtattagtaaccgaccctecaggggtecece
gatcgattctctggctccaggtcaggcagcacagceccactctgacaatctctgggectecag
gctgaggatgaggctgattattactgctcatcctgggacagcagtctcagtgetet

SEQ ID NO. 224 IGLV1-157 (F)

>IGLV1-157*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccggectcagtgtectgggtecctgggecagagggtcaccate
tcctgcactggaagcagctccaacatcecggtagaggttatgtgggetggtaccagecagete
ccaggaacaggccccagaaccctcecatctatgataatagtaaccgaccctegggggtecct
gatcgattctctggctccaagtcaggcagcacagceccaccctgaccatctectgggetecag
gctgaggacgaggctgattattactgctcaacatacgacagcagtctcagtggtgyg

SEQ ID NO. 225 IGLV1-158 (F)

>IGLV1-158*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgaatcagectgecttcagtgttaggateccctgggeccagagaatcaccate
tcctgctcectggaagcacgaatgacatcecggtatgecttggtgtgaactggtaccaagagete
ccaggaaaggcccctaaactecctegtagatggtactgggaatcgaccctecaggggtecct
gaccgattttctggctccaaatctggcaactcaggcactctgaccatcactgggectecag
gctgaggacgaggctgattattattgtcagtccactgatctcacgecttggtgetee

SEQ ID NO. 226 IGLV1-159 (F)

>IGLV1-159*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcagecctececctecagtgttcaggtecctgggeccagagggtecaccate
tcctgcactggaagcagctgcaacgtecggtagaggttatgtgatectggtaccaacagete
ctgggaacacgcccaagaaccctcatatatggtagtagtaaccaaccctcaggggtecece
aatcgattctctggctccaggtcaggcagcacagceccactctgacaatctctgggttecag
gctgaggatgaggctgattattactgctcatcctgggacagcagtctcagtgetet

SEQ ID NO. 227 IGLV1-160 (P)

>IGLV1-160*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgtgctgactcaaccagtctcagtgtcectggggeccctgtgecagagggtcaccate
tcctgcactggaagcagctccaacattggttatagcagectgtgtgagectgatatcageag
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ctcccaggaacaggccccagaaccatcatctatagtatgaatactcectaccectetggggtt
cctgatcgattgtctggcteccaggtcaggcaactcagecaccctaaccatcectetgggete
caggctgaggacaaggctgactattactgctcaacatatgacagcagtctcaatgctea

SEQ ID NO. 228 IGLVI1-161 (P)

>IGLV1-161-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caaggtcagctgccecctgaggacagagtccatgacaggtcagggcagaaacagggactcectyg
aatccagctctgagtcaggacacatcaggagtgtccaatatgtgtecctgctaccaacage
tccatgagtgggcagtcaaatcctcatgtattatgatggcttgaccttectgtggaccctyg
gtccattctctgecctceccatgtcectggcagetetggetetetggecattgetgggetgagee
aggaggatgaggtcatgcttcactgcceccteccagtgacagcatttcaaggat

SEQ ID NO. 229 IGLV1-162 (F)

> IGLV1-162*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgtgctgactcageccgacctcagtgteggggteccttggeccagagggtcaccate
tcctgctcectggaagcacgaacaacatcggtattgttggtgcecgagetggtaccaacagete
ccaggaaaggcccctaaactcecctegtgtacagtgatggggatcgaccegtcaggggtecect
gaccggttttcecggctceccaactctggcaactcagacaccctgaccatcactgggecttecag
gctgaggacgaggctgattattactgccagtcctttgataccacgcttgatgeteca

SEQ ID NO. 230 IGLV2-31 (F)

> IGLV2-31*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagtctgccctgactcaaccttecteggtgtetgggactttgggeccagactgtecaccate
tcctgtgatggaagcagcagtaacattggcagtagtaattatatcgaatggtaccaacag
ttcccaggcacctcecccccaaactectgatttactataccaataatecggeccatcagggate
cctgctegettetetggeteccaagtectgggaacacggectecttgaccatetetgggete
caggctgaagatgaggctgattattactgcagecgcatatactggtagtaatacttte

SEQID NO. 231 IGLV2-31-1 (P)

>IGLV2-31-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctaacctaattgagccccececctttttgteccaggattectaggatggactgtecactgte
tcctgtgttttaagcagctgtgacatcaggagtgataatgaaatatcctggtaccaatag
cacccgagcatgactcagaaattcctgatttactataccagttecttgggecatcagatate
cctgattgctttecctggecteccagtectggaaacatggectgtectgaccattteccaggete
caggctaatgatgacgctgattatcattgttacttatatgatggtagtggegetttt

SEQID NO. 232 IGLV2-32 (P)

>IGLV2-32*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgccctgactcagectececctegatgtetgggacactgggacagaccatcatecatt
tcctgtactggaagcggcagtgacattgggaggtatagttatgtcectectggtaccaagag
ctcccaagcacgtcecccecccacactectgatttatggtaccaataatecggecattagagate
cctgctegettetetggecteccaagtectggaaacacagecceccatgaccatectetgggett
caggctgaagatgaggctaattattactgttgctcatatacaaccagtggcacaca

SEQ ID NO. 233 IGLV2-32-1 (P)

>IGLV2-32-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagtctgccttgacccaaccteecctttgtgtetgggactttgagacaaactgtcacatcet
cttgcaatggaagcagcagccacactggaacttataaccctacctectggecaccagecaatyg
tctggaaaggcccccacactccagatagatgctgtgagttetttgecttcagggetteca
gctctgtecctcaggctctgagtctagecaacacagecteccagtecatttttggactgecace
ctgaggacaaggctgattattactgattgtccagggacagccagag

SEQ ID NO. 234 IGLV3-1 (P)

>IGLV3-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
gccaacaagctgactcaatccecctgtttatgtcagtggeccctgggacagatggeccaggate
acctgtgggagagacaactctggaagaaaaagtgctcactggtaccagcagaagccaagce
caggctccecgtgatgecttatcgatgatgattgetteccagecctecaggattetetgageaa
ttctcaggcactaactcggggaacacagccaccctgaccattagtgggeccccagegagyg
acgcggctattactgtgccaccagceccatggcagttggagecacct
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SEQ ID NO. 235 IGLV3-1-1 (P)

>IGLV3-1-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
tccaatgtactgacacagccacccttggtgtcagtgaacctgggacagaaggccagecte
acctgtggaagaaacagcattgaagataaatatgtttcatggtcccagcaggagccagge
caggcccccatgectggtcatctattatagtacacaagaaaccctgagegattttetgect
ccagctctagectecggggtacatgatcaccctgaccaacagtggggectaggacaaggacyg
aggatggctattactgtcagtcctatgacagtagtggtactecct

SEQ ID NO. 236 IGLV3-2 (F)

>IGLV3-2*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgtgctgactcagtcaccctcagtgtcagtgaccctgggacagacggeccageate
acctgtaggggaaacagcattggaaggaaagatgttcattggtaccagcagaagccggge
caagcccccctgetgattatctataatgataacageccagecctecagggatcecctgagega
ttctectgggaccaactcagggagcacggccaccctgaccatcagtgaggecccaaaccaac
gatgaggctgactattactgccaggtgtgggaaagtagecgctgatget

SEQ ID NO. 237 IGLV3-3 (F)

>IGLV3-3*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgtgctgacacagectgccatccaaaaatgtgaccctgaagcagecggeccacate
acctgtgggggagacaacattggaagtaaaagtgttcactggtaccagcagaagctggge
caggcccctgtactgattatctattatgatagcagcaggecgacagggatcecctgagega
ttcteceggecgeccaactecggggaacacggceccaccctgaccatcageggggecctggecgag
gacgaggctgactattactgccaggtgtgggacagcagtgctaagget

SEQID NO. 238 IGLV3-4 (F)

>IGLV3-4*01|Canis lupus familiaris_boxerlFIV—REGIONI
tccactgggttgaatcaggctcccteccatgttggtggeccctgggacagatggaaacaate
acctgctccggagatatcttagggaaaagatatgcatattggtaccagcataagccaage
caagcccctgtgectcectaatcaataaaaataatgagegggettetgggatcecectcactgyg
ttctectggttccaactecgggcaacatggceccaccctgaccatcagtggggececgggectgag
gacgaggctgactattactgccagtcctatgacagcagtggaaatget

SEQ ID NO. 239 IGLV3-7 (P)

>IGLV3-7*01|Canis lupus familiaris_boxerlPIV—REGIONI
tcctatgtgctgactctgectgctatcagtgaccgtgaacctgggacagaccaccagecate
acctgtggtggagacagcattggagggagaactgtttactggtaccagcagaagcctgge
cagcgccccctgectgattatctataatgatagcaattgaccctcagggatcececctgectga
ttctectggctceccaactcagggaacagggcecteccctaaccatcattggggectgggectaa
gacgagtctgagtattacggagaggtgtgggacagcagtgctaagget

SEQID NO. 240 IGLV3-7-1 (P)

> IGLV3-7-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
tcctatatgctgactcagcageccattggcaagtgtaaacctcagecagtgggeccagecace
acctgtggtggagataacattggagaaaaaaccgtccaatggaaccagcagaagcctgge
taagctcccattacggctatctataaaggtagtgatctgeccctcagggateccctgageaa
ttccctggeccccaatttggggaacggggecteccctgaacatcageggggctaagecgacyg
acgaggctattactgccagtcagcagacattagtggtaaggcet

SEQ ID NO. 241 IGLV3-8 (F)

>IGLV3-8*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgtgctgacacagectgeccatccgtgagtgtgaccctgaggcagacggeccgeate
acctgtgggggagacagcattggaagtaaaagtgtttactggtaccagcagaagctggge
caggcccctgtactgattatctatagagatagcaacaggeccgacagggatcecctgagega
ttctectggcecgeccaactecggggaacacggceccaccctgaccatcageggggecctggecgag
gacgaggctgactattactgccaggtgtgggacagcagtactaagget

SEQ ID NO. 242 IGLV3-9 (P)

>IGLV3-9*01|Canis lupus familiaris_boxerlPIV—REGIONI
tccactgggttgaatcaggctcccteccgtgttgectggcactgggacagatggcaacaate
acctgatccagagatgtctttgggaaaaatatgcatattggtaccagcagaagccaagec
aagcccctgtgctcectaatcaataaaaataatgagcaggattcectgggatccctgaccggt
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tctctggctceccaactegggcaacacggccaccctgaccatcagtggggeccgggecgagyg
acgaggctgactattactgccagtcctatgacagcagtggaaatgtt

SEQ ID NO. 243 IGLV3-11 (F)

>IGLV3-11*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgtgctgtctcagecgeccatcagecgactgtgactctgaggcagacggeccgecte
acctgtgggggagacagcattggaagtaaaagtgttgaatggtaccagcagaagccggge
cagcccceccgtgetcecattatctatggtgatagcagecaggecgtcagggatececctgagega
ttcteceggecgeccaactecggggaacacggceccaccctgaccatcageggggecctggecgag
gacgaggctgactattactgccaggtgtgggacagcagtactaagget

SEQID NO. 244 IGLV3-13 (P)

>IGLV3-13*01|Canis lupus familiaris_boxerlPIV—REGIONI
tcctatgtactgactcagectgccatcagtgactgtgaacctgggacagaccaccagecate
acctgtggtggagacagcattggagggagaactgtttactggtaccagcagaagcctgge
cagcgccccctgectgattatctataatgatagcaattggecctcagagatcecctgectga
ttctectggctceccaactcagggaacagggcecteccctaaccatcattggggectgggectaa
gatgagtctgagtattacggagaggtgtgggacagcagtgctaagget

SEQID NO. 245 IGLV3-13-1 (P)

>IGLV3-13-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
tcctatatgctgactcagcageccattggcaagtgtaaacctcagecagtgggeccagecace
acctgtggtggagataacattggagagaaaactgtccaatggaaccagcagaagcctgge
taagctctcattatggctatctataaaggtagtgatctaccctcagggatccctgageaa
ttccctggecccaactegggteggggectecctgaacatcageggggctacgecgacgac
taggctattactgccagtcagcagacattagtggtaaggcet

SEQID NO. 246 IGLV3-14 (F)

>IGLV3-14*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgtgctgacacagectgeccatccatgagtgtgaccctgaggcagacggeccgeate
acctgtgagggagacagcattggaagtaaaagagtttactggtaccagcagaagctggge
caggtccctgtactgattatctatgatgatagcagcaggeccgtcagggatcecctgagega
ttcteceggecgeccaactecggggaacacagceccaccctgaccatcageggggecctggecgag
gacgaggctgactattactgccaggtgtgggacagcagtactaagget

SEQ ID NO. 247 IGLV3-15 (P)

>IGLV3-15*01|Canis lupus familiaris_boxerlPIV—REGIONI
tccactgggttgaatcaggctcccteccgtgttggtggeccctgggacagatggaaacaate
acctgctcgagagatgtcttagggaaaagatatgcatataggtaccagcataagccaage
caagcccctgtgectcectaatcaataaaaataatgagcaggattcectgggatcecctgacegyg
ttctectggctceccaactecgggcaacacggeccaccctgaccatcagtggggeccgggetgag
gacgaggctgagtattactgccagtcctatgacagcagtggaaatgtt

SEQ ID NO. 248 IGLV3-18 (P)

>IGLV3-18*01|Canis lupus familiaris_boxerlPIV—REGIONI
tcctatgtgctgacacagectgeccatccgtgaatgtgacccagaggcagacggeccgeate
acctgtgggggagacagcattggaagtaaaagtgtttactggtaccagcagaagctggge
caggcccecctgttgattatctatagagacagcaacaggccgacagggatcecctgagegatt
ctctggecgceccaacacggggaacatggccaccctgactatcageggggecctggecgtgga
cgaggctgactattactgccaggtgtgggacagcagtgctaagget

SEQ ID NO. 249 IGLV3-19 (ORF)

>IGLV3-19*01|Canis lupus familiaris_boxerIORFIV—REGIONI
tccecctgggctgaatcagecteccctecgtgttggtggecctgggacagatggcaacaaac
acctgctccggagatgtcttagggaaaagatatgcatattggtaccagcataagccaage
caagcccctgtgectcectaatcaataaaaataatgagetgggttetgggatcecctgaccga
ttctectggctceccaactecgggcaacacggceccaccctgaccatcagtggggeccgggecgag
gacgaggctgactattactgccagtcctatgacagcagtggaaatget
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SEQ ID NO. 250 IGLV3-21 (F)

>IGLV3-21*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgagctgactcageccaccatccgtgaatgtgaccctgagggagacggeccacate
acctgtgggggagacagcattggaagtaaatatgttcaatggatccagcagaatccagge
caggcccceccecgtggtgattatctataaagatagcaacaggeccgacagggatcecctgagega
ttctectggecgeccaactcagggaacacggctaccctgaccatcagtggggecctggecgaa
gacgaggctgactattactgccaggtgggggacagtggtactaagget

SEQ ID NO. 251 IGLV3-23 (P)

>IGLV3-23*01|Canis lupus familiaris_boxerlPIV—REGIONI
tcctatgtactgactcagectgccatcagtgactgtgaacctgggacagaccaccagecate
acctgtggtggagacagcattggagggagaactgtttactggtaccagcagaagcctgge
cagcgccccctgectgattatctataatgatagcaattggecctcagagatcecctgectga
ttctectggctceccaactcagggaacagggcecteccctaaccatcattggggectgggectaa
gacgagtctgagtattacggagaggtgtgggacagcagtgctaagget

SEQ ID NO. 252 IGLV3-23-1 (P)

>IGLV3-23-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
tcctatatgctgactcagcageccattggcaagtgtaaacctcagecagtgggeccagecace
acctgtggtggagataacattggagaaaaaactgtccaatggaaccagcagaagcctgge
taagctcccattacggctatctataaaggtagtgatctgeccctcagggattecctgageaa
ttcecctggecccaactecgggaaacggggecteccctgaacatcageggggctaagecgacyg
actaggctattactgccagtcagcagacattagtggtaaggcet

SEQ ID NO. 253 IGLV3-24 (F)

>IGLV3-24*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgtgctgacacagectgeccatccgtgagtgtgaccctgaggcagacggeccgeate
acctgtgggggagacagcattggaagtaaaaatgtttactggtaccagcagaagctggge
caggcccctgtactgattatctatgatgatagcagcaggecgtcagggatcecctgagega
ttcteceggecgeccaactecggggaacacggceccaccctgaccatcageggggecctggecgag
gatgaggctgactattactgccaggtgtgggacagcagtactaagect

SEQ ID NO. 254 IGLV3-25 (ORF)

>IGLV3-25*01|Canis lupus familiaris_boxerIORFIV—REGIONI
tccactgggttgaatcaggcttcecteccgtgttggtggeccctgggacagatggaaacaate
acctgctcgagagatgtcttagggaaaagatatgcatataggtaccagcataagccaage
caagcccctgtgectcectaatcaataaaaataatgagcaggattcectgggatcecctgacegyg
ttctectggctceccaactecgggcaacacggeccaccctgaccatcagtggggeccgggetgag
gacgaggctgagtattactgccagtcctatgacagcagtggaaatgtt

SEQ ID NO. 255 IGLV3-26 (F)

>IGLV3-26*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgtgctgacacagectgeccatccgtgaatgtgaccctgaggcagecggeccacate
acctgtgggggagacagcattggaagtaaaagtgttcactggtaccaacagaagctggge
caggcccctgtactgattatctatggtgatagcaacaggeccgtcagggatcecctgagega
ttctectggtgacaactcggggaacacggccaccctgaccatcagtggggecctggecgag
gacgaggcttactattactgccaggtgtgggacagcagtgctcagget

SEQ ID NO. 256 IGLV3-27 (F)

>IGLV3-27*01|Canis lupus familiaris_boxerlFIV—REGIONI
tccagtgtgctgactcagecctceccttcagtatcagtgtctctgggacagacagcaaccate
tcctgctcectggagagagtctgagtaaatattatgcacaatggttceccagecagaaggcagge
caagtccctgtgttggtcatatataaggacactgagecggeccctectgggatcecctgaccga
ttctcececggcectceccagttcagggaacacacacaccctgaccatcageggggcectegggecgag
gacgaggctgactattactgcgagtcagaagtcagtactggtactget

SEQ ID NO. 257 IGLV3-28 (F)

>IGLV3-28*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctatgtgttgactcagectgeccttcagtgtcagtgaacctgggaaagacagccagecate
acctgtgagggaaataacataggagataaatatgcttattggtaccagcagaagcctgge
caggccceccgtgetgattatttatgaggatagcaageggecctecagggatececctgagega
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ttctectggctceccaactecggggaacacggceccaccctgaccatcageggggecagggecgag
gatgaggctgactattactgtcaggtgtgggacaacagtgctaaggect

SEQ ID NO. 258 IGLV3-29 (F)

>IGLV3-29*01|Canis lupus familiaris_boxerlFIV—REGIONI
tccagtgtgctgactcagectecccteggtgtcagtgteccctgggacagacggcgaccate
acctgctctggagagagtctgagcagatactatgcacaatggtatcagcagaagccagge
caagcccccatgacagtcatatatggggacagagagcgaccctcagggatcecctgaccga
ttctccagectceccagttcagagaacacacacaccttgacaatcagtggagecccaggctgag
gatgaggctgaatattactgtgagatatgggacgccagtgctgatgat

SEQ ID NO. 259 IGLV3-30 (F)

>IGLV3-30*01|Canis lupus familiaris_boxerlFIV—REGIONI
tcctacgtggtgacccageccaccctcagtgtcagtgaacctgggacagacggceccagecate
acctgtgggggagacaacattgcaagcacatatgtttcctggcagcagcagaagtegggt
caagcccctgtgacgattatctategtgatagcaaccggecctecagggatcecctgagega
ttctectggctceccaactecggggaacacggceccaccctgaccatcagecagggeccaggecgag
gatgaggctgactattactgccaggtgtggaagagtggtaataagget

SEQID NO. 260 IGLV4-5 (F)

>IGLV4-5*01|Canis lupus familiaris_boxerlFIV—REGIONI
ttgccegtgctgacccagectacaaatgcatctgecteccctggaagagteggtcaagetyg
acctgcactttgagcagtgagcacagcaattacattgttcagtggtatcaacaacaacca
gggaaggcccctceggtatectgatgtatgtcaggagtgatggaagectacaaaaggggggac
gggatccccagtcgcecttctcaggcteccagetctggggctgaccgectatttaaccatetee
aacatcaagtctgaagatgaggatgactattattactgtggtgcagactatacaatcagt
ggccaatacggttaagce

SEQID NO. 261 IGLV4-6 (P)

>IGLV4-6*01|Canis lupus familiaris_boxerlPIV—REGIONI
ttgccegtgctgacccagectccaagtgecatctgectecctggaagecteggtcaagete
acatgcactctgagcagtgagcacagcagttactatatttactggtatgaacaacaacaa
ccagggaaggccccteggtatectgatgagggttaacagtgatggaageccacagcaggggyg
gacgggatccccagtcecgcttcectcaggctcecagetetggggectgacecgectatttaaccate
tccaacatccagtctgaggatgaggcagattattactgtggtgcaccecgectggtagecagt
agc

SEQ ID NO. 262 IGLV4-10 (F)

>IGLV4-10*01|Canis lupus familiaris_boxerlFIV—REGIONI
ttgccegtgctgacccagectacaaatgcatctgecteccctggaagagteggtcaagetyg
acctgcactttgagcagtgagcacagcaattacattgttcattggtatcaacaacaacca
gggaaggcccctceggtatectgatgtatgtcaggagtgatggaagectacaaaaggggggac
gggatccccagtcgcecttctcaggcteccagetctggggctgaccgectatttaaccatetee
aacatcaagtctgaagatgaggatgactattattactgtggtgcagactatacaatcagt
ggccaatacggttaagce

SEQ ID NO. 263 IGLV4-12 (P)

>IGLV4-12*01|Canis lupus familiaris_boxerlPIV—REGIONI
ttgccegtgctgacccagectccaagtgecatctgectecctggaagecteggtcaagete
acatgcactctgagcagtgagcacagcagttactatatttactggtatcaacaacaacca
gggaaggcccctceggtatectgatgaaggttaacagtgatggaageccacagcaggggggac
gggatccccagtcgcecttctcaggcteccagetctggggctgaccgectatttaaccatetee
aacatccagtctgaggatgaggcaggttattactatggtgtacccctggtagcagtage

SEQID NO. 264 IGLV4-16 (ORF)

>IGLV4-16*01|Canis lupus familiaris_boxerIORFIV—REGIONI
ttgcccatgctgacccagectacaaatgcatctgecteccctggaagagteggtcaagete
acatgcactttgagcagtgagcacagcaattacattgttcaatggtatcaacaacaacca
gggaaggcccctceggtatectgatgecatgtcaggagtgatggaagectacaacaggggggac
gggatccccagtcgcecttctcaggcteccagetctggggctgaccgectatttaaccatetee
aacatcaagtctgaagatgaggatgactattattacagtggtgcatactatacaatcagt
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ggccaatacggttaagce

SEQ ID NO. 265 IGLV4-17 (P)

>IGLV4-17*01|Canis lupus familiaris_boxerlPIV—REGIONI
ttgcccatgctgacccagectccaagtgcatctgecteccctggaagecteggtcaagete
acatgcactctgagcagtgagcaaagcagttactatatttactggtatcaacaacaacaa
ccagggaaggccccteggtatectgatgaaggttaacagtgatggaageccacagcagggeyg
tcgggatccccagtecgecttctcaggctccagetctggggectgaccgetatttaaccatet
ccaacatccagtctgaggatgaggcagattattactgtggtgtacccactggtagcagta

gc

SEQ ID NO. 266 IGLV4-20 (ORF)

>IGLV4-20*01|Canis lupus familiaris_boxerIORFIV—REGIONI
ttgcccatgctgaccgagectacaaatgcatctgecteccctggaagagtcagtcaagete
acctgcactttgagcagtgagcacagcaattacattgttcgatggtatcaacaacaacca
gggaaggccccteggtatectgatgtatgtcaggagtgatggaagectacaacaggggggac
gggatccccagtcgcecttttcaggctceccagetctggggctgaccgetatttaaccatetee
aacatcaagtctgaagatgaggctgagtattattacggtggtgcagactataaaatcagt
gaccaatatggttaaga

SEQ ID NO. 267 IGLV4-22 (F)

>IGLV4-22*01|Canis lupus familiaris_boxerlFIV—REGIONI
ttgccegtgctgacccagectccaagtgecatctgectgectggaaaccteggtcaagete
acatgcactctgagcagtgagcacagcagttactatatttactggtatcaacaacaacaa
ccagggaaggccccteggtatectgatgaaggttaacagtgatggaageccacagcaggggyg
gacgggatccccagtcecgcttcectcaggctcecagetetggggectgacecgectatttaaccate
tccaacatccagtctgaagatgaggcagattattactgtggtgtaccegectggtagecagt
agc

SEQ ID NO. 268 IGLV5-34 (P)

>IGLV5-34*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgctgacccageccgecctecctetetgecatecctgggatcaacagecagacte
acctgcaccctgagcagtggcttcagtgttggcagctactacatatactggtaccagtag
aagccagggagccctceccceccggtatectectgtactaactactactcaagtacacagetggyg
cccecggggtecccagecatttetetggateccaaagacaacteggeccaatgecagggetect
gctcacctctgggctgcagectgaggacgaggctgactactactgtgctacaggttattyg
ggatgggagcaactatgcttacc

SEQ ID NO. 269 IGLV5-38 (P)

>IGLV5-38*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccageccgecctecctetetgecatecctgggaacageggecagaaat
acctgcactctgagcagtgacctcagtgttggcagctgtgectataagectgatecccageag
aagccagggagccctceccecctggtatectectgaactactaaacacacccatgcaagcaccag
gactcacatctgtagccgcecttctctggatttgaggatgectctgecagtgcagggetetyg
ctcatctctggaggctgaccatcactgtgctaagatcatggcagtgggggcagetagtgt
taca

SEQ ID NO. 270 IGLV5-38-1 (P)

>IGLV5-38-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccageccgecgtectetetgecatececctgggaacaacagecagactea
cctgcaccctgagcagtggcecttcaatatgtggggectaccatatattcetggtaccageaga
agccagggagccctcecccecggtatctgectgaacttctactcagataagcaccagggecteca
aggacacctcggccaatgcagggatcctgectcatectetgggecteccagectgaggacgagyg
ctgactactactgtaaaatctggtacagtggtctggt

SEQID NO. 271 IGLV5-40-1 (P)

>IGLV5-40-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctctgctacccageccacccecttetetgegtetecaggtactacagecagacccac
ctgcaccctgagcagtggcaacagtgttggcagectgttecttataacggecteccacaaag
acagagggccctceccecctggtatctgetgaggttecccctctaatagacaccatgtcectcectgga
tccacacataccttggccaatgcagggctcecctgecteat
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SEQID NO. 272 IGLV5-42 (P)

>IGLV5-42*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgaccaagtgeccecctectetttetgecatectectggaacaacagtcagactea
cttgcacctggagcagtggctccagcactggcagectactatatacactggtteccagagee
acagagccagagccacagagctctceccctggtatctecctgtactactactcagactcagat
aagcaccagggctctggggttctcagctcectgtectectgatceccaaggatgectcagttatt
ggagggctctctcatctctgggctgcagectgaggattagactgaccttcactgtctaat
cagaaacaataatgcttct

SEQ ID NO. 273 IGLV5-47 (P)

>IGLV5-47*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagectgecctecctetetgecataccggggaacaaactceccagatgt
acctacaccctgagcagtgtcgceccaactactaaacatacttctcaaagagaatacaggge
accttccacagtacatcctgtactactactcagactcaagtgcatgattgggatttgggyg
tcccaggcacttctcectggatccaaagatgectcageccaatgcagggatectgetgatete
tgggctgcagccagaggacaagtctgactgtcactgtgctacagatcatggcagtgggag
cagcttccgatact

SEQID NO. 274 IGLV5-47-1 (P)

>IGLV5-47-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagccagggctgacccagccacactceccctetetgecatatcagggagaaacageccacacat
acctgcaccctgagcggtggcttcagtgttggcagectgecatatatactggatccagaag
aagccagagagccctceccecctgatgtcectectgaactactactaagactcagataaggecteg
acgtccccagceccctactctgaatccaaagacaccttgeccaaggtgggaatcctgeteat
ctctgggctgcagecggaggacaaggctgtetettactgtataatatggcacagtggtte
tggtcacagggaca

SEQID NO. 275 IGLV5-48-1 (P)

>IGLV5-48-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caccctgtgctgacccagectgecctecctetetgecatecctgggaacaacagecagacte
atgtgcaccctgagcagtggctgcagtggtggccatacgectggttccagcagecaggagyg
cctecctgagtacctgctgatggtcectactgagactcaccagggeccceggtggecccagecyg
cttctectggcteccaaggacaccteggeccaatgcagggectectgetecatetectaggetgea
gcctgaggacgaggctgactgtcactgtgttacagaccatggcagtgggagcagecteeceg
aaactca

SEQID NO. 276 IGLV5-49-1 (P)

>IGLV5-49-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagccagggctggcccagecttecccccacctecctetgecatectecaggaacaacagecag
actcacatgaaccatgagcagtggcttcatcgttggecgetgctacatatactggttccaa
cagaagccagggagcaccgccccagtatctectgaggttcectactcagactcagataagea
ctagggctcaacgaccccagceccecctgttectggatectgaagacacctecgecgaagecaggge
ctctgctecatctectgggctgcagegtgaggacaaggctgactettatgggacaatectgge
acagtggtcctggtcacagggacaca

SEQ ID NO. 277 IGLV5-51 (P)

>IGLV5-51*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagetgecctecctttetgecatecctgggaacaacagecagacte
acatgcaccctgagcagecggctgcageggtggecacacattggtteccagcagecaggagyg
cctecctgagtacctgctgatggtctactgagactcaccagggeccceggtgttgecagect
cttctectggcteccaaggacaccteggeccaatgcaggactectgetecatetetgggetgea
gcctgaggatgaggctgactgtcactgtgctacagaccatggcagtgggagcageteegyg
atact

SEQ ID NO. 278 IGLV5-53 (P)

>IGLV5-53*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagetgecctecctttetgecatecctgagaacaacagecagacte
acctgcaccctgagcagtggctgcagtggtggeccatatgectggtteccagcagecaggaag
cctecctgagtatctgctgacggtecttetgagactcaccagggecccecgaggtecccagect
cttctectggcteccaaggacacctcageccaatgcaggactectgetecatetetgggetgea
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gcctgaggatgaggctgactgtcactgtgctacagaccatggcagtgggagcagecteceg
atact

SEQ ID NO. 279 IGLV5-53-1 (P)

>IGLV5-53-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caccctgggctgacccagtegtecctecctetetgecatecctgggaacaacagecagacte
acctgcaccctgagcagtggcttcagaaatgacaggtatgtaataagttggttccagecag
aaatcagggagcccttcectggtgtctectgtattattactcgaactcaagtacacatttyg
ggctctgaggttcccagctgecttctctggatccaagacaaggccacacccacactgagta
gacccctctcectgggtgggtctagagectccagectccacctgaggctgatgcacaattgeag

SEQ ID NO. 280 IGLV5-57-1 (P)

>IGLV5-57-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagccagggctggcccagectgecctecctetetgecatectecaggaacaacagecagacte
acatgaaccatgagcagtggcttcattgttggtggctgctacatatactggttccaacag
aagccagggagcatgccccccagtatctectgaggttctactcagactcagataagecace
aggtctcaacatccccageccggctcectggatctgaagacactcageccgaagcagggecte
tgctcatctctgggctgcagcatgaggacaaggctgactcttactgtacaatctggecaca
gtggtcctggtcacagggaca

SEQ ID NO. 281 IGLV5-58-1 (P)

>IGLV5-58-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccattgececcteccectetetgecatectgggaaataacaaccagactcea
cctgcactctgagcageggctgcageggtggecatacagtggtteccagecagcaaggaage
ctcctgagtacctgectgacgttctactgagactcaccagggctectagggtecccagecac
ttctctggtttcaaggacaccacggccaatgcagggcact

SEQ ID NO. 282 IGLV5-59 (P)

>IGLV5-59*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagtegeccteccteteggecatectttggaacaacagtcagactea
cctgtaccctgatcagtggctceccagtgttggcagetattacatcaactggtteccagaaga
agccacggagccctceccccagtatctectgtactactacttagactcagataagcaccagg
gctctggggtccccagectgecttcetectgateccaaggatgectcagtcattggaggacace
ctcatctctgaactgcagecctgaggactagactgaccttegectgtcectaatcagaaacaat
aatgcttct

SEQ ID NO. 283 IGLV5-62 (P)

>IGLV5-62*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagectecctetetetetgecatectetgggaacaatagecagacaa
acatgcagcctgagcaggggctacagtatggggacttatgtcatacgctggttceccagecag
tagcaagaaactctcctgagtatctgctgaggttatactgagectcagecaggtctcectggyg
gaccccagctgagtctttagatccaagatgcectcageccaattcagggectecctgettatet
ctgtgctgcagecctgaggacaagggttactattactgttctgtacatcatggaattgtga
gcagctatacttacc

SEQID NO. 284 IGLV5-64 (F)

>IGLV5-64*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagcttgtggtgacccagccgeccctecctetetgecatecctgggatcatecgecagacte
acctgcaccctgagcagtggcttcagtgttggcagttattctgtaacttggttceccagecag
aagccagggagccctctcectggtacctectgtactaccactcagactcagataagcaccag
ggctccagggtccccagecgecttctctggatccaaggacaccteggeccaatgecagggete
ctgctcatctctgggctgcagectgaggatgaggectgactactactgtgectecgeteat
ggcagtgggagcaactaccattact
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SEQ ID NO. 285 IGLV5-67-1 (P)

>IGLV5-67-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagccagtgctgacccagectgecctecttetetgtatectetgggaacaacagtecagacte
acctgcaccctgagcagtgttggcagctactaaacatccttttcaaggagaaaccaagga
gccccecccaccccggtatctectatactactattcagactcagataaaccccaggtetetyg
gggtccccagccacttcectetgecatccaaagactecctaggeccaatgcagggetectgeteg
cctectgggectgecagectgaggacgaggctgactatcactgtgetataaatcatgacagtyg
ggagtagttcctgatact

SEQ ID NO. 286 IGLV5-70-1 (P)

>IGLV5-70-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctttggtgacccagegececcteccectetetgecatectectgaaacaacagtcagactea
catgcaccctgagcagtggceccccagtgectggecagetactacatacactggtteccagtgga
agccacggtgcccgecccggtatctectgtactactactcagactcagatgagcaccagyg
gctctggggtceccccagecgcttetectgateccaaggatgectcagecagggcagggetee
ctcatctctgggctacagtctgaggtctacactgaccttcactgtcectaatcggaaacaat
aatgtttct

SEQ ID NO. 287 IGLV5-72-1 (P)

>IGLV5-72-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagecgacctecectetetgecatececctgggaacaacagecagactea
cctgcaccctgagcageggctgaageggtggecatacgetggtteccagecagecaggaage
ctcctgagtacctgectgatggtctactgagactcaccaggectatggggtecccageatet
tctctggctceccaaggacacctecggceccaatgcagggctectgectcatetetgggetgecage
ctgaggtcgaggctgactgtcactgtgctacagaccatggcagtgggagcagetcececegat
act

SEQ ID NO. 288 IGLV5-76 (P)

>IGLV5-76*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagtecgecctecctetecagecatectttggaacaacagtcagactea
cctgtaccctgatcagtggctceccagtgttggcagetattacatcaactggtteccagaaga
agccacggagccctceccccagtatctectatactactacttagactcagataagcaccagyg
gctctggggtceccccagetgecttectectgateccaaggatgectcagtcattggagggecace
ctcatctctgagectgecagectgaggactagactgaccttegetgtectaatecggaaacaat
aatgcttct

SEQ ID NO. 289 IGLV5-77 (P)

>IGLV5-77*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagccaccctecctetetgecatecececgggaacaacagecagacte
acctgcaccctgagcagtggcttcagtgttggtgactatgacatgtactggtaccagaag
aagccaggaagcccccaccceccgggatectectgtactactactcagactcatataaacace
agggctccggggtctceccagcagecttcectctggatccaaggatacctcagecaatacaggge
tcctgctcatcectetgggeccacagectgaggacgaggctgactactactgtgectacagate
atggcagtgagagcaggtactcttacc

SEQ ID NO. 290 IGLV5-77-1 (P)

>IGLV5-77-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctctgctacccagecaccececttegetgegttteccaggtactacagecagaatcace
tgcaccctgagcaggggcatcagtgttgggagetgttecttataacggctecccgecagagyg
cagggagccctgecctggtatctgectgaggtteccectcectaatagacaccacatcectetggat
ccaaagaaacctcggccaatgcagggctcecctgetcattgttgtgetgecacctgacaact
agtctatcagtggtggttgaggactaggactattactgggatgctttggttt

SEQ ID NO. 291 IGLV5-78-1 (P)

>IGLV5-78-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctttgctgatccagegecceccteccctetetgecatectectggaacaacagtcagactea
cctgcacccagagcagtggeccecctgtgttggecagetactacatacactggtteccagtgga
agccatggagccctceccecctggtatcttectgtactactaatcagactcagatgagcaccagg
gctctggggtceccccagecgcttetectgateccaaggatgectcagecagagcagggetee
ctcatctctggactgcagecctgaggactagactgaccttcactgtctaatcagaaacaat
aatgttt
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SEQ ID NO. 292 IGLV5-83-1 (P)

>IGLV5-83-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
tgcaggtccctgtcccagectttgecctecctetttgecatectectggaagaacagtcaga
tccacctgcacccagagcagtggecccecctgtgttggcagetactacatacaccggttecag
tggaagccacggagccgtctceccatatctectgtactactactcagactcagatgagecace
agagctctggagtccccaactgcecttctectgatccaaggatgectcagggaaggcaggge
tccctecatcectetgggctacaggectgaggacaagactgacctttactgtctaatceccaaaac
aataatgtttct

SEQ ID NO. 293 IGLV5-85 (F)

>IGLV5-85*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagcctgtgctgacccagccaccctecctetetgecatecctgggatcaacagecagacece
acctgcaccctgagcagtggcttcagtgttggaagctaccatatactctggtteccageag
aagtcagagagccctceccccggtatectectgaggttctactcagattctaatgaacaccag
ggtccecggggtceccccagecgcecttctetggatccaaggacacctcaacctatgecagggete
ttgctcatctctgggctgcagectgaggacgaggctgactactactgtgctacagaccat
ggcagtgggagcagctacacttacc

SEQID NO. 294 IGLV5-86-1 (P)

>IGLV5-86-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctttgctgacccagegecceccteccectetetgecatectectggaacaaaagtcagactea
cctgcatccagagcagtggatccagegttggecagectactacatacactggtteccagtaga
agccatggagccctceccccagtatctectgtactactacttagactcagataagcactagyg
cctatggggaacccagatccttceccecctgatccaaggatgectcagtcaatgcagggtcaa
agagaggggattatttagagtggacaattggggcctttggccaggag

SEQ ID NO. 295 IGLV5-88-1 (P)

>IGLV5-88-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagccagtgcagacccagctgeccctecttetetgtacctetgggaacaacagecagacte
acctgcaccctgagcagtgttggcggccagtaaacatccttttcaaggagaaaccaagga
gccccccagtcectetectgtactattacccagactcagataaaccccaggtetetggggte
cccagccacttctectgaatccaaagactecctaggeccaatgcagggectectgetegectet
gggctgcagcctgaggacgaggctgactatcactgtgctgtaaatcatgacagtgggage
agctccggatact

SEQ ID NO. 296 IGLV5-89-1 (P)

>IGLV5-89-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtggtgacccagcttecttetetgecateccctgggaacaacageccagactecacat
gcaccctgagctgtggcttcagtattgatagatatgctataaactggttccagcagaagyg
cagagagccttccctggtacctactgtgectattactggtactcaagtacacagttggget
tcagcgtccccagctgecatctctggatccaagacaaggccacattcacaaacgagtagac
ccatctctggttgggtctagagectccagecccacctgagactgatgecacaattgecage

SEQ ID NO. 297 IGLV5-92-2 (P)

>IGLV5-92-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtatagacccagtcacccteecctttetgecatectttggaacaacagtcagagtcea
cctgtaccctgagcagtggcteccagtgttggcagetactacatatactggtteccaggaga
agccatggagcaatcccecggtatctectgtactactcaggectcagatgagcaccaggget
ctgggatccgtagcectgettcectectgatacaatgatgectcageccaaggcagagecteecta
atctctgggctgcagecctgaggactatactgaccttcactgtctaatcagaaacaataat
cctttt

SEQID NO. 298 IGLV5-94-1 (P)

>IGLV5-94-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
tagcctgtgctgacccagecgeccteccactetgecateccctgggaacaacageccagactea
cctgcgececctgagecageggctgcagecagtgaccatacgetggttceccagecagecagaagge
ctcctgagtacctgectgacggtctactgagactcaccagegececcggggtectecagecte
ttctcectggctceccaaggacaccteggccaatgcagggcactcagatgg
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SEQ ID NO. 299 IGLV5-95 (P)

>IGLV5-95*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgatgacccagectgtcecctecctetetgecateccctggaaacaacaaccagacac
acctgcaccctgagcagtggcttcagaaataacagctgtgtaataagttgattccagecag
aagtcagggagccctccctggtgtectectgtactattactcagactcaagtatacatttyg
ggctctgaggttcccagctgecttctctggatccaagacaaggccacacccacactgagta
gacccatccctgggtgggtctagagctccagecccactggaggctgatgcacaattgeag
c

SEQ ID NO. 300 IGLV5-96-1 (P)

>IGLV5-96-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caacctttgcggacccagcgcactccecctectgecatcectectggaacaacagttagactecate
tgcacccagagcagtggccccagtgttggcagectactacaaacactggttceccagecagaag
ccacggagccctccceggtacttectgtactacttetcagactcagatgagecaccaggge
tctggggaccgcagccacttcectectgateccaaggatgactcaggaaaggcagggcteect
catctctgggctacagecctgaggactagactgaccttcactgtctaatcagaaacaataa
tgcttct

SEQ ID NO. 301 IGLV5-97-1 (P)

>IGLV5-97-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
ttaaaaccaaccaaaccaaaccaaaccaaaacaaaacaaaacaaaataacagccagattc
acctgctccctgagcagtggcttcagtgttggtggctataacacactggtaccagcagaa
gccagggagccctceccecctgttacctectgtactactactcagaatcagataaacaccatgg
ctccgggatcaccagctgettecctggecctatggacaccteggeccaatgecagggetect
gctcatctcagggctgcagectgaggacgaggctgactactactgeggtatactceccacag
cagtgggagcagctactcttacce

SEQ ID NO. 302 IGLV5-97-2 (P)

>IGLV5-97-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgaggacacactccteccttecctetetgecacctttgggatcatcaaccagacte
acctgcatccttcecccagggectgaatgttggcaggtactgaacatactggacaaggagaa
tcaaggagacatcaggagttccctcagatccagataagtgeccagggcacggggttctecag
ccacttctatggatctaatgatgcctcaggcaatgcaggtctecctgetcatgtetggget
gcagcctgaggacgaggctgactatgactatgctgcacattgtggggtgggagcagetee
cgatact

SEQ ID NO. 303 IGLV5-97-3 (P)

>IGLV5-97-3*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccageccgecctecctetetgecatecctgggaacaacagecagacte
acctgcaccctgagcagcagctgcageggtggecatatgectggtteccagecatgcaagagyg
cctecctgagtacctgcectgatggtcectactgagactcaccagggeccecctggggtecccagect
cttctectggcecteccaaggaagecteggeccaatgcagggectectgetecatetetgggetgea
gcctgagaatgaggctgactgtcactgtgctacagaccatggcagtgggaacagectcecca
atact

SEQ ID NO. 304 IGLV5-101-1 (P)

>IGLV5-101-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctttgctgacccagegtecteccectetetgecatectectggaacaacagtcagactea
catgtaccctgagcagtggcccecggtgectggecagetactacacacactggtteccagecaga
ggccacagagtcctceccceggtatctectgtactactactcagactcagatgatctecagyg
gctccgggttceccccagecactectectgateccaaggatgectcagecagggcagggetee
catctctggggtacagcctgaggactacactgaccttcactgtctaatcggaaacaataa
tgtttct
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SEQ ID NO. 305 IGLV5-103-1 (P)

>IGLV5-103-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagccagggctggcccagectgecccccacctecctetgecatectecaggaacaacagecag
actcacatgaaccatgagcagtggcttcattgttggcagctgctacatatactggtteca
acagaagccagggagccccccteccccaatatectettgaggttgtattcagaatcagata
aacaccagggctcaatgtccccageccctgectcectggatctgaagacacctccgecgaagea
gggcctctgctcecatcectetgggctgcagegtgaggacaaggctgactecttactgtacaate

tgg

SEQ ID NO. 306 IGLV5-105 (P)

>IGLV5-105*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccageccgecctecctetetgecatecctgggaacaacagecagacte
acctgcaccatgagcagcagctacagtggtggccatacactggttccagcageccaggagyg
cctecctgagtacctgctgatggtcectactgagatttaccagggeccceggggtecccagecyg
cttctectggcteccaaggacatcteggeccaatgcagggectectgetecatetetgggetgta
gcctgaggacgaggctgactgtcactgtgctacagaacatggcagegggagcagcectecca
atact

SEQ ID NO. 307 IGLV5-105-1 (P)

>IGLV5-105-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
ctgcctctgctacccageccaccgecttetetgecatectecaggtactacagecagacccac
ctgcaccctgaacagtggcatcagtattecgcagetgttecttataatggectecegecaaag
gcagggagccctgecctggtatctgectaaggttgtactctaataaataccatggctctagyg
gtcccaagccacatctctggatccaaagaaaccte

SEQ ID NO. 308 IGLV5-106-1 (P)

>IGLV5-106-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctttgctgacccagegtecteccectetetgecatectectggaacaacagtcagactea
cctgtatccagagcagtggeccccagtgttggecagetactacatacaccggtteccagegga
aaccacggagccctcecccecctgtatctectgtactactactcagactcagataagcactagg
cctacagggtccccagectgettectectgatccatggatgectcagecagtgecagtgetee
ctcatctctgggctacagectgaggactagactgaccttcactgtcectaatecggaaacaat
aatgcttct

SEQ ID NO. 309 IGLV5-109 (F)

>IGLV5-109*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagcttgtgctgacccageccgecctecctetetgecatecctgggatcaacaaccagacte
acctgcaccctgagcagtggcttcagtgttggtggctatagcatatactggcaccagecag
aagccagggagcactccctggtacctectgtactactactcaagtacagagttgggacct
ggggtccccagctgcecttcectctggatccaaagacacctcageccaatgtagggectectgete
atctcagggctgcagcctgaggatgagactgactactactgtgctataggtcacggcagt
gggagcagctacacttacc

SEQ ID NO. 310 IGLV5-110-1 (P)

>IGLV5-110-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagccagggctggcecccagectgecccecccaccteectetgecatecteccaggaataacageca
gactcacatgaaccatgagcagtggcttcattgttggccgectgctacatatactgattce
aacagaagccaaggagcccccgctceccaccagtatectectgatattctactcagactcecaga
taagcaccagggctcaacgtccccagecctgectctgaatctgaagacaccteccgegaage
agggcttctgctcatctctgggctcagegtgaggacaaggctgactcttactgtacaate

tgg

SEQID NO. 311 IGLV5-111-1 (P)

>IGLV5-111-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
tagcctgtgctgacccagtgctcectecctetetgecateccctgggaacaacageccagactee
cctgcaccctgagcageggctgcageggtgtecatacgecaggttcecagecagecaggagge
ctcctgaatacctgectgatggtctacggtgactcaccagggececcggggtecccagecge
ttctectggctcecgaggacaccteggeccaatgcagggectectgetecatctectgggetgecag
cctgaggacaagactgactgtcactgtgctacagaccatggcagtaggagcagttceccaa
tact

148

PCT/US2020/040282



CA 03144956 2021-12-22

WO 2021/003149

SEQID NO. 312 IGLV5-111-2 (P)

>IGLV5-111-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagetgeccttectetetgecatecctggagacaacaagecagatgt
acctacacccagagcggtgtcecggcagcectactacacatactcatcaaggacaatccaggga
gacctccctggtatttcectgtactactactcagactcaactacatggttgggatttggtyg
tccccaaccacttctcectgtatccaaagatgectcageccaatgcagggectectgetecatet
ctgggctgcagccagaggacaaggatgactgtcactgtgectgecattcagatcatggecagt
gggagcagctcccgatact

SEQ ID NO. 313 IGLV5-113-2 (P)

>IGLV5-113-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctttgctgatccagtgecccteccectetetgecatectectggaacaagagtcagactea
cctgcacccagagcagtggeccccagggttggecagetactacatacactggttgecagegga
aaccacggagccctcectcagtatctectgtactactactcagaatcagatgagcaccagg
gctctggggtccccagecacttcectectgateccaaggatgectcaggcaaggcagggetee
ctcatccctgggectacagectgagggctagactgaccttcactgtectaatccgaaacaat
aatgtttct

SEQID NO. 314 IGLV5-114-1 (P)

>IGLV5-114-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagccagggctggcccagectgecctecctetetgecatectecaggaacaacagecagacte
acatgaaccatgaacagtggcttcattcttggcggctgatacatatacttgttccaacag
aaaccagggaacccccgctecccecgtattgectgaggttcectactcagactcagataagceac
cagggctcaacatccccagecctgetectggatctgaagacacctcaactgaagecagggece
tctgctcatctctggatgtccagegtgaggacaaggttgattecttactgtacaatctgge
acagtggtcctggt

SEQID NO. 315 IGLV5-115-1 (P)

>IGLV5-115-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctctgctgacccageccaccctecctetetgecatecctgggaacaagacccagagte
acctgcaccctgagcaacaactgcagtggtggceccatacgctggttccagcagecaggaag
cctecctgaatacctattgatggtttactgagacttaccagggeccceccggggecccagetyg
cttctectggcteccaaggacaccttggccaatgcaggactectgetecatetetgggetgta
gcctgaggatgaggctgactgtcactgtgctacagaccatggcagtgggagcagecteceg
atact

SEQID NO. 316 IGLV5-118-1 (P)

>IGLV5-118-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtggtgacccagcttecttetetgecateccctgggaacaacageccagattcacat
gcaccctgagctatggcttcagtattgatagatatgttataagctggttccagcagaagyg
cagagagccttccctggtacctactgtactattactgatactcaagtacacagttggget
tcggcattcccagctgegtcectctggatccaagacaaggccacattcacaaatgagtagac
ccatctctggttgggtctagagectccagecccacctgagactgatgecacaattgecageca
cattgtcttgatatcggaaa

SEQID NO. 317 IGLV5-124-1 (P)

>IGLV5-124-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtatagacccagtcaccctececctttetgecatectttggaacaacagtcagactcea
cctgtaccctgagcagtggcteccagtgttggcagetactacatatactggtteccaggaga
agccatggagcaatcccecggtatctectgtactattcaggectcagatgagcaccaggget
ctgggatccctagectgettectectgateccaaggatgectcagecaaggcagagecteecte
atctctgggctgcagecctgaggactagactgaccttcactgtctaatcagaaacaataat
gcttect

SEQ ID NO. 318 IGLV5-125-1 (P)

>IGLV5-125-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccagegececteccactectgecatececctgggaacaacagecagactea
cctgcaccctgagcageggctgcageggtggecatatgetggtteccagecagecagaagge
ctcctgagtacctgectgacggtctactgagactcaccagggececctgggtectecagecte
ttctctgactccaaagacacctecggccaatgcagggcactcagatggctgtgaagtteat
acaacagggtcctcatgggggctcatggtaccacttcacgttt
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SEQID NO. 319 IGLV5-126 (P)

>IGLV5-126*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgatgacccagectgtcecctecctetecagecateccctggaaacaacaacaagacte
acctgaaccctgagcagtggcttcagaaatgacagatgtgtaataagttggttccagecag
aagtcagggagccctceccctggtgtectectgtactattactecggactcaagtacacatttyg
ggctctgaggttcccagctgecttctctggatccaagacaaggccacacccacactgagta
gacccatccccgggtgggtctagagectccagecccactggaggctgatgcacaattgeag
c

SEQ ID NO. 320 IGLV5-128-1 (P)

>IGLV5-128-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caacctttgcggacccagecgcectecectetetgecatectectggaacaacagttagactea
tctgcacccagagcagtggccccagtgttggcagectactacaaacactggttccagecaga
agccacggagccctceccecggtacctectgtactactactcagactcagatgagcaccagyg
gctctggggaccacagccacttctectgateccaaggatgectcaggaaaggcagggetee
ctcatctctgggctacagectgaggactagactgaccttcactgtcectaatcagaaacaat
aatgcttct

SEQID NO. 321 IGLV5-129-1 (P)

>IGLV5-129-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgaccagctgeccecctetectgecatececctgggaacaacaggcagatgtactta
caccctgagcagttttggcagctactacacatactecgtcaaggagaatacagggagacct
ccctggtatttectgtactactactcagactcaactacatggttgggatttggggteccece
aaccacttctctggatccaaagatgcctcageccaatgcagggectectgetecatcectetggyg
ctgcagccagaggacaaggatgactgtcactgtgectgecatacatatcaaggcagtggaag
cagctcccaatact

SEQ ID NO. 322 IGLV5-129-2 (P)

>IGLV5-129-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
ctgcctgtgctgacccagtgececcteccectetetgecatececctgggaacaacagecagactea
cctgcaccctgagcagtggctgcageggtggecatatgetggtteccagecagecaggagge
ctcctaagtacctgectgatggtctactgagactcatcacggtecctggggtecctagecte
ttctectggctccaaggacaccteggccaatgcagggctectgetecatctectgggetgecag
cctgaggacgaggctgactgtcattgtgectacagaccatggcagtgggagcagetectga
tact

SEQ ID NO. 323 IGLV5-131 (F)

>IGLV5-131*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagcctgtgctgacccagccaccctecctetetgecatecctgggaacaacagecagacte
acctgcaccctgagcagtggcttcagtgttggtgactatgacatgtactggtaccagecag
aagccagggagccctceccceccgggatcectectgtactactactecggactcatataaaaaccag
ggctctggggtctccaaaagcttctctggatccaaggatacctcageccaatgcagggete
ctgctcatctctgggctgcagectgaggacgaggctgactactactgtgetacagatceat
ggcagtgagagcagctactcttacce

SEQ ID NO. 324 IGLV5-132-1 (P)

>IGLV5-132-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtatagacccagtcaccctececctttetgecatectttggaacaacagtcagactcea
cctgtaccctgagcagtggcteccagtgttggcagetactacatatactggtteccaggaga
agccatggagcaatcccecggtatctectgtactactcaggectcagatgagcaccaggget
ctgggatccctagectgtttectectgatceccaaggatgectcageccaaggcagagecteecte
atctctgggctgcagecctgaggactatactgaccttcactgtctaatcagaaacaataat
gcttect
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SEQ ID NO. 325 IGLV5-134 (P)

>IGLV5-134*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccageccgecctecctetetgecatecctgggaacaacagecagacte
acctgcaccatgagcagcagctgcagecggtggcecatatgectggtaccagcatgcaagagyg
cctecctgagtacctgcectgatggtcectactgagactcaccagggeccecctggggtecccagect
cttctectggcteccaaggacaccttggccaatgcagggectectgetecatetetgggetgea
gcctgagaatgaggctgactgtcactgtgctacagaccatggcagtgggaacagectcecca
atact

SEQ ID NO. 326 IGLV5-134-1 (P)

>IGLV5-134-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
taaaaccaaaccaaaccaaaccaaaccaaaacaaaacaaaacaaaataacagccagattce
acctgctccctgagcagtggcttcagtgttggtggctataacacactggtaccagcagaa
gccagggagccctceccecctgttacctectgtactactactcagaatcagataaacaccatgg
ctccgggatcaccagctgettecctggecctatggacaccteggeccaatgecagggetect
gctcatccttgggctgcagectgaggacgaggctgactactactgeggtatactceccacag
cagtgggagcagctactcttacce

SEQ ID NO. 327 IGLV5-135-1 (P)

>IGLV5-135-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
aagcctgtgctgacccagecgecctecctetetgecateccctgggaacaacageccagactea
cctgcaccctgagcageggctggagtggtggectataggetggtteccagecagecaggaage
ctcctgagtacctgectgatggtctactgagactcaccaggectatggggtecccageatet
tctctggctceccaaggaagecteggeccaatgcagggctectgetcatetetggectgeage
ctgaggtcgaggctgactgtcactgtgctacagaccatggcagtgggagcagetcececegat
ac

SEQ ID NO. 328 IGLV5-137-1 (P)

>IGLV5-137-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctaacccagtecgectcectecctettgacatectttggaacaacagtcagactcea
cctgtaccgtgaacagtggctccagtgttggcagectattacatcaactggttceccagtata
agccatggagctctceccecctagtatcacctgtactactacttagactcagataagcaccagg
gctctggggtceccccagetgecttectectgateccaaggatgectcagtcattggagggecace
ctcatctctgggectgcagectgaggactagactgaccttcacgtctaatcagaaacaata
atgcttct

SEQ ID NO. 329 IGLV5-137-2 (P)

>IGLV5-137-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
ctgcctgtgctgacccageccgecctecctetetgecatecctgggatcaacagecagacte
acctgcacactgagcagtggctgcagecggtggeccatatgectggttccagcagecaggagyg
cctecctgtgtacctgctgatggtcectactgagactcaccagggeccccagtgtecccageca
ctactctggtttcaaagacacctcggccaatgcaggtcactcagatagectgecgaaattcea
tacaacaagggtcctcatggggactcatgggcaccccttcagattttectgectgecatga
acag

SEQ ID NO. 330 IGLV5-138-1 (P)

>IGLV5-138-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagggatggcccagctgttceccccacctecctetgecatecteccaggaacaacagecagact
cacatgaaccatgagcagtggcttcattgttggecggectgctacatatactggttccaaca
gaagccagggagtccccttceccceccccatatctectgagtttectactcagactcagataage
accagggctcaaaatccccagceccctgttectggatectgaagacacctcageccaaagcageg
cctctgcectcatcectetgggetgecagggtgaggataagaatgactecttactectacaatcectgyg

SEQ ID NO. 331 IGLV5-139-1 (P)

>IGLV5-139-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caacctttgcggacccagtgceccteccectetetgecatcectectggaacaacagttagactcea
tctgcacccagagcagtggccccagtgttggcagectactacaaacactggttccagecaga
agccacggagccctceccccagtacctectgtactacttcectcagactcagatgagcaccagyg
gctctggggactgcagccacttcecccctgateccaaggatgectcaggaaagcagggectece
tcatctctgggctacagecctgaggactagactgaccttcactgtctaatcagaaacaata
atgcttcttacagt
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SEQ ID NO. 332 IGLV5-145 (P)

>IGLV5-145*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccageccgecctecctetetgecatecctgggaacaacattcagacte
acctgcaccctgagcagcagctgcageggtggecatatgectggtteccagecatgcaagagyg
cctecctgagtacctactgatggtctactgagactcaccagggeccecctggggtecccagect
cttctececggcecteccaaggacaccttggccaatgcagggectectgetecatetetgggetgea
gcctgagaatgaggctgactgtcactgtgctacagaccatggcagtgggaacagectcecca
atact

SEQ ID NO. 333 IGLV5-145-1 (P)

>IGLV5-145-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgacgacacactcctceccttectetetgecacctttgggatcatcaaccagacte
acctgcatccttcecccagggectgaatgttggcaggtactgaacatactggacaaggagaa
tcaaggaggcatcaggagttccctcagatccagataagtgeccagggcacggggttcectecag
ccacttctatggatctaatgatgcctcaggcaatgcaggtctecctgetcatgtetggget
gcagcctgaggacgaggctgactatgactatgctgcacattgtggggtgggagcagetee
cgatact

SEQID NO. 334 IGLV5-146-1 (P)

>IGLV5-146-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
aagcctgtgctgacccagcecgeccctttetetetgecateccctgggaacaacageccagacteca
cctgcaccctgagcageggctggagtggtggectataggetggtteccagecagecaggaage
ctcctgagtacctgectgatggtctactgagactcaccaggectatggggtecccageatat
tctctggctceccaaggaagecteggeccaatgcagggctectgetcatetetgggetgecage
ctgaggtcgaggctgactgtcactgtgctacagaccatggcagtgggagcagetcececegat
act

SEQ ID NO. 335 IGLV5-148 (P)

>IGLV5-148*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtcaccaaggatccatcactctcagtgtttceccaggagggacagtcacatte
acatgtggcctcagctctgggtcagtctttacaagtaactaccccagectggtaccageag
acccatggccgggctectcacatgcecttatctacagcacaagcagectgeccceccecggggte
cctgatcgcecttectetggatceccatectetgggaacaaagttgecctcaccatcacaggagee
cagcctgaggatgagactattattgttcactgegtatgggtagtacattta

SEQ ID NO. 336 IGLV5-148-1 (P)

>IGLV5-148-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctaacccagtecgecctecctettgacatectttggaacaacagtcagactea
cctgtaccgtgaacagtggctccagtattggcagectattacatcaactggttccaggaga
agccatggagctctccecctggtatcacctatactacttcecttagactcagataagcaccagyg
gctctggggtceccccagetgecttectectgateccaaggatgectcagtcattggagggecace
ctcatctctgggectgcagectgaggactagactgaccttcactgtctaatcagaaacaat
aatgcttct

SEQ ID NO. 337 IGLV5-148-2 (P)

>IGLV5-148-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
ctgcctgtgctgacccageccgecctecctetetgecatecctgggatcaacagecagacte
acctgcacactgagcagtggctgcagecggtagecatatgectggttccagcagecaggagyg
cctecctgggtacctgctgatggtcectactgagactcaccagggeccccagtgtecccageca
ctactctggatgcaaagacacctcggccaatgcaggt

SEQ ID NO. 338 IGLV5-149-1 (P)

>IGLV5-149-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagggatggcccagctgttceccccacctecctetgecatecteccaggaacaacagecagact
cacatgaaccatgagcagtggcttcattgttggecggectgctacatatactggttccaaca
gaagccagggagtccccttceccceccccatatctectgagtttectactcagactcagataage
accagggctcaaaatccccagceccctgttectggatectgaagacacctcageccaaagcageg
cctctgcectcatcectetgggetgecagggtgaggataagaatgactecttactectacaatcectgyg
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SEQ ID NO. 339 IGLV5-150-2 (P)

>IGLV5-150-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
caacctttgcggacccagcgcactccecctectgecatcectectggaacaacagttagactecate
tgcacccagagcagtggccccagtgttggcagectactacaaacactggttceccagecagaag
ccacggagccctccceggtacttectgtactacttetcagactcagatgagecaccaggge
tctggggaccgcagccacttcectectgateccaaggatgactcaggaaaggcagggcteect
catctctgggctacagecctgaggactagactgaccttcactgtctaatcagaaacaataa
tgcttct

SEQID NO. 340 IGLV5-154-1 (P)

>IGLV5-154-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgatgacccagectgtcecctecctetetgecateccctggaaacaacaaccagacac
acctgcaccctgagcagtggcttcagaaataacagctgtgtaataagttgattccagecag
aagtcagggagccctccctggtgtectectgtactattactcagactcaagtatacatttyg
ggctctgaggttcccagctgecttctctggatccaagacaaggccacacccacactgagta
gacccatccctgggtgggtctagagctccagecccactggaggctgatgcacaattgeag
c

SEQ ID NO. 341 IGLV5-155-1 (P)

>IGLV5-155-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctaacccagtecgectcectecctettgacatectttggaacaacagtcagactcea
cctgtaccgtgaacagtggctccagtgttggcagectattacatcaactggttceccagtata
agccatggagctctceccecctagtatcacctgtactactacttagactcagataagcaccagg
gctctggggtceccccagetgecttectectgateccaaggatgectcagtcattggagggecace
ctcatctcggggctgcagectgaggactagactgaccttcactgtcectaatcagaaacaat
aatgcttctaacagtga

SEQ ID NO. 342 IGLV5-157-1 (P)

>IGLV5-157-1*01|Canis lupus familiaris_boxerlPIV—REGIONI|
cccagcgccctttetetetgecatececctgggaacaacageccagactcacctgecaccctgag
cagcggctagagtggtggctataggctggtteccagecageccaggaagectectgagtaccet
gctgatggtctactgagactcaccaggctatggggtccccagecatcttectetggectecaa
ggacacctcggccaatgcagggctectgectecatctctgggetgcagectgaggtegagge
tgactgtcactgtgctacagaccatggcagtgggagcagctccecgata

SEQ ID NO. 343 IGLV5-158-1 (P)

>IGLV5-158-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
ataacagccagattcacctgctccctgagcagtggcttcagtgttggtggctataacaca
ctggtaccagcagaagccagggagccctcecectgttacctectgtactactactcagaate
agataaacaccatggctccgggatcaccagctgecttcecctggecctatggacacctegge
caatgcagggctcctgcetcatctcagggetgecagectgaggacgaggectgactactactyg
cggtatactccacagcagtgggagcagctactcttace

SEQID NO. 344 IGLV5-158-2 (P)

>IGLV5-158-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgacgacacactcctceccttectetetgecacctttgggatcatcaaccagacte
acctgcatccttcecccagggectgaatgttggcaggtactgaacatactggacaaggagaa
tcaaggaggcatcaggagttccctcagatccagataagtgeccagggcacggggttcectecag
ccacttctatggatctaatgatgcctcaggcaatgcaggtttecctgetcatgtetggget
gcagcctgaggacgaggctgactatgactatgctgcacattgtggggtgggagcagetee
cgatact

SEQ ID NO. 345 IGLV5-158-3 (P)

>IGLV5-158-3*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagcctgtgctgacccageccgecctecctetetgecatecctgggaacaacattcagacte
acctgcaccctgagcagcagctgcageggtggecatatgectggtteccagecatgcaagagyg
cctecctgagtacctactgatggtctactgagactcaccagggeccecctggggtecccagect
cttctectggcteccaaggacaccttggccaatgcagggectectgetecatetetgggetgea
gcctgagaatgaggctgactgtcactgtgctacagaccatggcagtgggaacagectcecca
atact
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SEQID NO. 346 IGLV7-32-2 (P)

>IGLV7-32-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtggtgactccagagecccttcectgaccatceccccaggagtgacagtcacttttace
tgtgactccagcactggagagtcattaatagtgactatccacgttagttccagcagaage
ctagacaaactcgcaccacacacacaacaaacactcacggactcccacccagttcectcagyg
ctceccteccaggctcaaaactgecctecacctttttggggteccagectgagaaagaaggtyg
agtactaccatatgctggtctatcttggttcttgg

SEQ ID NO. 347 IGLV7-33 (P)

>IGLV7-33*01|Canis lupus familiaris_boxerlPIV—REGIONI|
caggctgtggtgactcaggaaccctcactgaccgtgteccctggagggacagtcactetea
cctgtgceccteccagecactggecgaggtcaccaatggacactatccatactggtteccagecaga
agcctggccaagtccccaggacattgatttataatacacacataatactcecctggaccect
acccggttctcaggctgectetttgggggcaaagetgecttgaccatcacaggggeccag
cccgaggatgaagctgaggactactgectggectagtatatatggtaatagg

SEQID NO. 348 IGLV7-36-1 (P)

>IGLV7-36-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtggtgattcaggaatcctcactaacagtgecccccaggaggaacactctecaccet
gtgcctcgaacactggcacagtcaccaatgtcagtatccttactggtttcagcagaacce
tagtcaagtccccagggcattgacttaggatacaagcaataaacacttctggatcecectac
caagctttcagtttccctecttggatgtaaaactccecctgaccttetetggttecctage
ctgaggccaaggctgattaccactggtgggtactcatagtggtgectgea

SEQID NO. 349 IGLV7-38-2 (P)

>IGLV7-38-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggtcatggtgactcaggagccttcatggeccatgtccecccaggagggacagtcactetea
cctatgcecctceccagecacaggacactatccatactggatccaagaaaatattggeccaagtcea
gggccatttatttataataaaaacaacaaatactgatttctcatgctcecccttcettgggag
caaatctgacatgaccatctcctagtgecccagectgaggacgaggatgagtacccatggyg
ggctacactatagtggtgctggg

SEQID NO. 350 IGLV7-43-1 (P)

>IGLV7-43-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagattgtggtgactcaggagccttcatggtegtgtccecccaggagggacagtcactetea
ctatgcctccagcacagaacactatccatactggatccaggaaaatattggccaagtceta
gagcatttatttataaaagaaacaataaatactgatttctaggctcccttecttgggaata
aatctgacttgaccatctgctagtgcgcagectgaggacgaggctgagtaccecctagggyg
ttacac

SEQID NO. 351 IGLV7-44-1 (P)

>IGLV7-44-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgatgactcaggagtcctcactaacagtgtceccccaggagggacattcactecte
acctgtgcctccagceccactggcatagtaacaatgctcagtateccttectggttttaccag
aagcctggccaagttcccagggcattgatttaggatacaagcaatgaaaattcctggace
cccaccaagtgctcaggtteccctttgtggagcaatattctectgaccctetacagtgect
tggtgagaacatagctgagtggcactggtggctgcttttattgtgatgectgggtge

SEQID NO. 352 IGLV7-84-2 (P)

>IGLV7-84-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
caggctgtgatgactcaagagtcctcactaacagtgtceccccaggagggacattcactecte
acctgcgcecctceccagcectactggcatagtaacaatgctcagtateccttactggttttageag
aatcctggccaagtccccagggcattgatttaggatacaagcaatgaacacacctggace
cccaccatgtgctcaggtteccctttgtggagcaatattctectgaccctetacagtgect
tggtgagaacatagctgagtggcactggtggctgcttttattgtgatyg

SEQ ID NO. 353 IGLV7-90-2 (P)

>IGLV7-90-2*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtggcataggagccttcatggeccatatccccaggagggacagtcactetea
cctatcccteccagcacaggacactatctatactggatctagtagecatactggeccaagtet
aggtcatttatttataataaaaacaataaatactcatagacctccactcatttctcagge
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tcccatcttgggggcaaatctgactggattgteccecctagtgecccagectgaggatgagge
tgagtaccgctggggctacactatggtggtgtggg

SEQ ID NO. 354 IGLV7-120-1 (P)

>IGLV7-120-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtggcataggagccttcatggeccatatccccaggagggacagtcactetea
cctatcccteccagcacaggacactatctatactggatctagtagecatactggeccaagtet
aggtcatttatttataataaaaacaataaatactcatagacctccactcatttctcagge
tcccatcttgggggcaaatctgactggattgteccecctagtgecccagectgaggatgagge
tgagtaccgctggggctacactatggtggtgtggg

SEQ ID NO. 355 IGLV8-36 (F)

>IGLV8-36*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtgacccaggagccatcactctcagtgtectectgggagggacagtcaceccte
acatgtggcctcagctcecgggtcagtctctacaagtaactaccccaactggteccageag
accccagggcaggctcecctegecacgattatctacaacacaaacagecgecccctetggggte
cctaatcgcttcactggatccatctectgggaacaaageccgeccctcaccatcacaggagece
cagcctgaggacgaggctgactactactgtgctectgggattaagtagtagtagtagtta

SEQ ID NO. 356 IGLV8-39 (F)

>IGLV8-39*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtaacccaggagccatcactctcagtgtcteccaggagggacagtcacacte
acatgtggcctcagctctgggtcagtctctacaagtaaccaccctagectggtaccageag
acccaagggaaggctcctcecgecatgcecttatctacaacacaaacaaccgcecccctetgggate
cctaattgcttctectggatceccatctectgggaacaaagecteccctcaccatcacaggagee
cagcctgaggacgagactgactattactgtttattgtatatgggtagtaacattta

SEQ ID NO. 357 IGLV8-40 (P)

>IGLV8-40*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagattgtggtgacccaggagccatcactctaagtttcecteccaggagggacagtcacacte
acatgtggcctcagctctgggtcagtccctacaagtaactaccccagetggtttcageag
accccaggccgggctcectagaacagttatctacaacacaaacagcectgeccctetggggte
cctaatcgcttcactggatccatctectggcaacaaageccgeccctcaccatcacaagagece
cagcctgaggatgaggctgactcecctgetgtgectgaatatcaaagcagtgggagecagetac
acttacc

SEQ ID NO. 358 IGLV8-43 (P)

>IGLV8-43*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtaacccaggaaccatcactctcagtgtcteccatgagggacagtcacacte
acatgtggcctcagctctgggtcagtctctacaagtaactaccccaactggtaccagecag
acccaaggccgggctcecctcacagggttatctacaacacaaacaaccgcecccctetggggte
cctgatcgcecttectetggatceccatectetgggaacaaagecgecctcaccatcacagetgee
cagcctgaggacgaggctgactattactgttcattgtatatgggtagtaacatttyg

SEQ ID NO. 359 IGLV8-60 (P)

>IGLV8-60*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtgatcacccaagatacatcactctcagtgtcteccaggagggacagtcacacte
acatgtggcctcagctctgggtcagtctctacaagtaactaccccagectggtaccageag
acccaaggccgggatcctcegecatgcecttatctacagcacaaacageccacccecctetggggte
cctaattgcttcactagatccatctectgggaagaaagectgecctcaccatcacaggagece
cagcctgaggatgagactattattgttcactaaatatgggtagtacatgta

SEQ ID NO. 360 IGLV8-71 (P)

>IGLV8-71*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagattgtggtgacccaggacccatcactgtcagtgtctagaggagggacagtcacacte
acttgtggcctcagctctgggtcagtcactacaataaataccccagctggtecccagecaga
ccccagggcaggctcecctegecatgattatctatgacacaaacagecgeccctetggggtee
ctgatcgcttctectggatccatctgtgggaacaaagectgecctcaccatcacaggagece
atcctgaggatgagactgactactactgtggtatacaacatggcagtgggagcagecteca
cttacc

155

PCT/US2020/040282



CA 03144956 2021-12-22

WO 2021/003149

SEQ ID NO. 361 IGLVS-74-1 (ORF)

>IGLV8-74-1*01|Canis lupus familiaris_boxerIORFIV—REGIONI
cagattgtggtgacccaggagccatcactgtcagtgtcteccaggaggaacagttacacte
acatgtggcctaagctctgggtcagtcactataagtaactaccctgattggtaccagecag
actccaggcaggtctcecctcegecatgcecttatctacaacacaaacaaccgecccctetggggte
cctaatcacttctctggatccatctectgggaacaaageccgeccctcaccatcacaggagee
cagcctgaggatgaggcttactactactgtgectgtgtatcaaggcagtgggagecagetac
acttacc

SEQ ID NO. 362 IGLVS8-76-1 (P)

>IGLV8-76-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtcacccaggatccatcactctcagtgtcteccaggaggaacagtcacacte
acatgtggcctcagctctgggtcagtctctacaagtaactacceccggectggtaccageag
acccaagtgaaagctccttgcatgcttatctacagcacaaacagctaccecctetggggtt
cctaattgcttcactggatccatctectgggaagaaagectgeccctcaccatcacaggagac
cagcctgaggatgagactattattgttcactgcatatgggtagtacactta

SEQID NO. 363 IGLV8-88-4 (P)

>IGLV8-88-4*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtggctcaggagtcatcagtctcagtgtcecteccaggagggacagtcacacte
acttgtggcctcagctctgggtcagtgactacaagtaactaccacagectggtaccagegyg
acccaaggccggtctcectcacatgcecttatctatgacacaagcagecgtecttetgaggte
ctgatcgcttcecctggtteccatectetgggaacaaagetgecctecactgtcagaggagece
agcctgaggacgaggctgactactactgtggcatgcatgatgtcagtgggaggaattaca
attacc

SEQID NO. 364 IGLV8-89-3 (P)

>IGLV8-89-3*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagattgtggtggccaggaggcattgttgtcagtgtctccaggagggagagtcacactca
cttgtggcctcagectcectgggtcagtcactacaagtaactaccccaactggttceccagecaga
ccccagggcegggctecctggecacgattatctacagcacaaaagactgeccecctetggggtee
ctgactgcttctctagatccatctctgggaacaaagccgecctcaccatcacaggagece
agtctgaggacgaggctattactgttttacacgacatggtagtgggagctgctacactta
cc

SEQ ID NO. 365 IGLV8-90 (P)

>IGLV8-90*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtaacccaggagccatcactctcagtgtcteccaggagggacagtcacacte
acttgtggcctcagctctgggtcagtctctacaggtaacaaacctggctggtaccagceac
accccaggccaggctcectegecaggattatctatgacacaagcagecgeccttetggggte
cctgatcgcecttectectggatccatctectgagaacaaaactgeccctcaccatcacagaagece
caacctgaggatgaggctgactacatcatatatgagtggtggtgetta

SEQ ID NO. 366 IGLVS8-90-1 (P)

>IGLV8-90-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagattgtggtgacccaggaggcatcgttgttagtgtcectectggagggatagtcacacte
acttgtggcctcagctctggatcaatcactacaagtaactaccccaactggctceccageag
accccagggcgggctcectegecagatgatectatggcacaaaaageccgececctetggggtee
ctgatcgcttctgtagatccatctctgggaacaaageccgecctecaccatcacaggagece
agtctgaggatgaggctgactattactgttttacacgacatggcagtgggagcagctaca
attac

SEQ ID NO. 367 IGLVS8-90-3 (P)

>IGLV8-90-3*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtgacccaggagtcatcagtctcagtgtcteccaggaggaacagtcacacte
ccttgtggcctecagetcectgggtcactgactacaagtaacactacaccagctggtaccage
agacccaaggccagtctcecctegecatgcttgtctatgacacaagcagcectgtecctetgagyg
ttcctgatcacttctctggatccatttctgggaacaaageccaccctcaccatcacaggag
cccagcctgaggacgaggctgactactactgtggcatgecatgatgtcagtgggagecaget
aaaattacc
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SEQID NO. 368 IGLV8-90-4 (P)

>IGLV8-90-4*01|Canis lupus familiaris_boxerlPIV—REGIONI
catattttggtgactcaggagccatcactgtcagtgtcteccatgagggacagtcacacte
acttgtggcctcagctctgggtcagtcactacaagtaactaccccaggtataccagcaga
acccaggcaaggctcctagcacagttatctacaacaaaaacagctgcecccecctectggggtee
atggtcgattctctggatccatctctggaagcaaageccgecttcacaatcacaggagece
agcctgaggttgaggctgactactactgtgttacagaacatggctcecctcacatgggaaca
gcctcactcac

SEQ ID NO. 369 IGLVS8-92-1 (P)

> IGLV8-92-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtcacccaggatccgtcactctcagtgtecteccaggagggacagtcacatte
acatgtggcctcagctctgggtaagtctctacaagaaactaccccagectggtaccageag
acccaaggccaggctceccttgcatgecttatctacagcacaagcagacacccttetggggte
cctgatcgcecttectetggatceccatectetgggaacaaagtegecctcaccatcacaggagee
cagcctgaggataagactattattgttcactgcatatgggtagtacattta

SEQ ID NO. 370 IGLV8-93 (F)

>IGLV8-93*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtaacccaggagccatcactctcagtgtcteccaggagggacagtcacacte
acatgtggcctcagctctgggtcagtctctacaagtaattaccctggectggtaccagecag
acccaaggccgggctcecctegecacgattatctacaacacaagcagecgeccctetggggte
cctaatcgcttectectggatceccatctectggaaacaaagecgeccctcaccatcacaggagee
cagcccgaggatgaggctgactattactgttecttgtatacgggtagttacactga

SEQ ID NO. 371 IGLV8-99 (F)

>IGLV8-99*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtcacccagaagccatcactctcagtgtcecteccaggagggacagtcacacte
atatgtggcttcagctctgggtcagtctctacaagtaattaccctggectggtaccagecag
acccaaggccgggcttctegecacaattatctacagcacaagcagecgeccctetggggte
cctaatcgcttececctggatceccatectetgggaacaaagecgecctcaccatcacaggagee
cagcctgaggacgaggctgactattactgttecttgtatatgggtagttacactga

SEQ ID NO. 372 IGLVS8-102 (ORF)

>IGLV8-102*01|Canis lupus familiaris_boxerlORFIV—REGIONI
cagattgtagtgacccaggaaccatcactgtctccaggagggacagtectactcacttgt
ggcctcagctctgggtcagtcactacaagtaactactccagctggtaccagcagacceca
gggcgggctcecctcegcacgattatctacaacactaacagceccaccecctectggagtecctgat
cgcttctectggatceccatectectgggaacaaageggegetcaccatcacaggageccagect
gaggacgaggctgactactactgtgttacagaacatggtagtgggagcagcttcacttac

SEQ ID NO. 373 IGLV8-108 (F)

>IGLV8-108*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtgactcaggagtcatcagtctcagtgtcteccaggagggacagtcacacte
acgtgtgacctcagctctgggtcagtgactacaagtaacaaccccagctggtaccagecag
acccaaggccgatctcecctcegecatgecttatctatgacacaagcagectgteccteggaggte
cctgatcgcecttectetggatceccatttetgggaacacagetgecctcaccatcacaggagece
cagcctgaggacaaggctgactactactgtagtatgcatgatgtcagtgggagecagetac
aattacc

SEQID NO. 374 IGLVS8-113 (P)

>IGLV8-113*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtcacccaggagccatcactctcagtgtcecteccaggagggacagtcacacte
acatgtggcctcagttctgggtcagtcactataagtaactaccccagectggtceccageag
accccagggcaggctcecctcacacaataatctacaggacaaacagctgaccctetggggte
cctgatcgcecttectetggatceccatectetgggaacaacgecgecctcagecatcacagtegee
cagcctgaggacgaggctgactattactgttcattgtatatgggtagtaacattta

SEQ ID NO. 375 IGLV8-113-3 (P)
>IGLV8-113-3*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagattgtggtgacccaggagccatcactctcagtgtctagaggagggacagtcacacte
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acttgtggcctcagctctgagtcaatcactacaactaccccagectgatceccagecagacce
cagggcaggctcctcacacaattatctatgacaaaaacagccgececctetggggtecctyg
atcacttctcaggatccatctgtgggaacaaagccaccctcaccatcacaggaacccage
ctgaggacaaggctgactactactgtggtatccaacatggcagtaggaggagcctcatta
acc

SEQID NO. 376 IGLVS8-117 (P)

>IGLV8-117*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgttgtgactcaggagtcatcagtctcagtgtcteccaggagggacagtaacacte
acgtgtagcctcagctctgggtcagtgactacaagtaagtactccagectggaccagtaga
cccaaggccgatctcecctegecatgettatctatgacacaagcagecgtecctetgaggtee
ctgatcgcttctcectggatccatcteccecgggaacaaagectgecctecaccatcacaggagece
agcctgaggacgaggctgactactactgtggtatgcatgatgtcagtgggaggagttaca
attacc

SEQ ID NO. 377 IGLV8-118-3 (P)

>IGLV8-118-3*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagattgtggtggccaggaggcattgttgtcagtgtcctectggagggagagtcacactceca
cttgtggcctcagectcectgggtcagtcactacaagtaactaccccaactggttceccagecaga
ccccagggcecgggctectggecacgattatgtacagcacaaaagactgececctetggggtee
ctgattgcttctctagatccatctcectgggaacaaagccgecctcaccatcacaggagece
agtctgaggacgaggttattactgttttacacgacatggtagtgggagctgctacactta
cc

SEQ ID NO. 378 IGLV8-119 (P)

>IGLV8-119*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtaacccaggagccatcactctcagtgtcteccaggagggacagtcacacte
acttgtggcctcagctctgggtcagtctctacaggtaacaaacctggctggtaccagceac
accccaggccaggctcectegecaggattatctatgacacaagcagecgeccttetggggte
cctgatcgcecttectetggatceccatctectgagaacaaagectgecctcaccatcacagaagece
cagcctgaggatgaggctgectaccactgttegetgtatatgagtggtggtgetta

SEQ ID NO. 379 IGLV8-120 (P)

>IGLV8-120*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagattgtggtgacccaggaggcatcgttgtcagtgtectectggagggatagtcacacte
acttgtggcctcagctctggatcaatcactacaagtaactaccccaactggttceccagecag
accccagggcgggctcectegecagatgatectatggcacaaaaageccgececctetggggtee
ctgatcgcttctgtagatccatctctgggaacaaageccgecctecaccatcacaggagece
agtctgaggatgaggctgactattactgttttacacgacatggcagtgggagcagctaca
attacc

SEQ ID NO. 380 IGLVS8-121 (P)

>IGLV8-121*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtgacccaggagtcatcagtctcagtgtcteccagteggaacagtcacacte
acttgtggcctcagctctgggtcactgactacaagtaactacaccagctggtaccagecag
acccaaggccagtctcecctegecatgcettgtctatgacacaagcagectgtecctetgaagtt
cctgatcacttctectggatccatttectgggaacaaagecgeccctcaccatcacaggagece
cagcctgaggacgaggctgactactactgtggtatgcatgatgtcagtgggagcagetaa
aattacc

SEQ ID NO. 381 IGLVS8-121-1 (P)

>IGLV8-121-1*01|Canis lupus familiaris_boxerlPIV—REGIONI
catattttggtgactcaggagccatcactgtcagtgtcteccatgagggacagtcacacte
acttgtggcctcagctctgggtcagtcactacaagtaactaccccaggtataccagcaga
acccaggcaaggctcctagcacagttatctacaacaaaaacagctgcecccecctectggggtee
atggtcgattctctggatccatctctggaagcaaageccgecttcacaatcacaggagece
agcctgaggttgaggctgactactactgtgttacagaacatggctect

SEQ ID NO. 382 IGLV8-124 (P)
>IGLV8-124*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtcaaccaggatccgtcactctcagtgtcecteccaggagggacagtcacatte
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acatgtggcctcagctctgggtaagtctcectgcaagaaactaccccagectggtaccageag
acccaaggccaggctceccttgcatgecttatctacagcacaagcagecgeccttetggggte
cctgatcgcecttectetggatceccatectetgggaacaaagtegecctcaccatcacaggagee
cagcctgaggatgagactattattgttcactgcatatgggtagtacattta

SEQ ID NO. 383 IGLV8-128 (F)

>IGLV8-128*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtaacccaggagccatcactctcagtgtcteccaggagggacagtcacacte
acatgtggcctcagctctgggtcagtctctacaagtaattaccctggectggtaccagecag
accctaggccgggctcectegecacgattatctacagaacaagcagecgeccctetggggte
cctaatcgcttectectggatceccatctetgggaacaaagecgecctcaccatcacaggagee
cagcctgaggacgaggctgactattactgttecttgtatatgggtagttacactga

SEQ ID NO. 384 IGLVS8-137 (P)

>IGLV8-137*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtcaccaaggatccatcactctcagtgtcteccaggagggacagtcacatte
acatgtggcctcagctctgggtcagtctttacaagtaactaccccagectggtaccageag
acccatggccgggctcectegecatgcettatctacagcacaaggagcetgecccecceggggte
cctgatcgcecttectetggatceccatectetgggaacaaagttgecctcaccatcacaggagee
cagcctgaggatgagactattattgttcactgtgtatgggtagtacattta

SEQ ID NO. 385 IGLV8-142 (F)

>IGLV8-142*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtcacccagaagccatcactctcagtgtcecteccaggagggacagtcacacte
atatgtggcctcagctctgggtcagtctctacaagtaattaccctggectggtaccagecag
acccaaggccgggcttctegecacaattatctacagcacaagcagecgeccctetggggte
cctaatcgcttcactggatccatctectgggaacaaageccgeccctcaccatcacaggagece
cagcctgaggacgaggctgactattactgttecttgtatatgggtagttacactga

SEQ ID NO. 386 IGLV8-150-1 (ORF)

>IGLV8-150-1*01|Canis lupus familiaris_boxerlORFIV—REGIONI
cagattgtggtgacccaggaaccatcactgtcagtgtctceccaggagggacactcacacte
acttgtggcctcagctctgggtcagtcactacaagtaactaccccagectggtaccagecag
accccaggccaggctcecctagcacagttatctacaacacaaacagceccgeccctetggtgte
cctgatcacttctectggatcegtectetgggaacaaagecgeccctcatcatcacaggagee
cagcctgaggacgaggctgatgactactctgttgcagaacatgtcagtgggagecagette
acttacc

SEQ ID NO. 387 IGLV8-153 (F)

>IGLV8-153*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtaacccaggagccatcactctcagtgtcteccaggagggacagtcacacte
acatgtggcctcagctctgggtcagtctctacaagtaattaccctggectggtaccagecag
acccaaggccgggctcecctegecacgattatctacaacacaagcagecgeccctetggggte
cctaatcgcttectectggatceccatctectggaaacaaagecgeccctcaccatcacaggagee
cagcccgaggatgaggctgactattactgttecttgtatacgggtagttacactga

SEQ ID NO. 388 IGLV8-156 (P)

>IGLV8-156*01|Canis lupus familiaris_boxerlPIV—REGIONI
cagactgtggtcaccaaggatccatcactctcagtgtttceccaggagggacagtcacatte
acatgtggcctcagctctgggtcagtctttacaagtaactaccccagectggtaccageag
acccatggccgggctcectegecatgcettatctacagcacaagcagectgecccecceggggte
cctgatcgcecttectetggatceccatectetgggaacaaagttgecctcaccatcacaggagee
cagcctgaggatgagactattattgttcactgtgtatgggtagtacattta

SEQ ID NO. 389 IGLVS8-161 (F)

>IGLV8-161*01|Canis lupus familiaris_boxerlFIV—REGIONI
cagactgtggtcacccagaagccatcactctcagtgtcecteccaggagggacagtcacacte
atatgtggcctcagctctgggtcagtctctacaagtaattaccctggectggtaccagecag
acccaaggccgggcttctegecacaattatctacagcacaagcagecgeccctetggggte
cctaatcgcttececctggatceccatcectetgggaacaaagecgecctcatcatcacaggagee
cagcctgaggacgaggctgactattactgttecttgtatatgggtagttacactga
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Germline JA sequences

SEQ ID NO. 390 IGLJ1 (F)
>IGLJ1*01|Canis lupus familiaris_boxerlFIJ—REGIONI
ttgggtattcggtgaagggacccagctgaccgtecteg

SEQID NO. 391 IGLJ2 (F)
>IGLJ2*01|Canis lupus familiaris_boxerlFIJ—REGIONI
tatggtattcggcagagggacccagctgaccateccteg

SEQ ID NO. 392 IGLJ3 (F)
>IGLJ3*01|Canis lupus familiaris_boxerlFIJ—REGIONI
tagtgtgttcggcggaggcacccatctgaccgtecteg

SEQ ID NO. 393 IGLJ4 (F)
>IGLJ4*01|Canis lupus familiaris_boxerlFIJ—REGIONI|
ttacgtgttcggctcaggaacccaactgaccgtecttyg

SEQ ID NO. 394 IGLJ5 (F)
>IGLJ5*01|Canis lupus familiaris_boxerlFIJ—REGIONI
tattgtgttcggcggaggcacccatctgaccgtecteg

SEQ ID NO. 395 IGLJ6 (F)
>IGLJ6*01|Canis lupus familiaris_boxerlFIJ—REGIONI
tggtgtgttcggcggaggcacccacctgaccgtecteg

SEQ ID NO. 396 IGLJ7 (F)
>IGLJ7*01|Canis lupus familiaris_boxerlFIJ—REGIONI
tgctgtgttecggcggaggcacccacctgaccgtecteg

SEQ ID NO. 397 IGLJ8 (F)
>IGLJ8*01|Canis lupus familiaris_boxerlFIJ—REGIONI
tgctgtgttecggcggaggcacccacctgaccgtecteg

SEQ ID NO. 398 IGLJ9 (F)
>IGLJ9*01|Canis lupus familiaris_boxerlFIJ—REGIONI
ttacgtgttcggctcaggaacccaactgaccgtecttyg

Table 4. Canine constant region genes

IGHC sequences

PCT/US2020/040282

Functionality is shown between brackets, [F] and [P], when the accession number
(underlined) refers to rearranged genomic DNA or cDNA and the corresponding

germline gene has not yet been isolated.

SEQID NO.399 IGHA (F)
>IGHA*01|Canis lupus familiaris_boxerlFlCHll

nagtccaaaaccagccccagtgtgttccecgectgagecctectgeccaccaggagtcagaaggg
tacgtggtcatcggctgecctggtgcagggattecttcccaccggagectgtgaacgtgace
tggaatgccggcaaggacagcacatctgtcaagaacttccceccccatgaaggectgctace
ggaagcctatacaccatgagcagccagttgaccctgecagecgeccagtgecctgatgac
tcgtctgtgaaatgccaagtgcagcatgcecttccagecccagcaaggcagtgtetgtgece

tgcaaa
>IGHA*01|Canis lupus familiaris_boxerlFIH—CH2|

gataactgtcatccgtgtcecctcatccaagteccctegtgcaatgageccccgectgtecacta
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cagaagccagccctcecgaggatctgettttaggectceccaatgeccagectcacatgecacactyg
agtggcctgaaagaccccaagggtgccaccttcacctggaacccecctceccaaagggaaggaa
cccatccagaagaatcctgagegtgactecctgtggetgetacagtgtgtecagtgtecta
ccaggctgtgctgatccatggaaccatggggacaccttectectgecacagecacccaccect
gaatccaagagcccgatcactgtcagcatcaccaaaaccaca

>IGHA*01|Canis lupus familiaris_boxerlFICH3—CHS|
gagcacatcccgeccccaggtcecacctgectgecgecgecgteggaagagetggecctecaat
gagctggtgacactgacgtgcttggtgaggggcttcaaaccaaaagatgtgctegtacga
tggctgcaagggacccaggagctaccccaagagaagtacttgacctgggageccctgaag
gagcctgaccagaccaacatgtttgeccgtgaccagcatgctgagggtgacagecgaagac
tggaagcagggggagaagttctcctgcatggtgggccacgaggctctgeccatgtectte
acccagaagaccatcgaccgcecctggcgggtaaacccacccacgtcaacgtgtetgtggte
atggcagaggtggacggcatctgctac

>IGHA*01|Canis lupus familiaris_boxerlFlMl
gactcacagtgtcttgcaggttaccgggagccacttccctggetggtgetggacctgteg
caggaggacctggaggaggatgccccaggagccagectgtggeccactacecgtecacectt
ctcaccctcttectactgagtcectettcectacagcacagecactgactgtgacaagegtgegyg
ggcccaactgacagcagagagggcccccagtac

SEQ ID NO. 400 IGHD (ORF)

>|IGHD*01|Canis lupus familiaris_boxerlORFICHlI
gaatcgtcacttctgctcecceccttggtectcaggatgtaaggtcccaaaaaatggtgaggac
ataaccctggcctgcttggcaaaaggacccttectagattectgtgegggtcacgacagge
ccagagtcacaggcccagatggaaaagaccacactgaagatgctaaagataccggaccac
actcaggtgtctctcecctgtccacccecctggaaaccaggectgecactactgecgaagecate
aggaaagataacaaagagaagctgaagaaagccatccactggecca

>IGHD*01|Canis lupus familiaris_boxerlORFlHll
gcatcctgggaaactgctatctcececctgttgactcatgegeccatcccgaccccaggaceac
acccaagcccccagcatggeccagggtcetea

>IGHD*01|Canis lupus familiaris_boxerlORFlHZl
gtgcctecccaccageccacacccagacgcaagceccaggagecaggatgeccagtggacace
atcctcaga

>IGHD*01|Canis lupus familiaris_boxerlORFlCHZ|
gagtgttggaaccacacccaccctceccagectcectacatgectgegecctececctgegggga
ccatggctccagggagaagctgetttcacctgectggtggtgggagatgaccttcagaag
gcccacctgtectgggaggtagecggggegecccccagegaggctgtggaggagaggeca
ctgcaggagcatgagaatggctcccagagctggagcageccgectggtettgeccatatee
ctgtgggcctcaggagccaacatcacctgcacgctgagectecccagecatgectteccag
gtggtgtccgcagcagccagagagecat

>IGHD*01|Canis lupus familiaris_boxerlORFlCHS|
gctgccagagcacccagcagcctcaatgteccatgecctgaccatgeccagagecagectee
tggttcctgtgcgaggtgtccggecttctcacccecctgacatecctectcacctggatecaag
gaccagattgaggtggacccttcttggttegeccactgcaccccccatggeccagecggge
agtggcacgttccagacctggagtctcectgegtgtectegetecccagggecctecaceeg
cccacctacacgtgtgtagtcaggcacgaggectecceccggaagetgectcaacaccagetgyg
agcctggacagt

>IGHD*01|Canis lupus familiaris_boxerlORFlMll
ggtctgaccatgacccccccageccctcagagecacgacgagagecageggggactecatyg
gatctggaagatgccagcggactgtggcccacgttegectgecctettegtectecactetyg
ctctacagcggcttegtcaccttectcaaa

>IGHD*01|Canis lupus familiaris_boxerlORFlMZl

gtgaag

SEQ ID NO. 401 IGHE (F)

>IGHE*01|Canis lupus familiaris_boxerlFlCHll
nccaccagccaggacctgtctgtgttceccccttggectcectgetgtaaagacaacategece
agtacctctgttacactgggctgtctggtcaccggctatcteccccatgtecgacaactgtyg
acctgggacacggggtctctaaataagaatgtcacgaccttceccccaccaccttecacgag
acctacggcctccacagcatcgtcagcecaggtgaccgectegggegagtgggecaaacag
aggttcacctgcagcgtggctcacgctgagtccaccgeccatcaacaagaccttecagt
>IGHE*01|Canis lupus familiaris_boxerlFlCHZl
gcatgtgccttaaacttcattccgectacecgtgaagectcetteccactectectgecaacecce
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gtcggtgatacccacaccaccatccagctecctgtgectecatctetggctacgteccaggt
gacatggaggtcatctggctggtggatgggcaaaaggctacaaacatattcccatacact
gcacccggcacaaaggagggcaacgtgacctctacccacagcgagctcaacatcaccecag
ggcgagtgggtatcccaaaaaacctacacctgccaggtcacctatcaaggctttaccttt
aaagatgaggctcgcaagtgctca

>IGHE*01|Canis lupus familiaris_boxerlFlCHSl
gagtccgacccccgaggcegtgagcagcectacctgageccacccageccecttgacctgtat
gtccacaaggcgcccaagatcacctgectggtagtggacctggeccaccatggaaggecatyg
aacctgacctggtaccgggagagcaaagaacccgtgaacccgggecctttgaacaagaag
gatcacttcaatgggacgatcacagtcacgtctaccctgeccagtgaacaccaatgactygg
atcgagggcgagacctactattgcagggtgacccacccgcacctgeccaaggacategtyg
cgctccattgccaaggecect

>IGHE*01|Canis lupus familiaris_boxerlFICH4—CHS|
ggcaagcgtgcccccccggatgtgtacttgttectgecaccggaggaggagcaggggace
aaggacagagtcaccctcacgtgcctgatccagaacttcttccccgeggacatttcagtyg
caatggctgcgaaacgacagccccatccagacagaccagtacaccaccacggggecccac
aaggtctcgggctccaggectgecttcettecatettcagecgectggaggttagecgggtyg
gactgggagcagaaaaacaaattcacctgccaagtggtgcatgaggecgectgtecggetet
aggatcctccagaaatgggtgtccaaaacccccggtaaa

>IGHE*01|Canis lupus familiaris_boxerlFlMll
gagctccaggagctgtgecgeggatgeccactgagagtgaggagectggacgagectgtgggee
agcctgctcatcttcatcaccctettectgetcagegtgagctacggegeccaccagecace
ctcttcaag

>IGHE*01|Canis lupus familiaris_boxerlFlMZl
gtgaagtgggtactcgccaccgtcecctgcaggagaagccacaggceccgeccaagactacgee
aacatcgtgcggccggcacag

SEQ ID NO. 402 IGHG1 [F]

>AF354264 | IGHG1*01|Canis lupus familiaris| (F) |CH1]| |
gcctceccaccacggceccceccteggtttteccactggecceccagetgegggteccacttecgge
tccacggtggccctggectgectggtgtcaggectacttecccgagectgtaactgtgtee
tggaattccggctceccttgaccageggtgtgecacaccttecccgtecgtectgecagtectea
gggcttcactccctcagcagcatggtgacagtgecccteccagcaggtggeccagegagace
ttcacctgcaacgtggtccacccagccagcaacactaaagtagacaagecca
>IGHG1*01|Canis lupus familiaris| (F) |H]|
gtgttcaatgaatgcagatgcactgatacacccccatgecca

>IGHG1*01|Canis lupus familiaris| (F)|CH2]|
gtccctgaacctcectgggagggecctteggtectecatctttecceccgaaacccaaggacate
ctcaggattacccgaacacccgaggtcacctgtgtggtgttagatectgggecgtgaggac
cctgaggtgcagatcagctggttegtggatggtaaggaggtgcacacagccaagacccag
tctecgtgagcagcagttcaacggcacctaccgtgtggtcagegtecteccccattgageac
caggactggctcacagggaaggagttcaagtgcagagtcaaccacatagaccteccegtet
cccatcgagaggaccatctctaaggeccaga

>IGHG1*01|Canis lupus familiaris| (F)|CH3-CHS|
gggagggcccataagcccagtgtgtatgtecctgecgecateccccaaaggagttgtecatee
agtgacacagtcagcatcacctgcctgataaaagacttctacccacctgacattgatgtyg
gagtggcagagcaatggacagcaggagcccgagaggaagcaccgcatgaccecgecccag
ctggacgaggacgggtcctacttecctgtacagcaagetctetgtggacaagagecgetgyg
cagcagggagaccccttcacatgtgecggtgatgcatgaaactctacagaaccactacaca
gatctatccctctcecccattcecteccgggtaaa

SEQ ID NO. 403 IGHG2 (F)

>IGHG2*01|Canis lupus familiaris_boxerlFlCHll
ncctccaccacggceccccecteggtttteccactggeccccagetgegggteccactteegge
tccacggtggccctggectgectggtgtcaggectacttecccgagectgtaactgtgtee
tggaattccggctceccttgaccageggtgtgecacaccttecccgtecgtectgecagtectea
gggctctactccecctcagcagcatggtgacagtgecccteccagcaggtggeccagegagace
ttcacctgcaacgtggcccacccggccagcaaaactaaagtagacaageca
>|IGHG2*01|Canis lupus familiaris_boxerlFlHl
gtgcccaaaagagaaaatggaagagttcctcgeccacctgattgtcecccaaatgeccea
>IGHG2*01|Canis lupus familiaris_boxerlFlCHZl
gcccecctgaaatgctgggagggectteggtecttcatctttecceccgaaacccaaggacace
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ctcttgattgcccgaacacctgaggtcacatgtgtggtggtggatectggacccagaagac
cctgaggtgcagatcagctggttegtggacggtaagcagatgcaaacagccaagactcag
cctegtgaggagcagttcaatggcacctaccgtgtggtcagtgtectecccattgggeac
caggactggctcaaggggaagcagttcacgtgcaaagtcaacaacaaagcccteccatee
ccgatcgagaggaccatctccaaggccaga

>IGHG2*01|Canis lupus familiaris_boxerlFICH3—CHS|
gggcaggcccatcaacccagtgtgtatgtecctgecgecateccgggaggagttgagecaag
aacacagtcagcttgacatgcctgatcaaagacttcttcccacctgacattgatgtggag
tggcagagcaatggacagcaggagcctgagagcaagtaccgcacgaccccgecccagetyg
gacgaggacgggtcctacttcctgtacagcaagctctctgtggacaagageccgectggeag
cggggagacaccttcatatgtgcggtgatgcatgaagctctacacaaccactacacacag
aaatccctctcecccattcecteccgggtaaa

>IGHG2*01|Canis lupus familiaris_boxerlFlMll
gagctgatcctggatgacagctgtgctgaggaccaggacggggagctggacgggetgtgyg
accaccatctccatcttcatcaccctettectgectcagegtgtgetacagegeccactgte
accctcttcaag

>|IGHG2*01|Canis lupus familiaris_boxerlFlMZl
gtgaagtggatcttctcatcagtggtggagctgaagecgcacgattgtccccgactacagyg

aatatgatcgggcagggggcec

SEQID NO. 404 IGHG3 [F]

>AF354266|IGHG3*01|Canis lupus familiaris| (F) |CH1|
gcctceccaccacggceccccteggtttteccactggecceccagetgtgggteccaateccgge
tccacggtggccctggectgectggtgtcaggectacateccccgagectgtaactgtgtee
tggaattccgtctceccttgaccageggtgtgcacaccttecccgtecgtectgecagtectea
gggctctactccecctcagcagcatggtgacagtgecccteccagcaggtggeccagegagace
ttcacctgcaatgtggcccacccggccaccaacactaaagtagacaageca
>IGHG3*01|Canis lupus familiaris| (F) |H]|
gtggccaaagaatgcgagtgcaagtgtaactgtaacaactgcccatgecccea
>IGHG3*01|Canis lupus familiaris| (F) |CH2]|
ggttgtggcctgctgggagggcctteggtcttcatctttecccccaaaacccaaggacate
ctcgtgactgeccecggacacccacagtcacttgtgtggtggtggatectggacccagaaaac
cctgaggtgcagatcagctggttegtggatagtaagcaggtgcaaacagccaacacgcag
cctegtgaggagcagtccaatggcacctaccgtgtggtcagtgtectecccattgggeac
caggactggctttcagggaagcagttcaagtgcaaagtcaacaacaaagcccteccatee
cccattgaggagatcatctccaagacccceca

>IGHG3*01|Canis lupus familiaris| (F)|CH3-CHS|
gggcaggcccatcagecctaatgtgtatgtecctgecgecategegggatgagatgagecaag
aatacggtcaccctgacctgtctggtcaaagacttcttcccacctgagattgatgtggag
tggcagagcaatggacagcaggagcctgagagcaagtaccgcatgacccecgecccagetyg
gatgaagatgggtcctacttcctatacagcaagctcteccgtggacaagagecgectggeag
cggggagacaccttcatatgtgcggtgatgcatgaagctctacacaaccactacacacag
atatccctctcecccattcecteccgggtaaa

SEQ ID NO. 405 IGHG4 [F]

>AF354267|IGHG4*01|Canis lupus familiaris| (F) |CH1|
gcctceccaccacggceccceccteggtttteccactggecceccagetgegggteccacttecgge
tccacggtggccctggectgectggtgtcaggectacttecccgagectgtaactgtgtee
tggaattccggctceccttgaccageggtgtgecacaccttecccgtecgtectgecagtectea
gggctctactccecctcagcagcacggtgacagtgecccteccagcaggtggeccagegagace
ttcacctgcaacgtggtccacccggccagcaacactaaagtagacaageca
>IGHG4*01|Canis lupus familiaris| (F) |H]|
gtgcccaaagagtccacctgcaagtgtatatccccatgecca

>IGHG4*01|Canis lupus familiaris| (F) |CH2|
gtccctgaatcactgggagggcctteggtecttecatctttecceccgaaacccaaggacate
ctcaggattacccgaacacccgagatcacctgtgtggtgttagatectgggecgtgaggac
cctgaggtgcagatcagctggttegtggatggtaaggaggtgcacacagccaagacgcag
cctcgtgagcagcagttcaacagcacctaccgtgtggtcagegtectecccattgageac
caggactggctcaccggaaaggagttcaagtgcagagtcaaccacataggecctecegtee
cccatcgagaggactatctccaaagccaga

>IGHG4*01|Canis lupus familiaris| (F)|CH3-CHS|
gggcaagcccatcagcccagtgtgtatgtecctgecaccateccccaaaggagttgtecatee
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agtgacacggtcaccctgacctgecctgatcaaagacttcttecccacctgagattgatgtyg
gagtggcagagcaatggacagccggagcccgagagcaagtaccacacgactgegecccag
ctggacgaggacgggtcctacttecctgtacagcaagetctetgtggacaagagecgetgyg
cagcagggagacaccttcacatgtgcggtgatgcatgaagectctacagaaccactacaca
gatctatccctctcecccattcecteccgggtaaa

SEQ ID NO. 406 IGHM (F)

>IGHM*01|Canis lupus familiaris_boxerlFlCHll
nagagtccatcccctccaaacctctteccccecctecatcacctgtgagaactccecctgteccgat
gagaccctcecgtggccatgggctgectggeccgggacttectgectggecteccatcacctte
tcctggaagtacgagaacctcagtgcaatcaacaaccaggacattaagaccttecccttea
gttctgagagagggcaagtatgtggcgacctctcaggtgttecctgecccteccgtggacate
atccagggttcagacgagtacatcacatgcaacgtcaagcactccaatggtgacaaatct
gtgaacgtgcccatcaca

>IGHM*01|Canis lupus familiaris_boxerlFlCHZl
gggcctgtaccaacgtctcecccaacgtgactgtcettcatecccacccegegacgecttetet
ggcaatggccagcgcaagtcccagcectcatctgecaggctgecaggtttcagecccaageag
atttccgtgtcttggttccgtgatggaaagcagattgagtcectggettcaacacagggaag
gcagaggccgaggagaaagagcatgggcecctgtgacctacagcatcectcagecatgectgace
atcaccgagagtgcctggctcageccagagegtgttcacctgeccacgtggagcacaatggyg
atcatcttccagaagaacgtgtcctccatgtgecacctec

>IGHM*01|Canis lupus familiaris_boxerlFlCHSl
aatacacccgttggcatcagcatcttcaccatccceccecctectttgecagecatcecttecaac
accaagtcagccaagctgtcctgectggtcactgacctggeccacttatgacagectgace
atctcctggacccgtcagaatggcgaggctctgaaaacccacaccaacatctectgagage
catcccaacaacaccttcagtgccatgggggaageccactgtectgegtggaggaatgggag
tcaggcgagcagttcacctgcacagtgacccacacagatctgecctcacecgectgaagaag
accatctccaggcccaag

>IGHM*01|Canis lupus familiaris_boxerlFICH4—CHS|
gatgtcaacaagcacatgccttctgtctacgtcectgecceccgagecgggagcagetgage
ctgcgggaatcggecctcactcacctgectggtgaaaggecttectcaccecccagatgtgtte
gtgcagtggctgcagaagggccagcccgtgeccecctgacagctacgtgaccagegececg
atgcccgagceccccaagceccccggcectcectactttgteccacagecatectgacecgtgagtgag
gaggactggaatgccggggagacctacacctgtgttgtaggccatgaggeccctgeccecat
gtggtgaccgagaggagcgtggacaagtccaccggtaaacccaccttgtacaacgtgtee
ctggtcttatctgacacagccagcacctgcectac

>IGHM*01|Canis lupus familiaris_boxerlFlMll
gggggggaggtgagtgccgaggaggaaggcttcgagaacctgaataccatggecatccace
ttcatcgtcctcecttectectcagtgtecttctacagcaccacagtcactetgttcaag
>IGHM*01|Canis lupus familiaris_boxerlFlMZl

gtgaaa

IGKC sequences

SEQID NO. 407 IGKC (F)

>IGKC*01|Canis lupus familiaris_boxerlFIC—REGIONI
cggaatgatgcccagccageccgtctatttgttceccaaccatcteccagaccagttacacaca
ggaagtgcctctgttgtgtgcttgectgaatagecttctaccccaaagacatcaatgtcaag
tggaaagtggatggtgtcatccaagacacaggcatccaggaaagtgtcacagagcaggac
aaggacagtacctacagcctcagcagcaccctgacgatgtccagtactgagtacctaagt
catgagttgtactcctgtgagatcactcacaagagcctgeccctecaccctcatcaagage
ttccaaaggagcgagtgtcagagagtggac

IGLC sequences

PCT/US2020/040282

[F], Functionality defined for the available sequence of the gene (partial gene in 3'

because of gaps in the sequence).

SEQ ID NO. 408 IGLC1 (F)
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>IGLC1*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaagtcctecceccttggtcacactetteccegecctectetgaggagetegge
gccaacaaggctaccctggtgtgectcatcagecgacttctacceccagtggectgaaagtyg
gcttggaaggcagatggcagcaccatcatccagggcgtggaaaccaccaagcecccteccaag
cagagcaacaacaagtacacggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacgcaccaggggagcaccgtggagaagaaggtyg
gcccctgcagagtgetet

SEQ ID NO. 409 IGLC2 (F)

>IGLC2*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaaggcctceccecctcagtcacactettecccaccctectetgaggagetegge
gccaacaaggccaccctggtgtgectcatcagegacttcetaccccageggegtgacggtyg
gcctggaaggcagacggcagcccceggcatccagggegtggagaccaccaagecctcecaag
cagagcaacaacaagtacgcggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacgecatgaggggagcaccgtggagaagaaggtyg
gcccccgcagagtgetet

SEQ ID NO. 410 IGLC3 (F)

>IGLC3*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaaggcctcecceccteggtcacactetteccegecctectetgaggagetegge
gccaacaaggccaccctggtgtgectcatcagegacttcectaccccagtggegtgacggtyg
gcctggaaggcagacggcagcccegtcacccagggegtggagaccaccaagecctcecaag
cagagcaacaacaagtacgcggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacacacgaggggagcaccgtggagaagaaggtyg
gcccccgcagagtgetet

SEQID NO. 411 IGLC4 [F]

>IGLC4*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaaggcctcecceccteggtcacactetteccegecctectetgaggagetegge
gccaacaaggccaccctggtgtgectcatcagegacttcetaccccageggtgtgacggtyg
gcctggaaggcagacggcagcccegtcacccagggegtggagaccaccaagecctcecaag
cagagcaacaacaagtacgcggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacacacgaggggagcactgtgg

SEQID NO. 412 IGLCS (F)

>IGLC5*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaaggcctcececctteggtcacactetteccecgecctectetgaggagettgge
gccaacaaggccaccctggtgtgectcatcagegacttcectacceccageggegtgacagtyg
gcctggaaggcagacggcagcecccatcacccagggtgtggagaccaccaagecctecaag
cagagcaacaacaagtacgcggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacgcacgaggggagcaccgtggagaagaaggtyg
gcccccgcagagtgetet

SEQ ID NO. 413 IGLC6 (F)

>IGLC6*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaaggcctcecceccteggtcacactetteccegecctectetgaggagetegge
gccaacaaggccaccctggtgtgectcatcagegacttcetaccccageggtgtgacggtyg
gcctggaaggcagacggcagcccegtcacccagggegtggagaccaccaagecctcecaag
cagagcaacaacaagtacgcggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacgcacgaggggagcaccgtggagaagaaggtyg
gcccccgcagagtgetet

SEQID NO. 414 IGLC7 (F)

>IGLC7*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaaggcctcecceccteggtcacactetteccegecctectetgaggagetegge
gccaacaaggccaccctggtgtgectcatcagegacttcetaccccageggegtgacggtyg
gcctggaaggcagacggcagcccegtcacccagggegtggagaccaccaagecctcecaag
cagagcaacaacaagtacgcggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacgcacgaggggagcaccgtggagaagaaggtyg
gcccccgcagagtgetet
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SEQ ID NO. 415 IGLC8 (F)

>IGLC8*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaaggcctcecceccteggtcacactetteccegecctectetgaggagetegge
gccaacaaggccaccctggtgtgectcatcagegacttcetaccccageggegtgacggtyg
gcctggaaggcagacggcagcccegtcacccagggegtggagaccaccaagecctcecaag
cagagcaacaacaagtacgcggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacgcacgaggggagcaccgtggagaagaaggtyg
gcccccgcagagtgetet

SEQID NO. 416 IGLC9 (F)

>IGLCY9*01|Canis lupus familiaris_boxerlFIC—REGIONI
ggtcagcccaaggcctcecceccteggtcacactetteccegecctectetgaggagetegge
gccaacaaggccaccctggtgtgectcatcagegacttcetaccccageggegtgacggtyg
gcctggaaggcagacggcagccccatcacccagggegtggagaccaccaagecctcecaag
cagagcaacaacaagtacgcggccagcagctacctgagectgacgectgacaagtggaaa
tctcacagcagcttcagectgectggtcacgcacgaggggagcactgtggagaagaaggtyg
gcccccgcagagtgetet

// End of canine Ig sequences

Table 5. PCR Primers

SEQID NO.417 1F: ACATAATACACTGAAATGGAGCIC
SEQID NO. 418 1R: GTCCTTGGTCAACGTGAGGS
SEQID NO. 419 2r: CATAATACACTGAAATGGAGCCCT

SEQID NO. 420 2R: GCAACAGTGGTAGGTCGCIT

Table 6. Miscellaneous sequence data

Pre-DJ

This is a 21609 bp fragment upstream of the Ighd-5 DH gene. The pre-DJ sequence can
be found in Mus musculus strain C57BL/6J chromosome 12, Assembly: GRCm38.p4,
Annotation release 106, Sequence ID: NC _000078.6

The entire sequence lies between the two 100 bp sequences shown below:

Upstream of the Ighd-5 DH gene segment, corresponding to positions 113526905-
113527004 in NC 000078.6:

ATTTCTGTACCTGATCTATGTCAATATCTGTACCATGGCTCTAGCAGAGATGAAATATG
AGACAGTCTGATGTCATGTGGCCATGCCTGGTCCAGACTTG (SEQ ID NO. 421)

2 kb upstream of the ADAMG6A gene corresponding to positions 113548415 — 113548514
in NC_000078.6:

GTCAATCAGCAGAAATCCATCATACATGAGACAAAGTTATAATCAAGAAATGTTGCCCA
TAGGAAACAGAGGATATCTCTAGCACTCAGAGACTGAGCAC (SEQ ID NO. 422)
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ADAMG6A

ADAMBOGA (a disintegrin and metallopeptidase domain 6A) is a gene involved in male
fertility. The ADAMO6A sequence can be found in Mus musculus strain C57BL/6J
chromosome 12, Assembly: GRCm38.p4, Annotation release 106, Sequence ID:

NC _000078.6 at position 113543908-113546414.

ADAMOGA sequence ID: OTTMUSG00000051592 (VEGA)

Table 7. Chimeric canine/mouse Ig gene sequences

Igk Version A

Sequence upstream of mouse Igkv 1-133 (SEQ ID NO: 423)
GCATTGAATAAACCAGTATAAACAAGCAAGCAAAGATAGATAGATAGATAGATAGATAGATAGATAGATAC
ATAGATAGATAGATAGATAGATAGATGATAGATAGATAGATAGATAGATAGATTTTTACGTATAATACAAT
AAAAACATTCATTGTCCCTCTATTGGTGACTACTCAAGGAAAAAAATGTTCATATGCAAGAAAAAATGTTA
TCATTACCAGATGATCCAGCAATCTAGCAATATATATATTGTTTATTCACAAAACATGAATGAACCTTTTA
AGAAGCTGTTACAGTGTAAAAATTAAGTTAAATCACTGAAGAACATATACTGTGTGATTTCATTCAAATGA
AATTTGAGAAGTAAATATATATGTATATATATATATATGTAAAAAATATAAGTCTGAACTACAAAAATTCA
ATTTGTTTGATATGTAAGAATAAGAAAAATTGACCCCCAAAATTTGTTAATAATTAGGTATGTGTATTTTT
ATGAATATATAAGTATAATAATGCTTATAGTATACACTATTCTGAATCACATTTATTCCCTAAGTGTGTTC
CCTTGATTATAATTAAAAGTATATTTTTTAAATACAGAGTCAGAGTACAGTCAATAAGGCGAAAATATAGT
TGAATGATTTGCTTCAGCTTTTGTAATGTACTAGAGATTGTGAGTACAAAGTCTCAGAGCTCATTTTATCC
CTGACAATAACCAGCTCTGTGCTTCAAGTACATTTCCATCTTTCTCTGAAATTTAGTCTTATATAGATAGA
CAAAATTTAAGTAAATTTCAAACTACACAGAACAACTAAGTTGTTGTTTCATATTGATAATGGATTTGAAC
TGCATTAACAGAACTTTAACATCCTGCTTATTCTCCCTTCAGCCATCATATTTTGCTTTATTATTTTCACT
TTTTGAGTTATTTTTCACATTCAGAAAGCTCACATAATTGTCACTTCTTTGTATACTGGTATACAGACCAG
AACATTTGCATATTGTTCCCTGGGGAGGTCTTTGCCCTGTTGGCCTGAGATAAAACCTCAAGTGTCCTCTT
GCCTCCACTGATCACTCTCCTATGTTTATTTCCTCAAA

Canine exon 1 (leader) from LOC475754 (SEQ ID NO. 424):
atgaggttccecttctcagetectggggectgetgatgetectggatee

Canine intron 1 from LOC475754 (SEQ ID NO. 425)
Caggtaaggacagggcggagatgaggaaagacatgggggcgtggatggtgagectccecctggtgetgtttet
ctcecctgtgtattctgtgecatgggacagattgeccctceccaacagggggaatttaatttttagactgtgagaa
ttaagaagaatataaaatatttgatgaacagtactttagtgagatgctaaagaagaaagaagtcactctgt
cttgctatcttgggttttccatgataattgaatagatttaaaatataaatcaaaatcaaaatatgatttag
cctaaaatatacaaaacccaaaatgattgaaatgtcttatactgtttctaacacaacttgtacttatctcet
cattattttaggatccagtggg

Canine 5’ part of exon 2 (leader) from LOC475754 (SEQ ID NO. 426)
aggatccagtggg

Canine Vk from LOC475754 (SEQ ID NO. 427)
Gatattgtcatgacacagaccccactgtccectgtectgtcagececctggagagactgectceccatectectgecaa
ggccagtcagagcctccectgcacagtgatggaaacacgtatttgaactggtteccgacagaageccaggeccagt
ctccacagcgtttaatctataaggtctccaacagagaccctggggtecccagacaggttcagtggcageggyg
tcagggacagatttcaccctgagaatcagcagagtggaggctgacgatactggagtttattactgegggceca
aggtatacaagat

Mouse RSS heptamer (SEQ ID NO: 428)
CACAGTG
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Mouse sequence downstream of RSS heptamer (SEQ ID NO. 429)
ATACAGACTCTATCAAAAACTTCCTTGCCTGGGGCAGCCCAGCTGACAATGTGCAATCTGAAGAGGAGCAG
AGAGCATCTTGTGTCTGTGTGAGAAGGAGGGGCTGGGATACATGAGTAATTCTTTGCAGCTGTGAGCTCTG

Igk version B

Sequence upstream of mouse Igkv 1-133 (SEQ ID NO. 430)
GCATTGAATAAACCAGTATAAACAAGCAAGCAAAGATAGATAGATAGATAGATAGATAGATAGATAGATAC
ATAGATAGATAGATAGATAGATAGATGATAGATAGATAGATAGATAGATAGATTTTTACGTATAATACAAT
AAAAACATTCATTGTCCCTCTATTGGTGACTACTCAAGGAAAAAAATGTTCATATGCAAGAAAAAATGTTA
TCATTACCAGATGATCCAGCAATCTAGCAATATATATATTGTTTATTCACAAAACATGAATGAACCTTTTA
AGAAGCTGTTACAGTGTAAAAATTAAGTTAAATCACTGAAGAACATATACTGTGTGATTTCATTCAAATGA
AATTTGAGAAGTAAATATATATGTATATATATATATATGTAAAAAATATAAGTCTGAACTACAAAAATTCA
ATTTGTTTGATATGTAAGAATAAGAAAAATTGACCCCCAAAATTTGTTAATAATTAGGTATGTGTATTTTT
ATGAATATATAAGTATAATAATGCTTATAGTATACACTATTCTGAATCACATTTATTCCCTAAGTGTGTTC
CCTTGATTATAATTAAAAGTATATTTTTTAAATACAGAGTCAGAGTACAGTCAATAAGGCGAAAATATAGT
TGAATGATTTGCTTCAGCTTTTGTAATGTACTAGAGATTGTGAGTACAAAGTCTCAGAGCTCATTTTATCC
CTGACAATAACCAGCTCTGTGCTTCAAGTACATTTCCATCTTTCTCTGAAATTTAGTCTTATATAGATAGA
CAAAATTTAAGTAAATTTCAAACTACACAGAACAACTAAGTTGTTGTTTCATATTGATAATGGATTTGAAC
TGCATTAACAGAACTTTAACATCCTGCTTATTCTCCCTTCAGCCATCATATTTTGCTTTATTATTTTCACT
TTTTGAGTTATTTTTCACATTCAGAAAGCTCACATAATTGTCACTTCTTTGTATACTGGTATACAGACCAG
AACATTTGCATATTGTTCCCTGGGGAGGTCTTTGCCCTGTTGGCCTGAGATAAAACCTCAAGTGTCCTCTT
GCCTCCACTGATCACTCTCCTATGTTTATTTCCTCAAA

Mouse Igkv 1-133 exon 1 (leader) (SEQ ID NO. 431)
ATGATGAGTCCTGCCCAGTTCCTGTTTCTGTTAGTGCTCTGGATTCAGG

Mouse Igkv 1-133 intron 1 (SEQ ID NO. 432)
GTAAGGAGTTTTGGAATGTGAGGGATGAGAATGGGGATGGAGGGTGATCTCTGGATGCCTATGTGTGCTGT
TTATTTGTGGTGGGGCAGGTCATATCTTCCAGAATGTGAGGTTTTGTTACATCCTAATGAGATATTCCACA
TGGAACAGTATCTGTACTAAGATCAGTATTCTGACATAGATTGGATGGAGTGGTATAGACTCCATCTATAA
TGGATGATGTTTAGAAACTTCAACACTTGTTTTATGACAAAGCATTTGATATATAATATTTTTAAATCTGA
AAAACTGCTAGGATCTTACTTGAAAGGAATAGCATAAAAGATTTCACAAAGGTTGCTCAGGATCTTTGCAC
ATGATTTTCCACTATTGTATTGTAATTTCAG

Mouse Igkv 1-133 5’ part of exon 2 (leader) (SEQ ID NO. 433)
AAACCAACGGT

Canine Vk from LOC475754 (SEQ ID NO. 434)
Gatattgtcatgacacagaccccactgtccectgtectgtcagececctggagagactgectceccatectectgecaa
ggccagtcagagcctccectgcacagtgatggaaacacgtatttgaactggtteccgacagaageccaggeccagt
ctccacagcgtttaatctataaggtctccaacagagaccctggggtecccagacaggttcagtggcageggyg
tcagggacagatttcaccctgagaatcagcagagtggaggctgacgatactggagtttattactgegggceca
aggtatacaagat

Mouse RSS heptamer (SEQ ID NO: 435)
CACAGTG

Mouse sequence downstream of RSS heptamer (SEQ ID NO. 436)
ATACAGACTCTATCAAAAACTTCCTTGCCTGGGGCAGCCCAGCTGACAATGTGCAATCTGAAGAGGAGCAG
AGAGCATCTTGTGTCTGTGTGAGAAGGAGGGGCTGGGATACATGAGTAATTCTTTGCAGCTGTGAGCTCTG
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CLAIMS:

1. A transgenic rodent or rodent cell comprising a genome comprising an engineered
partly canine immunoglobulin light chain locus comprising canine immunoglobulin A
light chain variable region gene segments, wherein the engineered immunoglobulin
locus is capable of expressing immunoglobulin comprising canine variable domains
and wherein the transgenic rodent produces more, or is more likely to produce,
immunoglobulin comprising A light chain than immunoglobulin comprising k light

chain.

2. The transgenic rodent according to claim 1, wherein more A light chain producing

cells than « light chain producing cells are likely to be isolated from said rodent.

3. The transgenic rodent according to claim 1, wherein the transgenic rodent produces at
least about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%., 85%,
90% or 95% and up to about 100% immunoglobulin comprising A light chain.

4. The transgenic rodent cell according to claim 1, wherein the transgenic rodent cell, or
its progeny, has at least a 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90% or 95% and up to about 100% probability of producing

immunoglobulin comprising A light chain.

5. The transgenic rodent or rodent cell according to any of the preceding claims, wherein
the engineered immunoglobulin locus comprises canine V; gene segment coding
sequences and J; gene segment coding sequences and rodent non-coding regulatory or
scaffold sequences from a rodent immunoglobulin light chain variable region gene

locus.

6. The transgenic rodent or rodent cell according to any of the preceding claims, wherein

the engineered immunoglobulin locus comprises canine Vj, and J, gene segment coding
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10.

11.

12.

sequences embedded in rodent non-coding regulatory or scaffold sequences of a rodent

immunoglobulin A light chain variable region gene locus.

The transgenic rodent or rodent cell according to any of the preceding claims, wherein
the partly canine immunoglobulin locus comprises one or more canine V; and J, gene
segment coding sequences and one or more rodent immunoglobulin A constant region

coding sequences.

The transgenic rodent or rodent cell according to any of claims 1 to 4, wherein the
engineered immunoglobulin locus comprises canine V, and J, gene segment coding
sequences embedded in rodent non-coding regulatory or scaffold sequences of a rodent

immunoglobulin k light chain variable region gene locus.

The transgenic rodent or rodent cell according to claim 8, wherein the engineered
immunoglobulin variable region locus comprises one or more canine V; gene segment
coding sequences and one or more J-C units wherein each J-C unit comprises a canine

J). gene segment coding sequence and a rodent A constant region coding sequence.

The transgenic rodent or rodent cell according to claim 9, wherein the rodent A constant
region coding sequence comprises a rodent Cii, Ci2, Ci3 coding sequence, or a

combination thereof.

The transgenic rodent or rodent cell according to claim 9 to 10, comprising one or more
canine V;, gene segment coding sequences located upstream of one or more J-C units,
wherein each J-C unit comprises a canine J, gene segment coding sequence and a

rodent C;, coding sequence.

The transgenic rodent or rodent cell according to claim 9 or 10, comprising one or more
canine V; gene segment coding sequences located upstream of one or more J-C units,
wherein each J-C unit comprises a canine JA gene segment coding sequence and a

rodent C;, coding sequence and rodent C, non-coding sequences.
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13.

14.

15.

16.

The transgenic rodent or rodent cell according to any of claims 9 to 12, wherein the J-
C units comprise canine J, gene segment coding sequences and rodent A constant
region coding sequences embedded in non-coding regulatory or scaffold sequences of

a rodent immunoglobulin k light chain locus.

The transgenic rodent or rodent cell according to claim 8, wherein the engineered
immunoglobulin locus comprises a rodent immunoglobulin ¥ locus in which one or
more rodent Vi gene segment coding sequences and one or more rodent Ji gene
segment coding sequences have been deleted and replaced by one or more canine Vj,
gene segment coding sequences and one or more J; gene segment coding sequences,
respectively, and in which rodent Cy coding sequence in the locus have been replaced

by rodent Cs.1, Cy2, Cy3 coding sequence, or a combination thereof.

The transgenic rodent or rodent cell according to claim 14, wherein the engineered
immunoglobulin locus comprises one or more canine V; gene segment coding
sequences upstream of one or more canine J;, gene segment coding sequences which

are upstream of one or more rodent C;, coding sequences.

The transgenic rodent or rodent cell according any of the preceding claims wherein an
endogenous rodent immunoglobulin x light chain locus is deleted, inactivated, or made
nonfunctional one or more of’
a. deleting or mutating all endogenous rodent V gene segment coding sequences;
b. deleting or mutating all endogenous rodent J gene segment coding sequences;
c. deleting or mutating all endogenous rodent Ci coding sequence;
d. deleting or mutating a 5° splice site and adjacent polypyrimidine tract of a
rodent C coding sequence;
e. deleting, mutating, or disrupting an endogenous intronic ¥ enhancer (iE) and

3’ enhancer sequence.
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17.

18.

19.

20.

21.

22.

23.

The transgenic rodent or rodent cell according to any of the preceding claims wherein
expression of an endogenous rodent immunoglobulin A light chain variable domain is
suppressed or inactivated by one or more of

a. deleting or mutating all endogenous rodent V; gene segments

b. deleting or mutating all endogenous rodent J;, gene segments; and

c. deleting or mutating all endogenous rodent C;. coding sequences.

The transgenic rodent or rodent cell according to any of the preceding claims, wherein
the engineered immunoglobulin locus expresses immunoglobulin light chains

comprising a canine A variable domain and rodent A constant domain.

The transgenic rodent or rodent cell according to any of claims 1 to 4, wherein the
genome of the transgenic rodent or rodent cell comprises an engineered

immunoglobulin locus comprising canine Vi and Jx gene segment coding sequences.

The transgenic rodent or rodent cell according to claim 19, wherein the canine V and
J« gene segment coding sequences are inserted into a rodent immunoglobulin x light

chain locus.

The transgenic rodent or rodent cell according to claim 19 or 20, wherein the canine Vi
and J gene segment coding sequences are embedded in rodent non-coding regulatory
or scaffold sequences of the rodent immunoglobulin x light chain variable region gene

locus.

The transgenic rodent or rodent cell according to any of claims 19 to 21, wherein the
canine V and J coding sequences are inserted upstream of a rodent immunoglobulin

k light chain constant region coding sequence.

The transgenic rodent or rodent cell according to any of claims 1 to 4, wherein the

genome of the transgenic rodent or rodent cell comprises an engineered

172



CA 03144956 2021-12-22

WO 2021/003149 PCT/US2020/040282

24.

25.

26.

27.

28.

29.

immunoglobulin locus comprising canine V and J; gene segment coding sequences

inserted into a rodent immunoglobulin A light chain locus.

The transgenic rodent or rodent cell according to claim 23, wherein the canine V and
J« gene segment coding sequences are embedded in rodent non-coding regulatory or
scaffold sequences of the rodent immunoglobulin A light chain variable region gene

locus.

The transgenic rodent or rodent cell according to claims 23 or 24, comprising a rodent
immunoglobulin k light chain constant region coding sequence inserted downstream of

the canine Vy and J« gene segment coding sequences.

The transgenic rodent or rodent cell according to claim 25, wherein the rodent
immunoglobulin k light chain constant region is inserted upstream of an endogenous

rodent C;2 coding sequence.

The transgenic rodent or rodent cell according to any of claims 23 to 26, wherein
expression of an endogenous rodent immunoglobulin A light chain variable domain is
suppressed or inactivated by one or more of
a. deleting or mutating all endogenous rodent V; gene segment coding sequences.
b. deleting or mutating all endogenous rodent J; gene segment coding sequences;
and

c. deleting or mutating all endogenous C; coding sequences or splice sites.

The transgenic rodent or rodent cell according to any of the preceding claims, wherein
the engineered canine immunoglobulin light chain locus comprises a rodent intronic k

enhancer (iE«) and 3°E regulatory sequences.

The transgenic rodent or rodent cell according to any of the preceding claims, wherein

the transgenic rodent or rodent cell comprises an engineered partly canine
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30.

31.

32.

33.

34.

35.

36.

immunoglobulin heavy chain locus comprising canine immunoglobulin heavy chain
variable region gene coding sequences and non-coding regulatory or scaffold

sequences of the rodent immunoglobulin heavy chain locus.

The transgenic rodent or rodent cell according to claim 29, wherein the engineered
canine immunoglobulin heavy chain locus comprises canine Vu, D and Ju gene

segments.

The transgenic rodent or rodent cell according to claim 30, wherein each canine Vu, D
or Ju coding gene segment comprises Vi, D or Ju coding sequence embedded in non-
coding regulatory or scaffold sequences of the rodent immunoglobulin heavy chain

locus.

The transgenic rodent or rodent cell according to claim 31, wherein the heavy chain
scaffold sequences are interspersed by functional ADAMO6A genes, ADAMO6B genes,

or a combination thereof.

The transgenic rodent or rodent cell according to any of the preceding claims, wherein
the rodent regulatory or scaffold sequences comprise enhancer, promoters, splice sites,

introns, recombination signal sequences, or combinations thereof.
The transgenic rodent or rodent cell according to any of the preceding claims,
wherein an endogenous rodent immunoglobulin locus has been deleted and replaced

with the engineered partly canine immunoglobulin locus.

The transgenic rodent or rodent cell according to any of the preceding claims, wherein

the rodent is a mouse or a rat.

The transgenic rodent or rodent cell according to any of the preceding claims, wherein

the rodent cell is an embryonic stem (ES) cell or a cell of an early stage embryo.
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37.

38.

39.

40.

41.

The transgenic rodent or rodent cell according to any of the preceding claims, wherein
the rodent cell is a mouse or rat embryonic stem (ES) cell, or mouse or rat cell of an

early stage embryo.

A cell of B lymphocyte lineage obtained from the transgenic rodent of any of the
preceding claims, wherein the engineered immunoglobulin locus expresses a chimeric
immunoglobulin heavy chain or light chain comprising a canine variable region and a

rodent immunoglobulin constant region.

A hybridoma cell or immortalized cell line derived from a cell of B lymphocyte lineage

according to claim 38.

Antibodies or antigen binding portions thereof produced by the cell of claims 38 or 39.

A nucleic acid sequence of a Vi, D, or J g, or a VL or JL gene segment coding

sequence derived from an immunoglobulin produced by the cell of claims 38 or 39.
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