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PHENOTYPIC EFFECTS OF UBIQUINONE DEFICIENCIES AND
METHODS OF SCREENING THEREOF

Background of the invention

(a} Field of the Invention

This. irf}gg%i?n}relates to the phenotypic effects of ubiquinone deficiencies
and methods of screening thereof.

{b) Description of Prior Art

Ubiquinone (UQ), and its reduced form ubiquinol, is a prenylated
benzoquinonefol lipid and is the major site of production of reactive oxygen
species (ROS). It is a co-factor in the mitochondrial respiratory chain
where it becomes reduced by the activity of Complex | and Complex ii, and
oxidized by the activity of Complex IlI. During these processes,
ubisemiquinone species. are formed, which are unstable and generate
superoxide.. Furthermore, ubiquinone/ubiquinol is a redox-active cofactor
of other enzyme"'syétems that produce ROS, for example the plasma

-membrane NAD(P)H oxidoreductases, as well as the lysosomal and

peroxisomal electron transport chains. In all these locations ROS can be
produced during redox reactions involving ubiquinone/ubiquinol. '

In addition, ubiquinone is a ubiquifous .natural anti-oxidant, whose
presence in biological membranes helps to detoxify ROS produced by
endogenous processes or by toxicants or radiations. Unfortunately, dietary .
ubiquinone has very poor penetration info cells, in particular into sub- '
cellular organelles.

Reactive oxygen species have been implicated in numerous human
diseases, including, but not exclusively, diabetes (Nishikawa et al., (2000).
Nature, 404, 787-790; Brownlee (2001). Nature 414, 813-820),
hypoxia/reoxygenation injury (Li et al., (2002). Am J Physiol Cell Physiol
282, C227-C241; Lesnefsy et al, (2001). J. Mol Celf Cardiol 33, 1065-
1089; Cuzzocrea et al., (2001). Pharmacological Reviews 53, 1, 135-158),
Parkinson's (Betarbet et al, (2002). Bioessays 24, 308-318),
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atherosclerosis atherosclerosis (Lusis, (2000). Nature, 407, 233-241), and
Alzheimer's disease (Butterfield et al.(2001). Trends in Molecular
Medicine, 7, 12, 548-554; Tabner et al., (2002) Free Radical Biology &
Medicine, 32, 11, 1076-1083, 2002).

The gene clk-1 of the nematode Caenorhabditis elegans affecls many
physioclogical rates, including embryonic and post-embryonic development,
rhythmic behaviors, reproduction and life span. ¢/k-1 encodes a 187 amino
acid protein that localizes to mitochondria, and that is homologous to the
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yeast protein Cog7p, which has been shown to be required for UQ -

biosynthesis. ¢/k-7 has also been shown to be necessary for UQ
biosynthesis ( Jonassen, T. et al.,(2001). Proc Natf Acad Sci U S A 98,
421-6.; Miyadera, H. et al., (2001). J Biol Chem 276, 7713-6), as UQg is
entirely absent from mitochondria purified from clk-7 mutants (Miyadera, H.
et al,, (2001). J Biol Chem 276, 7713-6) (the subscript refers to the length
of the isoprenoid side chain). Instead, these mitochondria accumulate

'demethoxyubiquinone (DMQg), which is an intermediate in the synthesis of -

UQg (Miyadera, H. et al., (2001). J Biol Chem 276, 7713-6). Recent

evidence suggests that c/k-7 encodes a DMQ hydroxylase (Stenmark, P. -

et al., (2001). J Biol Chem 2, 2). In E. coli, DMQ; is able fo sustain
respiration in isolated membranes although at a lower rate than UQs.
Similarly, DMQg is capable to convey electron transport in eukaryotic
mitochondria, as the function of purified mitochondria (Felkai, S. et al,,
(1299} Embo J 18, 1783-92) and of mitochondrial enzymes (Miyadera, H.
et al., (2001). J Biol Chem 276, 7713-6) from clk-1 mutanis appear to be
almost intact compared to the wild type. Furthermore, synthetic DMQ; can
function as a co-factor for electron transport from complex | and, more
poorly, from bomp!ex Il (Miyadera, H. et al., (2001). J Biol Chem 276,
7713-8). Interestingly, only DMQg is present in ali three c/k-7 alleles
irrespective of the severity of their effect on physiological rates, which
suggests that the lack of UQ cannot solely account for the Clk-1 phenotype
(Miyadera, H. et al., (2001). J Biol Chem 278, 7713-8).

Recently, it has been found that ¢lk-7 mutants are unable to grow on a

- UQ-deficient bacterial strain in spite of the presence and the activity of

DMQs (Jonassen, T. et al.,(2001). Proc Nat! Acad Sci U S A 98, 421-6).
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Although, dietary UQ is generally not capable to reach mitochondria, this
has been interpreted fo suggest that DMQg is insuificient for normal
mitochondrial function, and that dietary bacterial UQs can reach the
mitochondria and function there in frace amounts (Jonassen, T. et
al,,(2001). Proc Natl Acad Sci U S A 98, 421-6),

It would be highly desirable to be provided with characterization of
phenotypic effects of UQ deficiencies and screening methods for
compounds that can affect the activity of clk-7 and/ér relieve UQ

deficiencies in multicellular organisms.

Summary of the invention

In accordance with the present invention there is provided a method of
screening for a compound allowing survival of ¢lk1 homozygous mutant
vertebrate embryos, which comprises the step of breeding heterozygous
clk1 subjects to obtain clk? homozygous mutant embryos and determining
viability of clk1 homozygous embryos, wherein at least one of the
heterozygous subject is treated with the compound prior to the breeding;
and wherein viable embryos are indicative of a compound allowing survival

of ¢lk1 homozygous embryos.
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The method .in acCprdance with a preferred embodiment of the present

invention, wherein the subject is a mouse.

The method in accordance with a preferred embodiment of the present -

invention, wherein the compound is suitable for partial or complete
functional reptacement of endogenous ubiquinone.

The method in accordance with a preferred embodiment of the present
invention, wherein the compound is administered by at least one route
selected from the group consisting of oral, intra-muscular, intravenous,
intraperitoneal, subcutaneous, topical, intfradermal, and transdermal route.

-In accordance with the present invention, there is provided a method of

screening for a compound suitable for rescue of mutant phenotype of -

mcik? homozygous cell line, which comprises the step of determining a
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mutant phenotype in a mcfk? knockout cell line, wherein cell line is treated
with the compound prior to the determining, and wherein the level of the -
phenotype is indicative of a compound suitable for rescue.

In accordance with the present invention, there is provided a method of
screening for a compound suitable for partial or complete functional
replacement of endogenous ubiquinone, which comprises the step of
determining a mutant phenotype in a melk? knock-out homozygous ES cell
line; wherein the cell line is treated with the compound prior to the
determining; and wherein leve!l of the phenotype is indicative a compound
suitable for partial or complete functional replacement of ubiquinone.

The method in accordance with a preferred embodiment of the present
invention, wherein the phenotype is cellular respiration and/or growth rate.

in accordance with the present invention, there is provided a method of
screening for a compound suitable for partial or complete functional
replacement of ubiquinone in a subject, which comprises the step of
assessing at least one phenotype selected from the group consisting of
viability, fertility, and totfal or partial absence of a mutant phenotype of a
cog-3 homozygous mutant worm; wherein the worm is treated with the
compound prior to the assessing; and wherein at least one phenotype
selected from the group consisting of the viability, fertiity and fotal or
partial absence of the mutant phenotype is indicative of a compound
suitable for parfial or complete funclional rep!acemént of ubiquinone in the

subject.

The method in accordance with a preferred embodiment of the present
invention, wherein the compound is capable of reaching mitochondria in

the subject.

In accordance with the present invention, there is provided a method for
screening for a compound suitable for. partial or complete functional
replacement of ubiquinone in a subject, which comprises the step of
assessing at Ieast one phenotypé' selected from the group consisting of
viability, fertility and total or pariial absence of a Cik-1 phenoiype of a clk-1

homozygous mufant worm grown on -ubiquinone-dep!eted substrate;

PCT/CA02/01230



WO 03/014383

10

15

20

25

30

whereln the worm is treated with the compound prior to the assessing; and
wherein at least one phenotype selected from the group consisting of the
viability, fertility and total or partial absence of said Clk-1 phenotype is
indicative of a compound suitable for partial or complete functional
replacement of ubiquinone in the subject.

The method in accordance with a preferred embodiment of the present
invention, wherein the ubiquinone-depleted substrate is a non-ubiquinone

producer bacteria.

The method in accordance with another embodiment of the present
invention, wherein the ubiquinone-depleted substrate is a bacteria
producing ubiquinone having side-chains shorter than 8 isoprene units.

The method in accordance with another embodiment of the present
invention, wherein the compound is capable of reaching at least non-
mitochondrial sites of ubiguinone requirement in the subject.

The method in accordance with a preferred embodiment of the present
invention, wherein the bacteria is selected from the group consisting of
RKP1452, ANG6, IS-16, DM123, GD1, DC349, JC349, JCT7623, JF496,
KO229(pSN18), KO228(Y37A/Y38A), KO0229(R321V), and
KO229(Y37A/R321V).

The method in accordance with a preferred embodiment of the present
invention, wherein the bacteria has a mutation in at least one of genes
selected from the group consisting of ubiCA, ubiD, ubiX, ubiB, ubiG, ubit,

ubiE, ubiF, and ispB.

The method in accordance with a preferred embodiment of the present
invention, wherein the bacteria carries at lsast one of the plasmids
selected from the group consisting of pSN18, Y37A/Y38A, R321V,

- Y37A/R321V.
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The method in accordance with a preferred embodiment of the present -

invention, wherein the functional replacement of ubiquinone is for a
function of ubiquinone as co-factor of CLK-1.
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In accordance with the present invention, there is provided a method for
screening a compound capable of inhibiting activity of clk-7 and/or other
processes required to make ublquinone from demethoxyubiquinone in a

subject, which comprises the step of determining at least one phenotype

selected from the group consisting of growth, ferfility and total or partial
absence of a Clk-1 phenotypes of a wild-type worm on a ubigquinone-

* depleted substrate; wherein the worm is treated with the compound prior to

the determining; and wherein at least one phenotype selected from the
group consisting of total or partial absence of growth, absence of fertility
and total or partial absence of said Clk-1 phenotypes is indicative of a
compound capable of inhibiting activity of clk-7 and/or other processes
required to make ubiquinone from demethoxyubiquinone in a subject.

In accordance with the present invention, there is provided a method of-
screening for a compound suitable for complete or partial functional

" ubiquinone replacement, which comprises the step of determining a

mutant phenotype ofa subject in which mcfk? andfor a known ublquincne
biosynthetic enzyme gene is deleted and/or any other gene which when
altered leads to absence or reduction of ubiquinone; wherein the subject is

treated with the compound prior to the determining; and wherein level of
-the phenotype is indicative of a compound suitable for compiete or partial

functional ubiguinone replacement

The method in accordance with a preferred embodiment of the present
invention, wherein the subject is a mouse, ES cell line, or any cell line in
which mcik1 is deleted or any gene coding for 2 known ubiguinone
biosynthetic enzyme gene is deleted andfor any other gene which when
altered leads to absence or reductlon of ubiquinene.

In accordance W|th the present invention, there is provided a rﬁouse which

is incapable of producing ubiquinone and comprising a gene knock-out of

mclk1; wherein the mouse expresses the phenotype related to an absence
of ubiquinone and the presence of demethoxyubiquinone.

In accordance with the present invention, there Is provided a DNA

-construct, which comprises an alteration of melk?; wherein the DNA

"~ PCT/CA02/01230
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consfruct is instrumental in producing a mouse mclk? knockout strain of
the present invention.

In accordance with the present invention, there is provided an ES cell line
which is incapable of producing ubiquinone and comprising a gene knock-
out of mcik1; wherein the ES cell line expresses the phenotype related to
an absence of ubiquinone and the presence of demethoxyubiquinone.

In accordance with the present invention, there is prov'ided a cog-3 mutant
subject which is incapable of producing ubiquinohe; wherein mutation is a
deletion of cog-3 or a deletion of a ubiquinone biosynthetic enzyme and/or
any other gene which when altered leads to absence or reduction of

ubiguinone.

The mutant in accordance with a preferred embodiment of the present
invention, wherein the subject is a worm.

The mutant in accordance with a preferred embodiment of the present -

[invention, wherein the mutant is selected from the group of worm identified

using PCR primers selected from the group consisting of SHP172,

- SHP1773, SHP1774, SHP1775, SHP1840 and SHP1865.

In accordance with the present invention, there is provided a method of
screening for a compound suitable for complete or partial functional
ubiquinone or demethoxyubiguinone replacement, which comprises the
step of determining a mutant phenotype in a subject in which a ubiquincne
biosynthetic enzyme gene and/or any gene whose alteration leads to an
absence or reduction of ubiquinone or demethoxyubiquinone is altered;
wherein the subject is treated with the compound prior to the determining;
and wherein level of phenotype is indicative of a compound suitable for

- complete or partial functional ubiquinone or demethoxyubiqumone

replacement.

In accordance with the present invention, there is provided a method for
reducing and/or increasing ubiquinone level in a multlce!!ular subject
whlch compnses the step of targeting cog-3 in the subject.

PCT/CA02/01230
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In accordance with the present invention, there is provided a method of
screening for a genetic suppressor of c/k-1, which comprises the step of
determining at least one phenotype selected from the group consisting of
viahility, ferfility and total or partial absence of a Cik-1 mutant phenotype of
clk-1 mutant worms grown on ubiquinone-depleted bacteria; wherein the
worm carries the genetic suppressor prior fo the determining; and wherein
at least one phenotype selected from the group consisting of the viability,
fertility and fotal or partial .absence of said Clk-1 mutant phenotype is
indicative of a genetic suppressor of c/k-1.

In accordance with the present invention, there is provided a method of
screening for a genetic suppressor of cog-3, which comprises the step of
determining at least one phenotype selected from the group consisting of
viability, fertility and total or partial absence of a mutant phenotype of cog-
3 mutant worm; wherein the worm carries the genetic suppressor prior to
the determining; and wherein the at least one phenotype selected from the
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group consisting of viability, fertility and total or partial absence of said-

mutant phenotype is indicative of a genetic suppressor of cog-3.

In accordance with the present inventioh, there is provided a method of
screening for a compound suitable for complete or partial functional
ubiquinone replacement, which comprises the step of determining a
mutant phenofype of a subject in which mclk7 is deleted only in a subset of
celis and/or periods of the life cycle, whersin the subject is treated with the
compound prior to the determining; and wherein level of the phenotype is
indicative of a compound suitable for complete or partial functional

* ubiquinone replacement.

The method in accordance with a preferred embodiment of the present

invention, wherein the compounds are useful in freating a disease selected
from the group consisting of reactive oxygen species {(ROS) mediated
disease, diabetes, hypoxia/reoxygenation injury, Parkinson's disease,
artherosclerosis and Alzhelmer's disease.

In the present application, the ferm "ubiquinone-depleted substrate” is
intende,d to mean a substrate being not producing ubiquinone or'being
producing ubiquinone with side-chains too short fo be effective. An
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example of what will be considered ubiquinone with side-chains foo short
to be effective would be ubiguinone with side-chains shorter than 8

isoprene units.

Brief description of the drawings

Fig. 1 Hlustrates the cog-3 gene and its deletion in cog-3(qm188);
Figs. 2A-E illustrate the targeted disruption of the mouse mclk7? gene;
Fig. 3 illustrates the severe developmental delay in melk? mutant embryos; .

Figs. 4A-C illustrate the generation of the mclk1™™ allele. Analysis by ,
Saouthern blot on neomycin resistant clones;

Fig. & illustrates the comparison of COQ-3 broteins from different species
{SEQ ID NOS: 3-6); ' '

Figs. 6 AE illustrate the Mus musculus genomic sequence of mcik-1
{Exons are in bold) (SEQ ID NO: 15);

Figs. 7 A-E illustrate the Mus musculus genomic sequencé in mutant
knock-out allele of melk-7 {Exons are in bold, neomycin cassette is in
lowercase) (SEQ ID NO:; 16); and

Figs. 8 A-E illustrates the sequence of mclk1™ allele. (Exons in bold, loxp
sequence in italic, DNA fragment inserted undetlined.) (SEQ ID NO: 21)

Detailed 'descripﬂbn of the invention

In accordance with the present invention, there is provided characterization
of phenotypic effects of ubiquinone deficiencies in multicellular organisms.

Ubiquinone is necessary for C. elegans development and fertility

clk-1 mutants are incapable of completing development when fed on an
ubiG E. coli mutant strain (Jonassen, T. et al.,(2001). Proc Natl Acad Sci U -

S A 98, 421-6), which produces no ubiguinone (UQ). The ubiG gene

product is required at two steps of the UQ biosynthesis pathway, and ubiG
mutants do not produce any UQ. Tests were performed to verify whether

PCT/CAG2/01230
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this growth phenofype resulted from a speciiic toxicity of the ubiG strain

(GD1) for cfk-1 mutants, or from the absence of UQ. For this purpose, a

systematic analysis of the growth of clk-7 mutani worms on a variety of E.

coli mutants that are defective for UQ biosynthesis (ubi mutants) was

5 conducted. Nine E. colf enzymes have been described as participating in

UQ biosynthesis. They are all membrane-bound, except the first one, ubiC,

which is a soluble chorismate lyase. The next enzyme in the pathway is

the prenyltransferase ubiA that attaches the isoprenoid side chain to the

quinone ring (8 subunits in £. cofi). The other enzymes are grouped in

10 three categories: decarboxylases (ubiD, ubiX), monooxygenases (ubiB,

ubiH, ubiF), and methyliransferases (ubiG, ubiE). Standard procedures

were used for bacterial and worm cultures, except that the NGM plates

contained 0.5 % glucose, to minimize the reversion of UQ-deficient strains.

Te evaluate the development of worms on varicus bacterial strains, adult

15 hermaphrodites were picked and bleached on a plate containing the test

bacteria, following standard methods. This step ensures that no OP50

bacteria contamination is present on the test plate. L1 larvae that hatched

from the bleached eggs were transferred to a fresh plate, and the growth

, of the worms was examined. The genotypes of the bacterial strains used

20  are described in Table 1. The growth of the three cfk-7 mutant sirains on

strains of bacteria. mutant for each of these genes was examined (Table

1). Three clk-1 mutant alleles have been identified: gm30 and gm51, which

are putative nulls, and 2579, which carries a point mutation in the clk-1
gene and displays a relafively milder phenotype.
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Table 1
E. coli strains used
Strain Genotype
OP50 ura
- - RKP1452 Km®, AubiCA:Km®
ANGE thr-1 leuB6 ubiD410
18416 ubiX, derived from the THU strain
DM123 RM1734 yigR::Kan
GD1 © ubiG:Kan
DC349 FadR mel adhC81 acdA1
ANT0 Hfr metB StrR ubikE-401
JC7623A4-1 JC7623, ubiE::KanR
JF496 ubiF411 asnB50::Tn5

.10

15

20

it was found that on all the bacterial ubi - (mutant) sirains tested, L1 larvae
from the wild-type strain N2 are capable of completing development to
adulthood and these adults have a brood-size of approximately 320, which
is similar to their brood size on.ubi + bacteria (OP50) (Table 2). This
indicates that endogenously synthesized UQ is sufficient to maintain a
wild-type phenotype, without a requirement for dietary UQ. A number of
worm mutants that are not known to be involved in UQ synthesis {(dpy-9,
eat-2, mau-2), including long-lived mutants {daf-2 and a number of strains
that show a Clk-1-like phenotype that have not been fully characterized)
were examined. In no case was the growth of the mutants impaired on ubi
-~ bacteria. In contrast, all three ¢fk-7 mutants behave identically on most
ubi - bacterial strains tested: they develop very slowly, or not at all, and
produce no progeny (Table 2). However, the clk-7 mutants can develop
and produce some progeny on ubiD, ubiX and ubiH mutant strains, which
are point mutants producing residual amounts of ubiquinone (around 15 %
of the wild type). Thus, the relafively low levels of bacterial UQs are
suificient to allow for the growth of clk-7 mutants.
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N2 {(Wild type)

clk-1 mutants

Strain Genofype Growth Progeny  Growth Progeny

OP50 ubf + +  323%16 + qm30; 94 £12
gm51: 83110
e2519: 177+ 4

RKP1452 ubiCAKQO +. 331437 - 0

ANGE  ubiD + 31316 + qm30: 82+ 5
qgm571: 93 +6
e2519: 182+ 26

15-16 ubiX + 3368 + gm30: 96 £ 11
gm51: 83 £10
©2579: 164 £ 8

DM123  ubiBKO  + 312+25 - 0

GD1 ubiGKO  + 35+15 - 0

DC349 ubiH + 320+ 16 + gm30: 105+ 6
gmb51:90+3
e25719: 168+ 11

JC7623  uwbiEKO  + 3134 - 0

JF496 ubiF + 7 330+4 - 0
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C. elegans is sensitive to ubiquinone side-chain length

Ubiquinone (UQ) is composed of a quinane ring and an isoprenoid chain,
whose length is species-specific. There are 9 isoprene repeats in C.
elegans, 8 in E. coli, and 6 in S. cerevisiae. In mammals, both UQg and

UQuo are detected (the subscript refers to the length of the isaprenoid side
chain). UQyo is the major UQ species present in humans, while UQg is
predc_)minant in mice and rats (Dallner, G. and Sindelar, P. J. (2000). Free
Radic Biol Med 29, 285-94). The differential tissue distribution of UQg and
UQqq is presented in Table 3 (Dallner, G. and Smdelar P. J. (2000). Free
~ Radic Biol Med 29, 285-94), ' T
Table 3
Ubiquinone tissue distribution in rat and human
Rat Human
UQg UQyp UQ4/UQy UQg UQis  UQe/UQug
Hg/g  pglg (%) Mg/g  pgfg (%)
tissue  tissue . tissue tissue
Heart 202 17 8 3 114 25
Liver 131 21 14 2 55 35
Kidney nd nd - 3 67 4.5
. Brain 37 19 . 34 1 13 7
" Spleen 23 9 28 1 25 4
Lung 17 2 10.5 1 8 11
intestine 51 19 27 nd nd -

15

20

The length of the UQ side-chain is controlled by polyprenyl-diphosphate
synthases. These enzymes are encoded by essential genes, and have

.been cloned in many organisms, including S. cerevisiae (coq1: hexaprenyl-

diphosphate synthase), E. coli (ispB: octaprenyl-diphosphate synthase),
and Rhodobacter capsulatus (sdsA: solanesyl-diphosphate synthase).

To evaluate the importance.of UQ side-chain length, using C. elegans. The
exogenous UQ fed to the worms was mariipulated by exposing the worms

PCT/CA02/01230
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to an E. coli mutant strain where the original ispB gene is knocked-out, and
replaced by different versions of ispB carried on rescuing plasmids. The
ispB version dictates the side-chain length of the bacterially-manufactured
UQ. N2 (Bristol) was used as wild-type strain, and analyzed clk-1{gm30),
clk-1(qm51), clk-1(e2519) and daf-2(e1370) mutants sfrains. The
genotypes of the bacterial strains used are described in Table 4. The
plasmids encoding mutant versions of ispB are described in Table 5.

Table 6 is providing the results obtained from brood size measurements.

The entire progeny of 10 worms was counted and the experiment was
performed fwice.

Table 4 !

Genotypes of the bacterial strains used in the study of the effect of
UQ side-chain length

Strain Genotype Reference
OP50 ura Laboratory collection
KO229 ispB::.Camr Okada et al., 1997

* Okada et al., (1997). Journal of bacteriology, 179, 8, 3058-3060
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. Table 5
Piasmids encoding versions of ispB

Plasmid Characteristics Major UQ Minor UQ Reference
_ produced produced

pSN18  Amp', encades UQs - Okada et
Rhodobacter al., 1997*
capsulatus ispB
homolog (sdsA)

Y37A/ Amp', encodes a uQy UQs, UQg Kainou et

Y38A mutant version of E. al., 2001**
coli ispB gene

R321V  Amp', encodes a UQs UQs, UQs Kainou et
mutant version of E. al., 2001
coli ispB gene '

Y37A/  Amp', encodes a UQs UQs, UQs Kainou et

R321V  mutant version of E. ' al., 2001

coli ispB gene
* Ckada et al., {1097). Journal of bacteriology, 179, 9, 3058-3060
- ™ Kalnou et al., (2001). The Journal of Biological Chemistry 276, 11, 7876-7883
Table 6

5 Brood-size analysis

N2 clk-1 clk-1 - clk-1 daf-2
{qm30) (gm51)  (e2519)  (e1370)

OP50 (UQg) 240,282 94,108 = 112,121 158, 181 254, 228
pSN18 (UQg) 266,246 107,102 94,117 170,193 249, 264

Y37A/Y38A 255,201 0,0 0,0 149,178 266,237
(UQy)

R321V (UQs) 236,258 0,0 0,0 82,93 218,259
Y37A/R321V 247,273 0,0 0,0 95,101 241,229

(UQg)
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Growth rate on various bacterial strains

Post-embryonic growth of the worms on the various bacterial strains was
qualitatively evaluated, It was observed that N2 and daf-2 mufants grow at
similar rates on all bacterial strains, However, clk-7(gm30) mutants had a
similar growth rate on OP50 and KO229(pSN18), but were delayed by 3-5
days on the other strains. Also, the post-embryonic development of c¢/k-
1(e2519) mutants was delayed by ~1 day on KO229(R321) mutants, as
compared to OP50. Their growth on KO229(Y37A/Y38A) is less severely
affected. Finally, the onset of egg laying by ¢k-7(e2519) was delayed by 1
day on KO228(Y37A/Y38A) and by 3 days on KO229(R321A) and
KO229(Y37A/R321A). '

Thus, these experiments revealed a process in C. elegans that is sensitive
to ubiquinone side-chain length as indicated by the behaviour of clk-1
mutants on bacterial strains that producs short chain ubiquinones. An
inappropriate chain length severely alters development and fertility in gm30
and mildly or not at all in e2579.

The observation that clk-1(e2579) mutants are almost unaffected in spite
of the fact that they are known to produce no detectable ubiguinone,
indicates that CLK-1 participates in processes that are different from
ubiguinone synthesis. One can also infer that the €2579 mutation does not
greatiy affect this additional function or functions of CLK-1. However, these
processes are ubiquinone-dependent as clk-7(e2579) mutants cannot
develop in the total absence of ubiquinone. For example, ubiguinone could
act as a redox co-factor in these processes. :

Endogenous ubiquinone is necessaty for C. efegans development and
fertility : '

To test whether dietary UQ is sufficient for C. elegans development, a
knockout mutation of the worm gene cog-3 was produced (SEQ 1D NO:1).
cog-3-encodes a methyltransferase (SEQ ID NO:2) whose homologues
{Cog3p and UbiG) have been extensively characterized in the yeast S.
cerevisige and in E. coli, respectively. The enzyme acls at two different

_steps of Q synthesis and neither UQ nor DMQ is produced in the yeast
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and bacterial mutants, The worm COQ-3 protein is 29% identical fo S.
cerevisiae Coq3p and 28% to E. coli UbiG (Fig. 5 and SEQ ID NOS:3-6). A
method of random mutagenesis and PCR-based screening was used fo
identify a deletion in cog-3 adapted from a standard protocol. The cog-3
gene is located on chromosome 4 of C. elegans, and as shown in Fig. 1, is
part of an operon, comprising the gdi-7 gene and the NADH-ubiquinone
oxidoreductase gene. cog-3 contains five predicted exons. The deletion in
€0g-3(qm188) removes 2456 bp (SEQ ID NO:7), and thus eliminates
exons 3 and 4 (SEQ ID NOS: 1 and 8), and prevents any functional protein
{o be produced. To verify the .genotype of cog-3, PCR analysis was
performed, and used sets of primers whose priming regions are either
cutside of the cog-3 gene, or inside the region corresponding to the
deletion obtained in the gm788 mutation. To check the presence of a
deletion in the cog-3 gene, PCR analyses were carried out using genomic
DNA from single worms. Each DNA preparation was simultaneously tested
with primers recognizing sequences either outside the cog-3 gene (SHP
1772 (5'-CTGATTTCTTCCAGAGCTCTCTTGCCGCAC3'") (SEQ 1D NO: 9),
SHP 1773 (6'-AGCATTCCCGAGATGATGCACTCCTTGAGG-3') (SEQ ID
NO: 10), SHP 1774 (5'“TAGCGACTCTCAGCGACAAGCTTAACC-3"
(SEQ ID NO: 11) and SHP - 1775 (5™
GAGGCCGGTTCCGAGACGATGGCATCG-3') (SEQ ID NO: 12)}, or
inside the obtained deletion (SHP 1840 (5'-
CCTCCTCGCGCACTACACACCATC-3) (SEQ ID NO: 13) and SHP 1865 -
(5-CGAAGCGACGACTGCATCGTAGGC-3") (SEQ ID NO: 14)). Fig. 1
displays the primers’ localization, When using primers amplifying the whole
cog-3 gene, a band of 4.3 kb was obtained with a wild-type worm. in
contrast, a mutant band was amplified at 1.8 kb from a cog-3/coq-3 worm.
When using primers annealing in the deletion region, both wild-type and -
heterozygote worms gave a PCR product of 1.1 kb, while no band was

- detected from a coq-3/cog-3 homozygote worm, which confirmed the

homozygote nature of cog-3/cog-3 mutants.

Self-ferfilizing cog-3(qm188)/+ hermaphrodites produce % of homozygous
cog-3(qm188)/coq-3(qm188) progeny, as verified by PCR, These cog-3
homozygotes develop siowly and appear SUbstantiaIly smaller than wild-
type worms. Most are sterile, but ‘approximately 256% (n = 31) produce

PCT/CA02/01230
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some progeny (5-10 eggs) that arrests at the L1 stage and die quickly
thereafter. For brood-size measurements, the entire progeny of 20 worms
was counted. These observations indicate a partial maternal rescue effect
of coq-3 homozygotes by the heterozygous mothers, as the phenotype of
the first homozygous generation (slow development to adulthood) is less
severe than that of the second homozygous generation (arrest at the L1
stage). UQ provided fo the embryo by the mother or to maternal deposits
of cog-3 mRNA or protein.can provide the maternal effect.

Itis also observed that the brood size of heterozygous cog-3/dpy-4 worms
was much reduced (185 + 64; n=20) suggesting that the level of cog-3
expression might be limiting for UQ biosynthesis and that the worm's
reproductive capacity is very sensitive to reduced level of endogenous UQ
biosynthesis. ‘

To ascertain that the observed phenotypes are solely due to the mutation
in the cog-3 gens, the genomic fragment corresponding to the wild-type
c0g-3 gene was introduced into cog-3/+ heterozygotes using the rol-6
transformation marker by germiine transformation. The micro-injection
procedure was foliowed to generate standard extrachromosoma! arrays. A
PCR fragment (50 ng/pl) comprising the cog-3 genomic sequence was
injected to assay for rescue. pRF4 plasmid (120 ng/ul) was used as a co-
injection marker to screen for transgenic worms. cog3/dpy-4 worms were
utilized for injection since cog-3 homozygotes are lethal. The homozygous
rescued lines were selected by checking the absence of the Dpy
phenotype in their progeny, and the genotype was confirmed by PCR

analysis.

Homozygous cog-3 transgenic animals (displaying the marker phenotype,
Rol) develop normally. and are fertile, indicating that the phenotype
observed is indeed due to the cog-3 deletion.  However, the
extrachromosomal array carrying the cog-3 and rol-6 sequences Is

.incapable of producing a strong maternal effect. Indeed, homozygous

animals without the array (phenotypically non-Ro!) issued directly from
mothers carrying the array (phenotypically Rol) did not develop beyond the
L2 stage. The expression of genes from extrachromosomal arrays is
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sometimes sllenced and Is poor in the C. elegans germline. The
observation of a maternal effect indicates that the mother deposits an
essential product in the oocytes (UQ and/or cog-3 mRNA). In elther case,
proper expression of cog-3 in the germline is necessary for the effect.

The lethal phenotype of cog-3 mutants indicates that dietary UQ is not
sufficient for the growth and development of worms. This is consistent with
findings in other systems that indicate that dietary UQ cannot reach the
mitochondrial compartment, or only in extremely small amounts. The
possibility that dietary UQ could be sufficient for worms was proposed to
account for the viable phenotype of clik-1 mutants grown on ubi + bacteria,
and thelr lethal phenotype when grown on ubi - mutant bacteria. However,
the phenotype of cog-3 mutants clearly indicates that even in the presence
of dietary bacterial UQj, a total absence of endogenous UQg and DMQs (in
cog-3 mutants) is not equivalent to the replacement of endogenous UQS8
by endogenous DMQyg (in ¢fk-1 mutants),

In this context, it is of particular interest that clk-1 mutants cannot thrive by
feeding on ubiF mutanis. Indeed, UQ biosynthesis in ubiF mutants Is
blocked at the same level as in clk-7 mutants, and ubiF bacteria thus
produce DMQs. As DMQQ performs efficiently in the mitochondrial
respiratory chain {Miyadera et al., 2001), our findings demonstrate that
neither endogenous nor dietary DMQ can replace UQ at non-mitochondrial
sites of UQ requirement,

Ubiquinone is necessary at mitochondrial and non-mitochondrial

sifes

The results presented here demonstrate that UQ is necessary for C.
elegans growth and development at different subcellular locations. First, in
the mitochondria, endogenous DMQg can functionally replace endogenous
UQg. Indeed, clk-7 mutant mitochondria do not contain UQg but are
functionally competent (Miyadera, H. et al., (2001). J Biol Chem 276, 7713-
6),-and the phenotype of cog-3 mutants, which produce neither UQqg nor
DMQs, is much more severe than that of clk-1 mutants. Second, at non-
mitochondrial sites, endogenous DMQ or dietary DMQg or dietary UQ with
a side-chain length shorter than 8 isoprene units cannot functionally
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replace endogenous UQg, while dietary UQs can. In fact, c/k-7 mutants,
which have functional mitochondria and make DMQs, cannot develop and
grow without dietary UQg, even In the presence of dietary DMQ;g from ubiF
bacteria or dietary UQ with a short side-chain.

This is consistent with the findings by numerous studies on UQ uptake and
metabolism in other systems, such as rodents (Dallner, G. and Sindelar, P.
J. (2000). Free Radic Biol Med 29, 285-94). Dietary UQ in these
experiments appears to be taken up only poorly (2-3% of the initially
ingested ubiquinone) and the majority is then distributed to the plasma
membrane, the lysosomes and the golgi, with only minute quantities, if at
all, appearing in the mitochondria. Given that every cell endogenously
produces UQ, no active uptake system has been identified to assimilate

this rather complex lipid.

These studies clarify the roles of endogenous and dietary UQ in the
worm’'s biclogy. Also, for the first time it demonstrated the functional
importance of UQ at non-mitochondrial locations for an organism’s viability
or fertility. Action of dietary UQ at non-mitochondrial sites could underly the
beneficial effects of dietary UQ for patients with mitochondrial dissases
(Daliner, G. and Sindelar, P. J. (2000). Free Radic Biol Med 29, 285-94).
For example, UQ has been found to parficipate in reactions that regulate
the redox state of the cell at the plasma membrane. Disease states which
arise from deficient mitochondria are often found fo increase celiular
oxidative stress and dietary UQ could stimulate a protective function at the
plasma membrane. In addition, in bacteria, quinones have been found to
act as the primary signal of the redox siate of the cell. In E. coli, UQ
negatively modulates the phosphorylation status and function of ArcB, an
important global regulator of gene expression.

The cog-3 and ¢fk-1 mutant strains_'provide genstic systems to identify
compounds that selectively replace ubiquinone at the mitochondria and/or
at non-mitochondrial sites. Screens for such compounds ¢an be based on

_ their abiiity to rescue selectively the phenotypes of cog-3 or c/k-1 mutants

grown on UQ deficient bacteria or not. For example, compounds that can
reach the mitochondria, should rescue the phenotype of cog-3 mutants.

PCT/CA02/01230
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On the other hand, compounds selective for sites outside the mitochondria

should rescue the phenotype of clk-1 worms grown on UQ-deficient

bacteria, but should not rescue the lethal phenotype of cog-3 animals

grown on wild-type bacteria. The development of such bio-available
5  ubiquinone mimetics is of great medical interest.

Study of the phenotypic consequences of a disruption in the gene
meftk-1 of Mus musculus

The melk1 locus was distupted in murine embryonic stem (ES) cell by
homologous recombination and produced heterozygous and homozygous

10 mice using standard methods. An IFIX Il genomic library from mouse
strain 129/SvJ DNA (Stratagene) was screened with a genomic mclk?
fragment, and six'overlapping. genomic clones were obtained. Genomic
DNA fragments from two clones were subcloned into Bluescript SK and
characterized in defail. A 7 kb Nofi-BamH! fragment containing part of the

15 mfk promoter and exons I, Il and Il was subcloned into Biuescript SK
(pL.5). A 1.6 kb fragment containing part of the exon Il and the exon Il was
removed from pL5 by Stul/BamHl digestion and replaced with a neomycin
cassette consisting of a 1.1 kb Xhol blunted-BamHi fragment from
pPMC1Neo polyA to produce pL5+Neo. A 2.8 kb Psil-Sacl genomic

20 fragment containing introns IV and V and 500bp from 5'UTR region was
subcloned in Bluescript (pL15). A 2.5kb EcoRV-Xhol fragment from pL15
was inserted into the Smal-Xhol sites of pL5+Neo to produce the final
“replacement targeting vector pL17. A Kpnl fragment from the targeting
vector was isolated and electroporated into R1 embryonic stem (ES).
25 Successfully targeted clones were identified by Southern blot analysis.
' Genomic DNA was digested with Bgfll, and then hybridized with a
3'external probe fianking the 3’ region of the targeting vector {Sacl-Xhol
fragment). A neomycin probe was used to detect random integrations in

the genome. ES clones were injected into CD-1 mouse blastocysts and

30 germline transmission was obtained. Out of 2000 G418-resistant clones
analyzed, 4 were homdlogous recombinants. Two independently targeted

ES cell clones with the correct karyotype were used .'to generate
homozygous (-/-) mclk1 mice. Figs. 2 A, C and D display the maps of the
wild-type molk1 locus and of the targeting vector, where black boxes

3
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represent exons. The targeting vector consists of the replacement of a part
of exon [l and the exons [Il and IV by the neomycin gene, indicated as a
white box in Fig. 2. The restriction enzymes sites indicated are: BamHl; B,
Bgll; E, EcoRl; K, Kpnl; R, EcoRV; 8, Sacl; X, Xhol. The genomic
sequence of the Mus musculus wild-type melk-1 locus and mutant knock-
out allele of mefk-1 is given in Figs. 6A-E (SEQ ID NO: 15) and 7A-E (SEQ

ID NO: 18) respeciively.

For genotype determinations, DNA was prepared from tails of adult mice
or yolk sacs of embryos. Southern blot analysis was done as described
above, PCR was done for 30 cycles (95°C, 30 sec; 58°C, 30 sec; 72°C, 30
sec). The primers used fo detect wild-type mclk1 allele were as follows:
forward (KO5) 5'- ggt gaa gfc tit tgg git tga gca t-3' (SEQ ID NO: 17);
reverse (KO8) 5'-tgt cta agg tca tce cog aac tgt g-3' (SEQ ID NO: 18). They
amplify a band of 302 bp. The targeted mclk1 allele was detected with the
primers KO7 (5'-gcc agc gat atg act cag tgg gta a-3") (SEQ 1D NO: 19) and
KO8 (5™-cac cit aat atg cga agt gga cct g-3') (SEQ ID No: 20), which give a
product of 397 bp. Fig. 2 E shows the PCR analyses,

Heterozygous (+/~) mice are viable and fertile. They show no obvious
anatomical or behavioral defects. However, after crossing heterozygous
male and female mice, no new born {~/-} mice were observed in more than
81 offspring (Table 7), indicating that homozygous disruption of meik1
results in embryonic lethality. To determine the nature of the lethality,
embryos from heterozygous intercrosses were analyzed at different days
of gestation (Table 7). mclk1 (-} embryos were present at expected
mendelian frequencies at E8.5. By E13.5, however, all mcik? {~/-) embryos
detected were in the process of being resorbed. The homozygous embryos
also showed a developmental delay that is clearly evident by day 9.5 post

~ coitum (E9.5) (Fig. 3). The mutant is dramatically smaller compared to the

wild-type littermate.

PCT/CA02/01230
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Table 7
Genotype distribution from mcfk1 heterozygous crosses

Stage Total +/+# +/- ' -f- n.d.

E85 74 18 {(24%) 40 (54%) 14 (19%) 2

E95 8 23 (27%) 48 (86%) 12 (14%) 2
E105 181 50 (28%) . 114 (63%) 16 (9%) 3
E115 137 35 (26%) 84+2* (63 %) 12+1* (9%) 2+1*
E125 66 8 (12%) 41+2* (65%) 242* (6%) 1+10*
Newborn 81 26 (32%) 55 (68 %) 0 - _
nd.: not determined. *Embryos being resorbed. #The genotype of

embryos was determined by PCR analysis and that of pups by southern
5  blotling, as described in Methods.

Northern blot analysis of total E11.5 embryo RNA showed that the amount
of mclki mRNA was reduced by approximately 50% in heterozygous
embryos when compared to normal embryo and could not be detected in
_ mclk1 {-/-) embryos. Fig. 2B shows Northern blot analyses of total RNA
10 levels in tissues from mclk? +/+ and +/- mice and from E 11.8 mclk1 +/+,
+/ and -/~ [ittermates. The expression level of cox?, a mitochondrially
encoded subunit of cytochrome oxidase (complex IV), is shown as one of

the controls, The expression level of cox? gives a good measure of the '
capacity for oxidative phosphorylation in a given fissue. Northern blots
156 were performed using the full length mouse mofk? ¢cDNA as a probe. The
- decreased level observed in homozygous embryos is likely to be due to
the beginning of the resorption process. An approximately 50% decrease
of melk1 transcript was observed in liver, heart, kidney, muscle, stomach
and cerebellum of 44-day old meclk? (+/-) mouse as compared to wild-type
20 littermates. Immunoblotting with a polyclonal antibody revealed a band of ~
21 kDa in liver and heart extracts from (+/+) and (+/-) mice. This signal was
reduced by 50% in {+/-) mice as compared to the (+/+) mice (Fig. 2D). The
results confirmed that ‘the mclkf mutation is a null mutation and
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demonstrated a gene-dosage effect of reduced protein levels in (+-) mice.
Total protein extracts from liver and heart of two day-old mice were probed
with antibodies against mCLK1 and against the controls COX1 and Porin.
Porin is a protein of the outer mitochondrial membrane encoded in the

9 nucleus. Western blots were performed using monoclonal antibodies
against cytochrome oxidase subunits | (1D6-E1-A8) and IV (20E8-C12)
from Molecular Probes, and a monoclonal antibody against human porin
31HL was from Calbiochem.

The amounts of ubiguinone-8 (UQg) and -10 (UQy) in homogenates of
10 mclk1 (+/+), (+/-) and (+/-) embryos were determined by HPLC. Cell-free
extracts for quinone analysis and enzyme activity measurements were
prepared as follows. The samples were homogenized in 50 mM potassium
phosphate buffer (pH 7.4), and centrifuged at 1,000 x g for & min at 4°C,
The supernatants were used for the determination of quinone content and
16 the measurements of enzyme activity. Protein concentration was
-d_etermined with bovine serum albumin as the standard. Quinones were
exiracted as described (Miyadera, H. et al., (2001). J Biol Chem 276,
7713-6), with slight modifications. Briefly, the quinones extracted in n-
hexane/EtOH were dried under nitrogen gas, dissolved in acetone, and left
20 at -80°C. After 30 minutes, the samples were centrifuged at 17,000xg, 15
min, 4 °C, and the supernatant was dried under nifrogen gas. The residue
was dissolved in EtOH, vortexed for 2 min, and applied to an HPLC (Mode!
100A, Beckman) equipped with a guard column, and an analytical column =
(CSC 80 &4, ODS2, C-18, 5 um, 4.6 x 250 mm). The mobile phase was
25 methanol/ethanal (70/30, viv) with a flow rate of 2 ml/min. The elution was
monitored by a wavelength detector (165 variable wavelength detector,
Beckman) at 275 nm. The concentration of quinones was determined
spectrophotometrically as described (Miyadera, H. et al., (2001). J Biol
- Chem 276, 7713-6).

30 For melkt +/+ embryos, a major peak elutes at 11.9 minutes and is
identical to standard UQ for elution time. A smaller peak around 17.3
minutes corresponds to UQye. The quinons profile of heterozygous mclk?
(+/-) embryos is identical to that of the wild type. The amount of UQg and
UQ1o were similar in wild-type and heterozygous embryos (Table 8).
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However, the presence of neither UQg nor UQy, was abserved in mclk? &
/-) embryos (Table 8). These mutant embryos instead exhibited a major
peak eluting 0.46 minutes earlier than UQg , which fits the criteria for being

DMQq.
5 Table 8
Quinone content of ES celis and embryos

Quinone type

Sample  Genotype DMQq UQg UQip
(ng/mg protein} (ng/mg protein) (ng/mg protein)

Embryos
+H+ . ND 126.7 13.6
- ND 125.8 1 4.5
-/- 37.1 ND - ND
ES cells
ES1 (+/+) ND 265 : 16.8
ES2 (+/-) ND 89.5 4.2
ES7-(-/-) 38.4 ND ND

N.D.: not detected.

melk1 (+/+), (+/-) and (-/-) ES cell lines were derived from E3.5 blastocysts
obtained from heterozygous matings as per standard procedures. The
10 quinone profiles observed in these lines follow the same pattem as those .
obtained from the equivalent mutant émbryos, including congcentration
(Table 4}. In parﬁcular, only DMQg was detected in the melk7 (/=) ES cell

line (ES7). | -

~ Asin the case of the clk-1 mutants in C. elegans, the DMQ produced in
15 'melk? mutanits appears to be sufficient for the maintenance of a relatively
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high level of oxygen consumption (62% of the wild type). t is surprising
that such levels of mifochondrial function are insufficient to camy out
érfibiyogenesis, However, a number of elements could participate in the
severity of the phenotype. Again, UQ is found in almost all biological
membranes and is known to be a co-factor of the uneoupling proteins

“(UCP) in the mitochondria, to regulate the permeability transition pore, and

to function in plasma membrane and lysosomal oxido-reductase systems.
Although DMQ can partially replace UQ in the respiratory chain, it is
possible that DMQ is less efficient as a UQ analogue for some of the other
functions of UQ, whose resulting impairement participates in the severity of
the phenotype. Finally, it has recently been discovered that, in bacteria,

" quinones are the primary signal for the reguiation of growth in response io

oxygen availability. Given the conservation between prokaryotes and
eukaryotes of crucial molecular mechanisms that sense environmental
signals (e.g. the PAS domain proteins), the full UQ deficiency of mcik1
mutants directly affects the regulation of embryonic growth.

Studies of tissue-specific and temporally controlled knockout of the

mciki gene

In addition, studies of tissue-specific and temporally controlled knockout of
melk1 gene have been initiated in Mus musculus. mclkc?™ allele was
created and chimeric mouse was generated as follows. In order to
ihvestigate the functional role of mCLK1 protein in specific cells, the
technique of conditional gene inactivation was used with Cre-loxP
mediated recombination. To produce an mcik? allele that can be modified
by Cre-recombination, a targeting vector containing approximately 7.5 kb

of melk1 genomic DNA was constructed in which a selection cassette
- flanked by loxP sites was introduced downstream of exon 4 with a third
loxP site upsiream of exon 2 (see Figs. 4A-C and Figs. 8A-E (SEQ ID

NO:21}). In Figs. 4A-C, a horizontal line represents cfk? genomic DNA.
Exons are represented by unfilled boxes. The gray box repr'e_sénfs a neo-
TK expression cassefte, with the direction of neo and TK transcription
indicated by arows, The black head amows represent loxP sites. The
restriction sites are : Bglll (B), Bspel (P), EcoRl {E), Hindlll (H), Sacl (S),
Swal (W), Xhol (X). Following transfection of ES cells, homologous

PCT/CA02/01230
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recombinants were identified by Southern blot analysis. Genomic DNA was
digested with Bglll, and then hybridized with the 3'external probe flanking
3'region of the targeting vector (Sacl-Xfol fragment). After analysing the
promising neomycin-resistant clones by extensive southern blot, three
clones (30, 48 and 84) showed the correct homologous recombination
(Fig. 4). Fig. 4A displays a schematic representation of mclk? locus and
the targeting vector. The different probes used for southern blot are drawn.
Fig. 4B gives the expected fragment sizes upon digestion with the different
enzymes. Fig. 4C displays the southern blot were performed on Bgill or
EcoRi digested DNA using different probes. A 9 kb band obtained if there
is insertion of the selection cassette flanked by loxP sites downstream of
exon 4 without insertion of the third loxP site upstream of exon 2, and is

indicated by a * in Fig. 4C.

A detailed description of the generation of the melk1™ allele follows. melk1
genomic DNA was isolated from a strain 129/Svd mouse library
(Stratagene) and a Hindlll-Xhol fragment of approximately 7.5 kb
containing exons 2, 3, 4, 5 and 6 was subcloned into pBluescript. A primer
containing a loxP site (3-CCG GAG CTA GCG AGC TCG GAA TAA CTT
CGT ATA ATG TAT GCT ATA CGA AGT TAT GGC GAA TT-5) (SEQ ID

- NO: 11) was infroduced into a Bsepl! site upstream the exon 2. A cassette

containing the neor and HSV-tk genes flanked by two loxP sites was
inserted into the Swal site in infron 4 to yield the targeting replacement
vector pL75. This cassette, a 4.3 kb Xhol/Not | fragment, was isolated from
the plasmid CDLNTKL (SEQ ID No: 12) and the recessed 3' termini were
filled with Klenow enzyme.

To generate homologous recombinants, R1 ES cells derived from 129/Sv

02/02/2006
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mice (at passage 12) were electroporated with Hindlll-Xhol targeting .

vector fragment. Homologous recombinants were identified by Southemn
blot hybridization. Genomic DNA was digested with Bglll, and then
hybridized with the 3’external probe flanking the 3'region of the targeting
vector (Sacl-Xhol fragment). Other probes were used to detect random
Insertions in the genome. Hybridizations were performed for 16 hours at

: _65°C in 6 X SSC, 5 x Denhart, 0.5 % SDS. Blots were then washed for 20
min each, twice 3 X SSC, 0.1 % SDS, then twice with 1 x SSC, 0.1 % SDS.
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To generate type [ and type 1l deletions, 5 x 106 homologous recombinant
cells were electroporated with 25 pg' pBS8185 containing the cre-
recombinase gene, plated and selected 48 h later with 2 pM gancyclovir.
Surviving clones were analyzed by Southern blot. Genomic DNA was
digested with Sacll, and then hybridized with the 3'external probe flanking
3'region of the targeting vector (Sacl-Xhol fragment).

While the invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modifications and this application is intended fo cover any variations, uses,
or adaptations of the invention following, in general, the principles of the
invention and including such departures from the present disclosure as
come within known or custornary practice within the art fo which the
invention pertéins and as may be applied to the essential features
hereinbefore set forth, and as follows in the scope of the appended claims.
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WHAT IS CLAIMED IS:
1. - ‘A method of screening for a compound allowing survival of cik?

homozygous mutant vertebrate embryos, which comprises the step of
breeding heterozygous clk? subjects to obtain cik? homozygous mutant
embryos and determining viability of clk7 homozygous embryos; wherein at
least one of said heterozygous subject is treated with said compound prior
to said breeding; and wherein viable embryos are indicative of a compound
allowing survival of cfk? homozygous embryos.

2. The method of claim 1, wherein said ambryo is a mouse,

3. The method of claim 1, wherein said compound is suitable for
partial or complete functional replacement of endogenous ubiguinone.

4, The method of claim 1, wherein said compound is administered
by at least one route selected from the group consisting of oral, intra-
muscular, intravenous, intraperitoneal, subcutaneous, topical, intra_dermaf,

and transdermal rouie.

5, A method of screening for a compound suitable for rescue of |
mutant phenotype of mclk? homozygous cell line, which comprises the
step of determining a mutant phenotype in a mcik7 knockout cell line,
wherein cell line is treated with said compound prior to said determining,
and wherein the level of said phenotype is indicative of a compound
suitable for rescue.

6. A method of screening for 2 compound suitable for partial or
complete functional replacement of endogenous ubiquinone, which
comprises the step of determining a mutant phenotype in a mefk? knock-
ouft homozj/gous ES cell Iirfe; wherein said cell line is treated with said
compound prior to said determining; and wherein level of said phenotype
is indicative of a compound suitable for pariial or complete functional
rep!adement of ubiquinone,

7. The method of claim 6, wherein said - phenotype is. cellutar
respiration and/or growth rate,
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8. A method of screening for a compound suitable for partial or
complete functional replacement of ubiquinone in a subject, which
comprises the step of assessing at least one phenotype selected from the
group consisting of viability, fertlity, and total or partial absence of a
mutant phenotype of a cog-3 homozygous mutant worm; wherein said
worm s treated with said compound prior to said assessing; and wherein
said at least one phenotype selected from the group consisting of viability,
fertility and total or partial absence of said mutant phenotype is indicative
of a compound suitable for partial or complete funclional replacement of
ubiquinone in said subject.

9. The method of claim 8, wherein said compound is capable of
reaching mitochondria in said subject.

10. A method for screening for a compound suitable for partial or
complete functional replacement of ubiquinone in a subject, which
comprises the step of assessing at ieast one phenotype selected from the
group consisting of viability, fertility and fotal or partial absence of a Clk-1
phenotype of a clk-1 homozygous mutant worm grown on ubiquinone-
depleted substrate; wherein said worm Is treated with said compound prior
to sald assessing; and wherein said af least one phenotype selected from
the group consisting of viability, fertility and total or partial absence of said
Clk-1 phenotype is indicative of a compound suitable for partial or
compiete functional replacemént of ubiguinone in said subject.

11. The method of claim 10, wherein said ubiguinone-depleted
substrate is a non-ubiquinone producer bacteria.

12. The method of claim 10, wherein said ubiquinone-depleted
substrate Is a bacteria producing ubiguinone having side-chains shorter

than 8 isoprene units.

13. The method of claim 10, wherein said compound is capable of
reach_ing at least non-mitochondrial sites of ubiquinone requirement in said
subject. '
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14. The method of any one of claims 10 and 13, wherein said
bacteria is selected from the group consisting of RKP1452, AN88, 1S-16,
DM123, GD1, DGC349, JC349, JC7623, JF496, KO229(pSN18),
KO229(Y37A/Y38A), KO229(R321V), and KO229(Y37A/R321V).

15. The method of any one of claims 10, 13 and 14, wherein said
bacteria has a mutation in at least one of genes selected from the group
consisting of ubiCA, ubiD, ubiX, ubiB, ubiG, ubiH, ublE, ubiF, and ispB.

16. The method of any one of claims 10, 13-15, wherein said
bacteria carries at least one of the plasmids selected from the group
consisting of pSN18, Y37A/Y38A, R321V, Y37A/R321V.

17. The method of any one of claims 10-16, wherein said functional
replacement of ubiquinone is for a function of ubiquinone as co-factor of

- CLK-1.

18. A method for screening a compound capable of inhibiting activity
of cli-1 and/or ofher processes required to make ubiquinone from
demethoxyubiquinone in a subject, which comprises the step of
determining at least one phenotype selected from the group consisting of
growth, fertility and total or partial absence of a Clk-1 phenotypes of a wild-
type worm .on a ubiquinone-depleted substrate; wherein said worm is
treated with said compound prior to said determining; and wherein at least
one phenotype . selected from the group consisting of total or partial
absence of growth, absence of fertility and total or partial absence of said
Clk-1 phenotypes is indicative of a compound capable of inhibiting activity
of clk-1 andfor other processes required to make ubiquinone from
demethoxyubiquinone in a subject. '

19. The method of claim 18, wherein said ub:qusnone—depleted
substrate is a non- ublqumone producer bacteria. - '

20. The method of claim 18, wherein said ubiquinone-depleted
- substrate is a bacteria producing ubiquinone having side-chains shorter
than 8 isoprene units.
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21. The method of claim 18, wherein said bacteria is selected from
the group consisting of RKP1452, ANGS, 1S-16, DM123, GD1, DC349,

JC349, JC7623, JF496.

22, The method of any one of claims 18, wherein said bacteria has a
mutation in at least one of gene selected from the group consisting of
ubiCA, ublD, ubiX, ubiB, ubiG, ubiH, ubiE and ubiF.

23, The method of any one of claims 18 and 22, wherein said
hacleria carries at least one of the plasmids selected from the group
consisting of pSN18, Y37A/Y38A, R321V, Y37A/R321V.

24, A method of screening for a compound suitable for complete or
partial functional ubiquinone replacement, which comprises the step of
determining a mutant phenotype of a subject in which mclk? andfor a
known ubiquinone biosynthetic enzyme gene is deleted and/or any other
gene which when altered leads to absence or reduction of ubiquinone;
wherein said subject is treated with said compound prior to said
determining; and wherein level of said phenotype is indicative of a
compound _suitabie for complete or partial functional ubiquinone

replacement.

25. The method of claim 24, wherein said subject is a mouse, ES
cell line, or any cell line in which melk? is deleted or any gene coding for a
known ubiquinone blosynthetic enzyme gene is deleted and/or any other
gene which when altered leads to absence or reduction of ubiquinone.

26. A mouse which is incapable of producing ubiquinone and
comprising a gene knock-out of melk1; wherein said mouse expresses the

~ phenotype related fo an absence of ubiquinone and the presence of
demethoxyubiquinone.

27. A DNA construct, which comprises an alteration of mclkT;
wherein said DNA construct is instrumental in producing a mouse mclk?
knockout strain of claim 26.

28. A ES cell line which is incapable of producing ubiguinone and
comprising a gene knock-out of melk1; wherein said ES cell line expresses
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the phenotype related to an absence of ubiquinone and the presence of
demethoxyubiquinone.

29, A cog-3 mutant subject which is incapable of producing

ubiquinone; wherein mutation is & deletion of cog-3-or a deletion of a

ubiquinone biosynthetic enzyme and/or any other gene which when altered
- leads to absence or reduction of ubiguinone.

30. The mutant of claim 29, wherein said subject is a worm.

31. The mutant of claim 30, wherein said mutant is 'selected from the
 group of werm -ideniified using PCR primers selected from the group
consisting of SHP172, SHP1773, SHP1774, SHP1775, SHP1840 and

SHP18685.

32. A method of screening for a compound suitable for complete or
partial functional ubiquinone or demethoxyubiquinone replacement, which
comprises the step of determining a mutant phenotype in a subject in
which a ubiquinone biosynihetic enzyme gene and/or any gene whose
alteration leads to an absence or reduction of ubiquihone or
demethoxyubiquinone is altered; wherein said subject is treated with said
compound prior to said determining; and wherein fevel of phenotype is

. -indicative of a compound suitable for complete or partial functional
ubiguinone or demethoxyubiguinorie replacement.

33. The method of claim 32, wherein said subject is a worm.

34. A _method for reducing andlc_:r Increasing ubiquin_one level in a
multicellular subject, which comprises the step of targeting cog-3 in said
subject. ' '
35. A method of screening for a genetic suppressor of clk-1, which

comprises the step of determining at least one phenotype selected from
the group consisting of viability, fertility and total or partial absence of a
- Clk-1 mutant. phencitybe of clk-1 mutant worm grown on ubiquinone-
depleted substrate; wherein said worm carries said genetic suppressbr
prior to sé_id determining; and whereln said at least one phenotype
selected from the group conslsting of viability, fertility and total or partial
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absence of said Clk-1 mutant phenotype is indicative of a genetic
suppressor of clk-1. '

36. The method of claim 35, wherein said bacteria is selected from
the group consisting of RKP1452, AN6G6, [S-16, DM123, GD1, DC349,
JC349, JC7623, JF496, KO229(pSN18), KO229(Y37A/Y3BA),
KO229(R321V), and KO228(Y37A/R321V).

37. The method of any one of claims 35, wherein said bacteria has a
mutation in at least one of genes selected from the group consisting of
ubiCA, ubiD, ubiX, ubiB, ubiG, ubiH, ubiE, ubiF and ispB.

38.  The method of any one of ‘eisims 35, wherein said bacteria
carries at least one of the plasmids selected from the group consisting of
pSN18, Y37A/Y38A, R321V, and Y37TA/R321V.

39. A method of screening for a genetic suppressor of cog-3, which
comprises the step of determining at least one phenotype selected from
the group consisting of viability, fertility and total or partial absence of a
mutant phenotype of cog-3 mutant worms; wherein said worm carries said

. genetic suppressor prior to said determining; and wherein said at least one
phenotype selected from the group consisting of viability, fertility and total

. or partial absence of sald mutant phenotype is indicative of a genefic
suppressor of cog-3.

40. - A method of screening for a compound suitable for complete or
partial functional ubiquinone repiacerhent, which comprises the step of
determining a mutant phenotype of a subject in which mc/k7 is deleted only
in a subset of cells and/or periods of the life cycle, wherein said subject is
treated with sald compound prior to said determining; and wherein level of
said phenotype is indicative of a compound suitable for complete or partial
functional ubiguinone replacement.

41, The method of any one of claims 1-25, 32 and 35-40, wherein
said compounds are useful in treafing a disease selected from the group
consisting of reactive oxygen species (ROS) mediated disease, diabetes,
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hypoxia/reoxygenation injury, Parkinson's disease,'artheroscferosis and_
Alzheimer's disease. '
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<210» 1
<211> 3115
<212> DNA

<213>

<220>

Artificial Sequence

«223> Cog-3 knockout mutation

<400> 1
atgateccett
tcageegett
ttatctgtag
gatgaactgg
gtcgataatyg
ggagggggtc
gcgacgaagc
ctctaagaca
ttecaatttet
ttgcaaaaag
ggttittttct
attttgattt
tgcaaccaat
attttaatgt
.ataatttcca

" gaatctcgaa

cacgaagtgc
cagtatctte
aaaaattatt
gtcecticea

ttagaaaaag

ttttgtegat

aagctgtaag

tcaaaaackta

_ttgattgaaa

caaaatgecg
tctgttatt;

cacttgtitt

tttgcataaa

‘tttggattaa.

ggtagaagct

gegecteegy

cagaatcgtc
tattgatgta
ttaggtcgaa
cgcactteac
cgatcagaag
tccactgécc
ggagattttce
tgaaaattta
ttgegttita
cacagaaaag
tcgéaaaaat
atkcactkte
atgttctcaa
aatagégctg
gcgaatcag;

ttegageata

2/41

gcaaagctac
éaagaggtaa
aasttcggag
teattazaca
gétcctcctc
agaagtggat
ceatttttet
teggtittet
aattaccaaa
aggcggggey
cgccaattet

tattaaatat

aatcrzacat

atcttgecta
cectcacage -

ceagegtega

aacgactaca

aacatataaa

acttgtetge

ggattcgagt
gattagtgga
tcgatgttac
gggaatttat
cactgaéata
aacgatctéa
atttggcaac
acacagtttt
tgtgtgéata
ttcagtgaga
attatactgg
gaaacccctt

ggatttctgt
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ctcgactaét 60
aataagctat ize
agaatggget 180
tecttggatt 240
cgttggaage 300
aggaattgatb 360
geaaaatcay . 420
ttgteatttt 480
tttttaaatt 540
cctgeggeac €00 '
ttgcaataaa 660
ttteatgttt 720
aaatcgataa 780
gtttaaatga 840
caaattgeey - 900l
Caggagccac 960
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acaataaatc
atttegettg
cagaggccag
cgattticaa
ttctttkceg
cttcaagggc
tgctaaatat
ctaccocatt
ttgttcégtg
gtagtectag
ttaatctice
tcgacgaatt
tttecggtge
tctatttcee
ttggacattt
ccttttegat
cteatceggt
¢ctagactte
atactagate
gcteecttct
ccgcggagag
cacgcagcag
tccctaactg
gecatttgaa

tgtttactge

gggtacattt
teoagetgtea
gaatgcagaa
catattttga
teteteegte
caaactatcg
ttecaataaag
ataccttgta
tactgtacayg
aagcccccaa
tcctegegea
tcetttettt
ccccttggaa
tattttgete
tategattte
gtgtgggcca
tgtgtectgeg
aattttgaag
‘caacccagat
cteagtecat
agtgagtgag
catcateotcg
ggcgeaccty
getegateca

gattatacga

cttettecta
cétgagattt
taatcececat
cagctgeatt
tetetgetge
attttgaaga
ceggtttieyg
gtgaagaata
cgecageagt
gtttgggcag
ctacacacca
tttgttgaaa
taattbtgga
geegtettet
gttcttctte
acacaacaat
tctatggett
gtctcaactg
gtectecagat
tttggacget
aaagggaatg
tagéccctct
tgttegtcgt
cgtgtegeta

atcaattggt

3/41

taggaacatt
atctcctaéa
ttagtgaagt
tttectaaaa
tgetetgetyg
goececgaca

gttttecacce

gttgtttgta

dggcttattge
Qaatttccgc
tettcacagt
aaagtgttga
tacaaagcett
cctectecac
ggtgttgtgt
ccecacattt
gtaggttcte
gatattatta
gttatttgat
catttegacc
agégdtcaaa
ctggtigttg
tgccacgtgt
ggacagetga

gaaattattt

tecattgttat
atttggaaaa
gtttocacaat
gactctgtta
gttgacgtct
agtttittte
gggggtaatc
atggaggaat
agtctgtazaa
attctctecaa
tgacttgaaa
tccaaccecaa
teaactecttce
cecgteogget
ctctetectet
ctgggtetey
gaactttéag
cagttcggaa
ctetecagte
gecatceegt
ttcactetea
cigtetetga
cattetatgt
cgteatettt

agaataacct
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cagggagata 1020
aaatgttact -~ 1080
gtttgcactt 1140
attgecatgac 1200
tettcagaag 1260
acagaaaaag .1320
ggaaggatta 1380
tggatgagta 1440
agttataaaa 1500
aacatctcaa 1560
ttgagtctte 1620
ttcaattega 1680
tgttetgtte 1740
tetectette 1800
cteceeeceece 1860
tgttectecace 1920
ttctagatgt 1280
gtottgaata 2040
tcteogeoegte 2100
ttggggttaa 2160
cteacactca 2220
tgacaaacat 2280
cggcgattcg 2340
tcaactatta - 2400
attttitgag 2460
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ttgtttacga
tgaaactctt
atcgaaaatt
catctttteo
ceagectacy
tteattgget
aacagaacgt
ttetttttit
cggagtccac
agcgggttge

gacatggato

<210> 2
<211> 268
«<212> PRT

<213>

<220

<223>

<400> 2

ttttgaagte
gcgtagacﬁt
attgatttct
ccattetttt
atgcagtcgﬁ
gootegetga
ggctgagcaa
tttggaaata
gactgggaaa
cgggtgacgg

gaatcgactc

acttgactga
gatgaagttc
aﬁttccaatc
ctgtattttt
cgctiteggaa
gctggetcge
attggcaget
aatttgaaaa
aatteocatcac
cggtgcatgg

agtgtaatta

Artificial Sequence

methyltransferase

4741

aaactticac
tgtgaaacte
tactcazaag

tagcaattta

attgtcgaac -

coccggtgecc
atttggettyg
ttttcagéat
acccgccgaé
attaatgttt

cggaatttty

agaaaaggte
ctacgtacto
ttaaaaaata
ccttazaate
acgtcgecga
cgctetteat
cagaggtttg
gtactcaaaa
cteactteac
catcocggttg

geagtgaaga
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ttaaatgaaa 2520
ttgaatagta 2580
ttEkcgraaca 2640
ttecaataatt 2700'
tctteccgga 2760
cacaactate 282b
atttttttet 2880
tegtgeegee 2940
atctegaaaa .3000
gaaatcactg 3060
attag 13115

Met Ile Pro Ser Arg Ser Ala Arg Ile Ile Ala Lys Leu Gln Arg hen

1

5

10

15

His Ser Thr Thr' Ser Ala Ala Ser Val Ser Ser Ile Asp Val Lys Glu

20

25 |

30
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Val
Pro
val
65

Asp

Gly

Algy
Lys
Pro
145
Glu
Ala
Leu
Val

Leu

Glu

Phe

50

Asp

Val

Phe

Asn

Arg

130

His

His

Arg

Ser

Pro
210

Thr,

Lys

35

His

Asn

Gly

Asp

Gln

115

Leu

Asn

Val

Pro

Lys

195

Pro

Ser

Phe
Ala
Val
Ser

Val

100

Ser
Arg
Lys
Alaz
Gly
180
Leu
Gly

His

Gly

Leu

Arg

Gly

85

Thr

Leu

Phe

Ser

Asp

165

Ala

Ala

val

Leu

Asp

His

Lys

70

Gly

Gly

Thr

Glu

Ala

150

Leu

Pro

Ala’

His

Glu

Leu
Ser
55

Ser

Gly

Ile

Ala

His

135

Tyr

Pro

Lenu

Ile

Ser
490

Leu

Asp

‘Leu

Ksp

Lys

120

Thr

Asp

Gly

Phe

Txp

L 200

Asp

215

Lyé '

Trp

Ala

Ala

Asn

Gln

Leu

Ala

105

Pro

Ser
Ala
Phe
Ile
185
Leu

Glu

Gly

5/41

Glu

Arg

Lys

Ser

90

Thr

Leu

val

Val

Ile

170

Thr

Ala

Lys

Cys

Trp
Ile
Ala
75

Tle

Lys

Gln
Glu
Val
is55
Gly
Thr
Glu

Phe

Arg

Ala
Arg
60

Pro

Pro

Glo

Tie
Asp

140

Ala
Cys
Ile
Asn
Ile

220

val

Asp Glu
45

Vval Pro

Pro Arg

Leu Ala

Ala val

110
Ala Gly
125

Phe Cys

Ser Glu

Leu Ala

Asn Arg

i=20
Val Leu
205

Thr Pro

Thr Ala
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Leu

Trp

Leu

Arg

95

Glu

Ile

Gln

Tle

Gly

Ile

Val

80

Ser

Ala

Ser

Lys

Val

" 180

Glu
175

Thiz

Lvs

Ala-

Val

Leu

Trp

Ile

Giu
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225 230 235 240

Gly Lieu Met Phe His Pro Val Gly Asn His Trp Thr Trp Ile Glu Ser

245 250 285

Thr Gln Cys Asn Tyr Gly Ile Leu Ala Val Lys Asn

260 265

<210> 3 .
<21il> 267
<212> PRT

<213> Artificial Sequence

<220>

<223> Cog-3 proteins from C. elegans

<400> 3
Met Ile Pro Ser Arg Ser Ala Arg Ile Ile Ala Lys Leu Gln Arg Leu

1 . s ’ 210 15

His Ser Thr Thr Ser Ala Ala Ser Val Ser Ser Ile Asp Val Lys Glu
‘ 20 25 ’ 30
-Val Glu Lys Phe Gly Asp Leu Ser Ala Glu Trp Ala Asp Glu Leu Gly

35 : a0 45

Pro Phe His Ala Leu His Ser Leu.Asn Arg Tle Arg-Val ﬁro Trp Ile
50 : 55 .60

Val Asp Asn Val Arg Lys Ser Asp Gln Lys Ala Pro Pro Leu Val Asp

65 70 T : 80
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val

Phe

Asn

His
145
Arg
Ser
Pro
Thr
225
Leu

.Gln

Gly Ser

Asp Val

Gly

Thr

100

Gln Ser

115
Leu Arg
130

Asn Lys
Val ala
Pro Giy
Lys Leu
195
Pro Gly
210
Ser His

Met: Phe

Cys Asn

Leu

Phe

Sex

Asp

Ala

180

Ala

Val

Leu

His

260

Gly
85

Gly
Thr
Glu
Ala
Leu
165

Pro

Ala

Glu

Pro
2458

Gly

Gly

Ile

Ala

Hig

Tyr

150

Pro

I.;eu

Ile

Asp

Lys

230

val

Iie

Leu

Asp

Lys

Thr

135

Asi:

Gly

Phe

Trp

Trp

215

Ala

Gly

Leu

Ley

Ala

Ero

120

Ser

Ala

Phe

Ile

Leu

200

Glu

Gly

Asn

Ala

Ser
Thr
108
Leu
Val
Val
Ile
Thr
185
Ala

Lys

Cys

Val

265.

7/41

Tie
a0

Lys
Gln
Glu
Val
Gly
170
Thr
Glu
Phe
arg

Trp

250

Lys

Pro

Gln

Ile

Asp

Ala

155

Cys

Ile

Asn

Iie

Val

235

Thr

Asn

Leu

Ala

Ala

Fhe

140

Ser

Leu

Asn

Val

Thr

- 220

Thr

Trp

Ala_

Val

Gly

125

Cys

Glu

Ala

Arg

Leu

205

Pro

Ala

Ile
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Arg Ser

o5
Glu Ala
110

Ile Ser
Gln Lys
Tie Val
Glu Leu
178
Thr Trp
180
Lys Ile
Ala Glu

Val His

Glu Ser

‘255

Gly

Ala

Lys

Pro

Glu

i60

Ala

Len

Val

Leu

Gly

2490

Thr -
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<210> 4
<211> 316
<212> PRT

<213> Artificial Sequence

<220

<223> Cog-3 proteins from §. cerevisiae

<400> 4
Met Gly Phe Ile Met Leu Leu Arg Ser Arg
1 5 10
Val Arg Lys Gln Leu Ser Ala Cys Ser Arg
20 B 25
Thxr Arg Cys Lys Ser Thr Asp Ala Ser Glu
o35 | 40
Gin Glu Leu Ala .Pro Thr Trp Trp Asp Thr
50 | 55
Leu His Lys Met Asn Leu ‘Thr Arg Leu Asp
65 70 |
Arg Asn éln Val Lys Ile Gln ZAsn Pro Glu
85 20
Asn Tyr Lys Glu Phe Leu Pro Glu Tyr val
100 108
6lu Met Gln Glu Ser Iie Glu Thr.Asn Leu

115 - © 120

Phe

Phe

‘Asp

Asp

Phe

75

Ile

Cys

Asp

Leun Lys
Ala Ile
Glu val
45

Gly Ser
60

Val Gln
Phe Val.

Asp Asn

Lys Arg

C o1z

val

Gln

30

Lya

Gln

Arg

Pro

Ile

110

Pro
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Ile His
15

Thr Gln
Hiz Phe
Arg TIle
Thr Val

BO
Gly Phe
95

Gln Arg

Glu Val
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Ser

Ala

145

Asp

Glu
Gln
Pro
Gly
225
Thr
Thr
ﬁhe_
.T,hr

val

305

Val Leun
130

Arg Leu

Cys Ile

‘@ly Lys

Phe Asp

135
Ser Glu
210

Ile Leu
Thr Ile
His His
Asn Asp

275

Met Tyr

299

Gly Asn Tyr-

Asp
Lys
Met
Ile
180
Ile
Ile
Phe
Phe
Leu
260

Asn

Leu

Val

Trp

val

165

Asn

Ile

Len

Leu

Met

245

Ser

Tyr

Pro

Phe

Gly
Val
150

Ala

Thr
Arg
Ser
230
Gly
Lys
Ser

Tyr

Met

310

Cys,

i35

Lys

Lys

Glu

His
215

Thr

Glu

Gly

Gln

295

Algy

Gly

Asn

Glu

Cys

Met

200

Cys

Ile

Asn

Ile

Gln
280

Gly

Ile

Gly

Val

His

Liys

185

Glu

Trp

Asn

val

Asn

265

Phe

Trp

Gln

9/41

Gly

Gln

Ala

170

Ala

Met

Ser

Arg

Leu

250

Ser

arg

val

Axrg

Ile

Gly

155

Lyg

Leu

Leu

Arg

Asp

235

Lys

Lys

Leu

Glu

Leu

315

Leu

140

Ile

Lys

Glu

Glu

Leu

220

Leu

Iie

Glu

Leu

His

300

Asn

Ser
Asp
Asp

Asp

205

ABT

Iie

Val

Ile

Asp

Glu
Leun
Pro
Val
190
val
Pro
Ser

Pro

Leu

- 270

Leu

285 .-

Asp

Cysa
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Ser

Met

175

Thr

Asp

Glu

Trp

Lys

255

Ala

Lys

Ser

Len

Arg

160

Leu

Gly

Met

Lys

Phe

240

Gly

Txp

Gly

Asp
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<210> 5

<211>

<212>

240

PRT

«213> Artificial Bequence

<220>

10/41

<223> Cog-3 proteins from E. coli

<400> 5
Met Asn
1

Ile Ala

Glu Phe

Ala Glu

50

Cys Gly
65
Val Thr

His Ala

Glu Glu

Ala Glu Lys Ser

5

Lys Phe Glu Ala

20

Lys Pro Leu Hisg

35

Arg Ala Gly Gly

Gly @ly Ile Leu

Gly Leu Asp Met

85

Leu Glu Ser Gly

100

His Ala Ala Lys

115

Pro Val

Val Ala

Arg Ile

40

Leu Phe

55

Ala Glu

Gly Phe

Tle Gln

His Ala

120

Asn His Asn
i0

Ser Arg Trp

25

Asn Pro Leu

Gly Lys Lys

Ser Met Ala

75
Glu Pro Leu
g0
Val Asp Tyr

105

-Gly Gln Tyr

Val
Trp
Arg
Val
60

Arg
Gln
Val

Asp

Asp

Asp

Leu

45

Leu

Glu

Val

Gln

Val

125

Leu
30

Gly
Asp
aly
Ala
Glu

1io

Val

02/02/2006

PCT/CA02/01230

Glu Glu
15

Glu Gly
Tyr Ile
Val Gly
Ala Thr
80
Lys Leu
95 ' \

Thr Val

Thr Cys



WO 03/014383

Met @lu Met Leu
130
_Cys Ala Gln Leu
145

Asn Arg Asn Gly

Ile Leu,Afg Met:
180
Lys Pro Ala Glu
195
Arg Hig Ile Thr
210
Leu Gly Pro Gly

225

<210> 6
<211> 249

<212> PRT

Glu

val

Lys

His

Lys
150

Ser

165

Val

Leu

Gly

Val

Pro

Lieu

Leu

Asp

23¢0

Val
135

Prio

Trp

Lys

Gly

His

215

Val

<213> Artificial Sequence

<220

11/41

Pro Asp Pro Gln

Gly Gly Asp Val
155

Leu Met Ala Val

170
Gly Thr His Asp
185
Trp Val Asp Gln
200

Tyr Asn Pro Ile

Asn Tyr Met Leu

235

<223> Cog-3 proteims from H. sapiens

<400> 6

Met Asn Asp Leu Arg Val Pro Phe ile Arg Asp Asn Leu Leu Lys Thr

Ser Val Vval
140

Phe Phe Ser
Val Gly Ala

Val Lys Lys
.190
Thr Ser Leu
205
Thr Asn Thr
220

His Thr Gin

02/02/2006

PCT/CA02/01230

Arg Ala

Thr Leun

160

Glu Tyr
175

Phe Ile

Lys Glu

Phe Lys

Asn Lys

240



WO 03/014383

‘Ile
Val
Ala
Gln
65
Asp
Thx

" ‘Phe

Val

145

Trp

Asn

Ser

Pro Asn

Gly Cys
35
Ser Val

50

Cys His

Val Cys

Alz Val

Phe Leu
115

Ile Thr

130

Phe Ser

Glu Lys

Gly Leu

Gly Tyr

185

5
His Gln
20

Gly Gly

Ile Gly

Lys Ser

Ser Leu

85
Val &ala
100

Gln Cys

Thr Ile

Glu Gln

Phe Vval
165

Ser Val

186

Trp' His

Pro
Gly
Ile
Phe
70

elu
Ser
Cys
Asn
Ile
150

Ser

Gln

Trp

Gly

Leu

Asp

55

Asp

Glu

Giu

Cys

Lys

135

Ala

Pro

Thx

Ser

Liys

Leu
40

Pro

Pro-

Tle

Val

Gln

120

Thr

Ser

Glu

Val

Glu

200

Len

25

val

Val

Val

Val

-105

val
Gln
Ile
Thx
ﬁal

185

Asn

12/41

10

Leu

Glu

Asp

Leu

Glu

920

Glu

Leun

Leu

Val

Leu

170

Gly

Thr

Gly

Pro

Glu

Asp

75

Glu

Hig

Lys

Ser

Pro

155

Glu

Met

Ser.

Met Lys

Ile

30

Ien Gly Arg

45
Asn Ile
60

Lys Arg
Thr aAla
Val Tle

Pro Gly

125
Tyr Ala
140

Lys Gly

Ser Ile

Leu Tyr

Leu Asn

205

Liys

Ile

Glu

Asp

110

Gly

Leu

Thr

Leu

Asn
180

TYY

02/02/2006

PCT/CA02/01230

15

Leun

Leu

Thr

Glu

“Thr

85

Leu

Serxr

Gly

His

Glu

175

Pro

Ala

Asp

cly

Ala

80

Phe

dlu

Leu

Ile

Thr

160

Ser

Phe

Ala
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13/41

02/02/2006

PCT/CA02/01230

Tyz Ala Val Lys Ser Arg Val Gln Glu His Pro Ala Ser Ala @Qlu DPhe

210

215

220,

Val Leu Lys Gly Glu Thr Glu Glu Leu Glp Ala Asn Ala Cys Thr Asn

225

230

235

Pro Ala Val His @Glu Lys Leu Lys Lys

<210> 7
<211l> 660
<212> DNA

<213>

<220>
<223» 2456
<400= 7

atgatcecett
tecageegett
ttatctgtag
gatgaactgg
gtegataatyg
ggagggggte
écgacgaagc
‘etettttett

cegoccggag

245

Artificial Seguence

bp deletion in cog-32 (qmigs)

caégaagtgc
cagtatcttc
aaaaatt§tt
gtcectteea
ttagasaaag
ttttgtcgat
aagctgtaag

tttttttegg

tocacgactg

cagaatcatd
tattgatgta
ttaggtcgaa
cgcaéttcac
cgatcagaag
tccactggeco
angattttc
aaataaattt

ggaaaaatte

gcaaagetac
aaagaggtaa
aaatteggag
tcattaaaca
gctcétcctc
agaagtggat
ccatttttet
gaaaatttte

atcacacceg

aacgactaca
agacatataaa
acttgtctge
ggattegagt
gattagtéga
tecgatgtiac

aggaatttat

agaatgtact

ccgagetoac

240

ctcgactact
aataagctat
agaatggget
teccttggatt
cgttggaage

aggaattgat

goaaaatcag

cazaategtg

ttCécatctc

60

128

is0

240

300

360

420

480

540
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14/41

02/02/2006

PCT/CA02/01230

gaaaaagegg ghtgecagggt gacggeggtg catggattaa tgtttecatec ggttggaaat

cactggacat ggatcgaate gactcagtgt éattacggaa ttttggeagt gaagaattag

<210 B

<211> 807

<212> DNA

«213» Artificial Sequence

<220>

<223> Bxons 4 of cog<3 (gmigs)

<400> 8

atgatcccﬁt
teoageegett
geagaatggy
gﬁtccttgga
gacgttggaa
acaggaattg
ccccttcaaa
ttctgtcaga
gaacacgtcg
geccogeteot
éttgcagaga

acacccegecg

ggattaatgt

cacgaagtge
cagtatettc
ctgatgaact
ttgtegataa
gcggaggggg
atgcgacgaa
ttgecggaat
agecacacaa
cegatettee
tcatcacaac

atgtactcaa

agctcactté

ttoatceggt

cagaatcatc
tattgatgta
gggtecette.
tgttagéaaa
tetettgteg
gcaaéctgta
ctegaagege
taaatcggee
cggatteatt
tatcaacaga
aatégtgccg
acatétcgaa

tggaaatcac

gcasagetac

aaagaggteg
cacgcacgtc
agcgatcaga
atteccactgg
gaagctgcga
ctccggttcé
tacgatgeag
ggctgecteg
acgtggétga
cceggagtec
aaagcgggﬁt

toggacatgga

aacgact;ca
aaaaattegg
actcattaaa
aggctcctee
ccagaagtgy
atcagtcect
agcataccag
togtegette

ctgagetgge

gecaaattggce

acgactggga
gcegggtgac

tegaategac

ctegactact
agacttgtet
caggattcga
tcgattagtg
attegatgtt
cacagcgaaa
cgteogaggat
ggaaéttgtc
tegeoeceggt
agctatttgg
aaaatteate
ggcggtgcat

tcagtgtaat

600

660

60
120
180
240
300
360

420
480
540
600
660
720

780
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tacggzattt tggcagtgaa gaattag

<210> 8
<211» 30
<212> DNA

<213> Artificial Sequence
<220>
<223> SHP 1772

<400> 9

ctgattitett ccagagotet cttgeoogeac

<210> 10
<211> 30
<212> DNA

<213> Artificial Sequénce

<220>

<223> SHP 1773

.«400> 10

' agcattecey agétgatgca ctecttgagg

210> 11

15/41

02/02/2006

PCT/CA(Q2/01230

807

30

30
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16/41

<211> 27
<212> DNA

<213> Artificial Sequence

<220>

<223> SHP 1774

<£00> 11

‘tagegactct cagegacaag cttaacc 27

<210> 12
<211l> 27
<212> DNA

<213> Artificial Sequence

<220>

<223> SHP 1775

«<400> 12

- gaggeeggtt ccgagacgat ggeatcg 27

<210> 13
«<211» 24
<212> DNA

<213> Artificial Sequence



WO 03/014383

<220>

<223> SHP 1840

<400> 13

cctectogeg cactacacac cate

<210> 14
«231> 24
<212> DNA

<213> Artificial Sequence

<2205

<223> SHP 1865

<400> 14

cgaagegacyg actgeategt agge

<2105 15
<211> 10597
<212> DNA

-<213> Artificial Sequence

<220>

<221> Mus musculus Wild-type molk-1 locus -

17/41

02/02/2006

PCT/CA02/01230

24

24
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"w222> (1).

.. {60)

<223> n = any

<400> 15

nttaggntce
gggaatgttt
aaaaatibtec
atctagaagt
taggctgagt
gggctogtet
atgggttagt
aagggtgcaa
gaﬁtatgcct
ttctattgge
tgctactaaa

éatgaataat

aacggaaaght

‘ttaccaggta
cgtaacgtgyg
cctaaactge
ctacgttecea
laccaétcggg
tatgegteat
tgtecgeage

ctggtgteeyg

cggengggygg
ttcaacttet
agtaataact
ggaatgcacyg
attccacagy
taattttaag
agttteatit
actotagttt
tgcaggtata
tagatctage
titteccttec
ccagtaaagg
aaggggaaac
attgctgact
aggaaacagt
ctctocagga
atgatcgaca
tttaatceag
céccétgagt
gatgagcgcc

gaggecctte

titegggggn
gagctetete
aggacataca
ggaaaggttce
aatatttaag
ttgctgtagt
attttacagt
Ecctaaagee
gttittecce
tgteatatta
ctcaacacac
atgaacaatg
aaactgggaa
ttcaggtgta
gacctgeggy
cagctctgea
gggggcagac

ggcctagggg

cgagégcacg

gocggageca

tcaggtaceg

18/41

attcaaacéc
tagcfctaat
ccteaacatt
tgaacatttyg
tacccteact
atactaactt
agctatgaat
acagtctcta
ttatatactt
atggatatge
égctatgttc
aagcaaatct
acccacaatt
aatcggctet
tegeecttieco
tcaaccctaa

caaatagagt

cgtttcctet

attggegggy
tagegygctge

geegeteggy

aggttcttta
tttttaaaca

cttttatecte

aaggetttga

goecgetaagy
gaacactata
caaatacata
gtgatcetat
atctgacttg
actﬁtaéaat
atcactaatyg
caatataaaa
acaccgaaaa
Eaatagagaa
aagacdaggga
gagecgaccg
acgtgaattyg
ggcteteggt
cétttggacc
ttccgtggga

gtcgtggttc

02/02/2006

PCT/CAO2/01230
acagggngca 60
ckttacttee iz0
tttaggacag 180
gagccagatt 240
cecagtactt 300
attatataga 360
cccoecogon 420
aatéggcact 480
gaaattttat 540
gtttaatgta 600
tgcectagge 660
attgagaagg 720
ctggcatgtt 780
aaataatcte 840
gaaaccctaﬁ 500
ggegeettea | 360
gteattteta ig2¢
cegeggeate 1080
ataéctgéat 1140
cgectgegea, 1200
ggegeggggt 1260
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" tettegotgg
tecacaagcge
gtgaacttct
teagtgeaag
tcgggacttt
“attttegggt
tgtgtgtgtg
cacaaﬁaatt
ggcagtttgt
cagtacacat
gcetecteoatg
aggtaggttt
cttgaaacta
ggtftgagat
cttttggtaa
cacaéacaca
aacttoatta
totggaagag
agatgtttce
atttatgﬁgt
ccatggctgg
tgtgtaacaa
gaacaggtta
ttecatatacc

aaaatazaac

tgactatttg
gcgacatggg
gcaggatgco
geacatcaca
ctcaagcaaa
cceccteatt
tagtgtgtgtg
aaattctaga
gaatcactat
Ecttaactgc
ggactgttig
ggattcaggt
aatcttcaag
gtgttkttot
aﬁaataagcc
caccaccace
gatattgttg
aagartgctf

cttggtgata

ccataagecca

aacageacye

ggcagteagy

acaataagaa

cteatgataa:

tagceottgcet

cagtggaggt
ggtggggttt
ctgceggggg
gtgcaacttg
gtagcctteco
atecactgga
tgtgtgtgty
gaggccagaa
atatgggtge
tgagecttet
tattgeaaaa

ctgattcate

cattagattt.-

ttaactacaa
agaattgect
accaccacca
tgtgtgecett
agcaagtgtt
atgattcaga
cttaaaatct
ttgagaget:t
tctecagggat
tcacttgtﬁt
taataataat

actgggtagg

19/41

cacggatgte
gtagtacétc
dacaagtgat
agtgtectge
gacgacagca
ttgataggtt
tgtgtgtgtg
ttggggttiy
tgggagceca
tttgagccgt
tatggtaagce
cgagctgecce
ctattttgec
cttattaagt
geccccaaat
ccaccaccaa
ccaaggettg
tggatattat
agagactttt
tcteatttge
c;agctctgc

gtggatttta

tecatttatga.

aaaaaaccot

ttttaatkty

acggggagga
tagttgattyg
taccagcetg
agtgtecete
teaatetgtt
ttagagtttt
tgcgegegey
aatctgcaad
actcaagtca
agagtcﬁctg
tttgaatttyg
cagaaéatcg
tgaaggcaat
zatttaattg
ggatgagtaa
taccttgaga
agtccaaggce
tcaagacaty
taagageccte
cacttaaaat
gatteagett
aggttecttg
agtaacttag
taagtgtgtg

gttttgagac

02/02/2006
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cgteotatacg 1320
acaggaatgg 1380
tgatgtgacyg 1440
cggtctecac 1500
ataaatgeag 1560
aaaaagtgtg 1620
cgtgegtgey 1680
tagagtaaca 1740
tttgcaagtyg 1800
tttttatecaa, 1560
gaatggagag 1820
-tggtcatttt 1980
attgtttgga 2040
aaactacate 2100
teacceccee 2160
acagetatga 2229
tgtitttett 2280
ccagttatag 2340
ttagtatgta 2400
ctcocagata 2460
tattttaaag 2520
ctaaccecagt 2580
tttootttgt 2640.
tctoettaaa 2700
agdototage 2760
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gectggetgac
aacteatget
cteceagtea
taaagaatce
getecoctigtt
ctgtetteag
atgtagttgo
tgagccacct
gttgocettga.
aatacaactg
ccagaagceat
atcactgtce
ggaatggttyg
tctgtccaét
agccattete
- gactgttgat
gactécaﬁgc
ttaagecttg
;gttgaagtt
agagagectyg
" gtttcogttt
acattcaaga
gagtttagtc
_gtgtattaaa

. ttcagaacat

ctggaccttg
gggattaata
ttgagtgeag

tgtttateac

-attcttettt

acacaccaga
tgggaattga
caccaggece
actttctttg
gctcaccaag
aageccttga
cataaaatat
gtgtcttaca
tagagtecagt
eeteotgeayg
gtagctcagc
atacacacca
gttgatgaaa
tgecttaggtyg
cagcacttta
ttatatggaa

tectctaatce

.tgaggtcaaé

agaacgttga

caacactgge

cttgtteaceo
cctatactga
aagttgtgtt
acctecaaaag
tazaaaaaag
agagggaatc
ceteaggace
cttgttatte
ctaaaaagtq
tetgteteca
acttggacac
gggcctcaaa
ctcggecagga

gagctgagty

‘aatccacgtyg

atttaaaatt
gatactdcaa
gagccaaaga
aaaagaagtyg
aacagggtge
taaacacaca
tggagettygy
ccttgtcagg
agccecaact

cgetteccag

20/41

aggatatcct
tttcttaggt
ttagagaaca
ceagceatat
atttatttta
agatcccatt
tctggaégag
cttaatatac
agagcacaag
gacectgett
agaaatgcaa
cegtagagec
gagctgaggt
aggcagagca
cctttgeaca
ctacttggka
tcctgecceg
catatgggac
tcttecaaag
agctagagtg
ttactacagy
aagtatagtg
cagggtctca
tgggatgeca

ggagacttag

tcaattcaca
asaaggacaa

ttecagtgty

aaacttggco

tatatgtgaa
acaaatggte
cagtcagtge
tttttaaaaa
caaacaagat
tetgeaagga
caagttectg
ccactgtctg
gecgtgtctg

tgccatgege

cacagecgeta”

graaagcetea
tggcottgtg
ttttecacec
acatggtggt
acaaaccaga
accettetgy
aagtgtttac
gtc#dctgcc

ggctttgtec

‘ggagagcatt

02/02/2006

PCT/CA02/01230
gagctetgee 2820
atactaccct 2880
tEctcagtta 2940
cacctgetea 3000
cacactgtag 3060
ctgagccace 3120
ttttaaccge 3180
ggagtactgg 3240
tgtgttgaga 3300
gacaagctgg 3360
attgtgtece 3420
aagacagttt 3480
ctocacagac '3540
agtagaccaa 3600
ttﬁgtcccag 3660
cgtteeccaac 3720
tccaaagace 3780
gttttctgga 3840
catagcaage 3300
gggcctgtgg 3960
gatgaggtaa 4020
atttgaagaa 4080
cgtégéattg 4140
cctgagcCtt‘ 4200
atagataget 4260
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ttgggtgeac
gctgtcacgt
asagtaaatc
gacaaagaac
caaaaaggca
agggcectgag
gtégataatg
aggtgtcaca
attegggtyg
gtgcteggte
ccagtetgtt
ccaaagggag
tgactotgge
gggtgatcge
aaaaaaatgy
gtgtatttgt
atgttcecatg
ggttaacage

tgaagaggtc

cecacctooe

cagcttagat
gtectgettgt
ctecattgget
ttgtigttgt

ctecagadcet

teccagggget
cagctgectt
cggaagcoect
acacactggt
acaggecage
tteccatcocet
agacggacac
gttcggggat
atcacgetgg
ggaccagtgt
gocctggeag
Qcacttggaa
tgggtgtggt
tgggactttg
agagaggggg
ggtgttaatg

tgecoaggagg

cecgaagato

acctgaccte

tgggtetgac

cacegoagat
égccctgcac
gtectgtttt
tgttgttagt

ggagﬁtctat

tectgtacage
gtgaggacag
agtetttagg
agatgtdgtee

gatatgacte

'ggaccecaca

ttgcttttke
gaccétagac
tgaatatgga
tggecctgte
tgtatgtgaa
caaagecactt
ggtgcatgecce
aggccagect
aaagaaagta
tttcattgea
ttgttgtagg
tagétttcct
taggttttca
tggggaataa
cécagtcccc
aactctecty
étattgagaa
ttbkttteatt

atggctecact

21/41

ttgagagggy
atttcggfcc
tgaagteottt
agccceteagy
agtgggtaaa
actcecgtttt
attgcagagt
aatattzacc
gcaaaccgea
attcaggtgg
gcectaggge
gctetgttgt
tataaéccca
ggtctacata
agagagaaag
gaaaaggcty
cttgtectag

ttececagatet

tttecetgtyg

accagatect
agtgcteatc
tgaagagtcc
cattctgega

attttetett

atgcaégctg

agccteectt
ttccagateg
tgggtttgag
cttghtettte
ggtgettget
caggaatgte
atggaagagdg
gggeagecgt
tetatgoagy
gttcttiect
atcacttitg
ctaaaagcac
gcacttggga
ggaagttecca
aaattgggte
aaagteccte
cacagagtat
ctcatctact
tgeacactag
gttgtecacea
ccatgtgtaa
ttecatgeocag
gttttcagga
gtggttgett

attgtgtggt

02/02/2006

PCT/CAO2/01230
tecctgaaaca 4320
cecatatgttt 4380
cattgeaggt 4440
attctgtegg 4500
ttccageaca 48560
'agtgtcctgﬁ 4620
cctcafcatc 4680
ggatckaata 4740
geaaatgget 4800
gagtecteage 4860
gctgtgtget 4920
agatatgcat 4280
getggagata 5040
ggtecagaaag 5100
tggaaattgg 5160
cattagaaga . 5220
cagagagagg 5280
tctgegacee 5340
cctggtaacc 5400
tgacacatgg 5460
gatggtgggt 5520
gagaatgcct 5580
cacagttttyg 5640
gagccggtgg 5700
cacﬁgaggtg 5760
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tgtgtggetc
ggcaggtget
taaggggatg
cgtgteeceotg
gaaccatttyg
gatgccettyg
-gggctctaat
ttaaaattta
tetttgttta
tcacagaggg
ccteagagea
acagaggeag
cacacacaca
agaacccaga
taacttgggt
aaatccatte
‘ctaggegtga
geaggtactg
- cgtcacagee
cagcctgtgg
gaaggaagga
caaccagatce
gatéactgtg
gcagggadtt

tacagctcag

tggaggtgga
tttetttttt
gaagacagca
tgatgccket
aaaaagttca
tggaacgtgg
gatgggetgt
ctgtgtgttt
tattacttta
aagcetaggat
acctgactgt
gcagatctct
cacacacaca

tagcactcte

ttecatagtga-

agaaagaget
ctgttteaag
ctgacatcca
cteceoecagaga
cttgactttg
gcaatggcct
cgcatgetga
cgetgettga
agacagctgg

aactgttcec

acacttaget
gagagattet
ttgcaccaat
ttttatgtit
aggagttgat
caggcttige

tectgeetet

tectaaagot:

agatagagcec
cgtgecacea
gagagtgotg
gagtttgagg
cacacacaca
agctctctge
gatettgtet
ttgtgactgg
ggattecatgg
gagggtggat
gttaccaace
tttgtttgac
geaccgtggc
tggaagagaga
géagagaaag
ggaaggggge

agtceaggtce

22/41

ctgtcoaagyg
tctgtggftt
tecttettac
cooocaccag
gattgeattc
cetgggtatg
ggagcccttg
aaattgaégt
atcactttta
ctgcecagaat
gtgcccaccet
ccageatggt
cacacacaca
agagggtcaa
caaacaaaac
catctgaﬁat
gaatatctga
atecgggtgee
caggtgteag
ggttgeagag
égtagaagag
ccetgagaag
ggeaggtgac
gtatetttta

tgtgtggecet

cettggttet
gettttatet
ctettgtgtyg
aaaatgtggy
agggtcegac
tgtetgtceea
tecagggetyge
tgatgaagtt
taaatagatyg
ccatgtectyg
ttaaccceag
ctacaaatcg
cacacacaga
gtctqattga
aaaccaacca
aagctccage
atgcccagty
attagacacc
gacgeetcac
gcaggaactyg
tctategeta
tatgaggage
aggaéatggg
egtgagacac

ctgcacatec

02/02/2006

PCT/CAD2/01230
tecatttackt 5820
catggatatt 5880
ctcagegage 5540
atcaagagaa 6000
ctacggtttt 6060
geagccgett 6120
atccaacctt 6180
gatkgaattt 6240
gtataataac 6300
aggatectga €360
cactegggag 6420
agttccataa 6480
agaacagcag 6540
gcoecatgtygt €600
aataaaétaa 6660
cgettotcaa 6720
gtcatgatca 6780
ctgagaaaca 6840
aéatgaccag 6900
cecttgetggg 6960
atcactacaa 7020
tgctgoaggt 7080
tactaaggag 7146
agacagatca 7#00
atg&ctcagc. 7260



WO 03/014383

agcacgagyt
aaggecctgac
gcettctgtt
geggacagaa
. aactaatgaa
ggaaagggac
atgatgatea
actatttgge
ceatecteca
ttgagacaaa
atgtecagtgt
agtttcacat
ggcﬁcaggat
gecaggceca
cagcaccaaa
toaggcaagce
ttecacagcaa
tcageeactg
gccacagcta
-aagoatgaga
Qagctgccgg
catcaagcag
agagctggta
acaaaggttt

gggtacttga

gaacaaggat gatgtcaget
ccctacacaa agaaccatag
tgteccagbge cagaaggtea
gagactagat ttaaatatgt
aagagaagcec atgaacttga
aggaaaaazt gctgtggtta
actcttcagg ttgagtgatt
cetgggetgyg tcttaaaéct
gcactctcece taac;gcagt
ggettgictb.gaetcttgge
gtattgctgt acttggecat
atctgaatge ttagatgtgg

tagecttgtt ggaggaagta

gggtetgtet cttggtetge

gtgctgoecet getecctget
cocecagttaa atgettteoct
cagagcaggyg actaagacag
gctgacccta goctgtggece
tgggttacte ttgecaaggct
gectttgaca getgihatgtg
caacctgggyg tgccgactca
tttecgegaty aggagettga
gggCCaactﬁ ttcttgﬁgct
ctgtteccaa aaggagacat

cagaaagcac ccaagctcag

23/41

aacacactaa
tgatgcagga

gcetgaaage

ataagcaaat.
aggagagcay

-actaataatce

ttecteaggt
agecgtctaca
tecatttactt
cctooctgect
gtggtggttt

gggagtggca

ot

tééﬁgttgga
aagtcaggat
aagctgatag
ttctaagagt
gcaacaactc
atgctcgtﬁt
gttecacecca
aggacacagy
ccecagtetg

acaccacgac

gctoteggge |

ttgaaagtac

cdttggtcca

ctagacagag
aggtcegagat
atacatacag
acatacacac
?gaggggtat
écaaaaataa
ttctctatag
gaggtcctee
agattctgtt
ctgecetteca
gaataagcge
ttatttgaga
gggtggggct
gtagcteteg
tgagectaaac
tgctttecte
toacttttta
cgtaaataag
ctggagtgcc
ctctggeetg
cgatteoettt
acaggcetgg
cattftaaag
aggtcagaag

tggtgaggct

02/02/2006

PCT/CA02/01230

aaaaatccac 7320
gggaggggtg 7380
gtggcattat 7440
aggcaacagce 7500
atgggaggaa 7560
aataaaaaaa 7620
aazagaagga 7680
tgectggttyg 7740
tggtttactt 7800
agggctgggg 78860
aggceocecac 7920
agggttagga 7980
ttaagccoccat 8040
gctactgete 8100
ctetgaaace 8160
atggtgtete 8220
aaacctaaag 8280
fecteattaga 8340
agggtagaaa 8400
gaaacaggat' B460
ctteccaggt 8520
accacgatgco 8580
gttgtggggy 8640
gcagggaaac 8700
cectgtgtect 5760



WO 03/014383

gctetgtiae
tteaaatgge
¢ccaaaccet
gggggtttec
; égctctacca
cgbgecatgtt
tcecgegtat
atcagaaagg
aggagtgaty
aaaaggcegy

Lttcttgtge

Qgtcttccct.

"agttéaéégg
ttagactgta
ttetgatgte
cecagagteyg
aggaggctygy

_tagaaacgag
accetgatat

tectgageoet

caatcaaaaa

gaggcagagy
gaggacageg
ggttatttaé

gacaaaaatt

taacacaaga
ttttgtteeca
gcectaceag
ttgct;tttg
cttaacagac
agacaatack
gcettgttga
ttttagagta
tttgtggagg
gtttgggget
tgtgaggttg
tggtcttata
aatecttitt
taagatggge
aécatgatgc
atggtaggayg
gaggtggcag
gcctagggag
tggactteat
acagtatttt
taﬁacttaag
caagaagate

tacatgacac

zattgaatta

tagtatttcot

aacazcccag
aatﬁaaatca
tgagtccagg
tttagggget
cacttgécég
ctaccatcta
agaggattat
tgtetattga
aggtgetgta
tgtgtttgte
gcagttaact
gttaatttgg
taaagattta
taagcaagac
cgoaaageac
gtggtaaate
ataaggggca
acceagtctyg
agcctececaga
aatagcagtc
ttgggtgtgg
tgcaggagtoe
ceggooccay
taatttetge

gtgaactatt

24/41

cagtteagtg
tttcccafat
tctgaacate
ggcattgaat
tttgettatt
gtacatcgcé
ccaggcegga
tocattteta
cagttatcac
aataaactct
aactctgete
gcoctaagaca
ttttacttet

tgggaagtct

“tgtggtaget

ccteacecca
gagacctcag
ttccacatca
actgecaaaca
ctggcagact
tgatgcagge
ccagygotat

caazcaacesa

aaggtctget

ttattatttt

tccatagatg
cctektttta
tgaaaataga
ccagggeett
tteoccagete
goettttgte
tgcagtgeag
gaaaagaégg
tgtgtgtgtt
ttggcgetgg
accttacagt
tcaagaacaa
atttctagag
ctcgagggag
atggetectg
gaggagacac
gagtggggtt
ctggacacca

agtttttatt

aaggcoaggat.

ctgtaatcct
cctecageaca

caataacata

atctecaaat,

aaattttcaa

02/02/2006

PCT/CA92/01230
cttctagaat B820.
tcéagaggag 8B80
tgeatctegt 8940
getaggeaayg 2000
agggtgcege 2060
c¢lecgoagge 9120
ccatatattt 9180
tegtaactta 9240
ttgttaatac 9360
attecttagt 9380
acetgeaget 9420
accattegte 5480
tttaaaaaca 9540
gtgctgtgeca 9600
aaaatcctea 96607
ctgaagggay 8720
agtgeeetta 9780
acctgttgge 9840
gttecatgagce 9900
ggcattatccr 9960
ageoaceatygg 10026
cgtceaagttt 10080
cagagctgtg 10140
aaéccagact 10200
aatatattta 10260
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aagaaaaacsa
tgtaatcecea
caagacactg
aatgteettt.
- acmgcaagad

agtggtecct

<210> 16
<211> 9353

<212> DNA

aacaaacaaa
geegtgagag
tcaaatacaa
caaacttcee
aaaaaaacm%

atagcgarce

caaagaacce

cagagggaga

aagccaaaaa

‘tgggaggetg

atgaatttge

tgagatgact

'<213> Artificial Seguence

<220>

<221> Mus musculus mutant knockout ailele of mclk-1

<222> (1)..

. {60)

<223> n = any

<4Q0> 16

. nttaggntee cggengoggy tttcggggon attcaaacec aggttcttta

gggaatgttt ttcaacttet gagctctotc tagetetaat tttttaa

.

‘aaaaattbcc agtaataact aggacataca ccteaacatt ctittatecte
atctagaagt ggaatgcacyg ggaaaggtte tgaacatttg aaggeotttga

taggctgagt attccacagg aatatttaag tacccteact gccgctaagg

25/41

aggatcaage
gagatctﬁca
aagaaaazaa
aggecaggagt
agaccaaaat

ggggett

02/02/2006

PCT/CA02/01230

agagbgtggt gatacatgeo
tgagcecagtt ggttacgtag
aaaaccteag ttetectecag
taaaggtcecag tctgagcaat

ctgacctagt tgcactggte

acagggngca
_ctttacttcc
tttaggacag
gagccagatt

cccégtactt

10320
10380
10440
10500
10560

10597

60
120
ig80
240

300
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gggctegtet
atgggttagt
aégggtgcaa
gattatgeet
ttetattgge
tgetactaaa
cétgaataat
dacggaaagt
ttaccaggta
cgtaacgtgg
cctaaactygce
ctacgttcca
accaateoeggg
.tatgcgtcat
tgtccgeage
ctggtgtecg
-tcttegetgg
toacaagegce
gtgaacttet
tcagtgcaag
tegggactet
attttegggt
tgtgtgtgtg
cacaataatt

ggcagtttgt

taattttaag
agtttcgttt
actetagttt
tgecaggtatg
‘tagatetage
ttttectiee
ceagtaaagg
aacgggaaac

attgetgact

aggaaacagt -

ctetccagga
atgatecgaca
tttaatecag
caccctgagt
gatgagegeo
gaggecctie
tgactatttg
gegacatggy
ggaggatg;c
gcacatcaca
ctcaagcaaa
cececteatt
tgtgtgtgtg

aaattctaga

gaatcectat

ttactgtagh
attttacégt
tectaaagec
gttttteoceee
tgtcatatta
ctcaacacac
atgaacaatg
aaactgggaa
ttcaggtgta
gacctgeggg
cagetetgea
gggggcagac
ggcctagggg
cgagagecacyg
gccggagceca

tcaggtaccg

‘cagtggaggt

ggtggggttt
ctgceggggg
gtgeaacttyg
gtagccttece
atccactgga
tgtgtgtgto
gaggccagaa

atatgggtge

26/41

atactaactt
agctatgéat
acagktctceta
ttatatactt
atggatatge
agetatgtte
aageaaatet
acccacaatt
aateggetcet
tcgeetttec
tecaaccctaa
caaatagagt
cgtttectet
attagegggy
tagcggctge
geegetaggy
cacggatgtc
gtagtécgtc
aacaagtgat
agtgtecetge
gacgacagca
ttgataggtt
tgtgtgtgtg
ttggggtttg

tgggagccea

gaacactﬁta
caaatacata
gtgatcctat
atetgacttg

actttaaaat

atcactaatg

caatataaaa
acaccgaaaa
taatagagaa
aagacaggga
gageegaccg
acgtgaattg
ggctctcggt
cgtttggace
ttecegtggga
gtegtggtte
acggggagga
tagttgattg
taccagocty
agtgtcecte
tecaatckgtt
ttagagtttt
tgegegogeg
aatctgeoaac

actcaagtca

02/02/2006

PCT/CA02/01230
attatataga 380
cocoocegee 420
aataggcact 480
gaaattttat 540
gtttaatgta 600
tgcectagge 660
attgagaagg 720
ctggcatgtt 780
aaataatcte 840
gaaaccctaa 500
ggegocttea 260
gtecattteta 1020
ccgeggeate ‘1030
‘atagctgeat 1140
cgectgegca 12060
ggegeggggt 1260
cgtctatacg 1320
acaggaatgy 1380
tgatgtgacg 1440
cggtctecac 1500
ataaatgcag i560
aaaaagtgtg 1620 .
cgtgcgtgeg | 1680
tagagtaaca _i74d
tttgdaagtg 1800
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cagtacacat
‘gectoteaty
aggtaggttt
cttgagacta
ggtttgagat
cttttggtaa
cacacacaca
aacttcatta
£ctggaagag
agatgtttce
atttatgtgt
ccabggctgg
tgtgtaacaa
gaacaggtta
ttecatatace
‘aaaataaaac
gectggetgac
aactcatget
cteccagtea
taaagaatce
getoctigtt
ctgtctteag
atgtagtitge
_tgagccaqct

gttgccttga

tettaactge
ggactgttig
ggattcaggt
aatcttcaag
gtgtttttgt
ataataagcé
caccaccage
gatattgttyg
aagartgett
cttggtgata
¢cataagcca
aacagcacgc
ggcagtecagg
acaataagaa
cteatgataa
tagecttget
ctggaceity
gggattaata
ttgagtgecag
tgtttatcac

attetteottt

acacaccaga-

tgggaattga
ccccaggece

acttitctttyg

tgagect:tct
Eattgcaaaa
ctgattcate
céttagattt
ttaactacaa
agaattgect
accaccacea
tgtgtgectt
agcaagtgtt
atgattcaga
cttaaaatct

ttgagagctt

tetcagggat

toacttgttt

taataataat

actgggtagg

ct:tgttcacc
cctatactga
aagttgtgtt
acctcaaaag

taaaaaaaag

agagggaatc

cctcaggacc'

cttgttatte

ctaaaaagta

27/41

tttgageegt
tatggtaégc
cgagetgeoo
ctattttgee
cttattaagt
gecececcaaat
ccaccaccaa
coaaggettg
tggatattat
agagactttt
teteatttge
ctagetcetge
gtggatttta
tcatttatga
daaaaaaccet
ttttaatttg

aggatatcet

tttettaggt

ttagagaaqa
ccagecatat
atttatttta
agateccatt
tckggaagag
cttaatatac

agégcacaag

agagtcictyg
tttgaattig
cagaaaatcg
tgaaggcaat
aatttaattg
ggatgagtaa
taccttgaga
agteeaagge
tcgagacatg
taagagecetc
cacttaaaat
gattcagett
aggttcoettg
agtaacttag
taagtgtgtg
gttttgagac
tecaattcaca
aagzaggacaa
ttecagtgtg
aaacttggeeo
tatatgtgaa
acaaatggtc
cagtecagtge
tttttasaaa

caaacaagat

02/02/2006

PCT/CA02/01230
tttttatcaa 1860
gaatggagag 1920
tggtcatttt 1980
attgtttgga 2040
aaactacatc 2100
tecacccecoo '2160‘
acagctatga 2220
tgtttktett 2280
ccagttatag 2340
ttagtatgta 2400
ctcecagata 2460
tattttaaag 2520
ctaacceagt 2580
tttoctttgt 2640
tctcocttaaa 2700
agoctctage 2760
gagctctgece 2820
atactacect '2830
ttoteagtta 2940
cacctgctea 3000
cacactgtag 3060
ctgagceace 3120
ttttaacege 3180
ggagtactgg 3240
tgtgttgaga 3300



WO 03/014383

aatacaactg
¢ccagaageat
atcactgtcco
ggaatggttg
tctgtccagﬁ
agccattcte
gactgttgat
‘gactgecatge
ttaagccttg
tgttgaagtt
- agagagectyg
~ gtttcegttt
acattcaaga
gagtttagte
gtgtattaaa
ttcagaacat
ttgggtgcac
goctgteacgt
aaagtaaate
.gacaaagaac
caaaaaggca
agggcctgag
-gtggataatg
gtggttttge

tgtegageag

getcaccaag
aagececttga
cataaaatat
gtgtcttaca
tagagtcagﬁ
ceotectgeoag
gtagctcage
atacacacca
gttgatgaaa
tgecttaggtg
cagcacttta
ttatatggaa
teetetaate
tgaggtcasza
agaacgttga
caacactgge
teccagggget
cagetgectt
cggaagcceet
acacactggt
acaggcecagc
ttceatcect
agacggacac
aagaggaagc

tgtggttttyg

tectgtateca
acttggacac
gggcetcasaa
cteggeagga
gagctgagtg
aatccacétg
atttazaatt
gatactccaa
gagcocaaaga
aaaagaagtg
aacagggtgc
taaacacacé
tggagettay
ccttgtcagy
ageceeaact
cgctteocag
tctgtacage
gtgaggacag
agtctttagg
agatgtgtcc

gatatgacte

ggaccocaca

ttgottttte
aaaaagcctc

caagaggaag

28/41

gaccctgett
agaaatgéaa
cegtagageco
gagctgaggt
aggcégagca
cctttgeaca
ctacttggta
tectgeceoeg
catatgggac
tecttecaaag
agctagagtyg
ttactacagg
aagtatagtg
cagggtctea
tgggatgcca
ggagacttag
ttgagagggy
attteggtee
tg;agtcttt
ageccteagy
égtgggtaaa
actcoegtttt
attgcégagt
tecacccagg-

Caaaaagccet

‘toetgecaagga

caagkttectg
ccactgtetg
gocgtgtotg
tgceatgege
cacégcgcta
geaaagctca
tggecttgtg
ttttceaccc
acatggtggt
acaaaccaga
acccttctgg
aagtgtttac
gteacctgee
ggctttgteoc
ggagagcatt
agccteeett
ttecagateg
tgggtttgag
cttgtettie

gatgctiget

caggaatgtc.

atggaagagg
cctggaatgt

ctecacccag

02/02/2006

PCT/CA02/01230
gacaagctgg 3360
attgtgtcce - 3420
aagacagttt 3480
ctccacagac 3540
agtagaccaa 3600
tttgtcccag 3660
cgtteccaac 3720
tccaaaéacc - 3780
gttttetgga 3840
catagcaage 3900
gagectgtgg 3960
‘gatgaggtaa 4020
atttgaagaa 4080
'cgtggaattg 4140
cotgagectt 4200
atagatagct 4260
toctgaaaca 4320
ccatatabit 4380
cattgcaggt 4440
attetgtegy 4500
ttececagcaca 4560
agtgtcctgt 4620
ctegageagt 4680
tteccacccaa £740
goctggaatg 4800



WO 03/014383

tttccaceea
cagatgeagt
gectegaaca
gecacgeaggt
gécaatcggc
ttttgtcaag
‘ategtggctg
gggaagggac
tgctecetgec
;ccggctacc
gatggaagce
agccgaactyg
cecatggogat
.egactgtggc
tattgectgaa
¢cgetceoegat
tecggcaataa
tecgaattect
s
gatgggtact
agacacagac
acatecatga
acagagaaaa
cgagatggga
atacaggtgg

acacacaggc

atgtcgagea
cggggcggeg
cocgagegace
tecteoceggeeg
tgctcotgatg
accgacctgt
gecacgacgg
tggctgetat
gagaaagtat
tgeceatteg
ggtettgteg
ttegecagge
gectgettge
¢ggctgggtyg
gagcttggey
tcgecagegea
aragacagaa
geaggtgatyg
aaggaggcag
agatcataca
ctcagcagea
atccacaagg
ggggtggcot
cattatgegy

aacagecaact

azcocegeec
cggtcccagg
ctgeagccaa
cttgggtgga
cegecgtgtt
ceggbgeoct
gegttecttg
tgogegaagt
coatcatgge
accaccaagc
atcaggatga

tcaaggcgeg

cgaatatcat

tggeggacaey
gcgaatggge
tegectteta
taaaacgcac
actgtgeget
ggacttagac
gcteagaact
cgaggtgaac
éctgacccct
tetgtttgte
acagaagaga

aatgaaaaga

29/41

agcgtettgt cattggegaa
tccacttégc atattaaggt
tatgggateg gceattgaac
gaggctatte ggctatgact
ccggcetgtca gegeaggggce
gaatgaacty caggacgagg
cgcagetgtg ctegacgthg
geeggggoeag gatcteoctgt
tgatgecaatyg cggcoggetge
gaaacategc atcgagcgag
tctggacgaa gagcatcagg
cabtgceccgac ggcgaggate
ggtggaaaat ggccgetttt
ctatcaggac atagegttgg
tgaccgette cteghbgettt
tegectictt gacgagttcet
gggtgttggyg tcgtttgtte
gcétgaggag agaaagygcea
agctggggaa gggggegtat
gttececagte caggtetgty
Aaggatgatg tcaéctaaca
acacaaagaa ccatagtgat
cagtaccaga aggtcagect
ctagatttaa atatgtataa

gaagceatga acttgaagga

02/02/2006

PCT/CA02/01230
ttcgaacacyg 4860
gacgcgtgtg 4920
aagatggatt 4980
gggeacaaca 5040°
geceggttcot 5160
cagcgcegget 5160
teactgaage 5220
gatctcacct 5280
atacgettga 5340
cacgtacteg 5400
ggctegegeo 5460
tcgtegtgac 5520
ctggatteat, 5580
ctacccgtga 5640
acggtatcgc .5700
tctgagggga 5760
ggatcececca 5820
ggtgacagga 5880
cttttacgtyg 5940
tggcctetge 6000
cactaactag 6060
gcaggaaggt 6120
gaaagcatac 6180
gcaaatacat 6240
gagoagagag éBOO
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gggtatatgg
aaataaaata
ctatagaaaa
tceteoctgece
totgtttggt
cttoocaaggy
aagegeagge
ttgégaaggg
ggggctttaa
cteteggeta
ctaaacctet
ttectecatgg
tttttaaaac
aataagtcte
agtgocaggg
ggéctggaaa
tectttette
gectggacca
ttaaaggtég
cagaaggcoay
gaggctcctg

tagatgctte

tttttatcoa

aatagatgca

ggecttgeta

gaggaaggaa
aaaaaaatga
gaaggaacta
tggttgeeat
ttacttttga
ctggggatgt
cocccagagtt
ttaggaggct
geecatgeca
ctgctecage
gadacctcag
tgtctettea
ctaaagtecag
attagageca
tagaaaaagce
caggatgage
ccaggtecate
cgatgcagag
tgggggacaa
ggaaacgggt
tgtectgete
tagaétttca
gaggagccca
tetegtgggy

ggcéagcgct

agggacagga
tgatcaacﬁc
tttggccctg
cectoccageac
gacaaaggcet
cagtgtétat
tecacatatct
caggattage
ggcccagggt

accaaagtge

gcaageceoo

¢agcaacaga
ccactgéctg
cagctatggy
atgagagcct
tgccégcaac

aagcégtttc

ctggtagggc

aggtttetgh
acttgacaga
tgttactaac

aatggctttt

aaccetgceo’

gtttecttge

ctaccactta

30/41

aaaaatgetg
ttcaggtéga
ggctggtett
tetecctaac
tgtettgact
tgetgtactt
gaatgcttag
cttgttggag
ctgtetettyg
tgcectgete
agttaaatge
gcagggacta
accctagect
ttactettge
ttgacagety
ctggggtgce
gégatgagga
céactcttct
toecaaaagy
aagcacccaa
acaagaaaca
gttteaaatt

taccagtgag

tgtttgttia

acagaccact

tggttaacta
ghtgatttice
aaaactageg
agcagtteat
cttggeecte
ggccatgtgy
atgtggggga
gaagtatgtt
gtctgcaagt
cctgetaage
ttteetttet
agacaggeaa
gtggecatge
aaggetgtte
tatgtgagga
gactcacecc
gcttgaacac
tgtgetgeteo
agacatttga
geteagectt
acccagcagt
aaatcattte
tccaggtectyg
ggggctggea

tgceccgtttg

02/02/2006

PCT/CA02/01230
ataatcccaa 6360
teoaggtttet 6420
tctacagagy 6480
ttacttagat 6540
ctgectetge 6600
tggtttgaat 6660
gbtggeattat 6720
gttggagggt 6780
caggatgtag 6840
tgatagtgag 6900
aagagttget €960
caactcteac 7020
tegtttegta 7080
accccactgg 7140
cacaggctet .7200
agtctgegat 7260
cacgacacag 7320
tegggecatt 7380
;agtacaggt 7440
ggteccatggt 7500
tecagtgtcca 7560
ccaratccte 7620
aacatctgaa 7680
ttgaatccag 7740
cttattttce 7800
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cagcteaggy

tittgttectece

gtgcagocat

agatggtcgt
tgtgttttgt
cgetggatte
tacagtacect
gaacaaacca
ctagagttta
agggaggtge
ctecctgaaaa
agacacctga
ggggttagtg
acaccaacet
.tttgttgttc
caggatggca
aatcctagea
agcacacgte
aécatacaga
_ccaaataagc
.Ettcaaaata
tgtggtgata
céagttggtt
;ctcagttct

ggtcagtctyg

tgeegeegtyg
gcaggctece
atatttatca
aacttaagga
taatacaaaa
cktggtttte
gcagetggte
ttegtecagtt
aaagcattag
tgtgcattet

tcctcaceca

agagagagga

cecktataga
gttggcaccee
atgagetccet
ttatcccaét
ceatgggagg
aagtttgagg
getgtgggtt
éagactgaca
tatttaaagsa
catgcctgfa
acgtagcaag
ccteagaatg

agcaatacmg

catgttagac
gegtatgecot:
gaaaggtttt
gtgatgtttg
ggccgggttﬁ
ttgtgetgtg
ttecetbggt
aacaggaatc
actgtataag
jatgtcagca
gagtcgatgg

ggctgggagg

aacgaggect-

tgatattgga
gagcctacég
caaazatata
cagaggcaag
acagcgtaca
atttaﬁaatt

aaaatttagt

aaaacaaaca

atcccageceg
accctgtcaa
teettteoaaa

caagaaaaad

31/41

aatactctac
tgttgaaéag
agagtatgte
tggaggaggt
99990£t9t9
aggttégcag
cttatagﬁta
cttttttaaa
atgggctaag
tgatgeegea
taggaggtgg
tggeagataa
agggagacce
ctieatagec
tattttaata
cttaagttgg
aagatctgea
tgacacccegg
gaattataat
atttctgtga

aacaaacaaa

-tgggagcaga

atacaaaage
cttccctggg

aaacmaatga

catctagtac
gattatccag
tattgatcca
gctgtacagt
tttgteaata
ttaactaact
atttgggect
gatttatitt
caagactggy
aagcactgty
taaatcectce
ggggcagaga
agtctgttec
tecagaactg
geagtectgg
gtgtggtgat
ggagtcocag
ceccagcaaa
ttectgeaagg
actattttat
gaacccagga
gggagagaga
caaaaaaaaa

aggctgagge

'atttgcagac

02/02/2006

PCT/CA02/01230
ategeagect 78690
gceggatgea 7920
tttetagaaa 7580
tatcactgtg 8040
aactctttgg 8100
ctgctecacet B160
aagacatcaa 8220
acttetattt 8280
aagtetcteg 8340
gtagetatgg 8400
accccagagyg 8460
cctecaggagt 8520
acatcactgg 8580
caaacaagtt 8640
cagactaagy ‘deo
geaggeetgt 8760
ggctatccte 8820
caaccacaat 8880
tctgetatet 8940
tattttaaat 8000
tcaageagag 5060
tetteatgag 9120
aaaaaaaaaa’ 9180
aggagttaaa = 9240
caaaatetga 2300
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cctagttgea ctggtcagtyg gtécctatag cgarcetgag atgactgggg ctt 9353

'

<210> 17
<211l> 25
«212> DNA

<213> Artificial Sequence

<220>

<223> KOS5

<400> 17

ggtgaagtet tttgggtttyg ageat 25

<210> 18
<211> 25
<212> DNA

<213> Artificial Sequence

<220>

<223> K06

<400> 18
tgtctaaggt . cateccogaa ctgtg 25
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<210> 19
<211> 25
<212> DNA

<€213> Artificial Sequence

<2205

<223> KO7

<400> 13

gccagegata tgactcagtg ggtaa 25

<210> 20
<211> 25
"<212> DNA

<213> Artificial Sequence

<220>

<223> KO8

<400> 20
caccttaata tgegaagtgg accty 25

<210> 21

<2115 10883
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<212> DNA

<213>

<220>

Artificial Sequence

«221> melk-1 flox allele

<222>
<223> n =
<400> 21
nttaggntce
gggaatgttt
aaaaatttee
_atctagaagt
taggctgagt
-égggctcgtct
- abtgggttagt
aagggtgcaa
gattatgeect
| ttectattgge
-tgctactaaa
'éatgaataat
 aacggaaagt
ﬁtaccaggta
qgtéécgtgg'

'dctaaactgcr

{1} ..

. {60}

any

cggengygggg

ttcaacttet
agtaataact
ggaatgcacyg
attccacagg
taattttaag
agtttcattt
actctagttt

tgcaggtatg

‘tagatctage

ttttectteo
ceagtaaagg
aacgggaaac
attgetgact
aggaaacagt

ctcteccagga

Litegaggan

gagetetcte
aggacataca
ggaaaggtic
aatatttaag
ttactgtagt
attttacagt
tecetaaagec
gtittteccee
tgtcatatta
ctcaacacac
atgaapaatg
aaactgggga
ttcaggtgta
gacctgcggg

cagctctgea

34/41

attcaaaccc
tagctctaat
cctoaacatt
tgaacatttg
tacccteact
atactaactt
agcetatgaat
acagteteta
ttatatactt
atggatatge
agectatgtte
aageaaatct
acccacaatt
aatéggctct
tegectttceo

tcaaccctaa

aggttettta
tttttaaaca
ctitttatcte
aaggetttga
geegetaagg
gaaqactata
caaatacata
gtgatectat
atctgacttyg
actttaaaat

atcactaatg

caatataaas’

acaccgaaaa
taatagagaa
aagacaggga

gagccgaccy

02/02/2006

PCT/ICAD2/01230
acagggngca 60
ctttacttee 120
tttaggacag' 180
gagccagatt 240
cccagtactt 300
attatataga 360
cccccccgcé 420
aataggcacf 480
gaaattttat 540
gtttaatéta 600
tgecectagge 660
attgagaaqgg 720
‘ctggeatgtt 780
aaétaatctc 840
gaaaccctaa sc0
ggegecttea 960
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ctacgttcoca
accaategygyg
tatgegteat
tgtecegeage
ctggtgtccg
tettegetgg
tecacaagege
gtgaacttet
tecagtgcaag
tegggacttt
attttegggt
tgtgtgtgtg
cacaataatt
ggcagtttgt
cagtacacat
gcekbcteatg
aggtaggttt
cttgaaacta
ggtttgagat
;cttttggtaa
cacacacaca
aacttcatta
tctggaagag
agatgtttecc

atttatgtgt

atgatcgaca
tttaatccag
caccctgagt
gatgagegec
gaggcectte
tgactatttyg
gcgacatggg
gcaggatgcc
geacatcaca
ctcaagcaaa
ccaoccteatt
tgtgtgtgty
aaattetaga

gaatccctat

tettaactge:

ggactgtitg
gygattcaggt
aatcttcaég
gtgtttétgt
ataataagcce
cacgcaccace
gatattgttg
aagartgctt
cttggtgata

ccataageca

gggggcagac
ggcctagggg
cgagagcacyg
gceggageca
teaggtaccg
cagtggaggt
ggtggggttt
ctgceggggg
gtgcaacttg
gtagcetitec
atccactgga
tgtgtgtgtg
gaggccagaa
atatgggtge
tgagecttct
tattgcazaa
ctgattecate
caftagattt
ttaactacaa
agaattgect
accaccacca
tgtgtgectt
agCaéétgtt
atgattcaga

cttaaaatet

35/41

caaatagagt
cgtttqcfct
attggcegggg
tageggetge
gecgeteggy
cacggatgte
gtagtacgte
aacaagtgat
agtgtecctge
gacgacagca
ttgataggtt
tgtgtgtgtg
ttggggtttg
tgggagccca
tttgageegt
tatggtaage
cgagectgeeo
ctatttigee
cttattaagt
gcccccaaat
ccaccaccaa
ccaaggcttyg
tggatattat
agagagttit

teteatttge

acgtgaattyg
ggctceteggt
cgtttggace
ttecegtggga
gtcétggttc
acggggagga
tagttgattg
taccagccty
agtgteccte
tcaatctgtt
ttagagtttt
tgegegegeg
aatctgcaac
actcaagtea
agagtetetyg
tttgaatttg
cagaaaatcg
tgaaggcaat
aatttaattg
ggatgagtaa
taccttgaga
agtccaaggq
tcaagacatg
taagagecte

cacttaaaat

PCT/CAG2/01230
gtcattteta 1625
cogeggeate 1080
atagctgeat 1140
egectgegea 1200
ggegeggggt 1260
cgtotatacg 1320
acaggaatygy 1380
tgatgtgacg - 1440 -
cggtetecac 1500
ataaatgcag 1560
aaaaagtgtg 1620
cgtgegtgeg 1880
tagagtaaca - 1740
tttgeaagty 1800
tttttatcaa 1860
gaa£99agag 1920
tggtecatttt 1980
attgtttgga 2046
aéactacatc 2100
tcaccoceoee 2180
acagctatga 2220
tgtttttett 2280
céagttatag 2340
ttagtatgta 2400
cteccagata 2460

02/02/2006
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ccatggetgg
tétgtaacaa
gaacaggtta
ttcatatace
adaataaaac
gctggetgag
aactcatget
cteccagtea
taaagaatcc
gcteettgtt
ctytottcay
atgtagttge
_tgagccacct
gttgececttga
:aatacaactg
pcagaagcat
atcactgtece
ggaatggtig
totgtecagt
agecattcte
gagtgttgat
gactgcatge
ttaagecttyg
tgttgaagtt

agagagcctyg

aacagcacgce

ggcagteagg

acaataagaa
ceteatgatan
tagectitget
ctggaccttg
gggattaata
ttgagtgeag
tgtttatecac
attottettt
acacacoaga
tgggaattga
céccaggccc
actttetttg
getcaccaag
aagcocttga
cataaaatat
gtgtcttacs
tagagtcagt
ccteetgeag
gtagcteage
étacacacca
gttgatgaaa
tgctt%ggtg

cageacttta

ttgagagett
tcteagggat
tcacttgttt
taataataat
actgggtagg
cttgttdace
cctatactga
aégttgtgtt
acctceaaaag
taaaaaaaag
agagggaatc
ccteaggace
cttgttatte
ctaaaaagta
toctgtcteea
acttggacac
gggcctcoaaa
ctcggeagga
gagctgagtg
aatccacgtg
atttaaaatt
gatactccaa
gﬁgccaaaga
aaaégaagtg

aagagggtge

- 36/41

ctagetetge
gtggatttta
tcatttatga
aaaaaaccact
ttttaatttg
aggatatccet
tttettaggt
ttagagaaca
ccageeatat
atttatttta
agatcceatt
tctggaagag
cttaatatac
agagcacaag
gacectgett
agaaatgcaa
cegtagagec
gagctgaggt
aggeagagea
cetttgeaca
ctacttggta
toctgeoeey
catatgggac

tecttecaaag

agctagagty.

gatteagcel:t
aggttccttyg
agtaacttag
taagtgtgtyg
gttttgagac
tcaattecaca
aaaaggacaa
tteecagtgtyg
aaacttggee
tatatgtgaa
acaaatggte
cagtoagtge
tttttaazaa
caaacaagat
tctgeaagga
caagttecctg
ceactgtctg
geegtatetyg
tgecatgege
cacagcgcta
geaaagetca
tggecttgtg

tttteccacce

.acatgétggt-

acaaaccaga.

02/02/2006

PCTICAOZIblZSO
tattttaaag 2520
ctaacqcagt 2580
ttteetttgt 2640
tctecttaaa 2700
agcctctégc 2760
gagototgoe 2820
atactaccet .2886
ttetcagtta 2940
cacctgoteoa 3000
cacactgtag 3060
ctgageeace 3120
ttttaacege . 3180
ggagtactgg 5240
tgtgttgaga 3300
gacaagctgg 3366
attgtgtece 3420
aagacagttt 3480
cteocacagac 3540
agtagaccaa 3600
tttgteccag 3660
cgtteccaac 3720
tccaaagace 3780
gttttctgga 3840
catagcaagce 3500
gggcctgtgg 3960
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gttteegttt
acattcaaga
gagtttagte
gtgtattaaa
ttcagaacat
ttgggtgeac
gctgteacgt
aaagtaaatc
tatggcgaat
gtgacaaaga
ggcaaaaagg
caagggcctg
gtgtggataa
tcaggtgteca
taattegggt
ctgtgetegg
geecagtety
cteoccaaaggy
attgactctg
tagggtgate
agaaaaaaat
gggtgtattt‘
gaatgtteca
ggggttaaca

cctgaagagy

ttata£ggaa
tectctaate
tgaggtcaaa
agaacgttga
caacactgge
tecagggget
cagctgeett
cggagetage
teecggaagece
acacacactg
caacaggecca
agttccatce
tgagacggac
cagttogggg
ggatcacgct
tcggaccagt
ttgcectgge
aggcacttgg
getgggtgtg
gctgggactt

ggagagaggg

gtggtgttaa.

tgtgecagga
geccecgaaga

tcacctgace

taaacacaca
tggagcttgg
ccttgteagg
agccegaact
cgettooeay
tctgtacage
gtgaggacag
gagctecggaa
ctagtcttfa
gtagatgtgﬁ
gcgatatgac
ctggaccceca
'acttgctttt
atgaccttag
ggtgaatatg
gttggeectg
agtgtatctg
aacaaagcac
gtggtgeatg

tgaggccage

ggaaadaaag

tgteteattg
ggttgttgta
tectaggottte

tctaggttte

37/41

ttactacagg
aagtatégtg
cagggtctca
tgggatgecea
ggagacttayg
ttgagagggg
attteggtee
taacttegta
ggtgaagtet
ccaéccctca
tcagtgggta
caactcogtt
tcattgeaga
acaatattaa
gagcaaaccg
tcattcaggt
aagccgtcgg
Etgetctgtt
cctataatece
ctgytctaca
taagagagaa
cagaaaagge
ggcttgtcct
ctttccagat

cattteoctyg

accettetgyg
aagtgtttac
gtcacctgee
ggettigtce
ggagagecatt
agcctcoctt
ttecagateg
taatgtatge
tttgggtttg
ggcttgtctt
aaggtgcttg
ttcaggaatg
gtatggaaga
ccgggoagec
catctatgca
gggttetttce
gecateacttt
gtctaaaagc
cagcacttgg
taggaagttc
agaaattggg
tgaaagtccc

agcacagagt

ctoteateota

tgtgeacact

02/02/2006

PCT/CA02/01230
gatgaggtaa 4020
atttgaagaa 4080
cgtggaatty 4140
cctgagectt 4200
atagatagct 4260
tcetgaaaca 4320
ceatatgttt 4380
tatacgaagt 4440
agcattgeag 4500
teattctgte 4560
cttteceagea 4620
tcagtgtect 4680
ggcctcaﬁca . 4740
gtggatckaa =~ 48060
gggcaaatgyg 4860
ctgagtetea 4220
tggetgtgtg 4980
acagatatge 5040
gagqtggaga 5100
caggtcagaa. 5160
tctggaaatt 5220
tccattagaa 5280
atcagagaga 5340
cttetgegac 5400
agcectggtaa 5460
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coccecaccke
ggcagcttag
gtgtotgett
cteteattgg
“tgttgttgtt
ggctcagaac
tgtgtgtgge
ttggcaggtg
tttaagggga
gccgtgtcgc
gagaacecatt
ttgatgecct
ttgggctcta
ttttaaaatt
tttotttgte
actcacagag
gacctcagayg
agacagagge
‘aacacacaca
agagaaccca
gttagcttgg
_aaa;atccat
aactaggcgt
cagcaggtac

' cacgtcacag

cetgggteotg
atccoogeag
gtggececctge
ctgtectatt
gttgttgtfa
ctggagtict
tetggaggtg
cttttettet
tggaagécag
tgtgatgeet
tgaaaaagtt
tgtggaacgt
atgatgggcet
tactgtgtgﬁ
tatattactt
ggaagctagg
caacctgact
aggcagatct
cacacacacs
gatagcactc
gtttcatagt
tcagaaagag
gactgtttea

tgetgacate

ccetoocaga

getggggaat

atcecagtec
acaactctoe
ttctattgag
gtttttttca
atatggctca
gaacacttag
ttgagagatt
cattgcacca
ctttttatgt
caacgagttg

ggcaggettt

gttectgect

tttectaaag
taagatagag
ategtgecac

gtgagagtgc

'ctgagtttga

cacacacaca
tcagetetct
gagatettgt
ctttgtgact
dgggatteat
cagggggtgg

gagttaccaa

' 38/41

aaaccagate
ccagtgcfca
tgtgaagagt
aacattctge
ttattticte
ctatgcaage
ctctgtecaa
cttotgtggt
attcocttett
ttececcece
atgattgeat
geectgggta
ctggagccct
ctaaattgaa
céatcacttt
cactgecaga
togtgeccac
ggécagcatg
cacacacaca
gcagagggte
ctcaaacaaa
ggeateotgat
gggaatatct
atatcgggtg

cccaggtgte

ctgttgteac
toceatgtgt
cctteatgece
gagtéttcag
tEgtggttge
tgattgtgtg
ggcettggtt
ttgcttttat
acctetitgty
agaaaatgtg
teagggteeg

tgtgtctgtce

tsbgagssﬁt-

attgatgaag
tataaataga
ateocatgtee
ctttaaccce
gtetacaaat
cacacagaca
aagteteatt
acaaaccaac
ataagcetcea
gaatgcccég
cecattagaca

aggacgceta

02/02/2006

PCT/CA02/01230
catgacacat 5520
aagatggtgg 5580
aggagaatgc 5640
-gacacagttt 5700
ttgagceggt 5760
gtecactgagg . 5820
ctteatttac 5880
cteatggata 5940
tgctcagega 6000
ggatcaagag 6060
acctacggtt €120
cagcageege €180
geatccaace ‘6240
ttgatkgaat 6300
tggtataata 6360
tgaggatcct 6420
agcacteggy . 6480
cgagttecat .6540
gaagaacagc - 6600
gagcceoatgt 6660
caaataaaat 6720
gcegeteete 67BDI
tggteatgat 5540
ccctgagaaa 6909
acagaggacc 6960



AR
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ageageetgt

gggaaggaag

aacaaccaga

- gtgatgactg

aggcagggac
catacagctce
gcagcacgag
acaaggecty
tggccttetg
atgeggacag
teoacggeega
atgtatgota
ggctgeagec
acacacaggc
.éggtatatgg
aaatazaata
ctatagaaaa
tqctcctgcc
tctétttggt

cttecaaggg

 aageogoagac

ttgagaaggg

‘ggggetttaa

ctetegygeta

ctaaacetet

ggcttgactt
gagcaatgge
tecegeatget

tgocgeotgett

‘ttagacagcet

agaacktgtte
gtgaacaagg
acccocoktacac
tttgtececagt
aagagactag
agctagcgaa
tacgaagtta
cgggggatece
aacégcaact
gaggazaggaa
aaaaaaatga

gaaggaacta

‘tggttgceat

ttacttttga
ctggggatgt
ccccacagtt
ttaggagget
gcceatgeca
ctgectccage

daaaccteayg

tgtttgtttg
ctgeacegtyg
gatggaagay
gaggagagasa
gg9gg9aagggg
ccagtccagg
atgatagtcag
aaagaaccat
gccagaaggt
attttegagyg
ttcecgateat
ttaggtctga
actagtteta
aatgazaaga
agggacagga
tgatcaacte

tttggeectyg

cctecageoac

gacaaaggcet
cagtgtgtat

tcacatatet

caggattage

ggcccagggt

accaaagtyge

gcaagoooce

39/41

acoggtitgeag
SCQQtaQéEQ
gacccbgaga
agggcaggtyg
gogtatcttt
Ectgtgtgge
ctaacacact
agtgatgcag
cageetgaaa
tcgacgeatyg
attcaataac
agaggagttt
gagoggoecaa
gaagccatga
aaaaatgctyg
ttcaggtitga
ggctggtett
tctcccotaac
tgtcttgéct
tgctgtactt
gaatgcttag
cttgttggag
ctgtcﬁcttg
tgécctgctc

agttaaatge

gggcaggaac
agtctategeo
agtatgagga
acagéagatg
tacgtgagac
dtctgcacat
aactagacag
gaaggtogag
gecatacatac
cctgtacate
ccttaatata
acgteceagec
atatgtataa
acttgaagga
tggttaacta
gtgattttee
aaaactageg
agcagttcat
cttggceocte
ggecatgtgg
atgtggggga
gaagtatgtt
gtctgcaagt
cctgectaage

tttectttet

02/02/2006

PCT/CA02/01230
tgcottgotg 7020
taatcactac 7080
getgetgeag 7140
ggtactaagg 7200
acagacagat 7260
ccatgacteca 7320
agaaaaatce 7380
atgggagggg 7440
aggtggeatt 7500
cggagacgeg 7560
acttegtata 7620
aagctagett 7680
gcaaatacat 7740
gageagagag 7800
ataaﬁccéaa 7860
tecaggtttet- 7920
tctacagagg 7280
ttacttagat 8040
ctygecktetge 8100
fggtttgaat 8160
gtggeattat 8220
gttggagggt 8280
caggatgtag 8340
tgatagtgag 8400
aagagttget 8460
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ttocteatgy

tttttaaaac
‘aataagtcte
39£9CC3999
ggcectggaaa
tectttotte
gcoetggacea
ttaaaggttg
cagaaggeag
‘gaggctcctg
tagatgcttce
tttttateca
aatagatgca
.ggcettgcta
cagcteoaggg
tttgttetec
gtgcagecat
agatggtegt
tgtgttttgt
cgetggatte
tacagtacct
gaacaaacca
¢tagagttta
agggaggtge

ctcctgazaa

tgtctettea
ctaaagtcag
attagagcea
tagaagaage
caggatgage
ccaggtecate
cgatgeagag
tgggggacaa
ggaaacgggt
tgtectgete
tagaatttca
gaggagccea
tetegtggag
ggcaagegct
tgecgeogtyg
gcaggctcee
atatttatcea
aacttaagga
taatacazaa
cttggtitte
gcagctggte
ttegtcagtt
aaaacattag
tgtgeattct

tacteacoea

cagcaacaga
ccactggetg
cagetatggg
atgagageet
tgccggcaac.
aagcagtttco
ctggtaggge
aggtttctgt
acttgacaga
tgttactaac
aatggettet
aaccctgocoe
gtttcctige
ctacecactta
catgtfagac
gegtatgeet
gaaaggtttt
gtgatgttty
ggecgggttt
ttgtgeotgty
tteccottagt
aacaggaate
actgtataag
gatgtcagea

gagtcgatgyg .

40/41

geagggacta
accctagéct
ttactcttge
ttgacagety
ctggggtgee
gegatgagga
caactecttet
tcecaaaagg
dagcacccaa
acaagaaaca
gtttcaaatt
taccagtgag
tgtttgttta
acagaccact
aatactctac
téttgaagag
agagtatgtc
tggaggaggt
ggggcttgtyg
aggttggeag
cttatagtta
cttttttaaa
atgggctaag
tgatgcogea

taggaggtygg

agacaggcaa
gtgqccatgc
aaggctgttc
tatgtgagga
gactcacccc
gettgaacac
tgtgetgete
agacatttga
agcteageett
acccageagt
aaatcatttc
tccaggtctyg
ggggetggcea
tgccegtityg
catctagtac
gattatccayg
tattgatceca
gctgtacagt
tttgtecaata
ttaactaact
atttgggecet
gatttatttt
caagactggg
aagcactgtg

taaatccete

PCT/CA02/01230
caacteteac 8520
tegtttegta 8580
acéccactgg 8640
cacaggetet 8700
agtctgegat 8760
cacgécacag 8820
tcgggecatt 8880
aagtacaggt 8940
ggtcecatggt 2000
tcagtgtcca 2060
ccaratecteo 9120.
aacatctgaa 9180
ttgaateccag 9240
cttattttee 9300
atcgeagect 2360
geccggatgea 5420
tttctagaaa 9480
tatcactgtg 9540
aactottitgy 9600
etgeteacct 2660
aagacatcaé 2720
acttcotattt 2780
aagtctcteg 5840
gtagetatgg 5800
accoccagagg 9960

02/02/2006



WO 03/014383

agacacctga
‘ggggttagtyg
acaccaacct
tttgttgtte
caggatggea
aatcectagea
agcacacgte
aacatacaga
ccaaataagce
tttcaaaaté
tgtggtgata
ccagttégtt
ceteagttet
ggtecagtetg

cctagttgea

agggagagga
ccettataga
gttggcacee
atgagctoct
ttateccaat
ccatgggagg
aagtttgagg
gctgtgggtt
cagactgaca
tatttaaaga
catgcctgta
acgtagcaag
ccteagaatg

agcaatacmg

‘ctggtcagty

ggctgggagy
aacgaggect
tgatattgga
gagcctacag
caaaaatata
cagaggcaag
acagcgtaca
atttacaatt
aaaatttagt
aaaacaaaca
atececageeg
accctgteaa
tecttteaaa
caagaaaaaa

gtccctatag

41/41

tugcagataa
agggagaécc
cttcatagec
tattttaata
cttaagttgg
aagatctgca
tgacaccocgg
gaattataat
atttetgtga

aacaaacaaga

tgggagcagé
atacaaaagc
cttecotbggg
aaaémaatga

cgarcctgay

ggggcagaga
agtetgtice
tecagaactg
ggagtcctgg
gtgtggtgat
ggagtcceag
ccocageaaa
t;ctgcaagg
actattttét
gaacccagga
gggagagaga
&aaaaaaaaa
aggctgagge
attﬁgcagac

atgactgggy

02/02/2006

PCT/CA02/01230
ccteoaggagt lo020
acatcactgg 10080
caaacaagtt 10140
cagactaagy | 10200
geaggectgt 10260
ggectatectce 10320
caaccacdaat 10380
tetgetatet 10440
tattttaaat 10500
tcaagcaéag 10560
tettecatgag 10620
aaaaaaaaaa 10680
aggagttaaa 10740
caaaakctga 1860
ctt | 10853



