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Solute Carrier Family 14 Member 1 (SLC14A1) Variants And Uses Thereof

Reference To A Sequence Listing
This application includes a Sequence Listing submitted electronically as a text file
named 18923800902SEQ, created on September 6, 2018, with a size of 101 kilobytes. The

Sequence Listing is incorporated by reference herein.

Field

The disclosure relates generally to the field of genetics. More particularly, the
disclosure relates to gene alterations and polypeptide variants in the Solute Carrier Family 14
Member 1 (SLC14A1) that associate with, for example, protection against coronary artery

disease (CAD).

Background

Various references, including patents, patent applications, accession numbers,
technical articles, and scholarly articles are cited throughout the specification. Each reference
is incorporated by reference herein, in its entirety and for all purposes.

Coronary artery disease (CAD) develops when the coronary arteries that supply the
heart with blood, oxygen and nutrients become damaged or diseased. Common causes of CAD
are cholesterol-containing deposits (plaque) and inflammation. Plaque build-up causes the
coronary arteries to narrow, thus resulting in decreased blood flow to the heart. In some
instances, the decreased blood flow may cause chest pain (angina), shortness of breath, or
other coronary artery disease signs and symptoms. A complete blockage can cause a
myocardial infarction.

Venous thromboembolism (VTE), consisting of deep venous thrombosis (DVT) and
pulmonary embolism, is a recurrent and debilitating disease characterized by the formation of
blood clots in veins. Family-based studies suggest that genetic variation is a major contributor
to VTE risk. However, VTE has a complex etiology, and polymorphisms identified through GWAS
account for about 5% of the heritable component of VTE, providing limited insight into genetic
underpinnings of the disease. The identification of novel genetic variants that influence VTE risk
may illuminate new therapeutic targets and guide the way to safer and more effective

alternatives to current therapies for VTE prophylaxis and treatment.
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Summary

The disclosure provides SLC14A1 variants that will aid in understanding the biology of
SLC14A1, and will facilitate the diagnosis and treatment of coagulation conditions and CAD. The
disclosure provides nucleic acid molecules (i.e., genomic DNA, mRNA, and cDNA) encoding
SLC14A1 variant polypeptides, and SLC14A1 variant polypeptides, that have been
demonstrated herein to be associated with protection from coagulation disorders and CAD.

The disclosure also provides isolated nucleic acid molecules comprising a nucleic acid
sequence encoding a human SLC14A1 protein, wherein the protein comprises an isoleucine at
the position corresponding to position 76 according to SEQ ID NO:13, or the complement of the
nucleic acid sequence, or wherein the protein comprises an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14, or the complement of the nucleic
acid sequence.

The disclosure also provides genomic DNA molecules comprising a nucleic acid
sequence encoding at least a portion of a human SLC14A1 protein, wherein the protein
comprises an isoleucine at the position corresponding to position 76 according to SEQ ID
NO:13, or the complement of the nucleic acid sequence, or wherein the protein comprises an
isoleucine at the position corresponding to position 132 according to SEQ ID NO:14, or the
complement of the nucleic acid sequence.

The disclosure also provides mRNA molecules comprising a nucleic acid sequence
encoding at least a portion of a human SLC14A1 protein, wherein the protein comprises an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13, or the
complement of the nucleic acid sequence, or wherein the protein comprises an isoleucine at
the position corresponding to position 132 according to SEQ ID NO:14, or the complement of
the nucleic acid sequence.

The disclosure also provides cDNA molecules comprising a nucleic acid sequence
encoding at least a portion of a human SLC14A1 protein, wherein the protein comprises an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13, or the
complement of the nucleic acid sequence, or wherein the protein comprises an isoleucine at
the position corresponding to position 132 according to SEQ ID NO:14, or the complement of
the nucleic acid sequence.

The disclosure also provides vectors comprising any of the isolated nucleic acid

molecules disclosed herein.
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The disclosure also provides compositions comprising any of the isolated nucleic acid
molecules or vectors disclosed herein and a carrier.

The disclosure also provides host cells comprising any of the isolated nucleic acid
molecules or vectors disclosed herein.

The disclosure also provides isolated or recombinant polypeptides comprising at least
a portion of the human SLC14A1 protein, wherein the protein comprises an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13, or the complement of the
nucleic acid sequence, or wherein the protein comprises an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14, or the complement of the nucleic
acid sequence.

The disclosure also provides compositions comprising any of the isolated or
recombinant polypeptides disclosed herein and a carrier.

The disclosure also provides a probe or a primer comprising a nucleic acid sequence
comprising at least about 5 nucleotides, which hybridizes to a nucleic acid sequence encoding a
human SLC14A1 protein, wherein the protein comprises an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13 or wherein the protein comprises an
isoleucine at the position corresponding to position 132 according to SEQ ID NO:14, or which
hybridizes to the complement of the nucleic acid sequence encoding the human SLC14A1
protein, wherein the protein comprises an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13 or wherein the protein comprises an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14.

The disclosure also provides supports comprising a substrate to which any of the
probes disclosed herein hybridize.

The disclosure also provides an alteration-specific probe or primer comprising a nucleic
acid sequence which is complementary to a nucleic acid sequence encoding an SLC14A1 protein
comprising an isoleucine at the position corresponding to position 76 according to SEQ ID
NO:13 or comprising an isoleucine at the position corresponding to position 132 according to
SEQ ID NO:14, wherein the alteration-specific probe or primer comprises a nucleic acid
sequence which is complementary to a portion of the nucleic acid molecule encoding position
76 according to SEQ ID NO:13 or encoding position 132 according to SEQ ID NO:14. In some
embodiments, the alteration-specific probe or primer specifically hybridizes to a portion of the

nucleic acid molecule encoding a position corresponding to position 76 according to SEQ ID
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NO:13 or specifically hybridizes to a portion of the nucleic acid molecule encoding a position
corresponding to position 132 according to SEQ ID NO:14, or to the complement of at least one
of these nucleic acid molecules. The alteration-specific probe or primer does not hybridize to a
nucleic acid molecule having a nucleic acid sequence encoding a wild-type SLC14A1 protein.

The disclosure also provides methods for identifying a human subject having a
coagulation condition or a risk for developing a coagulation condition, or coronary artery
disease or a risk for developing coronary artery disease, wherein the method comprises
detecting in a sample obtained from the subject the presence or absence of a variant SLC14A1
protein comprising an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 or comprising an isoleucine at the position corresponding to position 132 according to
SEQ ID NO:14; and/or a nucleic acid molecule encoding a variant SLC14A1 protein comprising
an isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 or
comprising an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14; wherein the absence of the variant SLC14A1 protein and/or the nucleic acid molecule
encoding the variant SLC14A1 protein indicates that the subject has a coagulation condition or
a risk for developing a coagulation condition, or coronary artery disease or a risk for developing
coronary artery disease.

The disclosure also provides methods for diaghosing a coagulation condition, detecting
a risk of developing a coagulation condition, coronary artery disease, or a risk for developing
coronary artery disease in a human subject, comprising: detecting the presence or absence of
an alteration in a nucleic acid molecule encoding an SLC14A1 protein obtained from the human
subject, wherein the alteration encodes an SLC14A1 protein comprising an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13 or comprising an isoleucine at
the position corresponding to position 132 according to SEQ ID NO:14; and diagnosing the
human subject with a coagulation condition or coronary artery disease if the subject lacks the
alteration and has one or more symptoms of a coagulation condition or coronary artery
disease, or diagnosing the human subject as at risk for developing a coagulation condition or
coronary artery disease if the subject lacks the alteration and does not have one or more
symptoms of a coagulation condition or coronary artery disease.

The disclosure also provides methods for treating a coagulation condition patient with
a therapeutic agent that prevents, treats, or inhibits the coagulation condition, comprising the

steps of: determining whether the patient has one or more genetic variants associated with the



10

15

20

25

30

WO 2019/051033 PCT/US2018/049674

_5-

coagulation condition by performing or having performed a genotype assay on a DNA sample
obtained from the patient to determine if the patient has one or more genetic variants
associated with the coagulation condition; and when the patient has one or more of the genetic
variants associated with the coagulation condition, administering to the patient the therapeutic
agent that prevents, treats, or inhibits the coagulation condition.

The disclosure also provides methods for treating a coagulation condition patient with
a therapeutic agent that prevents, treats, or inhibits the coagulation condition, comprising the
steps of: determining whether the patient has one or more genetic variants associated with the
coagulation condition by performing or having performed an assay on a protein sample
obtained from the patient to determine if the patient has one or more genetic variants
associated with the coagulation condition; and when the patient has one or more of the genetic
variants associated with the coagulation condition, administering to the patient the therapeutic
agent that prevents, treats, or inhibits the coagulation condition.

The disclosure also provides methods for treating a coronary artery disease (CAD)
patient with a therapeutic agent that prevents, treats, or inhibits the coronary artery disease,
comprising the steps of: determining whether the patient has one or more genetic variants
associated with the coronary artery disease by performing or having performed a genotype
assay on a DNA sample obtained from the patient to determine if the patient has one or more
genetic variants associated with the coronary artery disease; and when the patient has one or
more of the genetic variants associated with the coronary artery disease, administering to the
patient the therapeutic agent that prevents, treats, or inhibits the coronary artery disease.

The disclosure also provides methods for treating a coronary artery disease (CAD)
patient with a therapeutic agent that prevents, treats, or inhibits the coronary artery disease,
comprising the steps of: determining whether the patient has one or more genetic variants
associated with the coronary artery disease by performing or having performed an assay on a
protein sample obtained from the patient to determine if the patient has one or more genetic
variants associated with the coronary artery disease; and when the patient has one or more of
the genetic variants associated with the coronary artery disease, administering to the patient
the therapeutic agent that prevents, treats, or inhibits the coronary artery disease.

The disclosure also provides inhibitors of coagulation for use in the treatment of a
coagulation condition in a human subject having an SLC14A1 protein that does not comprise an

isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 or that does
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not comprise an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14.

The disclosure also provides agents for use in the treatment of CAD in a human subject
having an SLC14A1 protein that does not comprise an isoleucine at the position corresponding
to position 76 according to SEQ ID NO:13 or that does not comprise an isoleucine at the

position corresponding to position 132 according to SEQ ID NO:14.

Brief Description Of The Figures

The accompanying figures, which are incorporated in and constitute a part of this
specification, illustrate several aspects and together with the description serve to explain the
principles of the disclosure.

Figure 1 shows graphical results of a genetic association study for activated partial
thromboplastin time (aPTT).

Figure 2 shows a novel association with aPTT in the analysis.

Figure 3 shows a Forest plot of aPTT meta-analysis for SLC14A1 Val76lle.

Figure 4 shows a regional plot for SLC14A1 Val76lle meta-analysis association with
aPTT.

Figure 5 shows a forest plot of CAD meta-analysis for SLC14A1 V76l.

Figure 6 shows a novel association with aPTT in the analysis.

Additional advantages of the disclosure will be set forth in part in the description
which follows, and in part will be apparent from the description, or can be learned by practice
of the embodiments disclosed herein. The advantages of the disclosure will be realized and
attained by means of the elements and combinations particularly pointed out in the appended
claims. It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the

embodiments, as claimed.

Description

Various terms relating to aspects of disclosure are used throughout the specification
and claims. Such terms are to be given their ordinary meaning in the art, unless otherwise
indicated. Other specifically defined terms are to be construed in a manner consistent with the

definition provided herein.
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Unless otherwise expressly stated, it is in no way intended that any method or aspect
set forth herein be construed as requiring that its steps be performed in a specific order.
Accordingly, where a method claim does not specifically state in the claims or descriptions that
the steps are to be limited to a specific order, it is in no way intended that an order be inferred,
in any respect. This holds for any possible non-express basis for interpretation, including
matters of logic with respect to arrangement of steps or operational flow, plain meaning
derived from grammatical organization or punctuation, or the number or type of aspects
described in the specification.

” u

As used herein, the singular forms “a,” “an” and “the” include plural referents unless
the context clearly dictates otherwise.

As used herein, the terms “subject” and “patient” are used interchangeably. A subject
may include any animal, including mammals. Mammals include, without limitation, farm
animals (e.g., horse, cow, pig), companion animals (e.g., dog, cat), laboratory animals (e.g.,
mouse, rat, rabbits), and non-human primates. In some embodiments, the subject is a human
being.

As used herein, a “nucleic acid,” a “nucleic acid molecule,” a “nucleic acid sequence,”
“polynuclectide,” or “oligonucleotide” can comprise a polymeric form of nucleotides of any
length, may comprise DNA and/or RNA, and can be single-stranded, double-stranded, or
multiple stranded. One strand of a nucleic acid also refers to its complement.

As used herein, the phrase “corresponding to” or grammatical variations thereof when
used in the context of the numbering of a given amino acid or nucleic acid sequence or position
refers to the numbering of a specified reference sequence when the given amino acid or nucleic
acid sequence is compared to the reference sequence (e.g., with the reference sequence herein
being the nucleic acid molecule or polypeptide of (wild type or full length) SLC14A1). In other
words, the residue {e.g., amino acid or nucleotide) number or residue (e.g., amino acid or
nucleotide) position of a given polymer is designated with respect to the reference sequence
rather than by the actual numerical position of the residue within the given amino acid or
nucleic acid sequence. For example, a given amino acid sequence can be aligned to a reference
sequence by introducing gaps to optimize residue matches between the two sequences. In
these cases, although the gaps are present, the numbering of the residue in the given amino
acid or nucleic acid sequence is made with respect to the reference sequence to which it has

been aligned.
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For example, the phrase “a human SLC14A1 protein, wherein the protein comprises an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13” (and similar
phrases) means that, if the amino acid sequence of the SLC14A1 protein is aligned to the
sequence of SEQ ID NO:13, the SLC14A1 protein possesses an isoleucine at the position that
corresponds to position 76 of SEQ ID NO: 13. Herein, such a protein is also referred to as “a
variant SLC14A1 protein” or “SLC14A1 Val76lle.”

An SLC14A1 protein comprising an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13 can easily be identified by performing a sequence alignment
between the given SLC14A1 protein and the amino acid sequence of SEQ ID NO:13. Likewise, an
SLC14A1 protein comprising an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14 can easily be identified by performing a sequence alignment
between the given SLC14A1 protein and the amino acid sequence of SEQ ID NO:14. A variety of
computational algorithms exist that can be used for performing a sequence alignment in order
to identify an isoleucine at a position that corresponds to position 76 in SEQ ID NO:13, or to
identify an isoleucine at a position that corresponds to position 132 according to SEQ ID NO:14.
For example, by using the NCBI BLAST algorithm (Altschul et al., 1997, Nuc. Acids Res., 25, 3389-
3402) or CLUSTALW software (Sievers et al., 2014, Methods Mol. Biol., 1079, 105-116)
sequence alignments may be performed. However, sequences can also be aligned manually.

It has been observed in accordance with the disclosure that particular variations in
SLC14A1 may associate with prolonged bleeding time (e.g., diminished blood coagulation) and
may serve to protect against coronary artery disease. It is believed that these variations in
SLC14A1 may further provide protection against coagulation conditions. It is believed that no
variants of the SLC14A1 gene or protein have any previous known association with such a
protective function relating to coronary artery disease in human beings. A rare variant in the
SLC14A1 gene segregating with the phenotype of protection against coronary artery disease in
affected family members has been identified in accordance with the disclosure. Such protective
alterations in the SLC14A1 nucleic acid result in an SLC14A1 protein with loss of function or an
SLC14A1 hypomorph (e.g., partial loss of function) protein. For example, a genetic alteration
that results in the replacement of a valine with an isoleucine at a position corresponding to
position 76 according to SEQ ID NO:13 has been observed to indicate that the human having
such an alteration may possess a protection against developing coronary artery disease or may

have a lowered risk of developing coronary artery disease.
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Altogether, the genetic analyses described herein surprisingly indicate that variants in
the SLC14A1 gene that result in SLC14A1 proteins having loss of function or partial loss of
function are associated with decreased susceptibility to coronary artery disease, and are
believed to be associated with decreased susceptibility to coagulation-based events in the
body. Therefore, human subjects that do not possess the SLC14A1 alteration that associates
with a protection against a coagulation condition or coronary artery disease may be treated
such that a coagulation condition or coronary artery disease is inhibited, the symptoms thereof
are reduced, and/or development of symptoms is repressed. Accordingly, the disclosure
provides isolated or recombinant SLC14A1 variant nucleic acid molecules, such as genes, mRA,
and cDNA, as well as isolated or recombinant SLC14A1 variant polypeptides. Additionally, the
disclosure provides methods for leveraging the identification of such variants in subjects to
identify or stratify risk in such subjects of developing a coagulation condition or coronary artery
disease, or to diagnose subjects as having a coagulation condition or coronary artery disease,
such that subjects at risk or subjects with active disease may be treated.

The amino acid sequences for two wild type SLC14A1 proteins are set forth in SEQ ID
NO:11 and SEQ ID NO:12. The wild type SLC14A1 protein having SEQ ID NO:11 is 389 amino
acids in length, whereas the wild type SLC14A1 protein having SEQ ID NO:12 is 445 amino acids
in length. SEQ ID NO:11 comprises a valine at position 76 and SEQ ID NO:12 comprises a valine
at position 132.

The disclosure provides nucleic acid molecules encoding SLC14A1 variant proteins that
associate with protection against a coagulation condition or coronary artery disease. For
example, the disclosure provides isolated nucleic acid molecules comprising a nucleic acid
sequence encoding a variant SLC14A1 protein, wherein the variant SLC14A1 protein is a loss of
function protein or a partial loss of function protein. In particular, the disclosure provides
isolated nucleic acid molecules comprising a nucleic acid sequence encoding a human SLC14A1
protein, wherein the protein comprises an isoleucine at a position corresponding to position 76
according to SEQ ID NO:13, or the complement of the nucleic acid sequence.

In some embodiments, the nucleic acid molecule comprises or consists of a nucleic
acid sequence that encodes a human SLC14A1 protein having an amino acid sequence that has
at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least

about 99% sequence identity to SEQ ID NO:13 and comprises an isoleucine at a position
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corresponding to position 76 according to SEQ ID NO:13, or the complement of the nucleic acid
sequence. In some embodiments, the nucleic acid molecule does not encode SEQ ID NO:13.
Herein, if reference is made to percent sequence identity, the higher percentages of sequence
identity are preferred over the lower ones.

In some embodiments, the disclosure provides isolated nucleic acid molecules
comprising a nucleic acid sequence encoding a human SLC14A1 protein, wherein the protein
comprises an isoleucine at a position corresponding to position 132 according to SEQ ID NO:14,
or the complement of the nucleic acid sequence.

In some embodiments, the nucleic acid molecule comprises or consists of a nucleic
acid sequence that encodes a human SLC14A1 protein having an amino acid sequence that has
at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% sequence identity to SEQ ID NO:14 and comprises an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14, or the complement of the nucleic
acid sequence. In some embodiments, the nucleic acid molecule does not encode SEQ ID
NO:14. Herein, if reference is made to percent sequence identity, the higher percentages of
sequence identity are preferred over the lower ones.

The nucleic acid sequence of a wild type SLC14A1 genomic DNA is set forth in SEQ ID
NO:1. The wild type SLC14A1 genomic DNA comprising SEQ ID NO:1 is 28,394 nucleotides in
length. Referring to SEQ ID NO:1, position 6963 of the wild type SLC14A1 genomic DNA is a
guanine.

The disclosure provides genomic DNA molecules encoding a variant SLC14A1 protein.
In some embodiments, the genomic DNA molecules encode variant SLC14A1 proteins that are
loss of function proteins or partial loss of function proteins. In some embodiments, the variant
SLC14A1 genomic DNA comprises or consists of a nucleic acid sequence encoding an SLC14A1
protein comprising an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 or comprising an isoleucine at the position corresponding to position 132 according to
SEQ ID NO:14. In some embodiments, the variant SLC14A1 genomic DNA comprises or consists
of a nucleic acid sequence encoding an SLC14A1 protein comprising an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13. In some embodiments, the

variant SLC14A1 genomic DNA comprises or consists of a nucleic acid sequence encoding an
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SLC14A1 protein comprising an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14.

In some embodiments, the variant SLC14A1 genomic DNA comprises or consists of a
nucleic acid sequence that encodes a variant SLC14A1 protein having at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:13, and comprises an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13. In some embodiments, the variant SLC14A1 genomic DNA
comprises or consists of a nucleic acid sequence encoding a variant SLC14A1 protein having SEQ
ID NO:13. In some embodiments, the variant SLC14A1 genomic DNA comprises or consists of a
nucleic acid sequence that encodes a variant SLC14A1 protein having at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:13, and comprises an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13, provided that the variant SLC14A1 genomic DNA does not
comprises or consists of a nucleic acid sequence that encodes SEQ ID NO:13.

In some embodiments, the variant SLC14A1 genomic DNA comprises or consists of a
nucleic acid sequence that encodes a variant SLC14A1 protein having at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:14, and comprises an isoleucine at the position corresponding to position
132 according to SEQ ID NO:14. In some embodiments, the variant SLC14A1 genomic DNA
comprises or consists of a nucleic acid sequence encoding a variant SLC14A1 protein having SEQ
ID NO:14. In some embodiments, the variant SLC14A1 genomic DNA comprises or consists of a
nucleic acid sequence that encodes a variant SLC14A1 protein having at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:13, and comprises an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13, provided that the variant SLC14A1 genomic DNA does not
comprises or consists of a nucleic acid sequence that encodes SEQ ID NO:14.

In some embodiments, the variant SLC14A1 genomic DNA comprises or consists of a

nucleic acid sequence comprising an adenine at a position corresponding to position 6963
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according to SEQ ID NO:2. In contrast, the wild type SLC14A1 genomic DNA comprises a guanine
at a position corresponding to position 6963 according to SEQ ID NO:1. In some embodiments,
the genomic DNA comprises or consists of a nucleic acid sequence that has at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity to SEQ ID NO:2, and comprises an adenine at a position corresponding to
position 6963 according to SEQ ID NO:2. In some embodiments, the genomic DNA comprises or
consists of a nucleic acid sequence according to SEQ ID NO:2. In some embodiments, the
genomic DNA comprises or consists of a nucleic acid sequence that has at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:2, and comprises an adenine at a position corresponding to position 6963
according to SEQ ID NO:2, provided that the genomic DNA does not comprise or consist of a
nucleic acid sequence according to SEQ ID NO:2.

In some embodiments, the variant SLC14A1 genomic DNA comprises a nucleic acid
sequence which is at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identical to SEQ ID NO:2, provided that the
nucleic acid sequence comprises a codon at the position corresponding to positions 6963 to
6965 according to SEQ ID NO:2 that encodes an isoleucine, or the complement thereof. In some
embodiments, the variant SLC14A1 genomic DNA comprises the nuclectides corresponding to
positions 6963 to 6965 according to SEQ ID NO:2. In some embodiments, the variant SLC14A1
genomic DNA comprises SEQ ID NO:2. In some embodiments, the variant SLC14A1 genomic
DNA comprises a nucleic acid sequence which is at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% identical to SEQ ID
NO:2, provided that the nucleic acid sequence comprises a codon at the position corresponding
to positions 6963 to 6965 according to SEQ ID NO:2 that encodes an isoleucine, and provided
that the variant SLC14A1 genomic DNA does not comprise SEQ ID NO:2, or the complement
thereof.

In some embodiments, the isolated nucleic acid molecules comprise less than the
entire genomic DNA sequence. In some embodiments, the isolated nucleic acid molecules
comprise or consist of at least about 15, at least about 20, at least about 25, at least about 30,

at least about 35, at least about 40, at least about 45, at least about 50, at |least about 60, at
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least about 70, at least about 80, at least about 90, at least about 100, at least about 200, at
least about 300, at least about 400, at least about 500, at least about 600, at least about 700, at
least about 800, at least about 900, at least about 1000, at least about 2000, at least about
3000, at least about 4000, at least about 5000, at least about 6000, at least about 7000, at least
about 8000, at least about 9000, at least about 10000, at least about 11000, at least about
12000, at least about 13000, at least about 14000, at least about 15000, at least about 16000,
at least about 17000, at least about 18000, at least about 19000, at |east about 20000, at least
about 21000, at least about 22000, at least about 23000, at least about 24000, at least about
25000, at least about 26000, at least about 27000, or at least about 28000 contiguous
nucleotides of SEQ ID NO:2. In some embodiments, the isolated nucleic acid molecules
comprise or consist of at least about 1000 to at least about 2000 contiguous nucleotides of SEQ
ID NO:2.

In some embodiments, the isolated nucleic acid molecules comprise less than the
entire genomic DNA sequence. In some embodiments, the isolated nucleic acid molecules
comprise or consist of at least about 15, at least about 20, at least about 25, at least about 30,
at least about 35, at least about 40, at least about 45, at least about 50, at |least about 60, at
least about 70, at least about 80, at least about 90, at least about 100, at least about 200, at
least about 300, at least about 400, at least about 500, at least about 600, at least about 700, at
least about 800, at least about 900, at least about 1000, at least about 2000, or at least about
3000 contiguous nucleotides of SEQ ID NO:2. In some embodiments, such contiguous
nucleotides may be combined with other nucleic acid molecules of contiguous nucleotides to
produce the cDNA molecules described herein.

Such isolated nucleic acid molecules can be used, for example, to express variant
SLC14A1 mRNAs and proteins or as exogenous donor sequences. It is understood that gene
sequences within a population can vary due to polymorphisms, such as SNPs. The examples
provided herein are only exemplary sequences, and other sequences are also possible.

In some embodiments, the isolated nucleic acid molecules comprise a variant SLC14A1
minigene, in which one or more nonessential segments encoding SEQ ID NO:13 or SEQ ID
NO:14 have been deleted with respect to the corresponding wild type SLC14A1 genomic DNA.
In some embodiments, the deleted nonessential segment(s) comprise one or more intron
sequences. In some embodiments, the SLC14A1 minigene has at least about 70%, at |least about

75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least



10

15

20

25

30

WO 2019/051033 PCT/US2018/049674

-14 -

about 96%, at least about 97%, at least about 98%, at least about 99%, or 100% sequence
identity to a portion of SEQ ID NO:13 or SEQ ID NO:14, wherein the minigene comprises a
nucleic acid sequence having an adenine at a position corresponding to position 6963 according
to SEQ ID NO:2.

The nucleic acid sequences of two wild type SLC14A1 mRNAs are set forth in SEQ ID
NO:3 and SEQ ID NO:4. The wild type SLC14A1 mRNA comprising SEQ ID NO:3 is 1170
nucleotides in length. Referring to SEQ ID NO:3, position 226 of the wild type SLC14A1 mRNA is
a guanine. The wild type SLC14A1 mRNA comprising SEQ ID NO:4 is 1338 nucleotides in length.
Referring to SEQ ID NO:4, position 394 of the wild type SLC14A1 mRNA is a guanine.

The disclosure also provides mRNA molecules encoding variant SLC14A1 proteins. In
some embodiments, the mRNA molecules encode variant SLC14A1 proteins that are loss of
function proteins or partial loss of function proteins. In some embodiments, the variant
SLC14A1 mRNA comprises or consists of a nucleic acid sequence encoding an SLC14A1 protein
comprising an isoleucine at the position corresponding to position 76 according to SEQ ID
NO:13 or comprising an isoleucine at the position corresponding to position 132 according to
SEQ ID NO:14. In some embodiments, the variant SLC14A1 mRNA comprises or consists of a
nucleic acid sequence encoding an SLC14A1 protein comprising an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13. In some embodiments, the variant
SLC14A1 mRNA comprises or consists of a nucleic acid sequence encoding an SLC14A1 protein
comprising an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14.

In some embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic
acid sequence that encodes a variant SLC14A1 protein having at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to
SEQ ID NO:13, and comprises an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13. In some embodiments, the variant SLC14A1 mRNA comprises or
consists of a nucleic acid sequence encoding a variant SLC14A1 protein having SEQ ID NO:13. In
some embodiments, the variant SLC14A1 mRNA comprises or consists of a nhucleic acid
sequence that encodes a variant SLC14A1 protein having at least about 90%, at |least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
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SEQ ID NO:13, and comprises an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13, provided that the variant SLC14A1 mRNA does not comprise or
consist of a nucleic acid sequence that encodes SEQ ID NO:13.

In some embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic
acid sequence that encodes a variant SLC14A1 protein having at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to
SEQ ID NO:14, and comprises an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14. In some embodiments, the variant SLC14A1 mRNA comprises or
consists of a nucleic acid sequence encoding a variant SLC14A1 protein having SEQ ID NO:14. In
some embodiments, the variant SLC14A1 mRNA comprises or consists of a nhucleic acid
sequence that encodes a variant SLC14A1 protein having at least about 90%, at |least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to
SEQ ID NO:13, and comprises an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13, provided that the variant SLC14A1 mRNA does not comprise or
consist of a nucleic acid sequence that encodes SEQ ID NO:14.

In some embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic
acid sequence comprising an adenine at a position corresponding to position 226 according to
SEQ ID NO:5. In contrast, the wild type SLC14A1 mRNA comprises a guanine at a position
corresponding to position 226 according to SEQ ID NO:5. In some embodiments, the variant
SLC14A1 mRNA comprises or consists of a nucleic acid sequence comprising the codon AUC at
positions corresponding to positions 226 to 228 according to SEQ ID NO:5. In contrast, the wild
type SLC14A1 mRNA comprises the codon GUC at positions corresponding to positions 226 to
228 according to SEQ ID NO:5. In some embodiments, the variant SLC14A1 mRNA does not
comprise or consist of a nucleic acid sequence according to SEQ ID NO:5.

In some embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic
acid sequence that has at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity to SEQ ID NO:5, and comprises an
adenine at a position corresponding to position 226 according to SEQ ID NO:5. In some
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has at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% sequence identity to SEQ ID NO:5, and comprises an adenine at a position
corresponding to position 226 according to SEQ ID NO:5, provided that the variant SLC14A1
mRNA does not comprise or consist of a nucleic acid sequence according to SEQ ID NO:5.

In some embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic
acid sequence which is at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:5, provided that
the nucleic acid sequence encodes an amino acid sequence which comprises an isoleucine at
the position corresponding to position 76 according to SEQ ID NO:13, or the complement
thereof. In some embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic
acid sequence according to SEQ ID NO:5. In some embodiments, the variant SLC14A1 mRNA
comprises or consists of a nucleic acid sequence which is at least about 90%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
to SEQ ID NO:5, provided that the nucleic acid sequence encodes an amino acid sequence
which comprises an isoleucine at the position corresponding to position 76 according to SEQ ID
NO:13, or the complement thereof, and provided that the variant SLC14A1 mRNA does not
comprise or consist of a nucleic acid sequence according to SEQ ID NO:5, or the complement
thereof.

In some embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic
acid sequence comprising an adenine at a position corresponding to position 394 according to
SEQ ID NO:6. In contrast, the wild type SLC14A1 mRNA comprises a guanine at a position
corresponding to position 394 according to SEQ ID NO:6. In some embodiments, the variant
SLC14A1 mRNA comprises or consists of a nucleic acid sequence comprising the codon AUC at
positions corresponding to positions 394 to 396 according to SEQ ID NO:6. In contrast, the wild
type SLC14A1 mRNA comprises the codon GUC at positions corresponding to positions 394 to
396 according to SEQ ID NO:6. In some embodiments, the variant SLC14A1 mRNA does not
comprise or consist of a nucleic acid sequence according to SEQ ID NO:6.

In some embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic
acid sequence that has at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
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adenine at a position corresponding to position 394 according to SEQ ID NO:6. In some
embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic acid sequence that
has at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% sequence identity to SEQ ID NO:6, and comprises an adenine at a position
corresponding to position 394 according to SEQ ID NO:6, provided that the variant SLC14A1
mRNA does not comprise or consist of a nucleic acid sequence according to SEQ ID NO:6.

In some embodiments, the variant SLC14A1 mRNA comprises a nucleic acid sequence
which is at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% identical to SEQ ID NO:6, provided that the nucleic acid
sequence encodes an amino acid sequence which comprises an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14, or the complement thereof. In some
embodiments, the variant SLC14A1 mRNA comprises or consists of a nucleic acid sequence
according to SEQ ID NO:6. In some embodiments, the variant SLC14A1 mRNA comprises a
nucleic acid sequence which is at least about 90%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:6, provided
that the nucleic acid sequence encodes an amino acid sequence which comprises an isoleucine
at the position corresponding to position 132 according to SEQ ID NO:14, or the complement
thereof, provided that the variant SLC14A1 mRNA does not comprise a nucleic acid sequence
according to SEQ ID NO:6.

In some embodiments, the isolated nucleic acid molecule comprises less nucleotides
than the entire SLC14A1 mRNA sequence. In some embodiments, the isolated nucleic acid
molecules comprise or consist of at least about 5, at least about 8, at least about 10, at least
about 12, at least about 15, at least about 20, at least about 25, at least about 30, at |east about
35, at least about 40, at least about 45, at least about 50, at least about 60, at least about 70, at
least about 80, at least about 90, at least about 100, at least about 200, at least about 300, at
least about 400, at least about 500, at least about 600, at least about 700, at least about 800, at
least about 900, at least about 1000, at least about 1100, or at least about 1200 contiguous
nucleotides of SEQ ID NO:5. In some embodiments, the isolated nucleic acid molecules
comprise or consist of at least about 200 to at least about 500 contiguous nucleotides of SEQ ID
NO:5. In this regard, the longer mRNA molecules are preferred over the shorter ones. In some
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least about 60, at least about 70, at least about 80, at least about 90, at least about 100, at least
about 200, at least about 300, at least about 400, or at least about 500 contiguous nucleotides
of SEQ ID NO:5. In this regard, the longer mRNA molecules are preferred over the shorter ones.
In some embodiments, such mRNA molecules include the codon that encodes the isoleucine at
the position that corresponds to position 76 according to SEQ ID NO:13. In some embodiments,
such mRNA molecules include the adenine at the position corresponding to position 226
according to SEQ ID NO:5. In some embodiments, such mRNA molecules include the codon AUC
at positions corresponding to positions 226 to 228 according to SEQ ID NO:5.

In some embodiments, the isolated nucleic acid molecule comprises less nucleotides
than the entire SLC14A1 mRNA sequence. In some embodiments, the isolated nucleic acid
molecules comprise or consist of at least about 5, at least about 8, at least about 10, at least
about 12, at least about 15, at least about 20, at least about 25, at least about 30, at |east about
35, at least about 40, at least about 45, at least about 50, at least about 60, at least about 70, at
least about 80, at least about 90, at least about 100, at least about 200, at least about 300, at
least about 400, at least about 500, at least about 600, at least about 700, at least about 800, at
least about 900, at least about 1000, at least about 1100, at least about 1200, or at |least about
1300 contiguous nucleotides of SEQ ID NO:6. In some embodiments, the isolated nucleic acid
molecules comprise or consist of at least about 200 to at least about 500 contiguous
nucleotides of SEQ ID NO:6. In this regard, the longer mRNA molecules are preferred over the
shorter ones. In some embodiments, the isolated nucleic acid molecules comprise or consist of
at least about 50, at least about 60, at least about 70, at least about 80, at |least about 90, at
least about 100, at least about 200, at least about 300, at least about 400, or at least about 500
contiguous nucleotides of SEQ ID NO:6. In this regard, the longer mRNA molecules are
preferred over the shorter ones. In some embodiments, such mRNA molecules include the
codon that encodes the isoleucine at the position that corresponds to position 132 according to
SEQ ID NO:14. In some embodiments, such mRNA molecules include the adenine at the
position corresponding to position 394 according to SEQ ID NO:6. In some embodiments, such
mRNA molecules include the codon AUC at positions corresponding to positions 394 to 396
according to SEQ ID NO:6.

The nucleic acid sequence of two wild type SLC14A1 cDNAs are set forth in SEQ ID
NO:7 and SEQ ID NO:8. The wild type SLC14A1 cDNA comprising SEQ ID NO:7 is 1173

nucleotides in length, including the stop codon. Referring to SEQ ID NO:7, position 226 of the
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wild type SLC14A1 cDNA is a guanine. The wild type SLC14A1 cDNA comprising SEQ ID NO:8 is
1341 nucleoctides in length, including the stop codon. Referring to SEQ ID NO:8, position 394 of
the wild type SLC14A1 cDNA is a guanine.

The disclosure also provides variant SLC14A1 cDNA molecules encoding a variant
SLC14A1 protein. In some embodiments, the variant cDNA molecules encode variant SLC14A1
proteins that are loss of function proteins or partial loss of function proteins. In some
embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic acid sequence
encoding an SLC14A1 protein comprising an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13 or comprising an isoleucine at the position corresponding to
position 132 according to SEQ ID NO:14. In some embodiments, the variant SLC14A1 cDNA
comprises or consists of a nucleic acid sequence encoding an SLC14A1 protein comprising an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13. In some
embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic acid sequence
encoding an SLC14A1 protein comprising an isoleucine at the position corresponding to position
132 according to SEQ ID NO:14. In some embodiments, the variant SLC14A1 cDNA does not
comprise or consist of a nucleic acid sequence encoding a variant SLC14A1 protein according to
SEQ ID NO:13 or SEQ ID NO:14.

In some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic
acid sequence that encodes a variant SLC14A1 protein having at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to
SEQ ID NO:13 and comprises an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13. In some embodiments, the variant SLC14A1 cDNA comprises or
consists of a nucleic acid sequence encoding a variant SLC14A1 protein having SEQ ID NO:13. In
some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic acid sequence
that encodes a variant SLC14A1 protein having at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% sequence identity to SEQ ID NO:13
and comprises an isoleucine at the position corresponding to position 76 according to SEQ ID
NO:13, provided that the variant SLC14A1 cDNA does not comprise or consist of a nucleic acid

sequence according to SEQ ID NO:13.
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In some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic
acid sequence that encodes a variant SLC14A1 protein having at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to
SEQ ID NO:14 and comprises an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14. In some embodiments, the variant SLC14A1 cDNA comprises or
consists of a nucleic acid sequence encoding a variant SLC14A1 protein having SEQ ID NO:14. In
some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic acid sequence
that encodes a variant SLC14A1 protein having at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% sequence identity to SEQ ID NO:14
and comprises an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14, provided that the variant SLC14A1 cDNA does not comprise or consist of a nucleic acid
sequence according to SEQ ID NO:14.

In some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic
acid sequence comprising an adenine at a position corresponding to position 226 according to
SEQ ID NO:9. In contrast, the wild type SLC14A1 cDNA comprises a guanine at a position
corresponding to position 226 according to SEQ ID NO:9. In some embodiments, the variant
SLC14A1 cDNA comprises or consists of a nucleic acid sequence comprising the codon AUC at
positions corresponding to positions 226 to 228 according to SEQ ID NO:9. In contrast, the wild
type SLC14A1 cDNA comprises the codon GUC at positions corresponding to positions 226 to
228 according to SEQ ID NO:9. In some embodiments, the variant SLC14A1 cDNA does not
comprise or consist of a nucleic acid sequence according to SEQ ID NO:9.

In some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic
acid sequence that has at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity to SEQ ID NO:9 and comprises an
adenine at a position corresponding to position 226 according to SEQ ID NO:9. In some
embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic acid sequence that
has at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at

least about 99% sequence identity to SEQ ID NO:9 and comprises an adenine at a position
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corresponding to position 226 according to SEQ ID NO:9, provided that the variant SLC14A1
cDNA does not comprise or consist of a nucleic acid sequence according to SEQ ID NO:9.

In some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic
acid sequence which is at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:9, provided that
the nucleic acid sequence encodes an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13, or the complement thereof. In some embodiments, the variant
SLC14A1 cDNA comprises or consists of a nucleic acid sequence according to SEQ ID NO:9. In
some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic acid sequence
which is at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% identical to SEQ ID NO:9, provided that the nucleic acid
sequence encodes an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13, or the complement thereof, provided that the variant SLC14A1 cDNA does not
comprise or consist of a nucleic acid sequence according to SEQ ID NO:9.

In some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic
acid sequence comprising an adenine at a position corresponding to position 394 according to
SEQ ID NO:10. In contrast, the wild type SLC14A1 cDNA comprises a guanine at a position
corresponding to position 394 according to SEQ ID NO:10. In some embodiments, the variant
SLC14A1 cDNA comprises or consists of a nucleic acid sequence comprising the codon AUC at
positions corresponding to positions 394 to 396 according to SEQ ID NO:10. In contrast, the wild
type SLC14A1 cDNA comprises the codon GUC at positions corresponding to positions 394 to
396 according to SEQ ID NO:10. In some embodiments, the variant SLC14A1 cDNA does not
comprises or consists of a nucleic acid sequence according to SEQ ID NO:10.

In some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic
acid sequence that has at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity to SEQ ID NO:10 and comprises an
adenine at a position corresponding to position 394 according to SEQ ID NO:10. In some
embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic acid sequence that
has at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at

least about 99% sequence identity to SEQ ID NO:10 and comprises an adenine at a position
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corresponding to position 394 according to SEQ ID NO:10, provided that the variant SLC14A1
cDNA does not comprise or consist of a nucleic acid sequence according to SEQ ID NO:10.

In some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic
acid sequence which is at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:10, provided that
the nucleic acid sequence encodes an isoleucine at the position corresponding to position 132
according to SEQ ID NO:10, or the complement thereof. In some embodiments, the variant
SLC14A1 cDNA comprises or consists of a nucleic acid sequence according to SEQ ID NO:10. In
some embodiments, the variant SLC14A1 cDNA comprises or consists of a nucleic acid sequence
which is at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% identical to SEQ ID NO:10, provided that the nucleic acid
sequence encodes an isoleucine at the position corresponding to position 132 according to SEQ
ID NO:10, or the complement thereof, provided that the variant SLC14A1 cDNA does not
comprise or consist of a nucleic acid sequence according to SEQ ID NO:10.

In some embodiments, the isolated nucleic acid molecule comprises less nucleotides
than the entire SLC14A1 cDNA sequence. In some embodiments, the isolated nucleic acid
molecules comprise or consist of at least about 5, at least about 8, at least about 10, at least
about 12, at least about 15, at least about 20, at least about 25, at least about 30, at |east about
35, at least about 40, at least about 45, at least about 50, at least about 60, at least about 70, at
least about 80, at least about 90, at least about 100, at least about 200, at least about 300, at
least about 400, at least about 500, at least about 600, at least about 700, at least about 800, at
least about 900, at least about 1000, at least about 1100, or at least about 1200 contiguous
nucleotides of SEQ ID NO:9. In some embodiments, the isolated nucleic acid molecules
comprise or consist of at least about 200 to at least about 500 contiguous nucleotides of SEQ ID
NO:9. In this regard, the longer cDNA molecules are preferred over the shorter ones. In some
embodiments, the isolated nucleic acid molecules comprise or consist of at least about 50, at
least about 60, at least about 70, at least about 80, at least about 90, at least about 100, at least
about 200, at least about 300, at least about 400, or at least about 500 contiguous nucleotides
of SEQ ID NO:9. In this regard, the longer cDNA molecules are preferred over the shorter ones.
In some embodiments, such cDNA molecules include the codon that encodes the isoleucine at
the position that corresponds to position 76 according to SEQ ID NO:13. In some embodiments,

such cDNA molecules include the adenine at the position corresponding to position 226
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according to SEQ ID NO:9. In some embodiments, such cDNA molecules include the codon AUC
at positions corresponding to positions 226 to 228 according to SEQ ID NO:9.

In some embodiments, the isolated nucleic acid molecule comprises less nucleotides
than the entire SLC14A1 cDNA sequence. In some embodiments, the isolated nucleic acid
molecules comprise or consist of at least about 5, at least about 8, at least about 10, at least
about 12, at least about 15, at least about 20, at least about 25, at least about 30, at |east about
35, at least about 40, at least about 45, at least about 50, at least about 60, at least about 70, at
least about 80, at least about 90, at least about 100, at least about 200, at least about 300, at
least about 400, at least about 500, at least about 600, at least about 700, at least about 800, at
least about 900, at least about 1000, at least about 1100, at least about 1200, or at |least about
1300 contiguous nucleotides of SEQ ID NO:10. In some embodiments, the isolated nucleic acid
molecules comprise or consist of at least about 200 to at least about 500 contiguous
nucleotides of SEQ ID NO:10. In this regard, the longer cDNA molecules are preferred over the
shorter ones. In some embodiments, the isolated nucleic acid molecules comprise or consist of
at least about 50, at least about 60, at least about 70, at least about 80, at |least about 90, at
least about 100, at least about 200, at least about 300, at least about 400, or at least about 500
contiguous nucleotides of SEQ ID NO:10. In this regard, the longer cDNA molecules are
preferred over the shorter ones. In some embodiments, such cDNA molecules include the
codon that encodes the isoleucine at the position that corresponds to position 132 according to
SEQ ID NO:14. In some embodiments, such cDNA molecules include the adenine at the position
corresponding to position 394 according to SEQ ID NO:10. In some embodiments, such cDNA
molecules include the codon AUC at positions corresponding to positions 394 to 396 according
to SEQ ID NO:10.

The disclosure also provides isolated nucleic acid molecules that hybridize to variant
SLC14A1 genomic DNA (such as SEQ ID NO:2), variant SLC14A1 minigenes, variant SLC14A1
MRNA (such as SEQ ID NO:5 and/or SEQ ID NO:6), and/or variant SLC14A1 cDNA (such as SEQ ID
NO:9 and/or SEQ ID NO:10). In some embodiments, such isolated nucleic acid molecules
comprise or consist of at least about 5, at least about 8, at least about 10, at least about 11, at
least about 12, at least about 13, at least about 14, at least about 15, at least about 16, at least
about 17, at least about 18, at least about 19, at least about 20, at least about 21, at |east about
22, at least about 23, at least about 24, at least about 25, at least about 30, at least about 35, at
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about 65, at least about 70, at least about 75, at least about 80, at least about 85, at |east about
90, at least about 95, at least about 100, at least about 200, at least about 300, at |east about
400, at least about 500, at least about 600, at least about 700, at least about 800, at least about
900, at least about 1000, at least about 2000, at least about 3000, at least about 4000, at least
about 5000, at least about 6000, at least about 7000, at least about 8000, at least about 9000,
at least about 10000, at least about 11000, or at least about 1200 nucleotides. In some
embodiments, the isolated nucleic acid molecule comprises or consists of at least 15
nucleotides. In some embodiments, the isolated nucleic acid molecule comprises or consists of
at least 15 nucleotides to at least about 35 nucleotides. In some embodiments, such isolated
nucleic acid molecules hybridize to variant SLC14A1 genomic DNA (such as SEQ ID NO:2),
variant SLC14A1 minigenes, variant SLC14A1 mRNA (such as SEQ ID NO:5 and/or SEQ ID NO:6),
and/or variant SLC14A1 cDNA (such as SEQ ID NO:9 and/or SEQ ID NO:10) under stringent
conditions. Such nucleic acid molecules may be used, for example, as probes, as primers, or as
alteration-specific probes or primers as described or exemplified herein.

In some embodiments, the isolated nucleic acid molecules hybridize to at least about
15 contiguous nucleotides of a nucleic acid molecule that is at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, at least about 99%, or 100% identical to
variant SLC14A1 genomic DNA (such as SEQ ID NO:2), variant SLC14A1 minigenes, variant
SLC14A1 mRNA (such as SEQ ID NO:5 and/or SEQ ID NO:6), and/or variant SLC14A1 cDNA (such
as SEQ ID NO:9 and/or SEQ ID NO:10). In some embodiments, the isolated nucleic acid
molecules comprise or consist of from about 15 to about 100 nucleotides, or from about 15 to
about 35 nucleotides. In some embodiments, the isolated nucleic acid molecules comprise or
consist of from about 15 to about 100 nucleotides. In some embodiments, the isolated nucleic
acid molecules comprise or consist of from about 15 to about 35 nucleotides.

In some embodiments, any of the nucleic acid molecules, genomic DNA molecules,
cDNA molecules, or mRNA molecules disclosed herein can be purified, e.g., are at least about
90% pure. In some embodiments, any of the nucleic acid molecules, genomic DNA molecules,
cDNA molecules, or mRNA molecules disclosed herein can be purified, e.g., are at least about
95% pure. In some embodiments, any of the nucleic acid molecules, genomic DNA molecules,

cDNA molecules, or mRNA molecules disclosed herein can be purified, e.g., are at least about
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99% pure. Purification is according to the hands of a human being, with human-made
purification techniques.

The disclosure also provides fragments of any of the isolated nucleic acid molecules,
genomic DNA molecules, cDNA molecules, or mRNA molecules disclosed herein. In some
embodiments, the fragments comprise or consist of at least about 5, at least about 8, at least
about 10, at least about 11, at least about 12, at least about 13, at least about 14, at |east about
15, at least about 16, at least about 17, at least about 18, at least about 19, at least about 20, at
least about 21, at least about 22, at least about 23, at least about 24, at least about 25, at least
about 30, at least about 35, at least about 40, at least about 45, at least about 50, at |east about
55, at least about 60, at least about 65, at least about 70, at least about 75, at least about 80, at
least about 85, at least about 90, at least about 95, or at least about 100 contiguous residues of
any of the nucleic acid sequences disclosed herein, or any complement thereof. In this regard,
the longer fragments are preferred over the shorter ones. In some embodiments, the
fragments comprise or consist of at least about 5, at least about 8, at least about 10, at least
about 11, at least about 12, at least about 13, at least about 14, at least about 15, at |east about
16, at least about 17, at least about 18, at least about 19, at least about 20, at least about 21, at
least about 22, at least about 23, at least about 24, at least about 25, at least about 30, at least
about 35, at least about 40, at least about 45, or at least about 50 contiguous residues. In this
regard, the longer fragments are preferred over the shorter ones. In some embodiments, the
fragments comprise or consist of at least about 20, at least about 25, at |least about 30, or at
least about 35 contiguous residues. In some embodiments, the fragments comprise or consist
of at least about 20 contiguous residues. In some embodiments, the fragments comprise or
consist of at least about 25 contiguous residues. In some embodiments, the fragments
comprise or consist of at least about 30 contiguous residues. In some embodiments, the
fragments comprise or consist of at least about 35 contiguous residues. It is envisaged that the
fragments comprise of consist of the portion of the nucleic acid molecule that encodes an
isoleucine at a position corresponding to position 76 according to SEQ ID NO:13, or that
encodes an isoleucine at a position corresponding to position 132 according to SEQ ID NO:14.
Such fragments may be used, for example, as probes, as primers, or as allele-specific primers as
described or exemplified herein.

The disclosure also provides probes and primers. The probe or primer of the disclosure
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disclosed herein, or the complement thereof. In some embodiments, the probe or primer
specifically hybridizes to any of the nucleic acid molecules disclosed herein under stringent
conditions. The disclosure also provides nucleic acid molecules having nucleic acid sequences
that hybridize under moderate conditions to any of the nucleic acid molecules disclosed herein,
or the complement thereof. A probe or primer according to the disclosure preferably
encompasses the nucleic acid codon which encodes the isoleucine at a position corresponding
to position 76 according to SEQ ID NO:13, or the complement thereof. A probe or primer
according to the disclosure preferably encompasses the nucleic acid codon which encodes the
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14, or the
complement thereof. Thus, in a preferred embodiment, the disclosure provides alteration-
specific primers which are defined herein above and below in more detail.

A probe according to the disclosure may be used to detect the variant SLC14A1 nucleic
acid molecule (e.g., genomic DNA, mRNA, and/or cDNA) encoding the variant SLC14A1 protein
(e.g., according to SEQ ID NO:13 and/or SEQ ID NO:14). In addition, a primer according to the
disclosure may be used to amplify a nucleic acid molecule encoding a variant SLC14A1 protein,
or fragment thereof. The disclosure also provides a pair of primers comprising one of the
primers described above.

The nucleic acid molecules disclosed herein can comprise a nucleic acid sequence of a
naturally occurring SLC14A1 genomic DNA, cDNA, or mRNA transcript, or can comprise a non-
naturally occurring sequence. In some embodiments, the naturally occurring sequence can
differ from the non-naturally occurring sequence due to synonymous mutations or mutations
that do not affect the encoded SLC14A1 polypeptide. For example, the sequence can be
identical with the exception of synonymous mutations or mutations that do not affect the
encoded SLC14A1 polypeptide. A synonymous mutation or substitution is the substitution of
one nucleotide for another in an exon of a gene coding for a protein such that the produced
amino acid sequence is not modified. This is possible because of the degeneracy of the genetic
code, with some amino acids being coded for by more than one three-base pair codon.
Synonymous substitutions are used, for example, in the process of codon optimization. The
nucleic acid molecules disclosed herein can be codon optimized.

Also provided herein are functional polynucleotides that can interact with the
disclosed nucleic acid molecules. Functional polynucleotides are nucleic acid molecules that

have a specific function, such as binding a target molecule or catalyzing a specific reaction.



10

15

20

25

30

WO 2019/051033 PCT/US2018/049674

-27 -

Examples of functional polynucleotides include, but are not limited to, antisense molecules,
aptamers, ribozymes, triplex forming molecules, and external guide sequences. The functional
polynucleotides can act as effectors, inhibitors, modulators, and stimulators of a specific
activity possessed by a target molecule, or the functional polynucleotides can possess a de novo
activity independent of any other molecules.

Antisense molecules are designed to interact with a target nucleic acid molecule
through either canonical or non-canonical base pairing. The interaction of the antisense
molecule and the target molecule is designed to promote the destruction of the target
molecule through, for example, RNase-H-mediated RNA-DNA hybrid degradation. Alternately,
the antisense molecule is designed to interrupt a processing function that normally would take
place on the target molecule, such as transcription or replication. Antisense molecules can be
designed based on the sequence of the target molecule. Numerous methods for optimization of
antisense efficiency by identifying the most accessible regions of the target molecule exist.
Exemplary methods include, but are not limited to, in vitro selection experiments and DNA
modification studies using DMS and DEPC. Antisense molecules generally bind the target
molecule with a dissociation constant (kq) less than or equal to about 10, less than or equal to
about 108, less than or equal to about 10, or less than or equal to about 1072, A
representative sample of methods and techniques which aid in the design and use of antisense
molecules can be found in the following non-limiting list of U.S. Patents: 5,135,917; 5,294,533;
5,627,158; 5,641,754; 5,691,317; 5,780,607; 5,786,138; 5,849,903; 5,856,103; 5,919,772;
5,955,590; 5,990,088; 5,994,320; 5,998,602; 6,005,095; 6,007,995; 6,013,522; 6,017,898;
6,018,042; 6,025,198; 6,033,910; 6,040,296; 6,046,004; 6,046,319; and 6,057,437. Examples of
antisense molecules include, but are not limited to, antisense RNAs, small interfering RNAs
(siRNAs), and short hairpin RNAs (shRNAs).

The isolated nucleic acid molecules disclosed herein can comprise RNA, DNA, or both
RNA and DNA. The isolated nucleic acid molecules can also be linked or fused to a heterologous
nucleic acid sequence, such as in a vector, or a heterologous label. For example, the isolated
nucleic acid molecules disclosed herein can be in a vector or exogenous donor sequence
comprising the isolated nucleic acid molecule and a heterologous nucleic acid sequence. The
isolated nucleic acid molecules can also be linked or fused to a heterologous label, such as a
fluorescent label. Other examples of labels are disclosed elsewhere herein.

The label can be directly detectable (e.g., fluorophore) or indirectly detectable (e.q.,
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hapten, enzyme, or fluorophore quencher). Such labels can be detectable by spectroscopic,
photochemical, biochemical, immunochemical, or chemical means. Such labels include, for
example, radiolabels that can be measured with radiation-counting devices; pigments, dyes or
other chromogens that can be visually observed or measured with a spectrophotometer; spin
labels that can be measured with a spin label analyzer; and fluorescent labels (e.g.,
fluorophores), where the output signal is generated by the excitation of a suitable molecular
adduct and that can be visualized by excitation with light that is absorbed by the dye or can be
measured with standard fluorometers or imaging systems. The label can also be, for example, a
chemiluminescent substance, where the output signal is generated by chemical modification of
the signal compound; a metal-containing substance; or an enzyme, where there occurs an
enzyme-dependent secondary generation of signal, such as the formation of a colored product
from a colorless substrate. The term “label” can also refer to a “tag” or hapten that can bind
selectively to a conjugated molecule such that the conjugated molecule, when added
subsequently along with a substrate, is used to generate a detectable signal. For example, one
can use biotin as a tag and then use an avidin or streptavidin conjugate of horseradish
peroxidate (HRP) to bind to the tag, and then use a calorimetric substrate (e.q.,
tetramethylbenzidine (TMB)) or a fluorogenic substrate to detect the presence of HRP.
Exemplary labels that can be used as tags to facilitate purification include, but are not limited
to, myc, HA, FLAG or 3XFLAG, 6XHis or polyhistidine, glutathione-S-transferase (GST), maltose
binding protein, an epitope tag, or the Fc portion of immunoglobulin. Numerous labels are
known and include, for example, particles, fluorophores, haptens, enzymes and their
calorimetric, fluorogenic and chemiluminescent substrates and other labels.

The disclosed nucleic acid molecules can comprise, for example, nucleotides or non-
natural or modified nucleotides, such as nucleotide analogs or nucleotide substitutes. Such
nucleotides include a nucleotide that contains a modified base, sugar, or phosphate group, or
that incorporates a non-natural moiety in its structure. Examples of non-natural nucleotides
include, but are not limited to, dideoxynucleotides, biotinylated, aminated, deaminated,
alkylated, benzylated, and fluorophor-labeled nucleotides.

The nucleic acid molecules disclosed herein can also comprise one or more nucleotide
analogs or substitutions. A nucleotide analog is a nucleotide which contains a modification to
either the base, sugar, or phosphate moieties. Modifications to the base moiety include, but

are not limited to, natural and synthetic modifications of A, C, G, and T/U, as well as different
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purine or pyrimidine bases such as, for example, pseudouridine, uracil-5-yl, hypoxanthin-9-yl (1),
and 2-aminoadenin-9-yl. Modified bases include, but are not limited to, 5-methylcytosine
(5-me-C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and
other alkyl derivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine
and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine,
5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil),
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted adenines
and guanines, 5-halo particularly 5-bromo, 5-trifluoromethyl and other 5-substituted uracils
and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8-azaadenine,
7-deazaguanine and 7-deazaadenine and 3-deazaguanine and 3-deazaadenine. Certain
nucleotide analogs such as, for example, 5-substituted pyrimidines, 6-azapyrimidines, and N-2,
N-6 and O-6 substituted purines including, but not limited to, 2-aminopropyladenine,
5-propynyluracil, 5-propynylcytosine, and 5-methylcytosine can increase the stability of duplex
formation. Often, base modifications can be combined with, for example, a sugar modification,
such as 2’-O-methoxyethyl, to achieve unique properties such as increased duplex stability.

Nucleotide analogs can also include modifications of the sugar moiety. Modifications
to the sugar moiety include, but are not limited to, natural modifications of the ribose and
deoxy ribose as well as synthetic modifications. Sugar modifications include, but are not limited
to, the following modifications at the 2’ position: OH; F; O-, S-, or N-alkyl; O-, S-, or N-alkenyl;
O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl, and alkynyl may be substituted
or unsubstituted Cy_i0alkyl or C;.jpalkenyl, and C; jpalkynyl. Exemplary 2’ sugar modifications
also include, but are not limited to, -O[(CH;),,0]:nCHs, -O(CH,),OCHs, -O(CH,),,NH,, -O(CH;),CHs,
-O(CH,),-ONH,, and -O(CH,),ON[(CH;),CHs)],, where n and m are from 1 to about 10.

Other modifications at the 2’ position include, but are not limited to, Cy.jpalkyl,
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, Cl, Br, CN, CF;,
OCF3, SOCHs, SO,CH3, ONO,, NO;, N3, NH,, heterocycloalkyl, heterocycloalkaryl,
aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving group, a reporter group, an
intercalator, a group for improving the pharmacokinetic properties of an oligonucleotide, or a
group for improving the pharmacodynamic properties of an oligonucleotide, and other
substituents having similar properties. Similar modifications may also be made at other
positions on the sugar, particularly the 3’ position of the sugar on the 3’ terminal nucleotide or

in 2’-5’ linked oligonucleotides and the 5’ position of 5’ terminal nucleotide. Modified sugars
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can also include those that contain modifications at the bridging ring oxygen, such as CH, and S.
Nucleotide sugar analogs can also have sugar mimetics, such as cyclobutyl moieties in place of
the pentofuranosyl sugar.

Nucleotide analogs can also be modified at the phosphate moiety. Modified phosphate
moieties include, but are not limited to, those that can be modified so that the linkage between
two nucleotides contains a phosphorothioate, chiral phosphorothioate, phosphorodithioate,
phosphotriester, aminoalkylphosphotriester, methyl and other alkyl phosphonates including
3’-alkylene phosphonate and chiral phosphonates, phosphinates, phosphoramidates including
3’-amino phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates. These
phosphate or modified phosphate linkage between two nucleotides can be through a 3’-5’
linkage or a 2’-5’ linkage, and the linkage can contain inverted polarity such as 3’-5’ to 5’-3’ or
2’-5’ to 5’-2’. Various salts, mixed salts, and free acid forms are also included.

Nucleotide substitutes include molecules having similar functional properties to
nucleotides, but which do not contain a phosphate moiety, such as peptide nucleic acid (PNA).
Nucleotide substitutes include molecules that will recognize nucleic acids in a Watson-Crick or
Hoogsteen manner, but which are linked together through a moiety other than a phosphate
moiety. Nucleotide substitutes are able to conform to a double helix type structure when
interacting with the appropriate target nucleic acid.

Nucleotide substitutes also include nucleotides or nucleotide analogs that have had
the phosphate moiety or sugar moieties replaced. In some embodiments, nucleotide
substitutes may not contain a standard phosphorus atom. Substitutes for the phosphate can
be, for example, short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatom and
alkyl or cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or
heterocyclic internucleoside linkages. These include those having morpholino linkages (formed
in part from the sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and
sulfone backbones; formacetyl and thioformacetyl backbones; methylene formacetyl and
thioformacetyl backbones; alkene containing backbones; sulfamate backbones;
methyleneimino and methylenehydrazino backbones; sulfonate and sulfonamide backbones;
amide backbones; and others having mixed N, O, S, and CH, component parts.

It is also understood in a nucleotide substitute that both the sugar and the phosphate

moieties of the nucleotide can be replaced by, for example, an amide type linkage
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(aminoethylglycine) (PNA).

It is also possible to link other types of molecules (conjugates) to nucleotides or
nucleotide analogs to enhance, for example, cellular uptake. Conjugates can be chemically
linked to the nucleotide or nucleotide analogs. Such conjugates include, for example, lipid
moieties such as a cholesterol moiety, cholic acid, a thioether such as hexyl-S-tritylthiol, a
thiocholesterol, an aliphatic chain such as dodecandiol or undecyl residues, a phospholipid such
as di-hexadecyl-rac-glycerol or triethylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-
phosphonate, a polyamine or a polyethylene glycol chain, adamantane acetic acid, a palmityl
moiety, or an octadecylamine or hexylamino-carbonyl-oxycholesterol moiety.

The disclosure also provides vectors comprising any one or more of the nucleic acid
molecules disclosed herein. In some embodiments, the vectors comprise any one or more of
the nucleic acid molecules disclosed herein and a heterologous nucleic acid. The vectors can be
viral or nonviral vectors capable of transporting a nucleic acid molecule. In some embodiments,
the vector is a plasmid or cosmid (e.g., a circular double-stranded DNA into which additional
DNA segments can be ligated). In some embodiments, the vector is a viral vector, wherein
additional DNA segments can be ligated into the viral genome. In some embodiments, the
vector can autonomously replicate in a host cell into which it is introduced (e.g., bacterial
vectors having a bacterial origin of replication and episomal mammalian vectors). In some
embodiments, the vector (e.g., hon-episomal mammalian vectors) can be integrated into the
genome of a host cell upon introduction into the host cell and thereby are replicated along with
the host genome. Moreover, particular vectors can direct the expression of genes to which they
are operatively linked. Such vectors are referred to herein as “recombinant expression vectors”
or “expression vectors.” Such vectors can also be targeting vectors (i.e., exogenous donor
sequences).

In some embodiments, the proteins encoded by the various genetic variants disclosed
herein are expressed by inserting nucleic acid molecules encoding the disclosed genetic variants
into expression vectors, such that the genes are operatively linked to expression control
sequences, such as transcriptional and translational control sequences. Expression vectors
include, but are not limited to, plasmids, cosmids, retroviruses, adenoviruses, adeno-associated
viruses (AAV), plant viruses such as cauliflower mosaic virus and tobacco mosaic virus, yeast
artificial chromosomes (YACs), Epstein-Barr (EBV)-derived episomes, and other expression

vectors known in the art. In some embodiments, nucleic acid molecules comprising the
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disclosed genetic variants can be ligated into a vector such that transcriptional and translational
control sequences within the vector serve their intended function of regulating the
transcription and translation of the genetic variant. The expression vector and expression
control sequences are chosen to be compatible with the expression host cell used. Nucleic acid
sequences comprising the disclosed genetic variants can be inserted into separate vectors or
into the same expression vector as the variant genetic information. A nucleic acid sequence
comprising the disclosed genetic variants can be inserted into the expression vector by
standard methods (e.q., ligation of complementary restriction sites on the nucleic acid
comprising the disclosed genetic variants and vector, or blunt end ligation if no restriction sites
are present).

In addition to a nucleic acid sequence comprising the disclosed genetic variants, the
recombinant expression vectors can carry regulatory sequences that control the expression of
the genetic variant in a host cell. The design of the expression vector, including the selection of
regulatory sequences can depend on such factors as the choice of the host cell to be
transformed, the level of expression of protein desired, and so forth. Desired regulatory
sequences for mammalian host cell expression can include, for example, viral elements that
direct high levels of protein expression in mammalian cells, such as promoters and/or
enhancers derived from retroviral LTRs, cytomegalovirus (CMV) (such as the CMV
promoter/enhancer), Simian Virus 40 (SV40) (such as the SV40 promoter/enhancer),
adenovirus, (e.g., the adenovirus major late promoter (AdMLP)), polyoma and strong
mammalian promoters such as native immunoglobulin and actin promoters. Methods of
expressing polypeptides in bacterial cells or fungal cells (e.g., yeast cells) are also well known.

A promoter can be, for example, a constitutively active promoter, a conditional
promoter, an inducible promoter, a temporally restricted promoter (e.g., a developmentally
regulated promoter), or a spatially restricted promoter (e.qg., a cell-specific or tissue-specific
promoter). Examples of promoters can be found, for example, in WO 2013/176772.

Examples of inducible promoters include, for example, chemically regulated promoters
and physically-regulated promoters. Chemically regulated promoters include, for example,
alcohol-regulated promoters (e.g., an alcohol dehydrogenase (alcA) gene promoter),
tetracycline-regulated promoters (e.q., a tetracycline-responsive promoter, a tetracycline
operator sequence (tetO), a tet-On promoter, or a tet-Off promoter), steroid regulated

promoters (e.g., a rat glucocorticoid receptor, a promoter of an estrogen receptor, or a
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promoter of an ecdysone receptor), or metal-regulated promoters (e.q., a metalloprotein
promoter). Physically regulated promoters include, for example temperature-regulated
promoters (e.g., a heat shock promoter) and light-regulated promoters (e.g., a light-inducible
promoter or a light-repressible promoter).

Tissue-specific promoters can be, for example, neuron-specific promoters, glia-specific
promoters, muscle cell-specific promoters, heart cell-specific promoters, kidney cell-specific
promoters, bone cell-specific promoters, endothelial cell-specific promoters, or immune cell-
specific promoters (e.g., a B cell promoter or a T cell promoter).

Developmentally regulated promoters include, for example, promoters active only
during an embryonic stage of development, or only in an adult cell.

In addition to a nucleic acid sequence comprising the disclosed genetic variants and
regulatory sequences, the recombinant expression vectors can carry additional sequences, such
as sequences that regulate replication of the vector in host cells (e.g., origins of replication) and
selectable marker genes. A selectable marker gene can facilitate selection of host cells into
which the vector has been introduced (see e.g., U.S. Patents 4,399,216; 4,634,665; and
5,179,017). For example, a selectable marker gene can confer resistance to drugs, such as
G418, hygromycin, or methotrexate, on a host cell into which the vector has been introduced.
Exemplary selectable marker genes include, but are not limited to, the dihydrofolate reductase
(DHFR) gene (for use in dhfr-host cells with methotrexate selection/amplification), the neo
gene (for G418 selection), and the glutamate synthetase (GS) gene.

Additional vectors are described in, for example, U.S. Provisional Application No.
62/367,973, filed on July 28, 2016, which is incorporated herein by reference in its entirety.

The disclosure also provides compositions comprising any one or more of the isolated
nucleic acid molecules, genomic DNA molecules, cDNA molecules, or mRNA molecules disclosed
herein. In some embodiments, the compaosition is a pharmaceutical composition.

The disclosure also provides variant SLC14A1 polypeptides. In some embodiments, the
variant SLC14A1 polypeptides are loss of function polypeptides or partial loss of function
polypeptides. In some embodiments, the variant SLC14A1 polypeptide comprises an isoleucine
at a position corresponding to position 76 according to SEQ ID NO:13 or comprises an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14. In some
embodiments, the variant SLC14A1 polypeptide comprises an isoleucine at a position

corresponding to position 76 according to SEQ ID NO:13. In some embodiments, the variant
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SLC14A1 polypeptide comprises an isoleucine at a position corresponding to position 132
according to SEQ ID NO:14. In some embodiments, the variant SLC14A1 polypeptide does not
comprise or consist of SEQ ID NO:13 or SEQ ID NO:14.

In some embodiments, the variant SLC14A1 polypeptide has at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to the amino acid sequence according to SEQ ID NO:13 and comprises an isoleucine at
a position corresponding to position 76 according to SEQ ID NO:13. In some embodiments, the
variant SLC14A1 polypeptide comprises or consists of the amino acid sequence according to
SEQ ID NO:13. In some embodiments, the variant SLC14A1 polypeptide has at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity to the amino acid sequence according to SEQ ID NO:13 and comprises an
isoleucine at a position corresponding to position 76 according to SEQ ID NO:13, provided that
the variant SLC14A1 polypeptide does not comprise or consist of an amino acid sequence
according to SEQ ID NO:13.

In some embodiments, the variant SLC14A1 polypeptide has at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to the amino acid sequence according to SEQ ID NO:14 and comprises an isoleucine at
a position corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the
variant SLC14A1 polypeptide comprises or consists of the amino acid sequence according to
SEQ ID NO:14. In some embodiments, the variant SLC14A1 polypeptide has at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity to the amino acid sequence according to SEQ ID NO:14 and comprises an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14, provided that
the variant SLC14A1 polypeptide does not comprise or consist of an amino acid sequence
according to SEQ ID NO:14.

The disclosure also provides fragments of any of the polypeptides disclosed herein. In
some embodiments, the fragments comprise at least about 10, at least about 15, at least about

20, at |least about 25, at least about 30, at least about 35, at least about 40, at least about 45, at
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least about 50, at least about 55, at least about 60, at least about 65, at least about 70, at least
about 75, at least about 80, at least about 85, at least about 90, at least about 95, at |east about
100, at least about 150, at least about 200, at least about 250, at least about 300, or at least
about 350 contiguous amino acid residues of the encoded polypeptide (such as the
polypeptides having the amino acid sequence of SEQ ID NO:13 and/or SEQ ID NO:14). In this
regard, the longer fragments are preferred over the shorter ones. In some embodiments, the
fragments comprise at least about 10, at least about 15, at least about 20, at least about 25, at
least about 30, at least about 35, at least about 40, at least about 45, at least about 50, at least
about 55, at least about 60, at least about 65, at least about 70, at least about 75, at least about
80, at least about 85, at least about 90, at least about 95, or at |least about 100 contiguous
amino acid residues of the encoded polypeptide. In this regard, the longer fragments are
preferred over the shorter ones.

The disclosure also provides dimers comprising an isolated polypeptide comprising a
variant SLC14A1 polypeptide wherein the polypeptide is selected from any of the polypeptides
disclosed herein.

In some embodiments, the isolated polypeptides disclosed herein are linked or fused
to heterologous polypeptides or heterologous molecules or labels, numerous examples of
which are disclosed elsewhere herein. For example, the proteins can be fused to a heterologous
polypeptide providing increased or decreased stability. The fused domain or heterologous
polypeptide can be located at the N-terminus, the C-terminus, or internally within the
polypeptide. A fusion partner may, for example, assist in providing T helper epitopes (an
immunological fusion partner), or may assist in expressing the protein (an expression enhancer)
at higher yields than the native recombinant polypeptide. Certain fusion partners are both
immunological and expression enhancing fusion partners. Other fusion partners may be
selected to increase the solubility of the polypeptide or to facilitate targeting the polypeptide to
desired intracellular compartments. Some fusion partners include affinity tags, which facilitate
purification of the polypeptide.

In some embodiments, a fusion protein is directly fused to the heterologous molecule
or is linked to the heterologous molecule via a linker, such as a peptide linker. Suitable peptide
linker sequences may be chosen, for example, based on the following factors: 1) the ability to
adopt a flexible extended conformation; 2) the resistance to adopt a secondary structure that

could interact with functional epitopes on the first and second polypeptides; and 3) the lack of
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hydrophobic or charged residues that might react with the polypeptide functional epitopes. For
example, peptide linker sequences may contain Gly, Asn and Ser residues. Other near neutral
amino acids, such as Thr and Ala may also be used in the linker sequence. Amino acid
sequences which may be usefully employed as linkers include those disclosed in, for example,
Maratea et al., Gene, 1985, 40, 39-46; Murphy et al., Proc. Natl. Acad. Sci. USA, 1986, 83, 8258-
8262; and U.S. Patents 4,935,233 and 4,751,180. A linker sequence may generally be, for
example, from 1 to about 50 amino acids in length. Linker sequences are generally not required
when the first and second polypeptides have non-essential N-terminal amino acid regions that
can be used to separate the functional domains and prevent steric interference.

In some embodiments, the polypeptides are operably linked to a cell-penetrating
domain. For example, the cell-penetrating domain can be derived from the HIV-1 TAT protein,
the TLM cell-penetrating motif from human hepatitis B virus, MPG, Pep-1, VP22, a cell-
penetrating peptide from Herpes simplex virus, or a polyarginine peptide sequence. See, e.qg.,
WO 2014/089290. The cell-penetrating domain can be located at the N-terminus, the C-
terminus, or anywhere within the protein.

In some embodiments, the polypeptides are operably linked to a heterologous
polypeptide for ease of tracking or purification, such as a fluorescent protein, a purification tag,
or an epitope tag. Examples of fluorescent proteins include, but are not limited to, green
fluorescent proteins (e.g., GFP, GFP-2, tagGFP, turboGFP, eGFP, Emerald, Azami Green,
Monomeric Azami Green, CopGFP, AceGFP, ZsGreenl), yellow fluorescent proteins (e.g., YFP,
eYFP, Citrine, Venus, YPet, PhiYFP, ZsYellowl), blue fluorescent proteins (e.g., eBFP, eBFP2,
Azurite, mKalamal, GFPuv, Sapphire, T-sapphire), cyan fluorescent proteins (e.g., eCFP,
Cerulean, CyPet, AmCyanl, Midoriishi-Cyan), red fluorescent proteins (e.g., mKate, mKate2,
mPlum, DsRed monomer, mCherry, mRFP1, DsRed-Express, DsRed2, DsRed-Monomer, HcRed-
Tandem, HcRedl, AsRed2, eqFP611, mRaspberry, mStrawberry, Jred), orange fluorescent
proteins (e.g., mOrange, mKO, Kusabira-Orange, Monomeric Kusabira-Orange, mTangerine,
tdTomato), and any other suitable fluorescent protein. Examples of tags include, but are not
limited to, glutathione-S-transferase (GST), chitin binding protein (CBP), maltose binding
protein, thioredoxin (TRX), poly(NANP), tandem affinity purification (TAP) tag, myc, AcV5, AU1,
AUS, E, ECS, E2, FLAG, hemagglutinin (HA), nus, Softag 1, Softag 3, Strep, SBP, Glu-Glu, HSV,
KT3, S, S1,T7, V5, VSV-G, histidine (His), biotin carboxyl carrier protein (BCCP), and calmodulin.
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In some embodiments, the heterologous molecule is an immunoglobulin Fc domain, a peptide
purification tag, a transduction domain, poly(ethylene glycol), polysialic acid, or glycolic acid.

In some embodiments, isolated polypeptides comprise non-natural or modified amino
acids or peptide analogs. For example, there are numerous D-amino acids or amino acids which
have a different functional substituent than the naturally occurring amino acids. The opposite
stereo isomers of naturally occurring peptides are disclosed, as well as the stereo isomers of
peptide analogs. These amino acids can readily be incorporated into polypeptide chains by
charging tRNA molecules with the amino acid of choice and engineering genetic constructs that
utilize, for example, amber codons, to insert the analog amino acid into a peptide chainin a
site-specific way.

In some embodiments, the isolated polypeptides are peptide mimetics, which can be
produced to resemble peptides, but which are not connected via a natural peptide linkage. For
example, linkages for amino acids or amino acid analogs include, but are not limited to,
-CH;NH-, -CH,S-, -CH,-, -CH=CH- (cis and trans), -COCH,-, -CH(OH)CH,-, and -CHH,SO-. Peptide
analogs can have more than one atom between the bond atoms, such as b-alanine,
gaminobutyric acid, and the like. Amino acid analogs and peptide analogs often have enhanced
or desirable properties, such as, more economical production, greater chemical stability,
enhanced pharmacological properties (half-life, absorption, potency, efficacy, and so forth),
altered specificity (e.q., a broad-spectrum of biological activities), reduced antigenicity, and
others desirable properties.

In some embodiments, the isolated polypeptides comprise D-amino acids, which can
be used to generate more stable peptides because D amino acids are not recognized by
peptidases. Systematic substitution of one or more amino acids of a consensus sequence with a
D-amino acid of the same type (e.g., D-lysine in place of L-lysine) can be used to generate more
stable peptides. Cysteine residues can be used to cyclize or attach two or more peptides
together. This can be beneficial to constrain peptides into particular conformations (see, e.g.,
Rizo and Gierasch, Ann. Rev. Biochem., 1992, 61, 387).

The disclosure also provides nucleic acid molecules encoding any of the polypeptides
disclosed herein. This includes all degenerate sequences related to a specific polypeptide
sequence (all nucleic acids having a sequence that encodes one particular polypeptide
sequence as well as all nucleic acids, including degenerate nucleic acids, encoding the disclosed

variants and derivatives of the protein sequences). Thus, while each particular nucleic acid
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sequence may not be written out herein, each and every sequence is in fact disclosed and
described herein through the disclosed polypeptide sequences.

Percent identity (or percent complementarity) between particular stretches of nucleic
acid sequences within nucleic acids or amino acid sequences within polypeptides can be
determined routinely using BLAST programs (basic local alignment search tools) and
PowerBLAST programs (Altschul et al., J. Mol. Biol., 1990, 215, 403-410; Zhang and Madden,
Genome Res., 1997, 7, 649-656) or by using the Gap program (Wisconsin Sequence Analysis
Package, Version 8 for Unix, Genetics Computer Group, University Research Park, Madison
Wis.), using default settings, which uses the algorithm of Smith and Waterman (Adv. Appl.
Math., 1981, 2, 482-489). Herein, if reference is made to percent sequence identity, the higher
percentages of sequence identity are preferred over the lower ones.

The disclosure also provides compositions comprising any one or more of the nucleic
acid molecules and/or any one or more of the polypeptides disclosed herein and a carrier
and/or excipient. In some embodiments, the carrier increases the stability of the nucleic acid
molecule and/or polypeptide (e.g., prolonging the period under given conditions of storage
(e.g., -20°C, 4°C, or ambient temperature) for which degradation products remain below a
threshold, such as below 0.5% by weight of the starting nucleic acid or protein; or increasing
the stability in vivo). Examples of carriers include, but are not limited to, poly(lactic acid) (PLA)
microspheres, poly(D,L-lactic-coglycolic-acid) (PLGA) microspheres, liposomes, micelles, inverse
micelles, lipid cochleates, and lipid microtubules. A carrier may comprise a buffered salt
solution such as PBS, HBSS, etc.

The disclosure also provides methods of producing any of the polypeptides or
fragments thereof disclosed herein. Such polypeptides or fragments thereof can be produced
by any suitable method. For example, polypeptides or fragments thereof can be produced from
host cells comprising nucleic acid molecules (e.g., recombinant expression vectors) encoding
such polypeptides or fragments thereof. Such methods can comprise culturing a host cell
comprising a nucleic acid molecule (e.g., recombinant expression vector) encoding a
polypeptide or fragment thereof under conditions sufficient to produce the polypeptide or
fragment thereof, thereby producing the polypeptide or fragment thereof. The nucleic acid can
be operably linked to a promoter active in the host cell, and the culturing can be carried out

under conditions whereby the nucleic acid is expressed. Such methods can further comprise
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recovering the expressed polypeptide or fragment thereof. The recovering can further comprise
purifying the polypeptide or fragment thereof.

Examples of suitable systems for protein expression include host cells such as, for
example: bacterial cell expression systems (e.g., Escherichia coli, Lactococcus lactis), yeast cell
expression systems (e.g., Saccharomyces cerevisiae, Pichia pastoris), insect cell expression
systems (e.g., baculovirus-mediated protein expression), and mammalian cell expression
systems.

Examples of nucleic acid molecules encoding polypeptides or fragments thereof are
disclosed in more detail elsewhere herein. In some embodiments, the nucleic acid molecules
are codon optimized for expression in the host cell. In some embodiments, the nucleic acid
molecules are operably linked to a promoter active in the host cell. The promoter can be a
heterologous promoter (e.g., a promoter than is not a naturally occurring promoter). Examples
of promoters suitable for Escherichia coli include, but are not limited to, arabinose, /ac, tac, and
T7 promoters. Examples of promoters suitable for Lactococcus lactis include, but are not
limited to, P170 and nisin promoters. Examples of promoters suitable for Saccharomyces
cerevisiae include, but are not limited to, constitutive promoters such as alcohol
dehydrogenase (ADHI) or enolase (ENO) promoters or inducible promoters such as PHO, CUP1,
GAL1, and G10. Examples of promoters suitable for Pichia pastoris include, but are not limited
to, the alcohol oxidase | (AOX |) promoter, the glyceraldehyde 3 phosphate dehydrogenase
(GAP) promoter, and the glutathione dependent formaldehyde dehydrogenase (FLDI)
promoter. An example of a promoter suitable for a baculovirus-mediated system is the late viral
strong polyhedrin promoter.

In some embodiments, the nucleic acid molecules encode a tag in frame with the
polypeptide or fragment thereof to facilitate protein purification. Examples of tags are
disclosed elsewhere herein. Such tags can, for example, bind to a partner ligand (e.qg.,
immobilized on a resin) such that the tagged protein can be isolated from all other proteins
(e.g., host cell proteins). Affinity chromatography, high performance liquid chromatography
(HPLC), and size exclusion chromatography (SEC) are examples of methods that can be used to
improve the purity of the expressed protein.

Other methods can also be used to produce polypeptides or fragments thereof. For
example, two or more peptides or polypeptides can be linked together by protein chemistry

techniques. For example, peptides or polypeptides can be chemically synthesized using either
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Fmoc (9-fluorenylmethyloxycarbonyl) or Boc (tert -butyloxycarbonoyl) chemistry. Such peptides
or polypeptides can be synthesized by standard chemical reactions. For example, a peptide or
polypeptide can be synthesized and not cleaved from its synthesis resin, whereas the other
fragment of a peptide or protein can be synthesized and subsequently cleaved from the resin,
thereby exposing a terminal group which is functionally blocked on the other fragment. By
peptide condensation reactions, these two fragments can be covalently joined via a peptide
bond at their carboxyl and amino termini, respectively. Alternately, the peptide or polypeptide
can be independently synthesized in vivo as described herein. Once isolated, these independent
peptides or polypeptides may be linked to form a peptide or fragment thereof via similar
peptide condensation reactions.

In some embodiments, enzymatic ligation of cloned or synthetic peptide segments
allow relatively short peptide fragments to be joined to produce larger peptide fragments,
polypeptides, or whole protein domains (Abrahmsen et al., Biochemistry, 1991, 30, 4151).
Alternately, native chemical ligation of synthetic peptides can be utilized to synthetically
construct large peptides or polypeptides from shorter peptide fragments. This method can
consist of a two-step chemical reaction (Dawson et al., Science, 1994, 266, 776-779). The first
step can be the chemoselective reaction of an unprotected synthetic peptide-thioester with
another unprotected peptide segment containing an amino-terminal Cys residue to give a
thioester-linked intermediate as the initial covalent product. Without a change in the reaction
conditions, this intermediate can undergo spontaneous, rapid intramolecular reaction to form a
native peptide bond at the ligation site.

In some embodiments, unprotected peptide segments can be chemically linked where
the bond formed between the peptide segments as a result of the chemical ligation is an
unnatural (non-peptide) bond (Schnolzer et al., Science, 1992, 256, 221).

In some embodiments, the polypeptides can possess post-expression modifications
such as, for example, glycosylations, acetylations, and phosphorylations, as well as other
modifications known in the art, both naturally occurring and non-naturally occurring. A
polypeptide may be an entire protein, or a subsequence thereof.

The disclosure also provides methods of producing any of the polypeptides disclosed
herein, comprising culturing a host cell comprising a recombinant expression vectors

comprising nucleic acid molecules comprising a polynucleotide capable of encoding one or
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more of the polypeptides disclosed herein, or its complement, thereby producing the
polypeptide.

The disclosure also provides cells {e.g., recombinant host cells) comprising any one or
more of the nucleic acid molecules, including vectors comprising the nucleic acid molecules,
and/or any one or more of the polypeptides disclosed herein. The cells can be in vitro, ex vivo,
or in vivo. Nucleic acid molecules can be linked to a promoter and other regulatory sequences
so they are expressed to produce an encoded protein. Cell lines of such cells are further
provided.

In some embodiments, the cell is a totipotent cell or a pluripotent cell (e.g., an
embryonic stem (ES) cell such as a rodent ES cell, a mouse ES cell, or a rat ES cell). Totipotent
cells include undifferentiated cells that can give rise to any cell type, and pluripotent cells
include undifferentiated cells that possess the ability to develop into more than one
differentiated cell types. Such pluripotent and/or totipotent cells can be, for example, ES cells
or ES-like cells, such as an induced pluripotent stem (iPS) cells. ES cells include embryo-derived
totipotent or pluripotent cells that are capable of contributing to any tissue of the developing
embryo upon introduction into an embryo. ES cells can be derived from the inner cell mass of a
blastocyst and are capable of differentiating into cells of any of the three vertebrate germ
layers (endoderm, ectoderm, and mesoderm). In accordance with the disclosure, the embryonic
stem cells may be non-human embryonic stem cells.

In some embodiments, the cell is a primary somatic cell, or a cell that is not a primary
somatic cell. Somatic cells can include any cell that is not a gamete, germ cell, gametocyte, or
undifferentiated stem cell. In some embodiments, the cell can also be a primary cell. Primary
cells include cells or cultures of cells that have been isolated directly from an organism, organ,
or tissue. Primary cells include cells that are neither transformed norimmortal. Primary cells
include any cell obtained from an organism, organ, or tissue which was not previously passed in
tissue culture or has been previously passed in tissue culture but is incapable of being
indefinitely passed in tissue culture. Such cells can be isolated by conventional techniques and
include, for example, somatic cells, hematopoietic cells, endothelial cells, epithelial cells,
fibroblasts, mesenchymal cells, keratinocytes, melanocytes, monocytes, mononuclear cells,
adipocytes, preadipocytes, neurons, glial cells, hepatocytes, skeletal myoblasts, and smooth
muscle cells. For example, primary cells can be derived from connective tissues, muscle tissues,

nervous system tissues, or epithelial tissues.
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In some embodiments, the cells may normally not proliferate indefinitely but, due to
mutation or alteration, have evaded normal cellular senescence and instead can keep
undergoing division. Such mutations or alterations can occur naturally or be intentionally
induced. Examples of immortalized cells include, but are not limited to, Chinese hamster ovary
(CHO) cells, human embryonic kidney cells (e.g., HEK 293 cells), and mouse embryonic
fibroblast cells (e.g., 3T3 cells). Numerous types of immortalized cells are well known.
Immortalized or primary cells include cells that are typically used for culturing or for expressing
recombinant genes or proteins. In some embodiments, the cell is a differentiated cell, such as a
liver cell (e.g., a human liver cell).

The cell can be from any source. For example, the cell can be a eukaryotic cell, an
animal cell, a plant cell, or a fungal (e.g., yeast) cell. Such cells can be fish cells or bird cells, or
such cells can be mammalian cells, such as human cells, non-human mammalian cells, rodent
cells, mouse cells or rat cells. Mammals include, but are not limited to, humans, non-human
primates, monkeys, apes, cats dogs, horses, bulls, deer, bison, sheep, rodents (e.g., mice, rats,
hamsters, guinea pigs), livestock {e.g., bovine species such as cows, steer, etc.; ovine species
such as sheep, goats, etc.; and porcine species such as pigs and boars). Birds include, but are
not limited to, chickens, turkeys, ostrich, geese, ducks, etc. Domesticated animals and
agricultural animals are also included. The term “non-human animal” excludes humans.

Additional host cells are described in, for example, U.S. Provisional Application No.
62/367,973, filed on July 28, 2016, which is incorporated herein by reference in its entirety.

The nucleic acid molecules and polypeptides disclosed herein can be introduced into a
cell by any means. Transfection protocols as well as protocols for introducing nucleic acids or
proteins into cells may vary. Non-limiting transfection methods include chemical-based
transfection methods using liposomes, nanoparticles, calcium, dendrimers, and cationic
polymers such as DEAE-dextran or polyethylenimine. Non-chemical methods include
electroporation, sono-poration, and optical transfection. Particle-based transfection includes
the use of a gene gun, or magnet-assisted transfection. Viral methods can also be used for
transfection.

Introduction of nucleic acids or proteins into a cell can also be mediated by
electroporation, by intracytoplasmic injection, by viral infection, by adenovirus, by adeno-
associated virus, by lentivirus, by retrovirus, by transfection, by lipid-mediated transfection, or

by nucleofection. Nucleofection is an improved electroporation technology that enables nucleic
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acid substrates to be delivered not only to the cytoplasm but also through the nuclear
membrane and into the nucleus. In addition, use of nucleofection in the methods disclosed
herein typically requires much fewer cells than regular electroporation {e.g., only about 2
million compared with 7 million by regular electroporation). In some embodiments,
nucleofection is performed using the LONZA® NUCLEOFECTOR™ system.

Introduction of nucleic acids or proteins into a cell can also be accomplished by
microinjection. Microinjection of an mRNA is usually into the cytoplasm (e.g., to deliver mRNA
directly to the translation machinery), while microinjection of a protein or a DNA is usually into
the nucleus. Alternately, microinjection can be carried out by injection into both the nucleus
and the cytoplasm: a needle can first be introduced into the nucleus and a first amount can be
injected, and while removing the needle from the cell a second amount can be injected into the
cytoplasm. If a nuclease agent protein is injected into the cytoplasm, the protein may comprise
a nuclear localization signal to ensure delivery to the nucleus/pronucleus.

Other methods for introducing nucleic acid or proteins into a cell can include, for
example, vector delivery, particle-mediated delivery, exosome-mediated delivery, lipid-
nanoparticle-mediated delivery, cell-penetrating-peptide-mediated delivery, or implantable-
device-mediated delivery. Methods of administering nucleic acids or proteins to a subject to
modify cells in vivo are disclosed elsewhere herein. Introduction of nucleic acids and proteins
into cells can also be accomplished by hydrodynamic delivery (HDD).

Other methods for introducing nucleic acid or proteins into a cell can include, for
example, vector delivery, particle-mediated delivery, exosome-mediated delivery, lipid-
nanoparticle-mediated delivery, cell-penetrating-peptide-mediated delivery, or implantable-
device-mediated delivery. In some embodiments, a nucleic acid or protein can be introduced
into a cell in a carrier such as a poly(lactic acid) (PLA) microsphere, a
poly(D,L-lactic-coglycolic-acid) (PLGA) microsphere, a liposome, a micelle, an inverse micelle, a
lipid cochleate, or a lipid microtubule.

The disclosure also provides probes and primers. Examples of probes and primers are
disclosed above for example. The disclosure provides probes and primers comprising a nucleic
acid sequence that specifically hybridizes to any of the nucleic acid molecules disclosed herein.
For example, the probe or primer may comprise a nucleic acid sequence which hybridizes to
any of the nucleic acid molecules described herein that encode a variant SLC14A1 protein that

comprises an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13



10

15

20

25

30

WO 2019/051033 PCT/US2018/049674

-44 -

or that comprises an isoleucine at a position corresponding to position 132 according to SEQ ID
NO:14, or which hybridizes to the complement of the nucleic acid molecule. In some
embodiments, the probe or primer comprises a nucleic acid sequence which hybridizes to a
nucleic acid molecule encoding a variant SLC14A1 protein according to SEQ ID NO:13 or SEQ ID
NO:14, or which hybridizes to the complement of these nucleic acid molecules. In some
embodiments, the probe or primer may comprise a nucleic acid sequence which hybridizes to
any of the nucleic acid molecules described herein that encode a variant SLC14A1 protein that
comprises an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13,
or which hybridizes to the complement of the nucleic acid molecule. In some embodiments, the
probe or primer comprises a nucleic acid sequence which hybridizes to a nucleic acid molecule
encoding a variant SLC14A1 protein according to SEQ ID NO:13, or which hybridizes to the
complement of these nucleic acid molecules. In some embodiments, the probe or primer may
comprise a nucleic acid sequence which hybridizes to any of the nucleic acid molecules
described herein that encode a variant SLC14A1 protein that comprises an isoleucine at a
position corresponding to position 132 according to SEQ ID NO:14, or which hybridizes to the
complement of the nucleic acid molecule. In some embodiments, the probe or primer
comprises a nucleic acid sequence which hybridizes to a nucleic acid molecule encoding a
variant SLC14 A1 protein according to SEQ ID NO:14, or which hybridizes to the complement of
these nucleic acid molecules.

In some embodiments, the probe or primer comprises a nucleic acid sequence which
hybridizes to a nucleic acid molecule encoding a variant SLC14A1 polypeptide that has at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to the amino acid sequence according to SEQ ID NO:13 and comprises
an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13, or which
hybridizes to the complement of this nucleic acid molecule. In some embodiments, the probe
or primer comprises a nucleic acid sequence which hybridizes to a nucleic acid molecule
encoding a variant SLC14A1 polypeptide that comprises or consists of the amino acid sequence
according to SEQ ID NO:13, or which hybridizes to the complement of this nucleic acid
molecule.

In some embodiments, the probe or primer comprises a nucleic acid sequence which

hybridizes to a nucleic acid molecule encoding a variant SLC14A1 polypeptide that has at least
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about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to the amino acid sequence according to SEQ ID NO:14 and comprises
an isoleucine at a position corresponding to position 132 according to SEQ ID NO:14, or which
hybridizes to the complement of this nucleic acid molecule. In some embodiments, the probe
or primer comprises a nucleic acid sequence which hybridizes to a nucleic acid molecule
encoding a variant SLC14A1 polypeptide that comprises or consists of the amino acid sequence
according to SEQ ID NO:14, or which hybridizes to the complement of this nucleic acid
molecule.

The probe or primer may comprise any suitable length, non-limiting examples of which
include at least about 5, at least about 8, at least about 10, at least about 11, at least about 12,
at least about 13, at least about 14, at least about 15, at least about 16, at least about 17, at
least about 18, at least about 19, at least about 20, at least about 21, at least about 22, at least
about 23, at least about 24, or at least about 25 nucleotides in length. In preferred
embodiments, the probe or primer comprises at least about 18 nucleotides in length. The
probe or primer may comprise from about 10 to about 35, from about 10 to about 30, from
about 10 to about 25, from about 12 to about 30, from about 12 to about 28, from about 12 to
about 24, from about 15 to about 30, from about 15 to about 25, from about 18 to about 30,
from about 18 to about 25, from about 18 to about 24, or from about 18 to about 22
nucleotides in length. In preferred embodiments, the probe or primer is from about 18 to about
30 nucleotides in length.

The disclosure also provides alteration-specific probes and alteration-specific primers.
In some embodiments, the alteration-specific probe or alteration-specific primer comprises a
nucleic acid sequence which is complementary to and/or hybridizes, or specifically hybridizes,
to a nucleic acid sequence encoding a variant SLC14A1 protein that comprises an isoleucine at a
position corresponding to position 76 according to SEQ ID NO:13, or to the complement
thereof. In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a nucleic acid sequence encoding a variant SLC14A1 protein that comprises an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14, or to the

complement thereof.
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In the context of the disclosure “specifically hybridizes” means that the probe or
primer (e.g., the alteration-specific probe or alteration-specific primer) does not hybridize to a
nucleic acid molecule encoding a wild type SLC14A1 protein. In some embodiments, the
alteration-specific probe specifically hybridizes to the nucleic acid codon which encodes the
isoleucine at a position corresponding to position 76 according to SEQ ID NO:13, or the
complement thereof. In some embodiments, the alteration-specific primer, or primer pair,
specifically hybridizes to a region(s) of the nucleic acid molecule encoding a variant SLC14A1
protein such that the codon which encodes the isoleucine at a position corresponding to
position 76 according to SEQ ID NO:13 is encompassed within any transcript produced
therefrom. In some embodiments, the alteration-specific probe specifically hybridizes to the
nucleic acid codon which encodes the isoleucine at a position corresponding to position 132
according to SEQ ID NO:14, or the complement thereof. In some embodiments, the alteration-
specific primer, or primer pair, specifically hybridizes to a region(s) of the nucleic acid molecule
encoding a variant SLC14A1 protein such that the codon which encodes the isoleucine at a
position corresponding to position 132 according to SEQ ID NO:14 is encompassed within any
transcript produced therefrom.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a nucleic acid sequence encoding a variant SLC14A1 protein, wherein the protein
comprises an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13,
or the complement thereof. In some embodiments, the alteration-specific probe or alteration-
specific primer comprises a nucleic acid sequence which is complementary to and/or
hybridizes, or specifically hybridizes, to a nucleic acid sequence encoding a variant SLC14A1
protein, wherein the protein comprises an isoleucine at a position corresponding to position
132 according to SEQ ID NO:14, or the complement thereof.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a genomic DNA molecule encoding a variant SLC14A1 protein having at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:13 and comprises an isoleucine at a position

corresponding to position 76 according to SEQ ID NO:13. In some embodiments, the alteration-
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specific probe or alteration-specific primer comprises a nucleic acid sequence which is
complementary to and/or hybridizes, or specifically hybridizes, to a genomic DNA molecule
encoding a variant SLC14A1 protein having SEQ ID NO:13.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a genomic DNA molecule encoding a variant SLC14A1 protein having at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:14 and comprises an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the
alteration-specific probe or alteration-specific primer comprises a nucleic acid sequence which
is complementary to and/or hybridizes, or specifically hybridizes, to a genomic DNA molecule
encoding a variant SLC14A1 protein having SEQ ID NO:14.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 genomic DNA molecule that comprises or consists of a nucleic
acid sequence comprising an adenine at a position corresponding to position 6963 according to
SEQ ID NO:2. In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 genomic DNA molecule that comprises or consists of a nucleic
acid sequence that has at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity to SEQ ID NO:2 and comprises an
adenine at a position corresponding to position 6963 according to SEQ ID NO:2. In some
embodiments, the alteration-specific probe or alteration-specific primer comprises a nucleic
acid sequence which is complementary to and/or hybridizes, or specifically hybridizes, to a
variant SLC14A1 genomic DNA molecule that comprises or consists of a nucleic acid sequence
according to SEQ ID NO:2.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 mRNA molecule encoding a variant SLC14A1 protein

comprising an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13.
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In some embodiments, the alteration-specific probe or alteration-specific primer comprises a
nucleic acid sequence which is complementary to and/or hybridizes, or specifically hybridizes,
to a variant SLC14A1 mRNA molecule encoding a variant SLC14A1 protein comprising an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 mRNA molecule encoding a variant SLC14A1 protein having at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:13 and comprises an isoleucine at a position
corresponding to position 76 according to SEQ ID NO:13. In some embodiments, the alteration-
specific probe or alteration-specific primer comprises a nucleic acid sequence which is
complementary to and/or hybridizes, or specifically hybridizes, to an mRNA molecule encoding
a variant SLC14A1 protein having SEQ ID NO:13.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 mRNA molecule encoding a variant SLC14A1 protein having at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:14 and comprises an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the
alteration-specific probe or alteration-specific primer comprises a nucleic acid sequence which
is complementary to and/or hybridizes, or specifically hybridizes, to an mRNA molecule
encoding a variant SLC14A1 protein having SEQ ID NO:14.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 mRNA molecule that comprises or consists of a nucleic acid
sequence comprising an adenine at a position corresponding to position 226 according to SEQ
ID NO:5. In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 mRNA molecule that comprises the codon AUC at positions

corresponding to positions 226 to 228 according to SEQ ID NO:5. In some embodiments, the
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alteration-specific probe or alteration-specific primer comprises a nucleic acid sequence which
is complementary to and/or hybridizes, or specifically hybridizes, to a variant SLC14A1 mRNA
molecule that comprises or consists of a nucleic acid sequence that has at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:5 and comprises an adenine at a position corresponding to position 226
according to SEQ ID NO:5. In some embodiments, the alteration-specific probe or alteration-
specific primer comprises a nucleic acid sequence which is complementary to and/or
hybridizes, or specifically hybridizes, to a variant SLC14A1 mRNA molecule that comprises or
consists of a nucleic acid sequence according to SEQ ID NO:5.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 mRNA molecule that comprises or consists of a nucleic acid
sequence comprising an adenine at a position corresponding to position 394 according to SEQ
ID NO:6. In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 mRNA molecule that comprises the codon AUC at positions
corresponding to positions 394 to 396 according to SEQ ID NO:6. In some embodiments, the
alteration-specific probe or alteration-specific primer comprises a nucleic acid sequence which
is complementary to and/or hybridizes, or specifically hybridizes, to a variant SLC14A1 mRNA
molecule that comprises or consists of a nucleic acid sequence that has at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:6 and comprises an adenine at a position corresponding to position 394
according to SEQ ID NO:6. In some embodiments, the alteration-specific probe or alteration-
specific primer comprises a nucleic acid sequence which is complementary to and/or
hybridizes, or specifically hybridizes, to a variant SLC14A1 mRNA molecule that comprises or
consists of a nucleic acid sequence according to SEQ ID NO:6.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 cDNA molecule encoding a variant SLC14A1 protein comprising

an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13. In some
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embodiments, the alteration-specific probe or alteration-specific primer comprises a nucleic
acid sequence which is complementary to and/or hybridizes, or specifically hybridizes, to a
variant SLC14A1 cDNA molecule encoding a variant SLC14A1 protein comprising an isoleucine
at a position corresponding to position 132 according to SEQ ID NO:14.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 cDNA molecule encoding a variant SLC14A1 protein having at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:13 and comprises an isoleucine at a position
corresponding to position 76 according to SEQ ID NO:13. In some embodiments, the alteration-
specific probe or alteration-specific primer comprises a nucleic acid sequence which is
complementary to and/or hybridizes, or specifically hybridizes, to an cDNA molecule encoding a
variant SLC14A1 protein having SEQ ID NO:13.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 cDNA molecule encoding a variant SLC14A1 protein having at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:14 and comprises an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the
alteration-specific probe or alteration-specific primer comprises a nucleic acid sequence which
is complementary to and/or hybridizes, or specifically hybridizes, to an cDNA molecule
encoding a variant SLC14A1 protein having SEQ ID NO:14.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 cDNA molecule that comprises or consists of a nucleic acid
sequence comprising an adenine at a position corresponding to position 226 according to SEQ
ID NO:9. In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 cDNA molecule that comprises the codon AUC at positions
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alteration-specific probe or alteration-specific primer comprises a nucleic acid sequence which
is complementary to and/or hybridizes, or specifically hybridizes, to a variant SLC14A1 cDNA
molecule that comprises or consists of a nucleic acid sequence that has at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:9 and comprises an adenine at a position corresponding to position 226
according to SEQ ID NO:9. In some embodiments, the alteration-specific probe or alteration-
specific primer comprises a nucleic acid sequence which is complementary to and/or
hybridizes, or specifically hybridizes, to a variant SLC14A1 cDNA molecule that comprises or
consists of a nucleic acid sequence according to SEQ ID NO:9.

In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 cDNA molecule that comprises or consists of a nucleic acid
sequence comprising an adenine at a position corresponding to position 394 according to SEQ
ID NO:10. In some embodiments, the alteration-specific probe or alteration-specific primer
comprises a nucleic acid sequence which is complementary to and/or hybridizes, or specifically
hybridizes, to a variant SLC14A1 cDNA molecule that comprises the codon AUC at positions
corresponding to positions 394 to 396 according to SEQ ID NO:10. In some embodiments, the
alteration-specific probe or alteration-specific primer comprises a nucleic acid sequence which
is complementary to and/or hybridizes, or specifically hybridizes, to a variant SLC14A1 cDNA
molecule that comprises or consists of a nucleic acid sequence that has at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity to SEQ ID NO:10 and comprises an adenine at a position corresponding to position 394
according to SEQ ID NO:10. In some embodiments, the alteration-specific probe or alteration-
specific primer comprises a nucleic acid sequence which is complementary to and/or
hybridizes, or specifically hybridizes, to a variant SLC14A1 cDNA molecule that comprises or
consists of a nucleic acid sequence according to SEQ ID NO:10.

The disclosure also provides an isolated alteration-specific probe or primer comprising
at least about 15 nucleotides and which hybridizes to a nucleic acid sequence encoding an
SLC14A1 protein, wherein the alteration-specific probe or primer comprises a nucleic acid
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sequence which encodes an isoleucine at the position corresponding to position 76 according
to SEQ ID NO:13, or to the complement thereof.

The disclosure also provides an isolated alteration-specific probe or primer comprising
at least about 15 nucleotides and which hybridizes to a nucleic acid sequence encoding an
SLC14A1 protein, wherein the alteration-specific probe or primer comprises a nucleic acid
sequence which is complementary to the portion of the SLC14A1 encoding nucleic acid
sequence which encodes an isoleucine at the position corresponding to position 132 according
to SEQ ID NO:14, or to the complement thereof.

The disclosure also provides an isolated polypeptide comprising an amino acid
sequence which is at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identical to an SLC14A1l variant polypeptide
having the amino acid sequence of SEQ ID NO:13, provided that the polypeptide comprises an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13. In some
embodiments, the SLC14A1 variant polypeptide comprises the amino acid sequence of SEQ ID
NO:13.

The disclosure also provides an isolated polypeptide comprising an amino acid
sequence which is at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identical to an SLC14A1l variant polypeptide
having the amino acid sequence of SEQ ID NO:14, provided that the polypeptide comprises an
isoleucine at the position corresponding to position 132 according to SEQ ID NO:14. In some
embodiments, the SLC14A1 variant polypeptide comprises the amino acid sequence of SEQ ID
NO:14.

The disclosure also provides use of any of the isolated probes or primers described
herein or the isolated alteration-specific probes or primers described herein for determining a
human subject’s susceptibility to developing a coagulation condition or coronary artery disease
(CAD).

The length which is described above with regard to the probe or primer of the
disclosure applies, mutatis mutandis, also for the alteration-specific probe or alteration-specific
primer of the disclosure.

The disclosure also provides a pair of alteration-specific primers comprising two of the

alteration-specific primers as described above.
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In some embodiments, the probe or primer (e.g., the alteration-specific probe or
alteration-specific primer) comprises DNA. In some embodiments, the probe or primer (e.g.,
alteration-specific probe or alteration-specific primer) comprises RNA. In some embodiments,
the probe or primer (e.g., the alteration-specific probe or alteration-specific primer) hybridizes
to a nucleic acid sequence encoding the variant SLC14A1 protein under stringent conditions,
such as high stringent conditions.

In some embodiments, the probe comprises a label. In some embodiments, the label is
a fluorescent label, a radiolabel, or biotin. In some embodiments, the length of the probeis
described above. Alternately, in some embodiments, the probe comprises or consists of at least
about 20, at least about 25, at least about 30, at least about 35, at least about 40, at |east about
45, at least about 50, at least about 55, at least about 60, at least about 65, at least about 70, at
least about 75, at least about 80, at least about 85, at least about 90, at least about 95, or at
least about 100 nucleotides. The probe (e.g., the allele-specific probe) may be used, for
example, to detect any of the nucleic acid molecules disclosed herein. In preferred
embodiments, the probe comprises at least about 18 nucleotides in length. The probe may
comprise from about 10 to about 35, from about 10 to about 30, from about 10 to about 25,
from about 12 to about 30, from about 12 to about 28, from about 12 to about 24, from about
15 to about 30, from about 15 to about 25, from about 18 to about 30, from about 18 to about
25, from about 18 to about 24, or from about 18 to about 22 nucleotides in length. In preferred
embodiments, the probe is from about 18 to about 30 nucleotides in length.

The disclosure also provides supports comprising a substrate to which any one or more
of the probes disclosed herein is attached. Solid supports are solid-state substrates or supports
with which molecules, such as any of the probes disclosed herein, can be associated. A form of
solid support is an array. Another form of solid support is an array detector. An array detector
is a solid support to which multiple different probes have been coupled in an array, grid, or
other organized pattern.

Solid-state substrates for use in solid supports can include any solid material to which
molecules can be coupled. This includes materials such as acrylamide, agarose, cellulose,
nitrocellulose, glass, polystyrene, polyethylene vinyl acetate, polypropylene, polymethacrylate,
polyethylene, polyethylene oxide, polysilicates, polycarbonates, teflon, fluorocarbons, nylon,
silicon rubber, polyanhydrides, polyglycolic acid, polylactic acid, polyorthoesters,

polypropylfumerate, collagen, glycosaminoglycans, and polyamino acids. Solid-state substrates
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can have any useful form including thin film, membrane, bottles, dishes, fibers, woven fibers,
shaped polymers, particles, beads, microparticles, or a combination. Solid-state substrates and
solid supports can be porous or non-porous. A form for a solid-state substrate is a microtiter
dish, such as a standard 96-well type. In some embodiments, a multiwell glass slide can be
employed that normally contain one array per well. This feature allows for greater control of
assay reproducibility, increased throughput and sample handling, and ease of automation. In
some embodiments, the support is a microarray.

Any of the polypeptides disclosed herein can further have one or more substitutions
(such as conservative amino acid substitutions), insertions, or deletions. Insertions include, for
example, amino or carboxyl terminal fusions as well as intrasequence insertions of single or
multiple amino acid residues. Techniques for making substitutions at predetermined sites in
DNA having a known sequence are well known, for example M13 primer mutagenesis and PCR
mutagenesis. Amino acid substitutions are typically of single residues, but can occur at a
number of different locations at once; insertions usually will be on the order of about from 1 to
10 amino acid residues; and deletions will range about from 1 to 30 residues. Deletions or
insertions can be made in adjacent pairs, i.e. a deletion of 2 residues or insertion of 2 residues.
Substitutions, deletions, insertions or any combination thereof may be combined to arrive at a
final construct. In some embodiments, the mutations do not place the sequence out of reading
frame and do not create complementary regions that could produce secondary mRNA
structure.

The disclosure also provides kits for making the compositions and utilizing the methods
described herein. The kits described herein can comprise an assay or assays for detecting one
or more genetic variants in a sample of a subject.

In some embodiments, the kits for identification of human SLC14A1 variants utilize the
compositions and methods described above. In some embodiments, a basic kit can comprise a
container having at least one pair of oligonucleotide primers or probes, such as alteration-
specific probes or alteration-specific primers, for a locus in any of the nucleic acid molecules
disclosed herein (such as, for example, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:9,
and/or SEQ ID NO:10). A kit can also optionally comprise instructions for use. A kit can also
comprise other optional kit components, such as, for example, one or more of an allelic ladder
directed to each of the loci amplified, a sufficient quantity of enzyme for amplification,

amplification buffer to facilitate the amplification, divalent cation solution to facilitate enzyme
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activity, dNTPs for strand extension during amplification, loading solution for preparation of the
amplified material for electrophoresis, genomic DNA as a template control, a size marker to
insure that materials migrate as anticipated in the separation medium, and a protocol and
manual to educate the user and limit error in use. The amounts of the various reagents in the
kits also can be varied depending upon a number of factors, such as the optimum sensitivity of
the process. It is within the scope of these teachings to provide test kits for use in manual
applications or test kits for use with automated sample preparation, reaction set-up, detectors
or analyzers.

In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 genomic DNA molecule
encoding a variant SLC14A1 protein that comprises an isoleucine at a position corresponding to
position 76 according to SEQ ID NO:13 or that comprises an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14, or the complement thereof. In some
embodiments, the kits comprise at least one pair of oligonucleotide primers (e.q., alteration-
specific primers) for amplification, or at least one labeled oligonucleotide probe (e.g.,
alteration-specific probe) for detection, of a variant SLC14A1 genomic DNA molecule encoding
a variant SLC14A1 protein having at least about 90%, at least about 91%, at least about 92%, at
least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%,
at least about 98%, or at least about 99% sequence identity to SEQ ID NO:13 and comprising an
isoleucine at a position corresponding to position 76 according to SEQ ID NO:13 or to SEQ ID
NO:14 and comprising an isoleucine at a position corresponding to position 132 according to
SEQ ID NO:14. In some embodiments, the kits comprise at least one pair of oligonucleotide
primers (e.g., alteration-specific primers) for amplification, or at least one labeled
oligonucleotide probe (e.g., alteration-specific probe) for detection, of a variant SLC14A1
genomic DNA molecule encoding a variant SLC14A1 protein having SEQ ID NO:2.

In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 genomic DNA molecule that
comprises or consists of a nucleic acid sequence comprising an adenine at a position
corresponding to position 6963 according to SEQ ID NO:2. In some embodiments, the kits

comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
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amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 genomic DNA molecule that comprises or consists of a nucleic
acid sequence that has at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity to SEQ ID NO:2 and comprising an
adenine at a position corresponding to position 6963 according to SEQ ID NO:2. In some
embodiments, the kits comprise at least one pair of oligonucleotide primers (e.q., alteration-
specific primers) for amplification, or at least one labeled oligonucleotide probe (e.g.,
alteration-specific probe) for detection, of a variant SLC14A1 genomic DNA molecule that
comprises or consists of a nucleic acid sequence according to SEQ ID NO:2.

In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 mRNA molecule encoding a
variant SLC14 A1 protein comprising an isoleucine at a position corresponding to position 76
according to SEQ ID NO:13. In some embodiments, the kits comprise at least one pair of
oligonucleotide primers (e.g., alteration-specific primers) for amplification, or at least one
labeled oligonucleotide probe (e.g., alteration-specific probe) for detection, of a variant
SLC14A1 mRNA molecule encoding a variant SLC14A1 protein comprising an isoleucine at a
position corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the
kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 mRNA molecule encoding a variant SLC14A1 protein having at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:13 and comprising an isoleucine at a position
corresponding to position 76 according to SEQ ID NO:13. In some embodiments, the kits
comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 mRNA molecule encoding a variant SLC14A1 protein having at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
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corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the kits
comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 mRNA molecule encoding a variant SLC14A1 protein having SEQ
ID NO:13. In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 mRNA molecule encoding a
variant SLC14A1 protein having SEQ ID NO:14.

In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 mRNA molecule that
comprises or consists of a nucleic acid sequence comprising an adenine at a position
corresponding to position 226 according to SEQ ID NO:5. In some embodiments, the kits
comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 mRNA molecule that comprises the codon AUC at positions
corresponding to positions 226 to 228 according to SEQ ID NO:5. In some embodiments, the
kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 mRNA molecule that comprises or consists of a nucleic acid
sequence that has at least about 90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity to SEQ ID NO:5 and comprises an adenine
at a position corresponding to position 226 according to SEQ ID NO:5. In some embodiments,
the kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers)
for amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe)
for detection, of a variant SLC14A1 mRNA molecule that comprises or consists of a nucleic acid
sequence according to SEQ ID NO:5.

In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 mRNA molecule that

comprises or consists of a nucleic acid sequence comprising an adenine at a position
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corresponding to position 394 according to SEQ ID NO:6. In some embodiments, the kits
comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 mRNA molecule that comprises the codon AUC at positions
corresponding to positions 394 to 396 according to SEQ ID NO:6. In some embodiments, the
kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 mRNA molecule that comprises or consists of a nucleic acid
sequence that has at least about 90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity to SEQ ID NO:6 and comprises an adenine
at a position corresponding to position 394 according to SEQ ID NO:6. In some embodiments,
the kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers)
for amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe)
for detection, of a variant SLC14A1 mRNA molecule that comprises or consists of a nucleic acid
sequence according to SEQ ID NO:6.

In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 cDNA molecule encoding a
variant SLC14 A1 protein comprising an isoleucine at a position corresponding to position 76
according to SEQ ID NO:13. In some embodiments, the kits comprise at least one pair of
oligonucleotide primers (e.g., alteration-specific primers) for amplification, or at least one
labeled oligonucleotide probe (e.g., alteration-specific probe) for detection, of a variant
SLC14A1 cDNA molecule encoding a variant SLC14A1 protein comprising an isoleucine at a
position corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the
kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 cDNA molecule encoding a variant SLC14A1 protein having at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:13 and comprising an isoleucine at a position
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comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 cDNA molecule encoding a variant SLC14A1 protein having at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO:14 and comprising an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the kits
comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 cDNA molecule encoding a variant SLC14A1 protein having SEQ
ID NO:13. In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 cDNA molecule encoding a
variant SLC14A1 protein having SEQ ID NO:14.

In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 cDNA molecule that
comprises or consists of a nucleic acid sequence comprising an adenine at a position
corresponding to position 226 according to SEQ ID NO:9. In some embodiments, the kits
comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 cDNA molecule that comprises the codon AUC at positions
corresponding to positions 226 to 228 according to SEQ ID NO:9. In some embodiments, the
kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 cDNA molecule that comprises or consists of a hucleic acid
sequence that has at least about 90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity to SEQ ID NO:9 and comprises an adenine
at a position corresponding to position 226 according to SEQ ID NO:9. In some embodiments,
the kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers)
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for detection, of a variant SLC14A1 cDNA molecule that comprises or consists of a hucleic acid
sequence according to SEQ ID NO:9.

In some embodiments, the kits comprise at least one pair of oligonucleotide primers
(e.g., alteration-specific primers) for amplification, or at least one labeled oligonucleotide probe
(e.g., alteration-specific probe) for detection, of a variant SLC14A1 cDNA molecule that
comprises or consists of a nucleic acid sequence comprising an adenine at a position
corresponding to position 394 according to SEQ ID NO:10. In some embodiments, the kits
comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 cDNA molecule that comprises the codon AUC at positions
corresponding to positions 394 to 396 according to SEQ ID NO:10. In some embodiments, the
kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers) for
amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe) for
detection, of a variant SLC14A1 cDNA molecule that comprises or consists of a hucleic acid
sequence that has at least about 90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity to SEQ ID NO:10 and comprises an adenine
at a position corresponding to position 394 according to SEQ ID NO:10. In some embodiments,
the kits comprise at least one pair of oligonucleotide primers (e.g., alteration-specific primers)
for amplification, or at least one labeled oligonucleotide probe (e.q., alteration-specific probe)
for detection, of a variant SLC14A1 cDNA molecule that comprises or consists of a hucleic acid
sequence according to SEQ ID NO:10.

In some embodiments, any of the kits disclosed herein may further comprise any one
or more of: a nucleotide ladder, protocol, an enzyme (such as an enzyme used for amplification,
such as polymerase chain reaction (PCR)), dNTPs, a buffer, a salt or salts, and a control nucleic
acid sample. In some embodiments, any of the kits disclosed herein may further comprise any
one or more of: a detectable label, products and reagents required to carry out an annealing
reaction, and instructions.

In some embodiments, the kits disclosed herein can comprise a primer or probe or an
alteration-specific primer or an alteration-specific probe comprising a 3’ terminal nucleotide
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NO:2, at a position corresponding to position 226 of SEQ ID NO:5 and/or SEQ ID NO:9, or at a
position corresponding to position 394 of SEQ ID NO:6 and/or SEQ ID NO:10.

Those in the art understand that the detection techniques employed are generally not
limiting. Rather, a wide variety of detection means are within the scope of the disclosed
methods and kits, provided that they allow the presence or absence of an amplicon to be
determined.

In some aspects, a kit can comprise one or more of the primers or probes disclosed
herein. For example, a kit can comprise one or more probes that hybridize to one or more of
the disclosed genetic variants.

In some aspects, a kit can comprise one of the disclosed cells or cell lines. In some
aspects, a kit can comprise the materials necessary to create a transgenic cell or cell line. For
example, in some aspects a kit can comprise a cell and a vector comprising a nucleic acid
sequence comprising one or more of the disclosed genetic variants. A kit can further comprise
media for cell culture.

The disclosure also provides methods for detecting the presence of an SLC14A1 variant
genomic DNA, mRNA, cDNA, and/or polypeptide in a biological sample from a subject human.
In some embodiments, the SLC14A1 variant genomic DNA, mRNA, and/or cDNA result in variant
SLC14A1 polypeptides that have loss of function or partial loss of function. It is understood that
gene sequences within a population and mRNAs and proteins encoded by such genes can vary
due to polymorphisms such as single-nucleotide polymorphisms. The sequences provided
herein for the SLC14A1 genomic DNA, mRNA, cDNA, and polypeptide are only exemplary
sequences. Other sequences for the SLC14A1 genomic DNA, mRNA, cDNA, and polypeptide are
also possible.

The disclosure also provides methods of determining whether a human subject carries
an SLC14A1 variant nucleic acid molecule, comprising assaying a sample obtained from the
subject to determine whether a nucleic acid molecule in the sample comprises a nucleic acid
sequence that encodes an SLC14A1 protein comprising an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13 and/or whether a nucleic acid
molecule in the sample comprises a nucleic acid sequence that encodes an SLC14A1 protein
comprising an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14. In some embodiments, if in the sample a nucleic acid molecule is identified which
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the position corresponding to position 76 according to SEQ ID NO:13 and/or if in the sample a
nucleic acid molecule is identified which comprises a nucleic acid sequence that encodes an
SLC14A1 protein comprising an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14, then the human subject is classified as being at decreased risk for
developing a coagulation condition or coronary artery disease (CAD). In some embodiments, if
in the sample a nucleic acid molecule is identified which comprises a nucleic acid sequence that
encodes an SLC14A1 protein which does not comprise an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13 and/or if in the sample a nucleic acid
molecule is identified which comprises a nucleic acid sequence that encodes an SLC14A1
protein which does not comprise an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14, then the human subject is classified as being at increased risk for
developing a coagulation condition or CAD. In some embodiments, the coagulation condition is
chosen from thrombosis, pulmonary embolism, myocardial infarction (Ml), venous
thromboembolism (VTE), deep vein thrombosis (DVT), cerebral aneurysm, and stroke.

The disclosure also provides methods of determining whether a human subject carries
an SLC14A1 Val76lle protein and/or an SLC14A1 Val132lle protein, comprising performing an
assay on a sample obtained from the human subject to determine whether an SLC14A1 protein
in the sample comprises an isoleucine at the position corresponding to position 76 according to
SEQ ID NO:13 and/or whether an SLC14A1 protein in the sample comprises an isoleucine at the
position corresponding to position 132 according to SEQ ID NO:14. In some embodiments, if in
the sample an SLC14A1 protein is identified which comprises an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13 and/or if in the sample an SLC14A1
protein is identified which comprises an isoleucine at the position corresponding to position
132 according to SEQ ID NO:14, then the human subject is classified as being at decreased risk
for developing a coagulation condition or coronary artery disease (CAD). In some embodiments,
if in the sample an SLC14A1 protein is identified which does not comprise an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13 and/or if in the sample an
SLC14A1 protein is identified which does not comprise an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14, then the human subject is classified
as being at increased risk for developing a coagulation condition or CAD. In some embodiments,
the coagulation condition is chosen from thrombosis, pulmonary embolism, myocardial
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aneurysm, and stroke. In some embodiments, an enzyme-linked immunosorbent assay (ELISA)
is used for determining whether an SLC14A1 protein in the sample comprises an isoleucine at
the position corresponding to position 76 according to SEQ ID NO:13 and/or whether an
SLC14A1 protein in the sample comprises an isoleucine at the position corresponding to
position 132 according to SEQ ID NO:14. In some embodiments, the method is an in vitro
method.

The biological sample can be derived from any cell, tissue, or biological fluid from the
subject. The sample may comprise any clinically relevant tissue, such as a bone marrow sample,
a tumor biopsy, a fine needle aspirate, or a sample of bodily fluid, such as blood, gingival
crevicular fluid, plasma, serum, lymph, ascitic fluid, cystic fluid, or urine. In some cases, the
sample comprises a buccal swab. The sample used in the methods disclosed herein will vary
based on the assay format, nature of the detection method, and the tissues, cells, or extracts
that are used as the sample. A biological sample can be processed differently depending on the
assay being employed. For example, when detecting a variant SLC14A1 nucleic acid molecule,
preliminary processing designed to isolate or enrich the sample for the genomic DNA can be
employed. A variety of known techniques may be used for this purpose. When detecting the
level of variant SLC14A1 mRNA, different techniques can be used enrich the biological sample
with mRNA. Various methods to detect the presence or level of a mRNA or the presence of a
particular variant genomic DNA locus can be used.

The disclosure also provides methods of detecting an SLC14A1 variant nucleic acid
molecule in a human subject, wherein the SLC14A1 variant nucleic acid molecule encodes a loss
of function SLC14A1 protein or a partial loss of function SLC14A1 protein. In some
embodiments, the method of detecting an SLC14A1 variant nucleic acid molecule in a human
subject comprises assaying a sample obtained from the subject to determine whether a nucleic
acid molecule in the sample comprises a nucleic acid sequence that encodes an isoleucine at
the position corresponding to position 76 according to SEQ ID NO:13 or whether a nucleic acid
molecule in the sample comprises a nucleic acid sequence that encodes an isoleucine at the
position corresponding to position 132 according to SEQ ID NO:14.

The disclosure also provides methods of detecting the presence or absence of a variant
SLC14A1 protein in a human subject, wherein the SLC14A1 variant protein is a loss of function
SLC14A1 protein or a partial loss of function SLC14A1 protein. In some embodiments, the
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sequencing at least a portion of a protein in a biological sample to determine whether the
protein comprises an amino acid sequence encoding an SLC14A1 protein comprising an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 or comprising
an isoleucine at the position corresponding to position 132 according to SEQ ID NO:14.

In some embodiments, the disclosure provides methods of detecting the presence or
absence of a variant SLC14A1 nucleic acid molecule comprising sequencing at least a portion of
a nucleic acid in a biological sample to determine whether the nucleic acid comprises a nucleic
acid sequence encoding an SLC14A1 protein comprising an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13 or comprising an isoleucine at the
position corresponding to position 132 according to SEQ ID NO:14. Any of the variant nucleic
acid molecules disclosed herein can be detected using any of the probes and primers described
herein.

In some embodiments, the methods of detecting the presence or absence of a
coagulation condition-associated variant SLC14A1 nucleic acid molecule or CAD-associated
variant SLC14 A1 nucleic acid molecule {(e.g., genomic DNA, mRNA, or cDNA) in a subject,
comprises: performing an assay on a biological sample obtained from the subject, which assay
determines whether a nucleic acid molecule in the biological sample comprises a variant
SLC14A1 nucleic acid molecule encoding a loss of function SLC14A1 protein or partial loss of
function SLC14A1 protein.

In some embodiments, the methods of detecting the presence or absence of a
coagulation condition-associated variant SLC14A1 nucleic acid molecule or CAD-associated
variant SLC14 A1 nucleic acid molecule {(e.g., genomic DNA, mRNA, or cDNA) in a subject,
comprises: performing an assay on a biological sample obtained from the subject, which assay
determines whether a nucleic acid molecule in the biological sample comprises any of the
variant SLC14 A1 nucleic acid sequences disclosed herein {e.g., a nucleic acid molecule that
encodes an SLC14A1 protein comprising an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13 or comprising an isoleucine at the position corresponding to
position 132 according to SEQ ID NO:14). In some embodiments, the biological sample
comprises a cell or cell lysate. Such methods can further comprise, for example, obtaining a
biological sample from the subject comprising an SLC14A1 genomic DNA or mRNA, and if
mRNA, optionally reverse transcribing the mRNA into cDNA, and performing an assay on the
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cDNA encodes an SLC14A1 protein comprising an isoleucine at the position corresponding to
position 76 according to SEQ ID NO:13 or comprising an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14. Such assays can comprise, for
example determining the identity of these positions of the particular SLC14A1 nucleic acid
molecule. In some embodiments, the subject is a human.

In some embodiments, the assay comprises: sequencing at least a portion of the
SLC14A1 genomic DNA sequence of a nucleic acid molecule in the biological sample from the
subject, wherein the portion sequenced includes the position corresponding to the position
encoding an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13 or
wherein the portion sequenced includes the position corresponding to the position encoding an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14; sequencing at
least a portion of the SLC14A1 mRNA sequence of a nucleic acid molecule in the biological
sample from the subject, wherein the portion sequenced includes the position corresponding
to the position encoding an isoleucine at a position corresponding to position 76 according to
SEQ ID NO:13 or wherein the portion sequenced includes the position corresponding to the
position encoding an isoleucine at a position corresponding to position 132 according to SEQ ID
NO:14; or sequencing at least a portion of the SLC14A1 cDNA sequence of a nucleic acid
molecule in the biological sample from the subject, wherein the portion sequenced includes the
position corresponding to the position encoding an isoleucine at a position corresponding to
position 76 according to SEQ ID NO:13 or wherein the portion sequenced includes the position
corresponding to the position encoding an isoleucine at a position corresponding to position
132 according to SEQ ID NO:14.

In some embodiments, the assay comprises: a) contacting the biological sample with a
primer hybridizing to: i) a portion of the SLC14A1 genomic DNA sequence that is proximate to
the positions of the SLC14A1 genomic sequence at the position corresponding to the position
encoding an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13 or
a portion of the SLC14A1 genomic DNA sequence that is proximate to the positions of the
SLC14A1 genomic sequence at the position corresponding to the position encoding an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14; ii) a portion
of the SLC14A1 mRNA sequence that is proximate to the positions of the SLC14A1 genomic
sequence at the position corresponding to the position encoding an isoleucine at a position

corresponding to position 76 according to SEQ ID NO:13 or a portion of the SLC14A1 mRNA
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sequence that is proximate to the positions of the SLC14A1 genomic sequence at the position
corresponding to the position encoding an isoleucine at a position corresponding to position
132 according to SEQ ID NO:14; or iii) a portion of the SLC14A1 cDNA sequence that is
proximate to the positions of the SLC14A1 genomic sequence at the position corresponding to
the position encoding an isoleucine at a position corresponding to position 76 according to SEQ
ID NO:13 or a portion of the SLC14A1 cDNA sequence that is proximate to the positions of the
SLC14A1 genomic sequence at the position corresponding to the position encoding an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14; b) extending
the primer at least through: i) the positions of the SLC14A1 genomic DNA sequence
corresponding to nucleotide positions beyond the codon encoding an isoleucine at a position
corresponding to position 76 according to SEQ ID NO:13 or the position of the SLC14A1
genomic DNA sequence corresponding to nucleotide positions beyond the codon encoding an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14; ii) the
position of the SLC14A1 mRNA sequence corresponding to nucleotide positions beyond the
codon encoding an isoleucine at a position corresponding to position 76 according to SEQ ID
NO:13 or the position of the SLC14A1 mRNA sequence corresponding to nucleotide positions
beyond the codon encoding an isoleucine at a position corresponding to position 132 according
to SEQ ID NO:14; or iii) the position of the SLC14A1 cDNA sequence corresponding to
nucleotide positions beyond the codon encoding an isoleucine at a position corresponding to
position 76 according to SEQ ID NO:13 or the position of the SLC14A1 cDNA sequence
corresponding to nucleotide positions beyond the codon encoding an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14; and c) determining whether the
extension product of the primer comprises nucleotides encoding an isoleucine at a position
corresponding to position 76 according to SEQ ID NO:13 or determining whether the extension
product of the primer comprises nucleotides encoding an isoleucine at a position corresponding
to position 132 according to SEQ ID NO:14. In some embodiments, only SLC14A1 genomic DNA
is analyzed. In some embodiments, only SLC14A1 mRNA is analyzed. In some embodiments,
only SLC14A1 cDNA obtained from SLC14A1 mRNA is analyzed.

In some embodiments, the assay comprises: a) contacting the biological sample with
an alteration-specific primer hybridizing to i) a portion of the SLC14A1 genomic DNA sequence
including the nucleotides encoding an isoleucine at a position corresponding to position 76
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nucleotides encoding an isoleucine at a position corresponding to position 132 according to
SEQ ID NO:14; ii) a portion of the SLC14A1 mRNA sequence including the nucleotides encoding
an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13 or a portion
of the SLC14A1 mRNA sequence including the nucleotides encoding an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14; or iii) a portion of the SLC14A1 cDNA
sequence including the nucleotides encoding an isoleucine at a position corresponding to
position 76 according to SEQ ID NO:13 or a portion of the SLC14A1 cDNA sequence including
the nucleotides encoding an isoleucine at a position corresponding to position 132 according to
SEQ ID NO:14; b) extending the primer using an alteration-specific polymerase chain reaction
technique; and c) determining whether extension occurred. Alteration-specific polymerase
chain reaction techniques can be used to detect mutations such as deletions in a nucleic acid
sequence. Alteration-specific primers are used because the DNA polymerase will not extend
when a mismatch with the template is present. A number of variations of the basic alteration-
specific polymerase chain reaction technique are at the disposal of the skilled artisan.

The alteration-specific primer may comprise a nucleic acid sequence which is
complementary to a nucleic acid sequence encoding the SLC14A1 protein comprising an
isoleucine at a position corresponding to position 76 according to SEQ ID NO:13 or comprising
an isoleucine at a position corresponding to position 132 according to SEQ ID NO:14, or the
complement to the nucleic acid sequence. For example, the alteration-specific primer may
comprise a nucleic acid sequence which is complementary to the nucleic acid sequence
encoding SEQ ID NO:13, or to the complement to this nucleic acid sequence. Alternately, the
alteration-specific primer may comprise a nucleic acid sequence which is complementary to the
nucleic acid sequence encoding SEQ ID NO:14, or to the complement to this nucleic acid
sequence. The alteration-specific primer preferably specifically hybridizes to the nucleic acid
sequence encoding the variant SLC14A1 protein when the nucleic acid sequence encodes an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 or encodes
an isoleucine at the position corresponding to position 132 according to SEQ ID NO:14.

In some embodiments, the assay comprises: sequencing a portion of the SLC14A1
genomic sequence of a nucleic acid molecule in the sample, wherein the portion sequenced
includes the positions corresponding to positions 6963 to 6965 according to SEQ ID NO:2;
sequencing a portion of the SLC14A1 mRNA sequence of a nucleic acid molecule in the sample,
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according to SEQ ID NO:5; sequencing a portion of the SLC14A1 mRNA sequence of a nucleic
acid molecule in the sample, wherein the portion sequenced includes the positions
corresponding to positions 394 to 396 according to SEQ ID NO:6; sequencing a portion of the
SLC14A1 cDNA sequence of a nucleic acid molecule in the sample, wherein the portion
sequenced includes the positions corresponding to positions 226 to 228 according to SEQ ID
NO:9; and/or sequencing a portion of the SLC14A1 cDNA sequence of a nucleic acid molecule in
the sample, wherein the portion sequenced includes the positions corresponding to positions
394 to 396 according to SEQ ID NO:10.

In some embodiments, the assay comprises: a) contacting the sample with a primer
hybridizing to: i) a portion of the SLC14A1 genomic sequence that is proximate to the positions
of the SLC14A1 genomic sequence corresponding to positions 6963 to 6965 according to SEQ ID
NO:2; ii) a portion of the SLC14A1 mRNA sequence that is proximate to the positions of the
SLC14A1 mRNA corresponding to positions 226 to 228 according to SEQ ID NO:5 or
corresponding to positions 394 to 396 according to SEQ ID NO:6 ; or iii) a portion of the
SLC14A1 cDNA sequence that is proximate to the positions of the SLC14A1 cDNA corresponding
to positions 226 to 228 according to SEQ ID NO:9 or corresponding to positions 394 to 396
according to SEQ ID NO:10; b) extending the primer at least through: i) the positions of the
SLC14A1 genomic nucleic acid sequence corresponding to positions 6963 to 6965 according to
SEQ ID NO:2; ii) the positions of the SLC14A1 mRNA nucleic acid sequence corresponding to
positions 226 to 228 according to SEQ ID NO:5 or corresponding to positions 394 to 396
according to SEQ ID NO:6; or iii) the positions of the SLC14A1 cDNA nucleic acid sequence
corresponding to positions 226 to 228 according to SEQ ID NO:9 or corresponding to positions
394 to 396 according to SEQ ID NO:10; and c) determining the whether the extension product
of the primer comprises a codon at the positions: i) corresponding to positions 6963 to 6965 of
the SLC14A1 genomic nucleic acid sequence according to SEQ ID NO:2, that encodes an
isoleucine; ii) corresponding to positions 226 to 228 of the SLC14A1 mRNA according to SEQ ID
NO:5 or corresponding to positions 394 to 396 of the SLC14A1 mRNA nucleic acid sequence
according to SEQ ID NO:6, that encodes an isoleucine; or iii) corresponding to positions 226 to
228 of the SLC14A1 cDNA nucleic acid sequence according to SEQ ID NO:9 or corresponding to
positions 394 to 396 of the SLC14A1 cDNA nucleic acid sequence according to SEQ ID NO:10,
that encodes an isoleucine; that encode an isoleucine at the position corresponding to position
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position 132 according to SEQ ID NO:14.

In some embodiments, the assay comprises contacting the biological sample with a
primer or probe that specifically hybridizes to a variant SLC14A1 genomic DNA sequence, mRNA
sequence, or cDNA sequence and not the corresponding wild type SLC14A1 sequence under
stringent conditions, and determining whether hybridization has occurred.

In some embodiments, the assay comprises RNA sequencing (RNA-Seq). In some
embodiments, the assays also comprise reverse transcribing mRNA into cDNA via the reverse
transcriptase polymerase chain reaction (RT-PCR).

In some embodiments, the methods utilize probes and primers of sufficient nuclectide
length to bind to the target nucleic acid sequence and specifically detect and/or identify a
polynucleotide comprising a variant SLC14A1 genomic DNA, mRNA, or cDNA. The hybridization
conditions or reaction conditions can be determined by the operator to achieve this result. This
nucleotide length may be any length that is sufficient for use in a detection method of choice,
including any assay described or exemplified herein. Generally, for example, primers or probes
having about 8, about 10, about 11, about 12, about 14, about 15, about 16, about 18, about
20, about 22, about 24, about 26, about 28, about 30, about 40, about 50, about 75, about 100,
about 200, about 300, about 400, about 500, about 600, or about 700 nucleotides, or more, or
from about 11 to about 20, from about 20 to about 30, from about 30 to about 40, from about
40 to about 50, from about 50 to about 100, from about 100 to about 200, from about 200 to
about 300, from about 300 to about 400, from about 400 to about 500, from about 500 to
about 600, from about 600 to about 700, or from about 700 to about 800, or more nucleotides
in length are used. In preferred embodiments, the probe or primer comprises at least about 18
nucleotides in length. The probe or primer may comprise from about 10 to about 35, from
about 10 to about 30, from about 10 to about 25, from about 12 to about 30, from about 12 to
about 28, from about 12 to about 24, from about 15 to about 30, from about 15 to about 25,
from about 18 to about 30, from about 18 to about 25, from about 18 to about 24, or from
about 18 to about 22 nucleotides in length. In preferred embodiments, the probe or primer is
from about 18 to about 30 nucleotides in length.

Such probes and primers can hybridize specifically to a target sequence under high
stringency hybridization conditions. Probes and primers may have complete nucleic acid
sequence identity of contiguous nucleotides with the target sequence, although probes
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and/or identify a target nucleic acid sequence may be designed by conventional methods.
Accordingly, probes and primers can share about 80%, about 85%, about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%,
or 100% sequence identity or complementarity to the target nucleic acid molecule.

In some embodiments, specific primers can be used to amplify the variant SLC14A1
locus and/or SLC14A1 variant mRNA or cDNA to produce an amplicon that can be used as a
specific probe or can itself be detected for identifying the variant SLC14A1 locus or for
determining the level of specific SLC14A1 mRNA or cDNA in a biological sample. The SLC14A1
variant locus can be used to denote a genomic nucleic acid sequence including positions
corresponding to positions encoding an isoleucine at position 76 according to SEQ ID NO:13 or
encoding an isoleucine at position 132 according to SEQ ID NO:14. When the probeiis
hybridized with a nucleic acid molecule in a biological sample under conditions that allow for
the binding of the probe to the nucleic acid molecule, this binding can be detected and allow
for anindication of the presence of the variant SLC14A1 locus or the presence or the level of
variant SLC14A1 mRNA or cDNA in the biological sample. Such identification of a bound probe
has been described. The specific probe may comprise a sequence of at least about 80%, from
about 80% to about 85%, from about 85% to about 90%, from about 90% to about 95%, and
from about 95% to about 100% identical (or complementary) to a specific region of a variant
SLC14A1 gene. The specific probe may comprise a sequence of at least about 80%, from about
80% to about 85%, from about 85% to about 90%, from about 90% to about 95%, and from
about 95% to about 100% identical (or complementary) to a specific region of a variant
SLC14A1 mRNA. The specific probe may comprise a sequence of at least about 80%, from about
80% to about 85%, from about 85% to about 90%, from about 90% to about 95%, and from
about 95% to about 100% identical (or complementary) to a specific region of a variant
SLC14A1 cDNA.

In some embodiments, to determine whether the nucleic acid complement of a
biological sample comprises a nucleic acid sequence encoding the variant SLC14A1 protein (e.g.,
encoding an isoleucine at the position corresponding to position 76 according to SEQ ID NO:13
or encoding an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14), the biological sample may be subjected to a nucleic acid amplification method using a
primer pair that includes a first primer derived from the 5’ flanking sequence adjacent to
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ID NO:13 or encoding the isoleucine at the position corresponding to position 132 according to
SEQ ID NO:14, and a second primer derived from the 3’ flanking sequence adjacent to positions
encoding the isoleucine at the position corresponding to position 76 according to SEQ ID NO:13
or encoding the isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14, to produce an amplicon that is diagnostic for the presence of the nucleotides at
positions encoding the serine at the position corresponding to position 186 according to SEQ ID
NO:9. In some embodiments, the amplicon may range in length from the combined length of
the primer pairs plus one nucleotide base pair to any length of amplicon producible by a DNA
amplification protocol. This distance can range from one nucleotide base pair up to the limits of
the amplification reaction, or about twenty thousand nucleotide base pairs. Optionally, the
primer pair flanks a region including positions encoding the isoleucine at position 76 according
to SEQ ID NO:13 or encoding the isoleucine at the position corresponding to position 132
according to SEQ ID NO:14 and at least 1, 2, 3, 4,5, 6,7, 8,9, 10, or more nucleotides on each
side of positions encoding the isoleucine at position 76 according to SEQ ID NO:13 or encoding
the isoleucine at the position corresponding to position 132 according to SEQ ID NO:14. Similar
amplicons can be generated from the mRNA and/or cDNA sequences.

Representative methods for preparing and using probes and primers are described, for
example, in Molecular Cloning: A Laboratory Manual, 2nd Ed., Vol. 1-3, ed. Sambrook et al.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. 1989 (hereinafter, “Sambrook et
al., 1989”); Current Protocols in Molecular Biology, ed. Ausubel et al., Greene Publishing and
Wiley-Interscience, New York, 1992 (with periodic updates) (hereinafter, “Ausubel et al.,
1992”); and Innis et al., PCR Protocols: A Guide to Methods and Applications, Academic Press:
San Diego, 1990). PCR primer pairs can be derived from a known sequence, for example, by
using computer programs intended for that purpose, such as the PCR primer analysis tool in
Vector NTI version 10 (Informax Inc., Bethesda Md.); PrimerSelect (DNASTAR Inc., Madison,
Wis.); and Primer3 (Version 0.4.0.COPYRGT., 1991, Whitehead Institute for Biomedical
Research, Cambridge, Mass.). Additionally, the sequence can be visually scanned and primers
manually identified using known guidelines.

Any nucleic acid hybridization or amplification or sequencing method can be used to
specifically detect the presence of the variant SLC14A1 gene locus and/or the level of variant
SLC14A1 mRNA or cDNA produced from mRNA. In some embodiments, the nucleic acid
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nucleic acid molecule can be used as a probe that specifically hybridizes, for example, under
stringent conditions, to a nucleic acid molecule comprising the variant SLC14A1 gene locus or a
nucleic acid molecule comprising a variant SLC14A1 mRNA or cDNA produced from mRNA.

A variety of techniques are available in the art including, for example, nucleic acid
sequencing, nucleic acid hybridization, and nucleic acid amplification. lllustrative examples of
nucleic acid sequencing techniques include, but are not limited to, chain terminator (Sanger)
sequencing and dye terminator sequencing.

Other methods involve nucleic acid hybridization methods other than sequencing,
including using labeled primers or probes directed against purified DNA, amplified DNA, and
fixed cell preparations (fluorescence in situ hybridization (FISH)). In some methods, a target
nucleic acid may be amplified prior to or simultaneous with detection. lllustrative examples of
nucleic acid amplification techniques include, but are not limited to, polymerase chain reaction
(PCR), ligase chain reaction (LCR), strand displacement amplification (SDA), and nucleic acid
sequence based amplification (NASBA). Other methods include, but are not limited to, ligase
chain reaction, strand displacement amplification, and thermophilic SDA (tSDA).

Any method can be used for detecting either the non-amplified or amplified
polynucleotides including, for example, Hybridization Protection Assay (HPA), quantitative
evaluation of the amplification process in real-time, and determining the quantity of target
sequence initially present in a sample, but which is not based on a real-time amplification.

Also provided are methods for identifying nucleic acids which do not necessarily
require sequence amplification and are based on, for example, the known methods of Southern
(DNA:DNA) blot hybridizations, in situ hybridization (ISH), and fluorescence in situ hybridization
(FISH) of chromosomal material. Southern blotting can be used to detect specific nucleic acid
sequences. In such methods, nucleic acid that is extracted from a sample is fragmented,
electrophoretically separated on a matrix gel, and transferred to a membrane filter. The filter
bound nucleic acid is subject to hybridization with a labeled probe complementary to the
sequence of interest. Hybridized probe bound to the filter is detected. In any such methods,
the process can include hybridization using any of the probes described or exemplified herein.

In hybridization techniques, stringent conditions can be employed such that a probe or
primer will specifically hybridize to its target. In some embodiments, a polynucleotide primer or
probe under stringent conditions will hybridize to its target sequence (e.g., the variant SLC14A1
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than to other sequences (e.g., the corresponding wild type SLC14A1 locus, wild type mRNA, or
wild type cDNA), such as, at least 2-fold, at least 3-fold, at |east 4-fold, or more over
background, including over 10-fold over background. In some embodiments, a polynucleotide
primer or probe under stringent conditions will hybridize to its target sequence to a detectably
greater degree than to other sequences by at least 2-fold. In some embodiments, a
polynucleotide primer or probe under stringent conditions will hybridize to its target sequence
to a detectably greater degree than to other sequences by at least 3-fold. In some
embodiments, a polynucleotide primer or probe under stringent conditions will hybridize to its
target sequence to a detectably greater degree than to other sequences by at least 4-fold. In
some embodiments, a polynucleotide primer or probe under stringent conditions will hybridize
to its target sequence to a detectably greater degree than to other sequences by over 10-fold
over background. Stringent conditions are sequence-dependent and will be different in
different circumstances. By controlling the stringency of the hybridization and/or washing
conditions, target sequences that are 100% complementary to the probe can be identified
(homologous probing). Alternately, stringency conditions can be adjusted to allow some
mismatching in sequences so that lower degrees of identity are detected (heterologous
probing).

Appropriate stringency conditions which promote DNA hybridization, for example, 6X
sodium chloride/sodium citrate (SSC) at about 45°C., followed by a wash of 2X SSC at 50°C, are
known or can be found in Current Protocols in Molecular Biology, John Wiley & Sons, N.Y.
(1989), 6.3.1-6.3.6. Typically, stringent conditions for hybridization and detection will be those
in which the salt concentration is less than about 1.5 M Na ion, typically about 0.01 to 1.0 M Na
jon concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for
short probes (e.g., 10 to 50 nucleotides) and at least about 60°C for longer probes (e.g., greater
than 50 nucleotides). Stringent conditions may also be achieved with the addition of
destabilizing agents such as formamide. Exemplary low stringency conditions include
hybridization with a buffer solution of 30 to 35% formamide, 1 M NaCl, 1% SDS (sodium dodecyl
sulfate) at 37°C, and a wash in 1X to 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium citrate) at
50 to 55°C. Exemplary moderate stringency conditions include hybridization in 40 to 45%
formamide, 1.0 M NacCl, 1% SDS at 37°C, and a wash in 0.5X to 1X SSC at 55 to 60°C. Exemplary
high stringency conditions include hybridization in 50% formamide, 1 M NaCl, 1% SDS at 37°C,
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about 1% SDS. Duration of hybridization is generally less than about 24 hours, usually about 4
to about 12 hours. The duration of the wash time will be at least a length of time sufficient to
reach equilibrium.

In hybridization reactions, specificity is typically the function of post-hybridization
washes, the critical factors being the ionic strength and temperature of the final wash solution.
For DNA-DNA hybrids, the T, can be approximated from the equation of Meinkoth and Wahl,
Anal. Biochem., 1984, 138, 267-284: T,,=81.5°C + 16.6 (log M) + 0.41 (% GC) - 0.61 (% form) -
500/L; where M is the molarity of monovalent cations, %GC is the percentage of guanosine and
cytosine nucleotides in the DNA, % form is the percentage of formamide in the hybridization
solution, and L is the length of the hybrid in base pairs. The T, is the temperature (under
defined ionic strength and pH) at which 50% of a complementary target sequence hybridizes to
a perfectly matched probe. Ty, is reduced by about 1°C for each 1% of mismatching; thus, T,,,
hybridization, and/or wash conditions can be adjusted to hybridize to sequences of the desired
identity. For example, if sequences with 290% identity are sought, the T, can be decreased
10°C. Generally, stringent conditions are selected to be about 5°C lower than the thermal
melting point (T,,) for the specific sequence and its complement at a defined ionic strength and
pH. However, severely stringent conditions can utilize a hybridization and/or wash at 1°C, 2°C,
3°C, or 4°C lower than the thermal melting point (T,,); moderately stringent conditions can
utilize a hybridization and/or wash at 6°C, 7°C, 8°C, 9°C, or 10°C lower than the thermal melting
point (Tw); low stringency conditions can utilize a hybridization and/or wash at 11°C, 12°C, 13°C,
14°C, 15°C, or 20°C lower than the thermal melting point (T,,). Using the equation, hybridization
and wash compaositions, and desired T,,, those of ordinary skill will understand that variations in
the stringency of hybridization and/or wash solutions are inherently described. If the desired
degree of mismatching results in a T, of less than 45°C (aqueous solution) or 32°C (formamide
solution), it is optimal to increase the SSC concentration so that a higher temperature can be
used.

Also provided are methods for detecting the presence or quantifying the levels of
variant SLC14A1 polypeptides in a biological sample, including, for example, protein sequencing
and immunoassays. In some embodiments, the method of detecting the presence of variant
SLC14A1 protein (e.g., a loss of function SLC14A1 protein or partial loss of function SLC14A1
protein) in a human subject comprises performing an assay on a biological sample from the
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SLC14A1 protein or partial loss of function SLC14A1 protein) in the biological sample. In some
embodiments, the method of detecting the presence of variant SLC14A1 protein (e.g., SEQ D
NO:13 and/or SEQ ID NO:14) in a human subject comprises performing an assay on a biological
sample from the human subject that detects the presence of the variant SLC14A1 protein (e.g.,
SEQ D NO:13 and/or SEQ ID NO:14) in the biological sample.

Illustrative non-limiting examples of protein sequencing techniques include, but are
not limited to, mass spectrometry and Edman degradation. lllustrative examples of
immunoassays include, but are not limited to, immunoprecipitation, Western blot,
immunohistochemistry, ELISA, immunocytochemistry, flow cytometry, and immuno-PCR.
Polyclonal or monoclonal antibodies detectably labeled using various known techniques (e.g.,
calorimetric, fluorescent, chemiluminescent, or radioactive) are suitable for use in the
immunoassays.

The disclosure also provides methods for modifying a cell, comprising introducing an
expression vector into the cell, wherein the expression vector comprises a variant SLC14A1
gene comprising a nucleotide sequence encoding a loss of function SLC14A1 protein or partial
loss of function SLC14A1 protein.

The disclosure also provides methods for modifying a cell, comprising introducing an
expression vector into the cell, wherein the expression vector comprises a variant SLC14A1
gene comprising a nucleotide sequence encoding an isoleucine at positions corresponding to
positions 6963 to 6965 according to SEQ ID NO:2. In some embodiments, the expression vector
comprises a recombinant SLC14A1 gene comprising a nucleotide sequence that comprises a
codon at the positions corresponding to positions 6963 to 6965 according to SEQ ID NO:2 which
encodes an isoleucine. In some embodiments, the method is an in vitro method.

The disclosure also provides methods for modifying a cell, comprising introducing an
expression vector into the cell, wherein the expression vector comprises a nucleic acid
molecule encoding a variant SLC14A1 polypeptide that is at least about 90%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
to SEQ ID NO:13, and comprises an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13. In some embodiments, the method is an in vitro method.

The disclosure also provides methods for modifying a cell, comprising introducing an
expression vector into the cell, wherein the expression vector comprises a nucleic acid
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least about 96%, at least about 97%, at least about 98%, or at least about 99% identical to SEQ
ID NO:14, and comprises an isoleucine at the position corresponding to position 132 according
to SEQ ID NO:14. In some embodiments, the method is an in vitro method.

The disclosure also provides methods for modifying a cell, comprising introducing a
variant SLC14A1 polypeptide, or fragment thereof, into the cell, wherein the SLC14A1
polypeptide is at least about 90%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% identical to SEQ ID NO:13, and comprises an isoleucine
at the position corresponding to position 76 according to SEQ ID NO:13. In some embodiments,
the method is an in vitro method.

The disclosure also provides methods for modifying a cell, comprising introducing a
variant SLC14A1 polypeptide, or fragment thereof, into the cell, wherein the SLC14A1
polypeptide is at least about 90%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% identical to SEQ ID NO:14, and comprises an isoleucine
at the position corresponding to position 132 according to SEQ ID NO:14. In some
embodiments, the method is an in vitro method.

The disclosure also provides methods of determining a human subject’s susceptibility
to developing a coagulation condition or CAD. In some embodiments, the methods comprise
detecting the presence of the variant SLC14A1 genomic DNA, mRNA, or cDNA obtained from
mRNA, wherein the variant SLC14A1 genomic DNA, mRNA, or cDNA obtained from mRNA
encodes a loss of function SLC14A1 protein or partial loss of function SLC14A1 protein.

In some embodiments, the methods comprise detecting the presence of the variant
SLC14A1 genomic DNA, mRNA, or cDNA obtained from mRNA, obtained from a biological
sample obtained from the subject. It is understood that gene sequences within a population
and mRNAs encoded by such genes can vary due to polymorphisms such as single nucleotide
polymorphisms (SNPs). The sequences provided herein for the variant SLC14A1 genomic DNA,
mRNA, cDNA, and polypeptide are only exemplary sequences and other such sequences,
including additional SLC14A1 alleles are also possible.

In some embodiments, the methods comprise a) assaying a sample obtained from the
subject to determine whether a nucleic acid molecule in the sample comprises a nucleic acid
sequence that encodes a loss of function SLC14A1 protein or partial loss of function SLC14A1
protein; and b) classifying the human subject as being at decreased risk for developing the
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that encodes a loss of function SLC14A1 protein or partial loss of function SLC14A1 protein, or
classifying the human subject as being at increased risk for developing the coagulation
condition or CAD if the nucleic acid molecule does not comprise a nucleic acid sequence that
encodes a loss of function SLC14A1 protein or partial loss of function SLC14A1 protein.

In some embodiments, the methods comprise a) assaying a sample obtained from the
subject to determine whether a nucleic acid molecule in the sample comprises a nucleic acid
sequence that encodes an isoleucine at a position corresponding to position 76 according to
SEQ ID NO:13 or encodes an isoleucine at a position corresponding to position 132 according to
SEQ ID NO:14; and b) classifying the human subject as being at decreased risk for developing
the coagulation condition or CAD if the nucleic acid molecule comprises a nucleic acid sequence
that encodes an isoleucine at a position corresponding to position 76 according to SEQ ID
NO:13 or encodes an isoleucine at a position corresponding to position 132 according to SEQ ID
NO:14, or classifying the human subject as being at increased risk for developing the
coagulation condition or CAD if the nucleic acid molecule does not comprise a nucleic acid
sequence that encodes an isoleucine at a position corresponding to position 76 according to
SEQ ID NO:13 or encodes an isoleucine at a position corresponding to position 132 according to
SEQ ID NO:14.

In some embodiments, the assay comprises: sequencing a portion of the SLC14A1
genomic sequence of a nucleic acid molecule in the sample, wherein the portion sequenced
includes the positions corresponding to positions 6963 to 6965 according to SEQ ID NO:2;
sequencing a portion of the SLC14A1 mRNA sequence of a nucleic acid molecule in the sample,
wherein the portion sequenced includes the positions corresponding to positions 226 to 228
according to SEQ ID NO:5; sequencing a portion of the SLC14A1 mRNA sequence of a nucleic
acid molecule in the sample, wherein the portion sequenced includes the positions
corresponding to positions 394 to 396 according to SEQ ID NO:6; sequencing a portion of the
SLC14A1 cDNA sequence of a nucleic acid molecule in the sample, wherein the portion
sequenced includes the positions corresponding to positions 226 to 228 according to SEQ ID
NO:9; and/or sequencing a portion of the SLC14A1 cDNA sequence of a nucleic acid molecule in
the sample, wherein the portion sequenced includes the positions corresponding to positions
394 to 396 according to SEQ ID NO:10. Any of the nucleic acid molecules disclosed herein (e.g.,
genomic DNA, mRNA, or cDNA) can be sequenced. In some embodiments, the detecting step

comprises sequencing the entire nucleic acid molecule.
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In some embodiments, the detecting step comprises: amplifying at least a portion of
the nucleic acid molecule that encodes an SLC14A1 protein, wherein the amplified nucleic acid
molecule encodes an amino acid sequence which comprises the position corresponding to
position 76 according to SEQ ID NO:13 or comprises the position corresponding to position 132
according to SEQ ID NO:14; labeling the nucleic acid molecule with a detectable label;
contacting the labeled nucleic acid with a support comprising a probe, wherein the probe
comprises a nucleic acid sequence which hybridizes under stringent conditions to a nucleic acid
sequence encoding an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 or encoding an isoleucine at the position corresponding to position 132 according to
SEQ ID NO:14; and detecting the detectable label. Any of the nucleic acid molecules disclosed
herein can be amplified. For example, any of the genomic DNA, cDNA, or mRNA molecules
disclosed herein can be amplified. In some embodiments, the nucleic acid molecule is mRNA
and the method further comprises reverse-transcribing the mRNA into a cDNA prior to the
amplifying step.

In some embodiments, the assay comprises: a) contacting the sample with a primer
hybridizing to: i) a portion of the SLC14A1 genomic sequence that is proximate to the positions
of the SLC14A1 genomic sequence corresponding to positions 6963 to 6965 according to SEQ ID
NO:2; ii) a portion of the SLC14A1 mRNA sequence that is proximate to the positions of the
SLC14A1 mRNA corresponding to positions 226 to 228 according to SEQ ID NO:5 or
corresponding to positions 394 to 396 according to SEQ ID NO:6 ; or iii) a portion of the
SLC14A1 cDNA sequence that is proximate to the positions of the SLC14A1 cDNA corresponding
to positions 226 to 228 according to SEQ ID NO:9 or corresponding to positions 394 to 396
according to SEQ ID NO:10; b) extending the primer at least through: i) the positions of the
SLC14A1 genomic nucleic acid sequence corresponding to positions 6963 to 6965 according to
SEQ ID NO:2; ii) the position of the SLC14A1 mRNA nucleic acid sequence corresponding to
positions 226 to 228 according to SEQ ID NO:5 or corresponding to positions 394 to 396
according to SEQ ID NO:6; or iii) the position of the SLC14A1 cDNA nucleic acid sequence
corresponding to positions 226 to 228 according to SEQ ID NO:9 or corresponding to positions
394 to 396 according to SEQ ID NO:10; and c) determining the whether the extension product
of the primer comprises nucleotides at the positions: i) corresponding to positions 6963 to 6965
of the SLC14A1 genomic nucleic acid sequence according to SEQ ID NO:2; ii) corresponding to
positions 226 to 228 of the SLC14A1 mRNA nucleic acid sequence according to SEQ ID NO:5 or
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corresponding to positions 394 to 396 of the SLC14A1 mRNA nucleic acid sequence according to
SEQ ID NO:6; or iii) corresponding to positions 226 to 228 of the SLC14A1 cDNA nucleic acid
sequence according to SEQ ID NO:9 or corresponding to positions 394 to 396 of the SLC14A1
cDNA nucleic acid sequence according to SEQ ID NO:10; that encode an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13 or that encode an isoleucine
at the position corresponding to position 132 according to SEQ ID NO:14.

In some embodiments, the assay comprises contacting the sample with a primer or
probe that specifically hybridizes to the SLC14A1 variant genomic nucleic acid sequence, the
SLC14A1 variant mRNA nucleic acid sequence, or the SLC14A1 variant cDNA nucleic acid
sequence and not to the corresponding wild-type SLC14A1 nucleic acid sequence under
stringent conditions, and determining whether hybridization has occurred. In some
embodiments, the SLC14A1 variant genomic nucleic acid sequence, SLC14A1 variant mRNA
nucleic acid sequence, or SLC14A1 variant cDNA nucleic acid encodes an amino acid sequence
comprising an isoleucine at the position corresponding to position 76 according to SEQ ID
NO:13 or encodes an amino acid sequence comprising an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the method is
an in vitro method.

The disclosure also provides methods of determining a human subject’s susceptibility
to developing a coagulation condition or coronary artery disease (CAD), comprising: a) assaying
a sample obtained from the human subject to determine whether an SLC14A1 protein in the
sample comprises an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 and/or whether an SLC14A1 protein in the sample comprises an isoleucine at the
position corresponding to position 132 according to SEQ ID NO:14; and b) classifying the human
subject as being at decreased risk for developing the coagulation condition or CAD if an
SLC14A1 protein in the sample comprises an isoleucine at the position corresponding to
position 76 according to SEQ ID NO:13 and/or if an SLC14A1 protein in the sample comprises an
isoleucine at the position corresponding to position 132 according to SEQ ID NO:14, or
classifying the human subject as being at increased risk for developing the coagulation
condition or CAD if an SLC14A1 protein in the sample does not comprise an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13 and/or if an SLC14A1 protein
in the sample does not comprise an isoleucine at the position corresponding to position 132

according to SEQ ID NO:14. In some embodiments, an enzyme-linked immunosorbent assay
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(ELISA) is used for determining whether an SLC14A1 protein in the sample comprises an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 and/or
whether an SLC14A1 protein in the sample comprises an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the method
is an in vitro method.

In some embodiments of the method, the detecting step comprises sequencing at
least a portion of the nucleic acid molecule that encodes an SLC14A1 protein. The sequenced
nucleic acid molecule may encode a loss of function SLC14A1 protein or a partial loss of
function SLC14A1 protein. In some embodiments, the sequenced nucleic acid molecule may
encode an amino acid sequence which comprises a position corresponding to position 76
according to SEQ ID NO:13 or comprises a position corresponding to position 132 according to
SEQ ID NO:14. The presence of an adenine at a position corresponding to position 6963
according to SEQ ID NO:2 (e.g., the genomic DNA), or at a position corresponding to position
226 according to SEQ ID NO:5 or SEQ ID NO:9 (e.g., the mRNA), or at a position corresponding
to position 394 according to SEQ ID NO:6 or SEQ ID NO:10 (e.g., the cDNA), each results in a
variant SLC14 A1 protein comprising an isoleucine at a position corresponding to position 76
according to SEQ ID NO:13 or a variant SLC14A1 protein comprising an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14. The detecting step may comprise
sequencing the nucleic acid molecule encoding the entire SLC14A1 protein.

In some embodiments of the method, the detecting step comprises amplifying at least
a portion of the nucleic acid molecule that encodes an SLC14A1 protein, labeling the nucleic
acid molecule with a detectable label, contacting the labeled nucleic acid with a support
comprising a probe, wherein the probe comprises a nucleic acid sequence which specifically
hybridizes, including, for example, under stringent conditions, to a nucleic acid sequence
encoding an isoleucine at the position corresponding to position 76 according to SEQ ID NO:13
or to a nucleic acid sequence encoding an isoleucine at the position corresponding to position
132 according to SEQ ID NO:14 (or a nucleic acid sequence having an adenine at a position
corresponding to position 6963 according to SEQ ID NO:2 (e.g., the genomic DNA), orat a
position corresponding to position 226 according to SEQ ID NO:5 or SEQ ID NO:9 (e.g., the
mRNA), or at a position corresponding to position 394 according to SEQ ID NO:6 or SEQ ID
NO:10 (e.g., the cDNA), and detecting the detectable label. The amplified nucleic acid molecule

preferably encodes an amino acid sequence which comprises the position corresponding to
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position 76 according to SEQ ID NO:13 or preferably encodes an amino acid sequence which
comprises the position corresponding to position 132 according to SEQ ID NO:14. If the nucleic
acid includes mRNA, the method may further comprise reverse-transcribing the mRNA into a
cDNA prior to the amplifying step. In some embodiments, the determining step comprises
contacting the nucleic acid molecule with a probe comprising a detectable label and detecting
the detectable label. The probe preferably comprises a nucleic acid sequence which specifically
hybridizes, including, for example, under stringent conditions, to a nucleic acid sequence
encoding an amino acid sequence which comprises an isoleucine at the position corresponding
to position 76 according to SEQ ID NO:13 or to a nucleic acid sequence encoding an amino acid
sequence which comprises an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14 (or a nucleic acid sequence having an adenine at a position
corresponding to position 6963 according to SEQ ID NO:2 (e.g., the genomic DNA), orat a
position corresponding to position 226 according to SEQ ID NO:5 or SEQ ID NO:9 (e.g., the
mRNA), or at a position corresponding to position 394 according to SEQ ID NO:6 or SEQ ID
NO:10 (e.g., the cDNA). The nucleic acid molecule may be present within a cell obtained from
the human subject.

Other assays that can be used in the methods disclosed herein include, for example,
reverse transcription polymerase chain reaction (RT-PCR) or quantitative RT-PCR (qRT-PCR). Yet
other assays that can be used in the methods disclosed herein include, for example, RNA
sequencing (RNA-Seq) followed by detection of the presence and quantity of variant mRNA or
cDNA in the biological sample.

The methods described herein may be carried out in vitro, in situ, or in vivo.

The disclosure also provides methods of determining a human subject’s susceptibility
to developing a coagulation condition or CAD comprising: a) performing an assay on a sample
obtained from the human subject to determine whether an SLC14A1 protein in the sampleis a
loss of function protein or partial loss of function protein; and b) classifying the human subject
as being at decreased risk for developing the coagulation condition or CAD if the SLC14A1
polypeptide is a loss of function protein or partial loss of function protein, or classifying the
human subject as being at increased risk for developing the coagulation condition or CAD if the
SLC14A1 polypeptide is not a loss of function protein or partial loss of function protein.

The disclosure also provides methods of determining a human subject’s susceptibility

to developing a coagulation condition or CAD comprising: a) performing an assay on a sample
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obtained from the human subject to determine whether an SLC14A1 protein in the sample
comprises an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13
or comprises an isoleucine at a position corresponding to position 132 according to SEQ ID
NO:14; and b) classifying the human subject as being at decreased risk for developing the
coagulation condition or CAD if the SLC14A1 polypeptide comprises an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13 or comprises an isoleucine at
a position corresponding to position 132 according to SEQ ID NO:14, or classifying the human
subject as being at increased risk for developing the coagulation condition or CAD if the
SLC14A1 polypeptide does not comprise an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13 or comprises an isoleucine at a position corresponding to
position 132 according to SEQ ID NO:14. In some embodiments, the human subject is in need of
such determination. In some embodiments, the human subject may have relatives that have a
coagulation condition or CAD.

The disclosure also provides methods of determining a human subject’s susceptibility
to developing a coagulation condition or coronary artery disease (CAD), comprising: a) assaying
a sample obtained from the human subject to determine whether a nucleic acid molecule in the
sample comprises a nucleic acid sequence that encodes an SLC14A1 protein comprising an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 and/or
whether a nucleic acid molecule in the sample comprises a nucleic acid sequence that encodes
an SLC14A1 protein comprising an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14; and b) classifying the human subject as being at decreased risk for
developing the coagulation condition or CAD if a nucleic acid molecule in the sample comprises
a nucleic acid sequence that encodes an SLC14A1 protein comprising an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13 and/or if a nucleic acid
molecule in the sample comprises a nucleic acid sequence that encodes an SLC14A1 protein
comprising an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14, or classifying the human subject as being at increased risk for developing the
coagulation condition or CAD if a nucleic acid molecule in the sample encodes an SLC14A1
protein which does not comprise an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13 and/or if a nucleic acid molecule in the sample encodes an SLC14A1
protein which does not comprise an isoleucine at the position corresponding to position 132

according to SEQ ID NO:14.
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Any of the methods described herein may further comprise, for a subject having a
coagulation condition or an increased risk for developing a coagulation condition, administering
a therapeutic agent that prevents, treats, or inhibits (partially or completely) the coagulation
condition. In some embodiments, the anti-coagulation agent is heparin, warfarin (COUMADIN®
and JANTOVEN®), rivaroxaban (XARELTO®), dabigatran (PRADAXA®), apixaban (ELIQUIS®),
edoxaban (SAVAYSA®), enoxaparin (LOVENOX®), fondaparinux (ARIXTRA®), dalteparin
(FRAGMIN®), bivalirudin (ANGIOMAX?®), argatroban (ACOVA®), or antithrombin Ill (THROMBATE
[11®). In some embodiments, the anti-coagulation agent is any of the variant SLC14A1
polypeptides described herein.

Any of the methods described herein may further comprise, for a subject having CAD
or an increased risk for developing CAD, administering a therapeutic agent that prevents,
treats, or inhibits (partially or completely) CAD. In some embodiments, the agent is a
cholesterol-modifying medication (such as, for example, a statin, niacin, a fibrate, or a bile acid
sequestrant), aspirin, a beta blocker, nitroglycerin, an angiotensin-converting enzyme (ACE)
inhibitor, and/or an angiotensin Il receptor blocker (ARB).

The disclosure also provides methods for treating a coagulation condition
patient with a therapeutic agent that prevents, treats, or inhibits the coagulation condition,
comprising the steps of: determining whether the patient has one or more genetic variants
associated with the coagulation condition by performing or having performed a genotype assay
on a DNA sample obtained from the patient to determine if the patient has one or more genetic
variants associated with the coagulation condition; and when the patient has one or more of
the genetic variants associated with the coagulation condition, administering to the patient the
therapeutic agent that prevents, treats, or inhibits the coagulation condition. The genetic
variants associated with the coagulation condition can be any of the variants disclosed herein
with such activity. In some embodiments, the one or more genetic variants associated with the
coagulation condition is a nucleic acid molecule that encodes an SLC14A1 protein which does
not comprise an isoleucine at the position corresponding to position 76 according to SEQ ID
NO:13 and/or a nucleic acid molecule that encodes an SLC14A1 protein which does not
comprise an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14. The determining of whether the patient has one or more genetic variants associated
with the coagulation condition by performing or having performed a genotype assay can

encompass any of the methods described herein. In some embodiments, when the genotype
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assay indicates that the coagulation condition patient comprises a nucleic acid molecule that
encodes an SLC14A1 protein which comprises an isoleucine at the position corresponding to
position 76 according to SEQ ID NO:13 and/or a nucleic acid molecule that encodes an SLC14A1
protein which comprises an isoleucine at the position corresponding to position 132 according
to SEQ ID NO:14, the coagulation condition patient is treated with a therapeutic agent that
prevents, treats, or inhibits the coagulation condition, but at a dose that is lower or less
frequent (e.g., about 10% lower or less frequent, about 20% lower or less frequent, about 30%
lower or less frequent, about 40% lower or less frequent, about 50% lower or less frequent,
about 60% lower or less frequent, or about 70% lower or less frequent), than if the coagulation
condition patient comprises a nucleic acid molecule that encodes an SLC14A1 protein which
does not comprise an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 and/or a nucleic acid molecule that encodes an SLC14A1 protein which does not
comprise an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14. In some embodiments, the therapeutic agent that prevents, treats, or inhibits the
coagulation condition is heparin, warfarin (COUMADIN® and JANTOVEN®), rivaroxaban
(XARELTO®), dabigatran (PRADAXA®), apixaban (ELIQUIS®), edoxaban (SAVAYSA®), enoxaparin
(LOVENOX®), fondaparinux (ARIXTRA®), dalteparin (FRAGMIN®), bivalirudin (ANGIOMAX®),
argatroban (ACOVA®), or antithrombin Ill (THROMBATE 111®).

The disclosure also provides methods for treating a coagulation condition patient with
a therapeutic agent that prevents, treats, or inhibits the coagulation condition, comprising the
steps of: determining whether the patient has one or more genetic variants associated with the
coagulation condition by performing or having performed an assay on a protein sample
obtained from the patient to determine if the patient has one or more genetic variants
associated with the coagulation condition; and when the patient has one or more of the genetic
variants associated with the coagulation condition, administering to the patient the therapeutic
agent that prevents, treats, or inhibits the coagulation condition. The genetic variants
associated with the coagulation condition can be any of the variants disclosed herein with such
activity. In some embodiments, the one or more genetic variants associated with the
coagulation condition is an SLC14A1 protein which does not comprise an isoleucine at the
position corresponding to position 76 according to SEQ ID NO:13 and/or an SLC14A1 protein
which does not comprise an isoleucine at the position corresponding to position 132 according

to SEQ ID NO:14. The determining of whether the patient has one or more genetic variants
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associated with the coagulation condition by performing or having performed an assay can
encompass any of the methods described herein. In some embodiments, when the assay
indicates that the coagulation condition patient comprises an SLC14A1 protein which comprises
an isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 and/or an
SLC14A1 protein which comprises an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14, the coagulation condition patient is treated with a therapeutic
agent that prevents, treats, or inhibits the coagulation condition, but at a dose that is lower or
less frequent (e.g., about 10% lower or less frequent, about 20% lower or less frequent, about
30% lower or less frequent, about 40% lower or less frequent, about 50% lower or less
frequent, about 60% lower or less frequent, or about 70% lower or less frequent), than if the
coagulation condition patient comprises an SLC14A1 protein which does not comprise an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 and/or an
SLC14A1 protein which does not comprise an isoleucine at the position corresponding to
position 132 according to SEQ ID NO:14. In some embodiments, the therapeutic agent that
prevents, treats, or inhibits the coagulation condition is heparin, warfarin (COUMADIN® and
JANTOVEN®), rivaroxaban (XARELTO®), dabigatran (PRADAXA®), apixaban (ELIQUIS®), edoxaban
(SAVAYSA®), enoxaparin (LOVENOX®), fondaparinux (ARIXTRA®), dalteparin (FRAGMIN®),
bivalirudin (ANGIOMAX®), argatroban (ACOVA®), or antithrombin Ill (THROMBATE I11®).

The disclosure also provides methods for treating a coronary artery disease (CAD)
patient with a therapeutic agent that prevents, treats, or inhibits the coronary artery disease,
comprising the steps of: determining whether the patient has one or more genetic variants
associated with the coronary artery disease by performing or having performed a genotype
assay on a DNA sample obtained from the patient to determine if the patient has one or more
genetic variants associated with the coronary artery disease; and when the patient has one or
more of the genetic variants associated with the coronary artery disease, administering to the
patient the therapeutic agent that prevents, treats, or inhibits the coronary artery disease. The
genetic variants associated with the coronary artery disease can be any of the variants
disclosed herein with such activity. In some embodiments, the one or more genetic variants
associated with the coronary artery disease is a nucleic acid molecule that encodes an SLC14A1
protein which does not comprise an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13 and/or a nucleic acid molecule that encodes an SLC14A1 protein

which does not comprise an isoleucine at the position corresponding to position 132 according
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to SEQ ID NO:14. The determining of whether the patient has one or more genetic variants
associated with the coronary artery disease by performing or having performed a genotype
assay can encompass any of the methods described herein. In some embodiments, when the
genotype assay indicates that the coronary artery disease patient comprises a nucleic acid
molecule that encodes an SLC14A1 protein which comprises an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13 and/or a nucleic acid molecule that
encodes an SLC14A1 protein which comprises an isoleucine at the position corresponding to
position 132 according to SEQ ID NO:14, the coronary artery disease patient is treated with a
therapeutic agent that prevents, treats, or inhibits the coronary artery disease, but at a dose
that is lower or less frequent (e.g., about 10% lower or less frequent, about 20% lower or less
frequent, about 30% lower or less frequent, about 40% lower or less frequent, about 50% lower
or less frequent, about 60% lower or less frequent, or about 70% lower or less frequent), than if
the coronary artery disease patient comprises a nucleic acid molecule that encodes an SLC14A1
protein which does not comprise an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13 and/or a nucleic acid molecule that encodes an SLC14A1 protein
which does not comprise an isoleucine at the position corresponding to position 132 according
to SEQ ID NO:14. In some embodiments, the therapeutic agent that prevents, treats, or inhibits
the coronary artery disease is a cholesterol-modifying medication, aspirin, a beta blocker,
nitroglycerin, an angiotensin-converting enzyme (ACE) inhibitor, and/or an angiotensin |
receptor blocker (ARB). In some embodiments, the cholesterol-modifying medication is a statin,
niacin, a fibrate, or a bile acid sequestrant.

The disclosure also provides methods for treating a coronary artery disease (CAD)
patient with a therapeutic agent that prevents, treats, or inhibits the coronary artery disease,
comprising the steps of: determining whether the patient has one or more genetic variants
associated with the coronary artery disease by performing or having performed an assay on a
protein sample obtained from the patient to determine if the patient has one or more genetic
variants associated with the coronary artery disease; and when the patient has one or more of
the genetic variants associated with the coronary artery disease, administering to the patient
the therapeutic agent that prevents, treats, or inhibits the coronary artery disease. The genetic
variants associated with the coronary artery disease can be any of the variants disclosed herein
with such activity. In some embodiments, the one or more genetic variants associated with the

coronary artery disease is an SLC14A1 protein which does not comprise an isoleucine at the
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position corresponding to position 76 according to SEQ ID NO:13 and/or an SLC14A1 protein
which does not comprise an isoleucine at the position corresponding to position 132 according
to SEQ ID NO:14. The determining of whether the patient has one or more genetic variants
associated with the coronary artery disease by performing or having performed an assay can
encompass any of the methods described herein. In some embodiments, when the assay
indicates that the coronary artery disease patient comprises an SLC14A1 protein which
comprises an isoleucine at the position corresponding to position 76 according to SEQ ID NO:13
and/or an SLC14A1 protein which comprises an isoleucine at the position corresponding to
position 132 according to SEQ ID NO:14, the coronary artery disease patient is treated with a
therapeutic agent that prevents, treats, or inhibits the coronary artery disease, but at a dose
that is lower or less frequent (e.g., about 10% lower or less frequent, about 20% lower or less
frequent, about 30% lower or less frequent, about 40% lower or less frequent, about 50% lower
or less frequent, about 60% lower or less frequent, or about 70% lower or less frequent), than if
the coronary artery disease patient comprises an SLC14A1 protein which does not comprise an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 and/or an
SLC14A1 protein which does not comprise an isoleucine at the position corresponding to
position 132 according to SEQ ID NO:14. In some embodiments, the therapeutic agent that
prevents, treats, or inhibits the coronary artery disease is a cholesterol-modifying medication,
aspirin, a beta blocker, nitroglycerin, an angiotensin-converting enzyme (ACE) inhibitor, and/or
an angiotensin Il receptor blocker (ARB). In some embodiments, the cholesterol-modifying
medication is a statin, niacin, a fibrate, or a bile acid sequestrant.

Administration of the treatment agents can be by any suitable route including, but not
limited to, parenteral, intravenous, oral, subcutaneous, intra-arterial, intracranial, intrathecal,
intraperitoneal, topical, intranasal, or intramuscular. Pharmaceutical compositions for
administration are desirably sterile and substantially isotonic and manufactured under GMP
conditions. Pharmaceutical compositions can be provided in unit dosage form (i.e., the dosage
for a single administration). Pharmaceutical compositions can be formulated using one or more
physiologically and pharmaceutically acceptable carriers, diluents, excipients or auxiliaries. The
formulation depends on the route of administration chosen. The term “pharmaceutically
acceptable” means that the carrier, diluent, excipient, or auxiliary is compatible with the other

ingredients of the formulation and not substantially deleterious to the recipient thereof.
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In any of the embodiments described herein, the methods can be used for the
detection, diagnosis, identification, and/or treatment of a subject having or at risk of having a
coagulation condition and/or CAD. In any of the embodiments described herein, the methods
can be used for the detection, diagnosis, identification, and/or treatment of a subject having or
at risk of having a coagulation condition. In any of the embodiments described herein, the
methods can be used for the detection, diagnosis, identification, and/or treatment of a subject
having or at risk of having CAD. In some embodiments, the coagulation condition is chosen
from thrombosis, pulmonary embolism, myocardial infarction (Ml), venous thromboembolism
(VTE), deep vein thrombosis (DVT), cerebral aneurysm, and stroke. In some embodiments, the
methods are not used for the detection, diagnosis, identification, and/or treatment of a subject
having or at risk of having or needing a hematopoiesis condition.

The disclosure also provides an anti-coagulation agent for use in the treatment of a
coagulation condition in a human subject having a variant SLC14A1 protein, wherein the variant
SLC14A1 protein is a loss of function SLC14A1 protein or a partial loss of function SLC14A1
protein. In some embodiments, the anti-coagulation agent is for use in the treatment of a
coagulation condition in a human subject having a variant SLC14A1 protein that does not
comprise an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13 or
that does not comprise an isoleucine at a position corresponding to position 132 according to
SEQ ID NO:14. In some embodiments, the human subject has been tested positive for an
SLC14A1 protein that does not comprise an isoleucine at a position corresponding to position
76 according to SEQ ID NO:13 or that does not comprise an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14 and/or for a nucleic acid molecule
encoding the SLC14A1 protein. In some embodiments, the treatment comprises the step of
determining whether or not the human subject has an SLC14A1 protein that does not comprise
an isoleucine at a position corresponding to position 76 according to SEQ ID NO:13 or that does
not comprise an isoleucine at a position corresponding to position 132 according to SEQ ID
NO:14 and/or a nucleic acid molecule encoding the SLC14A1 protein. In some embodiments,
the human subject has been identified as having a coagulation condition or as having a risk for
developing a coagulation condition by using any of the methods described herein. In some
embodiments, the anti-coagulation agent is heparin, warfarin (COUMADIN® and JANTOVEN®),
rivaroxaban (XARELTO®), dabigatran (PRADAXA®), apixaban (ELIQUIS®), edoxaban (SAVAYSA®),
enoxaparin (LOVENOX®), fondaparinux (ARIXTRA®), dalteparin (FRAGMIN®), bivalirudin
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(ANGIOMAX®), argatroban (ACOVA®), or antithrombin Ill (THROMBATE Il1®). In some
embodiments, the anti-coagulation agent is any of the variant SLC14A1 polypeptides described
herein.

The disclosure also provides uses of any of the variant SLC14A1 genomic DNA, mRNA,
cDNA, polypeptides, and hybridizing nucleic acid molecules disclosed herein for determining a
subject’s susceptibility to develop a coagulation condition.

The disclosure also provides an agent for use in the treatment of CAD in a human
subject having a variant SLC14A1 protein, wherein the variant SLC14A1 protein is a loss of
function SLC14A1 protein or a partial loss of function SLC14A1 protein. In some embodiments,
the anti-CAD agent is for use in the treatment of CAD in a human subject having a variant
SLC14A1 protein that does not comprise an isoleucine at a position corresponding to position
76 according to SEQ ID NO:13 or that does not comprise an isoleucine at a position
corresponding to position 132 according to SEQ ID NO:14. In some embodiments, the human
subject has been tested positive for an SLC14A1 protein that does not comprise an isoleucine at
a position corresponding to position 76 according to SEQ ID NO:13 or that does not comprise an
isoleucine at a position corresponding to position 132 according to SEQ ID NO:14 and/or for a
nucleic acid molecule encoding the SLC14A1 protein. In some embodiments, the treatment
comprises the step of determining whether or not the human subject has an SLC14A1 protein
that does not comprise an isoleucine at a position corresponding to position 76 according to
SEQ ID NO:13 or that does not comprise an isoleucine at a position corresponding to position
132 according to SEQ ID NO:14 and/or a nucleic acid molecule encoding the SLC14A1 protein. In
some embodiments, the human subject has been identified as having CAD or as having a risk
for developing CAD by using any of the methods described herein. In some embodiments, the
agent is a cholesterol-modifying medication (such as, for example, a statin, niacin, a fibrate, or a
bile acid sequestrant), aspirin, a beta blocker, nitroglycerin, an angiotensin-converting enzyme
(ACE) inhibitor, and/or an angiotensin Il receptor blocker (ARB). In some embodiments, the
agent is any of the variant SLC14A1 polypeptides described herein.

The disclosure also provides uses of any of the variant SLC14A1 genomic DNA, mRNA,
cDNA, polypeptides, and hybridizing nucleic acid molecules disclosed herein for determining a
subject’s susceptibility to develop a coagulation condition.

All patent documents, websites, other publications, accession numbers and the like

cited above or below are incorporated by reference in their entirety for all purposes to the
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same extent as if each individual item were specifically and individually indicated to be so
incorporated by reference. If different versions of a sequence are associated with an accession
number at different times, the version associated with the accession number at the effective
filing date of this application is meant. The effective filing date means the earlier of the actual
filing date or filing date of a priority application referring to the accession number if applicable.
Likewise, if different versions of a publication, website or the like are published at different
times, the version most recently published at the effective filing date of the application is
meant unless otherwise indicated. Any feature, step, element, embodiment, or aspect of the
disclosure can be used in combination with any other feature, step, element, embodiment, or
aspect unless specifically indicated otherwise. Although the disclosure has been described in
some detail by way of illustration and example for purposes of clarity and understanding, it will
be apparent that certain changes and modifications may be practiced within the scope of the
appended claims.

The nucleotide and amino acid sequences recited herein are shown using standard
letter abbreviations for nucleotide bases, and one-letter code for amino acids. The nucleotide
sequences follow the standard convention of beginning at the 5" end of the sequence and
proceeding forward (i.e., from left to right in each line) to the 3" end. Only one strand of each
nucleotide sequence is shown, but the complementary strand is understood to be included by
any reference to the displayed strand. The amino acid sequences follow the standard
convention of beginning at the amino terminus of the sequence and proceeding forward (i.e.,
from left to right in each line) to the carboxy terminus.

The following examples are provided to describe the embodiments in greater detail.

They are intended to illustrate, not to limit, the claimed embodiments.

Examples

The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how the compounds, compositions, articles,
devices and/or methods claimed herein are made and evaluated, and are intended to be purely
exemplary and are not intended to limit the scope of what the inventors regard as their
invention. Efforts have been made to ensure accuracy with respect to numbers {e.g., amounts,

temperature, etc.), but some errors and deviations should be accounted for. Unless indicated
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otherwise, parts are parts by weight, temperature is in °C or is at ambient temperature, and

pressure is at or near atmospheric.

Example 1: Patient Recruitment and Phenotyping

The MyCode Community Health Initiative is a cohort of more than 125,000 Geisinger
Health System (GHS) patients who have consented to provide access to de-identified electronic
health records (EHR) and genomic information for research purposes. As part of the DiscovEHR
collaboration between Regeneron Genetics Center and GHS, whole exome sequencing was
completed in more than 90,000 GHS participants of largely European-descent. In the first phase
of this coagulation study, a genetic association study for activated partial thromboplastin time,
an ex vivo measure of the intrinsic coagulation pathway, was completed in 17,630 European-
descent individuals (see, Figure 1). Since many patients had multiple aPTT measurements
recorded, the minimum lifetime measure of aPTT for each patient was selected (to minimize
the potential influence of anticoagulant usage), and all individuals with a history of venous
thromboembolism were excluded from analysis. To replicate findings from this discovery
analysis, aPTT was analyzed in an additional 5,892 European-descent GHS participants. Since
hypercoagulability is a potential risk factor for venous and arterial thrombosis, we also
evaluated the contribution of SLC14A1 V76l to coronary artery disease (CAD) risk in 96,180
individuals (African American and European-descent individuals drawn from GHS and two
additional studies sequenced at the Regeneron Genetics Center, as well as the contribution of
an SLC14A1 predicted loss-of-function variant (c.510-1G>A) to CAD risk in 13,963 Taiwanese

individuals also sequenced at the Regeneron Genetics Center.

Example 2: Genomic Samples

Genomic DNA was extracted from peripheral blood samples and transferred to the
Regeneron Genetics Center (RGC) for whole exome sequencing, and stored in automated
biobanks at -80°C. Fluorescence-based quantification was performed to ensure appropriate
DNA guantity and quality for sequencing purposes.

1 ug of DNA was sheared to an average fragment length of 150 base pairs (Covaris
LE220) and prepared for exome capture with a custom reagent kit from Kapa Biosystems.
Samples were captured using the NimbleGen SeqCap VCRome 2.1 or the Integrated DNA

Technologies xGen exome target designs. Samples were barcoded, pooled, and multiplexed for
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sequenced using 75 bp paired-end sequencing on an lllumina HiSeq 2500 with v4 chemistry.
Captured fragments were sequenced to achieve a minimum of 85% of the target bases covered
at 20x or greater coverage. Following sequencing, data was processed using a cloud-based
pipeline developed at the RGC that uses DNAnexus and AWS to run standard tools for sample-
level data production and analysis. Briefly, sequence data were generated and de-multiplexed
using lllumina’s CASAVA software. Sequence reads were mapped and aligned to the GRCh38
human genome reference assembly using BWA-mem. After alignment, duplicate reads were
marked and flagged using Picard tools and indels were realigned using GATK to improve variant
call quality. SNP and INDEL variants and genotypes were called using GATK’s HaplotypeCaller
and Variant Quality Score Recalibration (VQSR) from GATK was applied to annotate the overall
variant quality scores. Sequencing and data quality metric statistics were captured for each

sample to evaluate capture performance, alignment performance, and variant calling.

Example 3: Genomic Data Analyses

Standard quality-control filters for minimum read depth (>10), genotype quality (>30),
and allelic balance (>15%) were applied to called variants. Passing variants were classified and
annotated based on their potential functional effects (whether synonymous, nonsynonymous,
splicing, frameshift, or non-frameshift variants) using an RGC developed annotation and
analysis pipeline. Familial relationships were verified through identity by descent (IBD) derived
metrics from genetic data to infer relatedness and relationships in the cohort using PRIMUS
(Staples et al., Amer. J. Human Genet., 2014, 95, 553-564) and cross-referencing with the
reported pedigree for this family.

An exome-wide association analysis (exWAS) was conducted for aPTT in our discovery
cohort assuming an additive model of inheritance (0, 1, or 2 copies of risk allele). We used
Mixed Models Analysis in Pedigrees (MMAP) to perform linear mixed models for all variants
with a minor allele count >= 8, with covariate adjustment for age, age-squared, sex, and first
four principal components to account for population stratification. For the first-round of
analysis, signals were selected for follow-up if they had a P < 1 x 10°®. In addition to replicating
several well-established association signals for aPTT, a novel association (P=8.4 x 107) was
identified with an SLC14A1 missense variant (V76l) that is rare in Europeans (MAF=0.002), but

found more commonly in African Americans (MAF=0.07) (Figures 1 and 2).
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To provide additional support for this finding, we performed analysis in an
independent subset of 5,892 European-descent GHS participants and conducted a meta-
analysis of association statistics for the discovery and replication cohorts using fixed-effects
inverse variance weighting using PLINK v1.9. We observed a nominally significant association in
the replication cohort (P=0.035) and strong evidence for association with increased clotting
time in the overall meta-analysis (P=1.1 x 10”) (Figures 3 and 4).

To evaluate the clinical relevance of SLC14A1 V76l, we conducted a Fisher’s Exact Test
for association with measures of thrombosis (CAD) in 96,180 multi-ethnic individuals with
genotype and phenotype data. SLC14A1 V76l association with CAD was evaluated
independently in seven different datasets (1: 2,178/24,407 European-ancestry CAD cases
/controls from the GHS dataset; 2: 13,713/38,005 additional European-ancestry CAD
cases/controls from the GHS dataset; 3: 18/765 African-American CAD cases/controls from the
GHS dataset; 4: 3,896/3,575 independent European-ancestry cases/controls; 5: 887/1,142
independent African-American cases/controls; 6: 4,620/1,496 independent European-ancestry
cases/controls; 7: 925/553 independent African-American cases/controls) and summary
statistics were meta-analyzed using a fixed-effects inverse variance weighting with PLINK v1.9.
Overall, SLC14A1 V76l demonstrated a protective effect for CAD across these seven cohorts
(P=0.016, B=0.81) (Figure 5). Additionally, we used logistic regression to evaluate an association
between CAD and an SLC14A1 predicted loss-of-function variant in a Taiwanese cohort {c.510-
1G>A, 374 heterozygotes, 1 minor allele homozygote). We noted SLC14A1 ¢.510-1G>A carriers
to have reduced risk of CAD as compared to non-carriers (P=0.02, OR=0.71) (Figure 6).
Example 4: Detection

The presence of a certain genetic variant in a subject can indicate that the subject has
an increased risk of having or developing a coagulopathy or coronary artery disease. A sample,
such as a blood sample, can be obtained from a subject. Nucleic acids can be isolated from the
sample using common nucleic acid extraction kits. After isolating the nucleic acid from the
sample obtained from the subject, the nucleic acid is sequenced to determine if there is a
genetic variant present. The sequence of the nucleic acid can be compared to a control
sequence (wild type sequence). Finding a difference between the nucleic acid obtained from
the sample obtained from the subject and the control sequence indicates the presence of a

genetic variant. These steps can be performed as described in the examples above and
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throughout the disclosure. The presence of one or more genetic variants is indicative of the

subject’s increased risk for having or developing thrombotic events or coronary artery disease.
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What is Claimed:

1. A cDNA encoding a human Solute Carrier Family 14 Member 1 (SLC14A1) protein,
comprising a nucleic acid sequence which is at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% identical to SEQ ID
NO:9, provided that the nucleic acid sequence encodes an amino acid sequence which
comprises an isoleucine at the position corresponding to position 76 according to SEQ ID

NO:13, or the complement thereof.

2. The cDNA according to claim 1, wherein the nucleic acid sequence comprises SEQ ID
NO:9.
3. A cDNA encoding a human Solute Carrier Family 14 Member 1 (SLC14A1) protein,

comprising a nucleic acid sequence which is at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% identical to SEQ ID
NO:10, provided that the nucleic acid sequence encodes an amino acid sequence which
comprises isoleucine at the position corresponding to position 132 according to SEQ ID NO:14,

or the complement thereof.

4, The cDNA according to claim 3, wherein the nucleic acid sequence comprises SEQ ID
NO:10.

5. A vector comprising the cDNA according to any one of claims 1 to 4.

6. The vector according to claim 5, further comprising an exogenous donor sequence.

7. The vector according to claim 5 or 6, wherein the vector comprises a plasmid.

8. The vector according to claim 5 or claim 6, wherein the vector comprises a virus.

9. A composition comprising the cDNA according to any one of claims 1 to 4 and a carrier.
10. A composition comprising the vector according to any one of claims 5 to 8 and a
carrier.

11. A host cell comprising the cDNA according to any one of claims 1 to 4.

12. A host cell comprising the vector according to any one of claims 5 to 8.

13. The host cell according to claim 11 or claim 12, wherein the cDNA is operably linked to

a promoter active in the host cell.

14. The host cell according to claim 13, wherein the promoter is an inducible promoter.
15. The host cell according to any one of claims 11 to 14, wherein the host cell is a
bacterial cell, a yeast cell, or an insect cell.

16. The host cell according to any one of claims 11 to 14, wherein the host cell is a
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mammalian cell.

17. An isolated alteration-specific probe or primer comprising at least about 15
nucleotides and which hybridizes to a nucleic acid sequence encoding an SLC14A1 protein,
wherein the alteration-specific probe or primer comprises a nucleic acid sequence which is
complementary to the portion of the SLC14A1 encoding nucleic acid sequence which encodes
an isoleucine at the position corresponding to position 76 according to SEQ ID NO:13, or to the
complement thereof.

18. An isolated alteration-specific probe or primer comprising at least about 15
nucleotides and which hybridizes to a nucleic acid sequence encoding an SLC14A1 protein,
wherein the alteration-specific probe or primer comprises a nucleic acid sequence which is
complementary to the portion of the SLC14A1 encoding nucleic acid sequence which encodes
an isoleucine at the position corresponding to position 132 according to SEQ ID NO:14, or to the
complement thereof.

19. An isolated alteration-specific probe or primer comprising a nucleic acid sequence
which is complementary to a nucleic acid sequence encoding an SLC14A1 protein having an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 and/or which
is complementary to a nucleic acid sequence encoding an SLC14A1 protein having an isoleucine
at the position corresponding to position 132 according to SEQ ID NO:14, wherein the
alteration-specific probe or primer comprises a nucleic acid sequence which is complementary
to a portion of the nucleic acid sequence comprising the positions corresponding to: positions
6963 to 6965 according to SEQ ID NO:2, or the complement thereof; positions 226 to 228
according to SEQ ID NO:5, or the complement thereof; positions 394 to 396 according to SEQ ID
NO:6, or the complement thereof; positions 226 to 228 according to SEQ ID NO:9, or the
complement thereof; positions 394 to 396 according to SEQ ID NO:10, or the complement
thereof.

20. A method of determining whether a human subject carries an SLC14A1 variant nucleic
acid molecule in a human subject, comprising assaying a sample obtained from the subject to
determine whether a nucleic acid molecule in the sample comprises a nucleic acid sequence
that encodes an SLC14A1 protein comprising an isoleucine at the position corresponding to
position 76 according to SEQ ID NO:13 and/or whether a nucleic acid molecule in the sample
comprises a nucleic acid sequence that encodes an SLC14A1 protein comprising an isoleucine at

the position corresponding to position 132 according to SEQ ID NO:14.
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21. The method according to claim 20, wherein if in the sample a nucleic acid molecule is
identified which comprises a nucleic acid sequence that encodes an SLC14A1 protein
comprising an isoleucine at the position corresponding to position 76 according to SEQ ID
NO:13 and/or if in the sample a nucleic acid molecule is identified which comprises a nucleic
acid sequence that encodes an SLC14A1 protein comprising an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14, then the human subject is classified
as being at decreased risk for developing a coagulation condition or coronary artery disease
(CAD).
22. The method according to claim 20 or claim 21, wherein if in the sample a nucleic acid
molecule is identified which comprises a nucleic acid sequence that encodes an SLC14A1
protein which does not comprise an isoleucine at the position corresponding to position 76
according to SEQ ID NO:13 and/or if in the sample a nucleic acid molecule is identified which
comprises a nucleic acid sequence that encodes an SLC14A1 protein which does not comprise
an isoleucine at the position corresponding to position 132 according to SEQ ID NO:14, then the
human subject is classified as being at increased risk for developing a coagulation condition or
CAD.
23. The method according to claim 21 or claim 22, wherein the coagulation condition is
chosen from thrombosis, pulmonary embolism, myocardial infarction (Ml), venous
thromboembolism (VTE), deep vein thrombosis (DVT), cerebral aneurysm, and stroke.
24, The method according to any one of claims 20 to 23, wherein the assay comprises:

sequencing a portion of an SLC14A1 genomic nucleic acid sequence in the sample,
wherein the portion sequenced includes the positions corresponding to positions 6963 to 6965
according to SEQ ID NO:2;

sequencing a portion of an SLC14A1 mRNA nucleic acid sequence in the sample,
wherein the portion sequenced includes the positions corresponding to positions 226 to 228
according to SEQ ID NO:5;

sequencing a portion of an SLC14A1 mRNA nucleic acid sequence in the sample,
wherein the portion sequenced includes the positions corresponding to positions 394 to 396
according to SEQ ID NO:6;

sequencing a portion of an SLC14A1 cDNA nucleic acid sequence obtained from an
mRNA nucleic acid molecule in the sample, wherein the portion sequenced includes the

positions corresponding to positions 226 to 228 according to SEQ ID NO:9; and/or
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sequencing a portion of an SLC14A1 cDNA nucleic acid sequence obtained from an
mRNA nucleic acid molecule in the sample, wherein the portion sequenced includes the
positions corresponding to positions 394 to 396 according to SEQ ID NO:10.

25. The method according to any one of claims 20 to 23, wherein the assay comprises:

a) contacting the sample with a primer hybridizing to: i) a portion of an SLC14A1
genomic nucleic acid sequence that is proximate to the positions of the SLC14A1 genomic
sequence corresponding to positions 6963 to 6965 according to SEQ ID NO:2; ii) a portion of an
SLC14A1 mRNA nucleic acid sequence that is proximate to the positions of the SLC14A1 mRNA
corresponding to positions 226 to 228 according to SEQ ID NO:5 or corresponding to positions
394 to 396 according to SEQ ID NO:6 ; oriii) a portion of an SLC14A1 cDNA nucleic acid
sequence obtained from an mRNA that is proximate to the positions of the SLC14A1 cDNA
corresponding to positions 226 to 228 according to SEQ ID NO:9 or corresponding to positions
394 to 396 according to SEQ ID NO:10;

b) extending the primer at least through: i) the positions of the SLC14A1 genomic
nucleic acid sequence corresponding to positions 6963 to 6965 according to SEQ ID NO:2; ii) the
positions of the SLC14A1 mRNA nucleic acid sequence corresponding to positions 226 to 228
according to SEQ ID NO:5 or corresponding to positions 394 to 396 according to SEQ ID NO:6; or
iii) the positions of the SLC14A1 cDNA nucleic acid sequence corresponding to positions 226 to
228 according to SEQ ID NO:9 or corresponding to positions 394 to 396 according to SEQ ID
NO:10; and

c) determining the whether the extension product of the primer comprises nucleotides
at the positions: i) corresponding to positions 6963 to 6965 of the SLC14A1 genomic nucleic
acid sequence according to SEQ ID NO:2; ii) corresponding to positions 226 to 228 of the
SLC14A1 mRNA nucleic acid sequence according to SEQ ID NO:5 or corresponding to positions
394 to 396 of the SLC14A1 mRNA nucleic acid sequence according to SEQ ID NO:6; or iii)
corresponding to positions 226 to 228 of the SLC14A1 cDNA nucleic acid sequence according to
SEQ ID NO:9 or corresponding to positions 394 to 396 of the SLC14A1 cDNA nucleic acid
sequence according to SEQ ID NO:10;

that encode an isoleucine at the position corresponding to position 76 according to
SEQ ID NO:13 or that encode an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14.

26. The method according to any one of claims 20 to 23, wherein the assay comprises
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contacting the sample with a primer or probe that specifically hybridizes to an SLC14A1 variant
genomic nucleic acid sequence, SLC14A1 variant mRNA nucleic acid sequence, or SLC14A1
variant cDNA nucleic acid sequence and not to the corresponding wild-type SLC14A1 nucleic
acid sequence under stringent conditions, wherein the SLC14A1 variant genomic nucleic acid
sequence, SLC14A1 variant mRNA nucleic acid sequence, or SLC14A1 variant cDNA nucleic acid
encodes an amino acid sequence comprising an isoleucine at the position corresponding to
position 76 according to SEQ ID NO:13 or encodes an amino acid sequence comprising an
isoleucine at the position corresponding to position 132 according to SEQ ID NO:14,

and determining whether hybridization has occurred.

27. The method according to any one of claims 20 to 26, wherein the method is an in vitro
method.
28. A method of determining whether a human subject carries an SLC14A1 Val76lle

protein and/or an SLC14A1 Val132lle protein, comprising performing an assay on a sample
obtained from the human subject to determine whether an SLC14A1 protein in the sample
comprises an isoleucine at the position corresponding to position 76 according to SEQ ID NO:13
and/or whether an SLC14A1 protein in the sample comprises an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14.

29. The method according to claim 28, wherein if in the sample an SLC14A1 protein is
identified which comprises an isoleucine at the position corresponding to position 76 according
to SEQ ID NO:13 and/or if in the sample an SLC14A1 protein is identified which comprises an
isoleucine at the position corresponding to position 132 according to SEQ ID NO:14, then the
human subject is classified as being at decreased risk for developing a coagulation condition or
coronary artery disease (CAD).

30. The method according to claim 28 or claim 29, wherein if in the sample an SLC14A1
protein is identified which does not comprise an isoleucine at the position corresponding to
position 76 according to SEQ ID NO:13 and/or if in the sample an SLC14A1 protein is identified
which does not comprise an isoleucine at the position corresponding to position 132 according
to SEQ ID NO:14, then the human subject is classified as being at increased risk for developing a
coagulation condition or CAD.

31. The method according to claim 29 or claim 30, wherein the coagulation condition is
chosen from thrombosis, pulmonary embolism, myocardial infarction (Ml), venous

thromboembolism (VTE), deep vein thrombosis (DVT), cerebral aneurysm, and stroke.
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32. The method according to any one of claims 28 to 31, wherein an enzyme-linked
immunosorbent assay (ELISA) is used for determining whether an SLC14A1 protein in the
sample comprises an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 and/or whether an SLC14A1 protein in the sample comprises an isoleucine at the

position corresponding to position 132 according to SEQ ID NO:14.

33. The method according to any one of claims 28 to 32, wherein the method is an in vitro
method.
34, A method of determining a human subject’s susceptibility to developing a coagulation

condition or coronary artery disease (CAD), comprising:

a) assaying a sample obtained from the human subject to determine whether a nucleic
acid molecule in the sample comprises a nucleic acid sequence that encodes an SLC14A1
protein comprising an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 and/or whether a nucleic acid molecule in the sample comprises a nucleic acid
sequence that encodes an SLC14A1 protein comprising an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14; and

b) classifying the human subject as being at decreased risk for developing the
coagulation condition or CAD if a nucleic acid molecule in the sample comprises a nucleic acid
sequence that encodes an SLC14A1 protein comprising an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13 and/or if a nucleic acid molecule in the
sample comprises a nucleic acid sequence that encodes an SLC14A1 protein comprising an
isoleucine at the position corresponding to position 132 according to SEQ ID NO:14, or

classifying the human subject as being at increased risk for developing the coagulation
condition or CAD if a nucleic acid molecule in the sample encodes an SLC14A1 protein which
does not comprise an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 and/or if a nucleic acid molecule in the sample encodes an SLC14A1 protein which
does not comprise an isoleucine at the position corresponding to position 132 according to SEQ
ID NO:14.

35. The method according to claim 34, wherein the assay comprises:

sequencing a portion of an SLC14A1 genomic nucleic acid sequence in the sample,
wherein the portion sequenced includes the positions corresponding to positions 6963 to 6965
according to SEQ ID NO:2;

sequencing a portion of an SLC14A1 mRNA nucleic acid sequence in the sample,
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wherein the portion sequenced includes the positions corresponding to positions 226 to 228
according to SEQ ID NO:5;

sequencing a portion of an SLC14A1 mRNA nucleic acid sequence in the sample,
wherein the portion sequenced includes the positions corresponding to positions 394 to 396
according to SEQ ID NO:6;

sequencing a portion of an SLC14A1 cDNA nucleic acid sequence obtained from an
mRNA nucleic acid molecule in the sample, wherein the portion sequenced includes the
positions corresponding to positions 226 to 228 according to SEQ ID NO:9; and/or

sequencing a portion of an SLC14A1 cDNA nucleic acid sequence obtained from an
mRNA nucleic acid molecule in the sample, wherein the portion sequenced includes the
positions corresponding to positions 394 to 396 according to SEQ ID NO:10.

36. The method according to claim 34, wherein the assay comprises:

a) contacting the sample with a primer hybridizing to: i) a portion of an SLC14A1
genomic nucleic acid sequence that is proximate to the positions of the SLC14A1 genomic
sequence corresponding to positions 6963 to 6965 according to SEQ ID NO:2; ii) a portion of an
SLC14A1 mRNA nucleic acid sequence that is proximate to the positions of the SLC14A1 mRNA
nucleic acid corresponding to positions 226 to 228 according to SEQ ID NO:5 or corresponding
to positions 394 to 396 according to SEQ ID NO:6 ; oriii) a portion of an SLC14A1 cDNA nucleic
acid sequence obtained from an mRNA that is proximate to the positions of the SLC14A1 cDNA
corresponding to positions 226 to 228 according to SEQ ID NO:9 or corresponding to positions
394 to 396 according to SEQ ID NO:10;

b) extending the primer at least through: i) the positions of the SLC14A1 genomic
nucleic acid sequence corresponding to positions 6963 to 6965 according to SEQ ID NO:2; ii) the
positions of the SLC14A1 mRNA nucleic acid sequence corresponding to positions 226 to 228
according to SEQ ID NO:5 or corresponding to positions 394 to 396 according to SEQ ID NO:6; or
iii) the positions of the SLC14A1 cDNA nucleic acid sequence corresponding to positions 226 to
228 according to SEQ ID NO:9 or corresponding to positions 394 to 396 according to SEQ ID
NO:10; and

c) determining whether the extension product of the primer comprises nucleotides at
the positions: i) corresponding to positions 6963 to 6965 of the SLC14A1 genomic nucleic acid
sequence according to SEQ ID NO:2; ii) corresponding to positions 226 to 228 of the SLC14A1

mRNA nucleic acid sequence according to SEQ ID NO:5 or corresponding to positions 394 to 396
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of the SLC14A1 mRNA nucleic acid sequence according to SEQ ID NO:6; or iii) corresponding to
positions 226 to 228 of the SLC14A1 cDNA nucleic acid sequence according to SEQ ID NO:9 or
corresponding to positions 394 to 396 of the SLC14A1 cDNA nucleic acid sequence according to
SEQ ID NO:10;

that encode an isoleucine at the position corresponding to position 76 according to
SEQ ID NO:13 or that encode an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14.
37. The method according to claim 34, wherein the assay comprises contacting the sample
with a primer or probe that specifically hybridizes to an SLC14A1 variant genomic nucleic acid
sequence, SLC14A1 variant mRNA nucleic acid sequence, or SLC14A1 variant cDNA nucleic acid
sequence and not to the corresponding wild-type SLC14A1 nucleic acid sequence under
stringent conditions, wherein the SLC14A1 variant genomic nucleic acid sequence, SLC14A1
variant mRNA nucleic acid sequence, or SLC14A1 variant cDNA nucleic acid encodes an amino
acid sequence comprising an isoleucine at the position corresponding to position 76 according
to SEQ ID NO:13 or encodes an amino acid sequence comprising an isoleucine at the position
corresponding to position 132 according to SEQ ID NO:14,

and determining whether hybridization has occurred.
38. The method according to any one of claims 34 to 37, wherein the coagulation
condition is chosen from thrombosis, pulmonary embolism, myocardial infarction (Ml), venous
thromboembolism (VTE), deep vein thrombosis (DVT), cerebral aneurysm, and stroke.
39. The method according to any one of claims 34 to 38, further comprising: for a subject
having an increased risk for developing a coagulation condition, administering a therapeutic
agent that treats or inhibits the coagulation condition.
40. The method according to any one of claims 34 to 39, further comprising: for a subject

having an increased risk for developing CAD, administering a therapeutic agent that treats or

inhibits CAD.

41. The method according to any one of claims 34 to 40, wherein the method is an in vitro
method.

42, A method of determining a human subject’s susceptibility to developing a coagulation

condition or coronary artery disease (CAD), comprising:
a) assaying a sample obtained from the human subject to determine whether an

SLC14A1 protein in the sample comprises an isoleucine at the position corresponding to
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position 76 according to SEQ ID NO:13 and/or whether an SLC14A1 protein in the sample
comprises an isoleucine at the position corresponding to position 132 according to SEQ ID
NO:14; and

b) classifying the human subject as being at decreased risk for developing the
coagulation condition or CAD if an SLC14A1 protein in the sample comprises an isoleucine at
the position corresponding to position 76 according to SEQ ID NO:13 and/or if an SLC14A1
protein in the sample comprises an isoleucine at the position corresponding to position 132
according to SEQ ID NO:14,

or classifying the human subject as being at increased risk for developing the
coagulation condition or CAD if an SLC14A1 protein in the sample does not comprise an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13 and/or if an
SLC14A1 protein in the sample does not comprise an isoleucine at the position corresponding
to position 132 according to SEQ ID NO:14.
43, The method according to claim 42, wherein the coagulation condition is chosen from
thrombosis, pulmonary embolism, myocardial infarction (Ml), venous thromboembolism (VTE),
deep vein thrombosis (DVT), cerebral aneurysm, and stroke.
44, The method according to claim 42 or claim 43, wherein an enzyme-linked
immunosorbent assay (ELISA) is used for determining whether an SLC14A1 protein in the
sample comprises an isoleucine at the position corresponding to position 76 according to SEQ
ID NO:13 and/or whether an SLC14A1 protein in the sample comprises an isoleucine at the

position corresponding to position 132 according to SEQ ID NO:14.

45, The method according to any one of claims 42 to 44, wherein the method is an in vitro
method.
46. The method according to any one of claims 42 to 45, further comprising: for a subject

having an increased risk for developing a coagulation condition, administering a therapeutic
agent that treats or inhibits the coagulation condition.

47. The method according to any one of claims 42 to 45, further comprising: for a subject
having an increased risk for developing CAD, administering a therapeutic agent that treats or
inhibits CAD.

48. A method for modifying a cell, comprising introducing an expression vector into the
cell, wherein the expression vector comprises a recombinant SLC14A1 gene comprising a

nucleotide sequence that comprises a codon at the positions corresponding to positions 6963
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to 6965 according to SEQ ID NO:2 which encodes an isoleucine.

49, The method according to claim 48, wherein the method is an in vitro method.

50. A method for modifying a cell, comprising introducing an expression vector into the
cell, wherein the expression vector comprises a nucleic acid molecule encoding an SLC14A1
polypeptide that is at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identical to SEQ ID NO:13, and comprises an
isoleucine at the position corresponding to position 76 according to SEQ ID NO:13.

51. The method according to claim 50, wherein the method is an in vitro method.

52. A method for modifying a cell, comprising introducing an expression vector into the
cell, wherein the expression vector comprises a nucleic acid molecule encoding an SLC14A1
polypeptide that is at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identical to SEQ ID NO:14, and comprises an
isoleucine at the position corresponding to position 132 according to SEQ ID NO:14.

53. The method according to claim 52, wherein the method is an in vitro method.

54, A method for modifying a cell, comprising introducing an SLC14A1 polypeptide, or
fragment thereof, into the cell, wherein the SLC14A1 polypeptide is at least about 90%, at |least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
identical to SEQ ID NO:13, and comprises an isoleucine at the position corresponding to
position 76 according to SEQ ID NO:13.

55. The method according to claim 54, wherein the method is an in vitro method.

56. A method for modifying a cell, comprising introducing an SLC14A1 polypeptide, or
fragment thereof, into the cell, wherein the SLC14A1 polypeptide is at least about 90%, at |least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
identical to SEQ ID NO:14, and comprises an isoleucine at the position corresponding to
position 132 according to SEQ ID NO:14.

57. The method according to claim 56, wherein the method is an in vitro method.

58. An isolated nucleic acid molecule comprising a nucleic acid sequence which is at least
about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:2, provided that the nucleic acid sequence comprises a
codon at the positions corresponding to positions 6963 to 6965 according to SEQ ID NO:2 that
encodes an isoleucine, or the complement thereof.

59. The isolated nucleic acid molecule according to claim 58, wherein the nucleic acid
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sequence comprises a codon at the positions corresponding to positions 6963 to 6965
according to SEQ ID NO:2 that encodes an isoleucine.
60. The isolated nucleic acid molecule according to claim 58 or claim 59, wherein the

nucleic acid sequence comprises SEQ ID NO:2.

61. A vector comprising the isolated nucleic acid molecule according to any one of claims
58 to 60.

62. The vector according to claim 61, further comprising an exogenous donor sequence.
63. The vector according to claim 61 or claim 62, wherein the vector comprises a plasmid.
64. The vector according to claim 61 or claim 62, wherein the vector comprises a virus.
65. A composition, comprising the isolated nucleic acid molecule according to any one of

claims 58 to 60 and a carrier.

66. A composition, comprising the vector according to any one of claims 61 to 64 and a
carrier.

67. A host cell comprising the isolated nucleic acid molecule according to any one of claims
58 to 60.

68. A host cell comprising the vector according to any one of claims 61 to 64.

69. The host cell according to claim 67 or claim 68, wherein the isolated nucleic acid

molecule is operably linked to a promoter active in the host cell.

70. The host cell according to claim 69, wherein the promoter is an inducible promoter.
71. The host cell according to any one of claims 67 to 70, wherein the host cell is a
bacterial cell, a yeast cell, or an insect cell.

72. The host cell according to any one of claims 67 to 70, wherein the host cell is a
mammalian cell.

73. An isolated nucleic acid molecule comprising a nucleic acid sequence which is at least
about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:5, provided that the nucleic acid sequence encodes an
amino acid sequence which comprises an isoleucine at the position corresponding to position
76 according to SEQ ID NO:13, or the complement thereof.

74. The isolated nucleic acid molecule according to claim 73, wherein the nucleic acid
sequence comprises the sequence of SEQ ID NO:5.

75. An isolated nucleic acid molecule comprising a nucleic acid sequence which is at least

about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
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least about 99% identical to SEQ ID NO:6, provided that the nucleic acid sequence encodes an
amino acid sequence which comprises an isoleucine at the position corresponding to position
132 according to SEQ ID NO:14, or the complement thereof.

76. The isolated nucleic acid molecule according to claim 75, wherein the nucleic acid

sequence comprises the sequence of SEQ ID NO:6.

77. A vector comprising the isolated nucleic acid molecule according to any one of claims
73 to 76.

78. The vector according to claim 77, further comprising an exogenous donor sequence.
79. The vector according to claim 77 or claim 78, wherein the vector comprises a plasmid.
80. The vector according to claim 77 or claim 78, wherein the vector comprises a virus.
81. A composition comprising the isolated nucleic acid molecule according to any one of

claims 73 to 76 and a carrier.

82. A composition comprising the vector according to any one of claims 77 to 80 and a
carrier.

83. A host cell comprising the isolated nucleic acid molecule according to any one of claims
73 to 76.

84. A host cell comprising the vector according to any one of claims 77 to 80.

85. The host cell according to claim 83 or claim 84, wherein the isolated nucleic acid

molecule is operably linked to a promoter active in the host cell.

86. The host cell according to claim 85, wherein the promoter is an inducible promoter.
87. The host cell according to any one of claims 83 to 86, wherein the host cell is a
bacterial cell, a yeast cell, or an insect cell.

88. The host cell according to any one of claims 83 to 86, wherein the host cell is a
mammalian cell.

89. An isolated nucleic acid molecule comprising a nucleic acid sequence encoding a
polypeptide which is at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identical to SEQ ID NO:13, provided that the
polypeptide comprises an isoleucine at the position corresponding to position 76 according to
SEQ ID NO:13, or the complement thereof.

90. The isolated nucleic acid molecule according to claim 89, wherein the nucleic acid
sequence encodes the polypeptide sequence according to SEQ ID NO:13.

91. An isolated nucleic acid molecule comprising a nucleic acid sequence encoding a
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polypeptide which is at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identical to SEQ ID NO:14, provided that the
polypeptide comprises an isoleucine at the position corresponding to position 132 according to
SEQ ID NO:14, or the complement thereof.

92. The isolated nucleic acid molecule according to claim 91, wherein the nucleic acid

sequence encodes the polypeptide sequence according to SEQ ID NO:14.

93. A vector comprising the isolated nucleic acid molecule according to any one of claims
89 to 92.

94, The vector according to claim 93, further comprising an exogenous donor sequence.
95. The vector according to claim 93 or claim 94, wherein the vector comprises a plasmid.
96. The vector according to claim 93 or claim 94, wherein the vector comprises a virus.
97. A composition comprising the isolated nucleic acid molecule according to any one of

claims 89 to 92 and a carrier.

98. A composition comprising the vector according to any one of claims 93 to 96 and a
carrier.

99. A host cell comprising the isolated nucleic acid molecule according to any one of claims
89 to 92.

100. A host cell comprising the vector according to any one of claims 93 to 96.

101. The host cell according to claim 99 or 100, wherein the isolated nucleic acid molecule

is operably linked to a promoter active in the host cell.

102. The host cell according to claim 101, wherein the promoter is an inducible promoter.
103. The host cell according to any one of claims 99 to 102, wherein the host cell is a
bacterial cell, a yeast cell, or an insect cell.

104. The host cell according to any one of claims 99 to 102, wherein the host cell is a
mammalian cell.

105. An isolated probe or primer comprising a nucleic acid sequence comprising at least
about 15 nucleotides, which specifically hybridizes to a nucleic acid molecule having a nucleic
acid sequence encoding a human SLC14A1 protein having an isoleucine at the position
corresponding to position 76 according to SEQ ID NO:13 and/or which specifically hybridizes to
a nucleic acid molecule having a nucleic acid sequence encoding a human SLC14A1 protein
having an isoleucine at the position corresponding to position 132 according to SEQ ID NO:14,

or which specifically hybridizes to the complement of at least one of these nucleic acid
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molecules.
106. The probe or primer according to claim 105, wherein the probe or primer comprises
DNA.
107. The probe or primer according to claim 105, wherein the probe or primer comprises
RNA.
108. The probe or primer according to any one of claims 105 to 107, wherein the probe or

primer specifically hybridizes to the nucleic acid sequence encoding the SLC14A1 protein, or its
complement, under stringent conditions.

109. The probe or primer according to any one of claims 105 to 108, wherein the probe or
primer comprises a label.

110. The probe or primer according to claim 109, wherein the label is a fluorescent label, a
radiolabel, or biotin.

111. A support comprising a substrate to which a probe according to any one of claims 105
to 110 is attached.

112. The support according to claim 111, wherein the support is a microarray.

113. Use of the isolated probe or primer according to any one of claims 105 to 110, or the
isolated alteration-specific probe or primer according to any one of claims 17 to 19 for
determining a human subject’s susceptibility to developing a coagulation condition or coronary
artery disease (CAD).

114. An isolated polypeptide comprising an amino acid sequence which is at least about
90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to an SLC14A1 variant polypeptide having the amino acid sequence of SEQ
ID NO:13, provided that the polypeptide comprises an isoleucine at the position corresponding
to position 76 according to SEQ ID NO:13.

115. The polypeptide according to claim 114, wherein the SLC14A1 variant polypeptide
comprises the amino acid sequence of SEQ ID NO:13.

116. An isolated polypeptide comprising an amino acid sequence which is at least about
90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to an SLC14A1 variant polypeptide having the amino acid sequence of SEQ
ID NO:14, provided that the polypeptide comprises an isoleucine at the position corresponding

to position 132 according to SEQ ID NO:14.
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117. The polypeptide according to claim 116, wherein the SLC14A1 variant polypeptide
comprises the amino acid sequence of SEQ ID NO:14.

118. The polypeptide according to any one of claims 114 to 117, wherein the polypeptide is
further fused to a heterologous peptide.

119. The polypeptide according to claim 118, wherein the heterologous molecule comprises
an immunoglobulin Fc domain, a peptide purification tag, fluorescent protein, or a transduction
domain.

120. The polypeptide according to any one of claims 114 to 117, wherein the polypeptide is
further linked to label.

121. The polypeptide according to claim 120, wherein the label comprises polyethylene
glycol, polysialic acid, or glycolic acid.

122. The polypeptide according to claim 120, wherein the label comprises a detectable
fluorescent label or a radiolabel.

123. A composition comprising the polypeptide according to any one of claims 114 to 122
and a carrier or excipient.

124. A host cell expressing the polypeptide according to any one of claims 114 to 122.
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<110>

SEQUENCE LISTING

Regeneron Pharmaceuticals,

TESLOVICH DOSTAL, Tanya

BACKMAN,

<120>

Joshua

Thereof

<130>

<150>
<151>

<1l60> 14
<170>
<210> 1
<211>

<212>
<213>

DNA
<400> 1

acacagagca
tcctgagaag
tgctgccagg
actattcatc
gaaaatgttt
agaaagcaat
cgtgatttct
gaggtgtcca
gttgtgttct
tacaagactc
tggactccte
acaagtcagt
agtctggaat
acacaggaat
catctcctgce
aagtgtcaat
ctatatccat
tgaagacttc
ttttatttcg

tattaaaatg

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

189238.00902

62/555,440
2017-09-07

28394

Homo Sapien

gagtggggcet
cactctccct
aagccagcta
atttggggcet
tatatcaccg
ttaccaaagc
gaagcaaggt
cccaatgtgce
tgaaataata
aaaagaaaaa
tgtgtgtgcet
cacaactgaa
caagacttct
atctgacagc
tacttaaaat
gctgaaagtc
atccaacact
aggtctctcce
tgtaataaaa

ctaagcactg

Solute Carrier Family 14 Member 1

PatentIn version 3.5

ctgagtatat
tgtcgtggag
gagtggtgta
tgtcttcaca
gaattgatca
cacaggcttc
gcatgcagca
tcaatgattc
atttgggctg
agtgggccac
gtcatgctga
gccacgaatt
gggagtagtg
attttctttg
caaaaactac
tctttattat
tcatattatt
aattgcacaa
tagaggatat

cttcatttta

Inc.

aactgttagg
gtgggcaaat
agtactcatc
gttctaagtt
gaagtagcaa
ttcecctggaag
cctgagetga
tgggttaatc
tgttcttgaa
tgggaatggce
agggaatgtt
tggcagcttce
ttttceccaagg
tttccaatta
ctaaaataaa
gctagaccat
tttaaaagta
atttctaata
tagttgacct

ctagtgatct

(SLC14A1)

tgcctcecte
ctttatcagc
cttatttcta
ttgctctttt
aatcagagtt
ctcaaaggca
tgtggaagag
aacactatta
ataagttcga
cctttceccagt
cttgtgcacc
cttgcagctg
agggaagtgt
cagctttaaa
gattatagta
gagtgtttaa
atagctgaag
catgctggca

gaaatcttga

ggggtatgaa

Variants And Uses

cagcaccatc
cactgccttce
ttcatttcca
tcttaatgaa
ctggtagact
tgcctttatt
ggtttgcagg
ggagtttcag
ggcgagtgtc
gatggattta
catcgggaga
cactctctgg
tttaaccagg
gaaaactggg
agtaccaaat
atgctttctt
catggaaaat
atagaatata
tattgccttyg

aagtgctttt

Page 1 of 43

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140

1200
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tgacttctge
cagcacacat
gtcagagagt
tctttgtggt
gtgcccaccg
gcttcacttg
actgaaaaat
gtactgagtg
aggcttgaac
gaaaatattg
aggaaaggcc
caacccctgce
tatataacat
atattcataa
tataggtaaa
gtgtttccta
ttaggccaag
aataccacac
gttttaaaaa
aactgtttat
acttatgcct
gaattcaaaa
attaaaataa
cttaaaggca
gcccacatca
gggcaacctg
cgtgtcagaa
agagacacgc
tttttttttt
cccactgaga
ggggccacat

cttttgcgtyg

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

tggaaagctc
aagccttgcet
aactgcttct
tgttcaaccc
catcgctaag
tttgttgact
taagaaccac
aatctggatg
tacgtggtct
atgttgagct
ggtgccaggce
ttgtctettt
gagagcccta
tgcaacatgc
tatacacaca
aaattgtgga
ccagaagaag
acacaactgg
ggaaaaagaa
tattaacaaa
gtaatcccag
ccagcctgga
acacagctgg
gcttgtgaat
tgcatcctte
ttgctttggt
catgaacccc
agcagaacaa
aagcaaagdta
gctctttggt
cttccctcac

gtcattagag

ttcaggtgca
gtagatgtgt
ggcaagggcea
ccaccccaag
tcctageccet
tgaaccgaac
cagagctgac
atgcccactc

ctaaaatcct

caaggaadggg

aggggcagaa

tttcattctt
ccactgggtt
aggcacatca
tgcatgcaca
tttttctgag
aaagtaaaaa
aacttctggt
aatttataaa
gtgatgttca
tgttttggga
caatacaatg
atgtggtggce
gcttacaaag
ttctcacatt
gttggtcccce
ctcctceccccece
aatctgggca
aatgaacatc
gaaggcaaag
caggaaccca

ctagggcaca

gcttccagga
cagctttgag
tagggtgaaa
attagttcaa
ctctgcatac
cttgggtggc
ctattccata
tgatccttgg
acctagctct
gttctccaag
ggagacgctg
cattgtttct
tcttaaccat
gtgtggtaca
cacacaattt
tcattctggt
cagaataaac
aaaagagtga
aagctgccac
aaatttaaga
ggctaaggtg
agactttgtc
acaggaaaaa
cgtggctagt
tcataaacaa
aagatgcagc
tctggaagaa
ttggtcecctg
aaatttccat
tcctecttet
gtgggcgege

cgtcatgctg

tattcttggg

gcacagggag
ctggggatag
agtgaccgtg
tccagcacac
attaatgtgc
agacccagtc
ttttctcttc
caaatttctc
gtgtgtgatt
tctacactga
tatttctttyg
ttgttcttta
gaactagcca
ttacctgaga
aaagggtagg

aacaggggdga

tattcttgga
atttgtggaa
gttcttggce
ggaggatcac
tctaaaaaaa
aaaataccat
atcttattac
ggccaaggga
cctcacaatc
gcaacctcag
tgtaggatgg
agtcagctgce
tcattagcgg
tccagcccece

attcacatat

atgttaactt
acatttgttt
cagagctctt
aagatagtct
agaaactgct
ctggcccaag
tgcctgcecac
tataaaatga
ttggttctag
ttggtggtag
gaaaatgtga
tttttagctt
tcaaataaaa
gctagtttac
catgtcagaa
ttttcaggtt
gaaaaagaga
tgcaatggaa
ttcaactaaa
tggcatgatg
ttgaggccag
aataaaataa
ttaggagtct
agaaaacaga
aactgctgtg
tgcccccaaa
atccaacagc
cttccegtta
tgtctttctyg
tctcecatgt
ctcagcttgce

ttttgcectt
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1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060

3120
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tgtcatgtat
cgcceccgtceat
cagaggcatc
ccttegtgea
ttcecgggecag
ttggtccaaa
agttttgaca
gtctatttta
ctgcttcact
ccttgtette
tagcatggca
ctcatgcctg
tgttcagaat
gagaagaccc
tagattcaca
tttaatcttt
tcacgtctgg
atgggatatt
atttgtttat
gagtgttttc
ggcatttatc
gttggtatgg
ttcagctatg
ttatgaaata
actatggagc
ttgcaagtca
ctggaatgca
taaaaagcag
ataaatcagt
caactttttt
atggaacaat

cagagaagac

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

tgagaaaaag
ggtcctgttt
gcccggctaa
gcctectgget
agcctgggaa
aagccccatg
gccatggaaa
ttagagtgcce
ggggctaaga
ccagttagga
aaattctagg
acttctggag
aaatggttcc
ctctctgcag
aatggcaata
acttaacttt
ccagttctat
tcaagcccte
tctgaaatgg
atttgatgct
tctttggget
ctttgaaaat
aaatttgaag
gaagtacttt
caactcagct
cacagatgtt
ttgtataaaa
aatggttagt
tacccatatt
taataggtat

gatggggcca

aggctggttt

taaggatgaa
ggaaggaccc
gcttggecccet
cggggaacct

gtgggggttyg

gcgctcacct
agctggggat
ttttacttat
tgtttgaaca
tgtaaggact
ccaactacaa
caaggagtca
tggggactct
gacatcctag
agtcttctat
gggtggctca
tatcaggttt
taaaataaat
tccatgttcce
gccaccttag
gcttgtecctt
gggtcactac
agggagataa
ttcataagtg
ccatatggac
ggtatctaac
agctgctttt
tgggcagtga
gatttcttta
aacttagtat
gaaatatcca

ctctatgtgg

tggacggtct

ttttggaact

ggcagatggg
gggagcctgce
gctgtgagcet
tggtttagag
aagtcacctg
tgtceccttet
ttagcagaag
cttaaagttc
ctgtaagttt
ggtctcccag
aaaatagcag
ccctacaacc
atgttgggcet
acaggagact
cgaatctgta
aaatatatgc
tgctttggga
ggttttatag
gcctgagcetg
agcagaggca
tctgaaaata
cttaattatt
ttaattttgg
attgttttac
ttgtgtaaag
ggtaatacaa
ctgggattaa
ctgttcattg
tgaggaccat

gctttcagtg

ttgattggcg
aaagctggtg
tcgcaggaac
tccaaactct
aagccaaagg
gctagaccat
gggttttacg
tcttagttga
gtcctggcectg
cctaagaaat
cgtatttctce
gggctctaga
caactgtctg
catcccaatt
gtcgatttgg
cgggccegcete
tctccaaaat
tgggaatttt
gttgatggaa
attcagttcc
aagcctgatg
tgggcttatc
aatgacagcc
catacggttt
ttcecctgacct
cgagataaaa
attaatagtt
ttgaaatgta
tagaagccaa
ctatttgtta
ttgatcacag

tttctttggt

gcgctggtga
acgcagcgcg
aggtatgctt
ggtgtatctt
cacagggatc
tgagctgaga
tttaccctgt
aattaatggc
catagccttg
gcaaatattt
ctaagtggtt
agggttcagce
cccaggtcat
atgttgaaat
agaaaactag
aggctctcaa
ctctgaggtyg
gagaacatga
aatgccactt
agaaactcaa
cctcccataa
aagcaatatg
accacttaga
tttatcttta
ccaagattca
tgaccttggt
tggcattgtt
attgctacca
agctagagtt
gctatggtaa
cctggcaaca

agtgtcttat
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3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980

5040
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gtggctgtgg
ccctgettece
tgccattgge
ctaccatcag
tggtgcttte
tggttatagt
tctatcatac
ctttcccagt
aacaaattcc
ccatcttgga
ttccctttea
ctacctgtct
ggtttcttge
gtgatttgac
ccttaagtgce
gaaattaaag
tgggatttgg
cttagttcta
aatctggagg
aggaagagat
ttaggggtga
gctatgtcac
cattttggag
tacctttagt
tatcttttaa
agctcatatt
attcctttgg
aggagcttag
gggatctggg
aaatgtttca
gtatcacttg

tgctceccagtt

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

cttcaacatt
caattgacct
ttcctececcte
cacaatgaaa
ttgcagctac
gttcatacgt
aatccttaga
ttctctacct
aaaagtaaag
cttgcagagg
atcttttaaa
tggcaagtag
tccttaattyg
tcattctgtt
aagaaataca
accagaacat
gtttggctaa
tggaacatag
gctctgectt
agccatggag
aaaccaggtt
cggtgacatg
agacaggaga
tatattctcc
cctgcaaacc
agaaggcacc
cttcagaatt
attctaggag
tgccactaat
cttccaggag
gcagcttcct

cattgactgg

ccacaattat
ggctgtgcetg
agcctgecte
tcatcatttt
ttatcatgag
tccagagaca
ttacagctct
tgatgaaata
agtatctgag
gtggggagac
aacaaaactt
ctgatcagcce
acagcatgga
aacattaact
cgcttagtaa
tctcatggta
taagctctgt
tggtccagat
agggatactt
gacagcccca
tcgccatgte
aaagaacttg
agtagctttg
aactttttat
tctccatttt
tggcttcatc
tgtacctata
gggcagtgtg
gcaacaatgg
gttttgctga
tagctctgcet

attctcecggg

gccttcecagg
ttggctgttce
tgggattatg
tgtcttcaag
aagtgaatgg
tgtttcctat
ttggttttca
tcecttettge
gcagtcacat
cgtgtcaaca
tttataaaat
tgcattggtyg
gctaacgtac
gtttttcagt
atgtttgttg
gcattacaga
ggtggtgttet
cttctactgt
ataagctctg
ctatggttag
aagggagaag
ccaaccagct
ggggaaatgg
agatctcttt
tttttcttat
ctgtagtttc
agcatgaaaa
ggttgagcat
gttgagagag
ttttgctcag
ttacctcatc

gcatatccca

gtctgatgat
ttgcacactc
ccactgctat
gtaccaaatt
tctcatagtyg
aattatgccc
acagctttgt
ctggttttac
gacataagga
cacacaattt
aaaaatgtaa
agcaggccat
ttaatttcag
cttctcaact
gaccagacac
cactgatggce
cagaaggaaa
aaccaggccc
tcctteeccte
agtggacagc
gtgcttcccce
taaaggtatt
tttcectggta
actcaccatt
ggagacagdta
agtacttaaa
taagtgcatt
acagtagata
aaatattaaa
ggtgggcctg
cctteccagac

agtggtgttc

tttggcgttt
aaggtggttt
tcttttttat
ctggtgatat
aacacagtca
tgcacatttt
ccaattccat
atatttaaat
caaattcaag
taaaaatttc
tttaaaaagg
tccataacct
ctctttctac
agactgaact
tgcaccttat
aaaggtactg
atggtgctct
aaagctggcet
aaggagccag
cccactatgg
aaagctcttg
tatcctttca
cttctactta
tttctacttt
gccagggccce
acttaaattt
agatgctttc
gaggctttca
gaaatatcaa
tggttgaaga
aaacccgtgg

gtcaacaacc
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5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
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ccgtcagtgg
ctggctggcet
aggtgtaccc
gtgggcaaca
tgtttatatt
tctgaataaa
actaagctac
aattatttgt
agtggcttaa
catagacagt
gagtggattc
tagcacacac
gcagtagata
tgagatcaac
actggctgca
ctatcaattt
aactctattc
tgtgccatac
ttgtcagata
tcecttggtet
ttcecctgtgge
gatcaaactc
ctctactgtce
catttgccct
ttaatgttca
ggcccagtta
tgtggctcac
ttcaccatct
gaagtggatc
cctgecttgt
gtggtgcata

tgcagcagca

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

aatcctgatt
gggaacagtg
tttcaagcct
gtgataaaac
tgtttttagt
tggctggtct
aagtatttcc
cgtcagcatt
taaccceccgt
gcaaaggtca
tgacttaaga
tttataaatt
gctccccact
gcataatccc
aattgcctaa
caaggagtct
caatgcatgc
tgaatattcc
ttatttagaa
gaaaagactg
tttaactatg
aagcattaac
atgtgtagtc
caaggattat
tctggattaa
gaaacaagcc
tggctatagce
ttactccccc
ctgtgccttt
caggtcaatc
tacaacacga

tggatgtatc

ctggtaggac
gtctccactce
tctcagctcece
cacatccttc
cagaggtcag
aaatgatgcc
ctggagaggt
ctatttggga
tatatcttgt
gctcagctcce
agccttagtg
gatctgtcat
agccagttcce
aatccccagt
agaggtccgt
gatttgctcc
caagaaaagg
tttatgattt
gacaagtcat
cattaaaatg
gcattccaca
atctccaagt
ccagtctctg
ttaagggaaa
tgtacgtgac
aagaagcagc
acctcctget
atccccctac
cacggtgcca
aatctaggtg
actactacat

tggagaccaa

ttcttgttca
tgatggccct
cttctgagac
ccaggataaa
ggaatcagtt
agattcttgt
tctgaaggga
aaaagtgcat
tgctatgatg
tggagaaaag
agtcttctga
tgaagaagtyg
tttagggagg
gtggtcatta
ggggagagag
ctgtagaagg
tctecetecagt
tgctctgatyg
ttatatgtgt
gaaattctct
atttgtagat
cagttgttga
agttgtacct
caaagaactt
atcatcttgce
tgtcacacta
cgagcccagce
agacatcatc
gacgttgcca
cccatcaatg
agccataaaa

tatcctaagt

gaacccctgg
cttgctcagce
acaggggctg
caacatttag
acagtctctt
ggcattacgt
tcttctttaa
atgaattcag
agtttaggaa
aataaccatg
tatattgatt
atgagctgac
gaaccagtat
cacaactaag
ttagcaaatg
ggattttata
ttggggatgg
aaacatgatc
tagtttcaaa
gttttaagta
gttgccatta
gaggacaagt
ttgcaaattg
ttgaataggg
ctgttgcaat
tcccttaccea
attaggcctc
cttgagtgac
actctcagag
gtggattata
aggattgaaa

gaattaatgt

tgggctctca
caggacaggt
accagttact
tccacagaac
gctcttgata
gctaaccaga
tgattgataa
aaaaagtttt
actcattctt
aattccaatt
agattaaaaa
tctcaccagg
tccaggtgtce
ctcttgtaac
ctccactttt
gcttaggtta
agtctataat
aactcatttt
tgttttactt
aatatatgtc
attttccact
ctgcatggcet
tatcacctcc
aaccccacat
ggtgcctccet
gccccectgcag
acctactcac
aggcccttgg
ctgtgggaat
taaagaatat
tcaagtcctt

agtaacagaa
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aatcaaatac
tggaaatagt
cctacctatc
cagtcagcat
agaaggagaa
aagaactggg
gcaattgttc
atcaggacac
gtgaaagtga
aacagtttca
tttccaaagg
ctcagccact
ggggtcccca
cgcacagcag
cagatcagca
tgagggatct
cagtttcatc
ctgtccctgg
ctatgtatat
aatacatttc
ttatttatgt
cccacaggtce
tcatggectgt
ctatgtccat
catggcagaa
atatgttctc
attgagctgce
ctattcagaa
ctatgattgc
gaggaggagg
gagaaggagg

attccagtag

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

cacacgtttt
agacaactgg
aggtactttg
catgcaatac
gaagacgggyg
tgctcaacat
ttctttgcaa
aaaaatgtat
atttacattt
tatgctaaaa
aaaggctaaa
gtagacctgt
acccctgcac
gaggtgagcg
gaagcattag
aggttgcttg
ccgaaatcat
ggccaaaaag
ttcacttcat
caaatataat
gcaagtgcaa
attaatagca
cttttcggac
gacttggtaa
ggagggaatg
tgaatgtata
acacttaaaa
ggctgagggg
gtcaccgcac
aggagaagga
aagaggagca

attctgtcta

cacttacaat
gactccaaaa
ttcactattt
atctatgtaa
aagaaatgag
gcacataatt
taactttgaa
actaacctgg
caggaatctt
gcgctcttcea
agaaaacaga
ctttagccgt
tggagacagg
gtgggcgagt
cttctcataa
ctccttatga
cccccattcece
gctggggacc
gtctttatta
ctcatttttt
ccaaagctca
tctgggetcet
aagggagact
gttacaattg
ggagttgtta
gtggtgatgg
atggttagcc
gaaggatcac
tccagttcte
tggaaaggag
ggaggaggac

ttggaaacag

taggagctaa
gaggagagga
gggtgacgag
caaacctgca
attgaatact
aaatgggata
atgtgcgttt
aagattaatg
atatctctca
agtcagaggc
gcagattgcce
gacacctgta
tacctgtctg
gagcatttcc
gagtgcgaac
gaatctaatg
ccatccatgg
actgatctaa
gtttttgtac
aatatgaata
cccaggaaat
atggctacaa
atttctggtyg
gttttcaaaa
tatggcagag
ttgtacaaca
gggtgcggtg
ttgagcccag
cgaacctcct
gaggagtagc
aaacagttaa

aaacaaccat

acactgggta
agggaaacaa
ttcaatagaa
catgtacccc
aagcaaaaag
cttctccaag
ggagacaaca
ttgataagat
ccaagaaatc
tcttgattta
ttactaaact
gagggagtca
tggcctgttyg
acctgagctc
cccattatga
cctgataatc
aaaattgtct
atgcacattt
gatgcttacg
tgatctggaa
gtccgtgetg
tgccaccctyg
gctgttactc
tgcctttttyg
tttcagtttt
atgtgattgt
gttcttgttt
gagttagggg
tgcttggget
aggaggagca
aatggtaaat

tttaaaagat

aacacggaca
gtgttgaaaa
gcccaaacct
ctcaatctaa
taacctcaga
taagagaaaa
aaatagaagc
caaagacact
aaacttaagc
aaagaataac
cccctttect
ttctctatca
ggaactgggc
cgcctectgt
actgggcatg
tgaggtggaa
tccatgaaac
atatttttat
tagactttga
gttactagtg
tgtctcttge
gtgggagtac
cctgtatgtyg
aaaaaaaaaa
gcaagatgaa
ccttaatgtce
gtagtccaaa
ctgcagtgag
aagtgaggag
ggagggcaag
ttaaaattgg

gtatatttcc
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ttacaaccag
ccagaggtgg
acgagtgcag
gactcctccce
tttctaaagce
cattgcctct
atctgctccce
gcgtttctaa
cttacccacc
ttcaaaccca
gaaacaaaga
aataagcaca
acgggtgtgt
ctgctctgaa
cttccacaat
aacaagtgag
ctctgaggcet
acacactctg
tgaacgattg
agaatcaggg
ggactttaac
ttaaaatctc
aataagctga
atcccaagtt
ggtgaaacaa
cacattcttt
ctcagcaaat
ctttcagcca
acagctccaa
tcacattcge
tcagagtctc

agcatttgtt

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

ttatttggce
ctgcacattg
gtgtcttttt
tcccaagact
ttcccagatg
caaacttgag
cggccccagg
cgcattccca
tgcceccecag
aatccttcaa
tttccttett
gcctgctgtyg
ggacgaggac
gaataggttc
ccaggaaaat
agcctatgag
aaggagatgc
ccccaccaac
tttctectttt
ttgcctctag
tatgtagata
aatatatagc
gagttgattt
ttectttetgt
agcccctcea
tgctcectgtte
gggacctccc
caggacatta
atatctcctg
cctggcectcetg
ctagatgctc

ctactccaga

ttttgtctga
acacttccat
ggtagaaaca
ctactgtcat
actctaaagt
caatatgaga
gtttctgatg
catgatgctg
gtctcccectta
actagttttt
tctatattgt
ggcagtgtct
ctacctgtag
gtgggaagga
gggagttctg

ggacctcggg

gccttgecta
tgtgatatca
ccaaaaatag
tggggaggga
atattttatt
tcactctgag
tttactttat
ggcaaatgtg
gagtatagcg
tttttttage
cgtcttcacc
caatccattc
gtctgacctc
caagatacgc
aggactatgg

gcattagggt

tctggctaca

ggggaaggga
cactgatgca
tggtctgegg
atagccaaag
atcacctgca
cagtctatct
ggagaaccac
gaaaaaattt
atgttgacaa
agttaaatat
gcagaaggga
agctaaactc
ggcctagcct
gtctttaagt
accatgcagc
ggtcatgcaa
ttttcctcca
gtatattaaa
gggacataag
ttgtatgtca
caaccccaga
gtaatattta
ccaacacaac
attccgtgtyg
ccaattttct
ctccctttca
tttccagcca
agtgccctgg
aatggcctcc
tggcctttet

ctaagggatt

catccactaa
aacagtgctg
cgtggcccce
tagcgcctgg
ttgagaccca
gggtttgtta
ggggtggggce
tgtgcctacg
ttttgctgaa
tgtcttacat
aaaatactaa
tgcccaccct
ttcaggaagt
gtaagtgctc
gatggctctt
ccagccccac
tttatcaaca
gctcacacta
gaaataatat
agcaagtgga
taagtacttc
gtagaatttt
ctgcctctat
acgtaagggg
tcagcctget
caagtgcatt
acatggcgtt
aactggtcat
aggtaagaga
tggtcaactg
gccttcatcet

ttttaaaatt

tacctctcaa
caatgaagat
acatacactt
gctttgggag
cttcctccat
caccacaggc
ccgagaattt
tgaattcccce
ttcctttttt
cctttttetg
tatgcacata
tactgtaccc
aatttgggcc
accacgctcc
tgattgggcce
agtttatggg
gctcaaggac
cctgecatccet
ctgccaaatc
gggacaaagg
aaaaatattt
tcaaaagcca
aataggattt
cctgttggcea
ttgtcacatg
gaattccatg
gtcaatgtac
acctataact
cactggcttce
tccacgggtyg
tgccatttaa

actatttagt

Page 7 of 43

10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660

12720

2/03/2020
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caagctgatt
ccactgggag
gcatgtggcce
tggatgctta

agctcataga

ctggggagcet

agggtggggce

gagaaccact
ttctgtattt
taataaatat
aaaaccaaag
ttttgtctte
cttcttgcca
ttcattagaa
cactaacaca
aaattgagtt
ggacccactg
gcacagtgct
tcctecagcac
aaacaaacaa
tagcaaaatg
gggtagagtc
tataagaggg
actgcctcca
ggaactgagg
attatgccta
cagttaaacc
gcctcagcca
tgacagttgt
cacttaatga
aagataacct

taatctctat

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

tttctgectt
tcactctatc
tccagcectgg
ctcttagagce
acatctacaa
ttaaataccc
ctggaacctg
gtatcaaggg
tttaaaacct
gtttaaggtt
aaaccttacc
tttgttgagt
gaaaactaaa
ctacccatga
ggagcctcta
cctcaacctc
tattagacag
gatctggggce
caaccccaac
acaaacaaaa
tctagacatg
aaactcacac
gagaagacac
gaaggtcttt
aaaacatctt
tcctageccet
ttgttcactc
gaaagtagaa
tcataactag
cagaaaagta

ggctttgggt

tgaacatagg

ttcccctaaa
gtaagcttgg
ttttaaatct
ttctgacaga
taatttaggg
aaacaggctt
ttttaacaaa
gtgaatccta
ggttaaccca
tctggattat
tttttaatgt
gatcaaaaca
gggagcacct
aaaataacag
gccccatgtg
tctagccaca
cacagataca
aggggaagcc
cctatggcta
aaagcatatg
aagactcagc
tatggtctgg
ttceccecttgt
ggtacataca
tcagtaaatg
accagaagtt
ctgagaactg
ttatgacatt
aataagctaa
aattcacaaa
ctctggettt

gatgcatgga

catctacagt
gggtgggggt
tccatagtct
acctctctat
ttccecaagcet
catctcagac
ctccccaaat
tgtatctctt
aatcaaattc
caagaacaag
gctctcccac
cacgaggagc
ggaaataatt
tataaaatag
gctatataaa
tctcaggtge
gactattcca
ttgtccttet
cctgagagag
ccatctttge
atgggctgga
tgccecttage
gccaaagctg
cgacctagca
gccttgcetca
cagctgtaaa
caattctgtg
tccatgtatt
aaatatcttt
cttgctaaaa
agtgtaagca

tagattaaat

gctaacccca
gatgggagcc
actccctcca
tctgectttte
ttggtaggca
cctctaaatc
tgtgatgcgg
taaagatggc
cagctcttcce
agaacacctg
tgtcaggtta
tcaagtcacc
cagaaggaaa
cattaatcga
tttagatgta
ttgatagcca
tcatctecgga
cactctgaat
agttctgcag
caagttccct
agaatttaga
caatgttaga
gggctcccte
atggtggaga
aaagggacat
gaatgatcac
aacagaataa
tttgtgtttt
gtttaaatga
attacttcta
tccaaattgce

caccctcaac

gagtacagtt
agcccttaag
atcaaaaaac
cttatggcat
tcagaatcac
acaatctcta
gccagagttt
tataaagaga
tgttggtgtyg
aaattagaag
tgaaacgccce
ttctececectag
aaatcaaaga
tctagaactg
gattagttaa
cacgtggcta
aagttatcct
gaacagccca
ccaagtccaa
ggtctagaaa
gtccatctta
ctcagcctaa
tggtagagtc
gggcaagatg
gctatggcta
ttgttaggtt
ctaaattcag
gagacctgct
atacatgttc
aattgtggac
atagtgataa

actgatggac
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atttgaaagc
gatcctcata
caagtgtcag
accagggaag
taatcaaaga
tccaatctaa
tttggtagcce
gttggtcaga
ctactctcct
gcgggtgagce
tcaggcatct
agttccecggg
ctgcctttag
atttgaggac
gggaggaatg
gtctcccacg
agtaaaaacg
ctaagtgtgt
ctacctctct
tggatgtttyg
gatacaccag
cacgggctct
tggcactcac
cctcagetga
ttgacccaac
aatcagggtt
aacttcagaa
ctcctcecagtce
aaaaaacagt
caagacttca
attctgttge

ctgggctcaa

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

aaaagaagtg
gccaggagca
tgcaagcagg
ggctggtgta
gagagaattt
aattacattg
tcatttttct
tctatggctyg
ccccactcat
acaagagccc
tctgtgcectce
atgcttcctg
tcctgagtte
atctactttg
ttcatggcgce
ccecetggggg
gactgcatga
gaacaggaca
gatgattgtg
ggaggataga
ccctteecctg
ccagcttgcea
tgctecctgge
cactcctttt
aaactaaacg
gattacattt
tgcatcagaa
tgattcagcg
ctcattctga
tctcaaaaaa
ccaggctgga

gcaatcctgce

tcagctgtgg
gtgagtggca
agagcacagg
tctctgggga
taaatggtat
taggagtttg
taaatttctt
tgataatcca
gtgcctgcat
ttaccaaata
agatcttcct
ctaactttca
tgacccctee
gactctgggg
tcacctggcea
agggctgctce
aaaatcaggg
agtgacgtcc
aaggcaggag
aaaagaaaaa
gtgcatgcca
ctgacacttg
tgtgaggatc
gctttcaact
ggaataactc
acccctttga
tcacctgaaa
tcagagataa
gccaagatcg
aaaaaaaaaa
gtgcggtggt

agcctcagcece

tcecttgecat
ccaagctggg
gggagctttg
taaagctgaa
taacactgtt
tgggtgtcct
ttgcagttgt
tggacagggg
gctgccatag
ttgagcacct
tgagatcttg
atcccaccct
tgtcttaaca
tttcaacagc
aacccacctc
atgactacag
ccagggttcet
cctctcectgag
cctattgagt
tcccagttat
cacatgcctt
gccttggcecca
tgccatgcct
gacttgtctt
cagctaaata
gtgagcatca
gacttgttaa
ggggaagaat
cgccactgca
gagaaaagaa
gtgaacacag

tcccaagtaa

ccccagtagg
agcttaacag
agaaggcatg
ggatgactgg
cttgaaagag
gtgggtttct
tgaaatctat
gcattttcct
gatcattgct
cctccatccce
gcttcctagg
cagtttcctt
ggactcagtc
tctctggect
ctggctecttg
gatctcaatc
ggcttgagcecce
agcattaaaa
catattaata
tcttecagctt
ctcaaagctc
ccaataagct
cccactgggg
gcgttcttca
cagagcaatg
cagtaaccca
aacacaaatc
atttcttttt
cttcagccectg
aaaaaaagaa
ctcactgcag

agtagctagg

aggcaaggca

tgaccaaggc
tgttgcatgce
gatttttctg
gtaaggtatg
gttcagttgt
accagtggga
gggagccatc
gggcatagca
atgcattgcc
gaccaatggg
ccagaacatc
tttcagccce
gcattgcaat
gctgtggtga
aaggataagc
cacttgctgt
tcacctctge
tcctaaaaca
tatccccaga
ccecectgtget
cctagaatgg
atggcaagga
aactagttgt
tcececetggta
gccattctaa
gctgggccecce
ttatttttet
ggcaacagag
aaagggtctc
cctcaacctc

accacaggcg
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tgccaccatg
aggctgatct
ggattacagg
gtgctgatgce
ctcccagtgt
tccatcctte
agggaatctg
cagagttatc
cctcecttaggt
ggattttgag
taagcattta
aggagggata
tcagtttatc
atgtatcagg
gtttctaaag
tgctgtgatg
tcacctagcet
ggagaggatt
ctacaacctt
ttagaatgtt
ctttatttgg
cacacatgat
tgcagttcct
agaggaccat
gccatttcca
tgctagaaaa
gacagcctga
acgaggtttt
ttttttgaca
ttggctcact
gtagctgggce

acggggtttc

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

cctggttaat
tgaattcccg
cataagccac
tgttgctcte
tctagccaga
ttactttact
gacagcaatg
ccaccgcact
gaaaacagac
tggaggctca
agataatatt
gtgtaatgtg
accagattaa
cgggtttaga
acccattcca
tagccatgta
gttctgttga
acagacaggt
tcagctttat
tatcctacaa
gatgcatacc
acaaaagaca
gcacagagtg
gcaatctttg
ctcagaatta
taagaggagg
gcatgtcctt
tgtttttctyg
gagtcttgcet
gcaacctccg
ttacaggcac

accatgttgg

tttttatttt
ggctcaagca
catgccggcea
aggatcacat
ctcagcctgt
gttggggtcc
ggtaaatcca
cctcectgette
tgcatgtgat
ttcacccata
ctagagtgga
gagaaattat
tcaagccaag
atagatttct
ttttgattcg
gatgtcattt
aatgttgaac
gctgtagcca
tctgagattyg
cctttecaget
tttattttte
gtaccaggaa
ttacaataga
tgggagaaga
tcacaaagta
aattctgttt
caagatcaag
ggttttttgt
ctgttgccag
actccctggt
gcaccatcac

ccaggatggt

ttatagagat
atcctcecege
gaatttccac
ttcaagaact
cagagcgaga
tgaggccaga
cccccggaac
ccttttatag
ttggatctga
gcctectggcea
gagaatgaga
gtctaatcta
gtatctaaac
gcactggcag
atgctatagc
tgtcaaattc
tcctteteea
cctgagttca
gttaggggtt
ttattctgag
tggaggaagt
gagcaagggg
gggcagaagc
agaagtccat
cctccaggaa
ggtggaaagt
gagaaggcat
tgttttttgt
gctggaatgc
tcaagcggtt
gcctagctaa

ctcaatcttc

ggggtctccce
ctccacctcc
ttctaacaag
gctgtattaa
aggcatcctg
gaggctaagg
ccacacttac
cattcaggcce
aaagctaata
tgcctaattce
tttgcttggyg
gtggaaatat
agttatgaaa
aaaatgggat
aagggtaaca
tttactatta
tattcgttca
gctgggttgg
tccacctgag
attggttagg
agccacaaat
tttagaagct
caggcaaggg
agtacaggat
gaagggggcet
gtggtgcagg
tttgagcaca
tttttggttt
agtggcacag
ctcctgecte
tttttgtatt

tgacctcatg

tatgttaccc
caaagtgctg
ttctcagggyg
tcectttetga
agacctctac
gatgtgccgce
catccacctc
ctcacggcaa
gatcccaggt
aatcaaagta
aacaaaaagg
atgtctagaa
acagtgggcc
ggtaccaacg
taactcaggt
ctcagctatt
caaggataaa
aatgtttatc
ttcagctggg
ggtttcaaac
atgtattaaa
ttaggtccca
agtgagccca
tctccagggyg
tttccataaa
ccagcatggg
ggagatggcg
tttttttttt
tggcacgatc
agcctcccaa
tttagtagag

atctgtccac
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16620
16680
16740
16800
16860
16920
16980
17040
17100
17160
17220
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820
17880
17940
18000
18060
18120
18180
18240
18300
18360
18420

18480

2/03/2020


https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

ccecggectcece
ttttttgttt
gcatgcagtg
aattcttctg
ctaatttttt
tgaactcctg
tgagccacag
aagctcttga
gcagcacaga
acagaaagtg
aaggatcctt
ggtctttaac
tcaagttctg
caccttcctt
tcaactgagc
tctgctactt
ctcagtttcc
tgattaagtt
cagcactatt
aatcaagctt
ccccaaatat
tgactactaa
gtttttgttt
actctgactt
ctgttcccca
ggttcaagcg
catgcccagce
tggtctcaaa
tactggtgga
ggtttgcaaa
agtttagcta

cctcaaagac

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

caaagtgctg
tatgttgttg
gcacgatctc
cctcagcectce
tttgtatttt
acctcgtgat
tgcccagcta
catgttgttt
tttattgtat
gaaatactcc
gtgattacat
ttaatcacag
aggtttaaga
tggatagatt
taaagagctc
actagcgtat
ccatcttaga
agttaatgca
taaaagtctg
gtttattttc
gactgatacc
aaccattgat
tgggtacttg
agttcatatt
ggctggagtyg
attcctatge
taattttttg
ctcctgacct
ttactttttc
gagaccttgt
gctaccaaac

tactccattg

ggattacaag
ttgttgtttyg
agctcactgce
cccagtagcet
tagtagagat
ccacctgcct
gtgatgaggt
ccccaaagtg
aaaacaaaac
atcttactcc
tgggtccatt
ctgctgctaa
tgtagacgtc
tttttttttt
agactctggt
ttgcttatga
aaatggaagt
tgtctgaaac
gaaaaacagt
tcctcetcaat
caagcctgcece
actgtataga
cttatttagg
aaccttctgt
cagtggcaca
ctcagactcc
tactttttgt
caagtgatcc
aaagagggtt
atgctggaga
tcaagattta

tcttcttata

tatgagccac
agatggactc
aacctctgcecce
gggattacag
ggggtttcac
tggcctceccca
tttgacagac
ggaatctttg
aaaaatgtaa
ctagagaggg
caatagtcta
ttceccettttg
tttggagacc
ttaactggtyg
gccagacagc
atgtaagcaa
taccatattt
tcatagaaca
ttttectggtyg
tgcttaagtt
tttacttcct
atttttattt
caactgtaaa
actttttttt
atctcagctc
caagtagctg
agagacaggg
acctgccecteg
tgcaaagaga
atatcttcat
acattttttt

cccaaaattg

cgcacctggce
ttgctctgta
tcececgggtee
gcatgtgcca
catgttggcecce
aagtgctggg
catggagaag
atattttctc
tctgtataga
cttttttgcee
ggaaattctc
ccatgtgagg
attattcttc
tagcataatg
ctggattcaa
attacttaac
aattcataca
aatagtgtct
gatttgcata
tatcaacatc
ctgagaaggc
tggatttgtc
ctttattaac
ttttgagaca
actgcagcct
ggattacaga
ttttgccatg
gcctcccaaa
gttttgtttt
tttaccttca
ctcaatattt

ctattaagat

gggtgctgag
gctcaggctg
cggttcaagce
ccatgcccag
aggctggtct
attacaggcg
aatgaagtcg
aattatagaa
aatgtatgaa
cccttcettat
tccatctcaa
tcacatattc
ctaccacact
gttgaggcag
ttccagcagg
ctttctatgce
gttgttctga
agcactcgct
acttattaag
tgtatcttct
ccacccctga
gtaagtataa
ttgcttatte
gagtctcact
ccacctcctg
catgcaccac
ttggccaggce
gtgctaggat
cttcaaagag
tttaaatttt
tgaaagttgt

gtctgaaaag
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18540
18600
18660
18720
18780
18840
18900
18960
19020
19080
19140
19200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860
19920
19980
20040
20100
20160
20220
20280
20340

20400

2/03/2020


https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

aaactaattc
tgcatatgag
ttctatgcta
tggaaacatc
gatttctagt
ttaatatttt
tctttggcte
ttaattaaat
ggccaaggceg
accccatctc
cagctactca
agctgagatc
aaaaattatc
tgggatgtcc
ggtgagtctc
aaggaaaaag
tggtgactgt
cttctagttt
tgtgtacttt
aattgatggg
aagagccata
caaggtacaa
cccttggaaa
ccctgatact
ttattacaga
aactctgaca
ccagagaaca
cttcccaatg
ctatccagga
cagctaccaa
cgcctctact

ttaaataatc

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

ttgttaaaat
atatatatat
gtaggtactc
atcagttttt
atttgagtac
ccatctatct
tgtccattgce
tttactggcect
ggtggatcac
tactaaaaat
ggaggctgag
atgccactgce
gactgtaggt
cctttecttg
tgggcagaga
gggtccecctg
gtagacattt
gaaatcatta
gtacaagcat
ttaaagggaa
ccagtttcca
tcagactttt
gcaaatctca
gccaaacaaa
gctgtttttt
gaacctggca
tctcaatgtt
gttgggttat
ggagctgaaa
gaatgctgtc
gtaaggcttt

tatcacttgt

tgattttatt
ggttttattt
aagtcctctce
actttgtcaa
aatactttat
tttcectgagyg
accgatcaca
gggtgcagtg
aaggtcaaga
acaaaaatta
gcaggagaac
actccagcct
tgttcagttt
tcectgggage
tggaagccca
ccacagggtg
tatatgataa
caaagagtcc
ttctgtaaga
tgccaatttt
ctgctgccag
aaatctctgt
catgtaaaat
agaccaaccc
tatcagtccce
ctgctgtcectt
gttgttttac
cgcagtggga
tccagtttcce
agggtcattg
cccggtecta

actatggaga

tttctctetg
cactattatc
aacatgagcc
atcttttcaa
gctaagtttt
cccttcagtt
ttatctgttg
actcacacct
gattgagacc
gctgggcegtyg
cacttgaact
gggtgacaga
gttgtccttce
tcacgtttcce
ggttggagct
tagaacctcc
gtgcecctttt
tgaaatgaat
aagaagattc
gatttcagtg
cagtgtgtga
gcatggattt
gccacagcaa
tcttagceccaa
cagtggcttt
tctggcectet
cagtggagag
ctcacctgtg
ccttcagtac
cctacaaact
cttggcgagt

gaaaagcaac

gactctctga
tgtctagatg
ctcatatctt
tttttccect
tcataactct
cagctgattg
agttctccat
gtaaacccag
atcctggcta
gtagcacgcg
cggaaggcag
gagagactct
ttttatggta
ctcgggatac
gcatttttcce
attgctcaag
gctgggggaa
atttttggta
accttctttt
gatgccaact
gagtgcccac
ttgagacaga
gtttcagctt
cataaataag
atcaggaagt
aagccagagc
tgtaaacata
gcagtccatt
tcaagggcct
gatgatgctg
cttaattgac

tttgaattgg

attttctctt
taactttttt
cctttaattc
ctccttetgt
tgacttttte
gcccgatcat
ttctggttca
cactttggga
acacggtgaa
cctatagtcc
agctgcagtg
gtctcaaaga
tttgctctcece
cagctgtttyg
tggtgcatct
gctgtggaga
gttcagattg
caaatgtcct
caagaagcta
tcatctccaa
tgggccecccea
tctcecagecece
gtccacatca
tgacagacat
ggactcagga
aactgcgtgg
ttgtgtatct
ggaagggaca
tttcttceccect
tgcagaattg
atacctacca

agatcacttc
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20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
21360
21420
21480
21540
21600
21660
21720
21780
21840
21900
21960
22020
22080
22140
22200
22260

22320

2/03/2020


https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

acagcagcat
atattttaaa
agggggcact
agttgttaaa
aaacccttct
gtgaaagaga
cacctcccag
agacagtgat
tttccaaaga
tactattgaa
tatggtaaag
accaagatag
tccggtggece
tgaaacctga
agataattag
ctcgaattac
ggctgggege
tgacaaggtc
caatacaaaa
cgggaggctg
atcacgccag
aaaataaaaa
ggggaggaat
tttgtaaaca
ttttttgtag
cattcatagg
gccatggaag
actaccttta
caccaacacc
cttaaaacag
tgactttagg

ggcagccttt

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

aacagtatga
aagagagaaa
caagagatca
ttaattgatt
aagccaagcc
tgcatttaca
taaggcagat
ttgttataca
ccagccttte
taagaaacac
taaatgagga
ctgacgtacc
caagtggctg
gggcttccct
ctggttgaga
tgattctaca
ggtggctcat
aggagattga
aaaaaaaaat
aggcaggaga
tgccctecag
aaaagacgtt
ctcaagtttyg
tggttttgtt
ctgtgaattc
tttcatttta
gcctttecet
ttgagcactt
atgaaaaata
agcccatgga
ctcatgcettg

cctgtgatta

gacgtaaacg
gcaacaaggc
gggacagagg
aaatttcaac
atgagcaccc
gctgtgttta
cttcaaggtyg
acaaataaaa
ccactagtgt
caggataaaa
tcacagagcc
agacatgaag
tgtggccatt
gagcctctgt
tctttgettt
attttttgge
gcctgtaatce
gaccatcctg
tagctgggeg
atggcgtgaa
cctgggecgac
tattcattga
tgttcagttc
ttggttttta
aattcattaa
attcagctat
taagtattag
actgtgtgcect
tattcctcectt
gctcctaagt
taatcagggc

aaagtgcatc

tgccaaaagt
ctcatgtgcect
gccccagtge
aatgaatgaa
ttctgctcecag
tggaaataca
cctttttaca
tggcagagct
gagacaattc
agacaaaata
tctcccacca
acgagatggt
atatgaaggt
gagccttctce
tgttgtttta
cactcaaagc
ccagcacttt
gttaacatgg
tagtggtggg
cccaggaggce
tgagtgagac
ttttaatggt
ctgctgttcet
gtacacaggc
tatgagaatc
gcttggataa
caataacaac
aaacacatgc
acttccattg
gatggagcca
actgtgcatt

tacgaagcat

gagccttaga
caggggtggt
ttggcagagg
attggtgtaa
agcagtagct
agctctcatt
gatgatgaaa
gggatttgaa
atacgtgaaa
ttggtaaaag
tgtctgccac
gagtgtgtct
cattcttcag
ttcaaccaaa
cactgaaagt
aaataaaaac
gggaggccga
tgaaaccccg
cacctgtagt
ggagcttgca
tccatctccea
attggagaag
ctgagttctt
tgccaaagca
ctagatgcta
aacatcagag
aaaatagtaa
attatttcct
tacaggtgag
ggatttgaac
ccaggtgatt

tgttctttce

agtgtaatgg
gttgtggtag
gccaatgaat
ccaaggagag
cagtcccatg
tgagattctt
ctagattcca
accagtactg
gaatttgata
gacagaagtc
atccccacac
cacggtgagc
gctgtccccea
actgaggaat
cacccatata
ataagacgtt
gacgggcaga
tctctactaa
cccagctact
gtgagcagag
aaaaaaataa
atgttatcaa
tccttettat
agcactatga
tctcaagaaa
aaatttattt
ccataaaaaa
ttcatcctcea
gaaatggagg
ccaggactgce
tatattggaa

ctcetttttt
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22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760
23820
23880
23940
24000
24060
24120
24180

24240
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

tttctgtage
tgagtttgcet
aatgctcctg
ctgctctcce
ccaaaccaca
acgtaggttg
ctttaggata
cggtttctga
atctagccct
gtgtctttct
gagcacatgg
caaatgggca
ccctgtectt
ttttttaact
tcacacccca
tgtgtgagtt
tgggagacag
tcaaggtcag
actggtcagg
atctggtgcea
aagtggctgce
aattcagtct
tgggctgaat
aaggagcgtg
ctgtttggcecce
gcccctecagt
aagaatggtg
tttctgectyg
tatcaacttt
tcaactccag
ggaatttgaa

gctccaacag

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

cctgttecacg
ttagtctcac
aagtccactg
ttctectgga
atcacccagt
tataacatat
tcttttactt
tagcttagtc
tttggcagca
ggtggaaagc
ggcccttcac
agctgcacac
tggtatttct
cccccagatg
gggaggtcca
tccatgagca
aatggaaaga
agaggtcact
ggccatttge
ggaagtctga
cctaaagaat
ccacgagcat
gcaagtagag
tggctttcte
acgctattgt
aaagttactt
gaaagccctt
actgctccag
catactgacg
gaatatcctt

accccaatgg

aagdgaggaagdg

gcctatcttg
ttttcattag
ggctggcatc
gctccctgge
tgttacaagt
tatcaagttc
aaacagaaag
catgttgatg
gcatggagat
caaagtccca
atgtcaacaa
cagagtcagc
gatagagtag
attctgatgt
tgcatcaggt
gcacaaagag
aacaaagcaa
gtgggctgga
agtttgcaag
atatatgaga
ggatgtcaac
gcacagaatc
ggggatgcct
ttcttcccea
tcctcatcat
atcctgaaga
tgtgagaaca
ctaacttcca
cgtctgtaat
gagcatatga
ggccttggcea

tgaaaacaaa

gagtcggcat
cgtaattgac
cagtggcagg
ctttctttca
atcagattgc
agagtctaac
ccagatattc
tggtcatggce
tttatctggg
ttacacacat
agaagattca
taggaagaca
gtcttgtatg
gcagtcagat
cagagctaac
gacctaccct
gtcaagtcta
ctaatcagag
tgtcatctct
gggagagaaa
attccaacaa
cagagcaatg
tgtgcagctce
ggttggattg
gaccacaaaa
aaaccgcatc
agccccattt
gggtctcagce
ctgttcttat
gagtcacatc
ctaagactgg

ctattagtat

ggcaaacttt
cagcttacaa
atccatgacc
gcatcacagc
ttggtttaaa
tctaagtgat
cattgcaggt
tgctaaggag
agggtcctta
gcatgatgga
caggcatcag
gaaaaatatg
atgcttgaac
tagggtaccc
caatggtgta
caaggaactt
agatctagac
aaggccttgt
gtcaaatgtt
gacatacaag
ctcaatgccc
cccceccagtgg
agctgtcaga
ccagcttgta
aattccaaca
ttctacctge
gcagccatgg
aaactgctgt
gctcattttg
caggtgatgt
aatgtatata

ttattgatat

atggctgagg
ctatatggga
atgagaagca
aaactttagt
aaaaaatgaa
aagaagtaga
gatgcagggc
tcaaggcagt
aggagacaca
gagtacatca
tceccaggacce
gagccttagg
atctgtgttt
ctacactcca
tgctcagaat
agagtctatt
caggcagaag
ggacatgaag
ctcttggcac
atagagacat
tgagattgta
ttcatccccc
tgggatctga
cctggeccectt
tctacaagat
aagccaagaa
tcacgagtca
ttttcacgag
tattttcctt
gctctggtat
aagtcaaagt

tcttggtgtt

Page 14 of 43

24300
24360
24420
24480
24540
24600
24660
24720
24780
24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
26040
26100

26160

2/03/2020


https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

tagctggctce
atggaattca
ttttttttaa
gctgacagca
gtgtgtgaca
gggagaaagg
aaaggatttt
taaaatagga
gtatttatga
tgccacaaat
attcatttga
tttttataag
atattctctc
cggtggcetca
cccaggagtt
aaaattagcc
ggaaaatgac
tccaacctgg
acaaaaacaa
tttaatttta
acagaagtca
gtaaaaggat
atctcttaaa
ctactcagga
ctatatgatc
aattaattaa
ttcagtgtgt
ttttttccac
acagaaatag
caggaaacca
ggaactatga

tcagtgtttyg

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

gatgatgtta
cagtcacaaa
atcaatgcaa
gagctcagtc
ttctectecatyg
aattttgtca
ttaggtagag
gaagttcctg
aatactcagc
gcatagaatt
ggatgtctta
ttgttgaatt
tcagaaatca
cgcctgtaat
caagaccagc
aggcatggtg
ttgagcccag
gcgacaagag
aacaaaacaa
aagttatcag
cgttcaggga
ctcttgagcece
aaataaaaat
ggctgaggtyg
atgtcactgc
ttaattaatt
atcgtgtagt
ttctagtttyg
ggaagtaaac
agcaagcaaa
atttgcaact

aactgaaccc

acagtattaa
atcgaagtta
gttacacatt
cccacttcct
ggacaatgtt
atcaaaatta
attatttttc
gcttaacctg
ttaggcattt
gttaccaacc
taaagactga
ccttaattta
atggcatttg
cccagcactt
ctgggcagca
gtgggtgcect
gaggaggagg
tgaaactgtg
aacaaaacaa
ttccgtaaag
ctggctcaca
caggagttca
agtaacatta
gaaagatcgc
actccagcct
aattaattta
attttggagg
cagtgctcag
ctacaaatat
catatcgttc
gtcataggtt

tttcttgtta

aaattaaacc
atccagaatt
atagccagaa
gcaaacaatg
ggggtttttce
ttctgtattyg
cttatgaaaa
ttcttacata
ttactttaac
tccaaagggce
aggcaaaggt
aaaaagctca
aaccaccaaa
tggggagccec
tggtgaaacc
gtagttccag
ctgcagtgag
tctctcaaaa
aacaggdgtaag
tctctgtaac
cctgtaatcce
agaccagctt
gccaggtgta
ttgtgcacag
gtgtgaccga
aaaaggaagt
ttggaaagtyg
tgcacaatat
tttagggaga
caattttaaa

tatggatatt

gggaacgtgt

ccataaacca
ctgtgataag
tctgtatcac
gcctgcaccce
agactgacag
caacttttct
atgatctgtt
ttaaagaaaa
ccctaaattg
tctttaaaat
cagattgctt
ttattttttg
aagaaataaa
aggcgggceag
ctgtatctac
ctacttggga
ctaagattgc
aaaaaaaaaa
gattcccctg
caaacatact
cagcactttg
gggcaacata
gcagcacaca
aagttcgagg
gcaagaccct
catgttcatt
aaacgtagga
acattttgct
agctcacttce
acccagtgac
gctgtggaga

gaaagaagaa

actaagcctt
cagcttggcet
agaggtgcaa
tatcccttgt
gactgcaaga
cagagattgc
ttaaatgaga
gttacttact
attttgtaaa
catatttttt
acgggtgtta
cacactcaca
gggctgagtg
attgcttgaa
aaaaaataca
ggctgaggtyg
accactgcac
acaaacaaaa
ttttcctcete
gaagacagca
ggagatggag
gcaagactcc
tctgcagcag
ctgcagtgag
atctcaaaaa
tactttccac
atcctgaaga
gaatgaataa
ttccttttet
caaagccttt

agctcaattt

ttgtggggaa
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26220
26280
26340
26400
26460
26520
26580
26640
26700
26760
26820
26880
26940
27000
27060
27120
27180
27240
27300
27360
27420
27480
27540
27600
27660
27720
27780
27840
27900
27960
28020

28080

2/03/2020


https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

aaaaaagcaa
accagaggcc
gcttcttgtyg
tattaatttt
cacttatact
atgctcacag
<210> 2

<211>
<212>

<213>

<400> 2
acacagagca

tcctgagaag
tgctgccagg
actattcatc
gaaaatgttt
agaaagcaat
cgtgatttct
gaggtgtcca
gttgtgttct
tacaagactc
tggactccte
acaagtcagt
agtctggaat
acacaggaat
catctcctgce
aagtgtcaat
ctatatccat
tgaagacttc
ttttatttcg
tattaaaatg
tgacttctge

cagcacacat

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

gcataaccaa
tctaaaatgg
ctcacacaaa
ctcaagctat
ttttcctaat

ctca

28394
DNA
Homo Sapien

gagtggggcet
cactctccct
aagccagcta
atttggggcet
tatatcaccg
ttaccaaagc
gaagcaaggt
cccaatgtgce
tgaaataata
aaaagaaaaa
tgtgtgtgcet
cacaactgaa
caagacttct
atctgacagc
tacttaaaat
gctgaaagtc
atccaacact
aggtctctcce
tgtaataaaa
ctaagcactg
tggaaagctc

aagccttgcet

agatcatcag
acccgagtcg
tctgtaaatg
ttttgttact

gtctgtataa

ctgagtatat
tgtcgtggag
gagtggtgta
tgtcttcaca
gaattgatca
cacaggcttc
gcatgcagca
tcaatgattc
atttgggctg
agtgggccac
gtcatgctga
gccacgaatt
gggagtagtg
attttctttg
caaaaactac
tctttattat
tcatattatt
aattgcacaa
tagaggatat
cttcatttta
ttcaggtgca

gtagatgtgt

cagtgaagaa
atcttcagaa
ggaacattgt
attttcctaa

caaatttcta

aactgttagg
gtgggcaaat
agtactcatc
gttctaagtt
gaagtagcaa
ttcecctggaag
cctgagetga
tgggttaatc
tgttcttgaa
tgggaatggc
agggaatgtt
tggcagcttce
ttttceccaagg
tttccaatta
ctaaaataaa
gctagaccat
tttaaaagta
atttctaata
tagttgacct
ctagtgatct
gcttccagga

cagctttgag

tctaggectgt
cagggatcta
acattgtcga
aattgaatat

tgcaagtaca

tgcctcecte
ctttatcagc
cttatttcta
ttgctctttt
aatcagagtt
ctcaaaggca
tgtggaagag
aacactatta
ataagttcga
cctttceccagt
cttgtgcacc
cttgcagctg
agggaagtgt
cagctttaaa
gattatagta
gagtgtttaa
atagctgaag
catgctggca
gaaatcttga

ggggtatgaa

tattcttggg

gcacagggag

ggctgagaga
ccatgcagga
atttaaatga
ttgcagggag

tgaataaatt

cagcaccatc
cactgccttce
ttcatttcca
tcttaatgaa
ctggtagact
tgcctttatt
ggtttgcagg
ggagtttcag
ggcgagtgte
gatggattta
catcgggaga
cactctctgg
tttaaccagg
gaaaactggg
agtaccaaat
atgctttctt
catggaaaat
atagaatata
tattgccttyg
aagtgctttt
atgttaactt

acatttgttt
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28140
28200
28260
28320
28380

28394

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260

1320
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gtcagagagt
tctttgtggt
gtgcccaccg
gcttcacttg
actgaaaaat
gtactgagtg
aggcttgaac
gaaaatattg
aggaaaggcc
caacccctgce
tatataacat
atattcataa
tataggtaaa
gtgtttccta
ttaggccaag
aataccacac
gttttaaaaa
aactgtttat
acttatgcct
gaattcaaaa
attaaaataa
cttaaaggca
gcccacatca
gggcaacctg
cgtgtcagaa
agagacacgc
tttttttttt
cccactgaga
ggggccacat
cttttgcgtyg
tgtcatgtat

cgcceccgtceat

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

aactgcttct
tgttcaaccc
catcgctaag
tttgttgact
taagaaccac
aatctggatg
tacgtggtct
atgttgagct
ggtgccaggce
ttgtctettt
gagagcccta
tgcaacatgc
tatacacaca
aaattgtgga
ccagaagaag
acacaactgg
ggaaaaagaa
tattaacaaa
gtaatcccag
ccagcctgga
acacagctgg
gcttgtgaat
tgcatcctte
ttgctttggt
catgaacccc
agcagaacaa
aagcaaagdta
gctctttggt
cttccctcac
gtcattagag
tgagaaaaag

ggtcctgttt

ggcaagggca

ccaccccaag
tcctageccet
tgaaccgaac
cagagctgac
atgcccactc
ctaaaatcct
caaggaaggyg

aggggcagaa

tttcattctt
ccactgggtt
aggcacatca
tgcatgcaca
tttttctgag
aaagtaaaaa
aacttctggt
aatttataaa
gtgatgttca
tgttttggga
caatacaatg
atgtggtggce
gcttacaaag
ttctcacatt
gttggtcccce
ctcctceccccece
aatctgggca
aatgaacatc
gaaggcaaag
caggaaccca
ctagggcaca

taaggatgaa

ggaaggaccc

tagggtgaaa
attagttcaa
ctctgcatac
cttgggtgge
ctattccata
tgatccttgg
acctagctct
gttctccaag
ggagacgctg
cattgtttct
tcttaaccat
gtgtggtaca
cacacaattt
tcattctggt
cagaataaac
aaaagagtga
aagctgccac
aaatttaaga
ggctaaggtg
agactttgtc
acaggaaaaa
cgtggctagt
tcataaacaa
aagatgcagc
tctggaagaa
ttggtcecctg
aaatttccat
tcctecttet
gtgggcgege
cgtcatgctg
tggacggtct

ttttggaact

ctggggatag
agtgaccgtg
tccagcacac
attaatgtgc
agacccagtc
ttttctcttc
caaatttctc
gtgtgtgatt
tctacactga
tatttctttyg
ttgttcttta
gaactagcca

ttacctgaga

aaagggtagg

aacaggggdga

tattcttgga
atttgtggaa
gttcttggce
ggaggatcac
tctaaaaaaa
aaaataccat
atcttattac
ggccaaggga
cctcacaatc
gcaacctcag
tgtaggatgg
agtcagctgce
tcattagcgg
tccagcccece
attcacatat
ttgattggcg

aaagctggtg

cagagctctt
aagatagtct
agaaactgct
ctggcccaag
tgcctgcecac
tataaaatga
ttggttctag
ttggtggtag
gaaaatgtga
tttttagctt
tcaaataaaa
gctagtttac
catgtcagaa
ttttcaggtt
gaaaaagaga
tgcaatggaa
ttcaactaaa
tggcatgatg
ttgaggccag
aataaaataa
ttaggagtct
agaaaacaga
aactgctgtg
tgcccccaaa
atccaacagc
cttccegtta
tgtctttctyg
tctcecatgt
ctcagcttgce
ttttgcectt
gcgctggtga

acgcagcgcg
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1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
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2760
2820
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2940
3000
3060
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3180
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cagaggcatc
ccttegtgea
ttcecgggecag
ttggtccaaa
agttttgaca
gtctatttta
ctgcttcact
ccttgtette
tagcatggca
ctcatgcctg
tgttcagaat
gagaagaccc
tagattcaca
tttaatcttt
tcacgtctgg
atgggatatt
atttgtttat
gagtgttttc
ggcatttatc
gttggtatgg
ttcagctatg
ttatgaaata
actatggagc
ttgcaagtca
ctggaatgca
taaaaagcag
ataaatcagt
caactttttt
atggaacaat
cagagaagac
gtggctgtgg

ccctgettece

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

gcccggctaa
gcctectgget
agcctgggaa
aagccccatg
gccatggaaa
ttagagtgcce
ggggctaaga
ccagttagga
aaattctagg
acttctggag
aaatggttcc
ctctctgcag
aatggcaata
acttaacttt
ccagttctat
tcaagcccte
tctgaaatgg
atttgatgct
tctttggget
ctttgaaaat
aaatttgaag
gaagtacttt
caactcagct
cacagatgtt
ttgtataaaa
aatggttagt
tacccatatt
taataggtat
gatggggcca
aggctggttt
cttcaacatt

caattgacct

gcttggecccet

cggggaacct

gtgggggttyg

gcgctcacct
agctggggat
ttttacttat
tgtttgaaca
tgtaaggact
ccaactacaa
caaggagtca
tggggactct
gacatcctag
agtcttctat
gggtggctca
tatcaggttt
taaaataaat
tccatgttcce
gccaccttag
gcttgtecctt
gggtcactac
agggagataa
ttcataagtg
ccatatggac
ggtatctaac
agctgctttt
tgggcagtga
gatttcttta
aacttagtat
gaaatatcca
ctctatgtgg

ccacaattat

ggctgtgcetg

ggcagatggg
gggagcctge
gctgtgagcet
tggtttagag
aagtcacctg
tgtceccttet
ttagcagaag
cttaaagttc
ctgtaagttt
ggtctcccag
aaaatagcag
ccctacaacc
atgttgggcet
acaggagact
cgaatctgta
aaatatatgc
tgctttggga
ggttttatag
gcctgagcetg
agcagaggca
tctgaaaata
cttaattatt
ttaattttgg
attgttttac
ttgtgtaaag
ggtaatacaa
ctgggattaa
ctgttcattg
tgaggaccat
gctttcagtg
gccttcecagg

ttggctgttce

tcgcaggaac
tccaaactct
aagccaaagg
gctagaccat
gggttttacg
tcttagttga
gtcctggcectg
cctaagaaat
cgtatttctce
gggctctaga
caactgtctg
catcccaatt
gtcgatttgg
cgggccegcete
tctccaaaat
tgggaatttt
gttgatggaa
attcagttcc
aagcctgatg
tgggcttatc
aatgacagcc
catacggttt
ttcecctgacct
cgagataaaa
attaatagtt
ttgaaatgta
tagaagccaa
ctatttgtta
ttgatcacag
tttctttggt
gtctgatgat

ttgcacactc

aggtatgctt
ggtgtatctt
cacagggatc
tgagctgaga
tttaccctgt
aattaatggc
catagccttg
gcaaatattt
ctaagtggtt
agggttcagce
cccaggtcat
atgttgaaat
agaaaactag
aggctctcaa
ctctgaggtyg
gagaacatga
aatgccactt
agaaactcaa
cctcccataa
aagcaatatg
accacttaga
tttatcttta
ccaagattca
tgaccttggt
tggcattgtt
attgctacca
agctagagtt
gctatggtaa
cctggcaaca
agtgtcttat
tttggcgttt

aaggtggttt
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3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
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tgccattgge
ctaccatcag
tggtgcttte
tggttatagt
tctatcatac
ctttcccagt
aacaaattcc
ccatcttgga
ttccctttea
ctacctgtct
ggtttcttge
gtgatttgac
ccttaagtgce
gaaattaaag
tgggatttgg
cttagttcta
aatctggagg
aggaagagat
ttaggggtga
gctatgtcac
cattttggag
tacctttagt
tatcttttaa
agctcatatt
attcctttgg
aggagcttag
gggatctggg
aaatgtttca
gtatcacttg
tgctceccagtt
ccatcagtgg

ctggctggcet

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

ttcctececcte
cacaatgaaa
ttgcagctac
gttcatacgt
aatccttaga
ttctctacct
aaaagtaaag
cttgcagagg
atcttttaaa
tggcaagtag
tccttaattyg
tcattctgtt
aagaaataca
accagaacat
gtttggctaa
tggaacatag
gctctgectt
agccatggag
aaaccaggtt
cggtgacatg
agacaggaga
tatattctcc
cctgcaaacc
agaaggcacc
cttcagaatt
attctaggag
tgccactaat
cttccaggag
gcagcttcct
cattgactgg

aatcctgatt

gggaacagtg

agcctgecte
tcatcatttt
ttatcatgag
tccagagaca
ttacagctct
tgatgaaata
agtatctgag
gtggggagac
aacaaaactt
ctgatcagcce
acagcatgga
aacattaact
cgcttagtaa
tctcatggta
taagctctgt
tggtccagat
agggatactt
gacagcccca
tcgccatgte
aaagaacttg
agtagctttg
aactttttat
tctccatttt
tggcttcatc
tgtacctata
gggcagtgtg
gcaacaatgg
gttttgctga
tagctctgcet
attctcecggg
ctggtaggac

gtctccactce

tgggattatg
tgtcttcaag
aagtgaatgg
tgtttcctat
ttggttttca
tcecttettge
gcagtcacat
cgtgtcaaca
tttataaaat
tgcattggtyg
gctaacgtac
gtttttcagt
atgtttgttg
gcattacaga
ggtggtgttt
cttctactgt
ataagctctg
ctatggttag
aagggagaag
ccaaccagct
ggggaaatgg
agatctcttt
tttttcttat
ctgtagtttc
agcatgaaaa
ggttgagcat
gttgagagag
ttttgctcag
ttacctcatc
gcatatccca
ttcttgttca

tgatggccct

ccactgctat
gtaccaaatt
tctcatagtyg
aattatgccc
acagctttgt
ctggttttac
gacataagga
cacacaattt
aaaaatgtaa
agcaggccat
ttaatttcag
cttctcaact
gaccagacac
cactgatggce
cagaaggaaa
aaccaggccc
tcctteeccte
agtggacagc
gtgcttcccce
taaaggtatt
tttcectggta
actcaccatt
ggagacagdta
agtacttaaa
taagtgcatt
acagtagata
aaatattaaa
ggtgggcctg
cctteccagac
agtggtgttc
gaacccctgg

cttgctcagce

tcttttttat
ctggtgatat
aacacagtca
tgcacatttt
ccaattccat
atatttaaat
caaattcaag
taaaaatttc
tttaaaaagg
tccataacct
ctctttctac
agactgaact
tgcaccttat
aaaggtactg
atggtgctct
aaagctggcet
aaggagccag
cccactatgg
aaagctcttg
tatcctttca
cttctactta
tttctacttt
gccagggccce
acttaaattt
agatgctttc
gaggctttca
gaaatatcaa
tggttgaaga
aaacccgtgg
gtcaacaacc
tgggctctca

caggacaggt
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5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
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6060
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6360
6420
6480
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6660
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aggtgtaccc
gtgggcaaca
tgtttatatt
tctgaataaa
actaagctac
aattatttgt
agtggcttaa
catagacagt
gagtggattc
tagcacacac
gcagtagata
tgagatcaac
actggctgca
ctatcaattt
aactctattc
tgtgccatac
ttgtcagata
tcecttggtet
ttcecctgtgge
gatcaaactc
ctctactgtce
catttgccct
ttaatgttca
ggcccagtta
tgtggctcac
ttcaccatct
gaagtggatc
cctgecttgt
gtggtgcata
tgcagcagca
aatcaaatac

tggaaatagt

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

tttcaagcct
gtgataaaac
tgtttttagt
tggctggtct
aagtatttcc
cgtcagcatt
taaccceccgt
gcaaaggtca
tgacttaaga
tttataaatt
gctccccact
gcataatccc
aattgcctaa
caaggagtct
caatgcatgc
tgaatattcc
ttatttagaa
gaaaagactg
tttaactatg
aagcattaac
atgtgtagtc
caaggattat
tctggattaa
gaaacaagcc
tggctatagce
ttactccccc
ctgtgccttt
caggtcaatc
tacaacacga
tggatgtatc
cacacgtttt

agacaactgg

tctcagctcece
cacatccttc
cagaggtcag
aaatgatgcc
ctggagaggt
ctatttggga
tatatcttgt
gctcagctcce
agccttagtg
gatctgtcat
agccagttcce
aatccccagt
agaggtccgt
gatttgctcc
caagaaaagg
tttatgattt
gacaagtcat
cattaaaatg
gcattccaca
atctccaagt
ccagtctctg
ttaagggaaa
tgtacgtgac
aagaagcagc
acctcctget
atccccctac
cacggtgcca
aatctaggtg
actactacat
tggagaccaa
cacttacaat

gactccaaaa

cttctgagac
ccaggataaa
ggaatcagtt
agattcttgt
tctgaaggga
aaaagtgcat
tgctatgatg
tggagaaaag
agtcttctga
tgaagaagtyg
tttagggagg
gtggtcatta
ggggagagag
ctgtagaagg
tctecetecagt
tgctctgatyg
ttatatgtgt
gaaattctct
atttgtagat
cagttgttga
agttgtacct
caaagaactt
atcatcttgce
tgtcacacta
cgagcccagce
agacatcatc
gacgttgcca
cccatcaatg
agccataaaa
tatcctaagt

taggagctaa

gaggagagga

acaggggctg

caacatttag
acagtctctt
ggcattacgt
tcttctttaa
atgaattcag
agtttaggaa
aataaccatg
tatattgatt
atgagctgac
gaaccagtat
cacaactaag
ttagcaaatg
ggattttata
ttggggatgg
aaacatgatc
tagtttcaaa
gttttaagta
gttgccatta
gaggacaagt
ttgcaaattg
ttgaataggg
ctgttgcaat
tcccttaccea
attaggcctc
cttgagtgac
actctcagag
gtggattata
aggattgaaa
gaattaatgt
acactgggta

agggaaacaa

accagttact
tccacagaac
gctcttgata
gctaaccaga
tgattgataa
aaaaagtttt
actcattctt
aattccaatt
agattaaaaa
tctcaccagg
tccaggtgtce
ctcttgtaac
ctccactttt
gcttaggtta
agtctataat
aactcatttt
tgttttactt
aatatatgtc
attttccact
ctgcatggcet
tatcacctcc
aaccccacat
ggtgcctccet
gccccectgcag
acctactcac
aggcccttgg
ctgtgggaat
taaagaatat
tcaagtcctt
agtaacagaa
aacacggaca

gtgttgaaaa
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7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
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8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
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cctacctatc
cagtcagcat
agaaggagaa
aagaactggg
gcaattgttc
atcaggacac
gtgaaagtga
aacagtttca
tttccaaagg
ctcagccact
ggggtcccca
cgcacagcag
cagatcagca
tgagggatct
cagtttcatc
ctgtccctgg
ctatgtatat
aatacatttc
ttatttatgt
cccacaggtce
tcatggectgt
ctatgtccat
catggcagaa
atatgttctc
attgagctgce
ctattcagaa
ctatgattgc
gaggaggagg
gagaaggagg
attccagtag

ttacaaccag

ccagaggtgg

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

aggtactttg
catgcaatac
gaagacgggyg
tgctcaacat
ttctttgcaa
aaaaatgtat
atttacattt
tatgctaaaa
aaaggctaaa
gtagacctgt
acccctgcac
gaggtgagcg
gaagcattag
aggttgcttg
ccgaaatcat
ggccaaaaag
ttcacttcat
caaatataat
gcaagtgcaa
attaatagca
cttttcggac
gacttggtaa
ggagggaatg
tgaatgtata
acacttaaaa
ggctgagggg
gtcaccgcac
aggagaagga
aagaggagca
attctgtcta
ttatttggce

ctgcacattg

ttcactattt
atctatgtaa
aagaaatgag
gcacataatt
taactttgaa
actaacctgg
caggaatctt
gcgctcttcea
agaaaacaga
ctttagccgt
tggagacagg
gtgggcgagt
cttctcataa
ctccttatga
cccccattcece
gctggggacc
gtctttatta
ctcatttttt
ccaaagctca
tctgggetcet
aagggagact
gttacaattg
ggagttgtta
gtggtgatgg
atggttagcc
gaaggatcac
tccagttcte
tggaaaggag
ggaggaggac
ttggaaacag
ttttgtctga

acacttccat

gggtgacgag
caaacctgca
attgaatact
aaatgggata
atgtgcgttt
aagattaatg
atatctctca
agtcagaggc
gcagattgcce
gacacctgta
tacctgtctg
gagcatttcc
gagtgcgaac
gaatctaatg
ccatccatgg
actgatctaa
gtttttgtac
aatatgaata
cccaggaaat
atggctacaa
atttctggtyg
gttttcaaaa
tatggcagag
ttgtacaaca
gggtgcggtg
ttgagcccag
cgaacctcct
gaggagtagc
aaacagttaa
aaacaaccat

tctggctaca

ggggaaggga

ttcaatagaa
catgtacccc
aagcaaaaag
cttctccaag
ggagacaaca
ttgataagat
ccaagaaatc
tcttgattta
ttactaaact
gagggagtca
tggcctgttyg
acctgagctc
cccattatga
cctgataatc
aaaattgtct
atgcacattt
gatgcttacg
tgatctggaa
gtccgtgetg
tgccaccctyg
gctgttactc
tgcctttttyg
tttcagtttt
atgtgattgt
gttcttgttt
gagttagggg
tgcttggget
aggaggagca
aatggtaaat
tttaaaagat
catccactaa

aacagtgctg

gcccaaacct
ctcaatctaa
taacctcaga
taagagaaaa
aaatagaagc
caaagacact
aaacttaagc
aaagaataac
cccctttect
ttctctatca
ggaactgggc
cgcctectgt
actgggcatg
tgaggtggaa
tccatgaaac
atatttttat
tagactttga
gttactagtg
tgtctcttge
gtgggagtac
cctgtatgtyg
aaaaaaaaaa
gcaagatgaa
ccttaatgtce
gtagtccaaa
ctgcagtgag
aagtgaggag
ggagggcaag
ttaaaattgg
gtatatttcc
tacctctcaa

caatgaagat
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9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
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10320
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acgagtgcag
gactcctccce
tttctaaagce
cattgcctct
atctgctccce
gcgtttctaa
cttacccacc
ttcaaaccca
gaaacaaaga
aataagcaca
acgggtgtgt
ctgctctgaa
cttccacaat
aacaagtgag
ctctgaggcet
acacactctg
tgaacgattg
agaatcaggg
ggactttaac
ttaaaatctc
aataagctga
atcccaagtt
ggtgaaacaa
cacattcttt
ctcagcaaat
ctttcagcca
acagctccaa
tcacattcge
tcagagtctc
agcatttgtt
caagctgatt

ccactgggag

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

gtgtcttttt
tcccaagact
ttcccagatg
caaacttgag
cggccccagg
cgcattccca
tgcceccecag
aatccttcaa
tttccttett
gcctgctgtyg
ggacgaggac
gaataggttc
ccaggaaaat
agcctatgag
aaggagatgc
ccccaccaac
tttctectttt
ttgcctctag
tatgtagata
aatatatagc
gagttgattt
ttectttetgt
agcccctcea
tgctcectgtte
gggacctccc
caggacatta
atatctcctg
cctggcectcetg
ctagatgctc
ctactccaga
tttctgectt

tcactctatc

ggtagaaaca
ctactgtcat
actctaaagt
caatatgaga
gtttctgatg
catgatgctg
gtctcccectta
actagttttt
tctatattgt
ggcagtgtct
ctacctgtag
gtgggaagga
gggagttctg

ggacctcggg

gccttgecta
tgtgatatca
ccaaaaatag
tggggaggga
atattttatt
tcactctgag
tttactttat
ggcaaatgtg
gagtatagcg
tttttttage
cgtcttcacc
caatccattc
gtctgacctc
caagatacgc
aggactatgg
gcattagggt
ttcccctaaa

gtaagcttgg

cactgatgca
tggtctgegg
atagccaaag
atcacctgca
cagtctatct
ggagaaccac
gaaaaaattt
atgttgacaa
agttaaatat
gcagaaggga
agctaaactc
ggcctagcct
gtctttaagt
accatgcagc
ggtcatgcaa
ttttcctcca
gtatattaaa
gggacataag
ttgtatgtca
caaccccaga
gtaatattta
ccaacacaac
attccgtgtyg
ccaattttct
ctccctttca
tttccagcca
agtgccctgg
aatggcctcc
tggcctttet
ctaagggatt

catctacagt

gggtgggggt

cgtggcccce
tagcgcctgg
ttgagaccca
gggtttgtta
ggggtggggce
tgtgcctacg
ttttgctgaa
tgtcttacat
aaaatactaa
tgcccaccct
ttcaggaagt
gtaagtgctc
gatggctctt
ccagccccac
tttatcaaca
gctcacacta
gaaataatat
agcaagtgga
taagtacttc
gtagaatttt
ctgcctctat
acgtaagggg
tcagcctget
caagtgcatt
acatggcgtt
aactggtcat
aggtaagaga
tggtcaactg
gccttcatcet
ttttaaaatt

gctaacccca

gatgggagcc

acatacactt
gctttgggag
cttcctccat
caccacaggc
ccgagaattt
tgaattcccce
ttcctttttt
cctttttetg
tatgcacata
tactgtaccc
aatttgggcc
accacgctcc
tgattgggcce
agtttatggg
gctcaaggac
cctgecatccet
ctgccaaatc
gggacaaagg
aaaaatattt
tcaaaagcca
aataggattt
cctgttggcea
ttgtcacatg
gaattccatg
gtcaatgtac
acctataact
cactggcttce
tccacgggtyg
tgccatttaa
actatttagt
gagtacagtt

agcccttaag
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10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780

12840
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gcatgtggcce
tggatgctta

agctcataga

ctggggagcet

agggtggggce

gagaaccact
ttctgtattt
taataaatat
aaaaccaaag
ttttgtctte
cttcttgcca
ttcattagaa
cactaacaca
aaattgagtt
ggacccactg
gcacagtgct
tcctecagcac
aaacaaacaa
tagcaaaatg
gggtagagtc
tataagaggg
actgcctcca
ggaactgagg
attatgccta
cagttaaacc
gcctcagcca
tgacagttgt
cacttaatga
aagataacct
taatctctat
atttgaaagc

gatcctcata

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

tccagcectgg
ctcttagagce
acatctacaa
ttaaataccc
ctggaacctg
gtatcaaggg
tttaaaacct
gtttaaggtt
aaaccttacc
tttgttgagt
gaaaactaaa
ctacccatga
ggagcctcta
cctcaacctc
tattagacag
gatctggggce
caaccccaac
acaaacaaaa
tctagacatg
aaactcacac
gagaagacac
gaaggtcttt
aaaacatctt
tcctageccet
ttgttcactc
gaaagtagaa
tcataactag
cagaaaagta
ggctttgggt
tgaacatagg
aaaagaagtg

gccaggagca

ttttaaatct
ttctgacaga
taatttaggg
aaacaggctt
ttttaacaaa
gtgaatccta
ggttaaccca
tctggattat
tttttaatgt
gatcaaaaca
gggagcacct
aaaataacag
gccccatgtg
tctagccaca
cacagataca
aggggaagcc
cctatggcta
aaagcatatg
aagactcagc
tatggtctgg
ttceccecttgt
ggtacataca
tcagtaaatg
accagaagtt
ctgagaactg
ttatgacatt
aataagctaa
aattcacaaa
ctctggettt
gatgcatgga
tcagctgtgg

gtgagtggca

tccatagtct
acctctctat
ttccecaagcet
catctcagac
ctccccaaat
tgtatctctt
aatcaaattc
caagaacaag
gctctcccac
cacgaggagc
ggaaataatt
tataaaatag
gctatataaa
tctcaggtge
gactattcca
ttgtccttet
cctgagagag
ccatctttge
atgggctgga
tgccecttage
gccaaagctg
cgacctagca
gccttgcetca
cagctgtaaa
caattctgtg
tccatgtatt
aaatatcttt
cttgctaaaa
agtgtaagca
tagattaaat
tcecttgecat

ccaagctggg

actccctcca
tctgectttte
ttggtaggca
cctctaaatc
tgtgatgcgg
taaagatggc
cagctcttcce
agaacacctg
tgtcaggtta
tcaagtcacc
cagaaggaaa
cattaatcga
tttagatgta
ttgatagcca
tcatctecgga
cactctgaat
agttctgcag
caagttccct
agaatttaga
caatgttaga
gggctcccte
atggtggaga
aaagggacat
gaatgatcac
aacagaataa
tttgtgtttt
gtttaaatga
attacttcta
tccaaattgce
caccctcaac
ccccagtagg

agcttaacag

atcaaaaaac
cttatggcat
tcagaatcac
acaatctcta
gccagagttt
tataaagaga
tgttggtgtyg
aaattagaag
tgaaacgccce
ttctececectag
aaatcaaaga
tctagaactg
gattagttaa
cacgtggcta
aagttatcct
gaacagccca
ccaagtccaa
ggtctagaaa
gtccatctta
ctcagcctaa
tggtagagtc
gggcaagatg
gctatggcta
ttgttaggtt
ctaaattcag
gagacctgct
atacatgttc
aattgtggac
atagtgataa
actgatggac

aggcaaggca

tgaccaaggc
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12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
14460
14520
14580
14640
14700

14760
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

caagtgtcag
accagggaag
taatcaaaga
tccaatctaa
tttggtagcce
gttggtcaga
ctactctcct
gcgggtgagce
tcaggcatct
agttccecggg
ctgcctttag
atttgaggac
gggaggaatg
gtctcccacg
agtaaaaacg
ctaagtgtgt
ctacctctct
tggatgtttyg
gatacaccag
cacgggctct
tggcactcac
cctcagetga
ttgacccaac
aatcagggtt
aacttcagaa
ctcctcecagtce
aaaaaacagt
caagacttca
attctgttge
ctgggctcaa
tgccaccatg

aggctgatct

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

tgcaagcagg
ggctggtgta
gagagaattt
aattacattg
tcatttttct
tctatggctyg
ccccactcat
acaagagccc
tctgtgcectce
atgcttcctg
tcctgagtte
atctactttg
ttcatggcgce
ccecetggggg
gactgcatga
gaacaggaca
gatgattgtg
ggaggataga
ccctteecctg
ccagcttgcea
tgctecctgge
cactcctttt
aaactaaacg
gattacattt
tgcatcagaa
tgattcagcg
ctcattctga
tctcaaaaaa
ccaggctgga
gcaatcctgce
cctggttaat

tgaattcccg

agagcacagg
tctctgggga
taaatggtat
taggagtttg
taaatttctt
tgataatcca
gtgcctgcat
ttaccaaata
agatcttcct
ctaactttca
tgacccctee
gactctgggg
tcacctggcea
agggctgctce
aaaatcaggg
agtgacgtcc
aaggcaggag
aaaagaaaaa
gtgcatgcca
ctgacacttg
tgtgaggatc
gctttcaact
ggaataactc
acccctttga
tcacctgaaa
tcagagataa
gccaagatcg
aaaaaaaaaa
gtgcggtggt
agcctcagcecc
tttttatttt

ggctcaagca

gggagctttg

taaagctgaa
taacactgtt
tgggtgtcct
ttgcagttgt
tggacagggg
gctgccatag
ttgagcacct
tgagatcttg
atcccaccct
tgtcttaaca
tttcaacagc
aacccacctc
atgactacag
ccagggttcet
cctctcectgag
cctattgagt
tcccagttat
cacatgcctt
gccttggcecca
tgccatgcct
gacttgtctt
cagctaaata
gtgagcatca
gacttgttaa
ggggaagaat
cgccactgca
gagaaaagaa
gtgaacacag
tcccaagtaa
ttatagagat

atcctcecege

agaaggcatg
ggatgactgg
cttgaaagag
gtgggtttct
tgaaatctat
gcattttcct
gatcattgct
cctccatccce
gcttcctagg
cagtttcctt
ggactcagtc
tctctggect
ctggctecttg
gatctcaatc
ggcttgagcecce
agcattaaaa
catattaata
tcttecagctt
ctcaaagctc
ccaataagct
cccactgggg
gcgttcttca
cagagcaatg
cagtaaccca
aacacaaatc
atttcttttt
cttcagccectg
aaaaaaagaa
ctcactgcag
agtagctagg
ggggtctccce

ctccacctcce

tgttgcatgce
gatttttctg
gtaaggtatg
gttcagttgt
accagtggga
gggagccatc
gggcatagca
atgcattgcc
gaccaatggg
ccagaacatc
tttcagccce
gcattgcaat
gctgtggtga
aaggataagc
cacttgctgt
tcacctctge
tcctaaaaca
tatccccaga
ccecectgtget
cctagaatgg
atggcaagga
aactagttgt
tcececetggta
gccattctaa
gctgggccecce
ttatttttet
ggcaacagag
aaagggtctc
cctcaacctc
accacaggcg
tatgttaccc

caaagtgctg
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14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080
16140
16200
16260
16320
16380
16440
16500
16560
16620

16680
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

ggattacagg
gtgctgatgce
ctcccagtgt
tccatcctte
agggaatctg
cagagttatc
cctcecttaggt
ggattttgag
taagcattta
aggagggata
tcagtttatc
atgtatcagg
gtttctaaag
tgctgtgatg
tcacctagcet
ggagaggatt
ctacaacctt
ttagaatgtt
ctttatttgg
cacacatgat
tgcagttcct
agaggaccat
gccatttcca
tgctagaaaa
gacagcctga
acgaggtttt
ttttttgaca
ttggctcact
gtagctgggce
acggggtttc
ccecggectcece

ttttttgttt

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

cataagccac
tgttgctcte
tctagccaga
ttactttact
gacagcaatg
ccaccgcact
gaaaacagac
tggaggctca
agataatatt
gtgtaatgtg
accagattaa
cgggtttaga
acccattcca
tagccatgta
gttctgttga
acagacaggt
tcagctttat
tatcctacaa
gatgcatacc
acaaaagaca
gcacagagtg
gcaatctttg
ctcagaatta
taagaggagg
gcatgtcctt
tgtttttctyg
gagtcttgcet
gcaacctccg
ttacaggcac
accatgttgg
caaagtgctg

tatgttgttg

catgccggcea
aggatcacat
ctcagcctgt
gttggggtcc
ggtaaatcca
cctcectgette
tgcatgtgat
ttcacccata
ctagagtgga
gagaaattat
tcaagccaag
atagatttct
ttttgattcg
gatgtcattt
aatgttgaac
gctgtagcca
tctgagattyg
cctttecaget
tttattttte
gtaccaggaa
ttacaataga
tgggagaaga
tcacaaagta
aattctgttt
caagatcaag
ggttttttgt
ctgttgccag
actccctggt
gcaccatcac
ccaggatggt
ggattacaag

ttgttgtttyg

gaatttccac
ttcaagaact
cagagcgaga
tgaggccaga
cccccggaac
ccttttatag
ttggatctga
gcctectggcea
gagaatgaga
gtctaatcta
gtatctaaac
gcactggcag
atgctatagc
tgtcaaattc
tcctteteea
cctgagttca
gttaggggtt
ttattctgag
tggaggaagt
gagcaagggg
gggcagaagc
agaagtccat
cctccaggaa
ggtggaaagt
gagaaggcat
tgttttttgt
gctggaatgc
tcaagcggtt
gcctagctaa
ctcaatcttc
tatgagccac

agatggactc

ttctaacaag
gctgtattaa
aggcatcctg
gaggctaagg
ccacacttac
cattcaggcce
aaagctaata
tgcctaattce
tttgcttggyg
gtggaaatat
agttatgaaa
aaaatgggat
aagggtaaca
tttactatta
tattcgttca
gctgggttgg
tccacctgag
attggttagg
agccacaaat
tttagaagct
caggcaaggg
agtacaggat
gaagggggcet
gtggtgcagg
tttgagcaca
tttttggttt
agtggcacag
ctcctgecte
tttttgtatt
tgacctcatg
cgcacctggce

ttgctctgta

ttctcagggyg
tcectttetga
agacctctac
gatgtgccgce
catccacctc
ctcacggcaa
gatcccaggt
aatcaaagta
aacaaaaagg
atgtctagaa
acagtgggcc
ggtaccaacg
taactcaggt
ctcagctatt
caaggataaa
aatgtttatc
ttcagctggg
ggtttcaaac
atgtattaaa
ttaggtccca
agtgagccca
tctccagggyg
tttccataaa
ccagcatggg
ggagatggcg
tttttttttt
tggcacgatc
agcctcccaa
tttagtagag
atctgtccac
gggtgctgag

gctcaggctg
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16740
16800
16860
16920
16980
17040
17100
17160
17220
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820
17880
17940
18000
18060
18120
18180
18240
18300
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18420
18480
18540
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

gcatgcagtg
aattcttctg
ctaatttttt
tgaactcctg
tgagccacag
aagctcttga
gcagcacaga
acagaaagtg
aaggatcctt
ggtctttaac
tcaagttctg
caccttcctt
tcaactgagc
tctgctactt
ctcagtttcc
tgattaagtt
cagcactatt
aatcaagctt
ccccaaatat
tgactactaa
gtttttgttt
actctgactt
ctgttcccca
ggttcaagcg
catgcccagce
tggtctcaaa
tactggtgga
ggtttgcaaa
agtttagcta
cctcaaagac
aaactaattc

tgcatatgag

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

gcacgatctc
cctcagcectce
tttgtatttt
acctcgtgat
tgcccagcta
catgttgttt
tttattgtat
gaaatactcc
gtgattacat
ttaatcacag
aggtttaaga
tggatagatt
taaagagctc
actagcgtat
ccatcttaga
agttaatgca
taaaagtctg
gtttattttc
gactgatacc
aaccattgat
tgggtacttg
agttcatatt
ggctggagtyg
attcctatge
taattttttg
ctcctgacct
ttactttttc
gagaccttgt
gctaccaaac
tactccattg
ttgttaaaat

atatatatat

agctcactgce
cccagtagcet
tagtagagat
ccacctgcct
gtgatgaggt
ccccaaagtg
aaaacaaaac
atcttactcc
tgggtccatt
ctgctgctaa
tgtagacgtc
tttttttttt
agactctggt
ttgcttatga
aaatggaagt
tgtctgaaac
gaaaaacagt
tcctcetcaat
caagcctgcece
actgtataga
cttatttagg
aaccttctgt
cagtggcaca
ctcagactcc
tactttttgt
caagtgatcc
aaagagggtt
atgctggaga
tcaagattta
tcttcttata
tgattttatt

ggttttattt

aacctctgcecce
gggattacag
ggggtttcac
tggcctceccca
tttgacagac
ggaatctttg
aaaaatgtaa
ctagagaggg
caatagtcta
ttceccettttg
tttggagacc
ttaactggtyg
gccagacagc
atgtaagcaa
taccatattt
tcatagaaca
ttttectggtyg
tgcttaagtt
tttacttcct
atttttattt
caactgtaaa
actttttttt
atctcagctc
caagtagctg
agagacaggg
acctgccecteg
tgcaaagaga
atatcttcat
acattttttt
cccaaaattg
tttctctetg

cactattatc

tcececgggtee
gcatgtgcca
catgttggcecce
aagtgctggg
catggagaag
atattttctc
tctgtataga
cttttttgcee
ggaaattctc
ccatgtgagg
attattcttc
tagcataatg
ctggattcaa
attacttaac
aattcataca
aatagtgtct
gatttgcata
tatcaacatc
ctgagaaggc
tggatttgtc
ctttattaac
ttttgagaca
actgcagcct
ggattacaga
ttttgccatg
gcctcccaaa
gttttgtttt
tttaccttca
ctcaatattt
ctattaagat
gactctctga

tgtctagatg

cggttcaagce
ccatgcccag
aggctggtct
attacaggcg
aatgaagtcg
aattatagaa
aatgtatgaa
cccttcettat
tccatctcaa
tcacatattc
ctaccacact
gttgaggcag
ttccagcagg
ctttctatgce
gttgttctga
agcactcgct
acttattaag
tgtatcttct
ccacccctga
gtaagtataa
ttgcttatte
gagtctcact
ccacctcctg
catgcaccac
ttggccaggce
gtgctaggat
cttcaaagag
tttaaatttt
tgaaagttgt
gtctgaaaag
attttctctt

taactttttt
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18660
18720
18780
18840
18900
18960
19020
19080
19140
19200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860
19920
19980
20040
20100
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20340
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

ttctatgcta
tggaaacatc
gatttctagt
ttaatatttt
tctttggcte
ttaattaaat
ggccaaggceg
accccatctc
cagctactca
agctgagatc
aaaaattatc
tgggatgtcc
ggtgagtctc
aaggaaaaag
tggtgactgt
cttctagttt
tgtgtacttt
aattgatggg
aagagccata
caaggtacaa
cccttggaaa
ccctgatact
ttattacaga
aactctgaca
ccagagaaca
cttcccaatg
ctatccagga
cagctaccaa
cgcctctact
ttaaataatc
acagcagcat

atattttaaa

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

gtaggtactc
atcagttttt
atttgagtac
ccatctatct
tgtccattgce
tttactggcect
ggtggatcac
tactaaaaat
ggaggctgag
atgccactgce
gactgtaggt
cctttecttg
tgggcagaga
gggtccecctg
gtagacattt
gaaatcatta
gtacaagcat
ttaaagggaa
ccagtttcca
tcagactttt
gcaaatctca
gccaaacaaa
gctgtttttt
gaacctggca
tctcaatgtt
gttgggttat
ggagctgaaa
gaatgctgtc
gtaaggcttt
tatcacttgt
aacagtatga

aagagagaaa

aagtcctctce
actttgtcaa
aatactttat
tttcectgagyg
accgatcaca
gggtgcagtg
aaggtcaaga
acaaaaatta
gcaggagaac
actccagcct
tgttcagttt
tcectgggage
tggaagccca
ccacagggtg
tatatgataa
caaagagtcc
ttctgtaaga
tgccaatttt
ctgctgccag
aaatctctgt
catgtaaaat
agaccaaccc
tatcagtccce
ctgctgtcectt
gttgttttac
cgcagtggga
tccagtttcce
agggtcattg
cccggtecta
actatggaga
gacgtaaacg

gcaacaaggc

aacatgagcc
atcttttcaa
gctaagtttt
cccttcagtt
ttatctgttg
actcacacct
gattgagacc
gctgggcegtyg
cacttgaact
gggtgacaga
gttgtccttce
tcacgtttcce
ggttggagct
tagaacctcc
gtgcecctttt
tgaaatgaat
aagaagattc
gatttcagtg
cagtgtgtga
gcatggattt
gccacagcaa
tcttagceccaa
cagtggcttt
tctggcectet
cagtggagag
ctcacctgtg
ccttcagtac
cctacaaact
cttggcgagt
gaaaagcaac
tgccaaaagt

ctcatgtgcect

ctcatatctt
tttttccect
tcataactct
cagctgattg
agttctccat
gtaaacccag
atcctggcta
gtagcacgcg
cggaaggcag
gagagactct
ttttatggta
ctcgggatac
gcatttttcce
attgctcaag
gctgggggaa
atttttggta
accttctttt
gatgccaact
gagtgcccac
ttgagacaga
gtttcagctt
cataaataag
atcaggaagt
aagccagagc
tgtaaacata
gcagtccatt
tcaagggcct
gatgatgctg
cttaattgac
tttgaattgg
gagccttaga

caggggtggt

cctttaattc
ctccttetgt
tgacttttte
gcccgatcat
ttctggttca
cactttggga
acacggtgaa
cctatagtcc
agctgcagtg
gtctcaaaga
tttgctctcece
cagctgtttyg
tggtgcatct
gctgtggaga
gttcagattg
caaatgtcct
caagaagcta
tcatctccaa
tgggccecccea
tctcecagecece
gtccacatca
tgacagacat
ggactcagga
aactgcgtgg
ttgtgtatct
ggaagggaca
tttcttceccect
tgcagaattg
atacctacca
agatcacttc
agtgtaatgg

gttgtggtag
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20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
21360
21420
21480
21540
21600
21660
21720
21780
21840
21900
21960
22020
22080
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22200
22260
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22380

22440
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

agggggcact
agttgttaaa
aaacccttct
gtgaaagaga
cacctcccag
agacagtgat
tttccaaaga
tactattgaa
tatggtaaag
accaagatag
tccggtggece
tgaaacctga
agataattag
ctcgaattac
ggctgggege
tgacaaggtc
caatacaaaa
cgggaggctg
atcacgccag
aaaataaaaa
ggggaggaat
tttgtaaaca
ttttttgtag
cattcatagg
gccatggaag
actaccttta
caccaacacc
cttaaaacag
tgactttagg
ggcagccttt
tttctgtage

tgagtttgcet

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

caagagatca
ttaattgatt
aagccaagcc
tgcatttaca
taaggcagat
ttgttataca
ccagccttte
taagaaacac
taaatgagga
ctgacgtacc
caagtggctg
gggcttccct
ctggttgaga
tgattctaca
ggtggctcat
aggagattga
aaaaaaaaat
aggcaggaga
tgccctecag
aaaagacgtt
ctcaagtttyg
tggttttgtt
ctgtgaattc
tttcatttta
gcctttecet
ttgagcactt
atgaaaaata
agcccatgga
ctcatgcettg
cctgtgatta
cctgttecacg

ttagtctcac

gggacagagg

aaatttcaac
atgagcaccc
gctgtgttta
cttcaaggtyg
acaaataaaa
ccactagtgt
caggataaaa
tcacagagcc
agacatgaag
tgtggccatt
gagcctctgt
tctttgettt
attttttgge
gcctgtaatce
gaccatcctg
tagctgggeg
atggcgtgaa
cctgggecgac
tattcattga
tgttcagttc
ttggttttta
aattcattaa
attcagctat
taagtattag
actgtgtgcect
tattcctcectt
gctcctaagt
taatcagggc
aaagtgcatc
gcctatcttg

ttttcattag

gccccagtge
aatgaatgaa
ttctgctcecag
tggaaataca
cctttttaca
tggcagagct
gagacaattc
agacaaaata
tctcccacca
acgagatggt
atatgaaggt
gagccttctce
tgttgtttta
cactcaaagc
ccagcacttt
gttaacatgg
tagtggtggg
cccaggaggce
tgagtgagac
ttttaatggt
ctgctgttcet
gtacacaggc
tatgagaatc
gcttggataa
caataacaac
aaacacatgc
acttccattg
gatggagcca
actgtgcatt
tacgaagcat
gagtcggcat

cgtaattgac

ttggcagagg
attggtgtaa
agcagtagct
agctctcatt
gatgatgaaa
gggatttgaa
atacgtgaaa
ttggtaaaag
tgtctgccac
gagtgtgtct
cattcttcag
ttcaaccaaa
cactgaaagt
aaataaaaac
gggaggccga
tgaaaccccg
cacctgtagt
ggagcttgca
tccatctccea
attggagaag
ctgagttctt
tgccaaagca
ctagatgcta
aacatcagag
aaaatagtaa
attatttcct
tacaggtgag
ggatttgaac
ccaggtgatt
tgttctttce
ggcaaacttt

cagcttacaa

gccaatgaat
ccaaggagag
cagtcccatg
tgagattctt
ctagattcca
accagtactg
gaatttgata
gacagaagtc
atccccacac
cacggtgagc
gctgtccccea
actgaggaat
cacccatata
ataagacgtt
gacgggcaga
tctctactaa
cccagctact
gtgagcagag
aaaaaaataa
atgttatcaa
tccttettat
agcactatga
tctcaagaaa
aaatttattt
ccataaaaaa
ttcatcctcea
gaaatggagg
ccaggactgce
tatattggaa
ctcctttttt
atggctgagg

ctatatggga
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22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
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23160
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23280
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

aatgctcctg
ctgctctcce
ccaaaccaca
acgtaggttg
ctttaggata
cggtttctga
atctagccct
gtgtctttct
gagcacatgg
caaatgggca
ccctgtectt
ttttttaact
tcacacccca
tgtgtgagtt
tgggagacag
tcaaggtcag
actggtcagg
atctggtgcea
aagtggctgce
aattcagtct
tgggctgaat
aaggagcgtg
ctgtttggcecce
gcccctecagt
aagaatggtg
tttctgectyg
tatcaacttt
tcaactccag
ggaatttgaa
gctccaacag
tagctggctce

atggaattca

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

aagtccactg
ttctectgga
atcacccagt
tataacatat
tcttttactt
tagcttagtc
tttggcagca
ggtggaaagc
ggcccttcac
agctgcacac
tggtatttct
cccccagatg
gggaggtcca
tccatgagca
aatggaaaga
agaggtcact
ggccatttge
ggaagtctga
cctaaagaat
ccacgagcat
gcaagtagag
tggctttcte
acgctattgt
aaagttactt
gaaagccctt
actgctccag
catactgacg
gaatatcctt
accccaatgg
aaggaggaag
gatgatgtta

cagtcacaaa

ggctggcatc
gctccctgge
tgttacaagt
tatcaagttc
aaacagaaag
catgttgatg
gcatggagat
caaagtccca
atgtcaacaa
cagagtcagc
gatagagtag
attctgatgt
tgcatcaggt
gcacaaagag
aacaaagcaa
gtgggctgga
agtttgcaag
atatatgaga
ggatgtcaac
gcacagaatc
ggggatgcct
ttcttcccea
tcctcatcat
atcctgaaga
tgtgagaaca
ctaacttcca
cgtctgtaat
gagcatatga
ggccttggcea
tgaaaacaaa
acagtattaa

atcgaagtta

cagtggcagg
ctttctttca
atcagattgc
agagtctaac
ccagatattc
tggtcatggce
tttatctggg
ttacacacat
agaagattca
taggaagaca
gtcttgtatg
gcagtcagat
cagagctaac
gacctaccct
gtcaagtcta
ctaatcagag
tgtcatctct
gggagagaaa
attccaacaa
cagagcaatg
tgtgcagctce
ggttggattg
gaccacaaaa
aaaccgcatc
agccccattt
gggtctcagce
ctgttcttat
gagtcacatc
ctaagactgg
ctattagtat
aaattaaacc

atccagaatt

atccatgacc
gcatcacagc
ttggtttaaa
tctaagtgat
cattgcaggt
tgctaaggag
agggtcctta
gcatgatgga
caggcatcag
gaaaaatatg
atgcttgaac
tagggtaccc
caatggtgta
caaggaactt
agatctagac
aaggccttgt
gtcaaatgtt
gacatacaag
ctcaatgccc
cccceccagtgg
agctgtcaga
ccagcttgta
aattccaaca
ttctacctge
gcagccatgg
aaactgctgt
gctcattttg
caggtgatgt
aatgtatata
ttattgatat
ccataaacca

ctgtgataag

atgagaagca
aaactttagt
aaaaaatgaa
aagaagtaga
gatgcagggc
tcaaggcagt
aggagacaca
gagtacatca
tceccaggacce
gagccttagg
atctgtgttt
ctacactcca
tgctcagaat
agagtctatt
caggcagaag
ggacatgaag
ctcttggcac
atagagacat
tgagattgta
ttcatccccc
tgggatctga
cctggeccectt
tctacaagat
aagccaagaa
tcacgagtca
ttttcacgag
tattttcctt
gctctggtat
aagtcaaagt
tcttggtgtt
actaagcctt

cagcttggcet
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24420
24480
24540
24600
24660
24720
24780
24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
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26160
26220
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

ttttttttaa
gctgacagca
gtgtgtgaca
gggagaaagg
aaaggatttt
taaaatagga
gtatttatga
tgccacaaat
attcatttga
tttttataag
atattctctc
cggtggcetca
cccaggagtt
aaaattagcc
ggaaaatgac
tccaacctgg
acaaaaacaa
tttaatttta
acagaagtca
gtaaaaggat
atctcttaaa
ctactcagga
ctatatgatc
aattaattaa
ttcagtgtgt
ttttttccac
acagaaatag
caggaaacca
ggaactatga
tcagtgtttyg
aaaaaagcaa

accagaggcc

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

atcaatgcaa
gagctcagtc
ttctectecatyg
aattttgtca
ttaggtagag
gaagttcctg
aatactcagc
gcatagaatt
ggatgtctta
ttgttgaatt
tcagaaatca
cgcctgtaat
caagaccagc
aggcatggtg
ttgagcccag
gcgacaagag
aacaaaacaa
aagttatcag
cgttcaggga
ctcttgagcece
aaataaaaat
ggctgaggtyg
atgtcactgce
ttaattaatt
atcgtgtagt
ttctagtttyg
ggaagtaaac
agcaagcaaa
atttgcaact
aactgaaccc
gcataaccaa

tctaaaatgg

gttacacatt
cccacttcct
ggacaatgtt
atcaaaatta
attatttttc
gcttaacctg
ttaggcattt
gttaccaacc
taaagactga
ccttaattta
atggcatttg
cccagcactt
ctgggcagca
gtgggtgcect
gaggaggagg
tgaaactgtg
aacaaaacaa
ttccgtaaag
ctggctcaca
caggagttca
agtaacatta
gaaagatcgc
actccagcct
aattaattta
attttggagg
cagtgctcag
ctacaaatat
catatcgttc
gtcataggtt
tttcttgtta
agatcatcag

acccgagtcg

atagccagaa
gcaaacaatg
ggggtttttce
ttctgtattyg
cttatgaaaa
ttcttacata
ttactttaac
tccaaagggce
aggcaaaggt
aaaaagctca
aaccaccaaa
tggggagccec
tggtgaaacc
gtagttccag
ctgcagtgag
tctctcaaaa
aacaggdgtaag
tctctgtaac
cctgtaatcce
agaccagctt
gccaggtgta
ttgtgcacag
gtgtgaccga
aaaaggaagt
ttggaaagtyg
tgcacaatat
tttagggaga
caattttaaa
tatggatatt
gggaacgtgt
cagtgaagaa

atcttcagaa

tctgtatcac
gcctgcaccce
agactgacag
caacttttct
atgatctgtt
ttaaagaaaa
ccctaaattg
tctttaaaat
cagattgctt
ttattttttg
aagaaataaa
aggcgggceag
ctgtatctac
ctacttggga
ctaagattgc
aaaaaaaaaa
gattcccctg
caaacatact
cagcactttg
gggcaacata
gcagcacaca
aagttcgagg
gcaagaccct
catgttcatt
aaacgtagga
acattttgct
agctcacttce
acccagtgac
gctgtggaga
gaaagaagaa
tctaggectgt

cagggatcta

agaggtgcaa
tatcccttgt
gactgcaaga
cagagattgc
ttaaatgaga
gttacttact
attttgtaaa
catatttttt
acgggtgtta
cacactcaca
gggctgagtg
attgcttgaa
aaaaaataca
ggctgaggtyg
accactgcac
acaaacaaaa
ttttcctcete
gaagacagca
ggagatggag
gcaagactcc
tctgcagcag
ctgcagtgag
atctcaaaaa
tactttccac
atcctgaaga
gaatgaataa
ttccttttet
caaagccttt
agctcaattt
ttgtggggaa
ggctgagaga

ccatgcagga
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26340
26400
26460
26520
26580
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26820
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

gcttcttgtyg
tattaatttt
cacttatact
atgctcacag
<210> 3

<211>

<212>
<213>

DNA

<400> 3

auggaggaca

cagguuucgc

gacaugaaag

uggauucucc

auucugguag

guggucucca

cucuauggcu

gacuauuucu

ucaagugcau

aacauggcgu

aaacugguca

gaguuguuga

acagggggca

gccauaggau

aucuacuuug

uucauggcge

uaucuuggag

cccuucuguu

aagaugcccc

aagaaaagaa

<210> 4

<211>

<212>
<213>

DNA

<400> 4

1170

1338

ctcacacaaa tctgtaaatg ggaacattgt acattgtcga atttaaatga

ctcaagctat ttttgttact attttcctaa aattgaatat ttgcagggag

ttttcctaat gtctgtataa caaatttcta tgcaagtaca tgaataaatt

ctca

Homo Sapien

gccccacuau

caugucaagg

aacuugccaa

ggggcauauc

gacuucuugu

cucugauggc

acaaugccac

gguggcuguu

ugaauuccau

ugucaaugua

uaccuauaac

aaucuauacc

uuuuccuggyg

cauugcuggg

gacucugggg

ucaccuggca

ucggcauggce

uggccacgcu

ucaguaaagu

ugguggaaag

Homo Sapien

gguuagagug

gagaaggugc

ccagcuuaaa

ccaaguggug

ucagaacccc

ccucuugcuc

ccugguggga

acucccugua

gcucagcaaa

ccuuucagcecc

uacagcucca

agugggaguu

agccauccua

cauagcagcg

uuucaacagc

aacccaccuc

aaacuuuaug

auuguuccuc

uacuuauccu

cccuuuguga

gacagcccca

uuccccaaagdg

gacaaacccg

uucgucaaca

uggugggcuc

agccaggaca

guacucaugg

ugugcuaugu

ugggaccucc

acaggacauu

aauaucuccu

ggucagaucu

cucuccuccc

ggacucaguc

ucucuggccu

cuggcucuug

gcugagguug

aucaugacca

gaagaaaacc

cuaugguuag

cucuuggcua

uggugcucca

accccgucag

ucacuggcug

ggucauuaau

cugucuuuuc

ccaugacuug

ccgucuucac

acaauccguu

ggucugaccu

auggcuguga

cacucaugug

uuucagcccce

gcauugcaau

gcugugcccu

gauugccagc

CcCaaaaaauuc

gcaucuucua

gggugaaaac

ugucaccggu

guucauugac

uggaauccug

gcugggaaca

agcaucuggg

ggacaaggda

CcCcCaauuuuc

ccucccuuuc

cuuuccagcc

cagugcccug

uaauccaugg

ccugcaugcu

auuugagaac

gggaggaaug

guucacggcc

uuguaccugg

caacaucuac

ccugcaagcc

augaauggac ggucuuugau uggcggcgcu ggugacgccc gucauggucc uguuuggaad

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

gacccuuuug

gcccuggeag

cccacuaugg

ugucaaggga

cuugccaacc

ggcauauccc

cuucuuguuc

cugauggccc

aaugccaccc

uggcuguuac

aauuccaugc

ucaauguacc

CcCuauaacua

ucuauaccag

uuccugggag

uugcugggca

cucugggguu

accuggcaaa

ggcauggcaa

gccacgcuau

aguaaaguua

guggaaagcc

<210> 5

gaacuaaagc

augggucgca

uuagagugga

gaaggugcuu

agcuuaaaga

aagugguguu

agaaccccug

ucuugcucag

uggugggagu

ucccuguaug

ucagcaaaug

uuucagccac

cagcuccaaa

ugggaguugg

ccauccuacu

uagcagcggg

ucaacagcuc

cccaccuccu

acuuuauggc

uguuccucau

cuuauccuga

cuuuguga

<211>
<212>
<213>

1170
DNA
Homo Sapien

<400> 5
auggaggaca

cagguuucgc

gacaugaaag

uggauucucc

auucugguag

guggucucca

cucuauggcu

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

gccccacuau

caugucaagg

aacuugccaa

ggggcauauc

gacuucuugu

cucugauggc

acaaugccac

uggugacgca

ggaacaggagdg

cagccccacu

ccccaaagcu

caaacccgug

cgucaacaac

gugggcucuc

ccaggacagg

acucauggcu

ugcuaugucc

ggaccucccc

aggacauuac

uaucuccugg

ucagaucuau

cuccucccca

acucagucuu

ucuggccugce

ggcucuuggc

ugagguugga

caugaccaca

agaaaaccgc

gguuagagug

gadgaaggugc

ccagcuuaaa

ccaaguggug

ucagaacccc

ccucuugcuc

ccugguggga

gcgcgcagag

ccagaggaag

augguuaggg

cuuggcuaug

gugcuccagu

cccgucagug

acuggcuggc

ucauuaauag

gucuuuucgg

augacuugcc

gucuucaccc

aauccauucu

ucugaccuca

ggcugugaua

cucaugugcc

ucagccccau

auugcaaugg

ugugcccugu

uugccagcuu

daaaaauucca

aucuucuacc

gacagcccca

uuccccaaagdg

gacaaacccg

uucgucaaca

uggugggcuc

agccaggaca

guacucaugg

gcaucgcccg

agauagccau

gugaaaacca

ucaccgguga

ucauugacug

gaauccuaau

ugggaacagu

caucugggcu

acaagggaga

caauuuucuc

ucccuuucaa

uuccagccaa

gugcccugga

auccauggac

ugcaugcugc

uugaggacau

gaggaauguu

ucacggccua

guaccuggcc

acaucuacaa

ugcaagccaa

cuaugguuag

cucuuggcua

uggugcucca

accccaucag

ucacuggcug

ggucauuaau

cugucuuuuc

gcuaagcuug

ggaggacagc

gguuucgcca

caugaaagaa

gauucuccgg

ucugguagga

ggucuccacu

cuauggcuac

cuauuucugg

aagugcauug

cauggcguug

acuggucaua

guuguugaaa

agggggcauu

cauaggauca

cuacuuugga

cauggcgcuc

ucuuggaguc

cuucuguuug

gaugccccuc

gaaaagaaug

gggugaaaac

ugucaccggu

guucauugac

uggaauccug

gcugggaaca

agcaucuggg

ggacaaggda
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https://patentscope.wipo.int/search/docs2/pct/WO2019051033/file/xFqvnCXh8Kal-apr

gacuauuucu

ucaagugcau

aacauggcgu

aaacugguca

gaguuguuga

acagggggca

gccauaggau

aucuacuuug

uucauggcge

uaucuuggag

cccuucuguu

aagaugcccc

aagaaaagaa

<210> 6

gguggcuguu

ugaauuccau

ugucaaugua

uaccuauaac

aaucuauacc

uuuuccuggyg

cauugcuggg

gacucugggg

ucaccuggca

ucggcauggce

uggccacgcu

ucaguaaagu

ugguggaaag

<211>
<212>
<213>

1338
DNA
Homo Sapien

<400> 6
augaauggac

gacccuuuug

gcccuggeag

cccacuaugg

ugucaaggga

cuugccaacc

ggcauauccc

cuucuuguuc

cugauggccc

aaugccaccc

uggcuguuac

aauuccaugc

ucaauguacc

CcCuauaacua

ucuauaccag

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

ggucuuugau

gaacuaaagc

augggucgca

uuagagugga

gaaggugcuu

agcuuaaaga

aagugguguu

agaaccccug

ucuugcucag

uggugggagu

ucccuguaug

ucagcaaaug

uuucagccac

cagcuccaaa

ugggaguugg

acucccugua

gcucagcaaa

ccuuucagcecc

uacagcucca

agugggaguu

agccauccua

cauagcagcg

uuucaacagc

aacccaccuc

aaacuuuaug

auuguuccuc

uacuuauccu

cccuuuguga

uggcggcgcu

uggugacgca

ggaacaggagdg

cagccccacu

ccccaaagcu

caaacccgug

cgucaacaac

gugggcucuc

ccaggacagg

acucauggcu

ugcuaugucc

ggaccucccc

aggacauuac

uaucuccugg

ucagaucuau

ugugcuaugu

ugggaccucc

acaggacauu

aauaucuccu

ggucagaucu

cucuccuccc

ggacucaguc

ucucuggccu

cuggcucuug

gcugagguug

aucaugacca

gaagaaaacc

ggugacgccc

gcgcgcagag

ccagaggaag

augguuaggg

cuuggcuaug

gugcuccagu

cccaucagug

acuggcuggc

ucauuaauag

gucuuuucgg

augacuugcc

gucuucaccc

aauccauucu

ucugaccuca

ggcugugaua

ccaugacuug

ccgucuucac

acaauccguu

ggucugaccu

auggcuguga

cacucaugug

uuucagcccce

gcauugcaau

gcugugcccu

gauugccagc

CcCaaaaaauuc

gcaucuucua

gucauggucc

gcaucgcccg

agauagccau

gugaaaacca

ucaccgguga

ucauugacug

gaauccuaau

ugggaacagu

caucugggcu

acaagggaga

caauuuucuc

ucccuuucaa

uuccagccaa

gugcccugga

auccauggac

CcCcCaauuuuc

ccucccuuuc

cuuuccagcc

cagugcccug

uaauccaugg

ccugcaugcu

auuugagaac

gggaggaaug

guucacggcc

uuguaccugg

caacaucuac

ccugcaagcc

uguuuggaag

gcuaagcuug

ggaggacagc

gguuucgcca

caugaaagaa

gauucuccgg

ucugguagga

ggucuccacu

cuauggcuac

cuauuucugg

aagugcauug

cauggcguug

acuggucaua

guuguugaaa

agggggcauu
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uuccugggag

uugcugggca

cucugggguu

accuggcaaa

ggcauggcaa

gccacgcuau

aguaaaguua

guggaaagcc

<210> 7

<211>

<212>
<213>

DNA
<220>
<223>

<400> 7
atggaggaca

caggtttcgce
gacatgaaag
tggattctcce
attctggtag
gtggtctcca
ctctatggcet
gactatttct
tcaagtgcat
aacatggcgt
aaactggtca
gagttgttga
acagggggcea
gccataggat
atctactttg
ttcatggcgce
tatcttggag
cccttetgtt

aagatgcccc

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

1170

ccauccuacu
uagcagcggyg
ucaacagcuc
cccaccuccu
acuuuauggc
uguuccucau
cuuauccuga

cuuuguga

gccccactat
catgtcaagg
aacttgccaa
ggggcatatc
gacttcttgt
ctctgatggce
acaatgccac
ggtggctgtt
tgaattccat
tgtcaatgta
tacctataac
aatctatacc
ttttecctggyg
cattgctggg
gactctgggg
tcacctggcea
tcggcatgge
tggccacgct

tcagtaaagt

cuccucccca

acucagucuu

ucuggccugce

ggcucuuggc

ugagguugga

caugaccaca

agaaaaccgc

Artificial Sequence

Wild-type SLC14A1 cDNA 1

ggttagagtg
gagaaggtgc
ccagcttaaa
ccaagtggtyg
tcagaacccce
cctcecttgcete
cctggtggga
actccctgta
gctcagcaaa
cctttecagece
tacagctcca
agtgggagtt
agccatccta
catagcagcg
tttcaacagc
aacccacctc
aaactttatg
attgttccte

tacttatcct

cucaugugcc
ucagccccau
auugcaaugg
ugugcccugu
uugccagcuu
aaaaauucca

aucuucuacc

gacagcccca
ttccecaaag
gacaaacccg
ttcgtcaaca
tggtgggetce
agccaggaca
gtactcatgg
tgtgctatgt
tgggacctcce
acaggacatt
aatatctcct
ggtcagatct
ctctcctcecce
ggactcagtc
tctctggect
ctggctcttg
gctgaggttg
atcatgacca

gaagaaaacc

ugcaugcugc
uugaggacau
gaggaauguu
ucacggccua
guaccuggcc
acaucuacaa

ugcaagccaa

ctatggttag
ctcttggcta
tggtgctcca
accccgtcag
tcactggctg
ggtcattaat
ctgtctttte
ccatgacttg
ccgtcttcecac
acaatccgtt
ggtctgacct
atggctgtga
cactcatgtg
tttcagccce
gcattgcaat
gctgtgcecccet
gattgccagc
caaaaaattc

gcatcttcta

cauaggauca
cuacuuugga
cauggcgcuc
ucuuggaguc
cuucuguuug
gaugccccuc

gaaaagaaug

gggtgaaaac
tgtcaccggt
gttcattgac
tggaatcctg
gctgggaaca
agcatctggg
ggacaaggga
cccaattttc
cctceccecttte
ctttccagcece
cagtgccctg
taatccatgg
cctgecatget
atttgagaac
gggaggaatg
gttcacggcce
ttgtacctgg
caacatctac

cctgcaagcece
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aagaaaagaa tggtggaaag ccctttgtga

<210> 8
<211>
<212>
<213>

DNA
<220>
<223>

<400> 8
atgaatggac

gacccttttg
gccctggcag
cccactatgg
tgtcaaggga
cttgccaacc
ggcatatccc
cttcttgttce
ctgatggccce
aatgccaccc
tggctgttac
aattccatgce
tcaatgtacc
cctataacta
tctataccag
ttcctgggag
ttgctgggcea
ctctggggtt
acctggcaaa
ggcatggcaa
gccacgctat
agtaaagtta
gtggaaagcc
<210> 9

<211>

<212>
<213>

DNA

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

1338

1170

ggtctttgat
gaactaaagc
atgggtcgca
ttagagtgga
gaaggtgctt
agcttaaaga
aagtggtgtt
agaacccctg
tcttgctcag
tggtgggagt
tcecctgtatg
tcagcaaatg
tttcagccac
cagctccaaa
tgggagttgg
ccatcctact
tagcagcggg
tcaacagctc
cccacctcct
actttatggce
tgttcctcat
cttatcctga

ctttgtga

Artificial Sequence

Wild-type SLC14A1 cDNA 2

tggcggegcet
tggtgacgca
ggaacaggag
cagccccact
ccccaaagcet
caaacccgtg
cgtcaacaac
gtgggctctc
ccaggacagg
actcatggct
tgctatgtcce
ggacctcccce
aggacattac
tatctcctgg
tcagatctat
ctcctcccca
actcagtctt
tctggcectge
ggctcttgge
tgaggttgga
catgaccaca

agaaaaccgc

Artificial Sequence

ggtgacgccc
gcgcgcagag
ccagaggaag
atggttaggg
cttggctatg
gtgctccagt
cccgtcecagtg
actggctggce
tcattaatag
gtcttttcegg
atgacttgcce
gtcttcaccc
aatccattct
tctgacctca
ggctgtgata
ctcatgtgcce
tcagcceccat
attgcaatgg
tgtgccetgt
ttgccagctt
aaaaattcca

atcttctacc

gtcatggtcc
gcatcgcceg
agatagccat
gtgaaaacca
tcaccggtga
tcattgactg
gaatcctaat
tgggaacagt
catctgggcet
acaagggaga
caattttctc
tcccttteaa
ttccagceccaa
gtgccctgga
atccatggac
tgcatgctge
ttgaggacat
gaggaatgtt
tcacggccta
gtacctggcce
acatctacaa

tgcaagccaa

tgtttggaag
gctaagcttg
ggaggacagc
ggtttcgcca
catgaaagaa
gattctccgg
tctggtagga
ggtctccact
ctatggctac
ctatttctgg
aagtgcattg
catggcgttyg
actggtcata
gttgttgaaa
agggggcatt
cataggatca
ctactttgga
catggcgctce
tcttggagtce
cttctgtttyg
gatgccccte

gaaaagaatg
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<220>
<223>

<400>

Variant SLC14A1 (Val76Ile) cDNA

9

atggaggaca
caggtttcgce
gacatgaaag
tggattctcce
attctggtag
gtggtctcca
ctctatggcet
gactatttct
tcaagtgcat
aacatggcgt
aaactggtca
gagttgttga
acagggggcea
gccataggat
atctactttg
ttcatggcgce
tatcttggag
cccttetgtt
aagatgcccc
aagaaaagaa
<210> 10

<211>
<212>
<213>

<220>
<223>

<400> 10
atgaatggac

gacccttttg
gccctggcag
cccactatgg

tgtcaaggga

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

1338
DNA
Artificial Sequence

gccccactat
catgtcaagg
aacttgccaa
ggggcatatc
gacttcttgt
ctctgatggce
acaatgccac
ggtggctgtt
tgaattccat
tgtcaatgta
tacctataac
aatctatacc
ttttecctggyg
cattgctggg
gactctgggg
tcacctggcea
tcggcatgge
tggccacgct

tcagtaaagt

tggtggaaag

Variant SLC14Al1

ggtctttgat
gaactaaagc
atgggtcgca
ttagagtgga

gaaggtgctt

ggttagagtg
gagaaggtgc
ccagcttaaa
ccaagtggtyg
tcagaacccce
cctcecttgcete
cctggtggga
actccctgta
gctcagcaaa
cctttecagece
tacagctcca
agtgggagtt
agccatccta
catagcagcg
tttcaacagc
aacccacctc
aaactttatg
attgttccte
tacttatcct

ccctttgtga

(Vall32TIle)

tggcggegcet
tggtgacgca
ggaacaggag
cagccccact

ccccaaagcet

gacagcccca
ttccecaaag
gacaaacccg
ttcgtcaaca
tggtgggetce
agccaggaca
gtactcatgg
tgtgctatgt
tgggacctcce
acaggacatt
aatatctcct
ggtcagatct
ctctcctcecce
ggactcagtc
tctctggect
ctggctcttg
gctgaggttg
atcatgacca

gaagaaaacc

cDNA

ggtgacgccc

gcgcgcagag

ccagaggaag

atggttaggg

cttggctatg

ctatggttag
ctcttggcta
tggtgctcca
accccatcag
tcactggctg
ggtcattaat
ctgtctttte
ccatgacttg
ccgtcttcecac
acaatccgtt
ggtctgacct
atggctgtga
cactcatgtg
tttcagccce
gcattgcaat
gctgtgcecccet
gattgccagc
caaaaaattc

gcatcttcta

gtcatggtcc
gcatcgcceg
agatagccat
gtgaaaacca

tcaccggtga

gggtgaaaac
tgtcaccggt
gttcattgac
tggaatcctg
gctgggaaca
agcatctggg
ggacaaggga
cccaattttc
cctceccecttte
ctttccagcece
cagtgccctg
taatccatgg
cctgecatget
atttgagaac
gggaggaatg
gttcacggcce
ttgtacctgg
caacatctac

cctgcaagcece

tgtttggaag
gctaagcttg
ggaggacagc
ggtttcgcca

catgaaagaa
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cttgccaacc
ggcatatccc
cttcttgttce
ctgatggccce
aatgccaccc
tggctgttac
aattccatgce
tcaatgtacc
cctataacta
tctataccag
ttcctgggag
ttgctgggcea
ctctggggtt
acctggcaaa
ggcatggcaa
gccacgctat
agtaaagtta
gtggaaagcc
<210>
<211>

<212>
<213>

11
389
PRT
Homo

<400> 11

Met Glu Asp

Arg Gly Glu

Ala Leu

35

Lys

Leu Lys Asp

Gly Ile Ser

Ile Leu Val

Trp Leu Gly

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

agcttaaaga
aagtggtgtt
agaacccctg
tcttgctcag
tggtgggagt
tcecctgtatg
tcagcaaatg
tttcagccac
cagctccaaa
tgggagttgg
ccatcctact
tagcagcggg
tcaacagctc
cccacctcct
actttatggce
tgttcctcat
cttatcctga

ctttgtga

Sapien

Ser Pro

Asn Gln Va

20

Gly Tyr Va

Lys Pro Va

Gln Val Va

70
Leu Le
85

Gly

Thr
100

Val Va

Thr

caaacccgtg
cgtcaacaac
gtgggctctc
ccaggacagg
actcatggct
tgctatgtcce
ggacctcccce
aggacattac
tatctcctgg
tcagatctat
ctcctcccca
actcagtctt
tctggcectge
ggctcttgge
tgaggttgga
catgaccaca

agaaaaccgc

Met Val

1l Ser Pro

1 Thr Gly

40

1 val
55

Leu
1 Phe Val
u Val Gln

1l Ser Thr

gtgctccagt
cccatcagtg
actggctggce
tcattaatag
gtcttttcegg
atgacttgcce
gtcttcaccc
aatccattct
tctgacctca
ggctgtgata
ctcatgtgcce
tcagcceccat
attgcaatgg
tgtgccetgt
ttgccagctt
aaaaattcca

atcttctacc

Val
10

Arg Asp

Cys Gln

25

Gly

Asp Met Lys

Gln Phe Ile

Pro
75

Asn Asn

Pro
90

Asn Trp

Leu Met Ala

105

tcattgactg
gaatcctaat
tgggaacagt
catctgggcet
acaagggaga
caattttctc
tcccttteaa
ttccagceccaa
gtgccctgga
atccatggac
tgcatgctge
ttgaggacat
gaggaatgtt
tcacggccta
gtacctggcce
acatctacaa

tgcaagccaa

Ser Pro Thr

Arg Arg Cys

30

Glu Leu Ala

45

Asp Trp Ile

Val Ser Gly

Trp Ala Leu

Leu
110

Leu Leu

gattctccgg
tctggtagga
ggtctccact
ctatggctac
ctatttctgg
aagtgcattg
catggcgttyg
actggtcata
gttgttgaaa
agggggcatt
cataggatca
ctactttgga
catggcgctce
tcttggagtce
cttctgtttyg
gatgccccte

gaaaagaatg

Met Val

15

Phe Pro

Asn Gln

Leu Arg

Ile Leu

80

Thr
95

Gly

Ser Gln
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Asp

Val

Trp

145

Ser

Thr

His

Ala

Ser

225

Thr

Cys

Ser

Asn

Thr

305

Tyr

Ala

Thr

Tyr

Val
385

Arg

Gly

130

Leu

Ser

Leu

Tyr

Pro

210

Ile

Gly

Leu

Leu

Ser

290

Trp

Leu

Cys

Thr

Pro

370

Glu

<210>
<211>
<212>
<213>

<400>

Ser

115

Val

Leu

Ala

Pro

Asn

195

Asn

Pro

Gly

His

Ser

275

Ser

Gln

Gly

Thr

Lys

355

Glu

Ser

12
445
PRT
Homo

12

Met Asn Gly

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

Leu

Leu

Leu

Leu

Phe

180

Pro

Ile

Val

Ile

Ala

260

Ala

Leu

Thr

Val

Trp

340

Asn

Glu

Pro

Ile

Met

Pro

Asn

165

Asn

Phe

Ser

Gly

Phe

245

Ala

Pro

Ala

His

Gly

325

Pro

Ser

Asn

Leu

Sapien

Ala

Ala

Val

150

Ser

Met

Phe

Trp

Val

230

Leu

Ile

Phe

Cys

Leu

310

Met

Phe

Asn

Arg

Ser

Val

135

Cys

Met

Ala

Pro

Ser

215

Gly

Gly

Gly

Glu

Ile

295

Leu

Ala

Cys

Ile

Ile
375

Gly

120

Phe

Ala

Leu

Leu

Ala

200

Asp

Gln

Ala

Ser

Asp

280

Ala

Ala

Asn

Leu

Tyr

360

Phe

Leu

Ser

Met

Ser

Ser

185

Lys

Leu

Ile

Ile

Leu

265

Ile

Met

Leu

Phe

Ala

345

Lys

Tyr

Tyr

Asp

Ser

Lys

170

Met

Leu

Ser

Tyr

Leu

250

Leu

Tyr

Gly

Gly

Met

330

Thr

Met

Leu

Gly

Lys

Met

155

Trp

Tyr

Val

Ala

Gly

235

Leu

Gly

Phe

Gly

Cys

315

Ala

Leu

Pro

Gln

Tyr

Gly

140

Thr

Asp

Leu

Ile

Leu

220

Cys

Ser

Ile

Gly

Met

300

Ala

Glu

Leu

Leu

Ala
380

Asn

125

Asp

Cys

Leu

Ser

Pro

205

Glu

Asp

Ser

Ala

Leu

285

Phe

Leu

Val

Phe

Ser

365

Lys

Ala

Tyr

Pro

Pro

Ala

190

Ile

Leu

Asn

Pro

Ala

270

Trp

Met

Phe

Gly

Leu

350

Lys

Lys

Thr

Phe

Ile

Val

175

Thr

Thr

Leu

Pro

Leu

255

Gly

Gly

Ala

Thr

Leu

335

Ile

Val

Arg

Leu

Trp

Phe

160

Phe

Gly

Thr

Lys

Trp

240

Met

Leu

Phe

Leu

Ala

320

Pro

Met

Thr

Met

Arg Ser Leu Ile Gly Gly Ala Gly Asp Ala Arg His Gly
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Pro

Arg

Gln

Arg

65

Cys

Asp

Gln

Asn

Asn

145

Leu

Leu

Ser

Met

Ser

225

Ser

Lys

Leu

Ile

Ile

305

Leu

Ile

https://patentscope. wipo.int/search/docs2/pct/ W02019051033/file/xFqvnCXh8Kal-apr...

Val

Gly

Glu

50

Val

Gln

Met

Phe

Asn

130

Pro

Met

Tyr

Asp

Ser

210

Lys

Met

Leu

Ser

Tyr

290

Leu

Leu

Tyr

Trp

Ile

35

Pro

Asp

Gly

Lys

Ile

115

Pro

Trp

Ala

Gly

Lys

195

Met

Trp

Tyr

Val

Ala

275

Gly

Leu

Gly

Phe

Lys

20

Ala

Glu

Ser

Arg

Glu

100

Asp

Val

Trp

Leu

Tyr

180

Gly

Thr

Asp

Leu

Ile

260

Leu

Cys

Ser

Ile

Gly
340

Asp

Arg

Glu

Pro

Arg

85

Leu

Trp

Ser

Ala

Leu

165

Asn

Asp

Cys

Leu

Ser

245

Pro

Glu

Asp

Ser

Ala

325

Leu

Pro

Leu

Glu

Thr

70

Cys

Ala

Ile

Gly

Leu

150

Leu

Ala

Tyr

Pro

Pro

230

Ala

Ile

Leu

Asn

Pro

310

Ala

Trp

Phe

Ser

Ile

55

Met

Phe

Asn

Leu

Ile

135

Thr

Ser

Thr

Phe

Ile

215

Val

Thr

Thr

Leu

Pro

295

Leu

Gly

Gly

Gly

Leu

40

Ala

Val

Pro

Gln

Arg

120

Leu

Gly

Gln

Leu

Trp

200

Phe

Phe

Gly

Thr

Lys

280

Trp

Met

Leu

Phe

Thr

25

Ala

Met

Arg

Lys

Leu

105

Gly

Ile

Trp

Asp

Val

185

Trp

Ser

Thr

His

Ala

265

Ser

Thr

Cys

Ser

Asn
345

10

Lys

Leu

Glu

Gly

Ala

90

Lys

Ile

Leu

Leu

Arg

170

Gly

Leu

Ser

Leu

Tyr

250

Pro

Ile

Gly

Leu

Leu

330

Ser

Ala

Ala

Asp

Glu

75

Leu

Asp

Ser

Val

Gly

155

Ser

Val

Leu

Ala

Pro

235

Asn

Asn

Pro

Gly

His

315

Ser

Ser

Gly

Asp

Ser

60

Asn

Gly

Lys

Gln

Gly

140

Thr

Leu

Leu

Leu

Leu

220

Phe

Pro

Ile

Val

Ile

300

Ala

Ala

Leu

Asp

Gly

45

Pro

Gln

Tyr

Pro

Val

125

Leu

Val

Ile

Met

Pro

205

Asn

Asn

Phe

Ser

Gly

285

Phe

Ala

Pro

Ala

Ala

30

Ser

Thr

Val

Val

Val

110

Val

Leu

Val

Ala

Ala

190

Val

Ser

Met

Phe

Trp

270

Val

Leu

Ile

Phe

Cys
350

15

Ala

Gln

Met

Ser

Thr

95

Val

Phe

Val

Ser

Ser

175

Val

Cys

Met

Ala

Pro

255

Ser

Gly

Gly

Gly

Glu

335

Ile

Arg

Glu

Val

Pro

80

Gly

Leu

Val

Gln

Thr

160

Gly

Phe

Ala

Leu

Leu

240

Ala

Asp

Gln

Ala

Ser

320

Asp

Ala
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