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TREATMENT OF PRIMARY CILIARY DYSKINESIA WITH SYNTHETIC
MESSENGER RNA

CROSS-REFERENCE
[0001] This application is a continuation of U.S. Provisional Patent Application Serial No.
62/342,784, filed on May 27, 2016, which is incorporated herein by reference in its entirety and
to which application we claim priority under 35 U.S.C. § 120.

BACKGROUND
[0002] Messenger RNAs (mRNA) are polymers containing a number of linked nucleotides, each
composed of a sugar, a phosphate, and a base. Each mRNA polymer stores genetic information
along the nucleotide chain. Messenger RNA polymers carry the genetic information from the
DNA in the nucleus of the cell to the cytoplasm where proteins are made. Each triplet of
nucleotides in the mRNA is called a codon, and each codon specifies the identity of an amino
acid in the translated protein.
[0003] A cell can also take up and translate an exogenous RNA, but many factors influence
efficient uptake and translation. For instance, the immune system recognizes many exogenous

RNAs as foreign and triggers a response that is aimed at inactivating the RNAs.

SUMMARY
[0004] The present disclosure provides polyribonucleotides, and compositions comprising the
same, that can encode a protein of choice. In some cases, the disclosure provides a method for
treating a subject having or at risk of having primary ciliary dyskinesia, the method comprising
administrating to the subject a composition that comprises a nucleic acid construct that encodes
dynein axonemal intermediate chain 1 protein or a variant thereof, which nucleic acid construct
includes codons that provide for heterologous or enhanced expression of the dynein axonemal
intermediate chain 1 protein or a variant thereof within cells of the subject, thereby treating the
subject having or at risk of having primary ciliary dyskinesia. The nucleic acid construct can be,
for example a complementary deoxyribonucleic acid DNA template. The nucleic acid construct
may encode dynein axonemal intermediate chain 1 protein or a variant thereof at a level that is
increased by a factor of at least about 1.5, at least about 5, or another suitable amount as
compared to levels within cells exposed to a composition comprising a nucleic acid construct
that does not include the codons encoding dynein axonemal intermediate chain 1 protein or a
variant thereof. In some instances, the codons of the construct are at least 70% homologous to a

mammalian, such as a human, dynein axonemal intermediate chain 1 mRNA.
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[0005] In some cases, the construct comprises a 5’ and/or 3' untranslated region (UTR) flanking
the codon sequence which encodes the dynein axonemal intermediate chain 1, wherein the
untranslated region(s) enhance(s) the expression of the protein within cells of the subject. The 3’
noncoding region may comprise a 3'- cap independent translation enhancer (3'-CITEs). In some
instances, the 3’ noncoding region may also comprise at least one intermediate sequence region
between the codon sequence and either the 3’ noncoding region or the 5’ noncoding region or a
3'-stem loop region derived from the nucleotide sequence of a histone protein. In some cases,
the codon sequence comprises an open reading frame (ORF). The 3’ noncoding region flanking
the codon sequence (e.g., ORF) may comprise a poly adenosine tail, wherein the number of
adenosines in the poly adenosine tail improves the translation efficiency and increases the half-
life of the dynein axonemal intermediate chain 1 mRNA. In some cases, the length of the poly
adenosine tail is at most 200 adenosines. The poly adenosine tail may comprise a percentage of
chemically modified nucleotides. In some instances, fewer than 20% of the nucleotides in the
poly adenosine tail are chemically modified. In some instances, fewer than 30% of the
nucleotides encoding dynein axonemal intermediate chain 1 in a construct are chemically
modified nucleotides. In the instances where the nucleotides comprise a chemically modified
nucleotide, the chemically modified nucleotide can be selected from the group consisting of
pseudouridine, 1-methylpseudouridine, 2-thiouridine, S-iodouridine, S-methyluridine, 5-
methylcytidine, and S-iodocytidine. In some cases, the chemically modified nucleotide is 1-
methylpseudouridine. In some cases, the modified nucleotide is pseudouridine. In other cases,
the modified nucleotides are a combination of 1-methylpseudouridine and pseudouridine. In
addition to the composition comprising a polyribonucleotide for treating a subject having or at
risk of having primary ciliary dyskinesia, in some cases, the present disclosure further provides a
composition comprising at least one additional nucleic acid construct that encodes a protein
selected from the group consisting of: armadillo repeat containing 4 (ARMC4), chromosome 21
open reading frame 59 (C210rf59), coiled-coil domain containing 103 (CCDC103), coiled-coil
domain containing 114 (CCDC114), coiled-coil domain containing 39 (CCDC39), coiled-coil
domain containing 40 (CCDC40), coiled-coil domain containing 65 (CCDC65), cyclin O
(CCNO), dynein (axonemal) assembly factor 1 (DNAAF1), dynein (axonemal) assembly factor 2
(DNAAF2), dynein (axonemal) assembly factor 3 (DNAAF3), dynein (axonemal) assembly
factor 5 (DNAAFS), dynein axonemal heavy chain 11 (DNAH11), dynein axonemal heavy chain
5 (DNAHS), dynein axonemal heavy chain 6 (DNAHG6),dynein axonemal heavy chain 8
(DNAHS), dynein axonemal intermediate chain 2 (DNAI2), dynein axonemal light chain 1
(DNAL1), dynein regulatory complex subunit 1 (DRC1), dyslexia susceptibility 1 candidate 1
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(DYX1C1), growth arrest specific 8 (GAS8), axonemal central pair apparatus protein (HYDIN),
leucine rich repeat containing 6 (LRRC6), NME/NM23 family member 8 (NMES), oral-facial-
digital syndrome 1 (OFD1), retinitis pigmentosa GTPase regulator (RPGR), radial spoke head 1
homolog (Chlamydomonas) (RSPH1), radial spoke head 4 homolog A (Chlamydomonas)
(RSPH4A), radial spoke head 9 homolog (Chlamydomonas) (RSPH9), sperm associated antigen
1(SPAG1), and zinc finger MYND-type containing 10 (ZMYND10).

[0006] The disclosure provides a composition comprising a nucleic acid construct encoding
dynein axonemal intermediate chain 1, which nucleic acid construct includes codons that provide
for heterologous or enhanced expression of the dynein axonemal intermediate chain 1 protein or
a variant thereof within cells of a subject having or at risk of having primary ciliary dyskinesia.
The compositions described herein may comprise a ratio of moles of amine groups of cationic
polymers to moles of phosphate groups of the modified polyribonucleotide of at least about 4. In
some cases, the composition is formulated in a nanoparticle or nanocapsule. In other cases, the
composition is formulated in a cationic lipid, cationic polymer, or nanoemulsion. The
composition may be formulated for administration to a subject. The nucleic acid constructs in the
composition may include codons that provide for heterologous or enhanced expression of the
dynein axonemal intermediate chain 1 protein or a variant thereof within cells of a subject having
or at risk of having primary ciliary dyskinesia. In some cases, fewer than 30% of the
ribonucleotides encoding dynein axonemal intermediate chain 1 are chemically modified
nucleotides. In some instances, the codons of the construct are at least 70% homologous to a
mammalian, such as a human, dynein axonemal intermediate chain 1 mRNA. In some cases, the
construct comprises a 5’ or 3’ noncoding region flanking the codon sequence which encodes the
dynein axonemal intermediate chain 1, wherein the noncoding region enhances the expression of
the protein within cells the subject. In other cases, the construct comprises a 3’ noncoding region
flanking the codon sequence which encodes the dynein axonemal intermediate chain 1, wherein
the 3' noncoding region comprises a 3'- cap independent translation enhancer (3'-CITEs). The 3’
noncoding region may comprise a 3'-stem loop region derived from the nucleotide sequence of a
histone protein. The 3' noncoding region may comprise a 3'-triple helical structure derived from
the nucleotide sequence of metastasis-associated lung adenocarcinoma transcript 1 (MALAT1).
The 3’ noncoding region flanking the codon sequence may comprise a poly adenosine tail,
wherein the number of adenosines in the poly adenosine tail improves the translation efficiency
of the dynein axonemal intermediate chain 1 protein. In some cases, the number of adenosines in
the poly adenosine tail improves the half-life of the dynein axonemal intermediate chain 1

protein. In some cases, the length of the poly adenosine tail is at most 200 adenosines. In some
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instances, a percentage of the poly adenosine tail comprises modified nucleotides. In some
instances, fewer than 20% of the adenosines in the poly(A)tail are modified. In some cases, the
construct comprises a percentage of chemically modified nucleotides. In some instances, fewer
than 30% of the nucleotides encoding dynein axonemal intermediate chain 1 are chemically
modified. When chemically modified nucleotides are present, they may be selected from the
group consisting of pseudouridine, 1-methylpseudouridine, S-methoxyuridine, 2-thiouridine, 5-
iodouridine, S-methyluridine, S-methylcytidine, 2"-amino-2"-deoxycytidine, 2'-fluoro-2"-
deoxycytidine, and 5-iodocytidine. In some cases, the chemically modified nucleotide is
pseudouridine or 1-methyl pseudouridine. In some instances, the composition further comprises
at least one additional nucleic acid construct. The at least one additional nucleic acid construct
encodes a protein selected from the group consisting of: armadillo repeat containing 4
(ARMC4), chromosome 21 open reading frame 59 (C210rf59), coiled-coil domain containing
103 (CCDC103), coiled-coil domain containing 114 (CCDC114), coiled-coil domain containing
39 (CCDC39), coiled-coil domain containing 40 (CCDC40), coiled-coil domain containing 65
(CCDC6)), cyclin O (CCNO), dynein (axonemal) assembly factor 1 (DNAAFT1), dynein
(axonemal) assembly factor 2 (DNAAF2), dynein (axonemal) assembly factor 3 (DNAAF3),
dynein (axonemal) assembly factor 5 (DNAAFS), dynein axonemal heavy chain 11 (DNAHI11),
dynein axonemal heavy chain 5 (DNAHS), dynein axonemal heavy chain 6 (DNAH6),dynein
axonemal heavy chain 8 (DNAHS), dynein axonemal intermediate chain 2 (DNAI2), dynein
axonemal light chain 1 (DNALT1), dynein regulatory complex subunit 1 (DRC1), dyslexia
susceptibility 1 candidate 1 (DYX1C1), growth arrest specific 8 (GAS8), axonemal central pair
apparatus protein (HYDIN), leucine rich repeat containing 6 (LRRC6), NME/NM23 family
member 8 (NMES), oral-facial-digital syndrome 1 (OFD1), retinitis pigmentosa GTPase
regulator (RPGR), radial spoke head 1 homolog (Chlamydomonas) (RSPHT1), radial spoke head
4 homolog A (Chlamydomonas) (RSPH4A), radial spoke head 9 homolog (Chlamydomonas)
(RSPH9), sperm associated antigen 1(SPAG1), and zinc finger MYND-type containing 10
(ZMYND10).

[0007] The present disclosure also provides a nucleic acid construct, a vector, or an isolated
nucleic acid that is/are formulated for administration to a subject. In some cases, the formulation
includes a therapeutically effective amount of the nucleic acid construct encoding dynein
axonemal intermediate chain 1. The nucleic acid construct can be a cDNA construct that encodes
dynein axonemal intermediate chain 1 protein or a variant thereof, or any one of the
aforementioned additional nucleic acid constructs. In some cases, the present disclosure

provides a composition comprising a nucleic acid construct encoding dynein axonemal
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intermediate chain 1, wherein the nucleic acid construct comprises any one of SEQ ID NOs 14-
16. In some cases, the present disclosure provides a composition comprising a nucleic acid
construct encoding dynein axonemal heavy chain 5, wherein the nucleic acid construct comprises
any one of SEQ ID NOs 17-18.

[0008] Additional aspects and advantages of the present disclosure will become readily apparent
to those skilled in this art from the following detailed description, wherein only illustrative
embodiments of the present disclosure are shown and described. As will be realized, the present
disclosure is capable of other and different embodiments, and its several details are capable of
modifications in various obvious respects, all without departing from the disclosure.
Accordingly, the drawings and description are to be regarded as illustrative in nature, and not as

restrictive.

INCORPORATION BY REFERENCE
[0009] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The novel features of the invention are set forth with particularity in the appended claims.
A better understanding of the features and advantages of the present invention will be obtained
by reference to the following detailed description that sets forth illustrative embodiments, in
which the principles of the invention are utilized, and the accompanying drawings of which:
[0011] FIGURE 1 is an agarose gel illustrating the production of capped and uncapped DNAI1
RNA.
[0012] FIGURE 2 is a western blot illustrating the translations of DNAIl mRNA in HEK-293
cells at 6 hours, 24 hours, and 48 hours post-transfection.
[0013] FIGURE 3 illustrates fragment analyzer data of a posttranscriptionally poly-adenylated
RNA transcript encoding dynein axonemal intermediate chain 1 (DNAI1).
[0014] FIGURE 4 illustrates fragment analyzer data of a posttranscriptionally poly-adenylated
RNA transcript encoding dynein axonemal intermediate chain 1 (DNAI1).
[0015] FIGURE 5 illustrates PAGE data of the size of poly adenylated tail of the plasmid
encoding dynein axonemal intermediate chain 1 (DNAI).
[0016] FIGURE 6 illustrates the fragment analyzer data of an in vitro transcribed DNAII

mRNA comprising the unmodified nucleotides.
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[0017] FIGURE 7 illustrates fragment analyzer data of an in vitro transcribed DNAI1 mRNA
comprising 50% pseudouridine (*V').

[0018] FIGURE 8 illustrates fragment analyzer data of an in vitro transcribed DNAI1 mRNA
comprising 100% pseudouridine (\V).

[0019] FIGURE 9 illustrates fragment analyzer data of an in vitro transcribed DNAI1 mRNA
comprising 100% 1-methylpseudouridine that was post-transcriptionally poly adenylated.
[0020] FIGURE 10 illustrates double-stranded RNA content as detected by dot-blot.

[0021] FIGURE 11 illustrates the HPLC-based nucleotide composition analysis of an in vitro
transcribed nucleic acid construct that encodes dynein axonemal intermediate chain 1,
transcribed with unmodified nucleotides.

[0022] FIGURE 12 illustrates the HPLC-based nucleotide composition analysis of an in vitro
transcribed nucleic acid construct that encodes dynein axonemal intermediate chain 1,
transcribed with 50% .

[0023] FIGURE 13 illustrates the HPLC-based nucleotide composition analysis of an in vitro
transcribed nucleic acid construct that encodes dynein axonemal intermediate chain 1,
transcribed with 100% V.

[0024] FIGURE 14 is a graph illustrating the relative expression levels of DNAI1 protein in
HEK-293, A549, and MLE-15 cells.

[0025] FIGURE 15 illustrates the induction of IL-6 in A549 cells transfected with the DNAITI
mRNA variants.

[0026] FIGURE 16 illustrates the induction of IL-6 in A549 cells transfected with the DNAITI
mRNA variants.

[0027] FIGURE 17 is a graph illustrating the relative expression of DNAI1 protein in HEK-293
A549, and MLE-15 cells.

[0028] FIGURE 18 illustrates induction of IL-6 in A549 cells by DNAII transcripts.

[0029] FIGURE 19 illustrates induction of IL-6 in A549 cells by DNAII transcripts.

[0030] FIGURE 20 illustrates cell viability of A549 cells after transfection with various

2

amounts of each DNAII mRNA measured using the CellTiter-Glo assay.

[0031] FIGURE 21 illustrates cell viability of A549 cells after transfection with various
amounts of each DNAII mRNA measured using the CellTiter-Glo assay.

[0032] FIGURE 22 illustrates induction of IP-10 in HepG2 cells by DNAI1 transcripts.
[0033] FIGURE 23 illustrates cell viability of HepG2 cells after transfection with various
amounts of each DNAII mRNA measured using the CellTiter-Glo assay.
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[0034] FIGURE 24 illustrates the peak expression of dynein axonemal intermediate chain 1
(DNAIN) protein or other controls in HEK-293 cells.

[0035] FIGURE 25 expression of DNAII in fully differentiated human airway epithelial cells.
[0036] FIGURE 26 illustrates an overall quality improvement in DNAII expressing a
polyribonucleotide of SEQ ID NO 15 (B) as compared to a polyribonucleotide of SEQ ID NO 14
(A).

[0037] FIGURE 27 illustrates an overall improvement in translation efficiency in A549 cells of
a polyribonucleotide of SEQ ID NO 15 (B) as compared to a polyribonucleotide of SEQ ID NO
14 (A).

[0038] FIGURE 28 illustrates an analysis of double-stranded RNA content of a
polyribonucleotide of SEQ ID NO 15 as compared to known concentrations of known
concentrations of poly-IC.

[0039] FIGURE 29 illustrates HPLC-purification of unmodified and 100% m'¥-containing
DNAII mRNA.

[0040] FIGURE 30 illustrates example translation activity and immunogenicity for fractions
enriched in full-length, unmodified mRNA transcripts in A549 cells using HPLC-purification.

DETAILED DESCRIPTION
[0041] While various embodiments of the invention have been shown and described herein, it
will be obvious to those skilled in the art that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions may occur to those skilled in the art
without departing from the invention. It should be understood that various alternatives to the
embodiments of the invention described herein may be employed.
[0042] The term “subject,” as used herein generally refers to a human. In some instances, a
subject can also be an animal, such as a mouse, a rat, a guinea pig, a dog, a cat, a horse, a rabbit,
and various other animals. A subject can be of any age, for example, a subject can be an infant, a
toddler, a child, a pre-adolescent, an adolescent, an adult, or an elderly individual.
[0043] The term “disease,” as used herein, generally refers to an abnormal physiological
condition that affects part or all of a subject, such as an illness (e.g., primary ciliary dyskinesia)
or another abnormality that causes defects in the action of cilia in, for example, the lining the
respiratory tract (lower and upper, sinuses, Eustachian tube, middle ear), in a variety of lung
cells, in the fallopian tube, or flagella of sperm cells.
[0044] The term “polynucleotide” or “nucleic acid” as used herein refers to a polymeric form of
nucleotides of any length, either ribonucleotides or deoxyribonucleotides, that comprise purine

and pyrimidine bases, purine and pyrimidine analogues, chemically or biochemically modified,
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natural or non-natural, or derivatized nucleotide bases. Polynucleotides include sequences of
deoxyribonucleic acid (DNA), ribonucleic acid (RNA), or DNA copies of ribonucleic acid
(cDNA), all of which can be recombinantly produced, artificially synthesized, or isolated and
purified from natural sources. The polynucleotides and nucleic acids may exist as single-stranded
or double-stranded. The backbone of the polynucleotide can comprise sugars and phosphate
groups, as may typically be found in RNA or DNA, or analogues or substituted sugar or
phosphate groups. A polynucleotide may comprise naturally occurring or non-naturally
occurring nucleotides, such as methylated nucleotides and nucleotide analogues (or analogs).
[0045] The term “polyribonucleotide,” as used herein, generally refers to polynucleotide
polymers that comprise ribonucleic acids. The term also refers to polynucleotide polymers that
comprise chemically modified ribonucleotides. A polyribonucleotide can be formed of D-ribose
sugars, which can be found in nature.

[0046] The term “polypeptides,” as used herein, generally refers to polymer chains comprised of
amino acid residue monomers which are joined together through amide bonds (peptide bonds).

A polypeptide can be a chain of at least three amino acids, a protein, a recombinant protein, an
antigen, an epitope, an enzyme, a receptor, or a structure analogue or combinations thereof. As
used herein, the abbreviations for the L-enantiomeric amino acids that form a polypeptide are as
follows: alanine (A, Ala); arginine (R, Arg); asparagine (N, Asn); aspartic acid (D, Asp);
cysteine (C, Cys); glutamic acid (E, Glu); glutamine (Q, Gln); glycine (G, Gly); histidine (H,
His); isoleucine (I, Ile); leucine (L, Leu); lysine (K, Lys); methionine (M, Met); phenylalanine
(F, Phe); proline (P, Pro); serine (S, Ser); threonine (T, Thr); tryptophan (W, Trp); tyrosine (Y,
Tyr); valine (V, Val). X or Xaa can indicate any amino acid.

[0047] The term “engineered,” as used herein, generally refers to polynucleotides, vectors, and
nucleic acid constructs that have been genetically designed and manipulated to provide a
polynucleotide intracellularly. An engineered polynucleotide can be partially or fully synthesized
in vitro. An engineered polynucleotide can also be cloned. An engineered polyribonucleotide can
contain one or more base or sugar analogues, such as ribonucleotides not naturally-found in
messenger RNAs. An engineered polyribonucleotide can contain nucleotide analogues that exist
in transfer RNAs (tRNAs), ribosomal RNAs (rRNAs), guide RNAs (gRNAs), small nuclear
RNA (snRNA), small nucleolar RNA (snoRNA), SmY RNA, spliced leader RNA (SL RNA),
CRISPR RNA, long noncoding RNA (IncRNA), microRNA (miRNA), or another suitable RNA.
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Overview

[0048] The present disclosure provides compositions and methods for the treatment of
conditions associated with cilia maintenance and function, with nucleic acids encoding a protein
or protein fragment(s). Numerous eukaryotic cells carry appendages, which are often referred to
as cilia or flagella, whose inner core comprises a cytoskeletal structure called the axoneme. The
axoneme can function as the skeleton of cellular cytoskeletal structures, both giving support to
the structure and, in some instances, causing it to bend. Usually, the internal structure of the
axoneme is common to both cilia and flagella. Cilia are often found in the linings of the airway,
the reproductive system, and other organs and tissues. Flagella are tail-like structures that,
similarly to cilia, can propel cells forward, such as sperm cells.

[0049] Without properly functioning cilia in the airway, bacteria can remain in the respiratory
tract and cause infection. In the respiratory tract, cilia move back and forth in a coordinated way
to move mucus towards the throat. This movement of mucus helps to eliminate fluid, bacteria,
and particles from the lungs. Many infants afflicted with cilia and flagella malfunction
experience breathing problems at birth, which suggests that cilia play an important role in
clearing fetal fluid from the lungs. Beginning in early childhood, subjects afflicted with cilia
malfunction can develop frequent respiratory tract infections.

[0050] Primary ciliary dyskinesia is a condition characterized by chronic respiratory tract
infections, abnormally positioned internal organs, and the inability to have children (infertility).
The signs and symptoms of this condition are caused by abnormal cilia and flagella. Subjects
afflicted with primary ciliary dyskinesia often have year-round nasal congestion and a chronic
cough. Chronic respiratory tract infections can result in a condition called bronchiectasis, which
damages the passages, called bronchi, leading from the windpipe to the lungs and can cause life-
threatening breathing problems.

[0051] In some instances, a nucleic acid construct, vector, or composition of the disclosure
comprises one or more nucleotide sequences that encode dynein axonemal intermediate chain 1
protein or a variant thereof, and the sequences provide for heterologous or enhanced expression
of the dynein axonemal intermediate chain 1 protein or a variant thereof within cells of a subject.
In some instances, the nucleic acid construct, vector, or composition also comprises the genetic

code of 5” untranslated regions (UTRs) and 3° UTRs of SEQ ID NOs 1-9, as shown below.
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TABLE 1

UTR

DNA sequence (from 5’ to 3°)

a-globin &’
UTR
(HBA1)

GGGAGACATAAACCCTGGCGCGCTCGCGGCCCGGCACTCTTCTGGTCCCC
ACAGACTCAGAGAGAAGCCACC (SEQID NO: 1)

a-globin &’
UTR
(HBA2)

GGGAGACATAAACCCTGGCGCGCTCGCGGGCCGGCACTCTTCTGGTCCCC
ACAGACTCAGAGAGAAGCCACC (SEQ ID NO: 2)

a-globin &’
UTR

GGGAGACTCTTCTGGTCCCCACAGACTCAGAGAGAACGCCACC (SEQ ID
NO: 3)

IRES of
EMCYV §’-
UTR

GTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACC
TGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAA
AGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAG
CTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAAC
CCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGA
TACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAG
TTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTG
AAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCG
GTGCACATGCTTTACGTGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCC
CCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAATATG
GCCACAACC (SEQ ID NO: 4)

IRES of
TEV §°-
UTR

AAATAACAAATCTCAACACAACATATACAAAACAAACGAATCTCAAGCA
ATCAAGCATTCTACTTCTATTGCAGCAATTTAAATCATTTCTTTTAAAGCA
AAAGCAATTTTCTGAAAATTTTCACCATTTACGAACGATAGCA (SEQ ID
NO: 5)

ssRNA1
SUTR

GGGAGACAAGAGAGAAAAGAAGAGCAAGAAGAAATATAAGAGCCACC
(SEQ ID NO: 6)

ssRNA2
SUTR

GGGAGACCCAAGCTGGCTAGCGTTTAAACTTAAGCTTGGCAATCCGGTAC
TGTTGGTAAAGCCACC (SEQ ID NO: 7)

ssRNA 3 +
native 5’

UTR

GGGAGACCCAAGCTGGCTAGCGTTTAAACTTAAGCTTTCCTTTCCGGGCC
GGCTGGGCGCGCCGAAGCGCCTGCGCCTTGGCTGCTGGTCGGTTGCTGGG
TAACCGCGTCAGGGAGTTGGATTCTATCCTGCAAGGGCACGGGGACCCAC
AACGACGGCTGTCCCTAAAGAACCGTTGCGACTGGTAACTGAAGTGGAA
GAGAGTCCAGATTTCTTGTGTGTGGTCAAGGAGACGGACAAACTTTTTGT
CTTCAGACGAGGGAGCGTTTTGTAGGCTCTCCAGGGGTTGAG (SEQ ID
NO: 8)

TMV 3’-
UTR

GGATTGTGTCCGTAATCACACGTGGTGCGTACGATAACGCATAGTGTTTT

TCCCTCCACTTAAATCGAAGGGTTGTGTCTTGGATCGCGCGGGTCAAATG

TATATGGTTCATATACATCCGCAGGCACGTAATAAAGCGAGGGGTTCGAA
TCCCCCCGTTACCCCCGGTAGGGGCCCATTGTCTTC (SEQ ID NO: 9)

MALAT1
3’-UTR

TCAGTAGGGTCATGAAGGTTTTTCTTTTCCTGAGAAAACAACACGTATTGT
TTTCTCAGGTTTTGCTTTTTGGCCTTTTTCTAGCTTAAAAAAAAAAAAAGC
AAAATTGTCTTC (SEQ ID NO: 10)
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NEAT2 3- | TCAGTAGGGTTGTAAAGGTTTTTCTTTTCCTGAGAAAACAACCTTTTGTTT
UTR TCTCAGGTTTTGCTTTTTGGCCTTTCCCTAGCTTTAAAAAAAAAAAAGCAA
AATTGTCTTC (SEQ ID NO: 11)

histone GAAGTGGCGGTTCGGCCGGAGGTTCCATCGTATCCAAAAGGCTCTTTTCA
GAGCCACCCATTGTCTTC (SEQ ID NO: 12)

cluster 2,

H3c¢ 3’-

UTR

Native 3’ GGGGCTGGCCTCAGTCTCTGTCCCATCGCTTGAATACAGTACTCCTAGGG

UTR CTTGACCCTGGTACCCAGCCCAGCCTTAGCACCCAGCATGTGACCCCACT

CCTGATCAGGTCCCAGCATCTTCCCTTCTTGTTCTGTTCCTTAAGGTCCCA

GCACCTTACCCCAGGACTTGGTCTTCAACCACCATTACCCCTCTAACTTTG
CACAAATAAACCTGTGTAGAAACCCACCCCAAAAAAA (SEQ ID NO: 13)

Primary Ciliary Dyskinesia, Related Conditions and Treatments Thereof

[0052] The methods, constructs, and compositions of this disclosure provide a method to treat
primary ciliary dyskinesia (PCD), also known as immotile ciliary syndrome or Kartagener
syndrome. PCD is typically considered to be a rare, ciliopathic, autosomal recessive genetic
disorder that often causes defects in the action of cilia lining the respiratory tract (lower and
upper, sinuses, Eustachian tube, middle ear) and fallopian tube, as well as in the flagella of
sperm cells.

[0053] Some individuals with primary ciliary dyskinesia have abnormally placed organs within
their chest and abdomen. These abnormalities arise early in embryonic development when the
differences between the left and right sides of the body are established. About 50 percent of
people with primary ciliary dyskinesia have a mirror-image reversal of their internal organs
(situs inversus totalis). For example, in these individuals the heart is on the right side of the body
instead of on the left. When someone afflicted with primary ciliary dyskinesia has sifus inversus
totalis, they are often said to have Kartagener syndrome.

[0054] Approximately 12 percent of people with primary ciliary dyskinesia have a condition
known as heterotaxy syndrome or sifus ambiguus, which is characterized by abnormalities of the
heart, liver, intestines, or spleen. These organs may be structurally abnormal or improperly
positioned. In addition, affected individuals may lack a spleen (asplenia) or have multiple
spleens (polysplenia). Heterotaxy syndrome results from problems establishing the left and right
sides of the body during embryonic development. The severity of heterotaxy varies widely
among affected individuals.

[0055] Primary ciliary dyskinesia can also lead to infertility. Vigorous movements of the flagella
are can be needed to propel the sperm cells forward to the female egg cell. Because the sperm of
subjects afflicted with primary ciliary dyskinesia does not move properly, males with primary
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ciliary dyskinesia are usually unable to father children. Infertility occurs in some affected
females and it is usually associated with abnormal cilia in the fallopian tubes.

[0056] Another feature of primary ciliary dyskinesia is recurrent ear infections (otitis media),
especially in young children. Otitis media can lead to permanent hearing loss if untreated. The
ear infections are likely related to abnormal cilia within the inner ear.

[0057] Rarely, individuals with primary ciliary dyskinesia have an accumulation of fluid in the
brain (hydrocephalus), likely due to abnormal cilia in the brain.

[0058] The polyribonucleotides of the disclosure can be used, for example, to treat a subject
having or at risk of having primary ciliary dyskinesia or any other condition associated with a
defect or malfunction of a gene whose function is linked to cilia maintenance and function. Non
limiting examples of genes that have been associated with primary ciliary dyskinesia include:
armadillo repeat containing 4 (ARMC4), chromosome 21 open reading frame 59 (C210rf59),
coiled-coil domain containing 103 (CCDC103), coiled-coil domain containing 114 (CCDC114),
coiled-coil domain containing 39 (CCDC39), coiled-coil domain containing 40 (CCDC40),
coiled-coil domain containing 65 (CCDC65), cyclin O (CCNO), dynein (axonemal) assembly
factor 1 (DNAAF1), dynein (axonemal) assembly factor 2 (DNAAF2), dynein (axonemal)
assembly factor 3 (DNAAF3), dynein (axonemal) assembly factor 5 (DNAAFS), dynein
axonemal heavy chain 11 (DNAHI11), dynein axonemal heavy chain 5 (DNAHS), dynein
axonemal heavy chain 6 (DNAH6),dynein axonemal heavy chain 8 (DNAHS), dynein axonemal
intermediate chain 2 (DNAI2), dynein axonemal light chain 1 (DNALT1), dynein regulatory
complex subunit 1 (DRC1), dyslexia susceptibility 1 candidate 1 (DYX1C1), growth arrest
specific 8 (GASS), axonemal central pair apparatus protein (HYDIN), leucine rich repeat
containing 6 (LRRC6), NME/NM23 family member 8 (NMERS), oral-facial-digital syndrome 1
(OFD1), retinitis pigmentosa GTPase regulator (RPGR), radial spoke head 1 homolog
(Chlamydomonas) (RSPH1), radial spoke head 4 homolog A (Chlamydomonas) (RSPH4A),
radial spoke head 9 homolog (Chlamydomonas) (RSPH9), sperm associated antigen 1(SPAG1),
and zinc finger MYND-type containing 10 (ZMYND10).

[0059] In some cases, the composition comprises a nucleic acid construct encoding dynein
axonemal intermediate chain 1 (DNAI1), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having primary ciliary
dyskinesia. The DNAII gene can provide instructions for making a protein that is part of a group
(complex) of proteins called dynein. This complex functions within the cilia. Coordinated back
and forth movement of cilia can move the cell or the fluid surrounding the cell and dynein

produces the force needed for cilia to move. Within the core of cilia (the axoneme), dynein
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complexes are part of structures known as inner dynein arms (IDAs) and outer dynein arms
(ODAs) depending on their location. Coordinated movement of the dynein arms causes the entire
axoneme to bend back and forth. IDAs and ODAs have different combinations of protein
components (subunits) that are classified by weight as heavy, intermediate, or light chains. The
DNAII1 gene provides instructions for making intermediate chain 1, which is found in ODAs.
Other subunits can be produced from different genes administered to the subject in the same or
in a separate composition. Alternatively, other subunits can be produced by a single nucleic acid
construct that encodes a functional component of an inner dynein arm or an outer dynein arm.
[0060] At least 21 mutations in the DNAI1 gene have been found to cause primary ciliary
dyskinesia, which is a condition characterized by respiratory tract infections, abnormal organ
placement, and an inability to have children (infertility). DNAIIl gene mutations result in an
absent or abnormal intermediate chain 1. Without a normal version of this subunit, the ODAs
cannot form properly and may be shortened or absent. As a result, cilia cannot produce the force
needed to bend back and forth. Defective cilia lead to the features of primary ciliary dyskinesia.
In some cases, the disclosure provides a nucleic acid that is engineered to replace or to
supplement the function of the endogenous DNAI1 protein comprising the IVS1+2 3insT
(219+31insT) mutation. In some cases, the disclosure provides a nucleic acid that is engineered to
replace or to supplement the function of the endogenous DNAI1 protein comprising the AS38T
mutation, the second most common.

[0061] In some cases, the composition comprises a nucleic acid construct encoding dynein
axonemal intermediate chain 2 (DNAI2), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having primary ciliary
dyskinesia. The DNAI2 gene is part of the dynein complex of respiratory cilia and sperm
flagella. Mutations in this gene are associated with primary ciliary dyskinesia type 9, a disorder
characterized by abnormalities of motile cilia, respiratory infections leading to chronic
inflammation and bronchiectasis, and abnormalities in sperm tails.

[0062] In some cases, the composition comprises a nucleic acid construct encoding armadillo
repeat containing 4 (ARMC4), and upon translation within the cells of a subject the construct
yields a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.
The protein encoded by the ARMC4 gene comprises ten Armadillo repeat motifs (ARMs) and
one HEAT repeat, and has been shown to localize to the ciliary axonemes and at the ciliary base
of respiratory cells. Mutations in the ARMC4 gene can cause partial outer dynein arm (ODA)

defects in respiratory cilia.
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[0063] In some cases, the composition comprises a nucleic acid construct encoding chromosome
21 open reading frame 59 (C210rf59), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the C210rf59 gene can play a critical role in dynein arm
assembly and motile cilia function. Mutations in this gene can result in primary ciliary
dyskinesia.

[0064] In some cases, the composition comprises a nucleic acid construct encoding coiled-coil
domain containing 103 (CCDC103), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the CCDC103 gene can function as a dynein-attachment
factor required for cilia motility.

[0065] In some cases, the composition comprises a nucleic acid construct encoding coiled-coil
domain containing 114 (CCDC114), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the CCDC114 gene can function as a component of the outer
dynein arm docking complex in cilia cells. Mutations in this gene can cause primary ciliary
dyskinesia 20.

[0066] In some cases, the composition comprises a nucleic acid construct encoding coiled-coil
domain containing 39 (CCDC39), and upon translation within the cells of a subject the construct
yields a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.
The protein encoded by the CCDC39 gene can function as the assembly of dynein regulatory and
inner dynein arm complexes, which regulate ciliary beat. Defects in this gene are a cause of
primary ciliary dyskinesia type 14 (CCDC39).

[0067] In some cases, the composition comprises a nucleic acid construct encoding coiled-coil
domain containing 40 (CCDC40), and upon translation within the cells of a subject the construct
yields a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.
The protein encoded by the CCDC40 gene can function together with CCDC39 to form a
molecular ruler that determines the 96 nanometer (nm) repeat length and arrangements of
components in cilia and flagella (by similarity). CCDC40 may not be required for outer dynein
arm complexes assembly, but it may be required for axonemal recruitment of CCDC39. In some
cases, CCD40 and CCD39 can be produced from different genes administered to the subject in
the same or in a separate composition. Alternatively, CCD40 and CCD39 can be produced by a

single nucleic acid construct that encodes a functional component of an inner dynein arm or an
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outer dynein arm. Defects in the CCD40 gene are a cause of primary ciliary dyskinesia type 14
(CILD14).

[0068] In some cases, the composition comprises a nucleic acid construct encoding coiled-coil
domain containing 65 (CCDC65), and upon translation within the cells of a subject the construct
yields a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.
The protein encoded by the CCDC65 gene can function as a sperm cell protein. CCDC65 has
been shown to be highly expressed in adult testis, spermatocytes and spermatids. The protein
plays a critical role in the assembly of the nexin-dynein regulatory complex. Mutations in this
gene have been associated with primary ciliary dyskinesia type 27.

[0069] In some cases, the composition comprises a nucleic acid construct encoding cyclin O
(CCNO), and upon translation within the cells of a subject the construct yields a polypeptide that
treats a subject having or at risk of having of primary ciliary dyskinesia.

[0070] In some cases, the composition comprises a nucleic acid construct encoding dynein
(axonemal) assembly factor 1 (DNAAF1), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the DNAAF1 gene is thought to be cilium-specific and it can
be required for the stability of the ciliary architecture. Mutations in this gene have been
associated with primary ciliary dyskinesia type 13.

[0071] In some cases, the composition comprises a nucleic acid construct encoding dynein
(axonemal) assembly factor 2 (DNAAF2), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the DNAAF2 gene can be involved in the preassembly of
dynein arm complexes which power cilia. Mutations in this gene have been associated with
primary ciliary dyskinesia type 10 (CILD10).

[0072] In some cases, the composition comprises a nucleic acid construct encoding dynein
(axonemal) assembly factor 3 (DNAAF3), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the DNAAF3 gene can be required for the assembly of
axonemal inner and outer dynein arms and it can play a role in assembling dynein complexes for
transport into cilia. Mutations in this gene have been associated with primary ciliary dyskinesia
type 2 (CILD2).

[0073] In some cases, the composition comprises a nucleic acid construct encoding dynein
(axonemal) assembly factor 5 (DNAAFS), and upon translation within the cells of a subject the

construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
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dyskinesia. The protein encoded by the DNAAFS gene is thought to be required for the
preassembly or stability of axonemal dynein arms, and is found only in organisms with motile
cilia and flagella. Mutations in this gene have been associated with primary ciliary dyskinesia-
18.

[0074] In some cases, the composition comprises a nucleic acid construct encoding dynein
axonemal heavy chain 11 (DNAHT11), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the DNAHI11 gene can produce a ciliary outer dynein arm
protein. DNAHI1 is thought to be a microtubule-dependent motor ATPase involved in the
movement of respiratory cilia. Mutations in this gene have been associated with primary ciliary
dyskinesia type 7 (CILD7) and heterotaxy syndrome.

[0075] In some cases, the composition comprises a nucleic acid construct encoding dynein
axonemal heavy chain 5 (DNAHS), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having primary ciliary
dyskinesia. The DNAHS gene can provide instructions for making a protein that is part of a
group (complex) of proteins called dynein. Coordinated back and forth movement of cilia can
move the cell or the fluid surrounding the cell. Dynein can produce the force needed for cilia to
move. More than 80 mutations of the DNAHS have been associated with primary ciliary
dyskinesia. Mutations in this gene have been associated with primary ciliary dyskinesia and
heterotaxy syndrome.

[0076] In some cases, the composition comprises a nucleic acid construct encoding dynein
axonemal heavy chain 6 (DNAH6), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having primary ciliary
dyskinesia.

[0077] In some cases, the composition comprises a nucleic acid construct encoding dynein
axonemal heavy chain 8 (DNAHS), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the DNAHS8 gene can function as a force generating protein
of respiratory cilia. DNAHS can produce force towards the minus ends of microtubules. Dynein
has ATPase activity; the force-producing power stroke is thought to occur on release of ADP.
DNAHS can be involved in sperm motility and in sperm flagellar assembly. DNAHS is also
known as ATPase and hdhc9.

[0078] In some cases, the composition comprises a nucleic acid construct encoding dynein

axonemal light chain 1 (DNALT1), and upon translation within the cells of a subject the construct
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yields a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.
The protein encoded by the DNAL1 gene can function as a force generating protein of
respiratory cilia. DNAL1 can function as a component of the outer dynein arms complex. This
complex acts as the molecular motor that provides the force to move cilia in an ATP-dependent
manner. Mutations in this gene have been associated with primary ciliary dyskinesia type 16
(CILD16).

[0079] In some cases, the composition comprises a nucleic acid construct encoding dynein
regulatory complex subunit 1 (DRC1), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the DRC1 gene can function as a force generating protein of
respiratory cilia. DRC1 can encode a central component of the nexin-dynein complex (N-DRC),
which regulates the assembly of ciliary dynein. Mutations in this gene have been associated with
primary ciliary dyskinesia type 21 (CILD21).

[0080] In some cases, the composition comprises a nucleic acid construct encoding dyslexia
susceptibility 1 candidate 1 (DYX1C1), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the DYX1C1 gene can function as a force generating protein
of respiratory cilia. DYX1C1 can encode a tetratricopeptide repeat domain-containing protein.
The encoded protein can interact with estrogen receptors and the heat shock proteins, Hsp70 and
Hsp90. Mutations in this gene are also associated with deficits in reading and spelling, and a
chromosomal translocation involving this gene is associated with a susceptibility to
developmental dyslexia.

[0081] In some cases, the composition comprises a nucleic acid construct encoding growth arrest
specific 8 (GASS), and upon translation within the cells of a subject the construct yields a
polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.

[0082] In some cases, the composition comprises a nucleic acid construct encoding axonemal
central pair apparatus protein (HYDIN), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the HYDIN gene can function in cilia motility. Mutations in
this gene have been associated with primary ciliary dyskinesia type 5 (CILDS).

[0083] In some cases, the composition comprises a nucleic acid construct encoding leucine rich
repeat containing 6 (LRRC6), and upon translation within the cells of a subject the construct
yields a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.

The protein encoded by the LRRC6 gene contains several leucine-rich repeat domains and
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appears to be involved in the motility of cilia. Mutations in this gene have been associated with
primary ciliary dyskinesia type 19 (CILD19).

[0084] In some cases, the composition comprises a nucleic acid construct encoding NME/NM23
family member 8 (NMES), and upon translation within the cells of a subject the construct yields
a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia. The
protein encoded by the NMES gene can function as a force generating protein of respiratory
cilia. The NMES protein comprises an N-terminal thioredoxin domain and three C-terminal
nucleoside diphosphate kinase (NDK) domains. Mutations in this gene have been associated with
primary ciliary dyskinesia type 6 (CILD6).

[0085] In some cases, the composition comprises a nucleic acid construct encoding oral-facial-
digital syndrome 1 (OFD1), and upon translation within the cells of a subject the construct yields
a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia. The
function of the protein produced by the OFD1 gene is not well understood, but it may play a role
play a critical role in the early development of many parts of the body, including the brain, face,
limbs, and kidneys. About 100 mutations in the OFD1 gene have been found in people with oral-
facial-digital syndrome type I, which is the most common form of the disorder. Mutations in this
gene have been associated with primary ciliary dyskinesia and Joubert syndrome.

[0086] In some cases, the composition comprises a nucleic acid construct encoding retinitis
pigmentosa GTPase regulator (RPGR), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the RPGR gene can be important for normal vision and for
the function of the cilia. Mutations in this gene have been associated with primary ciliary
dyskinesia, X-linked retinitis pigmentosa, progressive vision loss, chronic respiratory and sinus
infections, recurrent ear infections (otitis media), and hearing loss.

[0087] In some cases, the composition comprises a nucleic acid construct encoding radial spoke
head 1 homolog (RSPH1), and upon translation within the cells of a subject the construct yields a
polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia. The
protein encoded by the RSPH1 gene may play an important role in male meiosis and in the
building of the axonemal central pair and radial spokes. Mutations in this gene have been
associated with primary ciliary dyskinesia type 24 (CILD24).

[0088] In some cases, the composition comprises a nucleic acid construct encoding radial spoke
head 4 homolog A (RSPH4A), and upon translation within the cells of a subject the construct
yields a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.
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The protein encoded by the RSPH4A gene may be a component the radial spoke head. Mutations
in this gene have been associated with primary ciliary dyskinesia type 11 (CILD11).

[0089] In some cases, the composition comprises a nucleic acid construct encoding radial spoke
head 9 homolog (RSPH9), and upon translation within the cells of a subject the construct yields a
polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia. The
protein encoded by the RSPH9 gene may be a component the radial spoke head in motile cilia
and flagella. Mutations in this gene have been associated with primary ciliary dyskinesia type 12
(CILD12).

[0090] In some cases, the composition comprises a nucleic acid construct encoding sperm
associated antigen 1 (SPAGT1), and upon translation within the cells of a subject the construct
yields a polypeptide that treats a subject having or at risk of having of primary ciliary dyskinesia.
The protein encoded by the SPAG1 gene may play a role in the cytoplasmic assembly of the
ciliary dynein arms. Mutations in this gene have been associated with primary ciliary dyskinesia
type 28 (CILD28).

[0091] In some cases, the composition comprises a nucleic acid construct encoding zinc finger
MYND-type containing 10 (ZMYND10), and upon translation within the cells of a subject the
construct yields a polypeptide that treats a subject having or at risk of having of primary ciliary
dyskinesia. The protein encoded by the ZMYND10 can function in axonemal assembly of inner
and outer dynein arms (IDA and ODA, respectively) for proper axoneme building for cilia
motility. Mutations in this gene have been associated with primary ciliary dyskinesia type 22
(CILD22).

[0092] The treatment may comprise treating a subject (e.g., a patient with a disease and/or a lab
animal with a condition). In some cases, the condition is primary ciliary dyskinesia (PCD) or
Kartagener syndrome. In some cases, the condition is broadly associated with defects in one or
more proteins that function within cell structures known as cilia. In some cases, the subject is a
human. Treatment may be provided to the subject before clinical onset of disease. Treatment
may be provided to the subject after clinical onset of disease. Treatment may be provided to the
subject on or after 1 minute, 5 minutes, 10 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4
hours, 5 hours, 6 hours, 12 hours, 1 day, 1 week, 6 months, 12 months, or 2 years after clinical
onset of the disease. Treatment may be provided to the subject for a time period that is greater
than or equal to 1 minute, 10 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6
hours, 12 hours, 1 day, 1 week, 1 month, 6 months, 12 months, 2 years or more after clinical
onset of the disease. Treatment may be provided to the subject for a time period that is less than

or equal to 2 years, 12 months, 6 months, 1 month, 1 week, 1 day, 12 hours, 6 hours, 5 hours, 4

-19-



WO 2017/205767 PCT/US2017/034723

hours, 3 hours, 2 hours, 1 hour, 30 minutes, 10 minutes, or 1 minute after clinical onset of the
disease. Treatment may also include treating a human in a clinical trial.

[0093] Compositions containing the engineered polyribonucleotides described herein can be
administered for prophylactic and/or therapeutic treatments. In therapeutic applications, the
nucleic acid constructs or vectors can be administered to a subject already suffering from a
disease, such as a primary ciliary dyskinesia, in the amount sufficient to provide the amount of
the encoded polypeptide that cures or at least improves the symptoms of the disease. Nucleic
acid constructs, vectors, engineered polyribonucleotides, or compositions can also be
administered to lessen a likelihood of developing, contracting, or worsening a disease. Amounts
effective for this use can vary based on the severity and course of the disease or condition, the
efficiency of transfection of a nucleic acid construct(s), vector(s), engineered
polyribonucleotide(s), or composition(s), the affinity of an encoded polypeptide to a target
molecule, previous therapy, the subject’s health status, weight, response to the drugs, and the
judgment of the treating physician.

[0094] In some cases, a polynucleotide of the disclosure can encode a polypeptide that is at least
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, or 95% homologous to a protein associated with primary ciliary dyskinesia, such as
armadillo repeat containing 4 (ARMC4), chromosome 21 open reading frame 59 (C210rf59),
coiled-coil domain containing 103 (CCDC103), coiled-coil domain containing 114 (CCDC114),
coiled-coil domain containing 39 (CCDC39), coiled-coil domain containing 40 (CCDC40),
coiled-coil domain containing 65 (CCDC65), cyclin O (CCNO), dynein (axonemal) assembly
factor 1 (DNAAF1), dynein (axonemal) assembly factor 2 (DNAAF2), dynein (axonemal)
assembly factor 3 (DNAAF3), dynein (axonemal) assembly factor 5 (DNAAFS), dynein
axonemal heavy chain 11 (DNAHI11), dynein axonemal heavy chain 5 (DNAHS), dynein
axonemal heavy chain 6 (DNAH6),dynein axonemal heavy chain 8 (DNAHS), dynein axonemal
intermediate chain 2 (DNAI2), dynein axonemal light chain 1 (DNALT1), dynein regulatory
complex subunit 1 (DRC1), dyslexia susceptibility 1 candidate 1 (DYX1C1), growth arrest
specific 8 (GASS), axonemal central pair apparatus protein (HYDIN), leucine rich repeat
containing 6 (LRRC6), NME/NM23 family member 8 (NMERS), oral-facial-digital syndrome 1
(OFD1), retinitis pigmentosa GTPase regulator (RPGR), radial spoke head 1 homolog
(Chlamydomonas) (RSPH1), radial spoke head 4 homolog A (Chlamydomonas) (RSPH4A),
radial spoke head 9 homolog (Chlamydomonas) (RSPH9), sperm associated antigen 1(SPAG1),
and zinc finger MYND-type containing 10 (ZMYND10).

220-



WO 2017/205767 PCT/US2017/034723

[0095] Multiple nucleic acid constructs, vectors, engineered polyribonucleotides, or
compositions can be administered in any order or simultaneously. The nucleic acid constructs,
vectors, engineered polyribonucleotides, or compositions can be packed together or separately,
in a single package comprising polyribonucleotides that target the same target molecule or in a
plurality of packages. One or all of the nucleic acid constructs, vectors, engineered
polyribonucleotides, or compositions can be given in multiple doses. If not simultaneous, the
timing between the multiple doses may vary.

[0096] The nucleic acid constructs, vectors, engineered polyribonucleotides, or compositions can
be administered to a subject as soon as possible after the onset of the symptoms. A nucleic acid
construct(s), a vector(s), engineered polyribonucleotide(s), or compositions can be administered
as soon as is practical after the onset of a disease or condition is detected or suspected, and for a
length of time necessary for the treatment of the disease, such as, for example, for about 1
month, for about 6 months, for about 12 months, for about 18 months, for about 24 months, or

any appropriate length of time. The length of treatment can vary for each subject.

Altered nucleotide usage in coding regions to increase mRNA stability for transcript therapy
[0097] Hydrolysis of oligonucleotides suggests that the reactivity of the phosphodiester bond
linking two ribonucleotides in single-stranded (ss)RNA depends on the nature of those
nucleotides. At pH 8.5, dinucleotide cleavage susceptibility when embedded in ssRNA
dodecamers may vary by an order of magnitude. Under near physiological conditions, hydrolysis
of RNA usually involves an Sy2-type attack by the 2'-oxygen nucleophile on the adjacent
phosphorus target center on the opposing side of the 5'-oxyanion leaving group, yielding two
RNA fragments with 2',3'-cyclic phosphate and 5'-hydroxyl termini. More reactive scissile
phosphodiester bonds may include 5'-UpA-3' (R; =U;, R;=A) and 5'-CpA-3' (R; =C,R; = A)
because the backbone at these steps can most easily adopt the "in-line" conformation that is
required for Sn2-type nucleophilic attack by the 2'-OH on the adjacent phosphodiester linkage.
In addition, interferon-regulated dsRNA-activated antiviral pathways produce 2'-5'
oligoadenylates which bind to ankyrin repeats leading to activation of RNase L.
endoribonuclease. RNase L cleaves ssSRNA efficiently at UA and UU dinucleotides. Lastly, U-
rich sequences are potent activators of RNA sensors including Toll-like receptor 7 and 8 and
RIG-I making global uridine content reduction a potentially attractive approach to reduce
immunogenicity of therapeutic mRNAs.

[0098] Altered nucleotide usage schemes aiming to reduce the number of more reactive 5'-

U(U/A)-3" dinucleotides within codons as well as across codons of modified mRNAs partially
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alleviate limitations imposed by the inherent chemical instability of RNA. At the same time,

lowering the U-content in RNA transcripts renders them less immunogenic. The present

disclosure relates to RNA transcripts comprising altered open reading frames (ORF). In

particular, a method comprising a substantial reduction of 5'-U(U/A)-3' dinucleotides within

protein coding regions leading to stabilized therapeutic mRNAs is proposed.

TABLE 2

Construct

DNA sequence (from 5’ to 3°)

DNALT
GeneSeript

Codon

ATGATCCCAGCAAGCGCCAAGGCACCACACAAGCAGCCCCACAAGCAGA
GCATCTCCATCGGCAGGGGCACAAGGAAGAGGGACGAGGATAGCGGAAC
CGAAGTGGGAGAGGGAACAGACGAGTGGGCACAGTCCAAGGCAACCGTG
CGCCCACCTGACCAGCTGGAGCTGACAGATGCCGAGCTGAAGGAGGAGT
TCACCAGGATCCTGACAGCCAACAATCCACACGCCCCCCAGAACATCGTG
CGCTACTCTTTCAAGGAGGGCACATATAAGCCAATCGGCTTTGTGAACCA
GCTGGCCGTGCACTATACCCAAGTGGGCAATCTGATCCCCAAGGACTCCG
ATGAGGGCCGGAGACAGCACTACAGGGACGAGCTGGTGGCAGGATCCCA
GGAGTCTGTGAAAGTGATCTCTGAGACCGGCAATCTGGAGGAGGACGAG
GAGCCAAAGGAGCTGGAGACCGAGCCAGGAAGCCAGACAGATGTGCCTG
CAGCAGGAGCAGCAGAGAAGGTGACCGAGGAGGAGCTGATGACACCTAA
GCAGCCAAAGGAGCGGAAGCTGACCAACCAGTTCAATTTTTCCGAGAGA
GCCTCTCAGACATACAACAATCCAGTGCGGGACAGAGAGTGCCAGACCG
AGCCACCCCCTAGAACCAACTTTTCCGCCACAGCCAATCAGTGGGAGATC
TACGATGCCTATGTGGAGGAGCTGGAGAAGCAGGAGAAGACCAAGGAGA
AGGAGAAGGCCAAGACACCCGTGGCCAAGAAGTCCGGCAAGATGGCCAT
GCGGAAGCTGACCAGCATGGAGTCCCAGACAGACGATCTGATCAAGCTG
TCTCAGGCCGCCAAGATCATGGAGAGAATGGTGAACCAGAATACCTATG
ACGATATCGCCCAGGACTTCAAGTACTATGACGATGCAGCAGACGAGTAC
AGGGATCAAGTGGGCACACTGCTGCCTCTGTGGAAGTTTCAGAACGATAA
GGCCAAGAGGCTGAGCGTGACCGCCCTGTGCTGGAATCCAAAGTACAGG
GACCTGTTCGCAGTGGGATACGGATCTTATGACTTCATGAAGCAGAGCAG
AGGCATGCTGCTGCTGTATTCCCTGAAGAACCCCTCTTTCCCTGAGTACAT
GTTTAGCTCCAATTCCGGCGTGATGTGCCTGGACATCCACGTGGATCACC
CCTACCTGGTGGCCGTGGGCCACTATGACGGCAACGTGGCCATCTACAAT
CTGAAGAAGCCTCACTCTCAGCCCAGCTTCTGTTCTAGCGCCAAGAGCGG
CAAGCACTCCGATCCCGTGTGGCAGGTGAAGTGGCAGAAGGACGATATG
GACCAGAACCTGAATTTCTTTTCCGTGTCCTCTGATGGCAGGATCGTGTCT
TGGACCCTGGTGAAGCGCAAGCTGGTGCACATCGACGTGATCAAGCTGA
AGGTGGAGGGCAGCACCACAGAGGTGCCAGAGGGACTGCAGCTGCACCC
AGTGGGATGCGGCACAGCCTTCGACTTTCACAAGGAGATCGATTATATGT
TCCTGGTGGGCACCGAGGAGGGCAAGATCTACAAGTGTTCTAAGAGCTAT
AGCTCCCAGTTTCTGGACACATATGATGCCCACAACATGAGCGTGGATAC
CGTGTCCTGGAATCCTTACCACACAAAGGTGTTCATGAGCTGCTCTAGCG
ACTGGACCGTGAAGATCTGGGATCACACCATCAAGACACCTATGTTTATC
TATGACCTGAACTCCGCCGTGGGCGATGTGGCATGGGCACCATACTCCTC
TACAGTGTTCGCAGCAGTGACCACAGACGGCAAGGCACACATCTTTGATC
TGGCCATCAACAAGTACGAGGCCATCTGTAATCAGCCCGTGGCCGCCAAG
AAGAACAGGCTGACCCACGTGCAGTTCAATCTGATCCACCCTATCATCAT
CGTGGGCGACGATCGGGGCCACATCATCTCTCTGAAGCTGAGCCCCAACC
TGAGAAAGATGCCTAAGGAGAAGAAGGGACAGGAGGTGCAGAAGGGAC
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CAGCAGTGGAGATCGCAAAGCTGGACAAGCTGCTGAATCTGGTGCGCGA
GGTGAAGATCAAGACCTGA (SEQ ID NO: 14)

DNAIL
Altered
Mucleotide

Usage &

ATGATCCCAGCAAGCGCCAAGGCACCACACAAGCAGCCCCACAAGCAGA
GCATCAGCATCGGCAGGGGCACAAGGAAGAGGGACGAGGACAGCGGAA
CCGAAGTGGGAGAGGGAACAGACGAGTGGGCACAGAGCAAGGCAACCG
TGCGCCCACCCGACCAGCTGGAGCTGACAGACGCCGAGCTGAAGGAGGA
GTTCACCAGGATCCTGACAGCCAACAACCCACACGCCCCCCAGAACATCG
TGCGCTACAGCTTCAAGGAGGGCACATACAAGCCAATCGGCTTCGTGAAC
CAGCTGGCCGTGCACTACACCCAAGTGGGCAACCTGATCCCCAAGGACA
GCGACGAGGGCCGGAGACAGCACTACAGGGACGAGCTGGTGGCAGGAA
GCCAGGAGAGCGTGAAAGTGATCAGCGAGACCGGCAACCTGGAGGAGGA
CGAGGAGCCAAAGGAGCTGGAGACCGAGCCAGGAAGCCAGACAGACGT
GCCCGCAGCAGGAGCAGCAGAGAAGGTGACCGAGGAGGAGCTGATGAC
ACCCAAGCAGCCAAAGGAGCGGAAGCTGACCAACCAGTTCAACTTCAGC
GAGAGAGCCAGCCAGACATACAACAACCCAGTGCGGGACAGAGAGTGCC
AGACCGAGCCACCCCCCAGAACCAACTTCAGCGCCACAGCCAACCAGTG
GGAGATCTACGACGCCTACGTGGAGGAGCTGGAGAAGCAGGAGAAGACC
AAGGAGAAGGAGAAGGCCAAGACACCCGTGGCCAAGAAGAGCGGCAAG
ATGGCCATGCGGAAGCTGACCAGCATGGAGAGCCAGACAGACGACCTGA
TCAAGCTGAGCCAGGCCGCCAAGATCATGGAGAGAATGGTGAACCAGAA
CACCTACGACGACATCGCCCAGGACTTCAAGTACTACGACGACGCAGCA
GACGAGTACAGGGACCAAGTGGGCACACTGCTGCCCCTGTGGAAGTTCC
AGAACGACAAGGCCAAGAGGCTGAGCGTGACCGCCCTGTGCTGGAACCC
AAAGTACAGGGACCTGTTCGCAGTGGGATACGGAAGCTACGACTTCATG
AAGCAGAGCAGAGGCATGCTGCTGCTGTACAGCCTGAAGAACCCCAGCT
TCCCCGAGTACATGTTCAGCAGCAACAGCGGCGTGATGTGCCTGGACATC
CACGTGGACCACCCCTACCTGGTGGCCGTGGGCCACTACGACGGCAACGT
GGCCATCTACAACCTGAAGAAGCCCCACAGCCAGCCCAGCTTCTGCAGCA
GCGCCAAGAGCGGCAAGCACAGCGACCCCGTGTGGCAGGTGAAGTGGCA
GAAGGACGACATGGACCAGAACCTGAACTTCTTCAGCGTGAGCAGCGAC
GGCAGGATCGTGAGCTGGACCCTGGTGAAGCGCAAGCTGGTGCACATCG
ACGTGATCAAGCTGAAGGTGGAGGGCAGCACCACAGAGGTGCCAGAGGG
ACTGCAGCTGCACCCAGTGGGATGCGGCACAGCCTTCGACTTCCACAAGG
AGATCGACTACATGTTCCTGGTGGGCACCGAGGAGGGCAAGATCTACAA
GTGCAGCAAGAGCTACAGCAGCCAGTTCCTGGACACATACGACGCCCAC
AACATGAGCGTGGACACCGTGAGCTGGAACCCCTACCACACAAAGGTGT
TCATGAGCTGCAGCAGCGACTGGACCGTGAAGATCTGGGACCACACCATC
AAGACACCCATGTTCATCTACGACCTGAACAGCGCCGTGGGCGACGTGGC
ATGGGCACCATACAGCAGCACAGTGTTCGCAGCAGTGACCACAGACGGC
AAGGCACACATCTTCGACCTGGCCATCAACAAGTACGAGGCCATCTGCAA
CCAGCCCGTGGCCGCCAAGAAGAACAGGCTGACCCACGTGCAGTTCAAC
CTGATCCACCCCATCATCATCGTGGGCGACGACCGGGGCCACATCATCAG
CCTGAAGCTGAGCCCCAACCTGAGAAAGATGCCCAAGGAGAAGAAGGGA
CAGGAGGTGCAGAAGGGACCAGCAGTGGAGATCGCAAAGCTGGACAAGC
TGCTGAACCTGGTGCGCGAGGTGAAGATCAAGACCTGA (SEQ ID NO: 15)

DNATL
Altered
Nucleotide

Usage 2

ATGATCCCAGCAAGCGCCAAGGCACCACACAAGCAGCCCCACAAGCAGA
GCATCTCCATCGGCAGGGGCACAAGGAAGAGGGACGAGGACAGCGGAAC
CGAAGTGGGAGAGGGAACAGACGAGTGGGCACAGTCCAAGGCAACCGTG
CGCCCACCTGACCAGCTGGAGCTGACAGATGCCGAGCTGAAGGAGGAGT
TCACCAGGATCCTGACAGCCAACAATCCACACGCCCCCCAGAACATCGTG
CGCTACAGCTTCAAGGAGGGCACATACAAGCCAATCGGCTTCGTGAACCA
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GCTGGCCGTGCACTACACCCAAGTGGGCAATCTGATCCCCAAGGACTCCG
ATGAGGGCCGGAGACAGCACTACAGGGACGAGCTGGTGGCAGGATCCCA
GGAGTCTGTGAAAGTGATCTCTGAGACCGGCAATCTGGAGGAGGACGAG
GAGCCAAAGGAGCTGGAGACCGAGCCAGGAAGCCAGACAGATGTGCCTG
CAGCAGGAGCAGCAGAGAAGGTGACCGAGGAGGAGCTGATGACACCCA
AGCAGCCAAAGGAGCGGAAGCTGACCAACCAGTTCAACTTCTCCGAGAG
AGCCTCTCAGACATACAACAATCCAGTGCGGGACAGAGAGTGCCAGACC
GAGCCACCCCCCAGAACCAACTTCTCCGCCACAGCCAATCAGTGGGAGAT
CTACGATGCCTACGTGGAGGAGCTGGAGAAGCAGGAGAAGACCAAGGAG
AAGGAGAAGGCCAAGACACCCGTGGCCAAGAAGTCCGGCAAGATGGCCA
TGCGGAAGCTGACCAGCATGGAGTCCCAGACAGACGATCTGATCAAGCT
GTCTCAGGCCGCCAAGATCATGGAGAGAATGGTGAACCAGAACACCTAC
GACGACATCGCCCAGGACTTCAAGTACTACGACGATGCAGCAGACGAGT
ACAGGGATCAAGTGGGCACACTGCTGCCTCTGTGGAAGTTCCAGAACGAC
AAGGCCAAGAGGCTGAGCGTGACCGCCCTGTGCTGGAATCCAAAGTACA
GGGACCTGTTCGCAGTGGGATACGGAAGCTACGACTTCATGAAGCAGAG
CAGAGGCATGCTGCTGCTGTACTCCCTGAAGAACCCCAGCTTCCCTGAGT
ACATGTTCAGCTCCAACTCCGGCGTGATGTGCCTGGACATCCACGTGGAT
CACCCCTACCTGGTGGCCGTGGGCCACTACGACGGCAACGTGGCCATCTA
CAATCTGAAGAAGCCTCACTCTCAGCCCAGCTTCTGCAGCAGCGCCAAGA
GCGGCAAGCACTCCGATCCCGTGTGGCAGGTGAAGTGGCAGAAGGACGA
CATGGACCAGAACCTGAACTTCTTCTCCGTGTCCTCTGATGGCAGGATCG
TGAGCTGGACCCTGGTGAAGCGCAAGCTGGTGCACATCGACGTGATCAA
GCTGAAGGTGGAGGGCAGCACCACAGAGGTGCCAGAGGGACTGCAGCTG
CACCCAGTGGGATGCGGCACAGCCTTCGACTTCCACAAGGAGATCGACTA
CATGTTCCTGGTGGGCACCGAGGAGGGCAAGATCTACAAGTGCAGCAAG
AGCTACAGCTCCCAGTTCCTGGACACATACGATGCCCACAACATGAGCGT
GGACACCGTGTCCTGGAATCCCTACCACACAAAGGTGTTCATGAGCTGCA
GCAGCGACTGGACCGTGAAGATCTGGGATCACACCATCAAGACACCCAT
GTTCATCTACGACCTGAACTCCGCCGTGGGCGATGTGGCATGGGCACCAT
ACTCCAGCACAGTGTTCGCAGCAGTGACCACAGACGGCAAGGCACACAT
CTTCGATCTGGCCATCAACAAGTACGAGGCCATCTGCAATCAGCCCGTGG
CCGCCAAGAAGAACAGGCTGACCCACGTGCAGTTCAATCTGATCCACCCC
ATCATCATCGTGGGCGACGATCGGGGCCACATCATCTCTCTGAAGCTGAG
CCCCAACCTGAGAAAGATGCCCAAGGAGAAGAAGGGACAGGAGGTGCA
GAAGGGACCAGCAGTGGAGATCGCAAAGCTGGACAAGCTGCTGAATCTG
GTGCGCGAGGTGAAGATCAAGACCTGA (SEQ ID NO: 16)

DNAHS
Altered
Nucleotide

Usage 1

ATGTTCAGAATCGGCAGACGGCAGCTGTGGAAGCACAGCGTGACCAGAG
TGCTGACCCAGCGGCTGAAGGGCGAGAAAGAGGCCAAGAGAGCCCTGCT
GGACGCCCGGCACAACTACCTGTTCGCCATCGTGGCCAGCTGCCTGGACC
TGAACAAGACCGAGGTGGAAGACGCCATCCTGGAAGGCAACCAGATCGA
GCGGATCGACCAGCTGTTCGCCGTGGGCGGACTGCGGCACCTGATGTTCT
ACTACCAAGACGTGGAAGAGGCCGAGACAGGCCAGCTGGGAAGCCTGGG
CGGAGTGAACCTGGTGAGCGGCAAGATCAAGAAACCCAAGGTGTTCGTG
ACCGAGGGCAACGACGTGGCCCTGACAGGCGTGTGCGTGTTCTTCATCAG
AACCGACCCCAGCAAGGCCATCACCCCCGACAACATCCACCAGGAAGTG
AGCTTCAACATGCTGGACGCCGCCGACGGCGGCCTGCTGAACAGCGTGCG
GAGACTGCTGAGCGACATCTTCATCCCCGCCCTGAGAGCCACAAGCCACG
GCTGGGGAGAGCTGGAAGGACTGCAGGACGCCGCCAACATCCGGCAGGA
ATTCCTGAGCAGCCTGGAAGGATTCGTGAACGTGCTGAGCGGCGCCCAGG
AAAGCCTGAAAGAAAAAGTGAACCTGCGGAAGTGCGACATCCTGGAACT

24-




WO 2017/205767 PCT/US2017/034723

GAAAACCCTGAAAGAGCCCACCGACTACCTGACCCTGGCCAACAACCCC
GAGACACTGGGCAAGATCGAGGACTGCATGAAAGTGTGGATCAAGCAGA
CCGAACAGGTGCTGGCCGAGAACAACCAGCTGCTGAAAGAAGCCGACGA
CGTGGGCCCAAGAGCCGAGCTGGAACACTGGAAGAAGCGGCTGAGCAAG
TTCAACTACCTGCTGGAACAGCTGAAGAGCCCCGACGTGAAGGCCGTGCT
GGCCGTGCTGGCAGCCGCCAAGAGCAAACTGCTGAAAACCTGGCGCGAG
ATGGACATCCGGATCACCGACGCCACCAACGAGGCCAAGGACAACGTGA
AGTACCTGTACACCCTGGAAAAGTGCTGCGACCCCCTGTACAGCAGCGAC
CCCCTGAGCATGATGGACGCCATCCCCACCCTGATCAACGCCATCAAGAT
GATCTACAGCATCAGCCACTACTACAACACCAGCGAGAAGATCACCAGC
CTGTTCGTGAAAGTGACCAACCAGATCATCAGCGCCTGCAAGGCCTACAT
CACCAACAACGGCACCGCCAGCATCTGGAACCAGCCCCAGGACGTGGTG
GAAGAGAAGATCCTGAGCGCCATCAAGCTGAAGCAGGAATACCAGCTGT
GCTTCCACAAGACCAAGCAGAAGCTGAAACAGAACCCCAACGCCAAGCA
GTTCGACTTCAGCGAGATGTACATCTTCGGCAAGTTCGAGACATTCCACC
GGCGGCTGGCCAAGATCATCGACATCTTCACCACCCTGAAAACATACAGC
GTGCTGCAGGACAGCACCATCGAGGGCCTGGAAGACATGGCCACCAAGT
ACCAGGGCATCGTGGCCACCATCAAGAAGAAAGAGTACAACTTCCTGGA
CCAGCGCAAGATGGACTTCGACCAGGACTACGAGGAATTCTGCAAGCAG
ACAAACGACCTGCACAACGAGCTGCGCAAGTTCATGGACGTGACCTTCGC
CAAGATCCAGAACACCAACCAGGCCCTGCGGATGCTGAAGAAGTTCGAG
AGACTGAACATCCCCAACCTGGGCATCGACGACAAGTACCAGCTGATCCT
GGAAAACTACGGCGCCGACATCGACATGATCAGCAAGCTGTACACAAAG
CAGAAGTACGACCCCCCCCTGGCCCGGAACCAGCCCCCCATCGCCGGCAA
AATCCTGTGGGCCAGACAGCTGTTCCACCGGATCCAGCAGCCCATGCAGC
TGTTCCAGCAGCACCCCGCCGTGCTGAGCACAGCCGAGGCCAAACCCATC
ATCCGGAGCTACAACCGGATGGCCAAGGTGCTGCTGGAATTCGAGGTGCT
GTTCCACCGGGCCTGGCTGCGGCAGATCGAAGAGATCCACGTGGGACTG
GAAGCCAGCCTGCTCGTGAAGGCCCCCGGAACCGGCGAGCTGTTCGTGA
ACTTCGACCCCCAGATCCTGATCCTGTTCCGGGAAACCGAGTGCATGGCC
CAGATGGGGCTGGAAGTGAGCCCCCTGGCCACCAGCCTGTTCCAGAAGC
GGGACCGGTACAAGCGGAACTTCAGCAACATGAAGATGATGCTGGCCGA
GTACCAGCGCGTGAAGAGCAAGATCCCCGCCGCCATCGAGCAGCTGATC
GTGCCCCACCTGGCCAAAGTGGACGAGGCCCTGCAGCCAGGACTGGCCG
CCCTGACATGGACCAGCCTGAACATCGAGGCCTACCTGGAAAACACATTC
GCCAAAATCAAGGACCTGGAACTGCTGCTGGACCGCGTGAACGACCTGA
TCGAGTTCCGGATCGACGCCATCCTGGAAGAGATGAGCAGCACCCCCCTG
TGCCAGCTGCCCCAGGAAGAACCCCTGACCTGCGAAGAGTTCCTGCAGAT
GACCAAGGACCTGTGCGTGAACGGCGCCCAGATCCTGCACTTCAAGAGC
AGCCTGGTGGAAGAAGCCGTGAACGAGCTCGTGAACATGCTGCTGGACG
TGGAAGTGCTGAGCGAGGAAGAGAGCGAGAAGATCAGCAACGAGAACA
GCGTGAACTACAAGAACGAGAGCAGCGCCAAGCGGGAAGAGGGCAACTT
CGACACCCTGACCAGCAGCATCAACGCCAGAGCCAACGCCCTGCTGCTGA
CCACCGTGACCCGGAAGAAAAAAGAAACCGAGATGCTGGGCGAAGAGGC
CAGAGAGCTGCTGAGCCACTTCAACCACCAGAACATGGACGCCCTGCTGA
AAGTGACACGGAACACCCTGGAAGCCATCCGGAAGCGGATCCACAGCAG
CCACACCATCAACTTCCGGGACAGCAACAGCGCCAGCAACATGAAGCAG
AACAGCCTGCCCATCTTCCGGGCCAGCGTGACACTGGCCATCCCCAACAT
CGTGATGGCCCCCGCCCTGGAAGACGTGCAGCAGACACTGAACAAGGCC
GTGGAATGCATCATCAGCGTGCCCAAGGGCGTGCGGCAGTGGAGCAGCG
AACTGCTGAGCAAGAAGAAGATCCAGGAACGGAAAATGGCCGCCCTGCA
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GAGCAACGAGGACAGCGACAGCGACGTGGAAATGGGCGAGAACGAGCT
GCAGGACACACTGGAAATCGCCAGCGTGAACCTGCCCATCCCCGTGCAG
ACCAAGAACTACTACAAGAACGTGAGCGAAAACAAAGAAATCGTGAAGC
TGGTGAGCGTGCTGAGCACCATCATCAACAGCACCAAGAAAGAAGTGAT
CACCAGCATGGACTGCTTCAAGCGGTACAACCACATCTGGCAGAAGGGC
AAAGAAGAGGCCATCAAGACCTTCATCACCCAGAGCCCCCTGCTGAGCG
AGTTCGAGAGCCAGATCCTGTACTTCCAGAACCTGGAACAGGAAATCAAC
GCCGAGCCCGAGTACGTGTGCGTGGGCAGCATCGCCCTGTACACCGCCGA
CCTGAAGTTCGCCCTGACCGCCGAGACAAAGGCCTGGATGGTCGTGATCG
GCCGGCACTGCAACAAAAAGTACAGAAGCGAGATGGAAAACATCTTCAT
GCTGATCGAGGAATTCAACAAGAAACTGAACCGGCCCATCAAGGACCTG
GACGACATCAGAATCGCCATGGCCGCACTGAAAGAGATCAGAGAGGAAC
AGATCAGCATCGACTTCCAAGTGGGCCCCATCGAGGAAAGCTACGCCCTG
CTGAACAGATACGGACTGCTGATCGCCCGGGAAGAGATCGACAAGGTGG
ACACCCTGCACTACGCCTGGGAGAAGCTGCTGGCCAGAGCCGGCGAGGT
GCAGAACAAACTGGTGAGCCTGCAGCCCAGCTTCAAGAAAGAACTGATC
AGCGCCGTGGAAGTGTTCCTGCAGGACTGCCACCAGTTCTACCTGGACTA
CGACCTGAACGGCCCCATGGCCAGCGGCCTGAAACCCCAGGAAGCCAGC
GACCGGCTGATCATGTTCCAGAACCAGTTCGACAACATCTACCGGAAGTA
CATCACCTACACAGGCGGCGAGGAACTGTTCGGCCTGCCCGCCACACAGT
ACCCCCAGCTGCTGGAAATCAAGAAGCAGCTGAACCTGCTGCAGAAGAT
CTACACCCTGTACAACAGCGTGATCGAGACAGTGAACAGCTACTACGACA
TCCTGTGGAGCGAAGTGAACATCGAGAAGATCAACAACGAACTGCTGGA
ATTCCAGAACCGGTGCCGGAAGCTGCCCAGAGCACTGAAGGACTGGCAG
GCCTTCCTGGACCTGAAGAAAATCATCGACGACTTCAGCGAGTGCTGCCC
CCTGCTGGAGTACATGGCCAGCAAGGCCATGATGGAACGGCACTGGGAG
AGAATCACCACACTGACCGGCCACAGCCTGGACGTGGGCAACGAGAGCT
TCAAGCTGCGGAACATCATGGAAGCCCCACTGCTGAAGTACAAAGAGGA
AATCGAGGACATCTGCATCAGCGCCGTGAAAGAGCGGGACATCGAGCAG
AAACTGAAACAAGTGATCAACGAGTGGGACAACAAGACCTTCACCTTCG
GCAGCTTCAAGACCAGAGGCGAGCTGCTGCTGCGGGGCGACAGCACCAG
CGAGATCATCGCCAACATGGAAGACAGCCTGATGCTGCTGGGCAGCCTGC
TGAGCAACCGGTACAACATGCCCTTCAAGGCCCAGATCCAGAAATGGGT
GCAGTACCTGAGCAACAGCACCGACATCATCGAGAGCTGGATGACCGTG
CAGAACCTGTGGATCTACCTGGAAGCCGTGTTCGTGGGCGGCGACATCGC
CAAGCAGCTGCCCAAAGAGGCCAAGCGGTTCAGCAACATCGACAAGAGC
TGGGTCAAGATCATGACCAGAGCCCACGAGGTGCCCAGCGTGGTGCAGT
GCTGCGTGGGCGACGAAACACTGGGACAGCTGCTGCCCCACCTGCTGGAC
CAGCTGGAAATCTGCCAGAAGAGCCTGACCGGCTACCTGGAAAAGAAAC
GGCTGTGCTTCCCCCGGTTCTTCTTCGTGAGCGACCCCGCCCTGCTGGAAA
TCCTGGGCCAGGCCAGCGACAGCCACACAATCCAGGCCCACCTGCTGAAC
GTGTTCGACAACATCAAGAGCGTGAAGTTCCACGAGAAAATCTACGACC
GGATCCTGAGCATCAGCAGCCAGGAAGGCGAGACAATCGAGCTGGACAA
GCCCGTGATGGCCGAGGGAAACGTGGAAGTGTGGCTGAACAGCCTGCTG
GAAGAGAGCCAGAGCAGCCTGCACCTCGTGATCAGACAGGCCGCCGCCA
ACATCCAGGAAACCGGCTTCCAGCTGACCGAGTTCCTGAGCAGCTTCCCA
GCACAAGTGGGACTGCTGGGCATCCAGATGATCTGGACCAGAGACAGCG
AAGAGGCCCTGAGAAACGCCAAGTTCGACAAGAAAATCATGCAGAAAAC
AAACCAGGCATTCCTGGAACTGCTGAACACCCTGATCGACGTGACCACCC
GGGACCTGAGCAGCACCGAGAGAGTGAAGTACGAGACACTGATCACCAT
CCACGTGCACCAGCGGGACATCTTCGACGACCTGTGCCACATGCACATCA
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AGAGCCCCATGGACTTCGAGTGGCTGAAGCAGTGCAGGTTCTACTTCAAC
GAGGACAGCGACAAGATGATGATCCACATCACCGACGTGGCCTTCATCTA
CCAGAACGAGTTCCTGGGCTGCACCGACCGCCTCGTGATCACCCCCCTGA
CCGACCGGTGCTACATCACACTGGCCCAGGCACTGGGCATGAGCATGGG
AGGCGCACCAGCAGGACCCGCCGGCACAGGCAAGACCGAAACCACCAAG
GACATGGGACGCTGCCTGGGCAAATACGTGGTGGTGTTCAACTGCAGCGA
CCAGATGGACTTCCGGGGCCTGGGCCGGATCTTCAAGGGCCTGGCACAGA
GCGGAAGCTGGGGCTGCTTCGACGAGTTCAACAGAATCGACCTGCCCGTG
CTGAGCGTGGCCGCACAGCAGATCAGCATCATCCTGACATGCAAAAAAG
AGCACAAGAAGAGCTTCATCTTCACCGACGGCGACAACGTGACCATGAA
CCCCGAGTTCGGCCTGTTCCTGACAATGAACCCCGGCTACGCCGGACGGC
AGGAACTGCCCGAGAACCTGAAGATCAACTTCCGGAGCGTGGCCATGAT
GGTGCCCGACCGGCAGATCATCATCAGAGTGAAACTGGCCAGCTGCGGCT
TCATCGACAACGTGGTGCTGGCCCGGAAGTTCTTCACACTGTACAAGCTG
TGCGAAGAACAGCTGAGCAAACAGGTGCACTACGACTTCGGCCTGAGGA
ACATCCTGAGCGTGCTGAGAACCCTGGGAGCCGCCAAGCGGGCCAACCC
CATGGACACCGAGAGCACAATCGTGATGCGGGTGCTGCGGGACATGAAC
CTGAGCAAGCTGATCGACGAGGACGAGCCCCTGTTCCTGAGCCTGATCGA
GGACCTGTTCCCCAACATCCTGCTGGACAAGGCCGGCTACCCCGAACTGG
AAGCCGCCATCAGCAGACAGGTGGAAGAGGCCGGCCTGATCAACCACCC
CCCCTGGAAACTGAAAGTGATCCAGCTGTTCGAGACACAGCGCGTGCGGC
ACGGCATGATGACACTGGGACCCAGCGGAGCCGGCAAGACCACCTGCAT
CCACACACTGATGCGGGCCATGACCGACTGCGGCAAGCCCCACCGCGAG
ATGCGGATGAAC
CCCAAGGCCATCACCGCCCCCCAGATGTTCGGCAGACTGGACGTGGCCAC
CAACGACTGGACCGACGGCATCTTCAGCACCCTGTGGCGCAAGACCCTGC
GGGCCAAGAAGGGCGAGCACATCTGGATCATCCTGGACGGCCCCGTGGA
CGCCATCTGGATCGAGAACCTGAACAGCGTGCTGGACGACAACAAGACA
CTGACCCTGGCCAACGGCGACCGGATCCCCATGGCCCCCAACTGCAAGAT
CATCTTCGAGCCCCACAACATCGACAACGCCAGCCCCGCCACCGTGAGCA
GAAACGGCATGGTGTTCATGAGCAGCAGCATCCTGGACTGGAGCCCCATC
CTGGAAGGCTTCCTGAAGAAGCGGAGCCCCCAGGAAGCCGAGATCCTGA
GACAGCTGTACACCGAGAGCTTCCCCGACCTGTACCGGTTCTGCATCCAG
AACCTGGAGTACAAGATGGAAGTGCTGGAAGCCTTCGTGATCACCCAGA
GCATCAACATGCTGCAGGGCCTGATCCCCCTGAAAGAACAGGGCGGAGA
AGTGAGCCAGGCCCACCTGGGCAGACTGTTCGTGTTCGCCCTGCTGTGGA
GCGCCGGCGCCGCCCTGGAACTGGACGGAAGGCGGAGACTGGAACTGTG
GCTGCGGAGCAGACCCACCGGCACCCTGGAACTGCCCCCACCAGCCGGA
CCCGGCGACACCGCCTTCGACTACTACGTGGCCCCCGACGGCACCTGGAC
CCACTGGAACACCCGGACCCAGGAATACCTGTACCCCAGCGACACCACCC
CCGAGTACGGCAGCATCCTGGTGCCCAACGTGGACAACGTGCGGACCGA
CTTCCTGATCCAGACAATCGCCAAGCAGGGAAAGGCCGTGCTGCTGATCG
GCGAGCAGGGCACAGCCAAGACCGTGATCATCAAGGGCTTCATGAGCAA
GTACGACCCCGAGTGCCACATGATCAAGAGCCTGAACTTCAGCAGCGCCA
CCACCCCACTGATGTTCCAGCGGACCATCGAGAGCTACGTGGACAAGCGG
ATGGGCACCACCTACGGCCCCCCAGCCGGCAAGAAAATGACCGTGTTCAT
CGACGACGTGAACATGCCCATCATCAACGAGTGGGGCGACCAAGTGACC
AACGAGATCGTGCGGCAGCTGATGGAACAGAACGGCTTCTACAACCTGG
AAAAGCCCGGCGAGTTCACCAGCATCGTGGACATCCAGTTCCTGGCCGCC
ATGATCCACCCCGGCGGCGGAAGAAACGACATCCCCCAGCGGCTGAAGC
GGCAGTTCAGCATCTTCAACTGCACCCTGCCCAGCGAGGCCAGCGTGGAC
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AAGATCTTCGGCGTGATCGGCGTGGGCCACTACTGCACCCAGAGAGGCTT
CAGCGAGGAAGTGCGGGACAGCGTGACCAAGCTGGTGCCCCTGACAAGA
CGGCTGTGGCAGATGACCAAGATCAAGATGCTGCCCACCCCCGCCAAGTT
CCACTACGTGTTCAACCTGCGGGACCTGAGCAGAGTGTGGCAGGGAATGC
TGAACACCACCAGCGAAGTGATCAAAGAGCCCAACGACCTGCTGAAGCT
GTGGAAGCACGAGTGCAAGAGAGTGATCGCCGACCGGTTCACCGTGAGC
AGCGACGTGACATGGTTCGACAAGGCCCTGGTGAGCCTGGTGGAAGAGG
AATTCGGCGAAGAGAAGAAACTGCTGGTGGACTGCGGCATCGACACCTA
CTTCGTGGACTTCCTGCGCGACGCCCCCGAAGCCGCCGGCGAGACAAGCG
AAGAGGCCGACGCCGAGACACCCAAGATCTACGAGCCCATCGAGAGCTT
CAGCCACCTGAAAGAAAGGCTGAACATGTTCCTGCAGCTGTACAACGAG
AGCATCCGGGGAGCCGGCATGGACATGGTGTTCTTCGCCGACGCCATGGT
GCACCTCGTGAAGATCAGCAGAGTGATCCGGACCCCCCAGGGCAACGCC
CTGCTCGTGGGAGTGGGAGGCAGCGGCAAGCAGAGCCTGACCAGACTGG
CCAGCTTCATCGCCGGCTACGTGAGCTTCCAGATCACCCTGACCCGGAGC
TACAACACCAGCAACCTGATGGAAGACCTGAAGGTGCTGTACCGGACAG
CCGGCCAGCAGGGGAAGGGCATCACCTTCATCTTCACCGACAACGAGATC
AAGGACGAGAGCTTCCTGGAGTACATGAACAACGTGCTGAGCAGCGGCG
AGGTGAGCAACCTGTTCGCCCGGGACGAGATCGACGAGATCAACAGCGA
CCTGGCCAGCGTGATGAAGAAAGAATTCCCCCGGTGCCTGCCCACAAACG
AGAACCTGCACGACTACTTCATGAGCAGAGTGCGGCAGAACCTGCACATC
GTGCTGTGCTTCAGCCCCGTGGGCGAGAAGTTCAGAAACCGGGCCCTGAA
GTTCCCCGCCCTGATCAGCGGCTGCACCATCGACTGGTTCAGCCGGTGGC
CCAAGGACGCCCTGGTGGCCGTGAGCGAGCACTTCCTGACCAGCTACGAC
ATCGACTGCAGCCTGGAAATCAAGAAAGAGGTGGTGCAGTGCATGGGCA
GCTTCCAGGACGGCGTGGCCGAGAAATGCGTGGACTACTTCCAGCGGTTC
CGGCGGAGCACCCACGTGACCCCCAAGAGCTACCTGAGCTTCATCCAGGG
CTACAAGTTCATCTACGGCGAGAAGCACGTGGAAGTGCGCACACTGGCC
AACCGGATGAACACCGGCCTGGAAAAACTGAAAGAGGCCAGCGAGAGCG
TGGCCGCCCTGAGCAAAGAACTGGAAGCCAAAGAAAAAGAACTGCAGGT
GGCCAACGACAAGGCCGACATGGTGCTGAAAGAAGTGACCATGAAGGCC
CAGGCCGCCGAGAAAGTGAAAGCCGAGGTGCAGAAAGTGAAGGACCGG
GCCCAGGCCATCGTGGACAGCATCAGCAAGGACAAGGCCATCGCCGAGG
AAAAGCTGGAAGCAGCCAAGCCCGCCCTGGAAGAGGCAGAAGCCGCCCT
GCAGACCATCCGGCCCAGCGACATCGCCACAGTGCGGACCCTGGGAAGG
CCCCCCCACCTGATCATGCGGATCATGGACTGCGTGCTGCTGCTGTTCCA
GAGAAAGGTGAGCGCCGTGAAGATCGACCTGGAAAAAAGCTGCACCATG
CCCAGCTGGCAGGAAAGCCTGAAGCTGATGACCGCCGGCAACTTCCTGCA
GAACCTGCAGCAGTTCCCCAAGGACACCATCAACGAGGAAGTGATCGAG
TTCCTGAGCCCCTACTTCGAGATGCCCGACTACAACATCGAAACCGCCAA
ACGCGTGTGCGGCAACGTGGCCGGACTGTGCAGCTGGACCAAGGCCATG
GCCAGCTTCTTCAGCATCAACAAAGAGGTGCTGCCCCTGAAGGCCAACCT
GGTGGTGCAGGAAAACCGGCACCTGCTGGCCATGCAGGACCTGCAGAAA
GCCCAGGCCGAGCTGGACGACAAGCAGGCCGAGCTGGACGTGGTGCAGG
CCGAGTACGAGCAGGCCATGACCGAGAAGCAGACCCTGCTGGAAGACGC
AGAGCGGTGCAGACACAAGATGCAGACCGCCAGCACCCTGATCAGCGGA
CTGGCCGGCGAAAAAGAGCGGTGGACCGAGCAGAGCCAGGAATTCGCCG
CCCAGACCAAGCGGCTCGTGGGAGACGTGCTGCTGGCCACCGCCTTCCTG
AGCTACAGCGGCCCCTTCAACCAGGAATTCAGGGACCTGCTGCTGAACGA
CTGGCGGAAAGAGATGAAGGCCAGAAAGATCCCCTTCGGCAAGAACCTG
AACCTGAGCGAGATGCTGATCGACGCCCCCACCATCAGCGAGTGGAACCT
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GCAGGGACTGCCCAACGACGACCTGAGCATCCAGAACGGAATCATCGTG
ACCAAAGCCAGCAGATACCCCCTGCTGATCGACCCCCAGACACAGGGCA
AGATCTGGATCAAGAACAAAGAGAGCCGGAACGAGCTGCAGATCACCAG
CCTGAACCACAAGTACTTCCGGAACCACCTGGAAGACAGCCTGAGCCTGG
GCAGGCCACTGCTGATCGAGGACGTGGGCGAGGAACTGGACCCAGCCCT
GGACAACGTGCTGGAACGGAACTTCATCAAGACCGGCAGCACCTTCAAA
GTGAAAGTGGGCGACAAAGAAGTGGACGTGCTGGACGGCTTCCGGCTGT
ACATCACCACCAAGCTGCCCAACCCCGCCTACACCCCCGAGATCAGCGCC
CGGACCAGCATCATCGACTTCACCGTGACAATGAAGGGACTGGAAGACC
AGCTGCTGGGACGCGTGATCCTGACAGAGAAGCAGGAACTGGAAAAAGA
ACGGACCCACCTGATGGAAGACGTGACCGCCAACAAGCGGCGGATGAAG
GAACTGGAAGACAACCTGCTGTACAGGCTGACCAGCACCCAGGGCAGCC
TGGTGGAAGACGAGAGCCTGATCGTGGTGCTGAGCAACACCAAGCGGAC
CGCAGAGGAAGTGACCCAGAAGCTGGAAATCAGCGCCGAGACAGAGGTG
CAGATCAACAGCGCCAGAGAAGAGTACCGGCCCGTGGCCACCCGGGGAA
GCATCCTGTACTTCCTGATCACCGAGATGCGGCTCGTGAACGAGATGTAC
CAGACCAGCCTGCGGCAGTTCCTGGGCCTGTTCGACCTGAGCCTGGCCAG
AAGCGTGAAGAGCCCCATCACCAGCAAGAGAATCGCCAACATCATCGAG
CACATGACCTACGAGGTGTACAAATACGCCGCCAGAGGCCTGTACGAGG
AACACAAGTTCCTGTTCACACTGCTGCTGACCCTGAAGATCGACATCCAG
CGGAACAGAGTGAAGCACGAAGAGTTCCTGACACTGATCAAGGGGGGAG
CCAGCCTGGACCTGAAGGCCTGCCCCCCCAAGCCCAGCAAGTGGATCCTG
GACATCACCTGGCTGAACCTGGTGGAACTGAGCAAGCTGAGACAGTTCA
GCGACGTGCTGGACCAGATCAGCCGCAACGAGAAGATGTGGAAGATCTG
GTTCGACAAAGAGAACCCCGAGGAAGAACCCCTGCCCAACGCCTACGAC
AAGAGCCTGGACTGCTTCCGGCGGCTGCTGCTGATCAGAAGCTGGTGCCC
CGACCGGACAATCGCCCAGGCCCGCAAGTACATCGTGGACAGCATGGGA
GAGAAGTACGCCGAGGGCGTGATCCTGGACCTGGAAAAGACCTGGGAGG
AAAGCGACCCCAGAACCCCCCTGATCTGCCTGCTGAGCATGGGCAGCGAC
CCCACCGACAGCATCATCGCCCTGGGCAAGAGACTGAAGATCGAGACAA
GATACGTGAGCATGGGCCAGGGCCAGGAAGTGCACGCCAGAAAGCTGCT
GCAGCAGACCATGGCCAACGGCGGCTGGGCCCTGCTGCAGAACTGCCAC
CTGGGGCTGGACTTCATGGACGAACTGATGGACATCATCATCGAGACAGA
GCTGGTGCACGACGCCTTCAGACTGTGGATGACCACCGAGGCCCACAAGC
AGTTCCCCATCACCCTGCTGCAGATGAGCATCAAGTTCGCCAACGACCCC
CCCCAGGGACTGAGAGCCGGCCTGAAGAGAACCTACAGCGGCGTGAGCC
AGGACCTGCTGGACGTGAGCAGCGGCAGCCAGTGGAAGCCCATGCTGTA
CGCCGTGGCATTCCTGCACAGCACCGTGCAGGAACGGCGGAAGTTCGGC
GCCCTGGGATGGAACATCCCCTACGAGTTCAACCAGGCCGACTTCAACGC
CACCGTGCAGTTCATCCAGAACCACCTGGACGACATGGACGTGAAGAAA
GGGGTGAGCTGGACAACCATCCGGTACATGATCGGAGAGATCCAGTACG
GCGGCAGAGTGACCGACGACTACGACAAGAGGCTGCTGAACACCTTCGC
CAAAGTGTGGTTCAGCGAGAACATGTTCGGCCCCGACTTCAGCTTCTACC
AGGGCTACAACATCCCCAAGTGCAGCACCGTGGACAACTACCTGCAGTAC
ATCCAGAGCCTGCCCGCCTACGACAGCCCCGAGGTGTTCGGACTGCACCC
CAACGCCGACATCACCTACCAGAGCAAACTGGCCAAGGACGTGCTGGAC
ACCATCCTGGGCATCCAGCCCAAGGACACCAGCGGCGGAGGCGACGAAA
CCCGGGAAGCAGTGGTGGCCAGACTGGCCGACGACATGCTGGAAAAGCT
GCCCCCCGACTACGTGCCCTTCGAAGTGAAAGAACGCCTGCAGAAGATG
GGCCCCTTCCAGCCCATGAACATCTTCCTGAGGCAGGAAATCGACCGGAT
GCAGCGGGTGCTGAGCCTCGTGCGGAGCACACTGACCGAGCTGAAACTG
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GCCATCGACGGCACCATCATCATGAGCGAGAACCTGCGGGACGCACTGG
ACTGCATGTTCGACGCCAGAATCCCCGCATGGTGGAAAAAGGCCAGCTG
GATCAGCAGCACCCTGGGCTTCTGGTTCACCGAACTGATCGAGAGAAACA
GCCAGTTCACCAGCTGGGTGTTCAACGGCAGACCCCACTGCTTCTGGATG
ACCGGCTTCTTCAACCCACAAGGCTTCCTGACAGCAATGCGCCAGGAAAT
CACCAGAGCCAACAAGGGCTGGGCCCTGGACAACATGGTGCTGTGCAAC
GAAGTGACCAAGTGGATGAAGGACGACATCAGCGCCCCCCCCACAGAGG
GCGTGTACGTGTACGGCCTGTACCTGGAAGGCGCCGGATGGGACAAGAG
AAACATGAAGCTGATCGAGAGCAAGCCCAAGGTGCTGTTCGAGCTGATG
CCCGTGATCAGGATCTACGCCGAGAACAACACCCTGAGGGACCCCCGGTT
CTACAGCTGCCCCATCTACAAGAAACCCGTGCGCACCGACCTGAACTACA
TCGCCGCCGTGGACCTGAGGACAGCCCAGACACCCGAGCACTGGGTGCT
GAGAGGCGTGGCACTGCTGTGCGACGTGAAGTGA (SEQ ID NO: 17)

DNAHS
Altered
Nucleotide

Usage 2

ATGTTCAGAATCGGCAGACGGCAGCTGTGGAAGCACAGCGTGACCAGAG
TGCTGACCCAGCGGCTGAAGGGCGAGAAAGAGGCCAAGAGAGCCCTGCT
GGACGCCCGGCACAATTACCTGTTTGCCATCGTGGCCAGCTGCCTGGACC
TGAACAAGACCGAGGTGGAAGATGCCATCCTGGAAGGCAACCAGATCGA
GCGGATCGACCAGCTGTTTGCCGTGGGCGGACTGCGGCACCTGATGTTCT
ATTATCAAGACGTGGAAGAGGCCGAGACAGGCCAGCTGGGATCTCTGGG
CGGAGTGAATCTGGTGTCCGGCAAGATCAAGAAACCCAAGGTGTTCGTG
ACCGAGGGCAACGACGTGGCCCTGACAGGCGTGTGCGTGTTCTTCATCAG
AACCGACCCCAGCAAGGCCATCACCCCCGACAACATCCACCAGGAAGTG
TCCTTCAACATGCTGGATGCCGCCGATGGCGGCCTGCTGAATTCTGTGCG
GAGACTGCTGAGCGACATCTTCATCCCCGCCCTGAGAGCCACATCTCACG
GCTGGGGAGAGCTGGAAGGACTGCAGGACGCCGCCAATATCCGGCAGGA
ATTTCTGAGCAGCCTGGAAGGATTCGTGAACGTGCTGTCTGGCGCCCAGG
AAAGCCTGAAAGAAAAAGTGAACCTGCGGAAGTGCGATATCCTGGAACT
GAAAACCCTGAAAGAGCCCACCGACTACCTGACCCTGGCCAACAACCCT
GAGACACTGGGCAAGATCGAGGACTGCATGAAAGTGTGGATCAAGCAGA
CCGAACAGGTGCTGGCCGAGAACAACCAGCTGCTGAAAGAAGCCGACGA
CGTGGGCCCAAGAGCCGAGCTGGAACACTGGAAGAAGCGGCTGAGCAAG
TTCAACTACCTGCTGGAACAGCTGAAGTCCCCCGACGTGAAGGCCGTGCT
GGCTGTGCTGGCAGCCGCCAAGAGCAAACTGCTGAAAACCTGGCGCGAG
ATGGACATCCGGATCACCGACGCCACCAACGAGGCCAAGGACAACGTGA
AGTACCTGTACACCCTGGAAAAGTGCTGCGACCCCCTGTACAGCAGCGAC
CCTCTGAGCATGATGGACGCCATCCCTACCCTGATCAACGCCATCAAGAT
GATCTACAGCATCAGCCACTACTACAACACCAGCGAGAAGATCACCAGC
CTGTTCGTGAAAGTGACCAATCAGATCATCAGCGCCTGCAAGGCCTACAT
CACCAACAACGGCACCGCCAGCATCTGGAACCAGCCCCAGGATGTGGTG
GAAGAGAAGATCCTGTCTGCCATCAAGCTGAAGCAGGAATACCAGCTGT
GTTTTCACAAGACCAAGCAGAAGCTGAAACAGAACCCCAACGCCAAGCA
GTTCGACTTCAGCGAGATGTATATCTTCGGCAAGTTCGAGACATTCCACC
GGCGGCTGGCCAAGATCATCGACATCTTTACCACCCTGAAAACATACAGC
GTGCTGCAGGACAGCACCATCGAGGGCCTGGAAGATATGGCCACCAAGT
ACCAGGGCATTGTGGCCACCATCAAGAAGAAAGAGTACAACTTCCTGGA
CCAGCGCAAGATGGACTTCGACCAGGACTACGAGGAATTCTGCAAGCAG
ACAAACGACCTGCACAACGAGCTGCGCAAGTTTATGGACGTGACCTTCGC
CAAGATCCAGAACACCAACCAGGCCCTGCGGATGCTGAAGAAGTTTGAG
AGACTGAACATCCCCAACCTGGGCATCGACGATAAGTACCAGCTGATCCT
GGAAAACTACGGCGCCGACATCGACATGATCAGCAAGCTGTACACAAAG
CAGAAGTACGACCCCCCCCTGGCCCGGAATCAGCCTCCTATCGCCGGCAA
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AATCCTGTGGGCTAGACAGCTGTTTCACCGGATCCAGCAGCCCATGCAGC
TGTTCCAGCAGCACCCTGCCGTGCTGAGCACAGCCGAGGCCAAACCCATC
ATCCGGTCCTACAACCGGATGGCCAAGGTGCTGCTGGAATTCGAGGTGCT
GTTCCACCGGGCCTGGCTGCGGCAGATCGAAGAGATTCACGTGGGACTGG
AAGCCAGCCTGCTCGTGAAGGCTCCTGGAACCGGCGAGCTGTTTGTGAAC
TTCGACCCCCAGATCCTGATCCTGTTCCGGGAAACCGAGTGCATGGCCCA
GATGGGGCTGGAAGTGTCTCCTCTGGCCACCTCCCTGTTCCAGAAGCGGG
ACCGGTACAAGCGGAACTTCAGCAACATGAAGATGATGCTGGCTGAGTA
CCAGCGCGTGAAGTCCAAGATCCCCGCTGCCATCGAGCAGCTGATCGTGC
CTCACCTGGCCAAAGTGGACGAGGCCCTGCAGCCAGGACTGGCCGCTCTG
ACATGGACCAGCCTGAACATCGAGGCCTATCTGGAAAACACATTCGCCAA
AATCAAGGATCTGGAACTGCTGCTGGACCGCGTGAACGACCTGATCGAGT
TCCGGATCGACGCCATTCTGGAAGAGATGTCCAGCACCCCCCTGTGTCAG
CTGCCCCAGGAAGAACCCCTGACCTGCGAAGAGTTCCTGCAGATGACCAA
GGACCTGTGCGTGAACGGCGCCCAGATTCTGCACTTCAAGTCCAGCCTGG
TGGAAGAAGCCGTGAACGAGCTCGTGAATATGCTGCTGGATGTGGAAGT
GCTGAGCGAGGAAGAGTCCGAGAAGATCTCCAACGAGAACAGCGTGAAC
TACAAGAACGAGTCCAGCGCCAAGCGGGAAGAGGGCAACTTCGACACCC
TGACCAGCTCCATCAATGCCAGAGCCAACGCCCTGCTGCTGACCACCGTG
ACCCGGAAGAAAAAAGAAACCGAGATGCTGGGCGAAGAGGCTAGAGAG
CTGCTGTCCCACTTCAACCACCAGAACATGGATGCCCTGCTGAAAGTGAC
ACGGAATACCCTGGAAGCCATCCGGAAGCGGATCCACAGCAGCCACACC
ATCAACTTCCGGGACAGCAACAGCGCCAGCAATATGAAGCAGAACAGCC
TGCCCATCTTCCGGGCCTCCGTGACACTGGCCATCCCCAATATCGTGATG
GCCCCTGCTCTGGAAGATGTGCAGCAGACACTGAACAAGGCCGTGGAAT
GCATCATCTCCGTGCCCAAGGGCGTGCGGCAGTGGTCTAGCGAACTGCTG
TCCAAGAAGAAGATCCAGGAACGGAAAATGGCCGCCCTGCAGTCTAACG
AGGACAGCGACTCCGACGTGGAAATGGGCGAGAATGAGCTGCAGGATAC
ACTGGAAATCGCCTCTGTGAATCTGCCCATCCCCGTGCAGACCAAGAACT
ACTATAAGAACGTGTCCGAAAACAAAGAAATCGTGAAGCTGGTGTCTGT
GCTGTCCACCATCATCAACAGCACCAAGAAAGAAGTGATCACCTCCATGG
ACTGCTTCAAGCGGTACAACCACATCTGGCAGAAGGGCAAAGAAGAGGC
CATTAAGACCTTCATCACCCAGAGCCCCCTGCTGTCCGAGTTCGAGTCTC
AGATCCTGTACTTCCAGAACCTGGAACAGGAAATCAACGCCGAGCCCGA
GTACGTGTGTGTGGGCTCTATCGCCCTGTATACCGCCGACCTGAAGTTCG
CCCTGACCGCCGAGACAAAGGCCTGGATGGTCGTGATCGGCCGGCACTGC
AACAAAAAGTACAGATCCGAGATGGAAAACATCTTTATGCTGATTGAGG
AATTCAACAAGAAACTGAACCGGCCCATTAAGGACCTGGACGACATCAG
AATCGCCATGGCCGCACTGAAAGAGATCAGAGAGGAACAGATCAGCATC
GACTTCCAAGTGGGCCCCATCGAGGAAAGCTACGCTCTGCTGAACAGATA
CGGACTGCTGATCGCCCGGGAAGAGATCGACAAGGTGGACACCCTGCAC
TACGCCTGGGAGAAGCTGCTGGCTAGAGCCGGCGAGGTGCAGAACAAAC
TGGTGTCTCTGCAGCCCAGCTTTAAGAAAGAACTGATCTCCGCCGTGGAA
GTGTTTCTGCAGGACTGCCACCAGTTCTACCTGGACTACGACCTGAACGG
CCCCATGGCCTCTGGCCTGAAACCTCAGGAAGCCTCCGACCGGCTGATTA
TGTTTCAGAACCAGTTCGACAATATCTACCGGAAGTACATCACCTACACA
GGCGGCGAGGAACTGTTCGGCCTGCCTGCCACACAGTACCCCCAGCTGCT
GGAAATCAAGAAGCAGCTGAACCTGCTGCAGAAGATCTACACCCTGTAC
AACTCCGTGATCGAGACAGTGAACAGCTACTACGACATCCTGTGGAGCGA
AGTGAACATTGAGAAGATTAACAATGAACTGCTGGAATTTCAGAACCGGT
GCCGGAAGCTGCCCAGAGCACTGAAGGATTGGCAGGCCTTTCTGGATCTG
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AAGAAAATCATCGACGACTTCTCCGAGTGCTGCCCTCTGCTGGAGTACAT
GGCCTCCAAGGCCATGATGGAACGGCACTGGGAGAGAATCACCACACTG
ACCGGCCACAGCCTGGACGTGGGCAACGAGAGCTTCAAGCTGCGGAACA
TCATGGAAGCCCCACTGCTGAAGTACAAAGAGGAAATCGAGGACATCTG
TATCAGCGCCGTGAAAGAGCGGGATATCGAGCAGAAACTGAAACAAGTG
ATCAACGAGTGGGACAACAAGACCTTTACCTTCGGCAGCTTCAAGACCAG
AGGCGAGCTGCTGCTGCGGGGCGATAGCACCTCTGAGATCATTGCCAACA
TGGAAGATAGCCTGATGCTGCTGGGCTCCCTGCTGAGCAACCGGTATAAC
ATGCCCTTCAAGGCTCAGATTCAGAAATGGGTGCAGTACCTGAGCAACTC
CACCGACATCATCGAGTCCTGGATGACCGTGCAGAACCTGTGGATCTACC
TGGAAGCCGTGTTCGTGGGCGGCGACATTGCCAAGCAGCTGCCCAAAGA
GGCTAAGCGGTTCTCCAACATCGACAAGAGCTGGGTCAAGATCATGACCA
GAGCCCACGAGGTGCCCAGCGTGGTGCAGTGCTGTGTGGGCGACGAAAC
ACTGGGACAGCTGCTGCCTCATCTGCTGGACCAGCTGGAAATCTGCCAGA
AGTCCCTGACCGGCTACCTGGAAAAGAAACGGCTGTGTTTCCCCCGGTTC
TTCTTCGTGTCCGACCCCGCCCTGCTGGAAATTCTGGGCCAGGCCAGCGA
CTCACACACAATTCAGGCCCATCTGCTGAATGTGTTCGATAACATCAAGA
GCGTGAAGTTCCACGAGAAAATCTACGACCGGATCCTGAGCATCAGCTCC
CAGGAAGGCGAGACAATCGAGCTGGACAAGCCTGTGATGGCCGAGGGAA
ACGTGGAAGTGTGGCTGAACAGCCTGCTGGAAGAGTCCCAGAGCAGCCT
GCACCTCGTGATCAGACAGGCCGCTGCCAACATCCAGGAAACCGGCTTTC
AGCTGACCGAGTTCCTGTCCAGCTTCCCAGCACAAGTGGGACTGCTGGGC
ATCCAGATGATTTGGACCAGAGACTCCGAAGAGGCCCTGAGAAACGCCA
AGTTCGATAAGAAAATTATGCAGAAAACAAATCAGGCATTTCTGGAACTG
CTGAACACCCTGATCGACGTGACCACCCGGGACCTGAGCAGCACCGAGA
GAGTGAAGTACGAGACACTGATCACCATCCACGTGCACCAGCGGGACAT
CTTCGACGACCTGTGCCACATGCACATCAAGTCTCCCATGGATTTCGAGT
GGCTGAAGCAGTGCAGGTTCTACTTCAACGAGGACTCCGACAAGATGATG
ATCCACATCACCGATGTGGCCTTTATCTATCAGAATGAGTTCCTGGGCTGT
ACCGATCGCCTCGTGATTACCCCCCTGACCGACCGGTGTTACATCACACT
GGCCCAGGCACTGGGCATGTCTATGGGAGGCGCACCAGCAGGACCTGCC
GGCACAGGCAAGACCGAAACCACCAAGGACATGGGACGCTGCCTGGGCA
AATACGTGGTGGTGTTCAACTGCAGCGACCAGATGGATTTCCGGGGCCTG
GGCCGGATCTTTAAGGGCCTGGCACAGAGCGGAAGCTGGGGCTGCTTCG
ACGAGTTCAACAGAATCGACCTGCCCGTGCTGTCCGTGGCCGCACAGCAG
ATCTCCATCATCCTGACATGCAAAAAAGAGCACAAGAAGTCCTTCATCTT
CACCGACGGCGACAATGTGACCATGAACCCCGAGTTTGGCCTGTTCCTGA
CAATGAACCCTGGCTACGCCGGACGGCAGGAACTGCCCGAGAACCTGAA
GATCAACTTTCGGAGTGTGGCTATGATGGTGCCCGACCGGCAGATCATTA
TCAGAGTGAAACTGGCCTCCTGCGGCTTCATCGACAACGTGGTGCTGGCT
CGGAAGTTCTTCACACTGTACAAGCTGTGCGAAGAACAGCTGAGTAAACA
GGTGCACTACGACTTCGGCCTGAGGAACATCCTGAGCGTGCTGAGAACTC
TGGGAGCCGCTAAGCGGGCCAACCCCATGGATACCGAGAGCACAATCGT
GATGCGGGTGCTGCGGGACATGAACCTGTCCAAGCTGATCGATGAGGAC
GAGCCCCTGTTTCTGTCTCTGATCGAGGATCTGTTTCCCAACATTCTGCTG
GATAAGGCCGGCTACCCCGAACTGGAAGCTGCTATCAGCAGACAGGTGG
AAGAGGCTGGCCTGATCAACCACCCCCCCTGGAAACTGAAAGTGATCCA
GCTGTTCGAGACACAGCGCGTGCGGCACGGCATGATGACACTGGGACCT
AGCGGAGCCGGCAAGACCACCTGTATCCACACACTGATGCGGGCCATGA
CCGATTGCGGCAAGCCCCACCGCGAGATGCGGATGAAC
CCCAAGGCCATTACCGCCCCTCAGATGTTCGGCAGACTGGACGTGGCCAC
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CAACGACTGGACCGACGGCATCTTCAGCACCCTGTGGCGCAAGACCCTGC
GGGCCAAGAAGGGCGAGCACATCTGGATCATCCTGGACGGCCCCGTGGA
CGCCATCTGGATTGAGAACCTGAACAGCGTGCTGGACGACAACAAGACA
CTGACCCTGGCCAACGGCGACCGGATCCCCATGGCCCCCAACTGCAAGAT
CATCTTCGAGCCCCACAACATCGACAACGCCAGCCCTGCCACCGTGTCCA
GAAACGGCATGGTGTTCATGAGCAGCAGCATCCTGGATTGGAGCCCTATC
CTGGAAGGCTTCCTGAAGAAGCGGAGCCCCCAGGAAGCCGAGATCCTGA
GACAGCTGTACACCGAGAGCTTCCCCGACCTGTACCGGTTCTGCATCCAG
AATCTGGAGTACAAGATGGAAGTGCTGGAAGCCTTTGTGATCACCCAGAG
CATCAACATGCTGCAGGGCCTGATCCCCCTGAAAGAACAGGGCGGAGAA
GTGTCCCAGGCCCACCTGGGCAGACTGTTCGTGTTTGCCCTGCTGTGGAG
CGCTGGCGCCGCTCTGGAACTGGATGGAAGGCGGAGACTGGAACTGTGG
CTGCGGAGCAGACCTACCGGCACCCTGGAACTGCCTCCACCAGCTGGACC
TGGCGACACCGCCTTCGATTACTACGTGGCCCCTGACGGCACCTGGACCC
ACTGGAATACCCGGACCCAGGAATACCTGTACCCCAGCGACACCACCCCC
GAGTACGGCTCTATCCTGGTGCCCAACGTGGACAACGTGCGGACCGACTT
CCTGATCCAGACAATCGCCAAGCAGGGAAAGGCCGTGCTGCTGATCGGC
GAGCAGGGCACAGCCAAGACCGTGATCATCAAGGGCTTTATGTCTAAGTA
CGACCCCGAGTGCCACATGATCAAGAGCCTGAACTTCAGCTCCGCCACCA
CCCCACTGATGTTCCAGCGGACCATCGAGAGCTATGTGGACAAGCGGATG
GGCACCACCTACGGCCCTCCAGCCGGCAAGAAAATGACCGTGTTCATCGA
CGACGTGAACATGCCCATCATCAACGAGTGGGGCGACCAAGTGACCAAC
GAGATCGTGCGGCAGCTGATGGAACAGAACGGCTTCTACAACCTGGAAA
AGCCCGGCGAGTTCACCTCTATCGTGGACATCCAGTTTCTGGCCGCCATG
ATCCACCCTGGCGGCGGAAGAAACGACATCCCCCAGCGGCTGAAGCGGC
AGTTCAGCATCTTCAACTGCACCCTGCCCAGCGAGGCCAGCGTGGACAAG
ATCTTTGGCGTGATCGGCGTGGGCCACTACTGCACCCAGAGAGGCTTCAG
CGAGGAAGTGCGGGACAGCGTGACCAAGCTGGTGCCTCTGACAAGACGG
CTGTGGCAGATGACCAAGATCAAGATGCTGCCCACCCCCGCCAAGTTCCA
CTACGTGTTCAACCTGCGGGACCTGAGCAGAGTGTGGCAGGGAATGCTGA
ACACCACCAGCGAAGTGATCAAAGAGCCCAACGACCTGCTGAAGCTGTG
GAAGCACGAGTGCAAGAGAGTGATCGCCGACCGGTTCACCGTGTCTAGC
GACGTGACATGGTTCGACAAGGCCCTGGTGTCCCTGGTGGAAGAGGAATT
CGGCGAAGAGAAGAAACTGCTGGTGGACTGCGGCATCGATACCTACTTC
GTGGACTTCCTGCGCGACGCCCCTGAAGCCGCTGGCGAGACAAGTGAAG
AGGCCGACGCCGAGACACCCAAGATCTACGAGCCCATCGAGTCCTTCAGC
CATCTGAAAGAAAGGCTGAATATGTTCCTGCAGCTGTATAACGAGTCCAT
CCGGGGAGCCGGCATGGATATGGTGTTCTTTGCCGACGCCATGGTGCACC
TCGTGAAGATCAGCAGAGTGATCCGGACCCCCCAGGGCAACGCTCTGCTC
GTGGGAGTGGGAGGCTCTGGCAAGCAGAGCCTGACCAGACTGGCCAGCT
TTATCGCCGGCTACGTGTCCTTCCAGATCACCCTGACCCGGTCCTACAACA
CCAGCAACCTGATGGAAGATCTGAAGGTGCTGTACCGGACAGCCGGCCA
GCAGGGGAAGGGCATCACCTTCATCTTCACCGACAATGAGATCAAGGAC
GAGTCTTTCCTGGAGTATATGAACAATGTGCTGAGCAGCGGCGAGGTGTC
CAACCTGTTCGCCCGGGACGAGATCGACGAGATTAACAGCGACCTGGCCT
CCGTGATGAAGAAAGAATTCCCCCGGTGCCTGCCCACAAACGAGAACCT
GCACGACTACTTCATGTCCAGAGTGCGGCAGAATCTGCACATCGTGCTGT
GCTTCAGCCCCGTGGGCGAGAAGTTCAGAAACCGGGCCCTGAAGTTCCCC
GCCCTGATCAGCGGCTGCACCATCGACTGGTTCAGCCGGTGGCCTAAGGA
TGCCCTGGTGGCCGTGTCCGAGCACTTTCTGACCAGCTACGACATCGACT
GCAGCCTGGAAATCAAGAAAGAGGTGGTGCAGTGCATGGGCAGCTTCCA
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GGACGGCGTGGCCGAGAAATGCGTGGACTACTTCCAGCGGTTCCGGCGG
AGCACCCACGTGACCCCTAAGAGCTACCTGAGCTTCATCCAGGGCTACAA
GTTCATCTACGGCGAGAAGCACGTGGAAGTGCGCACACTGGCCAACCGG
ATGAACACCGGCCTGGAAAAACTGAAAGAGGCCTCCGAGAGCGTGGCCG
CCCTGAGCAAAGAACTGGAAGCCAAAGAAAAAGAACTGCAGGTGGCCAA
CGATAAGGCCGACATGGTGCTGAAAGAAGTGACCATGAAGGCCCAGGCC
GCCGAGAAAGTGAAAGCCGAGGTGCAGAAAGTGAAGGACCGGGCCCAG
GCCATCGTGGACTCCATCAGCAAGGACAAGGCCATTGCCGAGGAAAAGC
TGGAAGCAGCCAAGCCCGCCCTGGAAGAGGCAGAAGCTGCTCTGCAGAC
CATCCGGCCCTCCGATATTGCCACAGTGCGGACCCTGGGAAGGCCCCCTC
ACCTGATCATGCGGATCATGGACTGTGTGCTGCTGCTGTTCCAGAGAAAG
GTGTCCGCCGTGAAGATCGACCTGGAAAAATCCTGCACCATGCCTAGCTG
GCAGGAATCCCTGAAGCTGATGACCGCCGGCAACTTCCTGCAGAACCTGC
AGCAGTTCCCCAAGGACACCATCAATGAGGAAGTGATCGAGTTCCTGAGC
CCCTACTTCGAGATGCCCGACTACAATATCGAAACCGCCAAACGCGTGTG
CGGCAACGTGGCCGGACTGTGCTCTTGGACCAAGGCTATGGCTAGCTTCT
TTAGCATTAACAAAGAGGTGCTGCCTCTGAAGGCCAACCTGGTGGTGCAG
GAAAACCGGCATCTGCTGGCCATGCAGGACCTGCAGAAAGCCCAGGCCG
AGCTGGACGATAAGCAGGCTGAGCTGGATGTGGTGCAGGCCGAGTACGA
GCAGGCCATGACCGAGAAGCAGACCCTGCTGGAAGATGCAGAGCGGTGC
AGACACAAGATGCAGACCGCCAGCACCCTGATCTCTGGACTGGCCGGCG
AAAAAGAGCGGTGGACCGAGCAGTCCCAGGAATTCGCCGCCCAGACCAA
GCGGCTCGTGGGAGATGTGCTGCTGGCCACCGCCTTTCTGAGCTACAGCG
GCCCCTTCAATCAGGAATTCAGGGACCTGCTGCTGAACGACTGGCGGAAA
GAGATGAAGGCCAGAAAGATCCCCTTCGGCAAGAATCTGAACCTGAGCG
AGATGCTGATCGACGCCCCCACCATCTCCGAGTGGAATCTGCAGGGACTG
CCCAACGATGACCTGTCCATCCAGAACGGAATCATCGTGACCAAAGCCTC
CAGATACCCCCTGCTGATTGACCCCCAGACACAGGGCAAGATTTGGATCA
AGAACAAAGAGAGCCGGAACGAGCTGCAGATCACCAGCCTGAACCACAA
GTACTTCCGGAACCACCTGGAAGATAGCCTGAGCCTGGGCAGGCCACTGC
TGATCGAGGATGTGGGCGAGGAACTGGACCCAGCCCTGGATAACGTGCT
GGAACGGAACTTCATCAAGACCGGCTCCACCTTCAAAGTGAAAGTGGGC
GACAAAGAAGTGGACGTGCTGGATGGCTTCCGGCTGTACATCACCACCAA
GCTGCCTAACCCCGCCTACACCCCTGAGATCAGCGCCCGGACCAGCATCA
TCGACTTCACCGTGACAATGAAGGGACTGGAAGATCAGCTGCTGGGACG
CGTGATCCTGACAGAGAAGCAGGAACTGGAAAAAGAACGGACCCATCTG
ATGGAAGATGTGACCGCCAACAAGCGGCGGATGAAGGAACTGGAAGATA
ACCTGCTGTACAGGCTGACCAGCACCCAGGGCAGTCTGGTGGAAGATGA
GAGCCTGATCGTGGTGCTGTCCAACACCAAGCGGACCGCAGAGGAAGTG
ACCCAGAAGCTGGAAATCAGCGCCGAGACAGAGGTGCAGATCAACAGCG
CCAGAGAAGAGTACCGGCCTGTGGCCACCCGGGGATCCATCCTGTACTTT
CTGATCACCGAGATGCGGCTCGTGAACGAGATGTACCAGACCAGCCTGCG
GCAGTTCCTGGGCCTGTTCGATCTGTCCCTGGCCAGAAGCGTGAAGTCCC
CCATCACCAGCAAGAGAATCGCCAACATCATCGAGCACATGACCTACGA
GGTGTACAAATACGCCGCCAGAGGCCTGTACGAGGAACACAAGTTTCTGT
TCACACTGCTGCTGACCCTGAAGATCGATATCCAGCGGAACAGAGTGAAG
CACGAAGAGTTTCTGACACTGATCAAGGGGGGAGCCTCCCTGGACCTGAA
GGCCTGTCCTCCCAAGCCCAGCAAGTGGATCCTGGACATCACCTGGCTGA
ATCTGGTGGAACTGAGCAAGCTGAGACAGTTCTCCGATGTGCTGGACCAG
ATCAGCCGCAACGAGAAGATGTGGAAGATTTGGTTTGACAAAGAGAACC
CCGAGGAAGAACCCCTGCCTAACGCCTACGATAAGAGCCTGGACTGCTTC
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CGGCGGCTGCTGCTGATTAGAAGCTGGTGTCCCGACCGGACAATCGCCCA
GGCCCGCAAGTACATCGTGGATAGCATGGGAGAGAAGTACGCCGAGGGC
GTGATCCTGGACCTGGAAAAGACCTGGGAGGAAAGCGACCCCAGAACCC
CCCTGATCTGCCTGCTGAGCATGGGCTCCGACCCCACCGACAGCATTATC
GCCCTGGGCAAGAGACTGAAGATTGAGACAAGATACGTGTCCATGGGCC
AGGGCCAGGAAGTGCACGCTAGAAAGCTGCTGCAGCAGACTATGGCCAA
TGGCGGCTGGGCCCTGCTGCAGAATTGTCACCTGGGGCTGGACTTCATGG
ACGAACTGATGGACATCATCATTGAGACAGAGCTGGTGCACGACGCCTTC
AGACTGTGGATGACCACCGAGGCCCATAAGCAGTTTCCCATTACCCTGCT
GCAGATGAGCATCAAGTTCGCCAACGACCCCCCTCAGGGACTGAGAGCC
GGCCTGAAGAGAACCTACTCCGGCGTGTCACAGGATCTGCTGGACGTGTC
CTCTGGCAGCCAGTGGAAGCCTATGCTGTACGCCGTGGCATTCCTGCACA
GCACCGTGCAGGAACGGCGGAAGTTTGGCGCCCTGGGATGGAACATCCC
CTACGAGTTTAACCAGGCCGACTTCAACGCCACTGTGCAGTTTATCCAGA
ACCATCTGGACGACATGGACGTGAAGAAAGGGGTGTCCTGGACAACCAT
CCGGTACATGATCGGAGAGATCCAGTACGGCGGCAGAGTGACCGACGAC
TACGACAAGAGGCTGCTGAATACCTTCGCCAAAGTGTGGTTCTCCGAGAA
CATGTTTGGCCCCGACTTCAGCTTTTACCAGGGCTATAACATCCCCAAGTG
CTCCACCGTGGATAACTACCTGCAGTACATCCAGAGCCTGCCCGCCTACG
ACAGCCCTGAGGTGTTCGGACTGCACCCCAACGCCGATATCACCTACCAG
AGCAAACTGGCCAAGGATGTGCTGGATACCATCCTGGGCATCCAGCCCAA
GGATACCAGTGGCGGAGGCGACGAAACCCGGGAAGCAGTGGTGGCTAGA
CTGGCCGACGACATGCTGGAAAAGCTGCCCCCCGACTACGTGCCCTTTGA
AGTGAAAGAACGCCTGCAGAAGATGGGCCCCTTCCAGCCTATGAACATCT
TCCTGAGGCAGGAAATCGACCGGATGCAGCGGGTGCTGTCTCTCGTGCGG
AGCACACTGACCGAGCTGAAACTGGCTATCGACGGCACCATCATCATGAG
CGAGAATCTGCGGGATGCACTGGACTGCATGTTCGACGCCAGAATCCCCG
CATGGTGGAAAAAGGCCAGCTGGATCAGCTCTACCCTGGGCTTCTGGTTC
ACCGAACTGATCGAGAGAAACAGCCAGTTTACCAGCTGGGTGTTCAACG
GCAGACCTCACTGCTTCTGGATGACCGGCTTCTTCAATCCACAAGGCTTTC
TGACAGCAATGCGCCAGGAAATCACCAGAGCCAACAAGGGCTGGGCTCT
GGACAATATGGTGCTGTGTAACGAAGTGACTAAGTGGATGAAGGACGAC
ATCAGCGCCCCTCCCACAGAGGGCGTGTACGTGTACGGCCTGTACCTGGA
AGGCGCCGGATGGGACAAGAGAAACATGAAGCTGATCGAGAGCAAGCCC
AAGGTGCTGTTCGAGCTGATGCCCGTGATCAGGATCTATGCCGAGAACAA
CACCCTGAGGGACCCCCGGTTCTACAGCTGCCCCATCTACAAGAAACCCG
TGCGCACCGACCTGAACTATATCGCCGCCGTGGACCTGAGGACAGCCCAG
ACACCTGAGCATTGGGTGCTGAGAGGCGTGGCACTGCTGTGCGACGTGAA
GTGA (SEQ ID NO: 18)

Nucleic Acid Constructs, Vectors, and Engineered Polyribonucleotides

[0099] The present disclosure provides nucleic acid molecules, such as polynucleotides, which
encode one or more polypeptides of interest. The term nucleic acid includes any compound
and/or substance that comprise a polymer of nucleotides. Nucleotide polymers that contain
greater than 50% of ribose bases or ribonucleotide analogues are referred to as
polyribonucleotides. Nucleotide polymers may use altered nucleotide usage that encode a protein

or functional fragment thereof, such as DNAI1 or DNAHS. The sequence of the engineered
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polynucleotides can be derived from, for example, DNA, RNA, mRNA transcripts, genomic
DNA, mitochondrial DNA, mitochondrial RNA, or another suitable nucleic acid that comprises
the genetic information of a gene of interest. The nucleic acid constructs, vectors, engineered
polyribonucleotides, or compositions can be derived from nucleic acids carrying mutated genes
and polymorphisms.

[00100] In addition to the four canonical ribonucleotides, namely, adenosine, guanosine,
cytidine and uridine, several cellular RNAs also contain a number of structurally diverse
ribonucleotides. About a hundred structurally different nucleotides or nucleotide analogues have
been identified in transfer RNAs (tRNAs), ribosomal RNAs (rRNAs), messenger RNAs
(mRNAs) and small nuclear RNAs (snRNAs). In tRNAs, some nucleotides can be important
determinants of the specificity and efficiency of aminoacylation and codon recognition. Such
structurally diverse ribonucleotides can be a modified ribonucleotide or a nucleotide analogue. In
some cases, a polynucleotide of the disclosure is engineered to comprise a ribonucleotide
analogue.

[00101] In some cases, a nucleic acid construct, a vector, or a polynucleotide is engineered
to contain the four classical ribonucleotides and can be modified post-transcriptionally, after
being administered to a subject. For instance, in some cases the disclosure provides a
composition, vector, or a nucleic acid construct comprising a nucleic acid construct encoding
dynein axonemal intermediate chain 1, wherein fewer than 30% of the nucleic acids encoding
dynein axonemal intermediate chain 1 are nucleotide analogues. In other cases, fewer than
27.5%, fewer than 25%, fewer than 22.5%, fewer than 20%, fewer than 17.5%, fewer than 15%,
fewer than 12.5%, fewer than 10%, fewer than 7.5%, fewer than 5%, or fewer than 2.5% of the
nucleotides encoding dynein axonemal intermediate chain 1 are nucleotide analogues.

[00102] Exemplary nucleic acids that can form a polynucleotide of the disclosure include,
but are not limited to, ribonucleic acids (RNAs), deoxyribonucleic acids (DNAs), or hybrids
thereof. Exemplary modified nucleotides that can form at least a fraction of a polynucleotide of
the disclosure include, but are not limited to, pseudouridine () and 1-methylpseudouridine
(m"\P).

[00103] A chemical modification can be located on one or more nucleoside(s) or the
backbone of the nucleic acid molecule. They can be located on both a nucleoside and a backbone
linkage. A modification can be engineered into a polynucleotide in vifro. Modified
ribonucleotides and nucleic acid analogues can also be introduced post-transcriptionally by

covalent modification of the classical ribonucleotides.
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[00104] A nucleic acid construct, a vector, or an engineered polyribonucleotide of the
disclosure can comprise purine and pyrimidine analogues. In some cases, a polyribonucleotide of
the disclosure comprises a modified pyrimidine, such as a modified uridine. In some cases a
uridine analogue is selected from pseudouridine (¥), 1-methylpseudouridine (m"P), 2-
thiouridine (s*U), 5-methyluridine (m’U), 5-methoxyuridine (mo’U), 4-thiouridine (s*U), 5-
bromouridine (Br’U), 2’ O-methyluridine (U2'm), 2"-amino-2"-deoxyuridine (U2'NH,), 2'-
azido-2'-deoxyuridine (U2'N3), and 2'-fluoro-2'-deoxyuridine (U2F).

[00105] In some instances, the nucleic acid construct(s), vector(s), engineered
polyribonucleotide(s), or composition(s) encodes dynein axonemal intermediate chain 1 protein
or a variant thereof at a level that is increased by a factor of at least about 1.5 as compared to
levels within cells exposed to a composition comprising a nucleic acid construct that does not
include the codons encoding dynein axonemal intermediate chain 1 protein or a variant thereof.
In some cases, the factor is at least about 1.1, at least about 1.2, at least about 1.3, at least about
1.4, at least about 1.5, at least about 2, at least about 3, at least about 4, at least about 5, at least
about 10, at least about 20, at least about 30, at least about 40, at least about 50, at least about 60,
at least about 70, at least about 80, at least about 90, or at least about 100.

[00106] A polyribonucleotide can have the same or a mixture of different nucleotide
analogues or modified nucleotides. The nucleotide analogues or modified nucleotides can have
structural changes that are naturally or not naturally occurring in messenger RNA. A mixture of
various analogues or modified nucleotides can be used. For example one or more analogues
within a polynucleotide can have natural modifications, while another part has modifications that
are not naturally found in mRNA. Additionally, some analogues or modified ribonucleotides can
have a base modification, while other modified ribonucleotides have a sugar modification. In the
same way, it is possible that all modifications are base modifications or all modifications are
sugar modifications or any suitable mixture thereof.

[00107] A nucleotide analogue or modified nucleotide can be selected from the group
comprising pyridin-4-one ribonucleoside, S-aza-uridine, 2-thio-5-aza-uridine, 2-thiouridine, 4-
thio-pseudouridine, 2-thio-pseudouridine, S-hydroxyuridine, 3-methyluridine, 5-carboxymethyl-
uridine, 1-carboxymethyl-pseudouridine, S-propynyl-uridine, 1-propynyl-pseudouridine, 5-
taurinomethyluridine, 1-taurinomethyl-pseudouridine, 5-taurinomethy1-2-thio-uridine, 1-
taurinomethyl-4-thio-uridine, 5S-methyl-uridine, 1-methyl-pseudouridine, 4-thio-l-methyl-
pseudouridine, 2-thio-l-methyl-pseudouridine, 1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-
l-deaza-pseudouridine, dihydrouridine, dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-

dihydropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-uridine, 4-methoxy-pseudouridine,
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4-methoxy-2-thio-pseudouridine, 5-aza-cytidine, pseudoisocytidine, 3-methyl-cytidine, N4-
acetylcytidine, S-formylcytidine, N4-methylcytidine, S-hydroxymethylcytidine, 1-methyl-
pseudoisocytidine, pyrrolo-cytidine, pyrrolo-pseudoisocytidine, 2-thio-cytidine, 2-thio-5-methyl-
cytidine, 4-thio-pseudoisocytidine, 4-thio-1-methyl-pseudoisocytidine, 4-thio-1-methyl-1-deaza-
pseudoisocytidine, 1-methyl-1-deaza-pseudoisocytidine, zebularine, 5-aza-zebularine, 5S-methyl-
zebularine, 5-aza-2-thio-zebularine, 2-thio-zebularine, 2-methoxy-cytidine, 2-methoxy-5-methyl-
cytidine, 4-methoxy-pseudoisocytidine, 4-methoxy-l-methyl-pseudoisocytidine, 2-aminopurine,
2, 6-diaminopurine, 7-deaza-adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-
aza-2-aminopurine, 7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2,6- diaminopurine, 1-
methyladenosine, N6-methyladenosine, N6-isopentenyladenosine, N6-(cis-

hydroxyisopentenyl Jadenosine, 2-methylthio-N6-(cis-hydroxyisopentenyl) adenosine, N6-
glycinylcarbamoyladenosine, N6-threonylcarbamoyladenosine, 2-methylthio-N6-threonyl
carbamoyladenosine, N6,N6-dimethyladenosine, 7-methyladenine, 2-methylthio-adenine, 2-
methoxy-adenine, inosine, 1-methyl-inosine, wyosine, wybutosine, 7-deaza-guanosine, 7-deaza-
8-aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-guanosine, 6-thio-7-deaza-8-aza-guanosine,
7-methyl-guanosine, 6-thio-7-methyl-guanosine, 7-methylinosine, 6-methoxy-guanosine, 1-
methylguanosine, N2-methylguanosine, N2,N2-dimethylguanosine, 8-oxo-guanosine, 7-methyl-
8-oxo-guanosine, 1-methyl-6-thio-guanosine, N2-methyl-6-thio-guanosine, and N2,N2-
dimethyl-6-thio-guanosine.

[00108] In some cases, at least about 5 % of the nucleic acid construct(s), a vector(s),
engineered polyribonucleotide(s), or compositions includes non-naturally occurring (e.g.,
modified, analogues, or engineered) uridine, adenosine, guanine, or cytosine, such as the
nucleotides described herein. In some cases, 100% of the modified nucleotides in the
composition are either 1-methylpseudouridine or pseudouridine. In some cases, at least about 10
%, 15 %, 20 %, 25 %, 30 %, 35 %, 40 %, 45 %, 50 %, 55 %, 60 %, 65 %, 70 %, 75 %, 80 %, 85
%, 90 %, 95 % of the nucleic acid construct(s), a vector(s), engineered polyribonucleotide(s), or
compositions includes non-naturally occurring uracil, adenine, guanine, or cytosine. In some
cases, at most about 99 %, 95 %, 90 %, 85 %, 80 %, 75 %, 70 %, 65 %, 60 %, 55 %, 50 %, 45
%, 40 %, 35 %, 30 %, 25 %, 20 %, 15 %, 10 %, 5 %, 1 %, of the nucleic acid construct(s), a
vector(s), engineered polyribonucleotide(s), or compositions includes non-naturally occurring
uracil, adenine, guanine, or cytosine.

[00109] A nucleic acid construct(s), a vector(s), or an engineered polyribonucleotide(s) of
the disclosure can comprise one or more promoter sequences and any associated regulatory

sequences. A promoter sequence and/or an associated regulatory sequence can comprise any
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number of modified or unmodified nucleotides, and any number of nucleic acid analogues.
Promoter sequences and/or any associated regulatory sequences can comprise, for example, at
least 2 bases or base pairs, 3 bases or base pairs, 4 bases or base pairs, 5 bases or base pairs, 6
bases or base pairs, 7 bases or base pairs, 8 bases or base pairs, 9 bases or base pairs, 10 bases or
base pairs, 11 bases or base pairs, 12 bases or base pairs, 13 bases or base pairs, 14 bases or base
pairs, 15 bases or base pairs, 16 bases or base pairs, 17 bases or base pairs, 18 bases or base
pairs, 19 bases or base pairs, 20 bases or base pairs, 21 bases or base pairs, 22 bases or base
pairs, 23 bases or base pairs, 24 bases or base pairs, 25 bases or base pairs, 26 bases or base
pairs, 27 bases or base pairs, 28 bases or base pairs, 29 bases or base pairs, 30 bases or base
pairs, 35 bases or base pairs, 40 bases or base pairs, 50 bases or base pairs, 75 bases or base
pairs, 100 bases or base pairs, 150 bases or base pairs, 200 bases or base pairs, 300 bases or base
pairs, 400 bases or base pairs, 500 bases or base pairs, 600 bases or base pairs, 700 bases or base
pairs, 800 bases or base pairs, 900 bases or base pairs, 1000 bases or base pairs, 2000 bases or
base pairs, 3000 bases or base pairs, 4000 bases or base pairs, 5000 bases or base pairs, at least
10000 bases or base pairs or more. A promoter sequence and/or an associated regulatory
sequence can comprise any number of modified or unmodified nucleotides, for example, at most
10000 bases or base pairs, S000 bases or base pairs, 4000 bases or base pairs, 3000 bases or base
pairs, 2000 bases or base pairs, 1000 bases or base pairs, 900 bases or base pairs, 800 bases or
base pairs, 700 bases or base pairs, 600 bases or base pairs, 500 bases or base pairs, 400 bases or
base pairs, 300 bases or base pairs, 200 bases or base pairs, 100 bases or base pairs, 75 bases or
base pairs, 50 bases or base pairs, 40 bases or base pairs, 35 bases or base pairs, 30 bases or base
pairs, 29 bases or base pairs, 28 bases or base pairs, 27 bases or base pairs, 26 bases or base
pairs, 25 bases or base pairs, 24 bases or base pairs, 23 bases or base pairs, 22 bases or base
pairs, 21 bases or base pairs, 20 bases or base pairs, 19 bases or base pairs, 18 bases or base
pairs, 17 bases or base pairs, 16 bases or base pairs, 15 bases or base pairs, 14 bases or base
pairs, 13 bases or base pairs, 12 bases or base pairs, 11 bases or base pairs, 10 bases or base
pairs, 9 bases or base pairs, 8 bases or base pairs, 7 bases or base pairs, 6 bases or base pairs, 5
bases or base pairs, 4 bases or base pairs, 3 bases or base pairs or 2 bases or base pairs.

[00110] In some cases, less than all of the nucleotides in the promoter sequence or
associated regulatory region are nucleotide analogues or modified nucleotides. For instance, in
some cases, less than or equal to 99%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%,
45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5% of the nucleotides in a promoter or
associated regulatory region. In some cases, all of the nucleotides in a promoter or associated

regulatory region are nucleic acid analogues or modified nucleotides.
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[00111] A nucleic acid construct(s), a vector(s), an engineered polyribonucleotide(s), or
compositions of the disclosure can comprise an engineered 5° cap structure, or a 5'-cap can be
added to a polyribonucleotide intracellularly. The 5 cap structure of an mRNA can be involved
in binding to the mRNA Cap Binding Protein (CBP), which is responsible for mRNA stability in
the cell and translation competency through the association of CBP with poly(A) binding protein
to form the mature pseudo-circular mRNA species. The 5 cap structure can also be involved in
nuclear export, increases in mRNA stability, and in assisting the removal of 5" proximal introns
during mRNA splicing.

[00112] A nucleic acid construct(s), a vector(s), or an engineered polyribonucleotide(s)
can be 5"-end capped generating a 5'-GpppN-3 -triphosphate linkage between a terminal
guanosine cap residue and the 5'-terminal transcribed sense nucleotide of the mRNA molecule.
The cap-structure can comprise a modified or unmodified 7-methylguanosine linked to the first
nucleotide via a 5'-5" triphosphate bridge. This 5'-guanylate cap can then be methylated to
generate an N7-methyl-guanylate residue (Cap-0 structure). The ribose sugars of the terminal
and/or anteterminal transcribed nucleotides of the 5" end of the mRNA may optionally also be 2'-
O-methylated (Cap-1 structure). 5'-decapping through hydrolysis and cleavage of the guanylate
cap structure may target a nucleic acid molecule, such as an mRNA molecule, for degradation.
[00113] In some cases, a cap can comprise further modifications, including the
methylation of the 2" hydroxy-groups of the first 2 ribose sugars of the 5" end of the mRNA. For
instance, an eukaryotic cap-1 has a methylated 2'-hydroxy group on the first ribose sugar, while
a cap-2 has methylated 2 -hydroxy groups on the first two ribose sugars. The 5 cap can be
chemically similar to the 3" end of an RNA molecule (the 5" carbon of the cap ribose is bonded,
and the free 3'-hydroxyls on both 5'- and 3'- ends of the capped transcripts. Such double
modification can provide significant resistance to 5’ exonucleases. Non-limiting examples of 5
cap structures that can be used with an engineered polyribonucleotide include, but are not limited
to, m'G(5 )ppp(5" N (Cap-0), , m'G(5 )ppp(5 )N1mpNp (Cap-1), and m'G(5')-

ppp(5 )NImpN2mp (Cap-2).

[00114] Modifications to the modified mRNA of the present disclosure may generate a
non-hydrolyzable cap structure preventing decapping and thus increasing mRNA half-life while
facilitating efficient translation. Because cap structure hydrolysis requires cleavage of 5 -ppp-
5’triphosphate linkages, modified nucleotides may be used during the capping reaction. For
example, a Vaccinia Capping Enzyme from New England Biolabs (Ipswich, MA) may be used
with guanosine o-thiophosphate nucleotides according to the manufacturer's instructions to

create a phosphorothioate linkage in the 5"-ppp-5" cap. Additional modified guanosine
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nucleotides may be used such as a-methyl-phosphonate and seleno-phosphate nucleotides.
Additional modifications include, but are not limited to, 2'-O-methylation of the ribose sugars of
5’-terminal and/or 5 -anteterminal nucleotides of the mRNA on the 2"-hydroxyl group of the
sugar ring. Multiple distinct 5'-cap structures can be used to generate the 5'-cap of a
polyribonucleotide.

[00115] The modified mRNA may be capped post-transcriptionally. According to the
present disclosure, 5” terminal caps may include endogenous caps or cap analogues. According
to the present disclosure, a 5" terminal cap may comprise a guanine analogue. Useful guanine
analogues include, but are not limited to, inosine, N1-methyl-guanosine, 2’ fluoro-guanosine, 7-
deaza-guanosine, 8-oxo-guanosine, 2-amino-guanosine, LNA-guanosine, and 2-azido-guanosine.
[00116] Further, a nucleic acid construct(s), a vector(s), or an engineered
polyribonucleotide(s) can contain one or more internal ribosome entry site(s) (IRES). IRES
sequences can initiate protein synthesis in absence of the 5" cap structure. An IRES sequence can
also be the sole ribosome binding site, or it can serve as one of multiple ribosome binding sites
of an mRNA. Engineered polyribonucleotides containing more than one functional ribosome
binding site can encode several peptides or polypeptides that are translated by the ribosomes
(“polycistronic or multicistronic polynucleotides”). An engineered polynucleotide described here
can comprise at least 1 IRES sequence, two IRES sequences, three IRES sequences, four IRES
sequences, five IRES sequences, six IRES sequences, seven IRES sequences, eight IRES
sequences, nine IRES sequences, ten IRES sequences, or another suitable number are present in
an engineered polyribonucleotide. Examples of IRES sequences that can be used according to
the present disclosure include without limitation, those from tobacco etch virus (TEV),
picornaviruses (e.g., FMDYV), pest viruses (CFFV), polio viruses (PV), encephalomyocarditis
viruses (EMCYV), foot-and-mouth disease viruses (FMDYV), hepatitis C viruses (HCV), classical
swine fever viruses (CSFV), murine leukemia virus (MLV), simian immune deficiency viruses
(SIV) or cricket paralysis viruses (CrPV). An IRES sequence can be derived, for example, from
commercially available vectors such as the IRES sequences available from Clontech™,
GeneCopoeia ™, or Sigma-Aldrich™. IRES sequences can be, for example, at least 150 bases or
base pairs, 200 bases or base pairs, 300 bases or base pairs, 400 bases or base pairs, 500 bases or
base pairs, 600 bases or base pairs, 700 bases or base pairs, 800 bases or base pairs, 900 bases or
base pairs, 1000 bases or base pairs, 2000 bases or base pairs, 3000 bases or base pairs, 4000
bases or base pairs, 5000 bases or base pairs, or 10000 bases or base pairs. IRES sequences can
at most 10000 bases or base pairs, 5000 bases or base pairs, 4000 bases or base pairs, 3000 bases

or base pairs, 2000 bases or base pairs, 1000 bases or base pairs, 900 bases or base pairs, 800
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bases or base pairs, 700 bases or base pairs, 600 bases or base pairs, 500 bases or base pairs, 400
bases or base pairs, 300 bases or base pairs, 200 bases or base pairs, 100 bases or base pairs, 50
bases or base pairs, or 10 bases or base pairs.

[00117] A nucleic acid construct(s), a vector(s), or an engineered polyribonucleotide(s) of
the disclosure can comprise one or more untranslated regions. An untranslated region can
comprise any number of modified or unmodified nucleotides. Untranslated regions (UTRs) of a
gene are transcribed but not translated into a polypeptide. In some cases, an untranslated
sequence can increase the stability of the nucleic acid molecule and the efficiency of translation.
The regulatory features of a UTR can be incorporated into the modified mRNA molecules of the
present disclosure, for instance, to increase the stability of the molecule. The specific features
can also be incorporated to ensure controlled down-regulation of the transcript in case they are
misdirected to undesired organs sites. Some 5" UTRs play roles in translation initiation. A 5’
UTR can comprise a Kozak sequence which is involved in the process by which the ribosome
initiates translation of many genes. Kozak sequences can have the consensus GCC(R)CCAUGG,
where R is a purine (adenine or guanine) that is located three bases upstream of the start codon
(AUG). 5" UTRs may form secondary structures which are involved in binding of translation
elongation factor. In some cases, one can increase the stability and protein production of the
engineered polynucleotide molecules of the disclosure, by engineering the features typically
found in abundantly expressed genes of specific target organs. For example, introduction of
5"UTR of liver-expressed mRNA, such as albumin, serum amyloid A, Apolipoprotein A/B/E,
transferrin, alpha fetoprotein, erythropoietin, or Factor VIII, can be used to increase expression
of an engineered polynucleotide in a liver. Likewise, use of 5" UTR from muscle proteins
(MyoD, Myosin, Myoglobin, Myogenin, Herculin), for endothelial cells (Tie-1, CD36), for
myeloid cells (C/EBP, AMLI1, G-CSF, GM-CSF, CD1 Ib, MSR, Fr-1, i-NOS), for leukocytes
(CD45, CD18), for adipose tissue (CD36, GLUT4, ACRP30, adiponectin) and for lung epithelial
cells (SP-A/B/C/D) can be used to increase expression of an engineered polynucleotide in a
desired cell or tissue.

[00118] Other non-UTR sequences can be incorporated into the 5" (or 3 UTR) UTRs of
the polyribonucleotides of the present disclosure. The 5" and/or 3" UTRs can provide stability
and/or translation efficiency of polyribonucleotides. For example, introns or portions of intron
sequences can be incorporated into the flanking regions of an engineered polyribonucleotide.
Incorporation of intronic sequences can also increase the rate of translation of the

polyribonucleotide.
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[00119] 3" UTRs may have stretches of Adenosines and Uridines embedded therein.
These AU rich signatures are particularly prevalent in genes with high rates of turnover. Based
on their sequence features and functional properties, the AU rich elements (AREs) can be
separated into classes: Class I AREs contain several dispersed copies of an AUUUA motif
within U-rich regions. C-Myc and MyoD contain class I AREs. Class II AREs possess two or
more overlapping UUAUUUA(U/A)(U/A) nonamers. Molecules containing this type of AREs
include GM-CSF and TNF-a. Class III ARES are less well defined. These U rich regions do not
contain an AUUUA motif ¢c-Jun and Myogenin are two well-studied examples of this class.
Proteins binding to the AREs may destabilize the messenger, whereas members of the ELAV
family, such as HuR, may increase the stability of mRNA. HuR may bind to AREs of all the
three classes. Engineering the HuR specific binding sites into the 3" UTR of nucleic acid
molecules can lead to HuR binding and thus, stabilization of the message in vivo.

[00120] Engineering of 3" UTR AU rich elements (AREs) can be used to modulate the
stability of an engineered polyribonucleotide. One or more copies of an ARE can be engineered
into a polyribonucleotide to modulate the stability of a polyribonucleotide. AREs can be
identified, removed or mutated to increase the intracellular stability and thus increase translation
and production of the resultant protein. Transfection experiments can be conducted in relevant
cell lines, using engineered polyribonucleotides and protein production can be assayed at various
time points post-transfection. For example, cells can be transfected with different ARE-
engineering molecules and by using an ELISA kit to the relevant protein and assaying protein
produced at 6 hours, 12 hours, 24 hours, 48 hours, and 7 days post-transfection.

[00121] An untranslated region can comprise any number of nucleotides. An untranslated
region can comprise a length of about 1 to about 10 bases or base pairs, about 10 to about 20
bases or base pairs, about 20 to about 50 bases or base pairs, about 50 to about 100 bases or base
pairs, about 100 to about 500 bases or base pairs, about 500 to about 1000 bases or base pairs,
about 1000 to about 2000 bases or base pairs, about 2000 to about 3000 bases or base pairs,
about 3000 to about 4000 bases or base pairs, about 4000 to about 5000 bases or base pairs,
about 5000 to about 6000 bases or base pairs, about 6000 to about 7000 bases or base pairs,
about 7000 to about 8000 bases or base pairs, about 8000 to about 9000 bases or base pairs, or
about 9000 to about 10000 bases or base pairs in length. An untranslated region can comprise a
length of for example, at least 1 base or base pair, 2 bases or base pairs, 3 bases or base pairs, 4
bases or base pairs, 5 bases or base pairs, 6 bases or base pairs, 7 bases or base pairs, 8 bases or
base pairs, 9 bases or base pairs, 10 bases or base pairs, 20 bases or base pairs, 30 bases or base

pairs, 40 bases or base pairs, 50 bases or base pairs, 60 bases or base pairs, 70 bases or base
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pairs, 80 bases or base pairs, 90 bases or base pairs, 100 bases or base pairs, 200 bases or base
pairs, 300 bases or base pairs, 400 bases or base pairs, 500 bases or base pairs, 600 bases or base
pairs, 700 bases or base pairs, 800 bases or base pairs, 900 bases or base pairs, 1000 bases or
base pairs, 2000 bases or base pairs, 3000 bases or base pairs, 4000 bases or base pairs, S000
bases or base pairs, 6000 bases or base pairs, 7000 bases or base pairs, 8000 bases or base pairs,
9000 bases or base pairs, or 10000 bases or base pairs in length.

[00122] An engineered polyribonucleotide of the disclosure can comprise one or more
introns. An intron can comprise any number of modified or unmodified nucleotides. An intron
can comprise, for example, at least 1 base or base pair, 50 bases or base pairs, 100 bases or base
pairs, 150 bases or base pairs, 200 bases or base pairs, 300 bases or base pairs, 400 bases or base
pairs, 500 bases or base pairs, 600 bases or base pairs, 700 bases or base pairs, 800 bases or base
pairs, 900 bases or base pairs, 1000 bases or base pairs, 2000 bases or base pairs, 3000 bases or
base pairs, 4000 bases or base pairs, or 5000 bases or base pairs. In some cases, an intron can
comprise, for example, at most 10000 bases or base pairs, 5000 bases or base pairs, 4000 bases
or base pairs, 3000 bases or base pairs, 2000 bases or base pairs, 1000 bases or base pairs, 900
bases or base pairs, 800 bases or base pairs, 700 bases or base pairs, 600 bases or base pairs, 500
bases or base pairs, 400 bases or base pairs, 300 bases or base pairs, 200 bases or base pairs, or
100 bases or base pairs.

[00123] In some cases, a percentage of the nucleotides in an intron are modified. For
instance, in some cases, fewer than 99%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%,
50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% or 1% of the nucleotides in an intron are
modified. In some cases, all of the nucleotides in an intron are modified.

[00124] An engineered polyribonucleotide of the disclosure can comprise a polyA
sequence. A polyA sequence (e.g., polyA tail) can comprise any number of nucleotides. A polyA
sequence can comprise a length of about 1 to about 10 bases or base pairs, about 10 to about 20
bases or base pairs, about 20 to about 50 bases or base pairs, about 50 to about 100 bases or base
pairs, about 100 to about 500 bases or base pairs, about 500 to about 1000 bases or base pairs,
about 1000 to about 2000 bases or base pairs, about 2000 to about 3000 bases or base pairs,
about 3000 to about 4000 bases or base pairs, about 4000 to about 5000 bases or base pairs,
about 5000 to about 6000 bases or base pairs, about 6000 to about 7000 bases or base pairs,
about 7000 to about 8000 bases or base pairs, about 8000 to about 9000 bases or base pairs, or
about 9000 to about 10000 bases or base pairs in length. In some examples, a polyA sequence is
at least about 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nucleotides in length. A

polyA sequence can comprise a length of for example, at least 1 base or base pair, 2 bases or
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base pairs, 3 bases or base pairs, 4 bases or base pairs, 5 bases or base pairs, 6 bases or base
pairs, 7 bases or base pairs, 8 bases or base pairs, 9 bases or base pairs, 10 bases or base pairs, 20
bases or base pairs, 30 bases or base pairs, 40 bases or base pairs, 50 bases or base pairs, 60
bases or base pairs, 70 bases or base pairs, 80 bases or base pairs, 90 bases or base pairs, 100
bases or base pairs, 200 bases or base pairs, 300 bases or base pairs, 400 bases or base pairs, 500
bases or base pairs, 600 bases or base pairs, 700 bases or base pairs, 800 bases or base pairs, 900
bases or base pairs, 1000 bases or base pairs, 2000 bases or base pairs, 3000 bases or base pairs,
4000 bases or base pairs, S000 bases or base pairs, 6000 bases or base pairs, 7000 bases or base
pairs, 8000 bases or base pairs, 9000 bases or base pairs, or 10000 bases or base pairs in length.
A polyA sequence can comprise a length of at most 100 bases or base pairs, 90 bases or base
pairs, 80 bases or base pairs, 70 bases or base pairs, 60 bases or base pairs, 50 bases or base
pairs, 40 bases or base pairs, 30 bases or base pairs, 20 bases or base pairs, 10 bases or base
pairs, or 5 bases or base pairs.

[00125] In some cases, a percentage of the nucleotides in a poly-A sequence are modified.
For instance, in some cases, fewer than 99%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%,
55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% or 1% of the nucleotides in a poly-
A sequence are modified. In some cases, all of the nucleotides in a poly-A are modified.

[00126] A linker sequence can comprise any number of nucleotides. A linker can be
attached to the modified nucleobase at an N-3 or C-5 position. The linker attached to the
nucleobase can be diethylene glycol, dipropylene glycol, triethylene glycol, tripropylene glycol,
tetraethylene glycol, tetraethylene glycol, divalent alkyl, alkenyl, alkynyl moiety, ester, amide, or
an ether moiety. A linker sequence can comprise a length of about 1 to about 10 bases or base
pairs, about 10 to about 20 bases or base pairs, about 20 to about 50 bases or base pairs, about 50
to about 100 bases or base pairs, about 100 to about 500 bases or base pairs, about 500 to about
1000 bases or base pairs, about 1000 to about 2000 bases or base pairs, about 2000 to about 3000
bases or base pairs, about 3000 to about 4000 bases or base pairs, about 4000 to about 5000
bases or base pairs, about 5000 to about 6000 bases or base pairs, about 6000 to about 7000
bases or base pairs, about 7000 to about 8000 bases or base pairs, about 8000 to about 9000
bases or base pairs, or about 9000 to about 10000 bases or base pairs in length. A linker
sequence can comprise a length of for example, at least 1 base or base pair, 2 bases or base pairs,
3 bases or base pairs, 4 bases or base pairs, 5 bases or base pairs, 6 bases or base pairs, 7 bases or
base pairs, 8 bases or base pairs, 9 bases or base pairs, 10 bases or base pairs, 20 bases or base
pairs, 30 bases or base pairs, 40 bases or base pairs, 50 bases or base pairs, 60 bases or base

pairs, 70 bases or base pairs, 80 bases or base pairs, 90 bases or base pairs, 100 bases or base
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pairs, 200 bases or base pairs, 300 bases or base pairs, 400 bases or base pairs, 500 bases or base
pairs, 600 bases or base pairs, 700 bases or base pairs, 800 bases or base pairs, 900 bases or base
pairs, 1000 bases or base pairs, 2000 bases or base pairs, 3000 bases or base pairs, 4000 bases or
base pairs, 5000 bases or base pairs, 6000 bases or base pairs, 7000 bases or base pairs, 8000
bases or base pairs, 9000 bases or base pairs, or at least 10000 bases or base pairs in length. A
linker at most 10000 bases or base pairs, S000 bases or base pairs, 4000 bases or base pairs, 3000
bases or base pairs, 2000 bases or base pairs, 1000 bases or base pairs, 900 bases or base pairs,
800 bases or base pairs, 700 bases or base pairs, 600 bases or base pairs, 500 bases or base pairs,
400 bases or base pairs, 300 bases or base pairs, 200 bases or base pairs, or 100 bases or base
pairs in length.

[00127] In some cases, a percentage of the nucleotides in a linker sequence are modified.
For instance, in some cases, fewer than 99%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%,
55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% or 1% of the nucleotides in a
linker sequence are modified. In some cases, all of the nucleotides in a linker sequence are
modified.

[00128] In some cases, a nucleic acid construct(s), a vector(s), or an engineered
polyribonucleotide(s) can include at least one stop codon before the 3 'untranslated region
(UTR). In some cases, a nucleic acid construct(s), a vector(s), or an engineered
polyribonucleotide(s) includes multiple stop codons. The stop codon can be selected from TGA,
TAA and TAG. The stop codon may be modified or unmodified. In some cases, the nucleic acid
construct(s), vector(s), or engineered polyribonucleotide(s) includes the stop codon TGA and one
additional stop codon. In some cases, the nucleic acid construct(s), vector(s), or engineered

polyribonucleotide(s) includes the addition of the TAA stop codon.

Encoded Polypeptides

[00129] In some cases, the disclosure provides a method for treating a subject having or at
risk of having primary ciliary dyskinesia, the method comprising administrating to the subject a
composition that comprises a nucleic acid construct that encodes dynein axonemal intermediate
chain 1 protein (DNAI1), armadillo repeat containing 4 (ARMC4), chromosome 21 open reading
frame 59 (C2101f59), coiled-coil domain containing 103 (CCDC103), coiled-coil domain
containing 114 (CCDC114), coiled-coil domain containing 39 (CCDC39), coiled-coil domain
containing 40 (CCDC40), coiled-coil domain containing 65 (CCDC65), dynein (axonemal)
assembly factor 1 (DNAAF1), dynein (axonemal) assembly factor 2 (DNAAF2), dynein
(axonemal) assembly factor 3 (DNAAF3), dynein (axonemal) assembly factor 5 (DNAAFS),
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dynein axonemal heavy chain 11 (DNAHI11), dynein axonemal heavy chain 5 (DNAHS), dynein
axonemal heavy chain 8 (DNAHS), dynein axonemal intermediate chain 2 (DNAI2), dynein
axonemal light chain 1 (DNALT1), dynein regulatory complex subunit 1 (DRC1), dyslexia
susceptibility 1 candidate 1 (DYX1C1), axonemal central pair apparatus protein (HYDIN),
leucine rich repeat containing 6 (LRRC6), NME/NM23 family member 8 (NMES), oral-facial-
digital syndrome 1 (OFD1), retinitis pigmentosa GTPase regulator (RPGR), radial spoke head 1
homolog (Chlamydomonas) (RSPH1), radial spoke head 4 homolog A (Chlamydomonas)
(RSPH4A), radial spoke head 9 homolog (Chlamydomonas) (RSPH9), sperm associated antigen
1(SPAG1), and zinc finger MYND-type containing 10 (ZMYND10), or a variant of any of the
aforementioned, which nucleic acid construct includes codons that provide for heterologous or
enhanced expression of said protein(s) or a variant thereof within cells of the subject, thereby
treating the subject having or at risk of having primary ciliary dyskinesia.

[00130] The encoded polypeptides are polymer chains comprised of amino acid residue
monomers which are joined together through amide bonds (peptide bonds). The amino acids
may be of the L-optical isomer, the D-optical isomer or a combination thereof. A polypeptide
can be a chain of at least three amino acids, peptide-mimetics, a protein, a recombinant protein,
an antibody (monoclonal or polyclonal), an antigen, an epitope, an enzyme, a receptor, a vitamin,
or a structure analogue or combinations thereof. A polyribonucleotide that is translated within a
subject’s body can generate an ample supply of specific peptides or proteins within a cell, a
tissue, or across many cells and tissues of a subject. In some cases, a polyribonucleotide can be
translated in vivo within the cytosol of a specific target cell(s) type or target tissue. In some
cases, a polyribonucleotide can be translated in vivo to provide a protein whose gene has been
associated with primary ciliary dyskinesia, a functional fragment thereof, or a protein that is at
least 70% homologous to a human DNAI1 or a human DNAHS protein. In some cases, a
polyribonucleotide can be translated in vivo in various non-target cell types or target tissue(s).
Non-limiting examples of cells that be target or non-target cells include: a) skin cells, e.g.:
keratinocytes, melanocytes, urothelial cells; b) neural cells, e.g.: neurons, Schwann cells,
oligodentrocytes, astrocytes; c) liver cells, e.g.: hepatocytes; d) intestinal cells, e.g.: goblet cell,
enterocytes; e) blood cells; e.g.: lymphoid or myeloid cells; and f) germ cells; e.g.: sperm and
eggs. Non-limiting examples of tissues include connective tissue, muscle tissue, nervous tissue,
or epithelial tissue. In some cases, a target cell or a target tissue is a cancerous cell, tissue, or
organ.

[00131] A polynucleotide sequence can be derived from one or more species. For

example, a polynucleotide sequence can be derived from a human (Homo sapiens), a mouse
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(e.g., Mus musculus), a rat (e.g., Rattus norvegicus or Rattus rattus), a microorganism (e.g.,
Chlamydomonas genus), or any other suitable creature. A polynucleotide sequence can be a
chimeric combination of the sequence of one or more species.

[00132] In some cases, the endogenous translational machinery can add a post-
translational modification to the encoded peptide. A post-translational modification can involve
the addition of hydrophobic groups that can target the polypeptide for membrane localization,
the addition of cofactors for increased enzymatic activity, or the addition of smaller chemical
groups. The encoded polypeptide can also be post-translationally modified to receive the
addition of other peptides or protein moieties. For instance, ubiquitination can lead to the
covalent linkage of ubiquitin to the encoded polypeptide, SUMOylation can lead to the covalent
linkage of SUMO (Small Ubiquitin-related MOdifier) to the encoded polypeptide, ISGylation
can lead to the covalent linkage of ISG15 (Interferon-Stimulate Gene 15).

[00133] In some cases, the encoded polypeptide can be post-translationally modified to
undergo other types of structural changes. For instance, the encoded polypeptide can be
proteolytically cleaved, and one or more proteolytic fragments can modulate the activity of an
intracellular pathway. The encoded polypeptide can be folded intracellularly. In some cases, the
encoded polypeptide is folded in the presence of co-factors and molecular chaperones. A folded
polypeptide can have a secondary structure and a tertiary structure. A folded polypeptide can
associate with other folded peptides to form a quaternary structure. A folded-peptide can form a
functional multi-subunit complex, such as an antibody molecule, which has a tetrameric
quaternary structure. Various polypeptides that form classes or isotypes of antibodies can be
expressed from a polyribonucleotide.

[00134] The encoded polypeptide can be post-translationally modified to change the
chemical nature of the encoded amino acids. For instance, the encoded polypeptide can undergo
post-translational citrullination or deimination, the conversion of arginine to citrulline. The
encoded polypeptide can undergo post-translation deamidation; the conversion of glutamine to
glutamic acid or asparagine to aspartic acid. The encoded polypeptide can undergo elimination,
the conversion of an alkene by beta-elimination of phosphothreonine and phosphoserine, or
dehydration of threonine and serine, as well as by decarboxylation of cysteine. The encoded
peptide can also undergo carbamylation, the conversion of lysine to homocitrulline. An encoded
peptide can also undergo racemization, for example, racemization of proline by prolyl isomerase
or racemization of serine by protein-serine epimerase. In some cases, an encoded peptide can

undergo serine, threonine, and tyrosine phosphorylation.
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[00135] The activity of a plurality of biomolecules can be modulated by a molecule
encoded by a polyribonucleotide. Non-limiting examples of molecules whose activities can be
modulated by an encoded polynucleotide include: amino acids, peptides, peptide-mimetics,
proteins, recombinant proteins antibodies (monoclonal or polyclonal), antibody fragments,
antigens, epitopes, carbohydrates, lipids, fatty acids, enzymes, natural products, nucleic acids
(including DNA, RNA, nucleosides, nucleotides, structure analogues or combinations thereof),
nutrients, receptors, and vitamins.

[00136] Non-limiting examples of nucleotide sequences that can be a part of a

polynucleotide of the disclosure are disclosed in TABLE 3.

[00137]
TABLE 3
Name Sequence
dynein axonemal intermediate chain 1 (DNAI1) SEQ ID NOs: 14-16
dynein axonemal heavy chain 5 (DNAHS) SEQ ID NOs: 17-18
[00138] A polypeptide sequence can be engineered to have a desired altered codon usage,

such as the altered codon usage of SEQ ID NOs 15-16 or the altered codon usage of SEQ ID
NOs 17-18. Computer software can be used, for example, to generate the codon usage of SEQ
ID NO 14. A polypeptide sequence can share a % homology to an amino acid sequence of an
endogenous polypeptide. A polypeptide sequence can share at most 10% homology, at most
20% homology, at most 30% homology, at most 40% homology, at most 50% homology, at most
60% homology, at most 70% homology, at most 80% homology, at most 90% homology, or at
most 99% homology with an amino acid sequence of an endogenous polypeptide. Various
methods and software programs can be used to determine the homology between two or more
peptides, such as NCBI BLAST, Clustal W, MAFFT, Clustal Omega, AlignMe, Praline, or

another suitable method or algorithm.

Immunogenicity

[00139] Many pharmaceutical agents, including compositions comprising molecules of
various sizes (polynucleotides, proteins, or enzymes) can trigger an immune response when
administered to a subject. In many cases, the immune system recognizes the composition as a
foreign body and neutralizes its pharmaceutical action. A polyribonucleotide and a composition
of the present disclosure can have low immunogenicity or be non-immunogenic, thereby

triggering a small response by the immune system, or not triggering any immune response at all.
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[00140] The immunogenicity can also be determined by measurement of, for example, the
TNF-o and IL-8 levels and the binding capacity to TLR-3, TLR-7, TLR-8 and helicase RIG-1. In
order thereby to establish whether a polyribonucleotide has a desired low immunogenicity, the
quantity of one or more of the factors can be measured after administration of the
polyribonucleotide to a subject. The immunogenicity of a polypeptide can be determined in
relation to an increase in the number of white blood cells upon administration of the polypeptide
to the subject. In some cases, upon administration of the composition to the subject, the subject
exhibits an increase in the number of white blood cells that is less than 90%, less than 80%, less
than 70%, less than 60%, less than 50%, less than 40%, less than 30%, less than 20%, or less
than 10%. A polyribonucleotide of the disclosure can trigger minimum or insignificant
inflammatory or immunological reactions.

[00141] For the determination of the immunogenicity of a polyribonucleotide, various
methods can be used. A very suitable method is the determination of inflammatory markers in
cells or a simple white cell blood count, as a reaction to the administration of the
polyribonucleotide. Such a method is described in the examples. Cytokines which are associated
with inflammation, such as, for example TNF-a, IFN-a, IFN-3, IP-10, IL-8, IL-6, and/or IL.-12,
can be measured. The expression of dendritic cell activation markers can also be used for the
estimation of immunogenicity. A further indication of an immunological reaction can be the
detection of binding to the Toll-like receptors TLR-3, TLR-7 and TLR-8 and to helicase RIG-1.
[00142] The immunogenicity of a polyribonucleotide can be determined as an overall
increase in the level of inflammatory marker or white blood cell count as compared to a level
prior to the administration of the polyribonucleotide. For instance, an engineered
polyribonucleotide that is unmodified or modified can be administered to cells, or to a subject,
and the secretion of inflammatory markers in a defined time interval as a reaction to the

administration of the polyribonucleotide can be measured.

Compositions

[00143] In some cases, the disclosure provides a composition comprising a nucleic acid
construct encoding dynein axonemal intermediate chain 1, wherein the nucleic acid construct
comprises a complementary deoxyribonucleic acid encoding dynein axonemal intermediate
chain 1, which composition is formulated for administration to a subject. In some cases, the
disclosure provides a composition comprising a nucleic acid construct encoding dynein
axonemal intermediate chain 1, which nucleic acid construct includes codons that provide for

heterologous or enhanced expression of the dynein axonemal intermediate chain 1 protein or a
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variant thereof within cells of a subject having or at risk of having primary ciliary dyskinesia. In
some cases, the disclosure provides a composition comprising a nucleic acid construct encoding
dynein axonemal intermediate chain 1, wherein fewer than 30% of the nucleic acids encoding
dynein axonemal intermediate chain 1 are nucleic acid analogues, such as pseudouridine or 1-
methyl pseudouridine. In some cases, the coding sequence of these constructs is engineered to
have an altered nucleotide usage in the protein coding regions to increase its stability.

[00144] In some cases, the codons of the construct are at least 70% homologous to a
mammalian or to a human dynein axonemal intermediate chain 1 protein. The construct may also
comprise a 3’ or 5' noncoding region flanking the codon sequence which encodes a protein of
interest, such as dynein axonemal intermediate chain 1, wherein the noncoding region enhances
the expression of the protein within cells the subject. The 3’ noncoding region flanking the codon
can comprise a 3'- cap independent translation enhancer (3'-CITEs) or a 3'-stem loop region
derived from the nucleotide sequence of a histone protein or a 3'-triple helical structure derived
from the nucleotide sequence of metastasis-associated lung adenocarcinoma transcript 1
(MALATT1). The 3' noncoding region flanking the codon can comprise a poly adenosine tail,
wherein the number of adenosines in the poly adenosine tail improves the translation efficiency
or the half-life of the protein of interest, such as dynein axonemal intermediate chain 1 protein.
In some cases, the length of the poly adenosine tail is at most 200 adenosines. In some cases, a
percentage of the poly adenosine tail comprises nucleic acid analogues. Fewer than 50%, 40%,
30%, 20%, 10%, or 5% of the nucleic acids in the poly adenosine tail can be nucleic acid
analogues.

[00145] When the composition comprises a percentage of nucleotide analogues the
nucleotide analogues can be selected from the group consisting of pseudouridine, 1-
methylpseudouridine, 2-thiouridine, S-methyluridine, 5S-methoxyuridine, 5-methylcytidine, 2'-
amino-2’-deoxycytidine, 2’ -fluoro-2'-deoxycytidine, and. In some cases, the nucleic acid
analogue is pseudouridine or 1-methylpseudouridine. In some cases, the nucleic acid analogue is
5-methoxyuridine.

[00146] In some cases, the composition comprises a nucleic acid encoding dynein
axonemal intermediate chain 1 and/or nucleic acid analogues. Optionally, the composition can
further comprise at least one additional nucleic acid construct. The at least one additional nucleic
acid construct may encode a protein selected from the group consisting of: armadillo repeat
containing 4 (ARMC4), chromosome 21 open reading frame 59 (C210rf59), coiled-coil domain
containing 103 (CCDC103), coiled-coil domain containing 114 (CCDC114), coiled-coil domain
containing 39 (CCDC39), coiled-coil domain containing 40 (CCDC40), coiled-coil domain
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containing 65 (CCDC65), dynein (axonemal) assembly factor 1 (DNAAFT1), dynein (axonemal)
assembly factor 2 (DNAAF2), dynein (axonemal) assembly factor 3 (DNAAF3), dynein
(axonemal) assembly factor S (DNAAFS), dynein axonemal heavy chain 11 (DNAH11), dynein
axonemal heavy chain 5 (DNAHS), dynein axonemal heavy chain 8 (DNAHS8), dynein axonemal
intermediate chain 2 (DNAI2), dynein axonemal light chain 1 (DNALT1), dynein regulatory
complex subunit 1 (DRC1), dyslexia susceptibility 1 candidate 1 (DYX1C1), axonemal central
pair apparatus protein (HYDIN), leucine rich repeat containing 6 (LRRC6), NME/NM23 family
member 8 (NMES), oral-facial-digital syndrome 1 (OFD1), retinitis pigmentosa GTPase
regulator (RPGR), radial spoke head 1 homolog (Chlamydomonas) (RSPHT1), radial spoke head
4 homolog A (Chlamydomonas) (RSPH4A), radial spoke head 9 homolog (Chlamydomonas)
(RSPHY), sperm associated antigen 1(SPAGTI), and zinc finger MYND-type containing 10
(ZMYND10).

[00147] The compositions may comprise engineered polyribonucleotides, vectors, or
nucleic acid constructs. “Naked” polynucleotide compositions can be successfully administered
to a subject, and uptaken by a subject’s cell, without the aid of carriers, stabilizers, diluents,
dispersing agents, suspending agents, thickening agents, and/or excipients (Wolff et al. 1990,
Science, 247, 1465-1468). However, in many instances, encapsulation of polynucleotides with
formulations that can increase the endocytotic uptake can increase the effectiveness of a
composition of the disclosure. To overcome this challenge, in some cases, the composition
comprises a nucleic acid construct, a vector, or an isolated nucleic acid encoding dynein
axonemal intermediate chain 1, wherein the nucleic acid construct comprises a complementary
deoxyribonucleic acid encoding dynein axonemal intermediate chain 1, which composition is
formulated for administration to a subject.

[00148] Another technical challenge underlying the delivery of polyribonucleotides to
multicellular organisms is to identify a composition that provides a high efficiency delivery of
polyribonucleotides that are translated within a cell or a tissue of a subject. It has been
recognized that administration of naked nucleic acids may be highly inefficient and may not
provide a suitable approach for administration of a polynucleotide to a multicellular organism.
[00149] To solve this challenge, a composition comprising an engineered
polyribonucleotide can be encapsulated or formulated with a pharmaceutical carrier. The
formulation may be, but is not limited to, nanoparticles, poly(lactic-co-glycolic acid) (PLGA)
microspheres, lipidoids, lipoplex, liposome, polymers, carbohydrates (including simple sugars),
cationic lipids, fibrin gel, fibrin hydrogel, fibrin glue, fibrin sealant, fibrinogen, thrombin, rapidly

eliminated lipid nanoparticles (reLNPs) and combinations thereof. A composition comprising an
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engineered polyribonucleotide disclosed herein can comprise from about 1% to about 99%
weight by volume of a carrier system. The amount of carrier present in a carrier system is based
upon several different factors or choices made by the formulator, for example, the final
concentration of the polyribonucleotide and the amount of solubilizing agent. Various carriers
have been shown useful in delivery of different classes of therapeutic agents. Among these
carriers, biodegradable nanoparticles formulated from biocompatible polymers poly(D,L-lactide-
co-glycolide) (PLGA) and polylactide (PLA) have shown the potential for sustained intracellular
delivery of different therapeutic agents.

[00150] The loading weight percent of the engineered polynucleotide in a composition
may be at least 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 2%, 4 %, 5 %, 6 %, 7 %, 8 %, 9 %,
or 10 %. The encapsulation efficiency of the modified mRNA in the PLGA microsphere may be
at least 50%, at least 70%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99%.

[00151] The present disclosure describes nanoparticles, oligomers, polymers or lipidoids
comprising oligo(alkylene amines) containing alternating, non-identical alkylene amine units
which are useful for delivering a polynucleotide, in some cases an engineered
polyribonucleotides, into a cell or into a tissue. A composition disclosed herein can be stable for
at least about 1 minute, 5 minutes, 10 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5
hours, 6 hours, 12 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10
days, 2 weeks, 4 weeks, 6 weeks, 8 weeks, 10 weeks, 12 weeks, 3 months, 4 months, 5 months, 6
months, 7 months, 8 months, 9 months, 10 months, 11 months, or one year. A formulation
disclosed herein can be stable, for example, at a temperature of at least about 0°C, 5°C, 10°C,
15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 60°C, 70°C, or 80°C. A composition of the
disclosure can have a desired density. The density of a composition can improve a property of

the composition, such as the rheology of the composition.

Nanoparticles

[00152] The present disclosure also provides nanoparticle based formulations of nucleic
acid constructs, engineered polyribonucleotides, or vectors that are able to translocate following
administration to a subject. In some instances, the administration is pulmonary and the
engineered polyribonucleotides can move intact either actively or passively from the site of
administration to the systemic blood supply and subsequently to be deposited in different cells or
tissues, such as, e.g., the breast. This translocation of the nanoparticle comprising an engineered

polyribonucleotide encoding a therapeutic protein, such as, e.g., dynein axonemal intermediate
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chain 1 (DNAII), armadillo repeat containing 4 (ARMC4), chromosome 21 open reading frame
59 (C210rt59), coiled-coil domain containing 103 (CCDC103), coiled-coil domain containing
114 (CCDC114), coiled-coil domain containing 39 (CCDC39), coiled-coil domain containing 40
(CCDCA40), coiled-coil domain containing 65 (CCDC65), cyclin O (CCNO), dynein (axonemal)
assembly factor 1 (DNAAF1), dynein (axonemal) assembly factor 2 (DNAAF2), dynein
(axonemal) assembly factor 3 (DNAAF3), dynein (axonemal) assembly factor 5 (DNAAFS),
dynein axonemal heavy chain 11 (DNAHI11), dynein axonemal heavy chain 5 (DNAHS), dynein
axonemal heavy chain 6 (DNAH6),dynein axonemal heavy chain 8 (DNAHS), dynein axonemal
intermediate chain 2 (DNAI2), dynein axonemal light chain 1 (DNAL1), dynein regulatory
complex subunit 1 (DRC1), dyslexia susceptibility 1 candidate 1 (DYX1C1), growth arrest
specific 8 (GASS), axonemal central pair apparatus protein (HYDIN), leucine rich repeat
containing 6 (LRRC6), NME/NM23 family member 8 (NMERS), oral-facial-digital syndrome 1
(OFD1), retinitis pigmentosa GTPase regulator (RPGR), radial spoke head 1 homolog
(Chlamydomonas) (RSPH1), radial spoke head 4 homolog A (Chlamydomonas) (RSPH4A),
radial spoke head 9 homolog (Chlamydomonas) (RSPH9), sperm associated antigen 1(SPAG1),
and zinc finger MYND-type containing 10 (ZMYND10) or a functional fragment thereof,
constitutes non-invasive systemic delivery of an active pharmaceutical ingredient beyond the
lung to result in the production of a functional protein to systemically accessible non-lung cells
or tissues.

[00153] A nanoparticle can be a particle of particle size from about 10 nanometers (nm) to
5000 nm, 10 nm to 1000 nm, or 60 nm to 500 nm, or 70 nm to 300 nm. In some examples, a
nanoparticle has a particle size from about 60 nm to 225 nm. The nanoparticle can include an
encapsulating agent (e.g., coating) that encapsulates one or more polyribonucleotides, which may
be engineered polyribonucleotides. The nanoparticle can include engineered and/or naturally
occurring polyribonucleotides. The encapsulating agent can be a polymeric material, such as
PEI or PEG.

[00154] A lipidoid or lipid nanoparticle which may be used as a delivery agent may
include a lipid which may be selected from the group consisting of C12-200, MD1, 98N12-5,
DLin-DMA, DLin-K-DMA, DLin-KC2-DMA, DLin-MC3-DMA, PLGA, PEG, PEG-DMG,
PEGylated lipids and analogues thereof. A suitable nanoparticle can comprise one or more lipids
in various ratios. For example, a composition of the disclosure can comprise a 40:30:25:5 ratio of
C12-200:DOPE:Cholesterol: DMG-PEG2000 or a 40:20:35:5 ratio of
HGT5001:DOPE:Cholesterol: DMG-PEG2000. A nanoparticle can include at least 1, 2, 3, 4, 5,

6,7, 8,9, 10 lipids or another suitable number of lipids. A nanoparticle can be formed of any
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suitable ratio of lipids selected from the group consisting of C12-200, MD1, 98N12-5, DLin-
DMA, DLin-K-DMA, DLin-KC2-DMA, DLin-MC3-DMA, PLGA, PEG, PEG-DMG.

[00155] The mean size of the nanoparticle formulation may comprise the modified mRNA
between 60 nanometers (nm) and 225 nm. The polydispersity index PDI of the nanoparticle
formulation comprising the modified mRNA can be between 0.03 and 0.15. The zeta potential of
the nanoparticle formulation may be from -10 to +10 at a pH of 7.4. The formulations of
modified mRNA may comprise a fusogenic lipid, cholesterol and a PEG lipid. The formulation
may have a molar ratio 50:10:38.5:1.5-3.0 (cationic lipid:fusogenic lipid: cholesterol:
polyethylene glycol (PEG) lipid). The PEG lipid may be selected from, but is not limited to
PEG-c-DOMG, PEG-DMG. The fusogenic lipid may be DSPC. A lipid nanoparticle of the

present disclosure can be formulated in a sealant such as, but not limited to, a fibrin sealant.

Oligo(alkylene amine groups)

[00156] It has also been recognized that although encapsulation of polynucleotides with
some formulations can increase the endocytotic uptake of a composition, the polynucleotide that
is taken up by a cell may not be effectively translated within the cell. Some formulations may be
effectively used for plasmid DNA and/or siRNA delivery, while not practical for use in the
delivery of polyribonucleotides. The present disclosure provides formulations that can be
employed for effective delivery and translation of polyribonucleotide compositions to a subject.
[00157] A composition of the disclosure can be designed to provide a polyribonucleotide
that is effectively translated within a cell. A composition of the disclosure can comprise an
arrangement of alkylene amine units of alternating length in groups of three or more units and
containing an ethyleneamine unit in compositions for transfecting a cell with any polynucleotide,
such as an engineered polyribonucleotide. A composition of the disclosure can provide a more
efficacious delivery of a polyribonucleotide to a cell than analogous arrangements of alkylene
amine units of non-alternating length.

[00158] Oligomers, polymers or lipidoids can be provided which share a common

structural entity which is illustrated in formula (I):

|
—N—fC“z—(CHzL—T—ECHz—éaﬁritHCHz—(CHaL—Nln—

@
[00159] A composition of the disclosure can comprise an oligo(alkylene amine) that is

selected from:
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[00160] a) an oligomer or polymer comprising a plurality of groups of formula (I) as a

side chain and/or as a terminal group:

R? R

|
—N—{CHZ—(CH)a—T—{CHZ_(CH:%—IL-];};ICHZ_(CHQ)TT]H—RG

R R® (D)
wherein the variables a, b, p, m, n, and R to R® are defined as follows, independently for each
group of formula (II) in a plurality of such groups:

ais 1 and b is an integer of 2 to 4; or ais an integer of 2to4 and b is 1,

pislor2,

mislor2;nisOorlandm+nis>2;and

R” to R are, independently of each other, selected from hydrogen; a group
—CH,-CH(OH)-R’, -CH(R")-CH,-OH, —CH,-CH,—(C=0)-0-R’,
—CH,-CH,—(C=0)-NH-R’, or -CH,-R’ wherein R’ is selected from C3-C18 alkyl or
C3-C18 alkenyl having one C—C double bond; a protecting group for an amino group;
and a poly(ethylene glycol) chain;

R® is selected from hydrogen; a group —~CH,~CH(OH)-R’, ~-CH(R")-CH,~OH,
—CH,-CH,—(C=0)-0-R’, -CH,-CH,—~(C=0)-NH-R’, or -CH,-R” wherein R’ is
selected from C3—-C18 alkyl or C3—C18 alkenyl having one C—C double bond; a
protecting group for an amino group; —C(NH)—-NH; a poly(ethylene glycol) chain; and a
receptor ligand,

and wherein one or more of the nitrogen atoms indicated in formula (IT) may be protonated to
provide a cationic group of formula (II).

[00161] b) an oligomer or polymer comprising a plurality of groups of formula (IIT) as
repeating units:

R? R

|
—N—}CHz—(CH?)a—T—[CHZ—(ﬁjTrLH;[CHz—(CHg)a—N]n_

R

R® (1)
wherein the variables a, b, p, m, n, and R* to R’ are defined as follows, independently for each
group of formula (II) in a plurality of such groups:

ais 1 and b is an integer of 2 to 4; or ais an integer of 2to4 and b is 1,

pislor2,
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mislor2;nisOorlandm+nis>2;and
R” to R are, independently of each other, selected from hydrogen; a group
—CH,-CH(OH)-R’, -CH(R")-CH,-OH, —CH,-CH,—(C=0)-0-R’,
—CHZ—CHZ—(C:O)—NH—R7, —CH,-R” or —CH,— wherein R’ is selected from C3—C18
alkyl or C3—C18 alkenyl having one C—C double bond; a protecting group for an amino
group; and a poly(ethylene glycol) chain;
and wherein one or more of the nitrogen atoms indicated in formula (III) may be protonated to

provide a cationic group of formula (III).

[00162] ¢) a lipidoid having the structure of formula (IV):
R2
| T
R1—N—{CH2—(CHJa—T—[CH2_(CH:?_}J_NH;[CHZ_(CH %)*‘_T]”_RG
R3 R® (IV)

wherein the variables a, b, p, m, n, and R? to R® are defined as follows:
ais 1 and b is an integer of 2 to 4; or ais an integer of 2to4 and b is 1,
pislor2,
mislor2;nisOorlandm+nis>2;and
R” to R® are, independently of each other, selected from hydrogen; a group
—CH,-CH(OH)-R’, -CH(R")-CH,-OH, —CH,-CH,—(C=0)-0-R’,
—CHZ—CHZ—(C:O)—NH—R7, or —CH,—R” wherein R’ is selected from C3—C18 alkyl or
C3-C18 alkenyl having one C—C double bond; a protecting group for an amino group;
and a poly(ethylene glycol) chain; and a receptor ligand; provided that at least two
residues among R' to R® are a group —~CH,—~CH(OH)-R’, -CH(R")-CH,—OH,
—CH,-CH,—(C=0)-0-R’, -CH,-CH,—~(C=0)-NH-R’, or -CH,-R” wherein R’ is
selected from C3—-C18 alkyl or C3—C18 alkenyl having one C—C double bond,
and wherein one or more of the nitrogen atoms indicated in formula (IV) may be protonated to
provide a cationic group of formula (IV).
[00163] Non-limiting examples of alkenyl and alkenylene groups include straight,
branched, and cyclic alkenyl groups. The olefin or olefins of an alkenyl group can be, for
example, E, Z, cis, trans, terminal, or exo-methylene. An alkenylene group can be, for example,
a CZ, C3, C4, CS, C6, C7, CS, C9, CIO, Cll, C12, C13, C14, CIS, C16, C17, CIS, C19, CZO, CZI, C22; C23,
C24, C25, C26, C27, C28, C29, C30, C31, C32, C33, C34, C35, C36, C37, C38, C39, C40, C41, C42, C43, C44;
Cys, Cys, Cy7, Cys, Cyo, or Csg group that is substituted or unsubstituted.
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[00164] The oligo(alkylene amine) structures of formulae (II), (IIT) and (IV) are

characterized in that they can combine shorter (also referred to for illustration as “S”) ethylene

amine units (i.e., a or b is 1) with longer (also referred to for illustration as “L”) alkylene amine

units (i.e., the other one of a or b is an integer of 2 to 4) in an alternating manner. Such an

arrangement of the protonatable units can provide advantages in terms of the suitability of the

resulting group to provide a vehicle for delivering polyribonucleotides into a cell.

[00165] A composition of the disclosure can comprise a plurality of oligo(alkylene amine)

groups of formula (IT) as a side chain or as a terminal group:

[00166] —NR*{CH,~ (CH,),~NR '~ [CH,~ (CH2)y~NR*]p} o [CHp— (CH,),~NR’];—R°
(D),

wherein the variables a, b, p, m, n, and R to R® are defined as follows, independently for each

group of formula (II) in a plurality of such groups:

ais 1 and b is an integer of 2 to 4; or ais an integer of 2to4 and b is 1,

pislor2,

mislor2;nisOorlandm+nis>2;and

R” to R are, independently of each other, selected from hydrogen; a group
—CH,-CH(OH)-R’, -CH(R")-CH,-OH, —CH,-CH,—(C=0)-0-R’,
—CH,-CH,—(C=0)-NH-R’, or -CH,-R’ wherein R’ is selected from C3-C18 alkyl or
C3-C18 alkenyl having one C—C double bond; a protecting group for an amino group;
—C(NH)—-NH,—; and a poly(ethylene glycol) chain;

R® is selected from hydrogen; a group —~CH,~CH(OH)-R’, ~-CH(R")-CH,~OH,
—CH,-CH,—(C=0)-0-R’, -CH,-CH,—~(C=0)-NH-R’, or -CH,-R” wherein R’ is
selected from C3—-C16 alkyl or C3—C16 alkenyl having one C—C double bond; a
protecting group for an amino group; —C(NH)—-NH; a poly(ethylene glycol) chain; and a
receptor ligand.

[00167] In some cases, R* to R are hydrogen and R® is selected from hydrogen, a
protecting group for an amino group; —C(NH)—-NH, and a poly(ethylene glycol) chain. In some
cases, R” to R® are hydrogen. In some cases, R’ is selected from C8—C18 alkyl or C8—C18
alkenyl having one C—C double bond, or from C8—C12 alkyl or C8—C12 alkenyl having one
C—C double bond, or from C10-C12 alkyl or C10—C12 alkenyl having one C—C double bond. A
composition of the disclosure can comprise one, or multiple alkylene groups of formulas (II)-

(IV).
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[00168] In some cases, the oligomers or polymers which can be used in the compositions
in accordance with the present disclosure comprise a plurality of oligo (alkylene amine) groups
of formula (II) as repeating units:
[00169] NR?*{CHy~ (CH,),~NR’~ [CHy~ (CH)o~NR*], }u— [CHy— (CHp)y~NR’]— (IID)
wherein the variables a, b, p, m, n, and R* to R’ are defined as follows, independently for each
group of formula (II) in a plurality of such groups:
ais 1 and b is an integer of 2 to 4; or ais an integer of 2to4 and b is 1,
pislor2,
mislor2;nisOorlandm+nis>2;and
R” to R are, independently of each other, selected from hydrogen; a group
—CH,-CH(OH)-R’, -CH(R")-CH,-OH, —CH,-CH,—(C=0)-0-R’,
—CH,-CH,—(C=0)-NH-R’, -CH,-R’ or —-CH,— wherein R is selected from C3—C18
alkyl or C3—C18 alkenyl having one C—C double bond; a protecting group for an amino
group; —C(NH) —NH,; a poly(ethylene glycol) chain; and endosomal escape effector and
a receptor ligand. In some cases, R” to R’ are hydrogen. In some cases, R’ is selected
from C8—C18 alkyl or C8—C18 alkenyl having one C—C. R” may be selected from
C8-C12 alkyl or C8-C12 alkenyl having one C—C. As an alternative, R’ may be selected
from C10—C12 alkyl or C10-C12 alkenyl having one C-C.
[00170] One or more of the nitrogen atoms indicated in formula (III) may be protonated to
provide a cationic group of formula (III).
[00171] Optionally, the oligomers or polymers which comprise a plurality of groups of
formula (III) as repeating units can comprise, in addition, one or more oligo(alkylene amine)
group(s) of formula (II) as a side chain and/or as a terminal group.
[00172] In a plurality of groups of formula (III) as repeating units, two, three or more of
the groups of formula (III) can be contained in the oligomers or polymers. Generally, substances
comprising 2 to 9 repeating units are referred to herein as oligomers, those comprising 10 and
more repeating units as polymers. Thus, in the polymers containing a plurality of groups of
formula (III) as repeating units, 10 or more groups of formula (III) may be present. It will be
understood that the groups of formula (III) can have the same structure within a polymer or
oligomer, or can have two or more different structures within the scope of formula (III). In some
cases, the oligomers or polymers containing a plurality of groups of formula (III) as repeating
units can be provided in the form of a library of sequence defined polymers which are prepared

from different groups of formula (III) in a controlled, stepwise polymerization.
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[00173] In line with formulae (IT) and (IIT) above, an alkylene amine unit may be repeated
once in an alternating chain such that oligo(alkylene amine) moieties of the type —S—L—-L—S— or
—L—-S—S—L— may result, wherein S represents a shorter ethylene amine unit, and L represents a
longer alkylene amine unit. In some cases, groups of formula (II) and (IIT) are those wherein no
repetition occurs, i.e., wherein p is 1, such that the shorter or longer units do not appear in pairs.
The group of formula (II) can be an oligo(alkylene amine) group of formula (I1a) and the group
of formula (III) can be an oligo(alkylene amine) group of (Illa):
[00174] —NR?*{CH,~ (CH,),~NR’~CH,~ (CH,),~-NR*} ,— [CH2—- (CH,),~NR’],— R®

(Ila),
wherein a, b, m, n, and R” to R® are defined as in formula (II), and wherein one or more of the
nitrogen atoms indicated in formula (Ila) may be protonated to provide a cationic oligomer or
polymer structure;
[00175]  -NR’{CH,- (CH2);~-NR*-CH;~ (CH2)o-NR*} 1~ [CHy~ (CH2);~NR s~

(Illa),
wherein a, b, m, n, and R* to R’ are defined as in formula (III), and wherein one or more of the
nitrogen atoms indicated in formula (Ilia) can be protonated to provide a cationic oligomer or
polymer structure.
[00176] Moreover, in some cases, the oligo(alkylene amine) group of formulae (II) and
(IIT) can have an n of 1. In some cases, mis 1 and nis 1. In some cases, the group of formula (II)
is an oligo(alkylene amine) group of formula (IIb), and the group of formula (III) is an
oligo(alkylene amine) group of formula (IIIb):
[00177] —NR*~CH,- (CH,);~NR’-CH,— (CH,),~NR*~CH,~ (CH,),— (NR’) -R°

(Ilb),
wherein a, b, and R” to R® are defined as in formula (II), and wherein one or more of the nitrogen
atoms indicated in formula (IIb) can be protonated to provide a cationic oligomer or polymer
structure;
[00178] —NR*-~CH,- (CH,);~NR’-CH,— (CH,),~NR" —CH,— (CH,),—~NR’—

(IIIb),
wherein a, b, and R? to R’ are defined as in formula (IIT) and wherein one or more of the nitrogen
atoms indicated in formula (IIIb) can be protonated to provide a cationic oligomer or polymer
structure.
[00179] With respect to the length of the alkylene amine units in the oligo(alkylene amine)
groups of formula (II), (IIa), (IIb) and (III), (I1Ia), (IIIb), one of the alternating units can be an

ethylene amine unit (i.e., either a or b is 1). The other alternating unit can be a propylene amine
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unit, a butylene amine unit or a pentylene amine unit (i.e., the other one of a or b can be an
integer from 2 to 4. In some cases, the other of a or b can be 2 or 3, and in some cases, a is 1 and
bis2, orais2andbis 1. In some cases, an oligo(alkylene amine) group of formula (Ilc) is
employed instead of or in addition to group (II), and/or an oligo(alkylene amine) group of
formula (ITlc) is employed instead of or in addition to group (III). The formulae of group (Ilc)
and group (IIlc) are as follows:

[00180] ~NR*-CH,-CH,~NR’-CH,-CH,—CH,-NR*~CH,—~CH,-NR’— R® (Ilc),
[00181] wherein R? to R® are as defined in formula (I), and wherein R* to R® are
hydrogen, and wherein one or more of the nitrogen atoms indicated in formula (Ilc) can be
protonated to provide a cationic oligomer or polymer structure;

[00182] ~NR*-CH,-CH,~NR’-CH,-CH,—CH,~NR"-CH,—~CH,-NR’— (Illc),
[00183] wherein R? to R’ are as defined in formula (IIT), and wherein one or more of the
nitrogen atoms indicated in formula (IIlc) can be protonated to provide a cationic oligomer or
polymer structure.

[00184] In some cases, the groups R” to R® in formula (II), (ITa), (IIb) and (IIc) or the
groups R” to R” in formula (III), (IlTa), (ITIb) and (ITIc) can be protecting group for an amino
group. Non-limiting examples of protecting groups include t-butoxycarbonyl (Boc), 9-
fluorenylmethoxycarbonyl (Fmoc), or carbobenzyloxy (Cbz).

[00185] In some cases, the groups R' to R® in formula (II), (I1a), (IIb) and (I1Ic) or the
groups R” to R” in formula (II), (I1Ta), (ITIb) and (ITIc) are a receptor ligand, such as the receptor
ligands described in Philipp and Wagner in “Gene and Cell Therapy - Therapeutic Mechanisms
and Strategy”, 3rd Edition, Chapter 15, CRC Press, Taylor & Francis Group LLC, Boca Raton
2009. Examples of receptor ligands that target the lung tissue are described in Pfeifer et al. 2010,
Ther. Deliv. 1 (1): 133-48. Receptor ligands can include synthetic cyclic or linear peptides such
as derived from screening peptide libraries for binding to a particular cell surface structure or
particular cell type, cyclic or linear RGD peptides, synthetic or natural carbohydrates such as
sialic acid, galactose or mannose or synthetic ligands derived from reacting a carbohydrate for
example with a peptide, antibodies specifically recognizing cell surface structures, folic acid,
epidermal growth factor and peptides derived thereof, transferrin, anti-transferrin receptor
antibodies, nanobodies and antibody fragments, approved drugs that may bind to cell surface
molecules (e.g., cell surface receptors), etc.

[00186] As far as any of the groups R' to R® in formula (II), (ITa), (IIb) and (IIc) or the
groups R” to R” in formula (III), (IlTa), (ITIb) and (ITlc) are a poly(ethylene glycol) chain, the
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molecular weight of the poly(ethylene glycol) chain can be from about 100 g/mol to 20,000
g/mol, from about 1,000 g/mol to 10,000 g/mol or from about 1,000 g/mol to 5,000 g/mol.

[00187] In some cases, group (II) can be an oligo(alkylene amine) group of formula (IId):
[00188] —-NH-CH,-CH,-NH-CH,—CH,-CH,-NH-CH,-CH,-NH-H (11d),
[00189] wherein one or more of the nitrogen atoms indicated in formula (IId) may be

protonated to provide a cationic polymer or dendrimer structure. In some cases, group (III) is an
oligo(alkylene amine) group of formula (I11d):

[00190] —-NH-CH,-CH,-NH-CH,-CH,-CH,-NH-CH,-CH,-NH- (I11d)
[00191] wherein one or more of the nitrogen atoms indicated in formula (IIld) may be

protonated to provide a cationic polymer or dendrimer structure.

Lipidoids

[00192] An engineered polyribonucleotide can be encapsulated in a lipidoid formulation.
A lipidoid formulation can be any material that has characteristics of a lipid, such as fats, waxes,
sterols, fat-soluble vitamins (such as vitamins A, D, E, and K), monoglycerides, diglycerides,
triglycerides, phospholipids, and others. For example, a lipid or lipidoid formulation can include
lipids such as cholesterol, DOPE, DOPC or DSPC which are referred to as helper lipids in the
scientific literature, and/or PEGylated lipids or any other lipid useful for preparing lipoplexes.
The formulation comprising the engineered polyribonucleotide may be a nanoparticle which may
comprise at least one lipid. A lipidoid formulation can be a lipid nanoparticle. The lipid may be
selected from, but is not limited to, DOPE, DOPC, DSPC, cholesterol, DLin-DMA, DLin-K-
DMA, 98N12-5, C12-200, DLin-MC3-DMA, DLin-KC2-DMA, DODMA, PLGA, PEG, PEG-
DMG and PEGylated lipids. In another aspect, the lipid may be a cationic lipid such as, but not
limited to, DLin-DMA, DLin-D-DMA, DLin-MC3-DMA, DLin-KC2-DMA and DODMA.
[00193] The composition containing a lipidoid may be about 40-60% lipidoid, about 40-
60 % cholesterol, and about 5-20% PEG-lipid (in percent by weight, based on the total weight of
the composition). The composition containing a lipidoid may be about 50-60% lipidoid, about
40- 50 % cholesterol, and about 5-10% PEG-lipid. The composition containing a lipidoid may be
about 50-75% lipidoid, about 20-40% cholesterol, and about 1-10% PEG-lipid. The composition
containing a lipidoid may be about 60-70% lipidoid, about 25-35% cholesterol, and about 5-10%
PEG-lipid. The composition may be provided with techniques described in, for example, Akinc
et al, 2007, Nat Biotech, 26, 561-569; Akinc et al, 2009, Mol Ther, 17, 872-9; Love et al, 2010,
PNAS, 107, 1864-9; US 8,450,298, 02006/138380). RNA/lipidoid complexes may form
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particles that are useful in the delivery of RNA, such as single-stranded RNAs or mRNAgs, into
cells.
[00194] A composition of the disclosure cab be an engineered polyribonucleotide

encapsulated by a lipidoid of formula (IV)

[00195] R'-NR*{CH,~ (CH,),~NR’~ [CH,~ (CH,),~NR*]p} s~ [CHy~ (CH,),~NR*],-R®
Iv),
[00196] wherein the variables a, b, p, m, n and R1 to R6 are defined as follows:

ais 1 and b is an integer of 2 to 4; or ais an integer of 2to4 and b is 1,
pislor2,
mislor2;nisOorlandm+nis>2;and
R' to R® are independently of each other selected from hydrogen; a group
—CH,-CH(OH)-R’,~CH(R")~CH,-OH, —-CH,—CH,—(C=0)-0-R’, -CH,-CH,— (C=0)
~NH-R” or -CH,~R’ wherein R’ is selected from C3-C18 alkyl or C3-C18 alkenyl
having one C—C double bond; a protecting group for an amino group; —C(NH) —-NH;; a
poly(ethylene glycol) chain; and a receptor ligand; provided that at least two residues
among R' to R® are a group -CH,~CH(OH) —R’, -CH(R")-CH,—-OH, -CH,—CH,-
(C=0)-0-R’, -CH,—CH,— (C=0)-NH-R’ or -CH,-R’ wherein R is selected from
C3-C18 alkyl or C3—C18 alkenyl having one C—C double bond.
[00197] In some cases, R' to R® are independently selected from hydrogen; a group
—CH,-C(OH)H-R or -CH(R")~CH,—-OH, wherein R’ is selected from C3-C18 alkyl or
C3-C18 alkenyl having one C—C double bond; a protecting group for an amino group; and a
poly(ethylene glycol) chain; provided that at least two residues among R' to R® are a group
—~CH2-C(OH)H-R’ or —-CH(R")-CH,—OH, wherein R’ is selected from C3—C18 alkyl or
C3-C18 alkenyl having one C—C double bond. In some cases, R' to R® are independently
selected from hydrogen; and a group ~CH,—~CH(OH) —-R” or -CH(R") -CH,—OH wherein R’ is
selected from C3—-C16 alkyl or C3—C16 alkenyl having one C—C double bond; provided that at
least two residues among R' to R® are a group ~CH,—CH(OH)-R” or ~CH(R")-CH,-OH,
wherein R’ is selected from C3—C18 alkyl or C3—C18 alkenyl having one C—C double bond. In
some cases, R' and R® are independently selected from hydrogen; and a group
—~CH,~CH(OH)-R” or -CH(R")-CH2-OH wherein R’ is selected from C3-C18 alkyl or
C3-C18 alkenyl having one C—C double bond; and R* to R’ are all a group ~-CH2-CH(OH)-R’
or —CH(R")-CH,—OH wherein R’ is selected from C3—C18 alkyl or C3—C18 alkenyl having one
C—C double bond. In some cases, R’ is selected from C8—C16 alkyl or C8—C18 alkenyl having
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one C—C double bond, or from C8—-C12 alkyl or C8—C12 alkenyl having one C—C double bond,
or from C10-C12 alkyl or C10—C12 alkenyl having one C—C double bond.

[00198] One or more of the nitrogen atoms indicated in formula (IV) may be protonated to
provide a cationic lipidoid of formula (IV).

[00199] In line with formula (IV) above, an alkylene amine unit may be repeated once in
an alternating chain such that oligo(alkylene amine) moieties of the type —S—L—-L—S— or
—L—-S—S-L-may result, wherein S represents a shorter ethylene amine unit, and L represents a
longer alkylene amine unit. In some cases, a lipidoid of formula (IV) is one wherein no repetition

occurs, i.e., wherein p is 1, such that the shorter or longer units do not appear in pairs. The

lipidoid of formula (IV) can be a lipidoid of (IVa):

[00200] R'-NR*{CH,- (CH,),~NR’-CH,— (CH,),~NR },— [CH,—(CH,),~NR’],—R®
(IVa),
[00201] wherein a, b, m, n, and R' to R® are defined as in formula (IV) and wherein one or

more of the nitrogen atoms indicated in formula (IVa) may be protonated to provide a cationic
lipidoid,;

[00202] In some cases, the lipidoid is a lipidoid of formula (IV). In some cases ‘n’ is 1 in a
lipidoid of formula (IV). In some cases, ‘m’ is 1 and n is 1 in a lipidoid of formula (IV). In some
cases, the lipidoid of formula (IV) is a lipidoid of formula (IVb):

[00203] R-NR’*-CH,- (CH,),~NR’~CH,- (CH;),~-NR*~CH,— (CH,),.-NR’-R®  (IVb),
[00204] wherein a, b, and R to R® are defined as in formula (IV) wherein one or more of
the nitrogen atoms indicated in formula (IVb) may be protonated to provide a cationic lipidoid.
[00205] As regards the length of the alkylene amine units in the lipidoid of formula (IV),
(IVa) and (IVD), it will be understood that one of the alternating units needs to be an ethylene
amine unit (i.e., either a or b is 1). The other alternating unit can be a propylene amine unit, a
butylene amine unit, a pentylene amine unit, or another suitable unit (i.e., the other one of a or b
is an integer of 2 to 4. In some cases, a lipidoid of formula (IV) is a lipidoid of formula (IVc):
[00206] R'-NR’-CH,-CH,-NR’-CH,-CH,—CH,-NR*~CH,-CH,-NR’-R® (IVc¢)
[00207] wherein R' to R® are as defined in formula (IV) and wherein one or more of the
nitrogen atoms indicated in formula (IVc) can be protonated to provide a cationic lipidoid;
[00208] In some cases, the groups R' to R® in formula (IV), (IVa), (IVb) and (IVc) are a
protecting group for an amino group. Non-limiting examples of protecting groups include t-
butoxycarbonyl (Boc), 9-fluorenylmethoxycarbonyl (Fmoc), or carbobenzyloxy (Cbz).

[00209] As far as the groups R' to R® in formula (IV), (IVa), (IVb) and (IVc) are a
receptor ligand, such as the receptor ligands described in Philipp and Wagner in “Gene and Cell
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Therapy - Therapeutic Mechanisms and Strategy”, 3rd Edition, Chapter 15, CRC Press, Taylor &
Francis Group LLC, Boca Raton 2009. Examples of receptor ligands that target the lung tissue
are described in Pfeifer et al. 2010, Ther. Deliv. 1 (1): 133-48. Receptor ligands can include
synthetic cyclic or linear peptides such as derived from screening peptide libraries for binding to
a particular cell surface structure or particular cell type, cyclic or linear RGD peptides, synthetic
or natural carbohydrates such as sialic acid, galactose or mannose or synthetic ligands derived
from reacting a carbohydrate for example with a peptide, antibodies specifically recognizing cell
surface structures, folic acid, epidermal growth factor and peptides derived thereof, transferrin,
anti-transferrin receptor antibodies, nanobodies and antibody fragments, approved drugs that
may bind to cell surface molecules (e.g., cell surface receptors), etc.

[00210] As far as the groups R' to R® in formula (IV), (IVa), (IVb) and (IVc) are a
poly(ethylene glycol) chain, the molecular weight of the poly(ethylene glycol) chain can be from
about 100 g/mol to 20,000 g/mol, from about 1,000 g/mol to 10,000 g/mol or from about 1,000
g/mol to 5,000 g/mol. In some cases, a molecular weight of the PEG chain can provide a
composition with a desired density.

[00211] Multiple lipidoid molecules can be associated with an engineered
polyribonucleotide. For example, a composition can comprise 1 engineered polyribonucleotide
to 100 lipidoid molecules, 1 engineered polyribonucleotide to 1,000 lipidoid molecules, 10
engineered polyribonucleotide to 1,000 lipidoid molecules, or 100 engineered polyribonucleotide
to 10,000 lipidoid molecules. The complex of engineered polyribonucleotide and lipidoid can
form a particle. The diameter of the particles may range, e.g., from 10 nanometers to 1,200
nanometers. In some cases the diameter of the particles ranges from 10 nanometers to 500
nanometers. In some cases, the diameters of the particles are from 20 nanometers to 150

nanometers.

Administration to a subject

[00212] Further described herein are methods for the administration of a polynucleotide
(e.g., polyribonucleotide, nucleic acid construct, or vector) to a subject. The polyribonucleotide
can be provided to the subject via a delivery agent, such as a particle or capsule with an
encapsulating agent that encapsulates the polyribonucleotide. The delivery agent can be a
therapeutic agent. The subject can be a human, such as a human afflicted with a disease or
condition (e.g., primary ciliary dyskinesia (PCD), Kartagener Syndrome or cancer). The delivery
agent can be administered to the subject (e.g., self-administration or administration by a third

party, such as a healthcare provider) at a given dosage, and the dosage can be increased with
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time, decreased with time, or kept constant. The dosage can be changed based on a progression
or regression of a disease in the subject, such as a rare disease or a cancer.

[00213] A polyribonucleotide of the disclosure can be formulated with one or more
pharmaceutically acceptable carrier(s) to be administered to a subject. In some cases, the
polyribonucleotide can be formulated for targeted delivery to a target cell or cell population. In
some cases, the polyribonucleotide can be formulated for untargeted delivery to a cell or cell
population. The encoded polypeptide product of the polyribonucleotide is then transcribed and it
accumulates within the recipient cell.

[00214] A composition can be a combination of any engineered polyribonucleotide
described herein with other chemical components, such as carriers, stabilizers, diluents,
dispersing agents, suspending agents, thickening agents, and/or excipients. The composition
facilitates administration of the compound to an organism. Pharmaceutical compositions can be
administered in therapeutically-effective amounts as pharmaceutical compositions by various
forms and routes including, for example, intravenous, subcutaneous, intramuscular, oral, rectal,
aerosol, parenteral, ophthalmic, pulmonary, transdermal, vaginal, otic, nasal, and topical
administration.

[00215] A composition can be administered in a local or systemic manner, for example,
via injection of the compound directly into an organ, optionally in a depot or sustained release
formulation. Pharmaceutical compositions can be provided in the form of a rapid release
formulation, in the form of an extended release formulation, or in the form of an intermediate
release formulation. A rapid release form can provide an immediate release. An extended
release formulation can provide a controlled release or a sustained delayed release.

[00216] For administration by inhalation, the active compounds can be in a form as an
aerosol, a mist, a vapor, a spray, or a powder. Pharmaceutical compositions are conveniently
delivered in the form of an aerosol spray presentation from pressurized packs or a nebulizer, with
the use of a suitable propellant, for example, dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a pressurized
aerosol, the dosage unit can be determined by providing a valve to deliver a metered amount.
Capsules and cartridges of, for example, gelatin for use in an inhaler or insufflator can be
formulated containing a powder mix of the compounds and a suitable powder base such as
lactose or starch.

[00217] The eye comprises several structurally and functionally distinct vascular beds that

supply ocular components critical to the maintenance of vision. These beds include the retinal
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and choroidal vasculatures, which supply the inner and outer portions of the retina, respectively,
and the limbal vasculature located at the periphery of the cornea.

[00218] A pharmaceutical composition comprising an engineered polyribonucleotide can
be administered to the eye via any suitable form or route including, for example, topical, oral,
systemic, intravitreal, intracameral, subconjunctival, subtenon, retrobulbar, intraocular, posterior
juxtascleral, periocular, subretinal, and suprachoroidal administration. The compositions can be
administered by injecting the formulation in any part of the eye including anterior chamber,
posterior chamber, vitreous chamber (intravitreal), retina proper, and/or subretinal space. The
compositions can also be delivered via a non-invasive method. Non-invasive modes of
administering the formulation can include using a needleless injection device. Multiple
administration routes can be employed for efficient delivery of the pharmaceutical compositions.
[00219] An engineered polynucleotide of the disclosure can be delivered to any suitable
ocular cell including for example, endothelial cells such as vascular endothelial cells, cells of the
retina such as retinal pigment epithelium (RPE), corneal cells, fibroblasts, astrocytes, glial cells,
pericytes, iris epithelial cells, cells of neural origin, ciliary epithelial cells, mueller cells, muscle
cells surrounding and attached to the eye such as cells of the lateral rectus muscle, orbital fat
cells, cells of the sclera and episclera, cells of the trabecular meshwork, and connective tissue
cells.

[00220] A composition that is disclosed herein, upon administration to a subject, can have
a transfection efficiency of at least about 80%, 90%, or 95% by the cell of the subject. In some
cases, the transfection efficiency of an encapsulated composition, upon administration to a
subject, is at least about 50%, 60%, 70%, 80%, 90%, 95%, 100%, 110%, 120%, 130%, 140%,
150%, 160%, 170%, 180%, 190%, 200%, 225%, 250%, 275%, 300%, 325%, 350%, 375%,
400%, 450%, or 500% relative to an unencapsulated polyribonucleotide. In some situations,
transfection efficiency of a composition comprising a modified polyribonucleotide (in some
cases also comprising an unmodified polyribonucleotide), upon administration to a subject, is at
least about 50%, 60%, 70%, 80%, 90%, 95%, 100%, 110%, 120%, 130%, 140%, 150%, 160%,
170%, 180%, 190%, 200%, 225%, 250%, 275%, 300%, 325%, 350%, 375%, 400%, 450%, or
500% relative to composition solely containing an unmodified polyribonucleotide. The
transfection efficiency of a composition can be increased by addition of a carrier, such as a cell
penetrating peptide or a cationic coating to the outer layer of the composition. The transfection
efficiency of a composition can be modulated by the density of a composition.

[00221] Methods for the preparation of compositions comprising the engineered

polyribonucleotides described herein include formulating the compounds with one or more inert,
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pharmaceutically-acceptable excipients or carriers to form a solid, semi-solid, or liquid
composition. Solid compositions include, for example, powders, tablets, dispersible granules,
capsules, cachets, and suppositories. Liquid compositions include, for example, solutions in
which a compound is dissolved, emulsions comprising a compound, or a solution containing
liposomes, micelles, or nanoparticles comprising a compound as disclosed herein. Semi-solid
compositions include, for example, gels, suspensions and creams. The compositions can be in
liquid solutions or suspensions, solid forms suitable for solution or suspension in a liquid prior to
use, or as emulsions. These compositions can also contain minor amounts of nontoxic, auxiliary
substances, such as wetting or emulsifying agents, pH buffering agents, and other
pharmaceutically-acceptable additives.

[00222] Non-limiting examples of pharmaceutically-acceptable excipients can be found,
for example, in Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.:
Mack Publishing Company, 1995); Hoover, John E., Remington’s Pharmaceutical Sciences,
Mack Publishing Co., Easton, Pennsylvania 1975, Liberman, H A. and Lachman, L., Eds.,
Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y ., 1980; and Pharmaceutical
Dosage Forms and Drug Delivery Systems, Seventh Ed. (Lippincott Williams & Wilkins1999),
each of which is incorporated by reference in its entirety.

[00223] A composition comprising a polynucleotide (e.g., polyribonucleotide) can be
provided in various dosages. A dose of a polynucleotide, or a polyribonucleotide, can be from
about 1 pg to about 1000 pg, about 1 pg to about 500 ug, about 1 ug to about 1000 ug, about 10
ug to about 500 pg, about 20 pg to about 500 pg, about 25 pg to about 500 pg, about 30 pg to
about 500 pg, about 40 pg to about 500 pg, about 50 pg to about 500 pg, about 10 pg to about
250 g, about 20 pg to about 250 pg, about 30 pg to about 250 pg, about 40 pg to about 250 pg,
about 50 pg to about 250 pg, about 1 pg to about 200 ug, about 10 pg to about 200 ug, about 20
ug to about 200 pg, about 30 pg to about 200 pg, about 40 pg to about 200 pg, about 50 pg to
about 200 pg, about 25 pg to about 50 pg, about 25 pg to about 100 pg, about 25 pg to about
150 pg, about 25 pg to about 200 pg, about 25 pg to about 250 pg, about 25 pg to about 300 pg,
about 25 g to about 350 pg, about 25 pg to about 400 pg, about 25 ug to about 450 pg, about
25 ugto about 500 ug, about S0 ug to about 750 ug, or about 25 ug to about 1000 pg of the
engineered polyribonucleotide. In some cases, a dose of a polynucleotide is about 1 mg to about
100 mg, about 1 mg to about 50 mg, about 10 mg to about 50 mg, about 20 mg to about 50 mg,
about 25 mg to about 50 mg, about 30 mg to about 50 mg, about 40 mg to about 50 mg, about 50
mg to about 100 mg, about 1 mg to about 25 mg, about 2 mg to about 25 mg, about 3 mg to
about 25 mg, about 4 mg to about 25 mg, about 5 mg to about 25 mg, about 1 mg to about 20
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mg, about 1 mg to about 20 mg, about 2 mg to about 20 mg, about 3 mg to about 20 mg, about 4
mg to about 20 mg, or about 5 mg to about 20 mg of an engineered polyribonucleotide.
[00224] The percentage of a polyribonucleotide in a formulation (e.g., within an
encapsulated agent) can be greater than or equal to 0.25 % polyribonucleotide, 0.5 %
polyribonucleotide, 0.75 % polyribonucleotide, 1 % polyribonucleotide, 1.25 %
polyribonucleotide, 1.5 % polyribonucleotide, 1.75 % polyribonucleotide, 2 %
polyribonucleotide, 2.25 % polyribonucleotide, 2.5 % polyribonucleotide, 2.75 %
polyribonucleotide, 3 % polyribonucleotide, 3.25 % polyribonucleotide, 3.5 %
polyribonucleotide, 3.75 % polyribonucleotide, 4 % polyribonucleotide, 4.25 %
polyribonucleotide, 4.5 % polyribonucleotide, 4.75 % polyribonucleotide, 5 %
polyribonucleotide, 5.25 % polyribonucleotide, 5.5 % polyribonucleotide, 5.75 %
polyribonucleotide, 6 % polyribonucleotide, 6.25 % polyribonucleotide, 6.5 %
polyribonucleotide, 6.75 % polyribonucleotide, 7 % polyribonucleotide, 7.25 %
polyribonucleotide, 7.5 % polyribonucleotide, 7.75 % polyribonucleotide, 8 %
polyribonucleotide, 8.25 % polyribonucleotide, 8.5 % polyribonucleotide, 8.75 %
polyribonucleotide, 9 % polyribonucleotide, 9.25 % polyribonucleotide, 9.5 %
polyribonucleotide, 9.75 % polyribonucleotide, 10 % polyribonucleotide, 10.25 %
polyribonucleotide, 10.5 % polyribonucleotide, 10.75 % polyribonucleotide, 11 %
polyribonucleotide, 11.25 % polyribonucleotide, 11.5 % polyribonucleotide, 11.75 %
polyribonucleotide, 12 % polyribonucleotide, 12.25 % polyribonucleotide, 12.5 %
polyribonucleotide, 12.75 % polyribonucleotide, 13 % polyribonucleotide, 13.25 %
polyribonucleotide, 13.5 % polyribonucleotide, 13.75 % polyribonucleotide, 14 %
polyribonucleotide, 14.25 % polyribonucleotide, 14.5 % polyribonucleotide, 14.75 %
polyribonucleotide, 15 % polyribonucleotide, 15.25 % polyribonucleotide, 15.5 %
polyribonucleotide, 15.75 % polyribonucleotide, 16 % polyribonucleotide, 16.25 %
polyribonucleotide, 16.5 % polyribonucleotide, 16.75 % polyribonucleotide, 17 %
polyribonucleotide, 17.25 % polyribonucleotide, 17.5 % polyribonucleotide, 17.75 %
polyribonucleotide, 18 % polyribonucleotide, 18.25 % polyribonucleotide, 18.5 %
polyribonucleotide, 18.75 % polyribonucleotide, 19 % polyribonucleotide, 19.25 %
polyribonucleotide, 19.5 % polyribonucleotide, 19.75 % polyribonucleotide, 20 %
polyribonucleotide, 20.5 % polyribonucleotide, 21 % polyribonucleotide, 21.5 %
polyribonucleotide, 22 % polyribonucleotide, 22.5 % polyribonucleotide, 23 %
polyribonucleotide, 23.5 % polyribonucleotide, 24 % polyribonucleotide, 24.5 %
polyribonucleotide, or 25% polyribonucleotide by weight. Alternatively, the percentage of the
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polyribonucleotide in the formulation (e.g., within an encapsulated agent) can be less than about
25 % polyribonucleotide, 24.5 % polyribonucleotide, 24 % polyribonucleotide, 23.5 %
polyribonucleotide, 23 % polyribonucleotide, 22.5 % polyribonucleotide, 22 %
polyribonucleotide, 21.5 % polyribonucleotide, 21% polyribonucleotide, 20.5 %
polyribonucleotide, 20 % polyribonucleotide, 19.5 % polyribonucleotide, 19%
polyribonucleotide, 18.5 % polyribonucleotide, 18 % polyribonucleotide, 17.5 %
polyribonucleotide, 17 % polyribonucleotide, 16.5 % polyribonucleotide, 16 %
polyribonucleotide, 15.5 % polyribonucleotide, 15% polyribonucleotide, 14.5 %
polyribonucleotide, 14 % polyribonucleotide, 13.5 % polyribonucleotide, 13 %
polyribonucleotide, 12.5 % polyribonucleotide, 12 % polyribonucleotide, 11.5 %
polyribonucleotide, 11 % polyribonucleotide, 10.5 % polyribonucleotide, 10 %
polyribonucleotide, 9.5 % polyribonucleotide, 9 % polyribonucleotide, 8.5 % polyribonucleotide,
8 % polyribonucleotide, 7.5 % polyribonucleotide, 7 % polyribonucleotide, 6.5 %
polyribonucleotide, 6 % polyribonucleotide, 5.5 % polyribonucleotide, 5 % polyribonucleotide,
4.5 % polyribonucleotide, 4% polyribonucleotide, 3.5 % polyribonucleotide, 3%
polyribonucleotide, 2.5 % polyribonucleotide, 2 % polyribonucleotide, 1.5 % polyribonucleotide,
1% polyribonucleotide, 0.5% polyribonucleotide, or 0.1 % polyribonucleotide.

[00225] In some cases, an encapsulated composition of the disclosure can produce a
plasma, serum or blood concentration of the polyribonucleotide, pharmaceutical carrier,
encapsulating agent, or polymeric material (e.g.: polyethylene glycol or polyethylenimine) in a
subject within about 1 second to about 30 minutes, about 1 second to 20 minutes, about 1 second
to 10 minutes, about 1 second to 5 minutes, about 1 second to 2 minutes, about 1 second to 1
minute, about 1 second to about 30 seconds, about 30 seconds to 30 minutes, about 30 seconds to
20 minutes, about 30 seconds to 10 minutes, about 30 seconds to 5 minutes, about 30 seconds to
2 minutes, about 30 seconds to about 1 minute, about 1 minute to about 30 minutes, about 1
minute to about 25 minutes, about 1 minute to about 20 minutes, about 1 minute to about 15
minutes, about 1 minute to about 10 minutes, about 5 minutes to about 30 minutes, about 5
minutes to about 25 minutes, about 5 minutes to about 20 minutes, about 5 minutes to about 15
minutes, about 5 minutes to about 10 minutes, about 10 minutes to about 30 minutes, about 10
minutes to about 25 minutes, about 10 minutes to about 20 minutes, or about 10 minutes to about
15 minutes of use of the device. The plasma, serum or blood concentration of the
polyribonucleotide, pharmaceutical carrier, encapsulating agent, or polymeric material (e.g.:
polyethylene glycol or polyethylenimine) concentration can be a peak concentration or an

average concentration.
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EXAMPLES

EXAMPLE 1: Production of DNAI1 RNA comprising

[00226] This experiment demonstrates the production of a DNAI1 complementary
deoxyribonucleic acid construct.

[00227] Methods: DNAI1 was synthesized at GenScript. pUCS7/DNAII was digested
with HindIIT and EcoRI HF restriction enzymes. Moreover, a digested pVAX120 vector and
DNAI1 cDNA were gel purified and ligated (the ORF for DNAII is codon optimized). Standard
in vitro translation procedure was used for RNA production utilizing unmodified nucleotides.
Capping reaction was carried out using Vaccinia Virus capping system and cap 2’-O-methyl
transferase. FIGURE 1 is an agarose gel illustrating the production of capped and uncapped
DNAII RNA. Note that in this experiment, the DNAII ¢cDNA was ligated into pVAX120 to

provide a construct that comprises a poly(A) tail.

EXAMPLE 2: Expression of DNAI Ribonucleic Acid in Mammalian Cells

[00228] This experiment demonstrates the expression (translation) of DNAI1 in HEK-293
cells. FIGURE 2 is a western blot illustrating the translations of DNAI1 mRNA in 293 cells at 6
hours, 24 hours, and 48 hours post-transfection. For this experiment, 5 x 10° 293 cells/well in a 6
well plate were transfected with 2.5 pg of DNAIl RNA using 3.75 pl messenger max
transfection reagent. 6, 24, and 48 hours post transfection, cells were scraped from the wells,
pelleted, and the pellet was lysed in RIPA buffer. The blot was probed with anti-DNATI
ab166912 from Abcam. A C-terminal FLAG tagged DNAII plasmid DNA was transfected as a
control, and the difference in MW between the plasmid and mRNA is likely due to the FLAG tag
in the pENTRY vector.

EXAMPLE 3: Formulation of a Composition Comprising an Engineered Polyribonucleotide for

the Treatment of Human Subjects Afflicted with Primary Ciliary Dyskinesia.

[00229] Compositions are formulated as follows:

[00230] A nucleic acid construct encoding the DNAII gene sequence, NCBI Reference
Sequence: NM 012144, is prepared as described in Example 1. Branched polyethylenimine is
purchased from Sigma Aldrich™. Linear in vivo-jetPEI® (polyethylenimine) is purchased from
Polyplus transfection® (Illkirch, France) and used without further purification. Following the

manufacturer protocol, jetPEI is diluted in 5% glucose (final concentration) using the sterile 10%
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glucose solution provided by the manufacturer and HPLC-grade water purchased from Sigma-
Aldrich (St. Louis, MO). After diluting the nucleic acid construct in 5% glucose (final
concentration), the RNA and jetPEI solutions are combined/mixed at a ratio of 1:1 with a final
N/P ratio of 8. The mRNA is then administered by intranasal instillation. Alternatively, the
nucleic acid construct could also be formulated for administration by nebulizing or sniffing with

a lipoplex formulation.

EXAMPLE 4: Effects of posttranscriptional polvadenylation reaction times on RNA Quality

[00231] The effect of the post-transcriptional polyadenylation reaction times on RNA
quality was tested. Post in vitro transcription (IVT) poly-adenylation reaction times are typically
60-90 minutes long and usually provide polyA lengths that are at most about ~200 As. Because
mRNA is susceptible to hydrolysis, it often degrades over time during the posttranscriptional
poly-adenylation reaction. To maintain an optimal length for the DNAI1 poly A tail and to
maximize RNA quality, a nucleic acid construct that encodes dynein axonemal intermediate
chain 1 protein or a variant thereof with a poly A tail already included in the template was
constructed.

[00232] A summary of the nucleic acid constructs encoding the DNAII gene sequence
both with and without a poly-A sequence that were used to generate DNAI1 mRNAs are shown

below:

TABLE 4

Nucleic acid Vector Enzyme for Codon- Nucleotide | Poly(A)

constructs encoding Linearization optimized | composition | post-IVT

the DNAII gene

sequence

DNAI1 pCMV6Entry | Pme I No unmodified | yes

DNAII (SEQ ID pVAX Notl Yes, unmodified | No,

NO: 14) GenScript Poly(A)
sequence in
template

[00233] FIGURE 3 illustrates fragment analyzer data to determine the length of DNAII

mRNAs produced from the DNAI1-pCMV6Entry plasmid that were post-transcriptionally
polyadenylated with reaction times from 0 to 60 min. This demonstrates increasing transcripts

lengths with longer polyadenylation reaction times. FIGURE 4 illustrates fragment analyzer

72-




WO 2017/205767 PCT/US2017/034723

data to examine the quality of these DNAI1 mRNAs that were post-transcriptionally poly
adenylated with reaction times from 0 to 60 min. These results indicate that the RNA undergoes
degradation as the poly-adenylation reaction proceeds as demonstrated by the reduction in %
peak and increase in pre-peak smear % with longer reaction times. FIGURE 5 illustrates the
length of the poly- A sequence in the DNAI1-pVAX plasmid template as determined by 8%
PAGE.

EXAMPLE 5: RNA Production and Quality Control in vitro

[00234] The following experiment was conducted to compare the effect of incorporating
specific chemically-modified nucleotides, in varying ratios, on translation efficiency in different
cell types and immunogenicity.

[00235] The experiments involved: 1) in vitro transcription of nucleic acid constructs; 2)
in vitro capping of the nucleic acid constructs; 3) analysis of the integrity of the transcribed
RNAs; 4) immuno-Dot-Blot Assay for dsSRNAs; and 5) analysis of the nucleotide composition of
the transcribed RNAs. General protocols for in vitro transcription (IVT) and capping of the
RNAs were followed with a few modifications. IVT reactions for nucleic acid constructs
encoding the DNAI1 gene were performed at 37°C lasted for 6 h in the presence of 20 mM
MgCl; and 7.5 mM of each ribonucleotide.

[00236] TABLE 5 illustrates various specific chemically-modified nucleotides that were

transcribed in vitro from a nucleic acid construct that encodes dynein axonemal intermediate

chain 1.
TABLE 5
Sample Modified nucleotide 5’ Cap | Vector 5 UTR | 3 UTR
composition of in vitro backbone
transcription reaction
2 | DNAII-RNA- Yes pVAX vector | vector
002.2a (SEQ ID Unmodified
NO: 14)
3 | DNAII-RNA- Yes pVAX vector | vector
003.2a (SEQID 50% ¥
NO: 14)
4 | DNAII-RNA- Yes pVAX vector | vector
004.2a (SEQ ID 100% ¥
NO: 14)
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5 | DNAI1-RNA- Yes pVAX vector | vector
037.1a (SEQ ID 100% m1¥
NO: 14)
[00237] Results:
[00238] UV measurements
TABLE 6
Sample Modified nucleotide mg/mL | 260/280

composition of in vitro

transcription reaction

2 | DNAI1-RNA-002.2a unmodified 0.944 222

3 | DNAI1-RNA-003 2a 50% ¥ 0.971 2.16

4 | DNAI1-RNA-004.2a 100% ¥ 0.940 2.13

5 | DNAI1-RNA-037.1a 100% m1Y¥ 1.092 1.94
[00239] Template Poly(A) Length - Fragment Analyzer

[00240] Analysis of poly(A) tail length of the DNAII nucleic acid construct (SEQ ID NO:

5) used as a template for in vitro transcription indicated that the number of A residues was
maintained in comparison to the original cloning vector (pVAX-A120). The initial vector
contained 120 adenosine nucleotides, while a band between 100 and 150 bp was detected on this
nucleic acid construct (FIGURE 5). Templates were digested with Eco RI and Not I to remove
the poly(A) fragment: 12 non-poly(A) nucleotides are expected to be part of the fragment.
G*AATTCtgcag — poly(A) - GC*GGCCGC = 12 nt plus the poly(A) in the EcoRI/Notl
generated fragment.

[00241] RNA Smear Analysis - Fragment Analyzer

[00242] For all transcripts generated for DNAI1 a peak around 2,000 nt was detected.

Evaluation of the in vifro generated transcript on a Fragment Analyzer indicated that capped
transcripts maintained good integrity: limited detection of smear content (an indicator of RNA
degradation and/or hydrolysis) was observed in repeated experiments. Briefly, 2 uLL of 200
ng/uL samples were analyzed on a Fragment Analyzer (DNF-471 Standard Sensitivity RNA
Analysis Kit (15nt Lower Marker). Data analysis was conducted using PROSize 2.0 software.
The sizing accuracy is approximately within £+ 5%; the sizing precision is approximately within
5% CV, the quantification accuracy is approximately within + 20%; and the quantification

precision is approximately 10% CV. FIGURE 6 illustrates the fragment analyzer data for the in
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vitro reaction comprising the canonical nucleotides only, namely: adenosine 5’-triphosphate,
guanosine 5’-triphosphate, cytidine 5’-triphosphate, and uridine 5’-triphosphate. FIGURE 7
illustrates the fragment analyzer data for the in vifro reaction comprising 50%/50% mixtures of
pseudouridine and uridine 5’-triphosphate. FIGURE 8 illustrates the fragment analyzer data for
the in vitro reaction comprising 100% pseudouridine 5’-triphosphate. FIGURE 9 illustrates the
fragment analyzer data for the in vifro reaction comprising 100% 1-methyl-pseudouridine 5°-

triphosphate. TABLE 7 summarizes the results of the RNA smear analysis.

TABLE 7
Sample % smear pre- % smear % full- | Length
peak post-peak | length
DNAI1-RNA-002.2a 249 3.9 71.2 2366
DNAI1-RNA-003.2a 18.5 2.5 79.0 2338
DNAI1-RNA-004.2a 16.4 3.0 80.6 2298
DNAI1-RNA-037.1a 17.7 0.4 81.9 2338
[00243] Double-stranded RNA content as detected by dot-blot showed reactivity with J2

antibody. FIGURE 10 illustrates double-stranded RNA content, as detected by dot-blot analysis,
of in vitro transcribed RNAs from a nucleic acid construct that encodes dynein axonemal
intermediate chain 1 as well as the double-stranded RNA content of DNAII constructs
transcribed with the various specific modifications shown on TABLE 5.

[00244] Nucleoside Composition Analysis

[00245] TABLES 8-10 illustrate the nucleotide composition analysis of in vifro
transcribed RNAs from a nucleic acid construct that encodes dynein axonemal intermediate
chain 1. The various specific nucleotide modifications are shown on TABLE 5. FIGURES 11-
13 illustrate the corresponding HPLC chromatograms of individual ribonucleotides obtained
after nuclease digestion of the transcripts and subsequent dephosphorylation.

[00246] TABLE 8 illustrates the nucleotide composition analysis of in vitro transcribed
RNA from a nucleic acid construct that encodes dynein axonemal intermediate chain 1,

transcribed with unmodified nucleotides. FIGURE 11 illustrates the corresponding HPLC

chromatogram.
TABLE 8
Nucleotide composition (unmodified) % abundance exp. [theoretical]
A 28.9[27.3]
C 26.9[26.5]
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G 26.6 [28.9]
U 17.7[17.3]
[00247] TABLE 9 illustrates the nucleotide composition analysis of in vitro transcribed

RNA from a nucleic acid construct that encodes dynein axonemal intermediate chain 1,
transcribed with 50% pseudouridine. FIGURE 12 illustrates the corresponding HPLC
chromatogram. The retention time for the hydrophobic 1-methyl-pseudouridine using identical
reverse-phase HPLC conditions averages ca. 9.5 minutes and is well separated from all other

ribonucleotides investigated (data not shown).

TABLE 9

Nucleotide composition % abundance exp.

>

282

27.0

26.9

cl Q@ O

8.1

9.7 (e262) *

* concentration estimated using empirical absorption coefficient ratio of €563/€260=1.001 (\¥)

[00248] TABLE 10 illustrates the nucleotide composition analysis of in vifro transcribed
RNA from a nucleic acid construct that encodes dynein axonemal intermediate chain 1,

transcribed with 100% pseudouridine. FIGURE 13 illustrates the corresponding HPLC

chromatogram.
TABLE 10
Nucleotide composition % abundance exp.
A 28.8
C 26.5
G 26.9
¥ 17.8 (2262) *

* concentration estimated using empirical absorption coefficient ratio of €563/€260=1.001 (\¥)

EXAMPLE 6: Translation Efficiency

[00249] The translation efficiency of the aforementioned DNAII transcripts was assessed
in three cell lines: 1) HEK-293 human embryonic kidney cells; 2) A549 adenocarcinomic human
-76-
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alveolar basal epithelial cells; and 3) MLE-15 murine lung epithelial cells. Each cell line was
transfected in triplicate with each DNAI1 transcript and the resulting cell extracts were analyzed
for DNAII protein expression with western blotting. Briefly, either 1x10° (HEK-293, MLE-15)
or 2x10° (A549) cells per well were plated 18 hours before transfection in 6-well plates. Cells
were transfected with about 100 ng of each RNA using MessengerMax transfection reagent at a
RNA:MessengerMax ratio of 1:37.5. Cells were harvested at 6 hours post-transfection and whole
cell extracts were prepared in RIPA buffer (50 mM Tris-HCI pH 8, 150 mM NaCl, 1 % Triton
X-100, 0.1 % SDS, 0.5 % Sodium taurocholate). 3.5 ug of total protein from each extract was
prepared in 1x LDS sample buffer containing 2.5 % beta-mercaptoethanol and loaded on a 4-
12% Bis-Tris SDS-PAGE gel. The gel was then run for 30 min. at 30 V constant voltage
followed by 1 hour at 150 V. The proteins were transferred to PVDF membrane for 1 hour at 25
Vin 1x NuPAGE transfer buffer containing 10% methanol. Following the transfer, DNAI1
protein was detected by western blot using an anti-DNAII antibody and developed using an
alkaline phosphatase chemiluminescent substrate. The western blot values were normalized
using Sypro Ruby total protein staining as a loading control and are expressed as relative
expression to unmodified RNA. Each data point is the mean + standard deviation of three
biological (transfection) replicates.

[00250] FIGURES 14, 15, and 16 illustrate the expression of DNAI1 protein in HEK-293,
A549, and MLE-15 cells respectively. DNAI1 was expressed as a 699 amino acid, 79.3 kDa
protein. The pseudouridine (V) containing transcripts express well in all three cell types, with
expression levels at or above the unmodified RNA. Similarly, the 1-methylpseudouridine (m'®¥)-
containing transcript produced expression levels at or above the unmodified RNA in A549 and
MLE1S5 cells (Expression in HEK-293 cells was not tested for this transcript). Importantly, the
expression levels of each transcript and their relative rankings were similar in each cell line,
indicating that there were no cell-type specific effects on DNAII translation. FIGURE 17 is a
graph illustrating the relative expression of DNAI1 protein in HEK-293, A549, and MLE-15
cells. Western blot signal values were normalized using total protein staining and are plotted as

the mean expression + std. dev. relative to the unmodified DNAI1 mRNA.

[00251] TABLE 11 is a summary of the relative expression of DNAI1 protein in each of
the aforementioned cell lines.
TABLE 11
Sample Modified HEK-293 Cells AS549 Cells MLEI1S Cells
Nucleotide Relative Relative Relative
Expression (% + Expression (% = Expression (% =
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Composition Std. Dev). Std. Dev). Std. Dev).
DNAIl- | Unmodified 100 £ 9.57 100+ 11.09 100 £5.35
RNA-
002.2a
DNAII- 50% ¥ 152.21+£31.21 120.36+12.40 125.18 +35.84
RNA-
003.2a
DNAII- 100% ¥ 97.52+23.12 127.57+12.90 100.26 + 15.71
RNA-
004.2a
DNAIl- | 100% m1¥ n.d. 126 £ 3 164 £ 17
RNA-
037.3a
[00252] EXAMPLE 7: Immunogenicity of Nucleic Acid Constructs Encoding Human
DNALII in vitro
[00253] The immunogenicity of the aforementioned transcripts was tested in two cell lines

namely, A549 adenocarcinomic human alveolar basal epithelial cells and HepG2 human liver
carcinoma cells, by measuring cytokine production. Production of IL-6 in response to the
transcripts was measured in A549 cells, while production of IP-10 was measured in HepG2 cells.
Each cell line was transfected in triplicate with a titration of each RNA. Briefly, either 20,000
(A549) or 40,000 (HepG2) cells per well were plated 24 hours prior to transfection in 96 well
plates. The cells were then transfected with a titration of each transcript: From 250 ng to 7 ng per
well for unmodified, 50% ¥, and 100% W transcripts; and from 1000 ng to 32 ng per well for the
100% m1¥Y mRNA using MessengerMax reagent at a RNA:MessengerMax ratio of 1:1.5.
[00254] Culture supernatants were harvested at 18 hours post-transfection. Cell viability
was measured immediately following supernatant removal using the CellTiter-Glo assay kit
(Promega) which measures ATP levels as an indication of metabolically active cells. For IL-6
detection, A549 cell culture supernatants were diluted 1:20 in assay bufter and IL-6 levels were
measured using the IL-6 High Sensitivity Human ELISA kit (Abcam ab46042). IP-10 was
detected in undiluted HepG?2 cell culture supernatants using the Human IP-10 ELISA Kit
SimpleStep (Abcam ab173194).
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[00255] FIGURES 18 and 19 illustrate the induction of IL-6 in A549 cells treated with
the DNAII transcripts. For the assay shown in FIGURE 18, cells were exposed to the RNA-
MessengerMax complexes for 18 hrs, while for the assay shown in FIGURE 19 the RNA-
MessengerMax complexes were removed at 2 hrs post-transfection. In both cases the cell culture
supernatants were harvested at 18 hrs for detection of IL-6 by ELISA. FIGURES 20 and 21
illustrate cell viability for the assay shown in FIGURES 18 and 19 as measured using the
CellTiter-Glo assay. FIGURE 22 illustrates induction of IP-10 in HepG2 cells by DNAI1
transcripts. For this assay, cells were exposed to the RNA-MessengerMax complexes for 18 hrs.
IP-10 expression induced by various amounts of each DNAI1 mRNA was then measured by
ELISA. FIGURE 23 illustrates cell viability for the assay shown in FIGURE 22 as measured
using the CellTiter-Glo assay.

[00256] EXAMPLE 8: Translation of DNAI1 mRNA in HEK293 Cells

[00257] FIGURE 24 illustrates the peak expression of a nucleic acid encoding dynein
axonemal intermediate chain 1 (DNAI1), or nucleic acid controls, in HEK293 cells. As shown in
FIGURE 24, in HEK293 cells, translation of DNAII nucleic acid construct in HEK293 cells

peaks at 6 hours but is still present at 48 hours.

[00258] EXAMPLE 9: Expression of DNAII Protein in Undifferentiated and Fully-
Differentiated Human Airway Epithelial Cells (HAECs) and Mouse Tracheal Epithelial Cells
(MTECSs) Following Administration of Lipoplex-Formulated 100% m1'%¥-containing DNAT1
mRNA.

[00259] Expression of DNAII protein in primary human airway epithelial cells and mouse
tracheal epithelial cells following treatment with lipoplex-formulated DNAII-HA mRNA was
assessed by western blot. The 100% m 1¥W-contaning transcript used for this experiment was
produced from a DNAII alternate codon usage template (SEQ ID NO 15) that contains an HA
epitope tag. Primary human epithelial cells were maintained in submerged liquid culture for
undifferentiated cultures or maintained at an air-liquid interface and allowed to differentiate for ~
3 weeks into fully-differentiated ciliated epithelia. Next 12 or 24 ug of lipoplex-formulated
DNAII-HA mRNA was applied to the apical side of the fully-differentiated cultures or directly
to the undifferentiated liquid cultures. Cells were treated either once or once per day for two
consecutive days. Cells were then harvested at 24 or 48 hrs after the final treatment and whole
cell extracts were prepared in RIPA buffer (50 mM Tris-HCI pH 8, 150 mM NaCl, 1 % Triton
X-100, 0.1 % SDS, 0.5 % Sodium taurocholate). Total protein from each extract was separated
on a 4-12% Bis-Tris SDS-PAGE gel and transferred to PVDF membrane. DNAI1-HA protein
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was detected by western blot using an anti-HA antibody and developed using an enhanced
chemiluminescent substrate. As shown in FIGURE 25, DNAI1-HA protein was expressed at
high levels in both the undifferentiated and fully-differentiated, ciliated human airway epithelial

cells and in mouse tracheal epithelial cells.

[00260] EXAMPLE 10: Altered Nucleotide Usage in Coding Regions Increases
mRNA Stability for Transcript Therapy.

[00261] Altered nucleotide usage schemes aiming to reduce the number of more reactive
dinucleotides within codons as well as across codons of modified mRNAs partially alleviate
limitations imposed by the inherent chemical instability of RNA. At the same time, lowering the
U-content in RNA transcripts renders them less immunogenic. Traditional codon optimization
(CO) can be performed prior to (+) removal of reactive dinucleotide and (+) U-reduction in
general yielding ORFs that are termed CO++.

[00262] FIGURE 26 illustrates an overall quality improvement in DNAI1 expressing a
polyribonucleotide of SEQ ID NO 15 (B) as compared to a polyribonucleotide of SEQ ID NO 14
(A). The overall quality improvement is judged by the increasing main RNA peak % of the
fragment analyzer traces in the polyribonucleotide engineered with the altered codon usage
strategy. Furthermore, DNAII mRNA featuring the CO++-optimized open reading frame, i.e.,
altered codon usage, show an improvement in translation efficiency in transfected A549 cells
when compared with transcripts that have been traditionally optimized (CO) (see FIGURE 27).
Here, 1.25x10° cells per well were plated 18 hours before transfection in 6-well plates. Cells
were transfected with about 100 ng of each RNA using MessengerMax transfection reagent at a
RNA:MessengerMax ratio of 1:12 and harvested 6 h post transfection. Western blotting using an
anti-DNAI1 antibody revealed DNAII protein expression as a 699 amino acid, 79.3 kDa protein.
Relative translation efficiencies are indicated as the mean of three biological (transfection)
replicates.

[00263] Altered reactivity with J2 antibody sensing double-stranded RNA content was
observed as shown in FIGURE 28. Based on comparison with known concentrations of poly-IC,
the dsSRNA content of DNAIl-coding mRNA featuring the CO++ ORF averaged 39 ng while
RNAs with a CO ORF were estimated to contain 68 ng of dsSRNA contaminants when 200 ng of
in vitro transcribed mRNA were dotted.

[00264] EXAMPLE 11: HPLC-purification of unmodified and 100% m'¥-
containing DNATI mRNA.
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[00265] Reverse phase high-performance liquid chromatography (HPLC) of DNAI1
mRNA was employed to purify full-length RNA and remove contaminants such as long dsSRNA
generated during the in vitro transcription using T7 RNA polymerase. Fractionation and
purification results obtained using a non-porous RNASep C18 semi prep (100 mm x 21.2 mm,
column volume (CV) ca. 2.4 mL) column together with mobile phases containing
triethylammonium acetate (TEAA) as an ion-pairing agent and increasing Acetonitrile content
are shown in FIGURE 29. Judged by fragment analyzer evaluation of purified fractions, an
overall quality improvement and full-length RNA enrichment using semi-prep RNASep column
was observed. This quality improvement was achieved for both, unmodified (A, B) and 100%
m"W-containing DNAT1 mRNA species (C, D).

[00266] As shown in FIGURE 30, a moderate improvement of translation activity was
observed for fractions enriched in full-length, unmodified mRNA transcripts in A549 cells (A
and B). Here, 1x10° A549 cells per well were plated 18 hours before transfection in 6-well
plates. Cells were transfected with about 100 ng of each RNA using MessengerMax transfection
reagent at a RNA:MessengerMax ratio of 1:12 and harvested 6 h post transfection. Western
blotting using a 1:2000 rabbit-anti-DNAI1 (AbCam ab166912, rabbit monoclonal to recombinant
DNAII fragmentanti-DNAI1) antibody revealed DNAII protein expression as a 699 amino acid,
79.3 kDa protein (C). Relative translation efficiencies are indicated as the mean + standard
deviation of three biological (transfection) replicates.

[00267] Importantly, HPLC readily removes late-eluting dot-blot reactive species at semi-
prep scale. Detectable double-stranded RNA content reacting with J2 antibody was observed
exclusively within the late-eluting fraction F7 and the unpurified control transcript while
undetectable in all other HPLC-purified DNAI1 mRNA fractions F1 through F6 (D). The
immunogenicity of unmodified, HPLC-purified transcripts was further tested in A549 cells by
monitoring production of IL-6 in response to the transfected mRNA. Each cell line was
transfected in triplicate with a titration of each RNA. Briefly, 20,000 cells per well were plated
18 hours prior to transfection in 96 well plates. The cells were then transfected with a titration of
each transcript, from 250 ng to 7 ng per well, using MessengerMax reagent at a
RNA:MessengerMax ration of 1:1.5. A reduction of IL-6 response was observed for the HPLC-
purified fraction F3 producing the highest relative DNAII protein level (unpurified reference
DNAI1 mRNA: (727+/-109 pg/mL) > F3 (73+/-30 pg/mL) for cells transfected with 125 ng
RNA) (E).

[00268] While preferred embodiments of the present invention have been shown and

described herein, it will be obvious to those skilled in the art that such embodiments are provided
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by way of example only. It is not intended that the invention be limited by the specific examples
provided within the specification. While the invention has been described with reference to the
aforementioned specification, the descriptions and illustrations of the embodiments herein are
not meant to be construed in a limiting sense. Numerous variations, changes, and substitutions
will now occur to those skilled in the art without departing from the invention. Furthermore, it
shall be understood that all aspects of the invention are not limited to the specific depictions,
configurations or relative proportions set forth herein which depend upon a variety of conditions
and variables. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is therefore
contemplated that the invention shall also cover any such alternatives, modifications, variations
or equivalents. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for treating a subject having or suspected of having primary ciliary
dyskinesia, the method comprising administering to said subject in need thereof a
polynucleotide comprising nucleotides 1-1,000 of SEQ ID NO: 15, which polynucleotide
includes codons that provide for heterologous expression of a dynein axonemal intermediate

chain 1 (DNAI1) protein within ciliated cells of said subject.

2. The method of claim 1, wherein said subject is a human.

3. The method of claim 1 or 2, wherein said ciliated cells are in a lung of said subject.

4. The method of any one of claims 1-3, wherein said ciliated cells are ciliated epithelial
cells.

5. The method of claim 4, wherein said ciliated epithelial cells are ciliated airway
epithelial cells.

6. The method of claim 4 or 5, wherein said ciliated epithelial cells are undifferentiated.
7. The method of claim 4 or 5, wherein said ciliated epithelial cells are differentiated.

8. The method of any one of claims 1-7, wherein said polynucleotide is a messenger

ribonucleic acid (mRNA).

9. The method of any one of claims 1-8, wherein fewer than 15% of nucleotides within

said polynucleotide are nucleotide analogues.

10. The method of any one of claims 1-9, wherein substantially all nucleotides replacing

uridine within said polynucleotide are nucleotide analogues.
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11. The method of any one of claims 1-10, wherein said polynucleotide comprises 1-

methylpseudouridine.

12. The method of any one of claims 1-11, wherein said polynucleotide is formulated for
administration to said subject in a formulation comprising a cationic lipid, a fusogenic lipid, a

cholesterol, a polyethylene glycol (PEG) lipid, or a combination thereof.

13. The method of any one of claims 1-12, wherein said polynucleotide is formulated for

administration to said subject in a formulation using a cationic lipid or a cationic polymer.

14. The method of any one of claims 1-13, wherein said polynucleotide is formulated for

administration to said subject in a formulation using a nanoparticle or a nanocapsule.

15. The method of any one of claims 1-14, wherein said polynucleotide further comprises
a 3’ or 5’ noncoding region, wherein said 3’ or 5’ noncoding region enhances the expression

of said dynein axonemal intermediate chain 1 polypeptide within cells of said subject.

16. The method of claim 15, wherein said 3’ noncoding region comprises a poly

adenosine tail.

17. The method of claim 16, wherein said poly adenosine tail improves the half-life of

said polynucleotide.

18. The method of claim 16 or 17, wherein the length of said poly adenosine tail is at

most 200 adenosines.

19. The method of any one of claims 1-18, wherein said polynucleotide further comprises

a 5’ cap structure.

20. A pharmaceutical formulation comprising a polynucleotide comprising nucleotides 1-

1,000 of SEQ ID NO: 15.

21. The pharmaceutical formulation of claim 20, wherein substantially all nucleotides

replacing uridine within said polynucleotide are nucleotide analogues.
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22, The pharmaceutical formulation of claim 20 or 21, wherein said polynucleotide

comprises 1-methylpseudouridine.

23. The pharmaceutical formulation of any one of claims 20-22, wherein fewer than 15%

of nucleotides within said polynucleotide are nucleotide analogues.

24. The pharmaceutical formulation of any one of claims 20-23, wherein said

pharmaceutical formulation is formulated for administration to a subject.

25. The pharmaceutical formulation of any one of claims 20-24, wherein said

polynucleotide is a messenger ribonucleic acid (mRNA).

26. The pharmaceutical formulation of any one of claims 20-25, wherein said
pharmaceutical formulation further comprises one or more members selected from the group
consisting of a cationic lipid, a fusogenic lipid, a cholesterol, a polyethylene glycol (PEG)

lipid, or a combination thereof.

27. The pharmaceutical formulation of any one of claims 20-26, wherein said

pharmaceutical formulation comprises a cationic lipid or a cationic polymer.

28. The pharmaceutical formulation of any one of claims 20-27, wherein said

pharmaceutical formulation is formulated in a nanoparticle or nanocapsule.
29. The pharmaceutical formulation of any one of claims 20-28, wherein said
polynucleotide further comprises a 3’ or 5’ noncoding region, wherein said 3’ or 5’

noncoding region enhances expression of said polynucleotide within a cell of said subject.

30. The pharmaceutical formulation of claim 29, wherein said 3’ noncoding region

comprises a poly adenosine tail.

31 The pharmaceutical formulation of claim 30, wherein said poly adenosine tail

enhances a half-life of said polynucleotide.
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32. The pharmaceutical formulation of claim 30 or 31, wherein a length of said poly

adenosine tail is at most 200 adenosines.

33. The pharmaceutical formulation of any one of claims 20-32, wherein said

polynucleotide further comprises a 5° cap structure.
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language code
2 General Information
2-1 Current application: IP
Office
2-2 Current application:
Application number
2-3 Current application: Filing
date
2-4 Current application: 58530-708.681
Applicant file reference
2-5 Earliest priority application:{US
IP Office
2-6 Earliest priority application:| 62/342,784
Application number
2-7 Earliest priority application:{ 2016-05-27
Filing date
2-8en Applicant name Transcriptx, Inc.
2-8 Applicant name: Name
Latin
2-9en Inventor name LOCKHART, David, J.
2-9 Inventor name: Name Latin
2-10en Invention title TREATMENT OF PRIMARY CILIARY DYSKINESIA WITH SYNTHETIC MESSENGER RNA
2-11 Sequence Total Quantity |20
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3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type DNA
3-1-3 Length 72
3-1-4 Features misc_feature 1..72
Location/Qualifiers note=Description of Artificial Sequence: Synthetic oligonucleotide
source 1..72
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-1-5 Residues gggagacat a aaccctggcg cgctcgcggec ccggcactct tctggtcccc acagactcag 60
agagaagcca cc 72
3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type DNA
3-2-3 Length 72
3-2-4 Features misc_feature 1..72
Location/Qualifiers note=Description of Atrtificial Sequence: Synthetic oligonucleotide
source 1..72
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-2-5 Residues gggagacat a aaccctggcg cgctcgcggg ccggcactct tctggtcccec acagactcag 60
agagaagcca cc 72
3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type DNA
3-3-3 Length 43
3-3-4 Features misc_feature 1..43
Location/Qualifiers note=Description of Artificial Sequence: Synthetic oligonucleotide
source 1..43
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-3-5 Residues gggagactct tctggtcccc acagactcag agagaacgcc acc 43
3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type DNA
3-4-3 Length 511
3-4-4 Features misc_feature 1..511
Location/Qualifiers note=Description of Artificial Sequence: Synthetic polynucleotide
source 1..511
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-4-5 Residues gttattttcc accatattgc cgtcttttgg caatgtgagg gcccggaaac ctggccctgt 60
cttcttgacg agcattccta ggggtctttc ccctctcgecc aaaggaatgc aaggtctgtt 120
gaat gt cgt g aaggaagcag ttcctctgga agcttcttga agacaaacaa cgtctgtagc 180
gaccctttgc aggcagcgga accccccacc tggcgacagg tgcctctgecg gccaaaagcc 240
acgt gt at aa gatacacctg caaaggcggc acaaccccag tgccacgttg tgagttggat 300
agtt gt ggaa agagt caaat ggctctcctc aagcgtattc aacaaggggc tgaaggatgc 360
ccagaaggta ccccattgta tgggatctga tctggggcct cggtgcacat gectttacgtg 420
tgtttagtcg aggttaaaaa acgtctaggc cccccgaacc acggggacgt ggttttcctt 480
t gaaaaacac gatgataata tggccacaac c 511
3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type DNA
3-5-3 Length 143
3-5-4 Features misc_feature 1..143
Location/Qualifiers note=Description of Artificial Sequence: Synthetic polynucleotide
source 1..143
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-5-5 Residues aaat aacaaa tctcaacaca acatatacaa aacaaacgaa tctcaagcaa tcaagcattc 60
tacttctatt gcagcaattt aaatcatttc ttttaaagca aaagcaattt tctgaaaatt 120
ttcaccattt acgaacgata gca 143
3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type DNA
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3-6-3 Length 47
3-6-4 Features misc_feature 1..47
Location/Qualifiers note=Description of Artificial Sequence: Synthetic oligonucleotide
source 1..47
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-6-5 Residues gggagacaag agagaaaaga agagcaagaa gaaat ataag agccacc 47
3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type DNA
3-7-3 Length 66
3-7-4 Features misc_feature 1..66
Location/Qualifiers note=Description of Atrtificial Sequence: Synthetic oligonucleotide
source 1..66
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-7-5 Residues gggagaccca agctggctag cgtttaaact taagcttggc aatccggtac tgttggtaaa 60
gccacc 66
3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type DNA
3-8-3 Length 291
3-8-4 Features misc_feature 1..291
Location/Qualifiers note=Description of Atrtificial Sequence: Synthetic polynucleotide
source 1..291
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-8-5 Residues gggagaccca agctggctag cgtttaaact taagctttcc tttccgggec ggectgggege 60
gccgaagcge ctgecgecttg getgetggtc ggttgetggg taaccgegt c agggagttgg 120
attctatcct gcaagggcac ggggacccac aacgacggct gtccctaaag aaccgttgcg 180
act ggt aact gaagtggaag agagtccaga tttcttgtgt gtggtcaagg agacggacaa 240
actttttgtc ttcagacgag ggagcgtttt gtaggctctc caggggttga g 291
3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type DNA
3-9-3 Length 186
3-9-4 Features misc_feature 1..186
Location/Qualifiers note=Description of Atrtificial Sequence: Synthetic polynucleotide
source 1..186
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-9-5 Residues ggattgtgtc cgtaatcaca cgtggtgcgt acgataacgc atagtgtttt tccctccact 60
taaat cgaag ggttgtgtct tggatcgcgc gggtcaaatg tatatggttc atatacatcc 120
gcaggcacgt aataaagcga ggggttcgaa tcccccecgtt acccccggta ggggeccatt 180
gtcttc 186
3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type DNA
3-10-3 Length 114
3-10-4 Features misc_feature 1..114
Location/Qualifiers note=Description of Artificial Sequence: Synthetic polynucleotide
source 1..114
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-10-5 Residues tcagt agggt catgaaggtt tttcttttcc tgagaaaaca acacgtattg ttttctcagg 60
ttttgetttt tggeccttttt ctagcttaaa aaaaaaaaaa gcaaaattgt cttc 114
3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type DNA
3-11-3 Length 112
3-11-4 Features misc_feature 1..112

Location/Qualifiers

note=Description of Atrtificial Sequence: Synthetic polynucleotide
source 1..112
mol_type=other DNA




2017271665 01 Nov 2023

NonEnglishQualifier Value

organism=synthetic construct

3-11-5 Residues tcagtagggt tgtaaaggtt tttcttttcc tgagaaaaca accttttgtt ttctcaggtt 60
ttgctttttg gectttcecct agctttaaaa aaaaaaaagc aaaattgtct tc 112
3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type DNA
3-12-3 Length 68
3-12-4 Features misc_feature 1..68
Location/Qualifiers note=Description of Atrtificial Sequence: Synthetic oligonucleotide
source 1..68
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-12-5 Residues gaagt ggcgg ttcggccgga ggttccatcg tatccaaaag gctcttttca gagccaccca 60
ttgtcttc 68
3-13 Sequences
3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type DNA
3-13-3 Length 239
3-13-4 Features misc_feature 1..239
Location/Qualifiers note=Description of Artificial Sequence: Synthetic polynucleotide
source 1..239
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-13-5 Residues ggggct ggcc tcagtctctg tcccatcget tgaatacagt actcctaggg cttgaccctg 60
gtacccagcc cagccttagc acccagcatg tgaccccact cctgatcagg tcccagcatc 120
ttccettett gttctgttcec ttaaggtccc agcaccttac cccaggactt ggtcttcaac 180
caccattacc cctctaactt tgcacaaata aacctgtgta gaaacccacc ccaaaaaaa 239
3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type DNA
3-14-3 Length 2100
3-14-4 Features misc_feature 1..2100
Location/Qualifiers note=Description of Artificial Sequence: Synthetic polynucleotide
source 1..2100
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-14-5 Residues at gat cccag caagcgccaa ggcaccacac aagcagcccc acaagcagag catctccatc 60

ggcaggggca caaggaagag ggacgaggat agcggaaccg aagt gggaga gggaacagac 120
gagt gggcac agtccaaggc aaccgtgcgc ccacctgacc agctggagct gacagatgcc 180
gagct gaagg aggagttcac caggatcctg acagccaaca atccacacgc cccccagaac 240
atcgtgcgcet actctttcaa ggagggcaca tataagccaa tcggectttgt gaaccagctg 300
gccgt gcact atacccaagt gggcaatctg atccccaagg actccgatga gggccggaga 360
cagcact aca gggacgagct ggtggcagga tcccaggagt ctgtgaaagt gatctctgag 420
accggcaat ¢ tggaggagga cgaggagcca aaggagctgg agaccgagcc aggaagccag 480
acagat gt gc ctgcagcagg agcagcagag aaggtgaccg aggaggagct gatgacacct 540
aagcagccaa aggagcggaa gctgaccaac cagttcaatt tttccgagag agcctctcag 600
acat acaaca atccagtgcg ggacagagag tgccagaccg agccaccccc tagaaccaac 660
ttttccgcca cagccaatca gtgggagatc tacgatgcct atgtggagga gctggagaag 720
caggagaaga ccaaggagaa ggagaaggcc aagacacccg tggccaagaa gtccggcaag 780
at ggccat gc ggaagct gac cagcatggag tcccagacag acgatctgat caagctgtct 840
caggccgcca agat cat gga gagaat ggt g aaccagaata cctatgacga tatcgcccag 900
gacttcaagt actatgacga tgcagcagac gagtacaggg atcaagtggg cacactgctg 960
cctctgtgga agtttcagaa cgataaggcc aagaggctga gcgtgaccgc cctgtgectgg 1020
aat ccaaagt acagggacct gttcgcagtg ggatacggat cttatgactt catgaagcag 1080
agcagaggca tgctgctgcet gtattccctg aagaacccct ctttccctga gtacatgttt 1140
agctccaatt ccggcgtgat gtgcctggac atccacgtgg atcaccccta cctggtggec 1200
gt gggccact atgacggcaa cgtggccatc tacaatctga agaagcctca ctctcagccc 1260
agcttctgtt ctagcgccaa gagcggcaag cactccgatc ccgtgtggca ggtgaagtgg 1320
cagaaggacg at atggacca gaacctgaat ttcttttccg tgtcctctga tggcaggatc 1380
gtgtcttgga ccctggtgaa gcgcaagctg gtgcacatcg acgtgatcaa gctgaaggtg 1440
gagggcagca ccacagaggt gccagaggga ctgcagctgc acccagtggg atgcggcaca 1500
gccttcgact ttcacaagga gatcgattat atgttcctgg tgggcaccga ggagggcaag 1560
at ctacaagt gttctaagag ctatagctcc cagtttctgg acacatatga tgcccacaac 1620
at gagcgt gg ataccgtgtc ctggaatcct taccacacaa aggtgttcat gagctgctct 1680
agcgact gga ccgtgaagat ctgggatcac accatcaaga cacctatgtt tatctatgac 1740
ctgaactccg ccgtgggcga tgtggcatgg gcaccatact cctctacagt gttcgcagca 1800
gt gaccacag acggcaaggc acacatcttt gatctggcca tcaacaagta cgaggccatc 1860
tgtaat cagc ccgtggccgc caagaagaac aggctgaccc acgtgcagtt caatctgatc 1920
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caccctatca tcatcgtggg cgacgatcgg ggccacatca tctctctgaa gctgagcccc 1980
aacct gagaa agat gcctaa ggagaagaag ggacaggagg tgcagaaggg accagcagtg 2040
gagat cgcaa agctggacaa gctgctgaat ctggtgcgcg aggt gaagat caagacctga 2100

3-15

3-15-1
3-15-2
3-15-3
3-15-4

3-15-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

15

DNA

2100

misc_feature 1..2100

note=Description of Atrtificial Sequence: Synthetic polynucleotide
source 1..2100

mol_type=other DNA

organism=synthetic construct

at gat cccag caagcgccaa ggcaccacac aagcagcccc acaagcagag catcagcatc 60

ggcaggggca caaggaagag ggacgaggac agcggaaccg aagt gggaga gggaacagac 120
gagt gggcac agagcaaggc aaccgtgcgc ccacccgacc agctggagct gacagacgcc 180
gagct gaagg aggagttcac caggatcctg acagccaaca acccacacgc cccccagaac 240
atcgtgcgct acagcttcaa ggagggcaca tacaagccaa tcggcttcgt gaaccagctg 300
gccgtgcact acacccaagt gggcaacctg atccccaagg acagcgacga gggccggaga 360
cagcactaca gggacgagct ggtggcagga agccaggaga gcgt gaaagt gatcagcgag 420
accggcaacc tggaggagga cgaggagcca aaggagct gg agaccgagcc aggaagccag 480
acagacgt gc ccgcagcagg agcagcagag aaggtgaccg aggaggagct gatgacaccc 540
aagcagccaa aggagcggaa gctgaccaac cagttcaact tcagcgagag agccagccag 600
acat acaaca acccagtgcg ggacagagag tgccagaccg agccaccccc cagaaccaac 660
ttcagcgcca cagccaacca gtgggagatc tacgacgcct acgtggagga gct ggagaag 720
caggagaaga ccaaggagaa ggagaaggcc aagacacccg tggccaagaa gagcggcaag 780
at ggccat gc ggaagctgac cagcat ggag agccagacag acgacctgat caagctgagc 840
caggccgcca agat cat gga gagaat ggt g aaccagaaca cctacgacga catcgcccag 900
gacttcaagt actacgacga cgcagcagac gagtacaggg accaagtggg cacactgctg 960
cccctgtgga agttccagaa cgacaaggcc aagaggctga gcgtgaccgc cctgtgetgg 1020
aacccaaagt acagggacct gttcgcagtg ggatacggaa gctacgactt catgaagcag 1080
agcagaggca tgctgctgct gtacagcctg aagaacccca gcttccccga gtacatgttc 1140
agcagcaaca gcggcgtgat gtgcctggac atccacgtgg accaccccta cctggtggec 1200
gtgggccact acgacggcaa cgtggccatc tacaacctga agaagcccca cagccagccc 1260
agcttctgca gcagcgccaa gagcggcaag cacagcgacc ccgtgtggca ggtgaagtgg 1320
cagaaggacg acatggacca gaacctgaac ttcttcagcg tgagcagcga cggcaggatc 1380
gt gagct gga ccctggt gaa gcgcaagctg gtgcacatcg acgtgatcaa gctgaaggtg 1440
gagggcagca ccacagaggt gccagaggga ctgcagctgc acccagt ggg at gcggcaca 1500
gccttcgact tccacaagga gatcgactac atgttcctgg tgggcaccga ggagggcaag 1560
atctacaagt gcagcaagag ctacagcagc cagttcctgg acacatacga cgcccacaac 1620
at gagcgt gg acaccgtgag ctggaacccc taccacacaa aggtgttcat gagctgcagc 1680
agcgactgga ccgtgaagat ctgggaccac accatcaaga cacccatgtt catctacgac 1740
ctgaacagcg ccgtgggcga cgtggcatgg gcaccataca gcagcacagt gttcgcagca 1800
gt gaccacag acggcaaggc acacatcttc gacctggcca tcaacaagta cgaggccatc 1860
tgcaaccagc ccgtggccgc caagaagaac aggctgaccc acgtgcagtt caacctgatc 1920
caccccatca tcatcgtggg cgacgaccgg ggccacatca tcagcctgaa gctgagcccc 1980
aacct gagaa agat gcccaa ggagaagaag ggacaggagg tgcagaaggg accagcagtg 2040
gagat cgcaa agctggacaa gctgctgaac ctggtgcgcg aggt gaagat caagacctga 2100

3-16

3-16-1
3-16-2
3-16-3
3-16-4

3-16-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

16

DNA

2100

misc_feature 1..2100
note=Description of Atrtificial Sequence: Synthetic polynucleotide
source 1..2100

mol_type=other DNA

organism=synthetic construct

at gat cccag caagcgccaa ggcaccacac aagcagcccc acaagcagag catctccatc 60
ggcaggggca caaggaagag ggacgaggac agcggaaccg aagtgggaga gggaacagac 120
gagt gggcac agtccaaggc aaccgtgcgc ccacctgacc agctggagct gacagatgcc 180
gagct gaagg aggagttcac caggatcctg acagccaaca atccacacgc cccccagaac 240
atcgtgcgct acagcttcaa ggagggcaca tacaagccaa tcggettcgt gaaccagctg 300
gccgtgcact acacccaagt gggcaatctg atccccaagg actccgatga gggccggaga 360
cagcact aca gggacgagct ggtggcagga tcccaggagt ctgtgaaagt gatctctgag 420
accggcaat ¢ tggaggagga cgaggagcca aaggagctgg agaccgagcc aggaagccag 480
acagat gt gc ctgcagcagg agcagcagag aaggtgaccg aggaggagct gatgacaccc 540
aagcagccaa aggagcggaa gctgaccaac cagttcaact tctccgagag agcctctcag 600
acatacaaca atccagtgcg ggacagagag tgccagaccg agccaccccc cagaaccaac 660
ttctccgeca cagccaatca gtgggagatc tacgatgect acgtggagga gct ggagaag 720
caggagaaga ccaaggagaa ggagaaggcc aagacacccg tggccaagaa gtccggcaag 780
at ggccat gc ggaagct gac cagcatggag tcccagacag acgatctgat caagctgtct 840
caggccgcca agat cat gga gagaat ggt g aaccagaaca cctacgacga catcgcccag 900
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gacttcaagt actacgacga tgcagcagac gagtacaggg atcaagtggg
cctctgtgga agttccagaa cgacaaggcc aagaggctga gcgt gaccge
aat ccaaagt acagggacct gttcgcagtg ggatacggaa gctacgactt
agcagaggca tgctgctget gtactccctg aagaacccca gcttccctga
agct ccaact ccggcgtgat gtgcctggac atccacgtgg atcaccccta
gt gggccact acgacggcaa cgtggccatc tacaatctga agaagcctca
agcttctgca gcagcgccaa gagcggcaag cactccgatc ccgt gt ggca
cagaaggacg acat ggacca gaacctgaac ttcttctccg tgtcctctga
gt gagct gga ccct ggt gaa gcgcaagct g gtgcacatcg acgt gat caa
gagggcagca ccacagaggt gccagaggga ctgcagctgce acccagt ggg
gccttcgact tccacaagga gatcgactac atgttcctgg tgggcaccga
atctacaagt gcagcaagag ctacagctcc cagttcctgg acacatacga
at gagcgt gg acaccgtgtc ctggaatccc taccacacaa aggtgttcat
agcgact gga ccgtgaagat ctgggatcac accatcaaga cacccatgtt
ctgaact ccg ccgtgggcga tgtggcatgg gcaccatact ccagcacagt
gt gaccacag acggcaaggc acacatcttc gatctggcca tcaacaagta
t gcaat cagc ccgtggccgc caagaagaac aggctgaccc acgtgcagtt
caccccatca tcatcgtggg cgacgat cgg ggccacatca tctctctgaa
aacct gagaa agatgcccaa ggagaagaag ggacaggagg tgcagaaggg
gagat cgcaa agct ggacaa gctgctgaat ctggtgcgeg aggt gaagat

cacactgctg
cctgtgctgg
cat gaagcag
gtacatgttc
cct ggt ggcc
ctctcagcec
ggt gaagt gg
t ggcaggat ¢
gct gaaggt g
at gcggcaca
ggagggcaag
t gcccacaac
gagct gcagc
cat ct acgac
gttcgcagca
cgaggccat ¢
caatctgatc
gct gagcccce
accagcagtg
caagacct ga

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100

3-17

3-17-1
3-17-2
3-17-3
3-17-4

3-17-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

17

DNA

13875

misc_feature 1..13875
note=Description of Artificial Sequence: Synthetic polynucleotide
source 1..13875

mol_type=other DNA

organism=synthetic construct

at gt t cagaa tcggcagacg gcagct gt gg aagcacagcg t gaccagagt
cggct gaagg gcgagaaaga ggccaagaga gccctgetgg acgcccggea
ttcgccatcg tggeccagetg cctggacctg aacaagaccg aggt ggaaga
gaaggcaacc agatcgagcg gatcgaccag ctgttcgecg tgggcggact
atgttctact accaagacgt ggaagaggcc gagacaggcc agct gggaag
gt gaacctgg tgagcggcaa gatcaagaaa cccaaggtgt tcgtgaccga
gtggccctga caggegtgtg cgtgttcttc atcagaaccg accccagcaa
cccgacaaca tccaccagga agtgagcttc aacatgctgg acgccgeccga
ct gaacagcg tgcggagact gctgagcgac atcttcatcc ccgecctgag
cacggct ggg gagagct gga aggact gcag gacgccgcca acat ccggca
agcagcct gg aaggattcgt gaacgtgctg agcggcgccc aggaaagcect
gt gaacct gc ggaagt gcga catcctggaa ctgaaaaccc tgaaagagcc
ctgaccctgg ccaacaaccc cgagacactg ggcaagatcg aggact gcat
at caagcaga ccgaacaggt gctggccgag aacaaccagc tgctgaaaga
gt gggcccaa gagccgaget ggaacact gg aagaagcggc tgagcaagtt
ct ggaacagc tgaagagccc cgacgtgaag gccgtgctgg ccgtgcet gge
agcaaact gc tgaaaacctg gcgcgagatg gacat ccgga tcaccgacge
gccaaggaca acgtgaagta cctgtacacc ctggaaaagt gctgcgaccce
agcgaccccc tgagcat gat ggacgccatc cccaccctga tcaacgcecat
tacagcat ca gccactacta caacaccagc gagaagatca ccagcctgtt
accaaccaga tcatcagcgc ctgcaaggcc tacatcacca acaacggcac
t ggaaccagc cccaggacgt ggtggaagag aagatcctga gcgccatcaa
gaat accagc tgtgcttcca caagaccaag cagaagctga aacagaaccc
cagttcgact tcagcgagat gtacatcttc ggcaagttcg agacattcca
gccaagat ca tcgacatctt caccaccctg aaaacataca gcgtgctgca
at cgagggcc tggaagacat ggccaccaag taccagggca tcgtggccac
aaagagt aca acttcctgga ccagcgcaag atggacttcg accaggacta
t gcaagcaga caaacgacct gcacaacgag ctgcgcaagt tcatggacgt
aagat ccaga acaccaacca ggccctgcgg atgct gaaga agttcgagag
cccaacctgg gcatcgacga caagtaccag ctgatcctgg aaaactacgg
gacat gat ca gcaagct gta cacaaagcag aagtacgacc cccccctgge
ccceccat cg ccggcaaaat cctgtgggcc agacagcetgt tccaccggat
atgcagctgt tccagcagca ccccgecgtg ctgagcacag ccgaggccaa
cggagct aca accggat ggc caaggtgctg ctggaattcg aggtgetgtt
tggct gcgge agat cgaaga gatccacgtg ggactggaag ccagcect get
cccggaaccg gcgagctgtt cgtgaacttc gacccccaga tcctgatcct
accgagt gca tggcccagat ggggct ggaa gtgagccccc tggccaccag
aagcgggacc ggtacaagcg gaacttcagc aacat gaaga tgat gctgge
cgcgt gaaga gcaagat ccc cgccgecat ¢ gagcaget ga tcgtgeccca
gt ggacgagg ccctgcagcc aggact ggcc gecct gacat ggaccagcect
gcctacct gg aaaacacatt cgccaaaatc aaggacctgg aact gct gect
aacgacctga tcgagttccg gat cgacgcc atcctggaag agat gagcag
tgccagct gc cccaggaaga acccctgacc tgcgaagagt tcctgcagat
ctgtgcgtga acggcgccca gatcctgcac ttcaagagca gect ggt gga
aacgagctcg tgaacat gct gctggacgtg gaagt gct ga gcgaggaaga

gct gacccag
caact acctg
cgccatcctg
gcggcacctg
cct gggcgga
gggcaacgac
ggccat cacc
cggeggeet g
agccacaagc
ggaattcctg
gaaagaaaaa
caccgact ac
gaaagt gt gg
agccgacgac
caactacctg
agccgccaag
caccaacgag
cct gt acagce
caagat gat ¢
cgt gaaagtg
cgccagcat ¢
gct gaagcag
caacgccaag
ccggeggcet g
ggacagcacc
cat caagaag
cgaggaattc
gaccttcgcc
act gaacatc
cgccgacat c
ccggaaccag
ccagcagccce
acccat catc
ccaccgggcc
cgt gaaggcc
gttccgggaa
cctgttccag
cgagt accag
cct ggccaaa
gaacat cgag
ggaccgegt g
cacccccctg
gaccaaggac
agaagccgtg
gagcgagaag
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2700
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at cagcaacg
aacttcgaca
gt gacccgga
cactt caacc
at ccggaagc
aacat gaagc
at cgt gat gg
at cat cagcg
at ccaggaac
at gggcgaga
gt gcagacca
agcgt gct ga
tt caagcggt
acccagagcc
caggaaat ca
gacct gaagt
t gcaacaaaa
aagaaact ga
aaagagat ca
tacgcect ge
accct gcact
gt gagcct gc
gact gccacc
ccccaggaag
aagt acat ca
cagct gct gg
agcgt gat cg
aagat caaca
aaggact ggc
cccctgetgg
acact gaccg
gaagccccac
gagcgggaca
accttcggca
atcat cgcca
aacat gccct
at cat cgaga
ggcggcgaca
agct gggt ca
ggcgacgaaa
aagagcct ga
agcgaccccg
cacct gctga
cggat cctga
gccgagggaa
cacct cgt ga
ttcctgagca
gacagcgaag
caggcattcc
accgagagag
gacgacct gt
aggttct act
at ct accaga
cggtgct aca
cccgeeggea
gt ggt ggt gt
ggcct ggcac
gt gct gageg
aagagcttca
ct gacaat ga
ttccggageg
agct gcggcet
t gcgaagaac
gt gct gagaa
gt gat gcggg
ttcctgagee
gaact ggaag
t ggaaact ga
ct gggaccca
gact gcggca
atgttcggca
t ggcgcaaga
gt ggacgcca
ct ggccaacg
aacat cgaca
agcat cctgg

agaacagcgt
ccct gaccag
agaaaaaaga
accagaacat
ggat ccacag
agaacagcct
cccecgecect
t gcccaaggg
ggaaaat ggc
acgagct gca
agaact act a
gcaccat cat
acaaccacat
ccct gct gag
acgccgagcce
tcgccct gac
agt acagaag
accggcccat
gagaggaaca
t gaacagat a
acgcct ggga
agcccagct t
agttctacct
ccagcgaccg
cctacacagg
aaat caagaa
agacagt gaa
acgaact gct
aggccttcct
agt acat ggc
gccacagcect
t gct gaagt a
t cgagcagaa
gctt caagac
acat ggaaga
t caaggccca
gct ggat gac
t cgccaagca
agat cat gac
cact gggaca
ccggct acct
ccctget gga
acgtgttcga
gcat cagcag
acgt ggaagt
t cagacaggc
gcttcccage
aggccct gag
t ggaact gct
t gaagt acga
gccacat gca
t caacgagga
acgagttcct
t cacact ggc
caggcaagac
t caact gcag
agagcggaag
t ggccgcaca
tcttcaccga
accccggct a
t ggccat gat
t cat cgacaa
agct gagcaa
ccct gggagce
tgctgcggga
t gat cgagga
ccgccat cag
aagt gat cca
gcggagecgg
agccccaccg
gact ggacgt
ccct gcggge
t ct ggat cga
gcgaccggat
acgccagccce
act ggagccc

gaact acaag
cagcat caac
aaccgagatg
ggacgccctg
cagccacacc
gcccatcttc
ggaagacgt g
cgt gcggcag
cgcect gcag
ggacacactg
caagaacgtg
caacagcacc
ct ggcagaag
cgagttcgag
cgagt acgtg
cgccgagaca
cgagat ggaa
caaggacctg
gat cagcat ¢
cggactgctg
gaagctgctg
caagaaagaa
ggact acgac
gctgatcatg
cggcgaggaa
gcagct gaac
cagct act ac
ggaat tccag
ggacct gaag
cagcaaggcc
ggacgt gggc
caaagaggaa
act gaaacaa
cagaggcgag
cagcctgatg
gat ccagaaa
cgt gcagaac
gct gcccaaa
cagagcccac
gct gct gcee
ggaaaagaaa
aat cct gggc
caacat caag
ccaggaaggc
gt ggct gaac
cgccgeccaac
acaagt ggga
aaacgccaag
gaacaccctg
gacact gatc
cat caagagc
cagcgacaag
gggct gcacc
ccaggcactg
cgaaaccacc
cgaccagatg
ct ggggcet ge
gcagat cagc
cggcgacaac
cgccggacgg
ggt gcccgac
cgtggtgctg
acaggt gcac
cgccaagcgg
cat gaacctg
cctgttccecce
cagacaggtg
gct gttcgag
caagaccacc
cgagat gcgg
ggccaccaac
caagaagggc
gaacct gaac
ccccat ggcc
cgccaccgtg
cat cct ggaa

aacgagagca
gccagagcca
ct gggcgaag
ct gaaagt ga
atcaacttcc
cgggccageg
cagcagacac
t ggagcagceg
agcaacgagg
gaaat cgcca
agcgaaaaca
aagaaagaag
ggcaaagaag
agccagat cc
t gcgt gggca
aaggcct gga
aacatcttca
gacgacat ca
gacttccaag
at cgcccgygg
gccagagccg
ct gat cagcg
ct gaacggcc
tt ccagaacc
ctgttcggcec
ctgctgcaga
gacat cct gt
aaccggt gcc
aaaat cat cg
at gat ggaac
aacgagagct
at cgaggaca
gt gat caacg
ctgctgetge
ctgct gggca
t gggt gcagt
ct gt ggat ct
gaggccaagc
gaggt gccca
cacct gctgg
cggct gt get
caggccagceg
agcgt gaagt
gagacaat cg
agcct gct gg
at ccaggaaa
ctgct gggca
tt cgacaaga
at cgacgt ga
accat ccacg
cccat ggact
at gat gat cc
gaccgcct cg
ggcat gagca
aaggacat gg
gacttccggg
tt cgacgagt
atcatcctga
gt gaccat ga
caggaact gc
cggcagat ca
gcccggaagt
tacgacttcg
gccaacccca
agcaagct ga
aacat cct gc
gaagaggccg
acacagcgcg
t gcat ccaca
at gaacccca
gact ggaccg
gagcacat ct
agcgt gct gg
cccaact gca
agcagaaacg
ggcttcctga

gcgccaageg
acgccct get
aggccagaga
cacggaacac
gggacagcaa
t gacact ggc
t gaacaaggc
aact gct gag
acagcgacag
gcgt gaacct
aagaaat cgt
t gat caccag
aggccat caa
tgtacttcca
gcat cgccct
t ggt cgt gat
tgct gat cga
gaat cgccat
t gggccccat
aagagat cga
gcgaggt gca
ccgt ggaagt
ccat ggccag
agttcgacaa
tgccecgecac
agat ct acac
ggagcgaagt
ggaagct gcc
acgacttcag
ggcact ggga
t caagct gcg
tctgcatcag
agt gggacaa
ggggcgacag
gcct gct gag
acct gagcaa
acct ggaagc
ggtt cagcaa
gcgt ggt gca
accagct gga
tccceceggtt
acagccacac
t ccacgagaa
agct ggacaa
aagagagcca
ccggcettcca
t ccagat gat
aaat cat gca
ccacccggga
t gcaccagcg
t cgagt ggct
acat caccga
t gat cacccc
t gggaggcge
gacgct gcct
gcctgggecg
t caacagaat
cat gcaaaaa
accccgagtt
ccgagaacct
t cat cagagt
tcttcacact
gcct gaggaa
t ggacaccga
t cgacgagga
t ggacaaggc
gcct gat caa
t gcggcacgg
cact gat gcg
aggccat cac
acggcatctt
ggat cat cct
acgacaacaa
agatcatctt
gcatggtgtt
agaagcggag

ggaagagggc
gct gaccacc
gct gct gage
cct ggaagcc
cagcgccagce
cat ccccaac
cgt ggaat gc
caagaagaag
cgacgt ggaa
gcccat ccce
gaagct ggt g
cat ggact gc
gaccttcatc
gaacct ggaa
gt acaccgcc
cggccggeac
ggaat t caac
ggccgeactg
cgaggaaagc
caaggt ggac
gaacaaactg
gttcctgcag
cggcct gaaa
cat ct accgg
acagt acccc
cct gt acaac
gaacat cgag
cagagcactg
cgagt gctgc
gagaat cacc
gaacat catg
cgccgt gaaa
caagaccttc
caccagcgag
caaccggt ac
cagcaccgac
cgtgttcgtg
cat cgacaag
gtgctgegtg
aat ct gccag
cttcttegtg
aat ccaggcc
aat ct acgac
gcccgtgatg
gagcagcctg
gct gaccgag
ct ggaccaga
gaaaacaaac
cct gagcagce
ggacatcttc
gaagcagt gc
cgtggecttce
cct gaccgac
accagcagga
gggcaaat ac
gat cttcaag
cgacct gccc
agagcacaag
cggcctgttce
gaagat caac
gaaact ggcc
gt acaagctg
cat cct gagc
gagcacaat ¢
cgagcccctg
cggct acccc
ccaccccccce
cat gat gaca
ggccat gacc
cgccccccag
cagcaccctg
ggacggcccce
gacact gacc
cgagccccac
cat gagcagc
cccccaggaa
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gccgagat cc
cagaacct gg
atgct gcagg
ggcagact gt
aggcggagac
ccagccggac
cact ggaaca
agcat cctgg
aagcagggaa
aagggcttca
agcgccacca
ggcaccacct
atgcccatca
gaacagaacg
cagttcctgg
aagcggcagt
ttcggcgt ga
gacagcgt ga
atgctgccca
t ggcagggaa
ct gt ggaagc
acatggttcg
ctgct ggt gg
gcegeeggeg
gagagcttca
at ccggggag
at cagcagag
ggcaagcaga
accct gaccc
acagccggcce
gagagcttcc
gceccgggacy
ccceggt gce
aacct gcaca
aagttccccg
gccctggtgg
at caagaaag
gt ggact act
ttcat ccagg
aaccggat ga
agcaaagaac
gt gct gaaag
aaagt gaagg
gaggaaaagc
at ccggecca
cggat cat gg
ct ggaaaaaa
aacttcctgce
ttcctgagee
ggcaacgt gg
aaagaggt gc
at gcaggacc
gt gcaggccg
cggt gcagac
gagcggt gga
gtgct gct gg
ctgctgctga
ct gaacct ga
ctgcccaacg
cccctgetga
aacgagct gc
ct gagcct gg
gacaacgt gc
gacaaagaag
cccgcect aca
aagggact gg
aaagaacgga
gaagacaacc
ctgat cgtgg
at cagcgeceg
acccggggaa
cagaccagcc
agccccat ca
aaat acgccg
ct gaagat cg
gggggageca

t gagacagct
agt acaagat
gcct gat ccc
tcgtgttcge
tggaactgtg
ccggcgacac
cccggaccca
t gcccaacgt
aggccgt get
t gagcaagt a
ccccact gat
acggcccccce
tcaacgagtg
gcttctacaa
ccgccat gat
tcagcatctt
t cggcgt ggg
ccaagct ggt
cccecgecaa
t gct gaacac
acgagt gcaa
acaaggccct
act gcggcat
agacaagcga
gccacct gaa
ccggcat gga
t gat ccggac
gcct gaccag
ggagct acaa
agcaggggaa
t ggagt acat
agat cgacga
tgcccacaaa
tcgtgetgtg
ccctgat cag
ccgt gagcga
aggt ggt gca
t ccagcggt t
gct acaagt t
acaccggcct
t ggaagccaa
aagt gaccat
accgggccca
t ggaagcagc
gcgacat cgc
act gcgt get
gct gcaccat
agaacct gca
cctacttcga
ccggactgtg
tgcccct gaa
t gcagaaagc
agt acgagca
acaagat gca
ccgagcagag
ccaccgectt
acgact ggcg
gcgagat gct
acgacct gag
t cgaccccca
agat caccag
gcaggccact
t ggaacggaa
t ggacgt gct
cccccgagat
aagaccagct
cccacct gat
t gct gt acag
t gct gagcaa
agacagaggt
gcatcctgta
tgcggcagt t
ccagcaagag
ccagaggcct
acat ccagcg
gcct ggacct

gt acaccgag
ggaagt gctg
cct gaaagaa
cctgctgtygg
gct gcggage
cgccttcgac
ggaat acctg
ggacaacgtg
gct gat cgge
cgaccccgag
gttccagcgg
agccggcaag
gggcgaccaa
cct ggaaaag
ccaccccgge
caact gcacc
ccact actgc
gcccct gaca
gttccactac
caccagcgaa
gagagt gat ¢
ggt gagect g
cgacacct ac
agaggccgac
agaaaggctg
catggtgttc
ccceccagggce
act ggccagce
caccagcaac
gggcat cacc
gaacaacgtg
gat caacagc
cgagaacctg
cttcagcccce
cggct gcacc
gcacttcctg
gt gcat gggce
ccggcggage
cat ct acggc
ggaaaaact g
agaaaaagaa
gaaggcccag
ggccatcgtg
caagcccgec
cacagt gcgg
gctgcetgtte
gcccaget gg
gcagttcccc
gat gcccgac
cagct ggacc
ggccaacctg
ccaggccgag
ggccat gacc
gaccgccagce
ccaggaattc
cct gaget ac
gaaagagat g
gat cgacgcc
cat ccagaac
gacacagggc
cct gaaccac
gct gat cgag
cttcatcaag
ggacggcttc
cagcgcccgg
gct gggacgce
ggaagacgt g
gct gaccagce
caccaagcgg
gcagat caac
cttcctgatc
cctgggectg
aat cgccaac
gt acgaggaa
gaacagagt g
gaaggcct gc

agcttccccg
gaagccttcg
cagggcggag
agcgeeggeg
agacccaccg
tactacgt gg
taccccagceg
cggaccgact
gagcagggca
tgccacat ga
accat cgaga
aaaat gaccg
gt gaccaacg
cccggegagt
ggcggaagaa
ctgcccageg
acccagagag
agacggct gt
gtgttcaacc
gt gat caaag
gccgaccggt
gt ggaagagg
ttcgt ggact
gccgagacac
aacatgttcc
ttcgccgacg
aacgccct gc
ttcatcgecg
ct gat ggaag
ttcatcttca
ct gagcagcg
gacct ggcca
cacgact act
gt gggcgaga
at cgact ggt
accagct acg
agcttccagg
acccacgt ga
gagaagcacg
aaagaggcca
ctgcaggtgg
gccgecegaga
gacagcat ca
ct ggaagagg
accct gggaa
cagagaaagg
caggaaagcc
aaggacacca
tacaacat cg
aaggccat gg
gt ggt gcagg
ct ggacgaca
gagaagcaga
accct gatca
gccgeecaga
agcggcccct
aaggccagaa
cccaccat ca
ggaat cat cg
aagat ct gga
aagtacttcc
gacgt gggcg
accggcagca
cggct gt aca
accagcat ca
gtgat cctga
accgccaaca
acccagggca
accgcagagg
agcgccagag
accgagat gc
ttcgacctga
at cat cgagc
cacaagttcc
aagcacgaag
ccccccaage

acct gt accg
t gat caccca
aagt gagcca
ccgccct gga
gcaccct gga
cccecgacgg
acaccacccc
tcctgatcca
cagccaagac
t caagagcct
gct acgt gga
tgttcatcga
agat cgt gcg
t caccagcat
acgacat ccc
aggccagcegt
gcttcagcga
ggcagat gac
t gcgggacct
agcccaacga
t caccgt gag
aatt cggcga
tcct gcgcga
ccaagatcta
tgcagctgta
ccat ggt gca
t cgt gggagt
gct acgt gag
acct gaaggt
ccgacaacga
gcgaggt gag
gcgt gat gaa
t cat gagcag
agtt cagaaa
tcagccggt g
acatcgactg
acggcgt ggc
cccccaagag
t ggaagt gcg
gcgagagcegt
ccaacgacaa
aagt gaaagc
gcaaggacaa
cagaagccgce
ggccccccca
t gagcgecegt
t gaagct gat
t caacgagga
aaaccgccaa
ccagcttctt
aaaaccggca
agcaggccga
ccctget gga
gcggact gge
ccaagcggct
t caaccagga
agat cccctt
gcgagt ggaa
t gaccaaagc
t caagaacaa
ggaaccacct
aggaact gga
cctt caaagt
t caccaccaa
tcgacttcac
cagagaagca
agcggcggat
gcct ggt gga
aagt gaccca
aagagt accg
ggct cgt gaa
gcct ggccag
acat gaccta
tgttcacact
agttcctgac
ccagcaagtg

gttctgcatc
gagcat caac
ggcccacctg
act ggacgga
actgccccca
cacct ggacc
cgagt acggc
gacaat cgcc
cgtgatcatc
gaact t cagc
caagcggatg
cgacgt gaac
gcagctgatg
cgtggacatc
ccagcggcetg
ggacaagat ¢
ggaagt gcgg
caagat caag
gagcagagt g
cct gct gaag
cagcgacgtg
agagaagaaa
cgcccccgaa
cgagcccat ¢
caacgagagc
cct cgt gaag
gggaggcagce
cttccagatc
gct gt accgg
gat caaggac
caacctgttc
gaaagaattc
agt gcggcag
ccgggecctg
gcccaaggac
cagcct ggaa
cgagaaat gc
ctacct gagc
cacact ggcc
ggccgecctg
ggccgacatg
cgaggt gcag
ggccat cgec
cct gcagacc
cctgatcatg
gaagat cgac
gaccgccgge
agt gat cgag
acgcgt gt gc
cagcat caac
cctgct ggec
gct ggacgt g
agacgcagag
cggcgaaaaa
cgt gggagac
att cagggac
cggcaagaac
cct gcaggga
cagcagat ac
agagagccgg
ggaagacagc
cccagecctg
gaaagt gggc
gct gcccaac
cgtgacaatg
ggaact ggaa
gaaggaact g
agacgagagc
gaagct ggaa
gccegt ggce
cgagat gt ac
aagcgt gaag
cgaggt gt ac
gctgct gacc
act gat caag
gat cct ggac
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at cacct ggc tgaacct ggt ggaact gagc aagct gagac agttcagcga
cagat cagcc gcaacgagaa gat gt ggaag atctggttcg acaaagagaa
gaacccctgc ccaacgccta cgacaagagc ctggactgcet tccggegget
agaagct ggt gccccgaccg gacaat cgcc caggcccgeca agtacat cgt
ggagagaagt acgccgaggg cgtgatcctg gacctggaaa agacctggga
cccagaaccc ccctgatctg cctgetgage atgggcagcg accccaccga
gccct gggca agagact gaa gat cgagaca agat acgt ga gcat gggcca
gtgcacgcca gaaagct gct gcagcagacc atggccaacg gcggcet ggge
aact gccacc tggggctgga cttcatggac gaactgatgg acat catcat
ctggtgcacg acgccttcag actgtggatg accaccgagg cccacaagca
accct gctgc agat gagcat caagttcgcc aacgaccccc cccagggact
ct gaagagaa cctacagcgg cgtgagccag gacctgctgg acgt gagcag
t ggaagccca tgctgtacge cgtggcattc ctgcacagca ccgtgcagga
ttcggcgecce tgggat ggaa catcccctac gagttcaacc aggccgactt
gtgcagttca tccagaacca cctggacgac atggacgtga agaaaggggt
accat ccggt acat gat cgg agagat ccag tacggcggca gagt gaccga
aagaggctgc tgaacacctt cgccaaagtg tggttcagcg agaacatgtt
ttcagcttct accagggcta caacatcccc aagtgcagca ccgtggacaa
tacatccaga gcctgcccge ctacgacagc cccgaggtgt tcggactgca
gacat cacct accagagcaa actggccaag gacgtgctgg acaccatcct
cccaaggaca ccagcggcgg aggcgacgaa acccgggaag cagt ggt ggc
gacgacat gc tggaaaagct gccccccgac tacgtgecct tcgaagtgaa
cagaagat gg gccccttcca gecccatgaac atcttcctga ggcaggaaat
cagcgggt gc tgagect cgt gcggagcaca ctgaccgage tgaaact gge
accat catca tgagcgagaa cctgcgggac gcactggact gcatgttcga
cccgcat ggt ggaaaaaggc cagct ggatc agcagcaccc tgggettctg
ct gat cgaga gaaacagcca gttcaccagc tgggtgttca acggcagacc
tggatgaccg gcttcttcaa cccacaaggc ttcctgacag caatgcgeca
agagccaaca agggct gggc cctggacaac atggtgctgt gcaacgaagt
at gaaggacg acat cagcgc cccccccaca gagggcgt gt acgt gt acgg
gaaggcgccg gat gggacaa gagaaacatg aagct gatcg agagcaagcc
ttcgagctga tgcccgtgat caggatctac gccgagaaca acaccctgag
ttctacagct gccccatcta caagaaaccc gtgcgcaccg acctgaacta
gt ggacct ga ggacagccca gacacccgag cact gggt gc t gagaggegt
tgcgacgt ga agtga

cgt gct ggac
ccccgaggaa
gctgctgatc
ggacagcatg
ggaaagcgac
cagcat catc
gggccaggaa
cctgct gcag
cgagacagag
gttccccatc
gagagccggce
cggcagccag
acggcggaag
caacgccacc
gagct ggaca
cgact acgac
cggccccgac
ctacctgcag
ccccaacgcec
gggcat ccag
cagact ggcc
agaacgcctg
cgaccggatg
cat cgacggce
cgccagaat ¢
gttcaccgaa
ccactgcttc
ggaaat cacc
gaccaagt gg
cctgtacctg
caaggtgctg
ggacccccgg
cat cgccgece
ggcactgctg

11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13875

3-18

3-18-1
3-18-2
3-18-3
3-18-4

3-18-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features
Location/Qualifiers

NonEnglishQualifier Value
Residues

18

DNA

13875

misc_feature 1..13875
note=Description of Artificial Sequence: Synthetic polynucleotide
source 1..13875

mol_type=other DNA

organism=synthetic construct

at gt t cagaa tcggcagacg gcagct gt gg aagcacagcg t gaccagagt
cggct gaagg gcgagaaaga ggccaagaga gccctgetgg acgcccggea
tttgccatcg tggccagetg cctggacctg aacaagaccg aggt ggaaga
gaaggcaacc agatcgagcg gatcgaccag ctgtttgcecg tgggcggact
atgttctatt atcaagacgt ggaagaggcc gagacaggcc agctgggatc
gtgaatctgg tgtccggcaa gatcaagaaa cccaaggtgt tcgtgaccga
gtggccctga caggegtgtg cgtgttcttc atcagaaccg accccagcaa
cccgacaaca tccaccagga agtgtccttc aacatgctgg atgccgeccga
ctgaattctg tgcggagact gctgagcgac atcttcatcc ccgecctgag
cacggct ggg gagagct gga aggact gcag gacgccgcca at at ccggca
agcagcct gg aaggattcgt gaacgtgctg tctggcgeccc aggaaagcect
gt gaacct gc ggaagtgcga tatcctggaa ctgaaaaccc tgaaagagcc
ctgaccctgg ccaacaaccc tgagacactg ggcaagatcg aggact gcat
at caagcaga ccgaacaggt gctggccgag aacaaccagc tgctgaaaga
gt gggcccaa gagccgaget ggaacact gg aagaagcggc tgagcaagtt
ctggaacagc tgaagtcccc cgacgtgaag gccgtgctgg ctgtgcetgge
agcaaact gc tgaaaacctg gcgcgagatg gacat ccgga tcaccgacge
gccaaggaca acgtgaagta cctgtacacc ctggaaaagt gctgcgaccce
agcgaccctc tgagcat gat ggacgccatc cctaccctga tcaacgccat
tacagcat ca gccactacta caacaccagc gagaagatca ccagcctgtt
accaat caga tcatcagcgc ctgcaaggcc tacatcacca acaacggcac
t ggaaccagc cccaggat gt ggtggaagag aagatcctgt ctgccatcaa
gaataccagc tgtgttttca caagaccaag cagaagctga aacagaaccc
cagttcgact tcagcgagat gtatatcttc ggcaagttcg agacattcca
gccaagatca tcgacatctt taccaccctg aaaacataca gcgtgctgca
at cgagggcc tggaagatat ggccaccaag taccagggca ttgtggccac
aaagagt aca acttcctgga ccagcgcaag atggacttcg accaggacta
t gcaagcaga caaacgacct gcacaacgag ctgcgcaagt ttatggacgt
aagat ccaga acaccaacca ggccctgcgg atgct gaaga agtttgagag
cccaacctgg gcatcgacga taagtaccag ctgatcctgg aaaactacgg

gct gacccag
caattacctg
tgccatcctg
gcggcacctg
tct gggcgga
gggcaacgac
ggccat cacc
tggcggect g
agccacat ct
ggaatttctg
gaaagaaaaa
caccgact ac
gaaagt gt gg
agccgacgac
caactacctg
agccgccaag
caccaacgag
cct gt acagce
caagat gat ¢
cgt gaaagtg
cgccagcat ¢
gct gaagcag
caacgccaag
ccggeggcet g
ggacagcacc
cat caagaag
cgaggaattc
gaccttcgcc
act gaacatc
cgccgacat ¢

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
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gacat gat ca
cctcctatcg
at gcagct gt
cggtcct aca
tggct gcggce
cct ggaaccg
accgagt gca
aagcgggacc
cgcgt gaagt
gt ggacgagg
gcctatctgg
aacgacct ga
t gt cagct gc
ctgtgcgtga
aacgagct cg
at ct ccaacg
aacttcgaca
gt gacccgga
cactt caacc
at ccggaagc
aat at gaagc
at cgt gat gg
atcatctccg
at ccaggaac
at gggcgaga
gt gcagacca
tctgtget gt
tt caagcggt
acccagagcc
caggaaat ca
gacct gaagt
t gcaacaaaa
aagaaact ga
aaagagat ca
tacgctctge
accct gcact
gtgtctctge
gact gccacc
cct caggaag
aagt acat ca
cagct gct gg
tccgtgatcg
aagat t aaca
aaggat t ggc
cctctgetgg
acact gaccg
gaagccccac
gagcgggat a
accttcggca
atcattgcca
aacat gccct
at cat cgagt
ggcggcgaca
agct gggt ca
ggcgacgaaa
aagt ccct ga
t ccgaccccg
catctgctga
cggat cctga
gccgagggaa
cacct cgt ga
ttcctgtcca
gact ccgaag
caggcatttc
accgagagag
gacgacct gt
aggttct act
atct at caga
cggtgttaca
cctgcecggea
gt ggt ggt gt
ggcct ggcac
gtgctgtccg
aagtccttca
ct gacaat ga

tttcggagtg

gcaagct gt a
ccggcaaaat
t ccagcagca
accggat ggc
agat cgaaga
gcgagct gt t
t ggcccagat
ggt acaagcg
ccaagat ccc
ccct gcagec
aaaacacatt
tcgagttccg
cccaggaaga
acggcgcecca
t gaat at gct
agaacagcgt
ccct gaccag
agaaaaaaga
accagaacat
ggat ccacag
agaacagcct
cccct get et
t gcccaaggg
ggaaaat ggc
at gagct gca
agaact act a
ccaccat cat
acaaccacat
ccctgetgte
acgccgagcce
tcgccct gac
agt acagat ¢
accggcccat
gagaggaaca
t gaacagat a
acgcct ggga
agcccagct t
agttctacct
cct ccgaccg
cctacacagg
aaat caagaa
agacagt gaa
at gaact gct
aggcctttct
agt acat ggc
gccacagcect
tgct gaagt a
t cgagcagaa
gctt caagac
acat ggaaga
t caaggct ca
cct ggat gac
ttgccaagca
agat cat gac
cact gggaca
ccggct acct
ccctget gga
atgtgttcga
gcat cagctc
acgt ggaagt
t cagacaggc
gcttcccage
aggccct gag
t ggaact gct
t gaagt acga
gccacat gca
t caacgagga
at gagttcct
t cacact ggc
caggcaagac
t caact gcag
agagcggaag
t ggccgcaca
tcttcaccga
accctggcta
t ggct at gat

cacaaagcag
cct gt gggct
ccctgeegtg
caaggtgctg
gattcacgtg
tgtgaacttc
ggggct ggaa
gaact t cagc
cgctgecatc
aggact ggcc
cgccaaaat ¢
gat cgacgcc
acccct gacc
gattctgcac
gctggat gt g
gaact acaag
ct ccat caat
aaccgagatg
ggatgccctg
cagccacacc
gcccatcttc
ggaagat gt g
cgt gcggcag
cgcect gcag
ggat acactg
t aagaacgtg
caacagcacc
ct ggcagaag
cgagttcgag
cgagt acgtg
cgccgagaca
cgagat ggaa
t aaggacct g
gat cagcat ¢
cggactgctg
gaagctgctg
t aagaaagaa
ggact acgac
gctgattatg
cggcgaggaa
gcagct gaac
cagct act ac
ggaatttcag
ggat ct gaag
ct ccaaggcc
ggacgt gggc
caaagaggaa
act gaaacaa
cagaggcgag
tagcctgatg
gat t cagaaa
cgt gcagaac
gct gcccaaa
cagagcccac
gct gct gect
ggaaaagaaa
aattctgggc
t aacat caag
ccaggaaggc
gt ggct gaac
cgct gccaac
acaagt ggga
aaacgccaag
gaacaccctg
gacact gatc
cat caagt ct
ct ccgacaag
gggct gt acc
ccaggcactg
cgaaaccacc
cgaccagatg
ct ggggcet ge
gcagat ctcc
cggcgacaat
cgccggacgg
ggt gcccgac

aagt acgacc
agacagct gt
ct gagcacag
ctggaattcg
ggact ggaag
gacccccaga
gtgtctccte
aacat gaaga
gagcagct ga
gct ct gacat
aaggat ct gg
attctggaag
t gcgaagagt
ttcaagtcca
gaagt gct ga
aacgagt cca
gccagagcca
ct gggcgaag
ct gaaagt ga
atcaacttcc
cgggcct ccg
cagcagacac
t ggt ct ageg
t ct aacgagg
gaaat cgcct
t ccgaaaaca
aagaaagaag
ggcaaagaag
t ct cagat cc
t gt gt gggct
aaggcct gga
aacatcttta
gacgacat ca
gacttccaag
at cgcccggg
gct agagccg
ctgatctccg
ct gaacggcc
tttcagaacc
ctgttcggcec
ctgct gcaga
gacat cct gt
aaccggt gcc
aaaat cat cg
at gat ggaac
aacgagagct
at cgaggaca
gt gat caacg
ctgctgetge
ct gct gggcet
t gggt gcagt
ct gt ggat ct
gaggct aagc
gaggt gccca
cat ct gctgg
cggectgtgtt
caggccagceg
agcgt gaagt
gagacaat cg
agcct gct gg
at ccaggaaa
ctgct gggca
tt cgat aaga
at cgacgt ga
accat ccacg
cccat ggatt
at gat gat cc
gat cgcctcg
ggcatgtcta
aaggacat gg
gatttccggg
tt cgacgagt
atcatcctga
gt gaccat ga
caggaact gc
cggcagat ca

cccccct gge
tt caccggat
ccgaggccaa
aggtgct gt t
ccagcct get
tcctgatcct
t ggccacct ¢
t gat gct ggc
tcgtgcctca
ggaccagcct
aact gct get
agat gt ccag
t cct gcagat
gect ggt gga
gcgaggaaga
gcgccaageg
acgccct get
aggct agaga
cacggaat ac
gggacagcaa
t gacact ggc
t gaacaaggc
aactgctgtc
acagcgact ¢
ct gt gaat ct
aagaaat cgt
t gat cacctc
aggccattaa
tgtacttcca
ctat cgccct
t ggt cgt gat
tgctgattga
gaat cgccat
t gggccccat
aagagat cga
gcgaggt gca
ccgt ggaagt
ccat ggcctc
agttcgacaa
tgcctgecac
agat ct acac
ggagcgaagt
ggaagct gcc
acgacttctc
ggcact ggga
t caagct gcg
tctgtatcag
agt gggacaa
ggggcgat ag
ccctgct gag
acct gagcaa
acct ggaagc
ggttctccaa
gcgt ggt gca
accagct gga
tccceceggtt
act cacacac
t ccacgagaa
agct ggacaa
aagagt ccca
ccggetttca
t ccagat gat
aaattatgca
ccacccggga
t gcaccagcg
t cgagt ggct
acat caccga
tgattacccc
t gggaggcge
gacgct gcct
gcctgggecg
t caacagaat
cat gcaaaaa
accccgagtt
ccgagaacct
tt at cagagt

ccggaat cag
ccagcagccce
acccatcatc
ccaccgggcc
cgt gaaggct
gttccgggaa
cctgttccag
t gagt accag
cct ggccaaa
gaacat cgag
ggaccgegt g
cacccccctg
gaccaaggac
agaagccgtg
gt ccgagaag
ggaagagggc
gct gaccacc
gctgctgtce
cct ggaagcc
cagcgccagce
cat ccccaat
cgt ggaat gc
caagaagaag
cgacgt ggaa
gcccat ccce
gaagct ggt g
cat ggact gc
gaccttcatc
gaacct ggaa
gt at accgcc
cggccggeac
ggaat t caac
ggccgeactg
cgaggaaagc
caaggt ggac
gaacaaactg
gtttctgcag
t ggcct gaaa
tatctaccgg
acagt acccc
cct gt acaac
gaacatt gag
cagagcactg
cgagt gctgc
gagaat cacc
gaacat catg
cgccgt gaaa
caagaccttt
cacct ct gag
caaccggt at
ct ccaccgac
cgtgttcgtg
cat cgacaag
gtgctgtgtg
aat ct gccag
cttcttegtg
aatt caggcc
aat ct acgac
gcctgtgatg
gagcagcctg
gct gaccgag
tt ggaccaga
gaaaacaaat
cct gagcagce
ggacatcttc
gaagcagt gc
tgtggecttt
cct gaccgac
accagcagga
gggcaaat ac
gatctttaag
cgacct gccc
agagcacaag
tggcctgttc
gaagat caac
gaaact ggcc

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
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
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
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t cct gcggcet
t gcgaagaac
gt gct gagaa
gt gat gcggg
tttctgtctc
gaact ggaag
t ggaaact ga
ct gggacct a
gat t gcggca
atgttcggca
t ggcgcaaga
gt ggacgcca
ct ggccaacg
aacat cgaca
agcat cctgg
gccgagat cc
cagaat ct gg
atgct gcagg
ggcagact gt
aggcggagac
ccagct ggac
cact ggaat a
tctatcctgg
aagcagggaa
aagggcttta
tccgccacca
ggcaccacct
atgcccatca
gaacagaacg
cagtttctgg
aagcggcagt
tttggcgtga
gacagcgt ga
atgctgccca
t ggcagggaa
ct gt ggaagc
acatggttcg
ctgct ggt gg
gceget ggeg
gagtccttca
at ccggggag
at cagcagag
ggcaagcaga
accct gaccc
acagccggcce
gagtctttcc
gceccgggacy
ccceggt gce
aat ct gcaca
aagttccccg
gccctggtgg
at caagaaag
gt ggact act
ttcat ccagg
aaccggat ga
agcaaagaac
gt gct gaaag
aaagt gaagg
gaggaaaagc
at ccggecct
cggat cat gg
ct ggaaaaat
aacttcctgc
ttcctgagee
ggcaacgt gg
aaagaggt gc
at gcaggacc
gt gcaggccg
cggt gcagac
gagcggt gga
gtgct gct gg
ctgctgctga
ct gaacct ga
ctgcccaacg
cccctgetga
aacgagct gc

t cat cgacaa
agct gagt aa
ct ct gggagce
tgctgcggga
t gat cgagga
ctgctatcag
aagt gat cca
gcggagecgg
agccccaccg
gact ggacgt
ccct gcggge
tctggattga
gcgaccggat
acgccagccc
att ggagccc
t gagacagct
agt acaagat
gcct gat ccc
tcgtgtttge
tggaactgtg
ct ggcgacac
cccggaccca
t gcccaacgt
aggccgt get
tgtctaagta
ccccact gat
acggccctcc
tcaacgagtg
gcttctacaa
ccgccat gat
tcagcatctt
t cggcgt ggg
ccaagct ggt
cccecgecaa
t gct gaacac
acgagt gcaa
acaaggccct
act gcggcat
agacaagt ga
gccat ct gaa
ccggcat gga
t gat ccggac
gcct gaccag
ggt cct acaa
agcaggggaa
t ggagt at at
agat cgacga
tgcccacaaa
tcgtgetgtg
ccct gat cag
ccgtgtccga
aggt ggt gca
t ccagcggt t
gct acaagt t
acaccggcct
t ggaagccaa
aagt gaccat
accgggccca
t ggaagcagc
ccgatattgc
act gt gt gct
cct gcaccat
agaacct gca
cctacttcga
ccggactgtg
tgcctctgaa
t gcagaaagc
agt acgagca
acaagat gca
ccgagcagt ¢
ccaccgectt
acgact ggcg
gcgagat gct
at gacctgtc
ttgaccccca
agat caccag

cgtggtgctg
acaggt gcac
cgct aagegg
cat gaacctg
tctgtttcee
cagacaggtg
gct gtt cgag
caagaccacc
cgagat gcgg
ggccaccaac
caagaagggc
gaacct gaac
ccccat ggcc
tgccaccgtg
t at cct ggaa
gt acaccgag
ggaagt gctg
cct gaaagaa
cctgctgtygg
gct gcggage
cgccet t cgat
ggaat acctg
ggacaacgtg
gct gat cgge
cgaccccgag
gttccagcgg
agccggcaag
gggcgaccaa
cct ggaaaag
ccaccct ggc
caact gcacc
ccact actgc
gcct ct gaca
gttccactac
caccagcgaa
gagagt gat ¢
ggtgtccctg
cgat acct ac
agaggccgac
agaaaggctg
tatggtgttc
ccceccagggce
act ggccagce
caccagcaac
gggcat cacc
gaacaat gt g
gat t aacagc
cgagaacctg
cttcagcccce
cggct gcacc
gcactttctg
gt gcat gggce
ccggcggage
cat ct acggc
ggaaaaact g
agaaaaagaa
gaaggcccag
ggccatcgtg
caagcccgec
cacagt gcgg
gctgcetgtte
gcct aget gg
gcagttcccc
gat gcccgac
ctcttggacc
ggccaacctg
ccaggccgag
ggccat gacc
gaccgccagce
ccaggaattc
tct gagct ac
gaaagagat g
gat cgacgcc
cat ccagaac
gacacagggc
cct gaaccac

gct cggaagt
tacgacttcg
gccaacccca
t ccaagct ga
aacattctgc
gaagaggct g
acacagcgcg
t gt at ccaca
at gaacccca
gact ggaccg
gagcacat ct
agcgt gct gg
cccaact gca
t ccagaaacg
ggcttcctga
agcttccccg
gaagcctttg
cagggcggag
agcgcet ggeg
agacct accg
tactacgt gg
taccccagceg
cggaccgact
gagcagggca
tgccacat ga
accat cgaga
aaaat gaccg
gt gaccaacg
cccggegagt
ggcggaagaa
ctgcccageg
acccagagag
agacggct gt
gtgttcaacc
gt gat caaag
gccgaccggt
gt ggaagagg
ttcgt ggact
gccgagacac
aatatgttcc
tttgccgacg
aacgct ctgc
tttatcgecg
ct gat ggaag
ttcatcttca
ct gagcagcg
gacct ggcct
cacgact act
gt gggcgaga
at cgact ggt
accagct acg
agcttccagg
acccacgt ga
gagaagcacg
aaagaggcct
ctgcaggtgg
gccgecegaga
gact ccat ca
ct ggaagagg
accct gggaa
cagagaaagg
caggaat ccc
aaggacacca
t acaat at cg
aaggct at gg
gt ggt gcagg
ctggacgat a
gagaagcaga
accct gat ct
gccgeecaga
agcggcccct
aaggccagaa
cccaccat ct
ggaat cat cg
aagat ttgga
aagtacttcc

tcttcacact
gcct gaggaa
t ggat accga
t cgat gagga
t ggat aaggc
gcct gat caa
t gcggcacgg
cact gat gcg
aggccat tac
acggcatctt
ggat cat cct
acgacaacaa
agatcatctt
gcatggtgtt
agaagcggag
acct gt accg
t gat caccca
aagt gt ccca
ccgct ct gga
gcaccct gga
cccct gacgg
acaccacccc
tcctgatcca
cagccaagac
t caagagcct
gct at gt gga
tgttcatcga
agat cgt gcg
t cacct ct at
acgacat ccc
aggccagcegt
gcttcagcga
ggcagat gac
t gcgggacct
agcccaacga
tcaccgtgtc
aatt cggcga
tcct gcgcga
ccaagatcta
tgcagctgta
ccat ggt gca
t cgt gggagt
gctacgtgtc
at ct gaaggt
ccgacaat ga
gcgaggt gt ¢
ccgt gat gaa
tcat gt ccag
agtt cagaaa
tcagccggtg
acatcgactg
acggcgt ggc
cccct aagag
t ggaagt gcg
ccgagagcegt
ccaacgat aa
aagt gaaagc
gcaaggacaa
cagaagct gc
ggccccctca
tgtccgecegt
t gaagct gat
t caat gagga
aaaccgccaa
ctagcttctt
aaaaccggca
agcaggct ga
ccctget gga
ct ggact ggc
ccaagcggct
t caat cagga
agat cccctt
ccgagt ggaa
t gaccaaagc
t caagaacaa
ggaaccacct

gt acaagctg
cat cct gagc
gagcacaat ¢
cgagcccctg
cggct acccce
ccaccccccce
cat gat gaca
ggccat gacc
cgcccct cag
cagcaccctg
ggacggcccce
gacact gacc
cgagccccac
cat gagcagc
cccccaggaa
gttctgcatc
gagcat caac
ggcccacctg
act ggat gga
actgcctcca
cacct ggacc
cgagt acggc
gacaat cgcc
cgtgatcatc
gaact t cagc
caagcggatg
cgacgt gaac
gcagctgatg
cgtggacatc
ccagcggcetg
ggacaagat ¢
ggaagt gcgg
caagat caag
gagcagagt g
cct gct gaag
tagcgacgtg
agagaagaaa
cgcccct gaa
cgagcccat ¢
t aacgagt cc
cct cgt gaag
gggaggct ct
cttccagatc
gct gt accgg
gat caaggac
caacctgttc
gaaagaattc
agt gcggcag
ccgggecctg
gcct aaggat
cagcct ggaa
cgagaaat gc
ctacct gagc
cacact ggcc
ggcecgecectg
ggccgacatg
cgaggt gcag
ggccattgcc
t ct gcagacc
cctgatcatg
gaagat cgac
gaccgccgge
agt gat cgag
acgcgt gt gc
tagcattaac
tctgct ggce
gctggat gt g
agat gcagag
cggcgaaaaa
cgt gggagat
att cagggac
cggcaagaat
t ct gcaggga
ct ccagat ac
agagagccgg
ggaagat agc

6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
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ctgagcct gg gcaggccact gctgatcgag gat gt gggcg aggaact gga
gat aacgt gc tggaacggaa cttcatcaag accggctcca ccttcaaagt
gacaaagaag tggacgtgct ggatggcttc cggctgtaca tcaccaccaa
cccgectaca cccctgagat cagcgecccgg accagcatca tcgacttcac
aagggact gg aagat cagct gctgggacgc gtgatcctga cagagaagca
aaagaacgga cccatctgat ggaagatgtg accgccaaca agcggcggat
gaagat aacc tgctgtacag gctgaccagc acccagggca gtctggt gga
ctgatcgtgg tgctgtccaa caccaagcgg accgcagagg aagtgaccca
at cagcgccg agacagaggt gcagat caac agcgccagag aagagtaccg
acccggggat ccatcctgta ctttctgatc accgagatgc ggctcgt gaa
cagaccagcc tgcggcagtt cctgggectg ttcgatctgt ccctggecag
tcccccatca ccagcaagag aatcgccaac atcatcgagc acatgaccta
aaatacgccg ccagaggcct gtacgaggaa cacaagtttc tgttcacact
ctgaagatcg atatccagcg gaacagagtg aagcacgaag agtttctgac
gggggagcct ccctggacct gaaggcctgt cctcccaagc ccagcaagtg
at cacct ggc tgaatctggt ggaact gagc aagctgagac agttctccga
cagat cagcc gcaacgagaa gatgtggaag atttggtttg acaaagagaa
gaacccctgc ctaacgecta cgataagagc ctggactgcet tccggegget
agaagct ggt gtcccgaccg gacaatcgcc caggcccgeca agtacat cgt
ggagagaagt acgccgaggg cgtgatcctg gacctggaaa agacctggga
cccagaaccc ccctgatctg cctgetgage atgggetccg accccaccga
gccct gggca agagact gaa gattgagaca agatacgt gt ccatgggcca
gtgcacgct a gaaagct gct gcagcagact atggccaatg gcggcet ggge
aattgtcacc tggggctgga cttcatggac gaactgatgg acatcatcat
ctggt gcacg acgccttcag actgtggatg accaccgagg cccataagca
accct gctgc agat gagcat caagttcgcc aacgaccccc ctcagggact
ct gaagagaa cctactccgg cgtgtcacag gatctgctgg acgtgtcctc
tggaagccta tgctgtacge cgtggcattc ctgcacagca ccgtgcagga
tttggcgecc tgggatggaa catcccctac gagtttaacc aggccgactt
gtgcagttta tccagaacca tctggacgac atggacgtga agaaaggggt
accat ccggt acat gat cgg agagat ccag tacggcggca gagt gaccga
aagaggctgc tgaatacctt cgccaaagtg tggttctccg agaacatgtt
ttcagctttt accagggcta taacatcccc aagtgctcca ccgtggataa
tacatccaga gcctgcccge ctacgacage cctgaggtgt tcggactgca
gat at cacct accagagcaa actggccaag gat gtgctgg ataccatcct
cccaaggat a ccagtggcgg aggcgacgaa acccgggaag cagt ggt ggc
gacgacat gc tggaaaagct gccccccgac tacgtgecct ttgaagtgaa
cagaagat gg gccccttcca gectatgaac atcttcctga ggcaggaaat
cagcgggtgc tgtctctcgt gcggagcaca ctgaccgage tgaaactgge
accat catca tgagcgagaa tctgcgggat gcactggact gcatgttcga
cccgcat ggt ggaaaaaggc cagct ggatc agetctaccc tgggettctg
ct gat cgaga gaaacagcca gtttaccagc tgggtgttca acggcagacc
tggatgaccg gecttcttcaa tccacaaggc tttctgacag caatgcgcca
agagccaaca agggctgggc tctggacaat atggtgctgt gtaacgaagt
at gaaggacg acat cagcgc ccctcccaca gagggcgt gt acgt gt acgg
gaaggcgccg gat gggacaa gagaaacatg aagct gatcg agagcaagcc
ttcgagctga tgcccgtgat caggatctat gccgagaaca acaccctgag
ttctacagct gccccatcta caagaaaccc gtgcgcaccg acctgaacta

cccagccctg
gaaagt gggc
gct gcct aac
cgtgacaatg
ggaact ggaa
gaaggaactg
agat gagagc
gaagct ggaa
gcct gt ggee
cgagat gt ac
aagcgt gaag
cgaggt gt ac
gct gct gacc
act gat caag
gat cct ggac
t gt gct ggac
ccccgaggaa
gctgctgatt
ggat agcat g
ggaaagcgac
cagcattatc
gggccaggaa
cctgct gcag
t gagacagag
gtttcccatt
gagagccggce
t ggcagccag
acggcggaag
caacgccact
gt cct ggaca
cgact acgac
t ggccccgac
ctacctgcag
ccccaacgcec
gggcat ccag
t agact ggcc
agaacgcctg
cgaccggatg
t at cgacggc
cgccagaat ¢
gttcaccgaa
tcactgcttc
ggaaat cacc
gact aagt gg
cctgtacctg
caaggtgctg
ggacccccgg
tat cgccgece

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
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800

gt ggacct ga ggacagccca gacacctgag cattgggtgc tgagaggcgt ggcactgctg 13860
t gcgacgt ga agtga 13875
3-19 Sequences
3-19-1 Sequence Number [ID] 19
3-19-2 Molecule Type RNA
3-19-3 Length 10
3-19-4 Features misc_feature 1..10
Location/Qualifiers note=Description of Artificial Sequence: Synthetic oligonucleotide
source 1..10
mol_type=other RNA
organism=synthetic construct
NonEnglishQualifier Value
3-19-5 Residues gccrccat gg 10
3-20 Sequences
3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type DNA
3-20-3 Length 11
3-20-4 Features misc_feature 1..11
Location/Qualifiers note=Description of Artificial Sequence: Synthetic oligonucleotide
source 1..11
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-20-5 Residues gaattctgca g 11
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